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Note: This library is under active development and the API may change.

AshScylla
  An Ash Framework data layer for ScyllaDB/Apache Cassandra
  Quick Start •
  Features •
  Documentation •
  Contributing •
  License

Overview
AshScylla enables you to use ScyllaDB or Apache Cassandra as a persistence layer for your Ash Framework resources. It implements the Ash.DataLayer behaviour using Xandra (a native Elixir CQL driver) to communicate via CQL (Cassandra Query Language).
Current version: 1.4.1
Key Benefits
	Seamless Ash Integration: Use familiar Ash resources, actions, and queries
	ScyllaDB Performance: Leverage ScyllaDB's high-performance, low-latency architecture
	Cassandra Compatibility: Works with Apache Cassandra and ScyllaDB
	Rich Feature Set: TTL, consistency levels, secondary indexes, materialized views, batch operations, lightweight transactions


Quick Start
Prerequisites
	Elixir 1.19+
	Running ScyllaDB or Cassandra instance
	Basic knowledge of Ash Framework

Installation
Add ash_scylla to your dependencies in mix.exs:
def deps do
  [
    {:ash_scylla, "~> 1.4"}
  ]
end
Minimal Setup
# 1. Configure a Repo
defmodule MyApp.Repo do
  use AshScylla.Repo, otp_app: :my_app
end

# 2. Configure in config/config.exs
config :my_app, MyApp.Repo,
  nodes: ["127.0.0.1:9042"],
  keyspace: "my_app_dev",
  pool_size: 10

# 3. Add to your supervision tree
# lib/my_app/application.ex
children = [MyApp.Repo, ...]

# 4. Create a resource
defmodule MyApp.User do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer,
    domain: MyApp.Domain


  scylla do
    table "users"
    consistency :quorum
  end

  attributes do
    uuid_primary_key :id
    attribute :name, :string
    attribute :email, :string
  end

  actions do
    defaults [:create, :read, :update, :destroy]
  end
end

# 5. Create a Domain
defmodule MyApp.Domain do
  use Ash.Domain

  resources do
    resource MyApp.User
  end
end

# 6. Create keyspace and run migrations
# mix ash_scylla.setup
# mix ash_scylla.migrate

# 7. Use it
{:ok, user} = Ash.create(MyApp.User, %{name: "John", email: "john@example.com"})
users = MyApp.User |> Ash.read!()
For a complete step-by-step guide, see the Usage Guide.

Features
Core Ash Features
	Feature	Status	Description
	Create	✅	Insert records with TTL support
	Read	✅	Query with filtering and sorting
	Update	✅	Update existing records
	Destroy	✅	Delete records
	Filter	✅	Powerful filter syntax with CQL WHERE conversion
	Sort	✅	ORDER BY on clustering columns (within partition)
	Keyset pagination	✅	Token-based pagination via paging_state (default mode)
	Limit	✅	LIMIT is natively supported

	Select	✅	Select specific fields
	Multitenancy	✅	Keyspace-based multitenancy
	Bulk Create	✅	Batch INSERT operations
	Upsert	✅	INSERT with lightweight transactions (LWT)
	Update Query	✅	Bulk update via filtered queries
	Destroy Query	✅	Bulk delete via filtered queries
	Distinct	✅	DISTINCT on partition key columns
	Calculate	✅	In-memory calculations
	Aggregate (count)	✅	Per-partition COUNT
	Aggregate (sum/avg/min/max)	✅	SUM, AVG, MIN, MAX aggregates
	Query aggregates	✅	Ash.count/2, Ash.sum/2, etc. on queries
	Relationship aggregates	✅	aggregates do blocks with belongs_to relationships

ScyllaDB-Specific Features
	Feature	Description
	TTL	Auto-expire data after a specified time
	Consistency Levels	Per-resource or per-action consistency (:one, :quorum, :all, etc.)
	Secondary Indexes	Query non-primary key columns efficiently
	Materialized Views	Alternative query patterns with automatic view maintenance
	Batch Operations	BATCH INSERT/UPDATE/DELETE, including async partition-aware batching
	Token-Based Pagination	Efficient pagination via Xandra's native paging_state
	Lightweight Transactions	IF NOT EXISTS on create, IF clauses on update
	Compression	Application-level compression (LZ4, Snappy, Deflate, Zstd)
	User Defined Types	Full UDT encoding/decoding and CQL generation
	Collection Types	LIST, SET, MAP with CONTAINS filter support
	Prepared Statement Caching	ETS-based cache for high-throughput workloads


Configuration
Resource Configuration
defmodule MyApp.User do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer,
    domain: MyApp.Domain


  scylla do
    table "users"
    consistency :quorum
    ttl 3600
    lwt true

    secondary_index :email
    secondary_index [:name, :age]

    materialized_view :users_by_email,
      primary_key: [:email, :id],
      include_columns: [:name, :age]

    per_action_consistency read: :one, create: :quorum
  end
end
Repo Configuration
# Single-node
config :my_app, MyApp.Repo,
  nodes: ["127.0.0.1:9042"],
  keyspace: "my_app_dev"

# Multi-node cluster (all nodes must use the same port)
config :my_app, MyApp.Repo,
  nodes: ["scylla-1:9042", "scylla-2:9042", "scylla-3:9042"],
  keyspace: "my_app_prod",
  pool_size: 50
Pool Size Formula: pool_size = num_nodes * num_cores_per_node

Limitations
	Limitation	Workaround
	No JOINs	Denormalize or application-side joins
	No complex aggregations	Materialized views or custom aggregation
	No ACID transactions	Use LWT for single-partition operations
	Limited WHERE without indexes	Create secondary indexes or materialized views
	No OFFSET	Use keyset pagination via paging_state (default mode)
	Cluster requires same port	Configure all nodes on the same port, or use single-node connection
	Relationship aggregates (has_many/many_to_many)	Not yet implemented; use denormalization or materialized views


Observability
Telemetry
AshScylla emits standard :telemetry events for all query and batch operations:
:telemetry.attach(
  "ash_scylla-logger",
  [:ash_scylla, :query, :stop],
  &MyApp.Telemetry.handle_event/4,
  nil
)
Events: [:ash_scylla, :query, :start|stop|exception], [:ash_scylla, :batch, :start|stop]
Prepared Statement Caching
children = [
  AshScylla.PreparedStatementCache,
  # ...
]

Documentation
	Document	Description
	Usage Guide	Comprehensive guide: setup, CRUD, querying, data modeling, migrations
	Development Guide	Dev container setup, testing, type mapping, CQL query building
	Production Guide	Multi-node cluster deployment, monitoring, backup, rolling upgrades
	Implementation Summary	Technical architecture and module reference
	Error Handling	Error types, common scenarios
	Changelog	Version history and release notes
	API Documentation	Module documentation (when published)


Common Commands
# ── Testing ──────────────────────────────────────────────────────────────────
mix test --exclude integration              # Unit tests only (no database)
mix test --only integration                 # Integration tests (needs ScyllaDB)
SCYLLA_DIRECT=1 mix test --only integration # Integration tests against local DB
mix test test/integration/cluster_integration_test.exs --only integration  # Cluster tests
mix test --exclude integration --cover      # Unit tests + coverage report

# ── Code Quality ─────────────────────────────────────────────────────────────
mix format --check-formatted                # Check formatting
mix credo --strict                          # Static analysis
mix dialyzer                                # Type checking
mix quality                                 # All three above

# ── Benchmarks ───────────────────────────────────────────────────────────────
mix run benchmarks/run_benchmarks.exs

# ── Database ─────────────────────────────────────────────────────────────────
mix ash_scylla.setup                        # Create keyspace
mix ash_scylla.migrate                      # Run all migrations
mix ash_scylla.migrate --schemas-only       # Run only schema files
mix ash_scylla.migrate --resource MyApp.User # Run migrations for one resource

# ── Schema Generation ────────────────────────────────────────────────────────
mix ash_scylla.generate_migrations           # Generate CQL from Ash resource DSL

# ── Ash Extension Callbacks ──────────────────────────────────────────────────
# AshScylla.DataLayer doubles as the Ash extension, so the standard Ash tasks
# discover it automatically (no manual `extensions:` wiring required):
mix ash.codegen --dev                       # Generate migrations (via AshScylla.DataLayer)
mix ash.migrate                             # Run migrations
mix ash.setup                                # Create keyspace + run migrations
mix ash.reset                                # Reset database
mix ash.rollback --version 20240101          # Rollback (logs warning)
mix ash.tear_down                           # Drop keyspace

# If your Ash version does not auto-discover the data layer as an extension,
# add it manually to your domain:
#
#     use Ash.Domain, otp_app: :my_app, extensions: [AshScylla.Extension]


Contributing
Contributions are welcome!
	Fork the repository
	Clone your fork
	Create a feature branch: git checkout -b feature/my-feature
	Make your changes
	Run tests: mix test --exclude integration
	Check quality: mix quality
	Commit and push
	Open a Pull Request

Development Setup
mix deps.get
podman-compose -f podman-compose.yml up -d
mix test

A .devcontainer/devcontainer.json is provided for VS Code Dev Containers.

License
This project is licensed under the Apache License 2.0 - see the LICENSE file for details.

Acknowledgments
	Ash Framework - The Elixir framework this data layer integrates with
	Xandra - Native Elixir CQL driver for ScyllaDB/Cassandra
	ScyllaDB - High-performance NoSQL database


  Made with ❤️ for the Elixir and Ash communities


  

    AshScylla Usage Guide

Comprehensive usage guide for AshScylla
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Quick Start
Complete Setup Example
1. Add to your dependencies:
# mix.exs
def deps do
  [
    {:ash_scylla, "~> 0.12.0"}
  ]
end
2. Create a Repo:
# lib/my_app/repo.ex
defmodule MyApp.Repo do
  use AshScylla.Repo,
    otp_app: :my_app
end
3. Configure the Repo:
# config/config.exs
import Config

config :my_app, MyApp.Repo,
  nodes: ["127.0.0.1:9042"],
  keyspace: "my_app_dev",
  pool_size: 10
4. Add to supervision tree:
# lib/my_app/application.ex
children = [
  MyApp.Repo,
  # ...
]
5. Generate a Resource:
mix ash_scylla.new_template User name:string, email:string

Or define it manually:
# lib/my_app/resources/user.ex
defmodule MyApp.User do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer,
    domain: MyApp.Domain

  scylla do
    table "users"
    consistency :quorum
  end

  attributes do
    uuid_primary_key :id
    attribute :name, :string
    attribute :email, :string
  end

  actions do
    defaults [:create, :read, :update, :destroy]
  end
end
6. Create a Domain:
# lib/my_app/domain.ex
defmodule MyApp.Domain do
  use Ash.Domain

  resources do
    resource MyApp.User
  end
end
7. Create Keyspace and Tables:
# Generate migrations from your Ash resources (writes .exs files to priv/<repo>/migrations)
mix ash_scylla.generate_migrations --dev

# Or use the standard Ash tasks (AshScylla.DataLayer is auto-discovered as the extension):
mix ash.codegen --dev

# Run migrations (includes migration files from priv/<repo>/migrations)
mix ash_scylla.migrate
# or: mix ash.migrate

8. Start Using It:
# Create
{:ok, user} = Ash.create(MyApp.User, %{name: "John", email: "john@example.com"})

# Read
users = MyApp.User
  |> Ash.Query.filter(email == "john@example.com")
  |> Ash.read!()

# Update
{:ok, updated} = user
  |> Ash.Changeset.for_update(:update, %{name: "John Doe"})
  |> Ash.update()

# Delete
:ok = Ash.destroy(user)

Resource Configuration
Basic Resource with All Options
defmodule MyApp.Product do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer,
    domain: MyApp.Domain

  scylla do
    table "products"
    keyspace "custom_keyspace"
    consistency :quorum
    ttl 3600
    lwt true

    # Secondary indexes
    secondary_index :category
    secondary_index [:brand, :price]

    # Materialized views
    materialized_view :products_by_category,
      primary_key: [:category, :id],
      include_columns: [:name, :price]

    # Per-action consistency
    per_action_consistency read: :one, create: :quorum
  end

  attributes do
    uuid_primary_key :id
    attribute :name, :string
    attribute :category, :string
    attribute :brand, :string
    attribute :price, :decimal
  end

  actions do
    defaults [:create, :read, :update, :destroy]
  end
end
Composite Primary Keys
defmodule MyApp.OrderItem do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer,
    domain: MyApp.Domain

  scylla do
    table "order_items"
  end

  attributes do
    attribute :order_id, :uuid, primary_key?: true
    attribute :product_id, :uuid, primary_key?: true
    attribute :quantity, :integer
    attribute :price, :decimal
  end
end

Generating Resources
Command Format
mix ash_scylla.new_template ResourceName field1:type1, field2:type2

Options
	Option	Description
	--domain	Domain module (auto-prefixes resource name)
	--resource	Fully-qualified resource module name

Supported Types
	Ash Type	CQL Type
	:string	TEXT
	:integer	BIGINT
	:uuid	UUID
	:boolean	BOOLEAN
	:float	DOUBLE
	:decimal	DECIMAL
	:date	DATE
	:time	TIME
	:utc_datetime	TIMESTAMP
	:naive_datetime	TIMESTAMP
	:binary	BLOB

Examples
# Simple resource
mix ash_scylla.new_template User user_id:uuid, name:string, age:int

# With domain
mix ash_scylla.new_template User name:string --domain MyApp.Domain

# Fully-qualified name
mix ash_scylla.new_template User name:string --resource MyApp.Domain.User

Generated Output with --domain
# lib/my_app/resources/user.ex
defmodule MyApp.Domain.User do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer,
    domain: MyApp.Domain

  scylla do
    table "users"
  end

  attributes do
    uuid_primary_key :id
    attribute :name, :string
  end

  actions do
    defaults [:create, :read, :update, :destroy]
  end
end

CRUD Operations
Create
# Single record
{:ok, user} = Ash.create(MyApp.User, %{name: "Alice", email: "alice@example.com"})

# With changeset
{:ok, user} =
  MyApp.User
  |> Ash.Changeset.for_create(:create, %{name: "Alice", email: "alice@example.com"})
  |> Ash.create()

# Bulk create (uses BATCH)
{:ok, users} = Ash.bulk_create(user_data_list, MyApp.User, :create)
Read
# All records
users = Ash.read(MyApp.User)

# With filter
{:ok, user} =
  MyApp.User
  |> Ash.Query.filter(email == "alice@example.com")
  |> Ash.read_one()

# With domain
users = MyApp.Domain.read_users!()
Update
# Single record
{:ok, updated} =
  user
  |> Ash.Changeset.for_update(:update, %{name: "Alice Smith"})
  |> Ash.update()

# Bulk update (via query)
MyApp.User
|> Ash.Query.filter(status: "pending")
|> Ash.update!(%{status: "active"})
Delete
# Single record
:ok = Ash.destroy(user)

# Bulk delete (via query)
MyApp.User
|> Ash.Query.filter(status: "inactive")
|> Ash.destroy!()

Querying
Filter Operators
	Operator	Example
	==	Ash.Query.filter(email == "user@example.com")
	!=	Ash.Query.filter(status != "inactive")
	>	Ash.Query.filter(age > 18)
	>=	Ash.Query.filter(price >= 100)
	<	Ash.Query.filter(age < 65)
	<=	Ash.Query.filter(price <= 50)
	in	Ash.Query.filter(status in ["active", "pending"])
	contains	Ash.Query.filter(tags contains "elixir")
	is_nil	Ash.Query.filter(email is_nil true)

Combining Filters
# AND (default)
MyApp.User
|> Ash.Query.filter(status: "active")
|> Ash.Query.filter(age > 18)

# OR (rewritten to IN where possible)
import Ash.Query
MyApp.User
|> Ash.Query.filter(status == "active" or status == "pending")
Sorting and Pagination
# Sort by clustering column (within partition)
MyApp.User
|> Ash.Query.sort(:name, :asc)
|> Ash.read!()

# Keyset pagination (default, recommended)
MyApp.User
|> Ash.Query.limit(10)
|> Ash.read!()

# Keyset pagination using paging_state token (recommended for large datasets)
MyApp.User
|> Ash.Query.limit(10)
|> Ash.read!(paging_state: last_paging_state)
Note: ScyllaDB/Cassandra does not support OFFSET pagination. AshScylla defaults to keyset/paging_state token-based pagination for efficient, scalable result traversal.


Aggregates
AshScylla supports COUNT, SUM, AVG, MIN, and MAX aggregates at the query level and via relationship aggregates do blocks.
Query-Level Aggregates
Use Ash.count/2, Ash.sum/2, Ash.avg/2, Ash.min/2, Ash.max/2 on a query:
# COUNT
count =
  MyApp.User
  |> Ash.Query.filter(status == "active")
  |> Ash.count!()

# SUM
total =
  MyApp.Order
  |> Ash.Query.filter(user_id == user_id)
  |> Ash.sum!(:amount)

# AVG / MIN / MAX
avg = MyApp.Order |> Ash.avg!(:amount)
min = MyApp.Order |> Ash.min!(:amount)
max = MyApp.Order |> Ash.max!(:amount)
Resource-Level Aggregates (aggregates do)
Define aggregates on a resource that traverse belongs_to relationships:
defmodule MyApp.Redeem do
  use Ash.Resource,
    domain: MyApp.Domain,
    data_layer: AshScylla.DataLayer

  attributes do
    uuid_primary_key(:id)
    attribute(:redeemed, :boolean)
    attribute(:amount, :integer)
    attribute(:deal_id, :uuid)
  end

  relationships do
    belongs_to(:deal, MyApp.Deal,
      source_attribute: :deal_id,
      primary_key?: true
    )
  end

  aggregates do
    sum :saved_money, [:deal], :amount do
      # where the redeem is redeemed
      filter expr(redeemed == true)

      # where the `deal` is active
      join_filter :deal, expr(active == true)
    end
  end
end
Then load them on read:
MyApp.Deal
|> Ash.read!(load: [:saved_money])
Unrelated Aggregates
Aggregate over a different resource using Ash.Query.aggregate/4:
User
|> Ash.Query.aggregate(
  :matching_profiles,
  :count,
  Profile,
  query: [
    filter: expr(name == parent(name))
  ]
)
|> Ash.read!()
Note: has_many and many_to_many relationship aggregates are not yet implemented. Use denormalization or materialized views for those patterns. :first, :list, :exists, and :custom aggregate kinds are also not supported.


Full-Text Search
AshScylla includes a built-in inverted-index search engine (AshScylla.Search) that enables Lucene/OpenSearch-style multi-word search without LIKE, ALLOW FILTERING, or secondary indexes.
Architecture
The search engine stores analyzed terms in two tables:
	Table	Purpose
	search_post_terms	Inverted index mapping (term, shard) → post_id + term frequency
	search_post_fields	Raw term sets per post/field for diff-based updates

Terms are sharded across 16 partitions to prevent hotspot partitions for common words.
Setup
Create the search tables in your keyspace:
AshScylla.Search.create_tables(MyApp.Repo, "my_keyspace")
Indexing Documents
# Index a document with multiple text fields
AshScylla.Search.index(MyApp.Repo, "my_keyspace", post_id, %{
  title: "Learning Elixir Phoenix Framework",
  body: "Phoenix is a distributed web framework built on Elixir."
})
#=> :ok
Each field is run through the full analysis pipeline:
tokenize → lowercased → unicode-normalized → stop words removed → stemmed → written to index.
Updating Documents
When a document's text changes, compute only the diff:
AshScylla.Search.update(MyApp.Repo, "my_keyspace", post_id, %{
  title: "Updated Title",
  body: "New body content"
})
#=> :ok
The updater reads the stored term set from search_post_fields, computes added/removed terms, and applies only the necessary inserts and deletes. Fields omitted from the map are left unchanged.
Deleting Documents
AshScylla.Search.delete(MyApp.Repo, "my_keyspace", post_id)
#=> :ok
Searching
# Basic multi-word AND search
{:ok, page} = AshScylla.Search.search(MyApp.Repo, "my_keyspace", "learning phoenix")
#=> {:ok, %{
#     entries: [{"post-uuid", 2.0}, ...],
#     page_number: 1,
#     page_size: 20,
#     total_count: 1,
#     total_pages: 1,
#     has_next?: false,
#     has_prev?: false
#   }}

# OR search
{:ok, page} = AshScylla.Search.search(repo, keyspace, "elixir OR phoenix")

# NOT search
{:ok, page} = AshScylla.Search.search(repo, keyspace, "phoenix NOT framework")

# Bang variant (raises on error)
page = AshScylla.Search.search!(repo, keyspace, "phoenix")
Search Options
	Option	Default	Description
	:page	1	Page number (1-based)
	:page_size	20	Results per page
	:strategy	:tf	Ranking: :tf, :tfidf, or :bm25
	:num_shards	16	Shards per term partition
	:analyzer_opts	[]	Passed to the analyzer (stem, remove_stop_words, min_length)

Ranking Strategies
# Simple TF (Term Frequency) scoring
AshScylla.Search.search(repo, keyspace, "distributed web", strategy: :tf)

# TF-IDF (needs document stats)
AshScylla.Search.search(repo, keyspace, "distributed web",
  strategy: :tfidf,
  total_docs: 100_000,
  doc_freqs: %{"distributed" => 500, "web" => 2000}
)

# BM25 (Okapi BM25)
AshScylla.Search.search(repo, keyspace, "distributed web",
  strategy: :bm25,
  total_docs: 100_000,
  doc_freqs: %{"distributed" => 500, "web" => 2000},
  avg_doc_length: 50.0
)
Text Analysis Pipeline
The default analysis pipeline:
Document → Tokenizer → Lowercase → NFC Normalize → Stop Words → Stemmer → Index
# Analyze text manually to see terms
AshScylla.Search.Analyzer.analyze("The quick brown fox jumps over the lazy dog")
#=> [{"brown", 1}, {"dog", 1}, {"fox", 1}, {"jump", 1}, {"lazi", 1}, {"quick", 1}]

# Analyze with options
AshScylla.Search.Analyzer.analyze("The Running Cats", stem: false, remove_stop_words: false)
#=> [{"cat", 1}, {"run", 1}, {"the", 1}]

# Analyze a query (preserves term order for phrase search)
AshScylla.Search.Analyzer.analyze_query("learning phoenix framework")
#=> ["learn", "phoenix", "framework"]
Integrating with Ash Resources
For a complete integration, call the search functions from custom Ash actions or a search context module:
defmodule MyApp.SearchContext do
  alias AshScylla.Search

  @repo MyApp.Repo
  @keyspace "my_app"

  def index_post(post) do
    Search.index(@repo, @keyspace, post.id, %{
      title: post.title,
      body: post.body
    })
  end

  def search(query, opts \\ []) do
    Search.search(@repo, @keyspace, query, opts)
  end
end
Search Tables Schema
-- Inverted index (sharded to prevent hotspot partitions)
CREATE TABLE search_post_terms (
  term text,
  shard smallint,
  post_id uuid,
  field tinyint,
  tf smallint,
  PRIMARY KEY ((term, shard), post_id)
);

-- Stored term sets for diff-based updates
CREATE TABLE search_post_fields (
  post_id uuid,
  field tinyint,
  terms set<text>,
  PRIMARY KEY (post_id, field)
);
Performance Characteristics
	Stage	Complexity	Notes
	Tokenization	O(n)	Linear in document length
	Index Write	O(t)	Linear in unique terms; uses UNLOGGED BATCH
	Term Lookup	O(1)	Single partition lookup per term/shard
	AND Merge	O(n+m)	Two-pointer algorithm
	Ranking	O(k log k)	Sort by score
	Fetch Posts	O(k)	Linear in matched documents

Where: n = document length, t = unique terms, k = matched documents.

Data Modeling Best Practices
1. Query-First Design
Design your tables around your queries:
defmodule MyApp.User do
  attributes do
    attribute :email, :string, primary_key?: true  # Partition key
    attribute :name, :string
  end
end

# Query by partition key (efficient)
MyApp.User
|> Ash.Query.filter(email == "user@example.com")
|> Ash.read_one()
2. Denormalization is Normal
Duplicate data across tables for different query patterns:
defmodule MyApp.PostByAuthor do
  attributes do
    attribute :author_id, :uuid, primary_key?: true
    attribute :post_id, :uuid, primary_key?: true
    attribute :title, :string
    attribute :content, :string
  end
end

defmodule MyApp.PostByDate do
  attributes do
    attribute :date, :date, primary_key?: true
    attribute :post_id, :uuid, primary_key?: true
    attribute :title, :string
    attribute :author_name, :string  # Denormalized
  end
end
3. Choosing Partition Keys
	High cardinality: Distribute data evenly
	Query patterns: Support your most common queries
	Avoid hotspots: Don't use low-cardinality partition keys

# Good: User ID has high cardinality
attribute :user_id, :uuid, primary_key?: true

# Avoid: Status has low cardinality (creates hotspots)
attribute :status, :string, primary_key?: true  # Don't do this

ScyllaDB Features
Consistency Levels
defmodule MyApp.CriticalData do
  scylla do
    consistency :quorum  # Strong consistency
  end
end

defmodule MyApp.CachedData do
  scylla do
    consistency :one  # Fast, eventual consistency
  end
end
Available levels: :any, :one, :two, :three, :quorum, :all, :local_quorum
TTL (Time To Live)
defmodule MyApp.Session do
  scylla do
    ttl 3600  # Expire after 1 hour
  end

  attributes do
    attribute :user_id, :uuid, primary_key?: true
    attribute :data, :string
  end
end
Collections
defmodule MyApp.User do
  attributes do
    attribute :tags, {:array, :string}  # LIST<TEXT>
    attribute :scores, {:array, :integer}  # LIST<BIGINT>
    attribute :metadata, :map  # MAP<TEXT, TEXT>
  end
end
Secondary Indexes
defmodule MyApp.User do
  scylla do
    secondary_index :email                    # Single column
    secondary_index [:name, :age]             # Multi-column (separate indexes)
    secondary_index :status, name: "idx_status"  # Custom name
  end
end
Note: ScyllaDB OSS doesn't support multi-column secondary indexes. AshScylla generates separate single-column indexes.

Materialized Views
defmodule MyApp.User do
  scylla do
    materialized_view :users_by_email,
      primary_key: [:email, :id],
      include_columns: [:name, :age],
      clustering_order: [id: :desc]
  end
end
Generates:
CREATE MATERIALIZED VIEW IF NOT EXISTS users_by_email
AS SELECT id, email, name, age
FROM users
WHERE email IS NOT NULL AND id IS NOT NULL
PRIMARY KEY (email, id)
WITH CLUSTERING ORDER BY (id DESC)

Migrations
Creating Tables
Use mix ash_scylla.generate_migrations (or the standard mix ash.codegen) to
generate migration files from your Ash DSL. AshScylla's data layer is
discovered automatically as an Ash extension, so mix ash.codegen routes to it:
# Auto-generate with timestamp-based name (writes .exs files)
mix ash_scylla.generate_migrations --dev

# Or via the standard Ash task:
mix ash.codegen --dev

# With specific migration name
mix ash_scylla.generate_migrations add_user_table

# For a specific domain
mix ash_scylla.generate_migrations --domains MyApp.Domain

This creates .exs files in priv/<repo>/migrations/:
# priv/<repo>/migrations/20260615155440_migrate_resources1.exs
defmodule MyApp.Migrations.MigrateResources1 do
  use AshScylla.Schema

  def change do
    [
      %AshScylla.Schema{
        domain: MyApp.Domain,
        resources: [
          %AshScylla.Schema.Resource{
            name: :users,
            statements: [
              "CREATE TABLE IF NOT EXISTS users (id UUID PRIMARY KEY, name TEXT, email TEXT)",
              "CREATE INDEX IF NOT EXISTS idx_users_email ON users (email)"
            ]
          }
        ]
      }
    ]
  end
end
Using AshScylla.Migration Helpers
defmodule MyApp.Repo.Migrations.CreateUsers do
  def change do
    AshScylla.Migration.create_table_cql(MyApp.User)
    |> then(&AshScylla.Migrator.run!/3)
  end
end
Creating User Defined Types
defmodule MyApp.Repo.Migrations.CreateAddressType do
  def change do
    AshScylla.Migration.create_type("address",
      city: :text,
      street: :text,
      zip: :text
    )
    |> then(&AshScylla.Migrator.run!/3)
  end
end
Running Migrations
# Migrate all resources and schema files
mix ash_scylla.migrate

# Migrate specific resource
mix ash_scylla.migrate --resource MyApp.User

# Dry run (show statements without executing)
mix ash_scylla.migrate --dry-run

# Only schema files from priv/migrations
mix ash_scylla.migrate --schemas-only

Generating Migrations from DSL
Run mix ash_scylla.generate_migrations to introspect your Ash resources and generate CQL migration files:
mix ash_scylla.generate_migrations
# Generated migration: priv/repo/migrations/20240101120000_migration.cql

The generated file contains plain CQL:
-- 20240101120000_migration.cql

CREATE TABLE IF NOT EXISTS users (
  id uuid,
  email text,
  name text,
  age int,
  created_at timestamp,
  PRIMARY KEY (id)
);

CREATE INDEX IF NOT EXISTS idx_users_email ON users (email);
You can also generate for a specific name:
mix ash_scylla.generate_migrations --name add_users
# Generated migration: priv/repo/migrations/20240101120000_add_users.cql

Ash Extension Callbacks
AshScylla implements the Ash.Extension behaviour, enabling standard Ash Mix tasks:
# Install AshScylla for a resource (generates migration files)
mix ash.install AshScylla --resource MyApp.User

# Reset the database (drop keyspace, recreate, re-run migrations)
mix ash.reset AshScylla

# Rollback migrations (note: CQL has no transactional DDL rollback)
mix ash.rollback AshScylla --version 20240101000000

# Tear down (drop keyspace)
mix ash.tear_down AshScylla

All callbacks support --dry-run to preview actions without executing them.

Performance Tips
1. Use Appropriate Consistency Levels
defmodule MyApp.PageView do
  scylla do
    consistency :one  # Fast writes, eventual consistency is fine
  end
end

defmodule MyApp.FinancialTransaction do
  scylla do
    consistency :quorum  # Strong consistency required
  end
end
2. Connection Pool Tuning
config :my_app, MyApp.Repo,
  pool_size: 50,                # Connections per node
  request_timeout: 300_000,     # Query timeout (ms)
  connect_timeout: 10_000
Pool Size Formula:
pool_size = num_nodes * num_cores_per_node
3. Avoid Expensive Queries
	Use primary key queries when possible
	Create secondary indexes for non-primary key queries
	Use materialized views for alternative query patterns
	Avoid unfiltered queries on non-indexed columns (raises error by default); add a secondary_index instead
	Use BATCH statements for multiple operations

4. Batch Operations
# Synchronous batch
statements = [
  {"INSERT INTO users (id, name) VALUES (?, ?)", [id1, "Alice"]},
  {"INSERT INTO users (id, name) VALUES (?, ?)", [id2, "Bob"]}
]
AshScylla.DataLayer.Batch.batch_insert(repo, statements)

# Async partition-aware batch (recommended for large datasets)
AshScylla.DataLayer.Batch.batch_insert_async(repo, statements, max_concurrency: 8)
5. Prepared Statement Caching
Enable for high-throughput workloads:
children = [
  AshScylla.PreparedStatementCache,
  # ...
]

Common Patterns
Time-Series Data
defmodule MyApp.Metric do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer,
    domain: MyApp.Domain

  scylla do
    table "metrics"
  end

  attributes do
    attribute :sensor_id, :uuid, primary_key?: true
    attribute :timestamp, :utc_datetime, primary_key?: true
    attribute :value, :float
    attribute :unit, :string
  end
end

# Query recent metrics
MyApp.Metric
|> Ash.Query.filter(sensor_id: sensor_id)
|> Ash.Query.sort(timestamp: :desc)
|> Ash.Query.limit(100)
|> Ash.read!()
Counters with Materialized Views
defmodule MyApp.PageView do
  attributes do
    attribute :page_id, :uuid, primary_key?: true
    attribute :user_id, :uuid
    attribute :viewed_at, :utc_datetime
  end
end

defmodule MyApp.PageViewCount do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer,
    domain: MyApp.Domain

  scylla do
    table "page_view_counts"
  end

  attributes do
    attribute :page_id, :uuid, primary_key?: true
    attribute :count, :integer
  end
end

Troubleshooting
Common Issues
	Issue	Cause	Solution
	Connection refused	ScyllaDB not running	podman-compose -f podman-compose.yml up -d
	Keyspace does not exist	Keyspace not created	mix ash_scylla.setup or mix ash_scylla.migrate --create-keyspace
	Table not found	Migration not run	mix ash_scylla.migrate
	Invalid filter	Non-indexed column filter	Add secondary_index to the resource
	OFFSET not supported	Used offset query	Use keyset pagination instead
	timeout	Query too slow	Increase request_timeout, add indexes, optimize query

Debugging Tips
# Check ScyllaDB is running
podman ps

# Check ScyllaDB logs
podman logs ash_scylla_test

# Verify connection
iex -S mix
iex> {:ok, conn} = Xandra.start_link(nodes: ["scylla:9042"])
iex> Xandra.execute(conn, "SELECT release_version FROM system.local")

# Inspect generated CQL
iex> alias AshScylla.DataLayer.QueryBuilder
iex> query = %AshScylla.DataLayer{resource: MyApp.User, repo: MyApp.Repo, table: "users", filters: [%{operator: :eq, left: %{name: :email}, right: %{value: "test@example.com"}}]}
iex> QueryBuilder.build_optimized_query(query)


Additional Resources
	Development Guide — Dev container setup and development workflow
	Production Guide — Multi-node cluster deployment and operations
	Implementation Summary — Technical architecture details
	Error Handling — Error types and handling strategies
	Changelog — Version history and release notes
	API Documentation — Module documentation


License
Apache License 2.0 - see LICENSE file for details.
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Get up and running with AshScylla in minutes using VS Code Dev Containers and a single-node ScyllaDB.
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Overview
This guide walks through setting up a complete AshScylla development environment using:
	VS Code Dev Containers — reproducible, zero-host-dependency workspace
	Podman Compose — single-node ScyllaDB instance with health checks
	Elixir 1.19 — pre-installed in the container image

The dev container mounts your local source code, so all edits happen on your host machine while compilation and tests run inside the container.

Prerequisites
	Tool	Version	Purpose
	Podman	4.0+	Runs the ScyllaDB container
	VS Code	1.85+	IDE with remote container support
	Dev Containers extension	latest	VS Code → container bridge

The podman-compose.yml file is at the project root.


Quick Start
1. Open in Dev Container
# Clone the repository
git clone https://github.com/ohhi-vn/ash_scylla.git
cd ash_scylla

# Open in VS Code
code .

When VS Code prompts: "Reopen in Container" → click Reopen.
The first build takes ~2 minutes (downloads Elixir image, installs deps, starts ScyllaDB).
2. Verify the Environment
Open a terminal inside VS Code (Ctrl+`) and run:
# Check Elixir version
elixir --version
# → Elixir 1.19.x

# Verify ScyllaDB is running
podman ps
# → ash_scylla_test  ...  healthy

# Test the connection
mix run -e '
  {:ok, conn} = Xandra.start_link(nodes: ["scylla:9042"])
  {:ok, result} = Xandra.execute(conn, "SELECT release_version FROM system.local")
  IO.inspect(result, label: "ScyllaDB version")
'

3. Run the Test Suite
# Unit tests (no database needed)
mix test --exclude integration

# Integration tests (uses the ScyllaDB container)
mix test test/scylla_integration_test.exs

# Run ScyllaDB config
SCYLLA_DIRECT=1 SCYLLA_HOST=127.0.0.1 SCYLLA_PORT=9042 MIX_ENV=test mix test test/integration --only integration


Project Structure
ash_scylla/
├── .devcontainer/
│   └── devcontainer.json          # VS Code container config
├── config/
│   ├── config.exs                 # Repo configuration examples
│   ├── dev.exs                    # Development settings
│   └── test.exs                   # Test settings
├── lib/
│   ├── ash_scylla.ex              # Main module (verify, migrate, version)
│   └── ash_scylla/
│       ├── application.ex         # Application callback
│       ├── connection.ex          # Xandra connection GenServer
│       ├── data_layer.ex          # Core CRUD, query building, bulk ops
│       ├── data_layer/
│       │   ├── batch.ex           # Batch operations
│       │   ├── collection.ex      # Collection type support
│       │   ├── compression.ex     # Compression support
│       │   ├── dsl.ex             # Resource DSL (table, keyspace, etc.)
│       │   ├── filter_validator.ex
│       │   ├── materialized_view.ex
│       │   ├── pagination.ex
│       │   ├── query_builder.ex
│       │   ├── query_optimizer.ex
│       │   ├── schema_migration.ex
│       │   ├── types.ex           # Type mapping
│       │   └── udt.ex             # User Defined Types
│       ├── error.ex               # Error handling
│       ├── error/
│       │   └── scylla_error.ex    # Structured ScyllaDB errors
│       ├── identifier.ex          # CQL identifier sanitization
│       ├── migration.ex           # CQL schema generation helpers
│       ├── migrator.ex            # CQL migration runner
│       ├── mix_helpers.ex         # Mix task helpers
│       ├── prepared_statement_cache.ex
│       ├── release.ex             # Release task helpers
│       ├── repo.ex                # Repo behaviour
│       ├── resource_generator.ex  # Resource template generator
│       ├── schema.ex              # Schema migration behaviour
│       ├── schema_loader.ex       # Schema file discovery
│       └── telemetry.ex           # Telemetry integration
├── lib/mix/tasks/
│   ├── ash_scylla.gen.ex          # mix ash_scylla.gen
│   ├── ash_scylla.gen.repo.ex     # mix ash_scylla.gen.repo
│   ├── ash_scylla.migrate.ex      # mix ash_scylla.migrate
│   ├── ash_scylla.new_template.ex # mix ash_scylla.new_template
│   └── ash_scylla.setup.ex        # mix ash_scylla.setup
├── test/
│   ├── test_helper.exs
│   ├── support/                   # Test resources, repos, containers
│   ├── unit/                      # Unit tests by feature domain
│   └── integration/               # Integration tests (need ScyllaDB)
├── guides/                        # Documentation
├── podman-compose.yml             # ScyllaDB + Elixir container
├── mix.exs
└── README.md

Working with the Dev Container
Container Architecture
┌─────────────────────────────────────────────────────┐
│  Podman Network (default)                         │
│                                                     │
│  ┌──────────────┐          ┌────────────────────┐  │
│  │   scylla     │◄────────►│       app          │  │
│  │   :9042      │  CQL     │  Elixir 1.19       │  │
│  │              │          │  + deps compiled    │  │
│  └──────────────┘          └────────────────────┘  │
│         ▲                          ▲                │
│         │ healthcheck              │ volume mount   │
│         │ (cqlsh probe)            │ ./ → /workspace│
└─────────────────────────────────────────────────────┘
	scylla service: ScyllaDB single-node, 1 CPU, 1 GB RAM, persistent volume
	app service: Elixir container with your source code mounted at /workspace
	Health check: ScyllaDB must pass cqlsh probe before app starts

Connecting from the App Container
Use the service name as hostname:
# In config/dev.exs or test setup
config :my_app, MyApp.Repo,
  nodes: ["scylla:9042"],   # ← service name, not localhost
  keyspace: "my_app_dev"
Note: From your host machine, ScyllaDB is at localhost:9042. From inside the app container, it's at scylla:9042.

Rebuilding After Dependency Changes
# Inside the container terminal
mix deps.get
mix compile

# Or rebuild the entire container:
# VS Code → Ctrl+Shift+P → "Rebuild Container"


Your First Resource
Create a complete example inside the dev container:
1. Create the Repo
# lib/my_app/repo.ex
defmodule MyApp.Repo do
  use AshScylla.Repo, otp_app: :my_app
end
2. Configure
# config/config.exs
import Config

config :my_app, MyApp.Repo,
  nodes: ["scylla:9042"],
  keyspace: "my_app_dev",
  pool_size: 5
3. Generate a Resource
mix ash_scylla.new_template User name:string, email:string

This creates lib/my_app/resources/user.ex with a starter template. Then customize it:
# lib/my_app/resources/user.ex
defmodule MyApp.User do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer,
    domain: MyApp.Domain


  scylla do
    table "users"
    consistency :quorum
    secondary_index :email
  end

  attributes do
    uuid_primary_key :id
    attribute :name, :string
    attribute :email, :string
    attribute :age, :integer
    attribute :status, :string, default: "active"
  end

  actions do
    defaults [:create, :read, :update, :destroy]
  end
end
4. Create the Domain
# lib/my_app/domain.ex
defmodule MyApp.Domain do
  use Ash.Domain

  resources do
    resource MyApp.User
  end
end
5. Generate Schema and Migrate
# Generate migration files from your Ash resources (writes .exs files)
mix ash_scylla.generate_migrations --dev

# Or use the standard Ash task (AshScylla.DataLayer is auto-discovered):
mix ash.codegen --dev

# Create the keyspace
mix ash_scylla.setup

# Run migrations
mix ash_scylla.migrate

6. Start Using It
iex -S mix

# In IEx:
alias MyApp.User

# Create
{:ok, user} =
  User
  |> Ash.Changeset.for_create(:create, %{
    name: "Alice",
    email: "alice@example.com",
    age: 30
  })
  |> Ash.create()

# Read
users = User |> Ash.read()

# Query by secondary index
{:ok, found} =
  User
  |> Ash.Query.filter(email == "alice@example.com")
  |> Ash.read_one()

# Update
{:ok, updated} =
  user
  |> Ash.Changeset.for_update(:update, %{age: 31})
  |> Ash.update()

# Delete
:ok = updated |> Ash.destroy()

Running Tests
Quick Reference
# ── Unit tests ──────────────────────────────────────────────────────────────
# Fast, no database needed. Uses fake/mock repos.
mix test --exclude integration

# With coverage report → cover/index.html
mix test --exclude integration --cover

# ── Integration tests ────────────────────────────────────────────────────────
# Need a running ScyllaDB instance.

# Against the Podman container (dev container default):
mix test --only integration

# Against a local ScyllaDB at localhost:9042:
SCYLLA_DIRECT=1 mix test --only integration

# A single integration file:
SCYLLA_DIRECT=1 mix test test/integration/scylla_integration_test.exs

# ── Cluster integration tests ────────────────────────────────────────────────
# Require a multi-node ScyllaDB (Podman or existing cluster).

# Podman mode (spins up a 3-node cluster via testcontainers):
mix test test/integration/cluster_integration_test.exs --only integration

# Direct mode (connect to an existing multi-node cluster):
TEST_CLUSTER=true SCYLLA_NODES="node1:9042,node2:9042,node3:9042" \
  mix test test/integration/cluster_integration_test.exs --only integration

# Single-node direct mode (connect to one node, multi-node tests skipped):
SCYLLA_DIRECT=1 mix test test/integration/cluster_integration_test.exs --only integration


# ── Benchmarks ───────────────────────────────────────────────────────────────
mix run benchmarks/run_benchmarks.exs

Unit Tests
Unit tests live under test/unit/ and are organised by feature domain. They use
inline or fake repos — no ScyllaDB instance is required.
# All unit tests (~1000+)
mix test --exclude integration

# A specific feature domain
mix test test/unit/query/
mix test test/unit/data_layer/
mix test test/unit/batch/

# A single file
mix test test/unit/query/query_builder_test.exs

Integration Tests
Integration tests need a real ScyllaDB instance. They are tagged with @moduletag :integration.
# All integration tests (excludes unit tests)
mix test --only integration

# Against a pre-existing ScyllaDB at localhost:9042
SCYLLA_DIRECT=1 mix test --only integration

# A specific file
SCYLLA_DIRECT=1 mix test test/integration/scylla_integration_test.exs
SCYLLA_DIRECT=1 mix test test/integration/data_layer_integration_test.exs
SCYLLA_DIRECT=1 mix test test/integration/pipeline_integration_test.exs
SCYLLA_DIRECT=1 mix test test/integration/type_roundtrip_integration_test.exs

Tip: When SCYLLA_DIRECT is set, the cluster integration test
(cluster_integration_test.exs) is automatically skipped because it requires
multi-node orchestration.

Cluster Integration Tests
The cluster tests spin up a 3-node ScyllaDB cluster and verify cross-node reads,
writes, and concurrent operations.
# Podman mode (default — starts containers via testcontainers)
mix test test/integration/cluster_integration_test.exs --only integration

# Direct mode (connect to an existing cluster)
TEST_CLUSTER=true SCYLLA_NODES="node1:9042,node2:9042,node3:9042" \
  mix test test/integration/cluster_integration_test.exs --only integration

Benchmarks
Benchmarks measure query-building performance (not actual database operations).
mix run benchmarks/run_benchmarks.exs

Coverage Report
mix test --exclude integration --cover

Generates cover/index.html — open it in a browser to see line-by-line coverage.
Running Tests in the Dev Container
The dev container includes a single-node ScyllaDB instance. All tests work out
of the box:
# Unit tests only (fast, no database needed)
mix test --exclude integration

# Integration tests against the containerized ScyllaDB
mix test --only integration

Running Tests Against a Local ScyllaDB (No Container)
SCYLLA_DIRECT=1 mix test --only integration


Type Mapping
AshScylla maps Elixir types to CQL types via AshScylla.DataLayer.Types/2.
The canonical mapping is used across AshScylla.Migration, AshScylla.DataLayer.Udt,
and AshScylla.DataLayer.Collection.
Ash → CQL Type Mapping
	Ash DSL Type	CQL Type	Notes
	:string	TEXT	
	:integer	BIGINT	64-bit; ScyllaDB INT is 32-bit
	:uuid	UUID	
	:boolean	BOOLEAN	
	:float	DOUBLE	8-byte float; ScyllaDB FLOAT is 4-byte
	:decimal	DECIMAL	
	:utc_datetime	TIMESTAMP	
	:naive_datetime	TIMESTAMP	
	:date	DATE	
	:time	TIME	
	:binary	BLOB	
	:map	MAP<K, V>	Key/value types inferred from attributes
	{:array, :string}	LIST<TEXT>	
	{:array, :integer}	LIST<BIGINT>	

Unknown or custom types fall back to TEXT.
Query-Builder Parameter Tagging
When building CQL queries, AshScylla.DataLayer.QueryBuilder tags each parameter
with its CQL type to avoid marshalling errors:
	Elixir Value	Tagged As	Reason
	Integer (limit, offset)	{"int", value}	ScyllaDB LIMIT expects 4-byte int, not 8-byte bigint
	String	{"text", value}	
	UUID binary	{"uuid", value}	
	Float	{"double", value}	
	Boolean	{"boolean", value}	
	nil	nil	Passed through unchanged

These tagged tuples are passed to Xandra.execute/3 directly. When writing tests
that inspect params returned by QueryBuilder.build_optimized_query/1, assert
against the tagged form:
{cql, params} = QueryBuilder.build_optimized_query(query)
assert {"int", 10} in params   # ✅ correct
# assert 10 in params          # ❌ will fail
Collection Types
	Elixir Type	Xandra Encoding	CQL Type
	List	Elixir list (preserves order, allows duplicates)	LIST<T>
	MapSet	Elixir MapSet (unordered, unique)	SET<T>
	Map	Elixir map	MAP<K, V>
	Frozen	Tuple (immutable, stored as single blob)	FROZEN<T>

User Defined Types (UDTs)
UDTs are encoded as tuples ordered by their schema field definition. The schema is
derived from the resource's @dsl UDT configuration.
# Encoding: map → tuple ordered by schema fields
AshScylla.DataLayer.Udt.encode(%{city: "Hanoi", street: "123"}, MyApp.Address)
# → {"Hanoi", "123"}
Common Development Tasks
Reset the Database
# Drop and recreate the keyspace
mix run -e '
  MyApp.Repo.drop_keyspace()
  MyApp.Repo.create_keyspace()
'

# Or use the Ash extension callback
mix ash.reset AshScylla

Ash Extension Callbacks
AshScylla implements the full Ash.Extension behaviour. The AshScylla.Extension module provides:
	Callback	Mix Task	Description
	codegen/1	mix ash.codegen	Generate CQL migration files from resources
	setup/1	mix ash.setup	Create keyspace and run migrations
	migrate/1	mix ash.migrate	Run migration files
	install/5	mix ash.install	Install AshScylla for a resource
	reset/1	mix ash.reset	Drop keyspace, recreate, re-run migrations
	rollback/1	mix ash.rollback	Rollback to a version (logs warning - no CQL DDL rollback)
	tear_down/1	mix ash.tear_down	Drop the keyspace

All callbacks support --dry-run flag and handle missing repo gracefully.
Building CQL Queries from Ash
AshScylla converts Ash queries into optimized CQL via AshScylla.DataLayer.QueryBuilder.
The pipeline has three stages:
Ash.Resource / Ash.Query
        │
        ▼
AshScylla.DataLayer          # builds the struct
        │
        ▼
QueryBuilder                 # converts filters → CQL WHERE
        │
        ▼
{ cql, params }              # final query + typed parameters
Stage 1 — Build the Query struct
For resources, let Ash build the struct from the DSL:
alias AshScylla.Query

query = Query.from_resource(MyApp.User, MyApp.Domain)
# %AshScylla.Query{resource: MyApp.User, repo: MyApp.Repo, table: "users", ...}
For ad-hoc queries (tests, scripts), build the struct manually:
query = %AshScylla.Query{
  resource: MyApp.User,     # or nil for resource-less queries
  repo: MyApp.Repo,         # or nil
  table: "users",            # required
  filters: [],
  sorts: [],
  limit: nil,
  select: nil,
  tenant: nil
}
Stage 2 — Add filters, sorts, limit
Filters use Ash filter/3 format. Each filter is a map with operator,
left, and right keys:
# Equality
%{operator: :eq, left: %{name: :status}, right: %{value: "active"}}

# Comparison
%{operator: :gt, left: %{name: :age}, right: %{value: 18}}
%{operator: :>=, left: %{name: :age}, right: %{value: 18}}
%{operator: :<, left: %{name: :age}, right: %{value: 65}}
%{operator: :<=, left: %{name: :age}, right: %{value: 65}}

# IN clause
%{operator: :in, left: %{name: :status}, right: %{value: ["active", "pending"]}}

# IS NULL
%{operator: :is_nil, left: %{name: :email}, right: true}

# AND / OR (nested)
%{
  op: :and,
  left: %{operator: :eq, left: %{name: :status}, right: %{value: "active"}},
  right: %{operator: :>=, left: %{name: :age}, right: %{value: 18}}
}

%{
  op: :or,
  left: %{operator: :eq, left: %{name: :status}, right: %{value: "active"}},
  right: %{operator: :eq, left: %{name: :status}, right: %{value: "pending"}}
}
Add to the query struct:
query = query
|> DataLayer.filter(%{operator: :eq, left: %{name: :status}, right: %{value: "active"}})
|> DataLayer.filter(email == "user@example.com")   # Ash DSL syntax also works
|> DataLayer.sort(:name, :asc)
|> DataLayer.limit(10)
|> DataLayer.select([:id, :name, :email])
Stage 3 — Build and inspect the CQL
alias AshScylla.DataLayer.QueryBuilder

{cql, params} = QueryBuilder.build_optimized_query(query)
IO.puts(cql)
# → SELECT id, name, email FROM users WHERE status = ? AND email = ? ORDER BY name ASC LIMIT ?
IO.inspect(params)
# → [{"text", "active"}, {"text", "user@example.com"}, {"int", 10}]
Execute the query
Pass the {cql, params} result directly to Xandra.execute/4:
{:ok, conn} = Xandra.start_link(nodes: ["127.0.0.1:9042"])

{cql, params} = QueryBuilder.build_optimized_query(query)
{:ok, %Xandra.Page{content: rows}} = Xandra.execute(conn, cql, params, consistency: :one)

Xandra.stop(conn)
Common query patterns
# ── Primary key lookup (most efficient) ────────────────────────────────────
query = %AshScylla.Query{
  table: "users",
  filters: [%{operator: :eq, left: %{name: :id}, right: %{value: user_id}}]
}
# → SELECT * FROM users WHERE id = ?

# ── Secondary index lookup ──────────────────────────────────────────────────
query = %AshScylla.Query{
  table: "users",
  filters: [%{operator: :eq, left: %{name: :email}, right: %{value: "a@b.com"}}]
}
# → SELECT * FROM users WHERE email = ?

# ── Range query on clustering columns ───────────────────────────────────────
query = %AshScylla.Query{
  table: "events",
  filters: [
    %{operator: :eq, left: %{name: :user_id}, right: %{value: user_id}},
    %{operator: :>=, left: %{name: :event_id}, right: %{value: ~U[2024-01-01 00:00:00Z]}}
  ]
}
# → SELECT * FROM events WHERE user_id = ? AND event_id >= ?

# ── COUNT aggregate ────────────────────────────────────────────────────────
query = %AshScylla.Query{
  table: "users",
  filters: [%{operator: :eq, left: %{name: :status}, right: %{value: "active"}}],
  aggregates: [%{kind: :count, name: :total}]
}
# → SELECT COUNT(*) FROM users WHERE status = ?

# ── DISTINCT on partition key ───────────────────────────────────────────────
query = %AshScylla.Query{
  table: "users",
  distinct: [:status]
}
# → SELECT DISTINCT status FROM users

# ── Token-based keyset pagination ───────────────────────────────────────────
query = %AshScylla.Query{
  table: "users",
  keyset: page_token,     # opaque token from previous page
  limit: 25
}
# → SELECT * FROM users LIMIT ?  (with page_state sent to Xandra)

# ── IN clause ───────────────────────────────────────────────────────────────
query = %AshScylla.Query{
  table: "users",
  filters: [%{operator: :in, left: %{name: :id}, right: %{value: [id1, id2, id3]}}]
}
# → SELECT * FROM users WHERE id IN (?, ?, ?)
Using the full Ash pipeline
The most common path is through Ash actions, which handle everything:
# Create — generates INSERT CQL internally
{:ok, user} = Ash.create(MyApp.User, %{name: "Alice", email: "alice@example.com"})

# Read with filters — generates SELECT CQL
users =
  MyApp.User
  |> Ash.Query.filter(status == "active")
  |> Ash.Query.sort(:name)
  |> Ash.Query.limit(10)
  |> Ash.read!()

# Update — generates UPDATE CQL
{:ok, updated} =
  user
  |> Ash.Changeset.for_update(:update, %{name: "Alice Smith"})
  |> Ash.update()

# Delete — generates DELETE CQL
:ok = Ash.destroy(user)
To see the CQL that Ash generates, enable debug logging or use the
AshScylla.Telemetry span handler:
:telemetry.attach(
  "ash-scylla-logger",
  [:ash_scylla, :query, :stop],
  fn _event, measure, _meta, _config ->
    IO.puts("Query took #{System.convert_time_unit(measure.duration, :native, :millisecond)}ms")
  end,
  nil
)
Run Benchmarks
mix run benchmarks/run_benchmarks.exs

Check Code Quality
mix format --check-formatted  # Formatting
mix credo --strict            # Static analysis
mix dialyzer                  # Type checking


Troubleshooting
Container won't start
# Check ScyllaDB logs
podman logs ash_scylla_test

# Common issue: port 9042 already in use
lsof -i :9042
# Kill the conflicting process or change the port in podman-compose.yml

"Connection refused" errors
# Verify ScyllaDB is healthy
podman ps
# → ash_scylla_test  ...  healthy

# If "starting", wait for health check (up to 60s)
podman inspect --format='{{.State.Health.Status}}' ash_scylla_test

"Keyspace does not exist"
mix ash_scylla.setup

"OFFSET not supported"
OFFSET is not supported — use keyset pagination via paging_state instead:
# Instead of offset
MyApp.User |> Ash.Query.offset(10)  # ❌ Raises error

# Use keyset pagination with limit
MyApp.User |> Ash.Query.limit(10)  # ✅
Tests fail with timeout
ScyllaDB may need more time on first start. Wait 30 seconds and retry:
sleep 30 && mix test --exclude integration

Rebuild from scratch
# Remove all containers and volumes
podman-compose -f podman-compose.yml down -v

# Reopen in VS Code → "Reopen in Container"
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Overview
This guide covers running AshScylla in production against a ScyllaDB cluster. Topics include:
	Multi-node cluster deployment (Podman Compose for staging, Kubernetes for production)
	Connection pool sizing for high throughput
	Consistency level trade-offs across failure domains
	Multi-datacenter replication strategies
	Monitoring with Prometheus/Grafana
	Backup, recovery, and rolling upgrades

Assumptions:
	Familiarity with ScyllaDB concepts (nodes, racks, datacenters, vnodes)
	Basic Kubernetes knowledge (for the K8s section)
	Ash Framework basics (see USAGE_GUIDE.md)


Architecture
┌─────────────────────────────────────────────────────────────────┐
│                        Application Layer                         │
│                                                                   │
│  ┌──────────┐  ┌──────────┐  ┌──────────┐  ┌──────────┐        │
│  │ BEAM VM  │  │ BEAM VM  │  │ BEAM VM  │  │ BEAM VM  │        │
│  │  Node 1  │  │  Node 2  │  │  Node 3  │  │  Node N  │        │
│  │          │  │          │  │          │  │          │        │
│  │ Xandra   │  │ Xandra   │  │ Xandra   │  │ Xandra   │        │
│  │  Pool    │  │  Pool    │  │  Pool    │  │  Pool    │        │
│  └────┬─────┘  └────┬─────┘  └────┬─────┘  └────┬─────┘        │
│       │              │              │              │              │
│       └──────────────┴──────┬───────┴──────────────┘              │
│                             │ CQL (9042)                          │
└─────────────────────────────┼─────────────────────────────────────┘
                              │
┌─────────────────────────────┼─────────────────────────────────────┐
│                     ScyllaDB Cluster                              │
│                             │                                     │
│  ┌──────────────────────────┼──────────────────────────────────┐  │
│  │  Datacenter: dc-east     │                                  │  │
│  │                          │                                  │  │
│  │  ┌─────────┐  ┌─────────┼─┐  ┌─────────┐  ┌─────────┐    │  │
│  │  │  Rack 1 │  │  Rack 2  │  │  Rack 3 │  │  Rack N │    │  │
│  │  │         │  │          │  │         │  │         │    │  │
│  │  │ Node 1  │  │  Node 2  │  │ Node 3  │  │ Node N  │    │  │
│  │  │ :9042   │  │  :9042   │  │ :9042   │  │ :9042   │    │  │
│  │  └─────────┘  └──────────┘  └─────────┘  └─────────┘    │  │
│  └────────────────────────────────────────────────────────────┘  │
│                                                                   │
│  ┌────────────────────────────────────────────────────────────┐  │
│  │  Datacenter: dc-west  (optional, for multi-DC)             │  │
│  │  ...                                                       │  │
│  └────────────────────────────────────────────────────────────┘  │
└───────────────────────────────────────────────────────────────────┘
Each BEAM node runs a Xandra connection pool. Xandra uses ScyllaDB's shard-aware routing to send queries directly to the node owning the data, minimizing cross-node hops.

Cluster Topology
Recommended Topology
	Environment	Nodes	Replication Factor	Datacenters	Racks
	Development	1	1	1	1
	Staging	3	3	1	1-3
	Production	5+	3	1-3	3
	Multi-DC	6+	3 per DC	2+	3 per DC

Keyspace Replication Strategies
# Single datacenter
MyApp.Repo.create_keyspace("my_app_prod", replication: [
  strategy: "SimpleStrategy",
  replication_factor: 3
])

# Multi-datacenter
MyApp.Repo.create_keyspace("my_app_prod", replication: [
  strategy: "NetworkTopologyStrategy",
  dc_east: 3,
  dc_west: 3
])

Podman Compose Cluster Setup (Staging)
Use this for staging environments that mirror production topology:
# podman-compose.cluster.yml
version: "3.8"

x-scylla-common: &scylla-common
  image: docker.io/scylladb/scylla:5.4
  command: >
    --smp 2
    --memory 4G
    --overprovisioned 0
    --developer-mode 0
  healthcheck:
    test: ["CMD-SHELL", "cqlsh -e 'SELECT now() FROM system.local'"]
    interval: 15s
    timeout: 10s
    retries: 20

services:
  # --- Seed nodes (start first) ---
  scylla-seed-1:
    <<: *scylla-common
    container_name: scylla-seed-1
    hostname: scylla-seed-1
    ports:
      - "9042:9042"
    volumes:
      - scylla-seed-1-data:/var/lib/scylla
    command: >
      --smp 2 --memory 4G
      --seeds scylla-seed-1
      --listen-address scylla-seed-1
      --rpc-address scylla-seed-1
      --api-address 0.0.0.0

  scylla-seed-2:
    <<: *scylla-common
    container_name: scylla-seed-2
    hostname: scylla-seed-2
    volumes:
      - scylla-seed-2-data:/var/lib/scylla
    depends_on:
      scylla-seed-1:
        condition: service_healthy
    command: >
      --smp 2 --memory 4G
      --seeds scylla-seed-1
      --listen-address scylla-seed-2
      --rpc-address scylla-seed-2
      --api-address 0.0.0.0

  # --- Data nodes (join after seeds are healthy) ---
  scylla-node-3:
    <<: *scylla-common
    container_name: scylla-node-3
    hostname: scylla-node-3
    volumes:
      - scylla-node-3-data:/var/lib/scylla
    depends_on:
      scylla-seed-1:
        condition: service_healthy
      scylla-seed-2:
        condition: service_healthy
    command: >
      --smp 2 --memory 4G
      --seeds scylla-seed-1,scylla-seed-2
      --listen-address scylla-node-3
      --rpc-address scylla-node-3
      --api-address 0.0.0.0

  scylla-node-4:
    <<: *scylla-common
    container_name: scylla-node-4
    hostname: scylla-node-4
    volumes:
      - scylla-node-4-data:/var/lib/scylla
    depends_on:
      scylla-seed-1:
        condition: service_healthy
      scylla-seed-2:
        condition: service_healthy
    command: >
      --smp 2 --memory 4G
      --seeds scylla-seed-1,scylla-seed-2
      --listen-address scylla-node-4
      --rpc-address scylla-node-4
      --api-address 0.0.0.0

  scylla-node-5:
    <<: *scylla-common
    container_name: scylla-node-5
    hostname: scylla-node-5
    volumes:
      - scylla-node-5-data:/var/lib/scylla
    depends_on:
      scylla-seed-1:
        condition: service_healthy
      scylla-seed-2:
        condition: service_healthy
    command: >
      --smp 2 --memory 4G
      --seeds scylla-seed-1,scylla-seed-2
      --listen-address scylla-node-5
      --rpc-address scylla-node-5
      --api-address 0.0.0.0

  # --- Application ---
  app:
    image: ${ELIXIR_IMAGE:-docker.io/elixir:1.17-alpine}
    depends_on:
      scylla-seed-1:
        condition: service_healthy
      scylla-seed-2:
        condition: service_healthy
      scylla-node-3:
        condition: service_healthy
      scylla-node-4:
        condition: service_healthy
      scylla-node-5:
        condition: service_healthy
    volumes:
      - .:/workspace
    working_dir: /workspace
    command: sleep infinity
    environment:
      - MIX_ENV=staging

volumes:
  scylla-seed-1-data:
  scylla-seed-2-data:
  scylla-node-3-data:
  scylla-node-4-data:
  scylla-node-5-data:
Starting the Cluster
# Start all nodes
podman-compose -f podman-compose.cluster.yml up -d

# Watch the cluster form
podman-compose -f podman-compose.cluster.yml logs -f scylla-seed-1

# Verify cluster status (from inside the app container)
podman-compose -f podman-compose.cluster.yml exec app \
  sh -c 'cqlsh scylla-seed-1 -e "SELECT peer, data_center, rack, tokens FROM system.peers"'

Creating the Keyspace
# From inside the app container
podman-compose -f podman-compose.cluster.yml exec app \
  sh -c 'cqlsh scylla-seed-1 -e "
    CREATE KEYSPACE IF NOT EXISTS my_app_staging
    WITH REPLICATION = {
      'class': 'NetworkTopologyStrategy',
      'dc1': 3
    }
    AND DURABLE_WRITES = true;
  "'


Kubernetes Deployment
For production, deploy ScyllaDB on Kubernetes using the Scylla Operator.
1. Install the Scylla Operator
kubectl apply -f https://raw.githubusercontent.com/scylladb/scylla-operator/master/examples/common/operator.yaml

2. Define the ScyllaCluster
# k8s/scylla-cluster.yaml
apiVersion: scylla.scylladb.com/v1
kind: ScyllaCluster
metadata:
  name: my-app-scylla
  namespace: production
spec:
  version: 5.4.0
  agentVersion: 3.2.0
  developerMode: false
  datacenter:
    name: dc1
    racks:
      - name: rack-a
        members: 2
        storage:
          capacity: 500Gi
          storageClassName: scylladb-local-xfs
        resources:
          requests:
            cpu: "4"
            memory: 16Gi
          limits:
            cpu: "4"
            memory: 16Gi
      - name: rack-b
        members: 2
        storage:
          capacity: 500Gi
          storageClassName: scylladb-local-xfs
        resources:
          requests:
            cpu: "4"
            memory: 16Gi
          limits:
            cpu: "4"
            memory: 16Gi
      - name: rack-c
        members: 1
        storage:
          capacity: 500Gi
          storageClassName: scylladb-local-xfs
        resources:
          requests:
            cpu: "4"
            memory: 16Gi
          limits:
            cpu: "4"
            memory: 16Gi
  repairs:
    - name: weekly-repair
      intensity: "100"
      interval: "7d"
  backups:
    - name: daily-backup
      location: ["s3:my-scylla-backups"]
      interval: "24h"
      retention: 30
3. Application Deployment
# k8s/app-deployment.yaml
apiVersion: apps/v1
kind: Deployment
metadata:
  name: my-app
  namespace: production
spec:
  replicas: 3
  selector:
    matchLabels:
      app: my-app
  template:
    metadata:
      labels:
        app: my-app
    spec:
      containers:
        - name: my-app
          image: my-registry/my-app:latest
          ports:
            - containerPort: 4000
          env:
            - name: SCYLLA_NODES
              valueFrom:
                configMapKeyRef:
                  name: scylla-config
                  key: nodes
            - name: SCYLLA_KEYSPACE
              value: "my_app_prod"
            - name: SCYLLA_POOL_SIZE
              value: "50"
            - name: SCYLLA_REQUEST_TIMEOUT
              value: "300000"
            - name: SCYLLA_CONSISTENCY
              value: "quorum"
            - name: DATABASE_URL
              valueFrom:
                secretKeyRef:
                  name: scylla-credentials
                  key: url
          resources:
            requests:
              cpu: "2"
              memory: 4Gi
            limits:
              cpu: "4"
              memory: 8Gi
          readinessProbe:
            exec:
              command:
                - /app/bin/my_app
                - eval
                - "MyApp.Repo.query(\"SELECT now() FROM system.local\")"
            initialDelaySeconds: 30
            periodSeconds: 10
---
apiVersion: v1
kind: ConfigMap
metadata:
  name: scylla-config
  namespace: production
data:
  nodes: "my-app-scylla-dc1-rack-a-0.my-app-scylla:9042,my-app-scylla-dc1-rack-a-1.my-app-scylla:9042,my-app-scylla-dc1-rack-b-0.my-app-scylla:9042"

Repo Configuration
Production Config
# config/runtime.exs
import Config

config :my_app, MyApp.Repo,
  nodes: System.get_env("SCYLLA_NODES", "localhost:9042")
           |> String.split(",")
           |> Enum.map(&String.trim/1),
  keyspace: System.get_env("SCYLLA_KEYSPACE", "my_app_prod"),
  pool_size: String.to_integer(System.get_env("SCYLLA_POOL_SIZE", "50")),
  request_timeout: 300_000,
  connect_timeout: 10_000,
  # TLS (recommended for production)
  ssl: true,
  ssl_opts: [
    verify: :verify_peer,
    cacertfile: "/etc/ssl/certs/scylla-ca.crt",
    certfile: "/etc/ssl/certs/client.crt",
    keyfile: "/etc/ssl/private/client.key"
  ]

# Note: consistency is configured per-resource in the ash_scylla DSL,
# not as a connection option. See per-resource overrides below.
Per-Resource Overrides
defmodule MyApp.CriticalTransaction do
  use Ash.Resource, data_layer: AshScylla.DataLayer


  scylla do
    consistency :all        # Strongest consistency for financial data
    lwt true                # Lightweight transactions for conditional writes
  end
end

defmodule MyApp.AnalyticsEvent do
  use Ash.Resource, data_layer: AshScylla.DataLayer


  scylla do
    consistency :one        # Fastest writes for analytics
    ttl 86_400              # Auto-expire after 24 hours
  end
end

Connection Pool Tuning
Pool Size Formula
pool_size = (concurrent_requests_per_node × 1.5) + burst_headroom
	Scenario	Concurrent Requests	Recommended Pool Size
	Low traffic (< 100 req/s)	5-10	10-15
	Medium traffic (100-1000 req/s)	10-50	25-75
	High traffic (1000-10000 req/s)	50-200	100-300
	Very high traffic (> 10000 req/s)	200+	300+

Xandra-Specific Tuning
config :my_app, MyApp.Repo,
  # Core pool settings
  pool_size: 50,
  # Request handling
  request_timeout: 300_000,      # 5 minutes for complex queries
  connect_timeout: 10_000,       # 10 seconds for initial connection

  # TCP options (passed to :gen_tcp / :ssl)
  transport_options: [
    keepalive: true,
    nodelay: true,
    send_timeout: 30_000,
    send_timeout_close: true
  ]
Monitoring Pool Health
# In IEx or a telemetry handler
:telemetry.attach(
  "pool-monitor",
  [:my_app, :repo, :query],
  fn event, measurements, metadata, _config ->
    duration = System.convert_time_unit(measurements.duration, :native, :millisecond)
    if duration > 1000 do
      Logger.warning("Slow query: #{metadata.query} took #{duration}ms")
    end
  end,
  nil
)

Consistency Levels in Production
Decision Matrix
	Operation Type	Recommended Level	Reason
	User authentication	:quorum	Must read latest password hash
	Financial transactions	:quorum + LWT	Prevent double-spending
	Analytics writes	:one	Speed matters more than immediate consistency
	Cache writes	:one	Can tolerate stale reads
	Session data	:one	Low cardinality, fast access
	Leaderboards	:quorum	Must be accurate
	Social feeds	:local_quorum	Multi-DC: fast local reads

Per-Action Consistency
defmodule MyApp.Order do
  use Ash.Resource, data_layer: AshScylla.DataLayer


  scylla do
    # Default consistency for most operations
    consistency :quorum

    # Per-action overrides
    per_action_consistency [
      read: :one,        # Reads can be fast
      create: :quorum,   # Writes must be consistent
      update: :quorum,
      destroy: :all      # Deletes must be strongly consistent
    ]
  end
end
Lightweight Transactions (LWT)
Use LWT for operations that require linearizable consistency:
defmodule MyApp.Inventory do
  use Ash.Resource, data_layer: AshScylla.DataLayer


  scylla do
    lwt true  # Enables IF NOT EXISTS / IF conditions
  end

  actions do
    create :reserve do
      argument :quantity, :integer, allow_nil?: false

      change fn changeset, _context ->
        # This generates: INSERT INTO inventory ... IF NOT EXISTS
        Ash.Changeset.before_transaction(fn changeset ->
          # Atomic inventory check-and-reserve
          changeset
        end)
      end
    end
  end
end
Warning: LWT operations are 4-8x slower than regular writes due to the Paxos protocol. Use sparingly.


Multi-Datacenter Setup
Topology
┌─────────────────────────────┐     ┌─────────────────────────────┐
│     Datacenter: dc-east     │     │     Datacenter: dc-west     │
│                             │     │                             │
│  ┌───────┐ ┌───────┐ ┌─────┐│     │ ┌───────┐ ┌───────┐ ┌─────┐│
│  │Node 1 │ │Node 2 │ │Node 3││     │ │Node 4 │ │Node 5 │ │Node 6││
│  │ Rack A│ │ Rack B│ │Rack C││     │ │ Rack A│ │ Rack B│ │Rack C││
│  └───────┘ └───────┘ └─────┘│     │ └───────┘ └───────┘ └─────┘│
│         RF = 3               │     │         RF = 3               │
└─────────────────────────────┘     └─────────────────────────────┘
         │                                   │
         └────────── Sync Replication ───────┘
Keyspace Creation
# Multi-DC keyspace with NetworkTopologyStrategy
MyApp.Repo.create_keyspace("my_app_prod", replication: [
  strategy: "NetworkTopologyStrategy",
  dc_east: 3,
  dc_west: 3
])
Application-Level DC Awareness
# config/runtime.exs
local_dc = System.get_env("LOCAL_DATacenter", "dc_east")

config :my_app, MyApp.Repo,
  nodes: scylla_nodes_for_dc(local_dc),
  consistency: :local_quorum  # Read/write to local DC only

defp scylla_nodes_for_dc("dc_east") do
  ["scylla-east-1:9042", "scylla-east-2:9042", "scylla-east-3:9042"]
end

defp scylla_nodes_for_dc("dc_west") do
  ["scylla-west-1:9042", "scylla-west-2:9042", "scylla-west-3:9042"]
end
Consistency Levels for Multi-DC
	Level	Behavior	Latency
	:one	Any node in any DC	Lowest
	:local_one	Any node in local DC	Low
	:quorum	Majority of all nodes across all DCs	High
	:local_quorum	Majority of nodes in local DC	Medium
	:each_quorum	Majority in every DC	Highest
	:all	All nodes in all DCs	Highest


Monitoring and Observability
Telemetry Events
AshScylla emits telemetry events that integrate with any observability backend:
# Attach to query events
:telemetry.attach_many(
  "ash-scylla-telemetry",
  [
    [:ash_scylla, :query, :start],
    [:ash_scylla, :query, :stop],
    [:ash_scylla, :query, :exception],
    [:ash_scylla, :batch, :start],
    [:ash_scylla, :batch, :stop]
  ],
  fn event, measurements, metadata, _config ->
    case event do
      [:ash_scylla, :query, :stop] ->
        duration_ms = System.convert_time_unit(measurements.duration, :native, :millisecond)
        :telemetry.execute([:my_app, :scylla, :query], %{duration: duration_ms}, %{
          operation: metadata.operation,
          resource: metadata.resource
        })

      [:ash_scylla, :query, :exception] ->
        Logger.error("ScyllaDB query failed: #{inspect(metadata)}")

      _ ->
        :ok
    end
  end,
  nil
)
Prometheus Integration
# In your application supervision tree
children = [
  # ... other children
  {TelemetryMetricsPrometheus, metrics: scylla_metrics()}
]

defp scylla_metrics do
  [
    counter("scylla.query.count",
      event_name: [:ash_scylla, :query, :stop],
      tags: [:operation, :resource]
    ),
    distribution("scylla.query.duration",
      event_name: [:ash_scylla, :query, :stop],
      tags: [:operation, :resource],
      unit: {:native, :millisecond},
      reporter_options: [buckets: [1, 5, 10, 25, 50, 100, 250, 500, 1000]]
    ),
    counter("scylla.query.errors",
      event_name: [:ash_scylla, :query, :exception],
      tags: [:operation, :resource]
    ),
    counter("scylla.batch.count",
      event_name: [:ash_scylla, :batch, :stop],
      tags: [:operation]
    )
  ]
end
Health Checks
# lib/my_app/health/checks/scylla.ex
defmodule MyApp.Health.Checks.Scylla do
  @moduledoc "ScyllaDB health check for Kubernetes probes."

  def check do
    case MyApp.Repo.query("SELECT now() FROM system.local") do
      {:ok, _} ->
        :ok

      {:error, %Xandra.ConnectionError{reason: reason}}:
        {:error, "Connection failed: #{inspect(reason)}"}

      {:error, %Xandra.Error{reason: reason}}:
        {:error, "Query failed: #{inspect(reason)}"}
    end
  end

  def cluster_status do
    {:ok, result} = MyApp.Repo.query("SELECT peer, rpc_address, data_center, rack, tokens FROM system.peers")

    peers = Enum.map(result.rows, fn [peer, rpc_address, dc, rack, _tokens] ->
      %{
        peer: to_string(peer),
        rpc_address: to_string(rpc_address),
        datacenter: to_string(dc),
        rack: to_string(rack),
        status: if(peer != rpc_address, do: :up, :down)
      }
    end)

    %{peers: peers, peer_count: length(peers)}
  end
end
Key Metrics to Monitor
	Metric	Warning Threshold	Critical Threshold
	Query p99 latency	> 50ms	> 200ms
	Query error rate	> 0.1%	> 1%
	Connection pool utilization	> 70%	> 90%
	Pending requests (queue)	> 100	> 1000
	ScyllaDB node load	> 70% CPU	> 90% CPU
	Compaction pending tasks	> 20	> 100


Backup and Recovery
Automated Backups with Scylla Manager
# scylla-manager backup task
apiVersion: scylla.scylladb.com/v1alpha1
kind: ScyllaBackupTask
metadata:
  name: daily-backup
  namespace: production
spec:
  task:
    name: daily-full-backup
    cron: "0 2 * * *"  # 2 AM daily
    dc: ["dc1"]
    location: ["s3:my-scylla-backups"]
    rateLimit: ["100M"]
    retention: 30  # Keep 30 days
    keyspace: ["my_app_prod"]
Point-in-Time Recovery
# Restore from backup
sctool restore --cluster my-app-scylla \
  --location s3:my-scylla-backups \
  --snapshot-tag sm_20240612_020000UTC \
  --keyspace my_app_prod


Rolling Upgrades
ScyllaDB Rolling Upgrade
# 1. Upgrade one node at a time
kubectl drain scylla-dc1-rack-a-0 --ignore-daemonsets

# 2. Update the ScyllaCluster CR to new version
kubectl patch scyllacluster my-app-scylla \
  --type merge \
  -p '{"spec":{"version":"5.4.1"}}'

# 3. Wait for the node to rejoin
kubectl rollout status statefulset/my-app-scylla-dc1-rack-a

# 4. Run nodetool upgradesstables on the upgraded node
kubectl exec my-app-scylla-dc1-rack-a-0 -- nodetool upgradesstables

# 5. Repeat for each node

Application Rolling Upgrade
# Kubernetes rolling update
kubectl set image deployment/my-app my-app=my-registry/my-app:v2.0.0

# Monitor the rollout
kubectl rollout status deployment/my-app

# Verify ScyllaDB connectivity from new pods
kubectl exec deploy/my-app -- \
  /app/bin/my_app eval "MyApp.Repo.query(\"SELECT now() FROM system.local\")"


Production Checklist
Before Going Live
	[ ] Cluster topology: Minimum 3 nodes, RF=3
	[ ] Connection pool: Sized for peak load + 50% headroom
	[ ] Consistency levels: Appropriate per resource/action
	[ ] TLS: Enabled for all connections
	[ ] Authentication: Username/password or certificate-based
	[ ] Backups: Automated daily backups configured
	[ ] Monitoring: Telemetry + Prometheus + Grafana dashboards
	[ ] Alerting: PagerDuty/Slack alerts for critical metrics
	[ ] Health checks: Kubernetes liveness/readiness probes
	[ ] Resource limits: CPU/memory limits on all containers
	[ ] Disaster recovery: Tested restore procedure
	[ ] Load testing: Verified performance under expected load
	[ ] Schema review: All tables have appropriate primary keys
	[ ] Index review: Secondary indexes are necessary and performant
	[ ] TTL review: Data expiration policies are set

Connection Configuration Template
# config/runtime.exs — production template
import Config

# Parse node list from environment
nodes =
  case System.get_env("SCYLLA_NODES") do
    nil ->
      raise "SCYLLA_NODES environment variable is required"

    nodes ->
      nodes
      |> String.split(",")
      |> Enum.map(&String.trim/1)
  end

config :my_app, MyApp.Repo,
  nodes: nodes,
  keyspace: System.fetch_env!("SCYLLA_KEYSPACE"),
  pool_size: String.to_integer(System.get_env("SCYLLA_POOL_SIZE", "50")),
  request_timeout: 300_000,
  connect_timeout: 10_000,
  consistency: :quorum,
  ssl: true,
  ssl_opts: [
    verify: :verify_peer,
    cacertfile: System.fetch_env!("SCYLLA_CA_CERT"),
    certfile: System.fetch_env!("SCYLLA_CLIENT_CERT"),
    keyfile: System.fetch_env!("SCYLLA_CLIENT_KEY")
  ]


  

    AshScylla Implementation Summary

Technical overview of the AshScylla data layer implementation


Overview
AshScylla is a comprehensive data layer for the Ash Framework that enables persistence with ScyllaDB or Apache Cassandra. It uses Xandra (a native Elixir CQL driver) to communicate via CQL (Cassandra Query Language).
Current version: 1.5.3

Architecture
┌─────────────────────────────────────────────────────────┐
│                    Ash Framework                        │
│  (Resources, Actions, Queries, Filters)               │
└──────────────────┬──────────────────────────────────────┘
                   │
                   ▼
┌─────────────────────────────────────────────────────────┐
│              AshScylla.DataLayer                       │
│  • Implements Ash.DataLayer behaviour                  │
│  • Converts Ash queries to CQL                        │
│  • Handles CRUD operations                            │
└──────────────────┬──────────────────────────────────────┘
                   │
                   ▼
┌─────────────────────────────────────────────────────────┐
│                  AshScylla.Query                        │
│  • Owns the query struct                              │
└──────────────────┬──────────────────────────────────────┘
                   │
                   ▼
┌─────────────────────────────────────────────────────────┐
│                  AshScylla.QueryBuilder                │
│  • Converts Ash filters to CQL WHERE clauses          │
│  • Builds optimized CQL queries                       │
└──────────────────┬──────────────────────────────────────┘
                   │
                   ▼
┌─────────────────────────────────────────────────────────┐
│                    Xandra (direct)                      │
│  • Native Elixir CQL driver               │
└──────────────────┬──────────────────────────────────────┘
                   │
                   ▼
┌─────────────────────────────────────────────────────────┐
│                   ScyllaDB/Cassandra                   │
└─────────────────────────────────────────────────────────┘

Files Structure
Core Implementation
	File	Purpose
	lib/ash_scylla.ex	Main module with verify/2, migrate/2, create_keyspace/2, version/0
	lib/ash_scylla/query.ex	Query struct (moved from DataLayer)
	lib/ash_scylla/application.ex	Application callback, creates :ash_scylla_repo_cache ETS table
	lib/ash_scylla/data_layer.ex	Main DataLayer implementation (Ash.DataLayer behaviour)
	lib/ash_scylla/connection.ex	GenServer wrapping Xandra connections
	lib/ash_scylla/repo.h	Repo behaviour and __using__ macro
	lib/ash_scylla/migrator.ex	CQL schema migration runner via Xandra
	lib/ash_scylla/migration.ex	CQL DDL generation helpers (CREATE TABLE, INDEX, TYPE)
	lib/ash_scylla/error.ex	Unified error handling interface
	lib/ash_scylla/error/scylla_error.ex	ScyllaDB-specific error types and categorization
	lib/ash_scylla/telemetry.ex	Telemetry span helpers for queries and batches
	lib/ash_scylla/prepared_statement_cache.ex	ETS-based prepared statement cache (GenServer)
	lib/ash_scylla/schema.ex	Schema migration behaviour for priv/migrations
	lib/ash_scylla/schema_loader.ex	Schema file discovery and loading
	lib/ash_scylla/resource_generator.ex	Resource template generator
	lib/ash_scylla/identifier.ex	CQL identifier sanitization
	lib/ash_scylla/mix_helpers.ex	Shared Mix task helpers (resource/repo discovery)
	lib/ash_scylla/release.ex	Release task helpers for production migrations

Data Layer Modules
	File	Purpose
	lib/ash_scylla/data_layer/dsl.ex	scylla DSL macro and config accessors
	lib/ash_scylla/data_layer/secondary_index.ex	SecondaryIndex struct and parsing
	lib/ash_scylla/data_layer/query_builder.ex	Query building with filter-to-CQL conversion
	lib/ash_scylla/data_layer/query_optimizer.ex	Query optimization hints (consistency, timeout, paging)
	lib/ash_scylla/data_layer/filter_validator.ex	Filter validation (prevents ALLOW FILTERING anti-pattern)
	lib/ash_scylla/data_layer/batch.ex	Batch operations (BATCH INSERT/UPDATE/DELETE, async partition-aware)
	lib/ash_scylla/data_layer/pagination.ex	Token-based pagination via Xandra paging state
	lib/ash_scylla/data_layer/materialized_view.ex	Materialized view CQL generation
	lib/ash_scylla/data_layer/schema_migration.ex	Automatic schema diff and migration
	lib/ash_scylla/data_layer/types.ex	Canonical Ash type → CQL type mapping
	lib/ash_scylla/data_layer/collection.ex	Collection type (LIST, SET, MAP) encoding/CQL
	lib/ash_scylla/data_layer/compression.ex	Application-level compression for large payloads
	lib/ash_scylla/data_layer/udt.ex	User Defined Type encoding/decoding
	lib/ash_scylla/data_layer/schema_utils.ex	Schema helper utilities

Search Modules
	File	Purpose
	lib/ash_scylla/search.ex	Public API: create_tables/2, index/5, update/5, delete/3, search/4
	lib/ash_scylla/search/storage.ex	CQL schema (sharded search_post_terms + search_post_fields)
	lib/ash_scylla/search/analyzer.ex	Text analysis pipeline coordinator
	lib/ash_scylla/search/analyzer/tokenizer.ex	Unicode-aware word tokenizer
	lib/ash_scylla/search/analyzer/normalizer.ex	Lowercase + NFC normalization + punctuation stripping
	lib/ash_scylla/search/analyzer/stop_words.ex	100+ English stop words filter
	lib/ash_scylla/search/analyzer/stemmer.ex	Porter stemming algorithm
	lib/ash_scylla/search/indexer.ex	Index management coordinator
	lib/ash_scylla/search/indexer/builder.ex	UNLOGGED BATCH writes to index tables
	lib/ash_scylla/search/indexer/updater.ex	Diff-based updates (add/remove changed terms)
	lib/ash_scylla/search/indexer/deleter.ex	Document removal from index
	lib/ash_scylla/search/query/parser.ex	Query string parser (AND/OR/NOT/phrase)
	lib/ash_scylla/search/query/planner.ex	Sharded term lookups + boolean logic
	lib/ash_scylla/search/query/boolean_engine.ex	Two-pointer O(n+m) intersect/union/difference
	lib/ash_scylla/search/query/ranking.ex	TF, TF-IDF, BM25 relevance scoring
	lib/ash_scylla/search/query/paginator.ex	Paginated results with page metadata

Mix Tasks
	File	Purpose
	lib/mix/tasks/ash_scylla.gen.ex	Generate schema migration files from Ash DSL
	lib/mix/tasks/ash_scylla.new_template.ex	Generate Ash resource templates
	lib/mix/tasks/ash_scylla.migrate.ex	Run schema migrations
	lib/mix/tasks/ash_scylla.setup.ex	Create ScyllaDB keyspace
	lib/mix/tasks/ash_scylla.gen.repo.ex	Generate AshScylla Repo module

Test Files
	File	Purpose
	test/test_helper.exs	Test setup (ETS, support files, ExUnit)
	test/support/test_repo.ex	Test repo (AshScylla.TestRepo)
	test/support/test_resource.ex	Basic test resource
	test/support/test_resource_with_indexes.ex	Test resource with full DSL config
	test/support/test_domain.ex	Test domain
	test/support/schema_fixtures.ex	Schema migration fixtures
	test/support/scylla_container.ex	ScyllaDB container management
	test/support/container_engine.ex	Container engine (Podman) integration
	test/unit/search/analyzer/analyzer_test.exs	Analyzer pipeline tests
	test/unit/search/analyzer/tokenizer_test.exs	Tokenizer tests
	test/unit/search/analyzer/normalizer_test.exs	Normalizer tests
	test/unit/search/analyzer/stop_words_test.exs	Stop words filter tests
	test/unit/search/analyzer/stemmer_test.exs	Porter stemmer tests
	test/unit/search/query/parser_test.exs	Query parser tests
	test/unit/search/query/boolean_engine_test.exs	Boolean engine tests
	test/unit/search/query/ranking_test.exs	Ranking engine tests
	test/unit/search/query/paginator_test.exs	Paginator tests
	test/unit/search/storage_test.exs	Storage schema tests


Features Implemented
Core Ash.DataLayer Features
	Feature	Status	Notes
	:create	✅	Create records with TTL support
	:read	✅	Read with filtering
	:update	✅	Update existing records
	:destroy	✅	Delete records
	:filter	✅	Filter queries with CQL WHERE conversion
	:sort / {:sort, _}	✅	ORDER BY on clustering columns (within partition)
	:limit	✅	LIMIT is natively supported
	:offset	❌	ScyllaDB has no OFFSET — use keyset pagination
	:select	✅	Select specific fields
	:multitenancy	✅	Keyspace-based multitenancy
	:bulk_create	✅	Batch INSERT operations
	:upsert	✅	Upsert records (INSERT with LWT)
	:update_query	✅	Bulk update via filtered queries
	:destroy_query	✅	Bulk delete via filtered queries
	:distinct	✅	DISTINCT on partition key columns
	:keyset	✅	Token-based keyset pagination (default mode)
	:boolean_filter	✅	OR filter rewriting to IN where possible
	:nested_expressions	✅	Nested filter expressions
	{:filter_expr, _}	✅	Filter expression support
	:composite_primary_key	✅	Composite PK support
	:changeset_filter	✅	Changeset-based filtering
	:calculate	✅	In-memory calculations
	:action_select	✅	Action-specific select
	:async_engine	✅	Async engine support
	{:aggregate, :count}	✅	Per-partition COUNT
	{:aggregate, :sum} / :avg / :min / :max	✅	SUM, AVG, MIN, MAX aggregates
	{:query_aggregate, :count} / :sum / :avg / :min / :max	✅	Query-level aggregates (Ash.count/2, etc.)
	{:aggregate_relationship, _}	✅	Relationship aggregates via belongs_to (per-record subqueries)
	{:atomic, :update}	✅	Atomic updates via LWT (IF clauses)
	{:atomic, :upsert}	✅	Atomic upserts via LWT
	{:atomic, :create}	✅	Atomic creates
	:transact	✅	Transaction wrapper (no-op for CWT, function-based for LWT)

Features NOT Supported
	Feature	Reason
	:offset	ScyllaDB has no OFFSET; use keyset pagination
	:expr_error	Expression error handling not implemented
	:expression_calculation	Expression calculations done in Elixir post-processing
	:expression_calculation_sort	Not supported
	:aggregate_filter	Aggregate filtering not supported
	:aggregate_sort	Aggregate sorting not supported
	:bulk_create_with_partial_success	Bulk create is all-or-nothing
	:update_many	Update-many not implemented
	:composite_type	Composite types not supported
	:through_relationship	Through relationships not supported
	:bulk_upsert_return_skipped	Not supported
	:distinct_sort	Not supported
	{:combine, :union}	No combination queries (UNION/INTERSECT)
	{:combine, :union_all}	No combination queries
	{:combine, :intersection}	No combination queries
	{:lock, :for_update}	Locking is a no-op; use LWT for conditional operations
	{:join, _}	No JOINs; use denormalization or multiple queries
	{:lateral_join, _}	No lateral joins
	{:filter_relationship, _}	Relationship filtering not supported
	{:exists, :unrelated}	Exists queries not supported
	{:aggregate, :unrelated}	Unrelated aggregates not supported
	{:aggregate, :first} / :list / :exists / :custom	Only COUNT, SUM, AVG, MIN, MAX are supported
	:has_many / :many_to_many relationship aggregates	Not yet implemented (use denormalization)

ScyllaDB-Specific Features
1. TTL (Time To Live)
scylla do
  ttl 3600  # Expire after 1 hour
end
	TTL applied to INSERT statements via USING TTL clause

2. Consistency Levels
scylla do
  consistency :quorum  # :any, :one, :two, :three, :quorum, :all, :local_quorum
end
	Supports all ScyllaDB consistency levels

3. Secondary Indexes
scylla do
  secondary_index :email              # Single column
  secondary_index [:name, :age]        # Composite index (multi-column)
  secondary_index :status, name: "idx_status"
end
	ScyllaDB OSS doesn't support multi-column secondary indexes — generates separate single-column indexes

4. Materialized Views
scylla do
    primary_key: [:email, :id],
    include_columns: [:name, :age],
    clustering_order: [id: :desc]
end
	Automatic CQL generation for CREATE MATERIALIZED VIEW

5. Batch Operations
# Synchronous batch
AshScylla.DataLayer.Batch.batch_insert(repo, statements)

# Async partition-aware batching
AshScylla.DataLayer.Batch.batch_insert_async(repo, statements, max_concurrency: 8)
	Supports BATCH INSERT, UPDATE, DELETE
	Async mode groups by partition key for safety

6. Token-Based Pagination
# First page
{:ok, records, next_token} =
  AshScylla.DataLayer.Pagination.fetch_page(repo, table, filters, nil, 10)

# Subsequent pages
{:ok, records, next_token} =
  AshScylla.DataLayer.Pagination.fetch_page(repo, table, filters, next_token, 10)
	Uses Xandra's native paging_state mechanism
	Default page size: 50, max: 1000

7. Prepared Statement Caching
children = [
  AshScylla.PreparedStatementCache,
  # ...
]
	GenServer + ETS cache
	Automatic prepared statement reuse
	Max 10,000 entries, cleanup every 5 minutes

8. Per-Action Consistency
scylla do
  consistency :quorum
  per_action_consistency read: :one, create: :quorum
end
9. Lightweight Transactions (LWT)
scylla do
  lwt true
end
	Enables IF NOT EXISTS on create, IF clauses on update

10. Query Optimization
	Filter validation prevents ALLOW FILTERING anti-pattern
	In-memory sort compensation when ORDER BY is dropped due to secondary index scan
	Query optimizer hints (consistency, timeout, paging, speculative retry)

11. Application-Level Compression
	Supports LZ4, Snappy, Deflate, Zstd
	Table-level compression CQL generation
	Transparent field-level compression

12. User Defined Types (UDT)
	Full encoding/decoding for Xandra
	CQL generation for CREATE/ALTER/DROP TYPE

13. Collection Types
	LIST, SET, MAP encoding for Xandra
	CONTAINS/CONTAINS KEY filter support
	Frozen collection support


Data Layer Query Struct
# AshScylla.Query struct (lib/ash_scylla/query.ex)
defstruct [
  :resource,
  :repo,
  :table,
  limit: nil,
  select: nil,
  distinct: nil,
  tenant: nil,
  context: %{},
  atomic: nil,
  upsert?: false,
  upsert_fields: [],
  upsert_identity: nil,
  keyset: nil,
  aggregates: [],
  group_by: nil,
  filters: [],
  sorts: []
]

Error Handling
AshScylla provides structured error handling for ScyllaDB-specific errors:
Error Types
	Error Type	When It Occurs	Retryable?
	:syntax_error	Invalid CQL syntax	❌
	:query_error	General query execution error	❌
	:schema_error	Table/keyspace/column not found	❌
	:overloaded	ScyllaDB node overloaded	✅
	:timeout	Query timeout	✅
	:consistency_error	Consistency level not met	❌
	:unauthorized	Permission denied	❌
	:already_exists	Resource conflict	❌
	:not_found	Resource missing	❌
	:connection_timeout	Connection timeout	✅
	:connection_closed	Connection closed	✅
	:connection_error	General connection error	✅

Using Error Handling
case AshScylla.DataLayer.run_query(query, resource) do
  {:ok, results} ->
    {:ok, results}

  {:error, %AshScylla.Error.ScyllaError{} = error} ->
    Logger.error("Database error: #{AshScylla.Error.format_error(error)}")

    if AshScylla.Error.retryable?(error) do
      {:retry, error}
    else
      {:error, error}
    end
end

Dependencies
	Dependency	Version	Purpose
	ash	~> 3.0	Ash Framework
	xandra	~> 0.19	Native Elixir CQL driver

Dev/test dependencies:
	Dependency	Version	Purpose
	testcontainer_ex	~> 0.3.1	Integration test containers
	benchee	~> 1.5	Benchmarking
	benchee_html	~> 1.0	Benchmark HTML reports
	credo	~> 1.7	Static analysis
	dialyxir	~> 1.4	Type checking
	ex_doc	~> 0.40	Documentation generation


Current Status
Working Features
	Compiles successfully with no errors
	1000+ unit tests across 19 feature domains
	Integration tests with real ScyllaDB (via Podman/testcontainers)
	Full CRUD operations with TTL, consistency, LWT
	Secondary indexes, materialized views, UDTs
	Batch operations (sync + async partition-aware)
	Token-based pagination
	Prepared statement caching
	Comprehensive error handling with retry logic
	Telemetry integration
	Schema migration system (AshScylla.Schema)
	Resource template generation
	Compression and collection type support
	Aggregate support: COUNT, SUM, AVG, MIN, MAX (query + relationship aggregates)

Not Supported (ScyllaDB Limitations)
	JOINs (use denormalization)
	Complex aggregations across partitions (only per-partition COUNT)
	ACID transactions across partitions (only lightweight transactions)
	ALLOW FILTERING (rejected at query-plan time — add secondary indexes instead)
	OR conditions in WHERE clause (rewritten to IN where possible)
	Foreign keys
	has_many / many_to_many relationship aggregates (use denormalization or materialized views)
	:first, :list, :exists, :custom aggregate kinds


Running Tests
Unit Tests
mix test --exclude integration

Integration Tests
# With Podman container (default)
mix test --only integration

# Against local ScyllaDB
SCYLLA_DIRECT=1 mix test --only integration

# Cluster tests (3-node, requires Podman)
mix test test/integration/cluster_integration_test.exs --only integration

# Specific test file
mix test test/integration/scylla_integration_test.exs
mix test test/unit/data_layer/data_layer_crud_test.exs

Coverage
mix test --exclude integration --cover

Generates cover/index.html.

Example Usage
# Configure Repo
defmodule MyApp.Repo do
  use AshScylla.Repo,
    otp_app: :my_app
end

# Configure Resource with all features
defmodule MyApp.User do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer,
    domain: MyApp.Domain


  scylla do
    table "users"
    consistency :quorum
    ttl 3600
    lwt true

    secondary_index :email

    materialized_view :users_by_email,
      primary_key: [:email, :id],
      include_columns: [:name, :age]
  end

  attributes do
    uuid_primary_key :id
    attribute :name, :string
    attribute :email, :string
    attribute :age, :integer
  end

  actions do
    defaults [:create, :read, :update, :destroy]
  end
end

License
Apache License 2.0 - see LICENSE file for details.


  

    Error Handling Guide

Comprehensive error handling for AshScylla


Overview
AshScylla provides structured error handling for ScyllaDB-specific errors. It categorizes Xandra errors into meaningful types and provides actionable suggestions for developers.

Error Architecture
┌──────────────────────────────────────────────────────┐
│          AshScylla.DataLayer                        │
│  (wraps Xandra errors with wrap_xandra_error/1)    │
└──────────────────┬───────────────────────────────────┘
                   │
                   ▼
┌──────────────────────────────────────────────────────┐
│          AshScylla.Error                            │
│  • wrap_xandra_error/1  - Convert errors           │
│  • format_error/1      - Format for display        │
│  • retryable?/1        - Check if retryable        │
└──────────────────┬───────────────────────────────────┘
                   │
                   ▼
┌──────────────────────────────────────────────────────┐
│    AshScylla.Error.ScyllaError                      │
│  • Categorizes errors by type                       │
│  • Provides user-friendly suggestions               │
│  • Structured error information                     │
└──────────────────────────────────────────────────────┘

Error Types
	Error Type	Description	When It Occurs
	:syntax_error	Invalid CQL syntax	Malformed CQL queries
	:query_error	General query execution error	Invalid queries
	:schema_error	Schema-related error	Table/keyspace/column not found
	:overloaded	ScyllaDB node overloaded	High load on cluster
	:timeout	Query timeout	Read/write timeout
	:consistency_error	Consistency level not met	Insufficient replicas
	:unauthorized	Permission denied	Invalid credentials/permissions
	:already_exists	Resource conflict	Table/keyspace already exists
	:not_found	Resource missing	Table/keyspace doesn't exist
	:connection_timeout	Connection timeout	Network issues
	:connection_closed	Connection closed	Node unavailable
	:connection_error	General connection error	Network/configuration issues


Using Error Handling
Basic Error Handling
case AshScylla.DataLayer.run_query(query, resource) do
  {:ok, results} ->
    {:ok, results}

  {:error, %AshScylla.Error.ScyllaError{} = error} ->
    # Log the detailed error
    Logger.error("Database error: #{AshScylla.Error.format_error(error)}")

    # Check if we should retry
      if AshScylla.Error.retryable?(error) do
        {:retry, error}
      else
        {:error, error}
      end

  {:error, error} ->
    # Handle other errors
    {:error, error}
end
Error Struct Fields
%AshScylla.Error.ScyllaError{
  type: :overloaded,           # Error category (atom)
  reason: "...",               # Original error reason
  message: "...",              # Human-readable message
  suggestion: "...",           # Actionable suggestion
  original_error: %Xandra...   # Original Xandra error
}

Retry Logic
Checking Retryability
error = %AshScylla.Error.ScyllaError{type: :overloaded}

if AshScylla.Error.retryable?(error) do
  IO.puts("This error is retryable")
else
  IO.puts("This error is NOT retryable")
end
Retryable Errors
	Error Type	Retryable?
	:overloaded	✅ Yes
	:connection_timeout	✅ Yes
	:timeout	✅ Yes
	:connection_closed	✅ Yes
	:connection_error	✅ Yes
	:syntax_error	❌ No
	:schema_error	❌ No
	:unauthorized	❌ No
	:already_exists	❌ No
	:not_found	❌ No

Implementing Retry with Backoff
defmodule MyApp.Database do
  @max_retries 3
  @base_delays %{
    overloaded: 1000,
    timeout: 500,
    connection_timeout: 2000,
    connection_closed: 1000,
    connection_error: 2000
  }

  def execute_with_retry(operation, retries \\ 0) do
    case operation.() do
      {:ok, result} ->
        {:ok, result}

      {:error, %AshScylla.Error.ScyllaError{} = error} ->
        if AshScylla.Error.retryable?(error) and retries < @max_retries do
          delay = Map.get(@base_delays, error.type, 500)
          sleep_time = delay * :math.pow(2, retries)
          Process.sleep(round(sleep_time))
          execute_with_retry(operation, retries + 1)
        else
          {:error, error}
        end

      {:error, error} ->
        {:error, error}
    end
  end
end

Error Formatting
Formatting Errors for Display
error = %AshScylla.Error.ScyllaError{
  type: :overloaded,
  message: "ScyllaDB node is overloaded",
  suggestion: "Increase timeout, reduce load, or scale your cluster"
}

formatted = AshScylla.Error.format_error(error)
IO.puts(formatted)

# Output:
# ScyllaDB Error (overloaded): ScyllaDB node is overloaded
# Suggestion: Increase timeout, reduce load, or scale your cluster

Common Error Scenarios
1. Connection Refused
%AshScylla.Error.ScyllaError{
  type: :connection_error,
  message: "Connection refused",
  suggestion: "Check if ScyllaDB is running and accessible at the configured address"
}
Solution:
	Verify ScyllaDB is running: podman ps
	Check nodes configuration in config/config.exs
	Ensure firewall allows connections

2. Syntax Error
%AshScylla.Error.ScyllaError{
  type: :syntax_error,
  message: "Invalid CQL syntax at line 1: SELECT * FROM",
  suggestion: "Check CQL syntax, ensure proper commas, parentheses, and keywords"
}
Solution:
	Review CQL query syntax
	Check for missing commas, parentheses
	Validate table/column names

3. Schema Error (Table Not Found)
%AshScylla.Error.ScyllaError{
  type: :schema_error,
  message: "Table 'users' not found",
  suggestion: "Run migrations to create the table, or verify the table name and keyspace"
}
Solution:
	Run migrations: mix ash_scylla.migrate
	Verify table name in resource configuration
	Check keyspace configuration

4. Overloaded Node
%AshScylla.Error.ScyllaError{
  type: :overloaded,
  message: "ScyllaDB node is overloaded",
  suggestion: "Increase timeout, reduce load, or scale your cluster"
}
Solution:
	Increase request_timeout in repo config
	Scale ScyllaDB cluster (add nodes)
	Optimize queries
	Use retry logic with backoff

5. Timeout
%AshScylla.Error.ScyllaError{
  type: :timeout,
  message: "Query timed out after 120000ms",
  suggestion: "Increase request_timeout in repo config, optimize query, or use pagination"
}
Solution:
	Increase request_timeout: config :my_app, MyApp.Repo, request_timeout: 300_000
	Optimize slow queries
	Use pagination for large result sets

6. Record Not Found
When fetch_by_primary_key returns an empty result set (no matching record), AshScylla returns a structured ScyllaError instead of crashing:
{:error, %AshScylla.Error.ScyllaError{
  type: :query_error,
  message: "Record not found in table users with primary key %{id: \"uuid\"}"
}}
This prevents MatchError crashes when a record is deleted between operations.
7. Aggregate Query Empty Results
When run_aggregate_query returns an empty result set from ScyllaDB, it gracefully returns the aggregate's default_value instead of crashing:
# Empty result from COUNT query returns 0 (the default_value)
{:ok, %{total: 0}} = DataLayer.run_aggregate_query(query, [%{kind: :count, name: :total}], resource)

# Empty result from SUM query returns nil (the default_value)
{:ok, %{total: nil}} = DataLayer.run_aggregate_query(query, [%{kind: :sum, name: :total, field: :amount}], resource)
Note: Supported aggregate kinds are :count, :sum, :avg, :min, :max. Unsupported kinds (:first, :list, :exists, :custom) return an error.

8. Non-Indexed Column Filter
%AshScylla.Error.ScyllaError{
  type: :schema_error,
  message: "Cannot execute this query as it might involve data filtering... use ALLOW FILTERING"
}
AshScylla rejects such queries at query-plan time when a query filters on a column that is neither part of the primary key nor has a secondary index.
Solution A (Recommended): Add a secondary index
scylla do
  secondary_index :game_id
end
Solution B: Use a materialized view for the query pattern.
9. Consistency Level Not Met
%AshScylla.Error.ScyllaError{
  type: :consistency_error,
  message: "Consistency level QUORUM not met",
  suggestion: "Lower consistency level, check replica availability, or increase replication factor"
}
Solution:
	Lower consistency level: scylla do consistency :one end
	Check if replicas are available
	Verify replication factor in keyspace

10. CQL Injection Prevention
AshScylla sanitizes all CQL identifiers through AshScylla.Identifier:
AshScylla.Identifier.sanitize!("users; DROP TABLE users")
# => ** (ArgumentError) Invalid CQL identifier: "users; DROP TABLE users"
All table names, column names, keyspace names, and index names are validated before interpolation into CQL strings.

Testing Error Handling
AshScylla includes comprehensive tests for error handling:
# Run error handling tests
mix test test/unit/error/

Test Coverage
	All error types and categorization
	Retryability classification
	Error formatting
	Connection error subclassification
	Filter validation (unindexed column rejection)
	CQL injection prevention (identifier sanitization)


Best Practices
1. Always Handle Errors
# Bad: Not handling errors
Ash.create(resource)

# Good: Proper error handling
case Ash.create(resource) do
  {:ok, result} -> result
  {:error, error} -> handle_error(error)
end
2. Use Retry for Transient Errors
# Retry connection and timeout errors
if AshScylla.Error.retryable?(error) do
  # Implement your own delay logic based on error.type
  Process.sleep(1000)
  # retry
end
3. Log Errors with Context
Logger.error("""
Database error occurred:
- Error: #{AshScylla.Error.format_error(error)}
- Resource: #{inspect(resource)}
- Operation: #{operation}
""")
4. Provide User-Friendly Messages
def handle_database_error(%AshScylla.Error.ScyllaError{} = error) do
  %{message: message, suggestion: suggestion} = error

  """
  A database error occurred: #{message}

  What you can do: #{suggestion}
  """
end

Module Documentation
For detailed API documentation, see:
	AshScylla.Error — Unified error handling interface
	AshScylla.Error.ScyllaError — ScyllaDB-specific error types

# Get help in IEx
h AshScylla.Error
h AshScylla.Error.ScyllaError

License
Apache License 2.0 - see LICENSE file for details.


  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
Unreleased
Added
	Multi-word search engine (AshScylla.Search) — Lucene/OpenSearch-style full-text search on top of ScyllaDB's inverted index tables:	AshScylla.Search — public API: create_tables/2, index/5, update/5, delete/3, search/4, search!/4
	AshScylla.Search.Analyzer — text analysis pipeline coordinator (tokenize → normalize → stop words → stem → count)
	AshScylla.Search.Analyzer.Tokenizer — Unicode-aware word tokenization using [\p{L}\p{N}][\p{L}\p{N}_]* regex
	AshScylla.Search.Analyzer.Normalizer — lowercase, NFC normalization, punctuation stripping
	AshScylla.Search.Analyzer.StopWords — 100+ English stop words filter
	AshScylla.Search.Analyzer.Stemmer — Porter stemming algorithm (reduces "running"/"runs"/"runner" → "run")
	AshScylla.Search.Indexer — index management coordinator (delegates to Builder/Updater/Deleter)
	AshScylla.Search.Indexer.Builder — UNLOGGED BATCH writes to search_post_terms and search_post_fields
	AshScylla.Search.Indexer.Updater — diff-based updates (computes added/removed terms vs stored set)
	AshScylla.Search.Indexer.Deleter — removes all term entries for a document
	AshScylla.Search.Query.Parser — query string parser (AND/OR/NOT/phrase support)
	AshScylla.Search.Query.Planner — sharded term lookups across 16 partitions with boolean logic
	AshScylla.Search.Query.BooleanEngine — two-pointer O(n+m) intersection/union/difference
	AshScylla.Search.Query.Ranking — TF, TF-IDF, and BM25 relevance scoring
	AshScylla.Search.Query.Paginator — paginated results with page metadata
	AshScylla.Search.Storage — CQL schema (search_post_terms with sharded (term, shard) partition key + search_post_fields)
	Unit tests for all pure search modules (79 test cases)



[1.5.0]
Changed
	BREAKING: Renamed DSL section from ash_scylla do to scylla do — matches other Ash data layers' naming convention
	BREAKING: Moved DSL from AshScylla.DataLayer.Dsl into AshScylla.DataLayer — resources still need import AshScylla.DataLayer.Dsl (which now re-exports the macro from AshScylla.DataLayer)
	BREAKING: Removed allow_filtering DSL option — ALLOW FILTERING is never appended to queries; filter on unindexed columns is rejected at query-plan time with actionable error
	BREAKING: Removed offset/3 callback and offset field from query struct — CQL does not support OFFSET; use keyset pagination via paging_state instead
	BREAKING: Default pagination mode changed from :offset to :token
	BREAKING: Removed AshScylla.Error.retry_delay/1 — callers should implement their own retry policy using retryable?/1
	Moved query struct from AshScylla.DataLayer to new AshScylla.Query module — single ownership of query data
	Created AshScylla.DataLayer.SecondaryIndex struct — replaces ad-hoc maps from parse_secondary_index/1
	Added cursor encoding/decoding helpers to AshScylla.DataLayer.Pagination: encode_cursor/1, decode_cursor/1, page_opts/2, extract_paging_state/1
	Consolidated handle_scylla_result/1 and handle_query_result/1 into single handle_result/1 in DataLayer
	Removed ALLOW FILTERING from all generated CQL including aggregate queries and system_schema queries
	Removed needs_allow_filtering?/2 from QueryBuilder
	Updated AshScylla.DataLayer.QueryOptimizer to use AshScylla.Query and removed allow_filtering option
	Updated all documentation, guides, and error messages to reference scylla block instead of ash_scylla

Added
	AshScylla.Query module — owns the query struct, provides new/1 and new/2
	AshScylla.DataLayer.SecondaryIndex module — struct with parse/1, default_name/2, effective_name/3
	AshScylla.DataLayer.Pagination.encode_cursor/1 — base64url encoding of paging_state
	AshScylla.DataLayer.Pagination.decode_cursor/1 — base64url decoding of cursor
	AshScylla.DataLayer.Pagination.page_opts/2 — build query options from paging_state
	AshScylla.DataLayer.Pagination.extract_paging_state/1 — extract paging_state from result
	Security test suite (130 tests): filter validation, query builder injection prevention, pagination safety, error handling safety, DataLayer security, DSL security, migration security
	Aggregate support: COUNT, SUM, AVG, MIN, MAX aggregates	Query-level aggregates via Ash.count/2, Ash.sum/2, Ash.avg/2, Ash.min/2, Ash.max/2
	Resource-level aggregates do blocks with belongs_to relationship traversal
	Unrelated aggregates via Ash.Query.aggregate/4
	run_aggregate_query/3 handles all five kinds with field support and default_value fallback
	attach_aggregates/5 attaches per-record aggregate values during run_query/2


	Unit tests for aggregate support (48 tests in test/unit/data_layer/data_layer_aggregate_test.exs)

Fixed
	Schema migrations never saw the live schema — SchemaMigration.fetch_table_schema/2,
fetch_indexes/2, and fetch_materialized_views/2 now read Xandra.Page.content
instead of the non-existent :rows key, so diff/2 correctly emits ALTER TABLE ADD
for new attributes on existing tables (previously it silently re-issued a no-op
CREATE TABLE IF NOT EXISTS).
	qualified_table/1 crashed for reserved-word table names (e.g. order, set,
index) — it now derives the raw, validated table name and quotes only CQL reserved
words via QueryBuilder.cql_identifier/1, matching source/1. Write paths no longer
raise ArgumentError for such resources.
	Writing a MapSet/set<> attribute crashed — Connection.type_value/1 now matches
%MapSet{} before the catch-all %_{} struct clause, so SET values are tagged as
set<text> instead of raising Protocol.UndefinedError.
	Compression.table_compression_cql/2 crashed when options were passed — dropped the
redundant second Enum.map_join that destructured already-rendered strings; compression_clause/2
inherits the fix.
	materialized_view DSL macro didn't match its documented two-argument form
(materialized_view :name, primary_key: [...], include_columns: [...]) — added the
missing clause so the documented syntax compiles.
	Boolean false became nil after create/upsert/bulk_create — to_ash_record/3 now uses
Map.fetch/2 instead of || so false is preserved.
	PreparedStatementCache eviction was a no-op — the ETS match-spec now binds and returns
the real key (:"$1") instead of the literal true, so evict_oldest/2 actually deletes
entries and the cache no longer grows unbounded past @max_cache_size.
	attach_aggregates/5 crashed on timed-out tasks — now handles {:exit, reason} from
Task.async_stream (with on_timeout: :kill_task) and tolerates failures by falling back to
each aggregate's default_value instead of failing the whole read.
	Batch.batch_insert_async/3 wasn't reliably partition-aware — grouping now uses the
resource's real partition-key columns (via partition_key_columns/1) instead of assuming the
first bound parameter is the partition key.
	In-memory sort fallback sorted by the wrong key — maybe_apply_in_memory_sort/3 now
extracts the field from {field, direction} tuples (and %{field: field}), matching
QueryBuilder.build_order_by/1's format, so the secondary-index-scan fallback sort works.
	Empty IN () lists produced opaque ScyllaDB syntax errors — validate_filters/2 now calls
the previously-dead validate_in_filters/2, raising a clear error for empty IN lists (and IN
on non-queryable columns) before CQL generation.
	Connection.query/4 interpolated keyspace without quoting — USE <keyspace> now uses
Identifier.quote_name/1 for consistency with other identifier handling.
	Codegen.merge_codegen_meta/3 was O(n²) — precomputes a MapSet of current keys instead
of calling Map.keys/1 per element inside Enum.reject/1.
	Added regression tests covering the above fixes in test/unit/data_layer/data_layer_bug_fixes_2_test.exs
and test/unit/connection/prepared_statement_cache_test.exs.

1.4.1
Changed
	BREAKING: Moved DSL from AshScylla.DataLayer.Dsl into AshScylla.DataLayer — resources still need import AshScylla.DataLayer.Dsl (which now re-exports the macro from AshScylla.DataLayer)

0.13.1
Added
	AshScylla.Extension callbacks — full Ash.Extension behaviour implementation with install/5, reset/1, rollback/1, and tear_down/1 callbacks, enabling mix ash.install, mix ash.reset, mix ash.rollback, and mix ash.tear_down support

0.13.0
Changed
	Credo checks updated to use new module names (Credo.Check.Refactor.*, Credo.Check.Warning.Dbg, etc.)
	Unit tests no longer require Docker/container runtime (lazy-loaded container support)
	Prepared statement cache now uses {repo, cql, keyspace, opts} key instead of phash2(cql) for safer cross-keyspace isolation
	mix ash_scylla.migrate now discovers and executes schema files from priv/migrations before resource migrations
	mix ash_scylla.gen repurposed — now generates schema migration files from Ash DSL resource definitions (was resource template generator). Scans project for AshScylla.DataLayer resources and produces priv/migrations/ files with CREATE TABLE/CREATE INDEX CQL
	mix ash_scylla.new_template — new name for the old mix ash_scylla.gen resource template generation (mix ash_scylla.new_template User name:string)
	Added AshScylla.DataLayer.QueryOptimizer module with per-query consistency, timeout, paging hints, and speculative retry policy configuration
	Added AshScylla.DataLayer.Collection module for LIST/SET/MAP encoding, CQL generation, and CONTAINS filters
	Added AshScylla.DataLayer.Compression module for application-level compression (LZ4, Snappy, Deflate, Zstd)
	Added AshScylla.DataLayer.Udt module for User Defined Type encoding/decoding
	Added AshScylla.DataLayer.SchemaMigration for automatic schema diff and migration
	Added AshScylla.Release module for production migration tasks without Mix installed
	Added AshScylla.MixHelpers for shared resource/repo discovery across Mix tasks
	Added mix ash_scylla.gen.repo task for generating Repo modules
	Added AshScylla.Application module with :ash_scylla_repo_cache ETS table

Fixed
	run_query/2: FilterValidator is now skipped when allow_filtering is enabled on the resource — previously the validator raised before the query builder could append ALLOW FILTERING, making the DSL option dead code
	MaterializedView tests now match quoted identifier output
	schema_migration.ex formatting fixes
	offset/3 now raises with clear error instead of silently dropping
	Fixed AshScylla.Test.ContainerEngine.ensure_running/0 being undefined when running integration tests (removed env guard on container_engine.ex loading)
	Fixed duplicate function clauses and unused default args in data_layer_pipeline_test.exs
	Fixed dialyzer type warnings on rows[0] access after length(rows) check in scylla_integration_test.exs
	Fixed unused variable warning in data_layer_crud_test.exs
	Fixed dialyzer type mismatch in edge_cases_test.exs for filter_to_cql!(:bad)

Added
	invalidate/4 with repo/opts context for targeted cache invalidation
	cache_key/4 helper for repo+keyspace-scoped statement caching
	AshScylla.Schema — behaviour for schema migration modules in priv/migrations. Schema files implement change/0 returning CQL statement lists
	AshScylla.SchemaLoader — discovers and loads schema migration files from priv/migrations
	mix ash_scylla.gen --dev — auto-generates schema migration from all AshScylla resources with timestamp-based name
	mix ash_scylla.gen AddUserTable — generates schema migration with a specific module name
	mix ash_scylla.gen --resource MyApp.User — generates schema for a specific resource only
	mix ash_scylla.new_template — generates Ash resource templates (old mix ash_scylla.gen behavior)
	mix ash_scylla.new_template --domain MyApp.Domain — auto-prefixes resource name with domain module (e.g. User → MyApp.Domain.User)
	mix ash_scylla.new_template --resource MyApp.Domain.User — uses a fully-qualified resource module name, overriding the positional name
	mix ash_scylla.migrate --schemas-only — runs only schema files from priv/migrations without resource migrations
	Multi-domain support — project_domains/0 and find_all_resources/0 now gracefully skip invalid/non-DSL domain modules instead of crashing, enabling umbrella apps with mixed domain configurations
	ResourceGenerator.render_create_table/3 — generates CREATE TABLE IF NOT EXISTS and CREATE INDEX IF NOT EXISTS CQL from attribute lists
	Test coverage for AshScylla.Schema behaviour, AshScylla.SchemaLoader, ResourceGenerator.render_create_table/3, Mix.Tasks.AshScylla.Gen, and Mix.Tasks.AshScylla.NewTemplate

[0.10.0]
	Comprehensive test suite (data_layer_comprehensive_test.exs) covering 65+ test cases for gaps in existing coverage:	run_query/2 edge cases (empty results, multiple rows, select, distinct, keyset pagination, AND/OR filters, sort+limit, nil content)
	filter/3 OR rewriting edge cases (triple OR, different columns, nested AND/OR, single filter)
	sort/3 edge cases (empty list, multiple items, map format, tuple format)
	bulk_create/3 scenarios (empty list, batch_size, return_records?, error handling, map opts)
	source/1 edge cases (empty string table, @table attribute, caching)
	repo/1 edge cases (@repo attribute, caching, resource without DSL)
	upsert/4 delegation to upsert/3
	run_aggregate_query/3 (multiple aggregates, COUNT(field), empty aggregates, WHERE clause)
	distinct/3 (multiple PK columns, mixed PK/non-PK, empty list)
	calculate/3 (multiple calculations, module without calculate/2)
	handle_scylla_result/1 (all 6 error paths)
	sanitize_identifier/1 (valid/invalid identifiers)
	maybe_rewrite_or_to_in/1 (4-way OR, nested AND, single equality)
	DataLayer struct defaults verification
	Exhaustive can?/2 feature testing (supported, unsupported, tuples, nil/string/integer)



Fixed
	Mix.Tasks.AshScylla.Setup: Fixed ArgumentError: invalid switch types/modifiers: :atom by changing OptionParser switch type from :atom to :string with runtime module resolution
	Mix.Tasks.AshScylla.Setup: Fixed hardcoded :storage_service app reference — now dynamically detects the OTP app from Mix.Project.config()
	Mix.Tasks.AshScylla.Setup: Now runs mix compile before resolving the repo module, ensuring the module is available when passed as --repo
	Mix.Tasks.AshScylla.Setup: Improved error message when no repo is found — now suggests running mix ash_scylla.gen.repo first
	run_aggregate_query/3: Handle empty page content ([] and nil) gracefully by returning 0 instead of crashing with MatchError
	fetch_by_primary_key/3: Return structured ScyllaError for empty results instead of crashing with MatchError
	Updated README test structure documentation
	Updated error handling guide with record-not-found and aggregate empty result scenarios

0.6.0 - 2026-06-11
Changed
	BREAKING: Migrated from Exandra/Ecto.Repo pattern to direct Xandra connections. AshScylla.Repo now wraps AshScylla.Connection (a GenServer around Xandra.start_link/1) instead of using Ecto.Repo.
	AshScylla.Connection replaces the Exandra/Ecto.Repo pattern for direct Xandra connection management.
	AshScylla.Migrator now uses AshScylla.Connection instead of Ecto SQL migrations.
	Resource definitions now use domain: instead of repo: (Ash Framework best practice).
	Relaxed Ash dependency from ~> 3.28 to ~> 3.0 for broader compatibility.

Added
	AshScylla.Connection — direct Xandra connection wrapper with query/4, query!/4, prepare/3, prepare!/3, stop/1.
	AshScylla.Migrator.run_on/2 and run_on!/2 — execute CQL on an existing named connection.
	Prepared statement caching via AshScylla.PreparedStatementCache.
	Telemetry integration via AshScylla.Telemetry.
	Token-based pagination via AshScylla.DataLayer.Pagination.
	Async partition-aware batch operations via AshScylla.DataLayer.Batch.batch_insert_async/3.

Fixed
	All documentation and examples updated to reflect Xandra migration (no more Ecto.Repo, Ecto.Migration, or Exandra references in user-facing code).
	Mock repos in tests now return proper Xandra.Page structs instead of plain maps.

0.5.0 - 2026-06-11
Added
	@spec annotations across all public and private API modules.
	dialyxir for CI type checking.
	Filter validation to prevent ALLOW FILTERING anti-pattern.
	AshScylla.ResourceGenerator — mix ash_scylla.gen task for scaffolding resources.
	Dev container support (.devcontainer).

Fixed
	Integration tests can now be run with mix test test/scylla_integration_test.exs --only integration.
	Removed unused require Logger from several modules.
	Updated README feature/limitation tables for ScyllaDB accuracy.

0.4.0 - 2026-06-10
Changed
	BREAKING: Removed :sort and :offset from @supported_features — these are not natively supported by ScyllaDB and were causing silent failures. can?(:sort) and can?(:offset) now return false.
	Added data_layer_keyset_by_default?/0 returning true — keyset pagination is now the default pagination mode.
	Added runtime Logger.warning in sort/3 and offset/3 callbacks to alert callers about ScyllaDB limitations.
	Relaxed Ash dependency from ~> 3.24 to ~> 3.0 for broader compatibility.
	Moved AshScylla.Repo and AshScylla.Migration out of the Core ExDoc group into "Repo Helpers" and "Schema Helpers" respectively.
	Clarified AshScylla.Migration docs — it generates raw CQL DDL strings, not Ecto SQL migrations.
	Updated IMPLEMENTATION_SUMMARY.md dependency table to remove incorrect reactor and testcontainers entries, add missing dev deps.

Fixed
	Removed unused require Logger from FilterValidator, Dsl, Telemetry and require Xandra from DataLayer.
	Updated test assertions to match new can?/2 behavior and current version 0.4.0.

0.3.0 - 2026-06-09
Added
	Per-action consistency configuration via per_action_consistency DSL option
	Token-based pagination support via AshScylla.DataLayer.Pagination
	Prepared statement caching via AshScylla.PreparedStatementCache (GenServer + ETS)
	Telemetry integration via AshScylla.Telemetry with query/batch span events
	AshScylla.Error.ScyllaError structured error types with suggestions
	Retry logic with error-type-specific delays
	AshScylla.Repo helper module with create_keyspace/1, drop_keyspace/1, recommended_pool_size/0
	AshScylla.Migration helpers for CQL generation from Ash resources
	Materialized view support with CQL generation
	Async partition-aware batch operations via batch_insert_async/4
	Testcontainer-based integration tests

0.2.0 - 2025-01-01
Added
	Secondary index support in DSL and migration helpers
	Materialized view DSL configuration
	Batch operations (BATCH INSERT/UPDATE/DELETE)
	Bulk create support via Ash.bulk_create
	TTL (Time To Live) support for INSERT statements
	Consistency level configuration per resource
	Comprehensive error handling with Xandra error categorization
	QueryBuilder with filter-to-CQL conversion
	Edge case test suite

0.1.0 - 2024-06-01
Added
	Initial release
	Ash.DataLayer behaviour implementation for ScyllaDB via Xandra
	CRUD operations (create, read, update, destroy)
	Filter, sort, limit, offset, select support
	Multitenancy via keyspace-based tenant isolation
	Basic CQL query generation from Ash queries



  

    
AshScylla.Application 
    



      
Application callback for AshScylla.
Creates the :ash_scylla_repo_cache ETS table used by AshScylla.Repo
for prepared statement caching and repo configuration look-up.
Starts the top-level AshScylla.Supervisor.

      




  

    
AshScylla.Connection 
    



      
GenServer wrapper for Xandra connections.
Provides a process-based connection to ScyllaDB/Cassandra via Xandra,
supporting both single-node and cluster connection modes.
Usage
{:ok, pid} = AshScylla.Connection.start_link(nodes: ["127.0.0.1:9042"])
AshScylla.Connection.query(pid, "SELECT * FROM system.local", [])
AshScylla.Connection.stop(pid)
Options
	:name — Register the connection under a name (for get_conn/1)
	:nodes — List of ScyllaDB nodes
	:keyspace — Default keyspace for the connection
	:connect_timeout — TCP connection timeout in ms (default: 5000)

Cluster Mode
When multiple nodes are provided, Xandra.Cluster is used for
automatic node discovery and load balancing.
Single-node connection
children = [
  {AshScylla.Connection, name: MyApp.Scylla, nodes: ["127.0.0.1:9042"], keyspace: "my_app"}
]

{:ok, conn} = AshScylla.Connection.start_link(nodes: ["127.0.0.1:9042"], keyspace: "my_app")
Multi-node cluster connection
All nodes must use the same port:
children = [
  {AshScylla.Connection,
    name: MyApp.Scylla,
    nodes: ["scylla-1:9042", "scylla-2:9042", "scylla-3:9042"],
    keyspace: "my_app",
    pool_size: 10}
]
Cluster Mode Details
When multiple nodes are provided, AshScylla.Connection uses Xandra.Cluster
for load balancing and fault tolerance.
Important: Xandra.Cluster requires all nodes to share the same port.
It uses a single autodiscovered_nodes_port for all discovered peers
(Scylla/Cassandra system.peers does not advertise ports).
If nodes have different ports, AshScylla.Connection falls back to a
single-node connection to the first node and logs a warning.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        ensure_keyspace!(conn, name)

      


        Ensures the keyspace is selected. Retries USE if not yet applied.



    


    
      
        get_conn(name \\ __MODULE__)

      


        Returns the connection struct by name (local or global).



    


    
      
        prepare(conn_or_name, query, opts \\ [])

      


        Prepares a CQL statement.



    


    
      
        prepare!(conn_or_name, query, opts \\ [])

      


        Prepares a CQL statement, raising on error.



    


    
      
        query(conn_or_name, query, params, opts \\ [])

      


        Executes a simple or prepared query.



    


    
      
        query!(conn_or_name, query, params, opts \\ [])

      


        Executes a simple or prepared query, raising on error.



    


    
      
        reconnect_keyspace(name)

      


        Reconnects to the keyspace. Useful after the keyspace has been created.
Returns {:ok, :set} or {:error, reason}.



    


    
      
        release_session(name)

      


        Releases the keyspace session binding for a named connection.



    


    
      
        set_keyspace(name, keyspace)

      


        Sets the keyspace to use. Useful when the keyspace is created after connection start.
Returns {:ok, :set} or {:error, reason}.



    


    
      
        start_link(opts)

      


    


    
      
        stop(name)

      


        Stops the connection.



    


    
      
        typed_params(params)

      


        Converts raw Elixir values to typed Xandra params.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %AshScylla.Connection{
  cluster?: boolean(),
  conn: pid(),
  keyspace: String.t() | nil,
  keyspace_used: boolean(),
  nodes: [String.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

      

          @spec child_spec(keyword()) :: Supervisor.child_spec()


      


Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      ensure_keyspace!(conn, name)



        
          
        

    

  


  

Ensures the keyspace is selected. Retries USE if not yet applied.

  



    

  
    
      
    
    
      get_conn(name \\ __MODULE__)



        
          
        

    

  


  

      

          @spec get_conn(module() | atom()) :: t() | nil


      


Returns the connection struct by name (local or global).

  



    

  
    
      
    
    
      prepare(conn_or_name, query, opts \\ [])



        
          
        

    

  


  

      

          @spec prepare(t() | module(), String.t(), keyword()) ::
  {:ok, Xandra.Prepared.t()} | {:error, term()}


      


Prepares a CQL statement.

  



    

  
    
      
    
    
      prepare!(conn_or_name, query, opts \\ [])



        
          
        

    

  


  

      

          @spec prepare!(t() | module(), String.t(), keyword()) ::
  Xandra.Prepared.t() | no_return()


      


Prepares a CQL statement, raising on error.

  



    

  
    
      
    
    
      query(conn_or_name, query, params, opts \\ [])



        
          
        

    

  


  

      

          @spec query(t() | module(), String.t(), list(), keyword()) ::
  {:ok, term()} | {:error, term()}


      


Executes a simple or prepared query.
Automatically types simple query values for Xandra 0.19.x compatibility.
Xandra requires typed {type_string, value} tuples for simple query parameters,
so we wrap raw Elixir values in their appropriate CQL type annotations.

  



    

  
    
      
    
    
      query!(conn_or_name, query, params, opts \\ [])



        
          
        

    

  


  

      

          @spec query!(t() | module(), String.t(), list(), keyword()) :: term() | no_return()


      


Executes a simple or prepared query, raising on error.

  



  
    
      
    
    
      reconnect_keyspace(name)



        
          
        

    

  


  

      

          @spec reconnect_keyspace(atom()) :: {:ok, :set} | {:error, term()}


      


Reconnects to the keyspace. Useful after the keyspace has been created.
Returns {:ok, :set} or {:error, reason}.

  



  
    
      
    
    
      release_session(name)



        
          
        

    

  


  

      

          @spec release_session(atom()) :: :ok | {:error, term()}


      


Releases the keyspace session binding for a named connection.
Switches the connection's default keyspace to system so that the next
DROP KEYSPACE is not blocked by an active USE <keyspace> session on this
connection. ScyllaDB defers/blocks the drop while another connection holds
a session on that keyspace. Returns :ok if there was no active session
or the release succeeded, {:error, reason} otherwise.

  



  
    
      
    
    
      set_keyspace(name, keyspace)



        
          
        

    

  


  

      

          @spec set_keyspace(atom(), String.t()) :: {:ok, :set} | {:error, term()}


      


Sets the keyspace to use. Useful when the keyspace is created after connection start.
Returns {:ok, :set} or {:error, reason}.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      



  



  
    
      
    
    
      stop(name)



        
          
        

    

  


  

      

          @spec stop(t() | module()) :: :ok


      


Stops the connection.

  



  
    
      
    
    
      typed_params(params)



        
          
        

    

  


  

      

          @spec typed_params(list()) :: list()


      


Converts raw Elixir values to typed Xandra params.
Xandra 0.19.x requires simple query values to be {type_string, value} tuples.
This function infers the CQL type from the Elixir type.

  


        

      


  

    
AshScylla.DataLayer.SchemaUtils 
    



      
Shared schema utilities for table names, column analysis, and identifier quoting.
Centralizes functions that were previously duplicated across
AshScylla.DataLayer.SchemaMigration, AshScylla.Migration,
AshScylla.DataLayer.MaterializedView, and AshScylla.ResourceGenerator.

      


      
        Summary


  
    Functions
  


    
      
        get_table_name(resource)

      


        Returns the table name for a resource.



    


    
      
        quote_name(name)

      


        Quotes a CQL identifier (table name, column name, etc.) for safe use in CQL strings.



    


    
      
        quote_name_unchecked(name)

      


    


    
      
        sanitize_type_name(type_name)

      


        Resolves a type name for a UDT, sanitizing it for safe CQL interpolation.



    


    
      
        unindexable_columns(resource)

      


        Returns the list of columns that cannot have secondary indexes.



    





      


      
        Functions


        


  
    
      
    
    
      get_table_name(resource)



        
          
        

    

  


  

      

          @spec get_table_name(module()) :: String.t()


      


Returns the table name for a resource.
Checks the DSL table/1 config first, then falls back to deriving
from the module name (using domain prefix if available).

  



  
    
      
    
    
      quote_name(name)



        
          
        

    

  


  

      

          @spec quote_name(atom() | String.t()) :: String.t() | no_return()


      


Quotes a CQL identifier (table name, column name, etc.) for safe use in CQL strings.
Uses double-quote escaping per CQL spec. Delegates validation to
AshScylla.Identifier.validate/1.

  



  
    
      
    
    
      quote_name_unchecked(name)



        
          
        

    

  


  

      

          @spec quote_name_unchecked(String.t()) :: String.t()


      



  



  
    
      
    
    
      sanitize_type_name(type_name)



        
          
        

    

  


  

      

          @spec sanitize_type_name(String.t() | atom()) :: String.t()


      


Resolves a type name for a UDT, sanitizing it for safe CQL interpolation.

  



  
    
      
    
    
      unindexable_columns(resource)



        
          
        

    

  


  

      

          @spec unindexable_columns(module()) :: [atom()]


      


Returns the list of columns that cannot have secondary indexes.
Currently this is only the sole partition key column (ScyllaDB forbids it).
Returns an empty list for composite partition keys or resources without
a clear single partition key.

  


        

      


  

    
AshScylla.DataLayer.Types 
    



      
Shared CQL type mapping and conversion helpers.
Centralizes the canonical type-to-CQL-string mappings used across
AshScylla.Migration, AshScylla.DataLayer.Udt, and
AshScylla.DataLayer.Collection.
Type Mapping
The canonical mapping resolves Ash DSL types to CQL types:
	Ash Type	CQL Type
	:string	TEXT
	:integer	BIGINT
	:uuid	UUID
	:boolean	BOOLEAN
	:utc_datetime	TIMESTAMP
	:decimal	DECIMAL
	:float	DOUBLE
	:binary	BLOB
	:date	DATE
	:time	TIME

Unknown types fall back to TEXT.

      


      
        Summary


  
    Functions
  


    
      
        ash_type_to_cql_type(type, opts)

      


        Converts an Ash type (atom or tuple) to its CQL type string representation.



    


    
      
        cql_element_type(type)

      


        Returns the CQL type string for a collection element type atom.



    


    
      
        cql_type(type)

      


        Returns the CQL type string for a given type atom.



    


    
      
        field_type_to_cql(type)

      


        Returns the CQL type string for a UDT field type atom.



    


    
      
        uuid_binary_to_string(arg1)

      


        Converts a 16-byte UUID binary from Xandra/ScyllaDB back to a
36-character UUID string (e.g. "550e8400-e29b-41d4-a716-446655440000").



    


    
      
        uuid_string_to_binary(uuid)

      


        Converts a UUID string (36 chars, e.g. "550e8400-e29b-41d4-a716-446655440000")
to a 16-byte binary for Xandra/ScyllaDB.



    


    
      
        valid_cql_types()

      


        Returns the list of all known valid CQL type atoms.



    





      


      
        Functions


        


  
    
      
    
    
      ash_type_to_cql_type(type, opts)



        
          
        

    

  


  

      

          @spec ash_type_to_cql_type(
  atom() | tuple(),
  keyword()
) :: String.t()


      


Converts an Ash type (atom or tuple) to its CQL type string representation.
Handles special collection and structured types:
	:map — rendered as MAP<key_type, value_type>
	:array — rendered as LIST<element_type>
	:set — rendered as SET<element_type>
	:udt — rendered as frozen<type_name>
	{:array, element_type} — rendered as LIST<cql_type>
	{:map, key_type, value_type} — rendered as MAP<k, v>
	{:set, element_type} — rendered as SET<cql_type>

All other atoms are resolved via the canonical cql_type/1 mapping.
The :frozen option wraps the result in frozen<...>.
Options
	:key_type — for :map, the CQL key type (default: "TEXT")
	:value_type — for :map, the CQL value type (default: "TEXT")
	:element_type — for :array / :set, the CQL element type (default: "TEXT")
	:type_name — for :udt, the UDT name
	:frozen — if true, wraps the result in frozen<...>

Examples
iex> AshScylla.DataLayer.Types.ash_type_to_cql_type(:uuid, [])
"UUID"

iex> AshScylla.DataLayer.Types.ash_type_to_cql_type(:string, [])
"TEXT"

iex> AshScylla.DataLayer.Types.ash_type_to_cql_type(:map, key_type: "TEXT", value_type: "INT")
"MAP<TEXT, INT>"

iex> AshScylla.DataLayer.Types.ash_type_to_cql_type(:array, element_type: "UUID")
"LIST<UUID>"

iex> AshScylla.DataLayer.Types.ash_type_to_cql_type({:array, :string}, [])
"LIST<TEXT>"

iex> AshScylla.DataLayer.Types.ash_type_to_cql_type({:map, :string, :integer}, [])
"MAP<TEXT, BIGINT>"

  



  
    
      
    
    
      cql_element_type(type)



        
          
        

    

  


  

      

          @spec cql_element_type(atom()) :: String.t()


      


Returns the CQL type string for a collection element type atom.
Delegates to cql_type/1.
Examples
iex> AshScylla.DataLayer.Types.cql_element_type(:int)
"INT"

iex> AshScylla.DataLayer.Types.cql_element_type(:float)
"DOUBLE"

  



  
    
      
    
    
      cql_type(type)



        
          
        

    

  


  

      

          @spec cql_type(atom()) :: String.t()


      


Returns the CQL type string for a given type atom.
Known types are resolved via the canonical mapping.
Unknown types fall back to "TEXT".
Examples
iex> AshScylla.DataLayer.Types.cql_type(:text)
"TEXT"

iex> AshScylla.DataLayer.Types.cql_type(:bigint)
"BIGINT"

iex> AshScylla.DataLayer.Types.cql_type(:custom_type)
"TEXT"

  



  
    
      
    
    
      field_type_to_cql(type)



        
          
        

    

  


  

      

          @spec field_type_to_cql(atom()) :: String.t()


      


Returns the CQL type string for a UDT field type atom.
Delegates to cql_type/1.
Examples
iex> AshScylla.DataLayer.Types.field_type_to_cql(:text)
"TEXT"

iex> AshScylla.DataLayer.Types.field_type_to_cql(:uuid)
"UUID"

  



  
    
      
    
    
      uuid_binary_to_string(arg1)



        
          
        

    

  


  

      

          @spec uuid_binary_to_string(binary()) :: {:ok, String.t()} | :error


      


Converts a 16-byte UUID binary from Xandra/ScyllaDB back to a
36-character UUID string (e.g. "550e8400-e29b-41d4-a716-446655440000").
Returns {:ok, String.t()} on success, :error if the binary is not 16 bytes.

  



  
    
      
    
    
      uuid_string_to_binary(uuid)



        
          
        

    

  


  

      

          @spec uuid_string_to_binary(String.t()) :: {:ok, binary()} | :error


      


Converts a UUID string (36 chars, e.g. "550e8400-e29b-41d4-a716-446655440000")
to a 16-byte binary for Xandra/ScyllaDB.
Returns {:ok, binary} on success, :error if the string is not a valid UUID.

  



  
    
      
    
    
      valid_cql_types()



        
          
        

    

  


  

      

          @spec valid_cql_types() :: [atom()]


      


Returns the list of all known valid CQL type atoms.

  


        

      


  

    
AshScylla.Extension 
    



      
AshScylla extension for mix ash.codegen and mix ash.migrate support.
This extension generates CQL migration files for AshScylla resources
and runs them against the database.

      


      
        Summary


  
    Functions
  


    
      
        parse_codegen_argv(argv)

      


        Translates the mix ash.codegen argv into options for
AshScylla.MigrationGenerator.generate/1.



    





      


      
        Functions


        


  
    
      
    
    
      parse_codegen_argv(argv)



        
          
        

    

  


  

      

          @spec parse_codegen_argv(Ash.Extension.argv()) :: keyword()


      


Translates the mix ash.codegen argv into options for
AshScylla.MigrationGenerator.generate/1.
Handles both a leading positional migration name and an explicit --name
flag (Ash injects --name <name> for the positional argument), plus the
shared --dev / --dry-run / --check / --force flags.

  


        

      


  

    
AshScylla.Identifier 
    



      
Centralized CQL identifier sanitization.
All CQL identifiers (table names, column names, keyspace names, index names,
etc.) MUST be validated through this module before being interpolated into
CQL strings. This prevents CQL injection attacks.
Valid identifiers
CQL identifiers must start with a letter or underscore, followed by
alphanumeric characters or underscores. This matches the regex
~r/^[a-zA-Z_][a-zA-Z0-9_]*$/.
Usage
iex> AshScylla.Identifier.sanitize!("users")
"users"

iex> AshScylla.Identifier.sanitize!("my_table")
"my_table"

iex> AshScylla.Identifier.sanitize!("users; DROP TABLE users")
** (ArgumentError) Invalid CQL identifier: "users; DROP TABLE users"
Design
This module is compile-time optimized: sanitize_identifier/1 is inlined
and the regex match is compiled once. All public CQL-generating functions
in AshScylla call this before interpolating identifiers.

      


      
        Summary


  
    Functions
  


    
      
        quote_name(name)

      


        Quotes a CQL identifier for safe interpolation into CQL strings.



    


    
      
        sanitize!(name)

      


        Validates that the given value is a safe CQL identifier, raising on failure.



    


    
      
        valid_keyspace_regex()

      


        Returns the regex used to validate keyspace names.



    


    
      
        validate(name)

      


        Validates that the given string is a safe CQL identifier.



    


    
      
        validate_keyspace!(name)

      


        Validates a keyspace name, raising if invalid.



    





      


      
        Functions


        


  
    
      
    
    
      quote_name(name)



        
          
        

    

  


  

      

          @spec quote_name(atom() | String.t()) :: String.t() | no_return()


      


Quotes a CQL identifier for safe interpolation into CQL strings.
Validates the identifier first, then wraps in double quotes.
Escapes embedded double quotes by doubling them per CQL spec.
Returns the quoted string, or raises ArgumentError if invalid.
Examples
iex> AshScylla.Identifier.quote_name("users")
""users""

iex> AshScylla.Identifier.quote_name("my table")
** (ArgumentError) Invalid CQL identifier: ...

  



  
    
      
    
    
      sanitize!(name)



        
          
        

    

  


  

      

          @spec sanitize!(atom() | String.t()) :: String.t() | no_return()


      


Validates that the given value is a safe CQL identifier, raising on failure.
Accepts both atoms (common in Ash resource definitions) and strings.
Atoms are converted to strings before validation.
Returns the sanitized string if valid, raises ArgumentError if not.

  



  
    
      
    
    
      valid_keyspace_regex()



        
          
        

    

  


  

      

          @spec valid_keyspace_regex() :: Regex.t()


      


Returns the regex used to validate keyspace names.

  



  
    
      
    
    
      validate(name)



        
          
        

    

  


  

      

          @spec validate(String.t()) :: {:ok, String.t()} | {:error, String.t()}


      


Validates that the given string is a safe CQL identifier.
Returns {:ok, name} if valid, or {:error, reason} if not.

  



  
    
      
    
    
      validate_keyspace!(name)



        
          
        

    

  


  

      

          @spec validate_keyspace!(String.t() | atom()) :: String.t() | no_return()


      


Validates a keyspace name, raising if invalid.

  


        

      


  

    
AshScylla.MigrationGenerator 
    



      
Generates CQL migration files from Ash resource definitions.
Compares current Ash resource snapshots against the live ScyllaDB schema
and generates CQL statements to bring the schema in sync.
Usage
# Generate a migration for all resources
mix ash_scylla.generate_migrations

# Generate with a specific name
mix ash_scylla.generate_migrations add_user_table

# Dry run (print without creating files)
mix ash_scylla.generate_migrations --dry-run

# Check if migrations are needed (exit code 1 if so)
mix ash_scylla.generate_migrations --check
Snapshots
Snapshots are stored in priv/repo_name/resource_snapshots/ as JSON files.
Each snapshot captures the state of a resource's schema at a point in time.
The migration generator compares the current resource definition against the
most recent snapshot to determine what changes need to be made.

      


      
        Summary


  
    Functions
  


    
      
        generate(opts \\ [])

      


        Main entry point for migration generation.



    


    
      
        take_snapshots(opts \\ [])

      


        Takes snapshots of the given resources without generating migrations.
Useful for initial setup.



    





      


      
        Functions


        


    

  
    
      
    
    
      generate(opts \\ [])



        
          
        

    

  


  

Main entry point for migration generation.
Options:
	:domains - list of domains to generate for (defaults to all configured)
	:snapshot_path - custom path for snapshots (default: priv/repo/resource_snapshots)
	:migration_path - custom path for migrations (default: priv/repo/migrations)
	:name - name for the migration (auto-generated if not provided)
	:quiet - suppress output
	:format - format generated Elixir code (default: true)
	:dry_run - print migrations without creating files
	:check - return exit code 1 if migrations needed
	:dev - create dev migrations (suffixed with _dev)
	:snapshots_only - only create snapshots, no migration files


  



    

  
    
      
    
    
      take_snapshots(opts \\ [])



        
          
        

    

  


  

Takes snapshots of the given resources without generating migrations.
Useful for initial setup.

  


        

      


  

    
AshScylla.Migrator 
    



      
Thin wrapper for executing CQL schema migrations via Xandra directly.
Replaces the Exandra/Ecto.Migration pattern. Since CQL has no transactional
DDL, each statement is executed independently.
Usage
Start a temporary connection for migrations:
AshScylla.Migrator.run("127.0.0.1:9042", [
  "CREATE KEYSPACE IF NOT EXISTS my_app " <>
  "WITH REPLICATION = {'class': 'SimpleStrategy', 'replication_factor': 1}",
  "CREATE TABLE IF NOT EXISTS my_app.users (id UUID PRIMARY KEY, name TEXT)"
])
In a Mix task or release task:
AshScylla.Migrator.run!(nodes, statements,
  keyspace: "my_app",
  connect_timeout: 10_000
)
Functions
	run/3 — Start temp connection, execute statements, stop connection
	run!/3 — Same as run/3 but raises on error
	run_on/2 — Execute against an existing named connection
	run_on!/2 — Same as run_on/2 but raises on error


      


      
        Summary


  
    Functions
  


    
      
        run(nodes, statements, opts \\ [])

      


        Executes a list of CQL statements against a ScyllaDB node.



    


    
      
        run!(nodes, statements, opts \\ [])

      


        Same as run/3 but raises on error.



    


    
      
        run_on(conn_name, statements)

      


        Executes CQL statements against an existing named connection.



    


    
      
        run_on!(conn_name, statements)

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(nodes, statements, opts \\ [])



        
          
        

    

  


  

      

          @spec run(String.t() | [String.t()], [String.t()], keyword()) ::
  {:ok, [term()]} | {:error, {non_neg_integer(), term()}}


      


Executes a list of CQL statements against a ScyllaDB node.
A temporary connection is started, all statements are executed sequentially,
and the connection is stopped.
Returns {:ok, results} or {:error, {failed_index, reason}}.

  



    

  
    
      
    
    
      run!(nodes, statements, opts \\ [])



        
          
        

    

  


  

      

          @spec run!(String.t() | [String.t()], [String.t()], keyword()) ::
  [term()] | no_return()


      


Same as run/3 but raises on error.

  



  
    
      
    
    
      run_on(conn_name, statements)



        
          
        

    

  


  

      

          @spec run_on(atom(), [String.t()]) ::
  {:ok, [term()]} | {:error, {non_neg_integer(), term()}}


      


Executes CQL statements against an existing named connection.

  



  
    
      
    
    
      run_on!(conn_name, statements)



        
          
        

    

  


  

      

          @spec run_on!(atom(), [String.t()]) :: [term()] | no_return()


      



  


        

      


  

    
AshScylla.MixHelpers 
    



      
Shared helper functions for AshScylla Mix tasks.
Provides resource/repo discovery, CLI option handling, and file scanning
used by ash_scylla.gen, ash_scylla.migrate, ash_scylla.new_template,
ash_scylla.setup, and ash_scylla.gen.repo.
Discovery
Resources are discovered by:
	Reading :ash_domains app env config
	Calling Ash.Domain.Info.resources/1 on each domain
	Filtering to modules using AshScylla.DataLayer
	Falling back to scanning lib/**/*.ex files

Umbrella Support
project_apps/0 returns the current app plus all umbrella children,
enabling resource discovery in umbrella projects.

      


      
        Summary


  
    Functions
  


    
      
        app_name()

      


        Returns the application name from Mix config.



    


    
      
        ash_domain?(module)

      


        Checks if a module is a valid Ash domain.



    


    
      
        ash_scylla_resource?(resource)

      


        Checks if a resource module uses AshScylla.DataLayer.



    


    
      
        file_to_module(file)

      


        Converts a file path to a module name.



    


    
      
        find_all_resources()

      


        Finds all AshScylla resources via domain config, with file-scan fallback.



    


    
      
        find_default_repo()

      


        Finds and returns the default repo module from AshScylla resources.



    


    
      
        maybe_atomize(opts, key)

      


        Converts a string CLI option value to a module atom, if present.



    


    
      
        migration_glob(base_path)

      


        Returns the glob pattern used to discover generated migration files.



    


    
      
        project_apps()

      


        Returns the list of app atoms to scan: the current app + umbrella children.



    


    
      
        project_domains()

      


        Discovers Ash domains from the project's app configuration.



    


    
      
        project_lib_paths()

      


        Returns the list of lib/ directories to scan (current app + umbrella children).



    


    
      
        scan_files_for_resources()

      


        Scans all .ex files in project lib/ directories for AshScylla resources.



    





      


      
        Functions


        


  
    
      
    
    
      app_name()



        
          
        

    

  


  

      

          @spec app_name() :: atom()


      


Returns the application name from Mix config.

  



  
    
      
    
    
      ash_domain?(module)



        
          
        

    

  


  

      

          @spec ash_domain?(module()) :: boolean()


      


Checks if a module is a valid Ash domain.
Verifies the module is compiled and exports domain?/0 (added by
use Ash.Domain), which distinguishes domains from plain modules.

  



  
    
      
    
    
      ash_scylla_resource?(resource)



        
          
        

    

  


  

      

          @spec ash_scylla_resource?(module()) :: boolean()


      


Checks if a resource module uses AshScylla.DataLayer.

  



  
    
      
    
    
      file_to_module(file)



        
          
        

    

  


  

      

          @spec file_to_module(String.t()) :: atom() | nil


      


Converts a file path to a module name.
Examples
iex> AshScylla.MixHelpers.file_to_module("lib/my_app/resources/user.ex")
:"Elixir.MyApp.Resources.User"

  



  
    
      
    
    
      find_all_resources()



        
          
        

    

  


  

      

          @spec find_all_resources() :: [module()]


      


Finds all AshScylla resources via domain config, with file-scan fallback.
	Reads configured domains from app env
	Gets each domain's resources via Ash.Domain.Info.resources/1
	Filters to AshScylla resources
	Falls back to scanning lib/**/*.ex files if no domains configured


  



  
    
      
    
    
      find_default_repo()



        
          
        

    

  


  

      

          @spec find_default_repo() :: module()


      


Finds and returns the default repo module from AshScylla resources.
Extracts the repo from each resource's DSL config and returns the first one.

  



  
    
      
    
    
      maybe_atomize(opts, key)



        
          
        

    

  


  

      

          @spec maybe_atomize(
  keyword(),
  atom()
) :: keyword()


      


Converts a string CLI option value to a module atom, if present.
Uses Module.concat/1 to produce a proper module reference (e.g.
"MyApp.User" becomes MyApp.User, not :"MyApp.User").

  



  
    
      
    
    
      migration_glob(base_path)



        
          
        

    

  


  

      

          @spec migration_glob(String.t()) :: String.t()


      


Returns the glob pattern used to discover generated migration files.
Migration files are written as .exs (matching Ecto's convention for
non-compiled migration files). Keeping this in one place means the writer
(AshScylla.MigrationGenerator) and every reader (AshScylla.SchemaLoader,
Mix.Tasks.AshScylla.Migrate, ...) agree on the extension.
Examples
iex> AshScylla.MixHelpers.migration_glob("priv/repo/migrations")
"priv/repo/migrations/**/*.exs"

  



  
    
      
    
    
      project_apps()



        
          
        

    

  


  

      

          @spec project_apps() :: [atom()]


      


Returns the list of app atoms to scan: the current app + umbrella children.

  



  
    
      
    
    
      project_domains()



        
          
        

    

  


  

      

          @spec project_domains() :: [module()]


      


Discovers Ash domains from the project's app configuration.
Checks each app for :ash_domains config, ensures modules are compiled,
and validates they are actual Ash domains (Spark DSL modules).

  



  
    
      
    
    
      project_lib_paths()



        
          
        

    

  


  

      

          @spec project_lib_paths() :: [String.t()]


      


Returns the list of lib/ directories to scan (current app + umbrella children).

  



  
    
      
    
    
      scan_files_for_resources()



        
          
        

    

  


  

      

          @spec scan_files_for_resources() :: [module()]


      


Scans all .ex files in project lib/ directories for AshScylla resources.

  


        

      


  

    
AshScylla.ResourceGenerator 
    



      
Generates starter Ash Resource modules for AshScylla.
Used by mix ash_scylla.new_template to scaffold resource files under
lib/<app>/resources/<resource>.ex.
Arguments
Accepts a resource name (optionally domain-prefixed) and a comma-separated
list of name:type attribute pairs.
Options
	:domain — Domain module to include in the generated resource
	:resource — Fully-qualified resource module name (overrides positional)


      


      
        Summary


  
    Functions
  


    
      
        parse_args(args)

      


        Parses generator command arguments.



    


    
      
        parse_args(args, opts)

      


        Same as parse_args/1 but also accepts options from CLI flags.



    


    
      
        render_create_table(table_name, attributes, repo_module)

      


        Renders CQL CREATE TABLE and CREATE INDEX statements for a table.



    


    
      
        render_resource(resource_name, attributes, opts \\ [])

      


        Renders an Ash Resource template as a string.



    


    
      
        resource_file_path(resource_name)

      


        Returns the generated resource file path for a resource name.



    


    
      
        write_resource(resource_name, attributes, opts \\ [])

      


        Writes a generated resource file to lib/<app>/resources/<resource>.ex.



    





      


      
        Functions


        


  
    
      
    
    
      parse_args(args)



        
          
        

    

  


  

      

          @spec parse_args([String.t()]) ::
  {:ok, module(), [{atom(), atom()}]} | {:error, String.t()}


      


Parses generator command arguments.
Accepts a resource name (optionally domain-prefixed) and a comma-separated
list of name:type attribute pairs.
Examples
AshScylla.ResourceGenerator.parse_args([
  "MyResource",
  "user_id:uuid, name:string, age:int"
])

AshScylla.ResourceGenerator.parse_args([
  "MyApp.MyDomain.MyResource",
  "user_id:uuid, name:string"
])
Options (as keyword list, passed from the Mix task):
	:domain - Domain module to include in the generated resource
	:resource - Fully-qualified resource module name (overrides the
positional name argument)


  



  
    
      
    
    
      parse_args(args, opts)



        
          
        

    

  


  

      

          @spec parse_args(
  [String.t()],
  keyword()
) :: {:ok, module(), [{atom(), atom()}]} | {:error, String.t()}


          @spec parse_args(String.t(), String.t()) ::
  {:ok, module(), [{atom(), atom()}]} | {:error, String.t()}


      


Same as parse_args/1 but also accepts options from CLI flags.
Options
	:domain - Domain module to include in the generated resource
	:resource - Fully-qualified resource module name (overrides positional arg)


  



  
    
      
    
    
      render_create_table(table_name, attributes, repo_module)



        
          
        

    

  


  

      

          @spec render_create_table(String.t(), [{atom(), atom()}], module()) :: [String.t()]


      


Renders CQL CREATE TABLE and CREATE INDEX statements for a table.
Returns a list of CQL statement strings.

  



    

  
    
      
    
    
      render_resource(resource_name, attributes, opts \\ [])



        
          
        

    

  


  

      

          @spec render_resource(module() | String.t(), [{atom(), atom()}], keyword()) ::
  String.t()


      


Renders an Ash Resource template as a string.
Options
	:repo_module - The repo module to reference (defaults to <AppName>.Repo)
	:domain - Domain module to include via domain option in the resource

Example
AshScylla.ResourceGenerator.render_resource(
  MyApp.User,
  [user_id: :uuid, name: :string, age: :integer],
  repo_module: MyApp.Repo
)

AshScylla.ResourceGenerator.render_resource(
  MyApp.MyDomain.User,
  [user_id: :uuid, name: :string],
  domain: MyApp.MyDomain,
  repo_module: MyApp.Repo
)

  



  
    
      
    
    
      resource_file_path(resource_name)



        
          
        

    

  


  

      

          @spec resource_file_path(module() | String.t()) :: String.t()


      


Returns the generated resource file path for a resource name.

  



    

  
    
      
    
    
      write_resource(resource_name, attributes, opts \\ [])



        
          
        

    

  


  

      

          @spec write_resource(module() | String.t(), [{atom(), atom()}], keyword()) :: :ok


      


Writes a generated resource file to lib/<app>/resources/<resource>.ex.
Options
	:domain - Domain module to include in the generated resource
	:repo_module - The repo module to reference


  


        

      


  

    
AshScylla.Schema behaviour
    



      
Behaviour for schema migration modules loaded from priv/migrations.
Schema files are optional Elixir modules that return CQL statements from
change/0. They can return raw CQL strings or structured %AshScylla.Schema{}
entries organised by domain and resource.
Struct-based schema (generated by mix ash_scylla.gen)
defmodule MyApp.Migrations.Schema20260615155440 do
  use AshScylla.Schema

  def change do
    [
      %AshScylla.Schema{
        domain: MyApp.Domain,
        resources: [
          %AshScylla.Schema.Resource{
            name: :users,
            statements: [
              "CREATE TABLE IF NOT EXISTS users (id UUID PRIMARY KEY, name TEXT)",
              "CREATE INDEX IF NOT EXISTS idx_users_email ON users (email)"
            ]
          }
        ]
      }
    ]
  end
end
Flat CQL list (hand-written)
defmodule MyApp.Migrations.AddUserTable do
  use AshScylla.Schema

  def change do
    [
      "CREATE TABLE IF NOT EXISTS users (id UUID PRIMARY KEY, name TEXT)"
    ]
  end
end
Flattening
flatten/1 converts a mixed list of CQL strings and %AshScylla.Schema{}
structs into a flat list of CQL strings for execution.

      


      
        Summary


  
    Types
  


    
      
        cql()

      


    


    
      
        resource()

      


    


    
      
        t()

      


    





  
    Callbacks
  


    
      
        change()

      


    





  
    Functions
  


    
      
        flatten(change_result)

      


        Flattens a change/0 result (mix of CQL strings and Schema structs)
into a flat list of CQL strings.



    





      


      
        Types


        


  
    
      
    
    
      cql()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      resource()



        
          
        

    

  


  

      

          @type resource() :: %AshScylla.Schema.Resource{name: atom(), statements: [cql()]}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %AshScylla.Schema{domain: module(), resources: [resource()]}


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      change()



        
          
        

    

  


  

      

          @callback change() :: [cql() | t()]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      flatten(change_result)



        
          
        

    

  


  

      

          @spec flatten([cql() | t()]) :: [cql()]


      


Flattens a change/0 result (mix of CQL strings and Schema structs)
into a flat list of CQL strings.

  


        

      


  

    
AshScylla.Schema.Resource 
    



      
Struct representing a single resource's schema statements.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %AshScylla.Schema.Resource{name: atom(), statements: [String.t()]}


      



  


        

      


  

    
AshScylla.SchemaLoader 
    



      
Loads and discovers schema migration modules from priv/<repo>/migrations.
Discovery
discover/0 scans all apps (current + umbrella) for .ex files under
priv/<repo>/migrations/ and returns sorted file paths.
Loading
load/1 requires the file, checks for change/0, and calls
AshScylla.Schema.flatten/1 to normalize the result to a flat CQL list.
Supports both flat CQL string lists and struct-based %AshScylla.Schema{}
entries.

      


      
        Summary


  
    Types
  


    
      
        loaded()

      


    





  
    Functions
  


    
      
        discover()

      


        Discovers all .exs files under priv/<repo>/migrations for the current project.



    


    
      
        load(path)

      


        Loads a schema module from a file path and returns its change/0 statements.



    





      


      
        Types


        


  
    
      
    
    
      loaded()



        
          
        

    

  


  

      

          @type loaded() :: {:ok, module()} | {:error, term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      discover()



        
          
        

    

  


  

      

          @spec discover() :: [String.t()]


      


Discovers all .exs files under priv/<repo>/migrations for the current project.

  



  
    
      
    
    
      load(path)



        
          
        

    

  


  

      

          @spec load(String.t()) :: {:ok, [String.t()]} | {:error, term()}


      


Loads a schema module from a file path and returns its change/0 statements.
Supports both flat CQL string lists and struct-based %AshScylla.Schema{}
entries. Struct-based entries are automatically flattened via
AshScylla.Schema.flatten/1.

  


        

      


  

    
MyApp.CustomRepo 
    



      
AshScylla Repo for ash_scylla.
Manages the Xandra connection to ScyllaDB.

      


      
        Summary


  
    Functions
  


    
      
        config()

      


        Returns the full repo config.



    


    
      
        connection()

      


        Returns the connection struct.



    


    
      
        create_keyspace(keyspace_name \\ nil, opts \\ [])

      


        Creates the keyspace if it doesn't exist.



    


    
      
        disable_atomic_actions?()

      


        Returns whether atomic actions are disabled for this repo.



    


    
      
        disable_lwt?()

      


        Returns whether LWT operations are disabled for this repo.



    


    
      
        drop_keyspace(keyspace_name \\ nil)

      


        Drops the keyspace if it doesn't exist.



    


    
      
        installed_extensions()

      


        Returns installed ScyllaDB extensions for this repo.



    


    
      
        keyspace()

      


        Returns the configured keyspace.



    


    
      
        nodes()

      


        Returns the configured nodes.



    


    
      
        prepare(cql, opts \\ [])

      


        Prepares a CQL statement.



    


    
      
        prepare!(cql, opts \\ [])

      


        Prepares a CQL statement, raising on error.



    


    
      
        query(cql, params, opts \\ [])

      


        Executes a CQL query.



    


    
      
        query!(cql, params, opts \\ [])

      


        Executes a CQL query, raising on error.



    





      


      
        Functions


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @spec config() :: keyword()


      


Returns the full repo config.

  



  
    
      
    
    
      connection()



        
          
        

    

  


  

      

          @spec connection() :: AshScylla.Connection.t() | nil


      


Returns the connection struct.

  



    

    

  
    
      
    
    
      create_keyspace(keyspace_name \\ nil, opts \\ [])



        
          
        

    

  


  

      

          @spec create_keyspace(
  String.t() | nil,
  keyword()
) :: {:ok, term()} | {:error, term()}


      


Creates the keyspace if it doesn't exist.

  



  
    
      
    
    
      disable_atomic_actions?()



        
          
        

    

  


  

      

          @spec disable_atomic_actions?() :: boolean()


      


Returns whether atomic actions are disabled for this repo.

  



  
    
      
    
    
      disable_lwt?()



        
          
        

    

  


  

      

          @spec disable_lwt?() :: boolean()


      


Returns whether LWT operations are disabled for this repo.

  



    

  
    
      
    
    
      drop_keyspace(keyspace_name \\ nil)



        
          
        

    

  


  

      

          @spec drop_keyspace(String.t() | nil) :: {:ok, term()} | {:error, term()}


      


Drops the keyspace if it doesn't exist.

  



  
    
      
    
    
      installed_extensions()



        
          
        

    

  


  

      

          @spec installed_extensions() :: [atom()]


      


Returns installed ScyllaDB extensions for this repo.

  



  
    
      
    
    
      keyspace()



        
          
        

    

  


  

      

          @spec keyspace() :: String.t() | nil


      


Returns the configured keyspace.

  



  
    
      
    
    
      nodes()



        
          
        

    

  


  

      

          @spec nodes() :: [String.t()]


      


Returns the configured nodes.

  



    

  
    
      
    
    
      prepare(cql, opts \\ [])



        
          
        

    

  


  

      

          @spec prepare(
  String.t(),
  keyword()
) :: {:ok, Xandra.Prepared.t()} | {:error, term()}


      


Prepares a CQL statement.

  



    

  
    
      
    
    
      prepare!(cql, opts \\ [])



        
          
        

    

  


  

      

          @spec prepare!(
  String.t(),
  keyword()
) :: Xandra.Prepared.t() | no_return()


      


Prepares a CQL statement, raising on error.

  



    

  
    
      
    
    
      query(cql, params, opts \\ [])



        
          
        

    

  


  

      

          @spec query(String.t(), list(), keyword()) :: {:ok, term()} | {:error, term()}


      


Executes a CQL query.

  



    

  
    
      
    
    
      query!(cql, params, opts \\ [])



        
          
        

    

  


  

      

          @spec query!(String.t(), list(), keyword()) :: term() | no_return()


      


Executes a CQL query, raising on error.

  


        

      


  

    
MyApp.ProdRepo 
    



      
AshScylla Repo for my_app.
Manages the Xandra connection to ScyllaDB.

      


      
        Summary


  
    Functions
  


    
      
        config()

      


        Returns the full repo config.



    


    
      
        connection()

      


        Returns the connection struct.



    


    
      
        create_keyspace(keyspace_name \\ nil, opts \\ [])

      


        Creates the keyspace if it doesn't exist.



    


    
      
        disable_atomic_actions?()

      


        Returns whether atomic actions are disabled for this repo.



    


    
      
        disable_lwt?()

      


        Returns whether LWT operations are disabled for this repo.



    


    
      
        drop_keyspace(keyspace_name \\ nil)

      


        Drops the keyspace if it doesn't exist.



    


    
      
        installed_extensions()

      


        Returns installed ScyllaDB extensions for this repo.



    


    
      
        keyspace()

      


        Returns the configured keyspace.



    


    
      
        nodes()

      


        Returns the configured nodes.



    


    
      
        prepare(cql, opts \\ [])

      


        Prepares a CQL statement.



    


    
      
        prepare!(cql, opts \\ [])

      


        Prepares a CQL statement, raising on error.



    


    
      
        query(cql, params, opts \\ [])

      


        Executes a CQL query.



    


    
      
        query!(cql, params, opts \\ [])

      


        Executes a CQL query, raising on error.



    





      


      
        Functions


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @spec config() :: keyword()


      


Returns the full repo config.

  



  
    
      
    
    
      connection()



        
          
        

    

  


  

      

          @spec connection() :: AshScylla.Connection.t() | nil


      


Returns the connection struct.

  



    

    

  
    
      
    
    
      create_keyspace(keyspace_name \\ nil, opts \\ [])



        
          
        

    

  


  

      

          @spec create_keyspace(
  String.t() | nil,
  keyword()
) :: {:ok, term()} | {:error, term()}


      


Creates the keyspace if it doesn't exist.

  



  
    
      
    
    
      disable_atomic_actions?()



        
          
        

    

  


  

      

          @spec disable_atomic_actions?() :: boolean()


      


Returns whether atomic actions are disabled for this repo.

  



  
    
      
    
    
      disable_lwt?()



        
          
        

    

  


  

      

          @spec disable_lwt?() :: boolean()


      


Returns whether LWT operations are disabled for this repo.

  



    

  
    
      
    
    
      drop_keyspace(keyspace_name \\ nil)



        
          
        

    

  


  

      

          @spec drop_keyspace(String.t() | nil) :: {:ok, term()} | {:error, term()}


      


Drops the keyspace if it doesn't exist.

  



  
    
      
    
    
      installed_extensions()



        
          
        

    

  


  

      

          @spec installed_extensions() :: [atom()]


      


Returns installed ScyllaDB extensions for this repo.

  



  
    
      
    
    
      keyspace()



        
          
        

    

  


  

      

          @spec keyspace() :: String.t() | nil


      


Returns the configured keyspace.

  



  
    
      
    
    
      nodes()



        
          
        

    

  


  

      

          @spec nodes() :: [String.t()]


      


Returns the configured nodes.

  



    

  
    
      
    
    
      prepare(cql, opts \\ [])



        
          
        

    

  


  

      

          @spec prepare(
  String.t(),
  keyword()
) :: {:ok, Xandra.Prepared.t()} | {:error, term()}


      


Prepares a CQL statement.

  



    

  
    
      
    
    
      prepare!(cql, opts \\ [])



        
          
        

    

  


  

      

          @spec prepare!(
  String.t(),
  keyword()
) :: Xandra.Prepared.t() | no_return()


      


Prepares a CQL statement, raising on error.

  



    

  
    
      
    
    
      query(cql, params, opts \\ [])



        
          
        

    

  


  

      

          @spec query(String.t(), list(), keyword()) :: {:ok, term()} | {:error, term()}


      


Executes a CQL query.

  



    

  
    
      
    
    
      query!(cql, params, opts \\ [])



        
          
        

    

  


  

      

          @spec query!(String.t(), list(), keyword()) :: term() | no_return()


      


Executes a CQL query, raising on error.

  


        

      


  

    
AshScylla 
    



      
AshScylla is a data layer for Ash Framework that uses ScyllaDB (via Xandra).
Usage
Configure your Ash resource to use AshScylla.DataLayer:
defmodule MyApp.MyResource do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer

  attributes do
    uuid_primary_key :id
    attribute :name, :string
    attribute :email, :string
  end
end
Configure your repo to use AshScylla:
defmodule MyApp.Repo do
  use AshScylla.Repo,
    otp_app: :my_app
end
Then configure your resource to use the repo:
# In your resource configuration
use Ash.Resource,
  data_layer: AshScylla.DataLayer,
  repo: MyApp.Repo
Top-Level Functions
	verify/2 — Verify repo connection, keyspace, and resource tables
	verify!/2 — Same as verify/2 but raises on failure
	migrate/2 — Run migrations for all resources
	create_keyspace/2 — Create the configured keyspace
	version/0 — Return the AshScylla version string


      


      
        Summary


  
    Functions
  


    
      
        create_keyspace(repo, opts \\ [])

      


        Creates the keyspace for a repo if it doesn't exist.



    


    
      
        migrate(repo, opts \\ [])

      


        Runs migrations for all AshScylla resources against the given repo.



    


    
      
        verify(repo, opts \\ [])

      


        Verifies that a repo can connect to ScyllaDB.



    


    
      
        verify!(repo, opts \\ [])

      


        Verifies a repo, raising if verification fails.



    


    
      
        version()

      


        Returns the version of AshScylla.



    





      


      
        Functions


        


    

  
    
      
    
    
      create_keyspace(repo, opts \\ [])



        
          
        

    

  


  

      

          @spec create_keyspace(
  module(),
  keyword()
) :: :ok | {:error, term()}


      


Creates the keyspace for a repo if it doesn't exist.
Examples
AshScylla.create_keyspace(MyApp.Repo)

AshScylla.create_keyspace(MyApp.Repo, strategy: :network_topology, topologies: [{"dc1", 3}, {"dc2", 3}])

  



    

  
    
      
    
    
      migrate(repo, opts \\ [])



        
          
        

    

  


  

      

          @spec migrate(
  module(),
  keyword()
) :: :ok | {:error, term()}


      


Runs migrations for all AshScylla resources against the given repo.
This is a convenience function for use in release tasks or scripts.
Options
	:resources - List of specific resource modules to migrate (default: auto-discover)
	:dry_run - If true, only log statements without executing
	:create_keyspace - Create the keyspace before migrating

Examples
AshScylla.migrate(MyApp.Repo)

AshScylla.migrate(MyApp.Repo, resources: [MyApp.User])

AshScylla.migrate(MyApp.Repo, dry_run: true)

  



    

  
    
      
    
    
      verify(repo, opts \\ [])



        
          
        

    

  


  

      

          @spec verify(
  module(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Verifies that a repo can connect to ScyllaDB.
By default this checks the configured nodes and keyspace. Pass resources: to
also verify that each resource's table exists in the configured keyspace.
Options
	:nodes - Override the configured nodes
	:keyspace - Override the configured keyspace
	:connect_timeout - Override the connection timeout
	:resources - Resource modules whose tables should be verified
	:check_connection? - Whether to open a temporary connection. Defaults to true.

Examples
AshScylla.verify(MyApp.Repo)

AshScylla.verify(MyApp.Repo, resources: [MyApp.User])

AshScylla.verify(MyApp.Repo, check_connection?: false)

  



    

  
    
      
    
    
      verify!(repo, opts \\ [])



        
          
        

    

  


  

      

          @spec verify!(
  module(),
  keyword()
) :: map() | no_return()


      


Verifies a repo, raising if verification fails.

  



  
    
      
    
    
      version()



        
          
        

    

  


  

      

          @spec version() :: String.t()


      


Returns the version of AshScylla.

  


        

      


  

    
AshScylla.DataLayer 
    



      
An Ash data layer for ScyllaDB using Xandra (direct CQL driver).
This data layer implements the Ash.DataLayer behaviour to allow Ash resources
to be backed by ScyllaDB/Cassandra.
Configuration
Configure your resource to use this data layer:
defmodule MyApp.MyResource do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer

  attributes do
    uuid_primary_key :id
    attribute :name, :string
  end

  relationships do
    # Define relationships as needed
  end
end
Features Supported
	:create - Create records
	:read - Read records with filtering
	:update - Update records
	:destroy - Delete records
	:filter - Filter queries
	:limit - Limit results
	:select - Select specific fields
	:multitenancy - Keyspace-based multitenancy
	:upsert - Upsert records (INSERT IF NOT EXISTS with LWT)
	:update_query - Bulk update via filtered queries
	:destroy_query - Bulk delete via filtered queries
	:keyset - Token-based keyset pagination (the default pagination mode)
	:distinct - DISTINCT on partition key columns
	:sort / {:sort, _} - ORDER BY on clustering columns
	:boolean_filter - OR filter rewriting to IN where possible
	:nested_expressions - Nested filter expressions
	{:filter_expr, _} - Filter expression support
	:changeset_filter - Changeset-based filtering
	:calculate - In-memory calculations
	:action_select - Action-specific select
	:async_engine - Async engine support
	:bulk_create - Batch INSERT operations
	:transact - Transaction wrapper
	:composite_primary_key - Composite primary key support
	{:aggregate, :count} / {:aggregate, :sum} / {:aggregate, :avg} / {:aggregate, :min} / {:aggregate, :max} - Per-partition aggregate functions
	{:query_aggregate, :count} / {:query_aggregate, :sum} / {:query_aggregate, :avg} / {:query_aggregate, :min} / {:query_aggregate, :max} - Query-level aggregate functions (Ash.count/2, Ash.sum/2, etc.)
	{:aggregate_relationship, _} - Relationship aggregates (belongs_to via per-record subqueries)
	{:atomic, :update} - Atomic updates via LWT (IF clauses)
	{:atomic, :upsert} - Atomic upserts via LWT
	{:atomic, :create} - Atomic creates

Features NOT Supported
	:offset - ScyllaDB has no OFFSET; use keyset pagination
	:expr_error - Expression error handling not implemented
	:expression_calculation_sort - Not supported
	:aggregate_filter - Aggregate filtering not supported
	:aggregate_sort - Aggregate sorting not supported
	:bulk_create_with_partial_success - Bulk create is all-or-nothing
	:update_many - Update-many not implemented
	:composite_type - Composite types not supported
	:through_relationship - Through relationships not supported
	:bulk_upsert_return_skipped - Not supported
	:distinct_sort - Not supported
	{:combine, :union} / {:combine, :union_all} / {:combine, :intersection} - No combination queries
	{:lock, :for_update} - Locking is a no-op
	{:join, _} - No JOINs (use denormalization)
	{:lateral_join, _} - No lateral joins
	{:filter_relationship, _} - Relationship filtering not supported
	{:exists, :unrelated} - Exists queries not supported
	{:aggregate, :unrelated} - Unrelated aggregates not supported
	{:query_aggregate, :list} / {:query_aggregate, :first} / {:query_aggregate, :exists} / {:query_aggregate, :custom} - Only COUNT, SUM, AVG, MIN, MAX are supported
	{:aggregate, :list} / {:aggregate, :first} / {:aggregate, :exists} / {:aggregate, :custom} - Only COUNT, SUM, AVG, MIN, MAX are supported
	{:aggregate, :unrelated} - Unrelated aggregates not supported

Ash Query Extensions
The following Ash 3.0+ query features are supported via Xandra:
	fragment/1+ — raw CQL injection: fragment("col = ?", value) passes through to Xandra directly
	now(), today(), ago(...), from_now(...) — evaluated client-side by Ash before reaching the data layer
	has(collection_col, value) — maps to CQL CONTAINS on collection/set/list columns
	overlaps(collection_col, [a, b]) — maps to col CONTAINS a OR col CONTAINS b with ALLOW FILTERING
	Arithmetic operators (+, -, *, /) — evaluated client-side by Ash
	String functions (concat, contains, starts_with, ends_with, string_length, etc.) — maps to CQL LIKE where applicable
	if/3, is_nil/1, length/1, round/1, string_downcase/1, string_trim/1 — evaluated client-side by Ash

Limitations
Since ScyllaDB/Cassandra is a wide-column store, not all SQL features are supported:
	No JOINs (use denormalization or multiple queries)
	Expression calculations are done in Elixir post-processing (not in-database)
	DISTINCT only works on partition key columns
	Limited aggregation support
	Combination queries (UNION/INTERSECT) are not supported
	No transactions across partitions (lightweight transactions only)
	Locking is a no-op (use LWT for conditional operations)
	No complex WHERE clauses on non-primary key columns without secondary indexes
	Cross-partition aggregates require materialized views
	CQL ORDER BY only works on clustering columns within a partition

Filtering with LIKE (contains / starts_with / ends_with)
Ash's contains/2, starts_with/2, and ends_with/2 are translated to CQL
LIKE. In ScyllaDB, LIKE is only available on columns indexed with a
SASI index (or a similar text index). A LIKE filter against an unindexed
column will fail at query time rather than silently returning wrong results.
If you rely on substring/prefix/suffix matching, declare a SASI index on the
relevant column (e.g. via secondary_index with the appropriate index type)
or expect the query to error.
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        Returns the qualified table name (with keyspace prefix if configured).
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          @spec ash_type_to_cql(atom() | tuple()) :: String.t()


      



  



  
    
      
    
    
      qualified_table(resource)



        
          
        

    

  


  

      

          @spec qualified_table(module()) :: String.t()


      


Returns the qualified table name (with keyspace prefix if configured).
Examples
iex> AshScylla.DataLayer.qualified_table(MyResource)
"test_ks.my_table"

  



  
    
      
    
    
      upsert(resource, changeset)



        
          
        

    

  


  

      

          @spec upsert(Ash.Resource.t(), Ash.Changeset.t()) ::
  {:ok, Ash.Resource.t()} | {:error, term()}


      



  



  
    
      
    
    
      uuid_attribute_names(resource)



        
          
        

    

  


  

      

          @spec uuid_attribute_names(module()) :: MapSet.t(atom() | String.t())


      



  


        

      


  

    
AshScylla.Query 
    



      
Represents a pending ScyllaDB query being built from Ash query expressions.
Passed through the query pipeline and converted to CQL at execution time.
This module is the single owner of the query struct — DataLayer and QueryBuilder
operate on %AshScylla.Query{} but do not define their own.
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        t()

      


        The pending ScyllaDB query struct.



    





  
    Functions
  


    
      
        new(resource)

      


        Create a new query from just a resource (repo resolved from DSL).



    


    
      
        new(resource, repo)

      


        Create a new query from a resource and repo.
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          @type t() :: %AshScylla.Query{
  aggregates: [map()],
  atomic: atom() | nil,
  context: map(),
  distinct: [atom()] | nil,
  filters: list(),
  group_by: [atom()] | nil,
  keyset: term(),
  limit: pos_integer() | nil,
  repo: module() | nil,
  resource: Ash.Resource.t(),
  select: [atom()] | nil,
  sorts: list(),
  table: String.t() | nil,
  tenant: term(),
  upsert?: boolean(),
  upsert_fields: [atom()],
  upsert_identity: atom() | nil
}


      


The pending ScyllaDB query struct.
Built from Ash query expressions and converted to CQL at execution time.
Fields
	:resource — the Ash resource module
	:repo — the AshScylla repo module used to run queries
	:table — the ScyllaDB table name
	:filters — list of filter expressions for the WHERE clause
	:sorts — list of sort expressions for the ORDER BY clause
	:limit — optional LIMIT value
	:select — optional list of columns to SELECT
	:distinct — optional list of columns for SELECT DISTINCT
	:tenant — multitenancy tenant identifier
	:context — arbitrary context map passed through the query pipeline
	:atomic — optional atomic operation type (e.g. {:atomic, :upsert})
	:upsert? — whether this query uses upsert semantics
	:upsert_fields — fields to upsert on conflict
	:upsert_identity — identity to use for upsert conflict resolution
	:keyset — keyset pagination cursor
	:aggregates — list of aggregate specifications
	:group_by — optional list of columns for GROUP BY
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          @spec new(module()) :: t()


      


Create a new query from just a resource (repo resolved from DSL).

  



  
    
      
    
    
      new(resource, repo)



        
          
        

    

  


  

      

          @spec new(module(), module()) :: t()


      


Create a new query from a resource and repo.
Reads table, keyspace, consistency, and TTL from the resource's DSL config.

  


        

      


  

    
AshScylla.Migration 
    



      
CQL schema generation helpers for ScyllaDB.
This module generates raw CQL DDL statements (CREATE TABLE, CREATE INDEX,
CREATE TYPE, etc.) from Ash resource definitions. It is NOT an Ecto SQL
migration runner — CQL has no transactional DDL concept.
These helpers return CQL strings that you execute via AshScylla.Migrator.run/3
in your migration modules, or directly through your repo at runtime.
Example Migration
defmodule MyApp.Repo.Migrations.CreateUsers do
  def change do
    AshScylla.Migration.create_table_cql(MyApp.User)
    |> then(&AshScylla.Migrator.run!/3)
  end
end
Important Note on create_table_cql/1
This function reads compile-time module attributes set by the Ash resource DSL.
For runtime use, prefer Ash.Resource.Info.attributes/1 combined with
AshScylla.DataLayer.Dsl.table/1.
Functions
	create_table_cql/1 — Generate CREATE TABLE IF NOT EXISTS CQL
	create_secondary_indexes_cql/1 — Generate CREATE INDEX IF NOT EXISTS CQL
	create_type/2 — Generate CREATE TYPE IF NOT EXISTS CQL
	drop_type/1 — Generate DROP TYPE IF NOT EXISTS CQL
	alter_type_cql/3 — Generate ALTER TYPE CQL (add/rename fields)
	quote_name/1 — Safely quote CQL identifiers
	ash_type_to_cql_type/2 — Convert Ash type to CQL type string


      


      
        Summary


  
    Functions
  


    
      
        alter_type_cql(type_name, action, fields)

      


        Generates CQL for altering a UDT (add or rename fields).



    


    
      
        ash_type_to_cql_type(type, opts)

      


        Converts an Ash type atom to its CQL type string representation.



    


    
      
        create_secondary_indexes_cql(resource)

      


        Generates CQL CREATE INDEX statements for secondary indexes.



    


    
      
        create_table_cql(resource)

      


        Generates a CQL CREATE TABLE statement for an Ash resource.



    


    
      
        create_table_cql(resource, opts)

      


    


    
      
        create_type(type_name, fields)

      


        Define a User Defined Type (UDT) in ScyllaDB.



    


    
      
        create_type_cql(type_name, fields)

      


        Generates CQL for creating a UDT from a type name and field specs.



    


    
      
        drop_secondary_index_cql(resource, index_name)

      


        Generates a CQL DROP INDEX statement for a secondary index.



    


    
      
        drop_type(type_name)

      


        Drop a User Defined Type (UDT) in ScyllaDB.



    


    
      
        drop_type_cql(type_name)

      


        Generates CQL for dropping a UDT.



    


    
      
        execute(statements, opts \\ [])

      


        Executes migration CQL via the Migrator.



    


    
      
        keyspace(resource)

      


        Returns the keyspace for a resource if configured via DSL.



    


    
      
        list_types_cql()

      


        Generates CQL to list all UDTs in the keyspace.



    


    
      
        quote_name(name)

      


    


    
      
        type_exists_cql(type_name)

      


        Generates CQL to check if a UDT exists.
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      alter_type_cql(type_name, action, fields)



        
          
        

    

  


  

      

          @spec alter_type_cql(String.t() | atom(), :add | :rename, [{atom(), atom()}]) ::
  String.t()


      


Generates CQL for altering a UDT (add or rename fields).
Examples
alter_type_cql("address", :add, [country: :text])
alter_type_cql("address", :rename, [new_zip: :zip_code])

  



  
    
      
    
    
      ash_type_to_cql_type(type, opts)



        
          
        

    

  


  

      

          @spec ash_type_to_cql_type(
  atom(),
  keyword()
) :: String.t()


      


Converts an Ash type atom to its CQL type string representation.
Delegates to AshScylla.DataLayer.Types.ash_type_to_cql_type/2.
Examples
iex> AshScylla.Migration.ash_type_to_cql_type(:uuid, [])
"UUID"

iex> AshScylla.Migration.ash_type_to_cql_type(:string, [])
"TEXT"

iex> AshScylla.Migration.ash_type_to_cql_type(:map, key_type: "TEXT", value_type: "INT")
"MAP<TEXT, INT>"

  



  
    
      
    
    
      create_secondary_indexes_cql(resource)



        
          
        

    

  


  

      

          @spec create_secondary_indexes_cql(module()) :: [String.t()]


      


Generates CQL CREATE INDEX statements for secondary indexes.
Returns a list of CQL strings that should be executed in migrations.
Example
defmodule MyApp.Repo.Migrations.CreateUserIndexes do
  def change do
    AshScylla.Migration.create_secondary_indexes_cql(MyApp.User)
    |> Enum.each(&AshScylla.Migrator.run!/3)
  end
end

  



  
    
      
    
    
      create_table_cql(resource)



        
          
        

    

  


  

      

          @spec create_table_cql(module()) :: String.t()


      


Generates a CQL CREATE TABLE statement for an Ash resource.
Returns a raw CQL string. Execute it in a migration via AshScylla.Migrator.run/3
or directly through your repo at runtime.

  



  
    
      
    
    
      create_table_cql(resource, opts)



        
          
        

    

  


  

      

          @spec create_table_cql(
  module(),
  keyword()
) :: String.t()


      



  



  
    
      
    
    
      create_type(type_name, fields)



        
          
        

    

  


  

      

          @spec create_type(
  String.t(),
  keyword()
) :: String.t()


          @spec create_type(String.t() | atom(), [{atom(), atom()}]) :: String.t()


      


Define a User Defined Type (UDT) in ScyllaDB.
Supports two calling styles:
Keyword-list style (with do block)
create_type "full_name" do
  field :first_name, :text
  field :last_name, :text
end
Explicit field-list style
create_type("address", city: :text, street: :text, zip: :text)
Both generate:
CREATE TYPE IF NOT EXISTS <name> (field1 TYPE1, field2 TYPE2)

  



  
    
      
    
    
      create_type_cql(type_name, fields)



        
          
        

    

  


  

      

          @spec create_type_cql(String.t() | atom(), [{atom(), atom()}]) :: String.t()


      


Generates CQL for creating a UDT from a type name and field specs.
Returns a raw CQL string.

  



  
    
      
    
    
      drop_secondary_index_cql(resource, index_name)



        
          
        

    

  


  

      

          @spec drop_secondary_index_cql(module(), String.t()) :: String.t()


      


Generates a CQL DROP INDEX statement for a secondary index.

  



  
    
      
    
    
      drop_type(type_name)



        
          
        

    

  


  

      

          @spec drop_type(String.t()) :: String.t()


      


Drop a User Defined Type (UDT) in ScyllaDB.

  



  
    
      
    
    
      drop_type_cql(type_name)



        
          
        

    

  


  

      

          @spec drop_type_cql(String.t() | atom()) :: String.t()


      


Generates CQL for dropping a UDT.
Returns a raw CQL string.

  



    

  
    
      
    
    
      execute(statements, opts \\ [])



        
          
        

    

  


  

      

          @spec execute(
  [String.t()],
  keyword()
) :: {:ok, [term()]} | {:error, term()}


      


Executes migration CQL via the Migrator.

  



  
    
      
    
    
      keyspace(resource)



        
          
        

    

  


  

      

          @spec keyspace(module()) :: String.t() | nil


      


Returns the keyspace for a resource if configured via DSL.

  



  
    
      
    
    
      list_types_cql()



        
          
        

    

  


  

      

          @spec list_types_cql() :: String.t()


      


Generates CQL to list all UDTs in the keyspace.
Returns a raw CQL string.

  



  
    
      
    
    
      quote_name(name)



        
          
        

    

  


  

      

          @spec quote_name(atom() | String.t()) :: String.t()


      



  



  
    
      
    
    
      type_exists_cql(type_name)



        
          
        

    

  


  

      

          @spec type_exists_cql(String.t() | atom()) :: String.t()


      


Generates CQL to check if a UDT exists.
Returns a raw CQL string.

  


        

      


  

    
AshScylla.DataLayer.Batch 
    



      
Batch operations support for AshScylla using ScyllaDB's BATCH statements.
ScyllaDB/Cassandra supports batch operations for executing multiple
CQL statements in a single request.
Synchronous Batches
For small batches or when ordering matters, use batch_insert/3,
batch_update/3, or batch_delete/3.
Async Partition-Aware Batches
For large bulk operations, use batch_insert_async/4. This function:
	Groups records by partition key (safe for ScyllaDB)
	Executes sub-batches in parallel using Task.async_stream
	Respects ScyllaDB's recommendation to avoid cross-partition BATCH statements

Examples
# Synchronous batch
statements = [
  {"INSERT INTO users (id, name) VALUES (?, ?)", [id1, "Alice"]},
  {"INSERT INTO users (id, name) VALUES (?, ?)", [id2, "Bob"]}
]
AshScylla.DataLayer.Batch.batch_insert(repo, statements)

# Async partition-aware batch
AshScylla.DataLayer.Batch.batch_insert_async(repo, statements, max_concurrency: 8)
Consistency
Batch operations use :all consistency by default. Override with
consistency: option.

      


      
        Summary


  
    Functions
  


    
      
        batch_delete(repo, statements, opts \\ [])

      


        Executes a batch of DELETE statements.



    


    
      
        batch_insert(repo, statements, opts \\ [])

      


        Executes a batch of INSERT statements.



    


    
      
        batch_insert_async(repo, statements, opts \\ [])

      


        Executes batch inserts asynchronously, grouped by partition key.



    


    
      
        batch_update(repo, statements, opts \\ [])

      


        Executes a batch of UPDATE statements.



    


    
      
        chunk_batch(statements, opts \\ [])

      


        Splits a list of statements into chunks suitable for BATCH execution.



    


    
      
        default_max_statements_per_batch()

      


        Returns the default max statements per batch.



    


    
      
        partition_key(record, resource)

      


    


    
      
        partition_key_hash(params, pk_columns)
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      batch_delete(repo, statements, opts \\ [])



        
          
        

    

  


  

      

          @spec batch_delete(module(), [{String.t(), list()}], keyword()) ::
  {:ok, term()} | {:error, term()}


      


Executes a batch of DELETE statements.

  



    

  
    
      
    
    
      batch_insert(repo, statements, opts \\ [])



        
          
        

    

  


  

      

          @spec batch_insert(module(), [{String.t(), list()}], keyword()) ::
  {:ok, term()} | {:error, term()}


      


Executes a batch of INSERT statements.

  



    

  
    
      
    
    
      batch_insert_async(repo, statements, opts \\ [])



        
          
        

    

  


  

      

          @spec batch_insert_async(module(), [{String.t(), list()}], keyword()) ::
  {:ok, [term()]} | {:error, term()}


      


Executes batch inserts asynchronously, grouped by partition key.
This is the recommended approach for large bulk inserts in ScyllaDB.
Records are grouped by their partition key values, and each group
is executed as a separate batch in parallel. This avoids the
cross-partition BATCH anti-pattern.
Options
	:max_concurrency - Maximum number of concurrent batch executions
(defaults to System.schedulers_online())

Examples
statements = [
  {"INSERT INTO users (id, name) VALUES (?, ?)", [id1, "Alice"]},
  {"INSERT INTO users (id, name) VALUES (?, ?)", [id2, "Bob"]},
  # ... hundreds more
]

DataLayer.Batch.batch_insert_async(repo, statements, resource: MyApp.User)

  



    

  
    
      
    
    
      batch_update(repo, statements, opts \\ [])



        
          
        

    

  


  

      

          @spec batch_update(module(), [{String.t(), list()}], keyword()) ::
  {:ok, term()} | {:error, term()}


      


Executes a batch of UPDATE statements.

  



    

  
    
      
    
    
      chunk_batch(statements, opts \\ [])



        
          
        

    

  


  

      

          @spec chunk_batch(
  [{String.t(), list()}],
  keyword()
) :: [[{String.t(), list()}]]


      


Splits a list of statements into chunks suitable for BATCH execution.
ScyllaDB has a configurable batch size threshold (default warn at 128KB,
fail at 256KB). Sending too many statements in a single BATCH will
cause performance degradation or outright failure. This function
chunks statements to stay within safe limits.
Options
	:max_statements_per_batch — Maximum statements per chunk (default: 500)

Examples
statements = [{"INSERT INTO users (id) VALUES (?)", [i]} | 1..2000]
chunks = AshScylla.DataLayer.Batch.chunk_batch(statements)
# => 4 chunks of 500 statements each

  



  
    
      
    
    
      default_max_statements_per_batch()



        
          
        

    

  


  

      

          @spec default_max_statements_per_batch() :: pos_integer()


      


Returns the default max statements per batch.

  



  
    
      
    
    
      partition_key(record, resource)



        
          
        

    

  


  

      

          @spec partition_key(map(), module()) :: map()


      



  



  
    
      
    
    
      partition_key_hash(params, pk_columns)



        
          
        

    

  


  

      

          @spec partition_key_hash(list(), [atom()] | nil) :: non_neg_integer()


      



  


        

      


  

    
AshScylla.DataLayer.Collection 
    



      
Collection type (LIST, SET, MAP) optimization for ScyllaDB.
Provides encoding/decoding, CQL generation, and query building
for ScyllaDB collection types with support for:
	Frozen collections (immutable, stored as single values)
	Collection literals in CQL
	Collection operations (append, prepend, remove, index access)
	Secondary indexes on collections (for SET/LIST: full collection;
for MAP: keys, values, or entries)

Usage
# Encode a list for Xandra
AshScylla.DataLayer.Collection.encode([1, 2, 3], :list, element_type: :int)

# Generate CQL for appending to a collection
AshScylla.DataLayer.Collection.append_cql(:users, :tags, ["new_tag"])

# Generate a CONTAINS filter
AshScylla.DataLayer.Collection.contains_cql(:users, :tags, "search_tag")
Xandra Encoding
	LIST → Elixir list (preserves order, allows duplicates)
	SET → Elixir MapSet (unordered, unique)
	MAP → Elixir map (key-value pairs)
	Frozen → Tuple (immutable, stored as single blob)


      


      
        Summary


  
    Functions
  


    
      
        append_cql(table, column, value)

      


        Generates CQL for appending to a collection.



    


    
      
        collection_index_cql(table, column, index_type)

      


        Generates CQL for a secondary index on a collection column.



    


    
      
        collection_type_to_cql(atom, opts)

      


        Returns the CQL type string for a collection type.



    


    
      
        contains_cql(table, column, value)

      


        Generates CQL for a CONTAINS filter (for queries).



    


    
      
        contains_key_cql(table, column, value)

      


        Generates CQL for a CONTAINS KEY filter (for map queries).



    


    
      
        decode(value, atom, opts)

      


        Decodes a collection from Xandra to Elixir format.



    


    
      
        encode(value, atom, opts)

      


        Encodes an Elixir collection to Xandra-compatible format.



    


    
      
        get_at_cql(table, column, index)

      


        Generates CQL for accessing a collection element by index/key.



    


    
      
        optimize_for_storage(value, atom, opts)

      


        Optimizes a collection value for storage.



    


    
      
        prepend_cql(table, column, value)

      


        Generates CQL for prepending to a list.



    


    
      
        remove_cql(table, column, value)

      


        Generates CQL for removing from a collection.



    


    
      
        set_at_cql(table, column, index, value)

      


        Generates CQL for setting a collection element by index/key.



    


    
      
        size_cql(table, column)

      


        Generates CQL for getting collection size.



    


    
      
        validate(value, atom, opts)

      


        Validates a collection value against its declared type.



    





      


      
        Functions


        


  
    
      
    
    
      append_cql(table, column, value)



        
          
        

    

  


  

      

          @spec append_cql(String.t() | atom(), atom(), term()) :: String.t()


      


Generates CQL for appending to a collection.
Uses the + operator to append elements.
Examples
iex> AshScylla.DataLayer.Collection.append_cql(:users, :tags, ["new_tag"])
"UPDATE users SET tags = tags + ? WHERE ..."

iex> AshScylla.DataLayer.Collection.append_cql("users", :tags, ["new_tag"])
"UPDATE users SET tags = tags + ? WHERE ..."

  



  
    
      
    
    
      collection_index_cql(table, column, index_type)



        
          
        

    

  


  

      

          @spec collection_index_cql(
  String.t() | atom(),
  atom(),
  :values | :keys | :entries | :full
) ::
  String.t()


      


Generates CQL for a secondary index on a collection column.
Index Types
	:full — Index the entire frozen collection
	:values — Index individual values in a set or list
	:keys — Index map keys
	:entries — Index map entries as key-value pairs

Examples
iex> AshScylla.DataLayer.Collection.collection_index_cql(:users, :tags, :values)
"CREATE INDEX ON users (VALUES(tags))"

iex> AshScylla.DataLayer.Collection.collection_index_cql(:users, :metadata, :keys)
"CREATE INDEX ON users (KEYS(metadata))"

iex> AshScylla.DataLayer.Collection.collection_index_cql(:users, :frozen_data, :full)
"CREATE INDEX ON users (FULL(frozen_data))"

  



  
    
      
    
    
      collection_type_to_cql(atom, opts)



        
          
        

    

  


  

      

          @spec collection_type_to_cql(
  atom(),
  keyword()
) :: String.t()


      


Returns the CQL type string for a collection type.
Options
	:element_type — Element type for list/set (default: :text)
	:key_type — Key type for map (default: :text)
	:value_type — Value type for map (default: :text)
	:frozen — If true, wrap in FROZEN<...>

Examples
iex> AshScylla.DataLayer.Collection.collection_type_to_cql(:list, element_type: :text)
"LIST<TEXT>"

iex> AshScylla.DataLayer.Collection.collection_type_to_cql(:set, element_type: :int)
"SET<INT>"

iex> AshScylla.DataLayer.Collection.collection_type_to_cql(:map, key_type: :text, value_type: :int)
"MAP<TEXT, INT>"

iex> AshScylla.DataLayer.Collection.collection_type_to_cql(:list, element_type: :text, frozen: true)
"FROZEN<LIST<TEXT>>"

  



  
    
      
    
    
      contains_cql(table, column, value)



        
          
        

    

  


  

      

          @spec contains_cql(String.t() | atom(), atom(), term()) :: {String.t(), [term()]}


      


Generates CQL for a CONTAINS filter (for queries).
Returns a {cql_fragment, params} tuple.
Examples
iex> AshScylla.DataLayer.Collection.contains_cql(:users, :tags, "admin")
{"tags CONTAINS ?", ["admin"]}

  



  
    
      
    
    
      contains_key_cql(table, column, value)



        
          
        

    

  


  

      

          @spec contains_key_cql(String.t() | atom(), atom(), term()) :: {String.t(), [term()]}


      


Generates CQL for a CONTAINS KEY filter (for map queries).
Returns a {cql_fragment, params} tuple.
Examples
iex> AshScylla.DataLayer.Collection.contains_key_cql(:users, :metadata, "role")
{"metadata CONTAINS KEY ?", ["role"]}

  



  
    
      
    
    
      decode(value, atom, opts)



        
          
        

    

  


  

      

          @spec decode(term(), atom(), keyword()) :: term()


      


Decodes a collection from Xandra to Elixir format.
Options
	:frozen — If true, unwrap from tuple format

Examples
iex> AshScylla.DataLayer.Collection.decode(["a", "b"], :list, [])
["a", "b"]

iex> AshScylla.DataLayer.Collection.decode({1, 2, 3}, :set, frozen: true)
[1, 2, 3]

iex> AshScylla.DataLayer.Collection.decode({"k", "v"}, :map, frozen: true)
%{"k" => "v"}

  



  
    
      
    
    
      encode(value, atom, opts)



        
          
        

    

  


  

      

          @spec encode(term(), atom(), keyword()) :: term()


      


Encodes an Elixir collection to Xandra-compatible format.
Options
	:element_type — The type of elements (:text, :int, :uuid, etc.)
	:key_type — For maps, the key type (default: :text)
	:value_type — For maps, the value type (default: :text)
	:frozen — If true, wrap in a tuple for frozen collections

Examples
iex> AshScylla.DataLayer.Collection.encode(["a", "b"], :list, element_type: :text)
["a", "b"]

iex> AshScylla.DataLayer.Collection.encode([1, 2, 3], :set, element_type: :int)
MapSet.new([1, 2, 3])

iex> AshScylla.DataLayer.Collection.encode(%{"k" => "v"}, :map, key_type: :text, value_type: :text)
%{"k" => "v"}

  



  
    
      
    
    
      get_at_cql(table, column, index)



        
          
        

    

  


  

      

          @spec get_at_cql(String.t() | atom(), atom(), non_neg_integer() | String.t()) ::
  String.t()


      


Generates CQL for accessing a collection element by index/key.
Examples
iex> AshScylla.DataLayer.Collection.get_at_cql(:users, :items, 0)
"SELECT items[?] FROM users WHERE ..."

iex> AshScylla.DataLayer.Collection.get_at_cql(:users, :metadata, "key")
"SELECT metadata[?] FROM users WHERE ..."

  



  
    
      
    
    
      optimize_for_storage(value, atom, opts)



        
          
        

    

  


  

      

          @spec optimize_for_storage(term(), atom(), keyword()) :: term()


      


Optimizes a collection value for storage.
For lists: no change.
For sets: sorts for consistent encoding.
For maps: no change.
For frozen: converts to tuple.
Examples
iex> AshScylla.DataLayer.Collection.optimize_for_storage([3, 1, 2], :set, element_type: :int)
[1, 2, 3]

iex> AshScylla.DataLayer.Collection.optimize_for_storage(["a", "b"], :list, element_type: :text)
["a", "b"]

  



  
    
      
    
    
      prepend_cql(table, column, value)



        
          
        

    

  


  

      

          @spec prepend_cql(String.t() | atom(), atom(), term()) :: String.t()


      


Generates CQL for prepending to a list.
Uses the + operator with the value on the left side (list prepend).
Examples
iex> AshScylla.DataLayer.Collection.prepend_cql(:users, :items, ["first"])
"UPDATE users SET items = ? + items WHERE ..."

  



  
    
      
    
    
      remove_cql(table, column, value)



        
          
        

    

  


  

      

          @spec remove_cql(String.t() | atom(), atom(), term()) :: String.t()


      


Generates CQL for removing from a collection.
Uses the - operator to remove elements.
Examples
iex> AshScylla.DataLayer.Collection.remove_cql(:users, :tags, ["old_tag"])
"UPDATE users SET tags = tags - ? WHERE ..."

  



  
    
      
    
    
      set_at_cql(table, column, index, value)



        
          
        

    

  


  

      

          @spec set_at_cql(String.t() | atom(), atom(), non_neg_integer() | String.t(), term()) ::
  String.t()


      


Generates CQL for setting a collection element by index/key.
Examples
iex> AshScylla.DataLayer.Collection.set_at_cql(:users, :items, 0, "first")
"UPDATE users SET items[?] = ? WHERE ..."

iex> AshScylla.DataLayer.Collection.set_at_cql(:users, :metadata, "key", "val")
"UPDATE users SET metadata[?] = ? WHERE ..."

  



  
    
      
    
    
      size_cql(table, column)



        
          
        

    

  


  

      

          @spec size_cql(String.t() | atom(), atom()) :: String.t()


      


Generates CQL for getting collection size.
Examples
iex> AshScylla.DataLayer.Collection.size_cql(:users, :tags)
"SELECT SIZE(tags) FROM users WHERE ..."

  



  
    
      
    
    
      validate(value, atom, opts)



        
          
        

    

  


  

      

          @spec validate(term(), atom(), keyword()) :: :ok | {:error, String.t()}


      


Validates a collection value against its declared type.
Examples
iex> AshScylla.DataLayer.Collection.validate(["a", "b"], :list, element_type: :text)
:ok

iex> AshScylla.DataLayer.Collection.validate("not_a_list", :list, element_type: :text)
{:error, "Expected a list, got: "not_a_list""}

  


        

      


  

    
AshScylla.DataLayer.Compression 
    



      
Compression support for large payloads in ScyllaDB.
Provides:
	Application-level compression/decompression for large text and binary fields
	Table-level compression configuration CQL generation
	Transparent compression for fields marked as compressible

Compression Algorithms
	:lz4 — Fast compression/decompression, good for real-time workloads
	:snappy — Google's Snappy, balanced speed/ratio
	:deflate — zlib/gzip, better ratio but slower
	:zstd — Zstandard, excellent ratio with good speed

Usage
# Compress a value before storing
compressed = AshScylla.DataLayer.Compression.compress(large_text, :zstd)

# Decompress after reading
original = AshScylla.DataLayer.Compression.decompress(compressed, :zstd)

# Generate table compression CQL
AshScylla.DataLayer.Compression.table_compression_cql(:lz4)
Threshold
Compression is only applied to values larger than 1024 bytes by default.
Adjust with the :threshold option.

      


      
        Summary


  
    Functions
  


    
      
        chunk_length_cql(size_kb)

      


        Generates CQL for chunk length configuration.



    


    
      
        compress(value, algorithm)

      


        Compresses a binary value using the specified algorithm.



    


    
      
        compress_if_large(value, algorithm, threshold)

      


        Compresses a value only if it exceeds the given threshold size.



    


    
      
        compression_clause(algorithm, opts \\ [])

      


        Generates the full compression clause for a CREATE TABLE statement.



    


    
      
        crc_check_chance_cql(chance)

      


        Generates CQL for CRC check chance configuration.



    


    
      
        decompress(data, algorithm)

      


        Decompresses a binary value using the algorithm indicated by the 1-byte marker prefix.



    


    
      
        default_compression_cql(algorithm)

      


        Generates CQL for the default compression class.



    


    
      
        default_threshold()

      


        Returns the default compression threshold in bytes.



    


    
      
        estimated_size(value, algorithm)

      


        Estimates the compressed size without actually compressing.



    


    
      
        should_compress?(value, threshold)

      


        Checks if a value should be compressed based on size threshold.



    


    
      
        table_compression_cql(algorithm, opts \\ [])

      


        Generates CQL for table-level compression configuration.



    





      


      
        Functions


        


  
    
      
    
    
      chunk_length_cql(size_kb)



        
          
        

    

  


  

      

          @spec chunk_length_cql(non_neg_integer()) :: String.t()


      


Generates CQL for chunk length configuration.
Returns a chunk_length_kb = N string suitable for inclusion in a compression clause.
Examples
iex> AshScylla.DataLayer.Compression.chunk_length_cql(64)
"chunk_length_kb = 64"

  



  
    
      
    
    
      compress(value, algorithm)



        
          
        

    

  


  

      

          @spec compress(binary(), atom()) :: binary()


      


Compresses a binary value using the specified algorithm.
The compressed output is prefixed with a 1-byte algorithm marker so that
decompress/2 can identify which algorithm was used.
Examples
iex> AshScylla.DataLayer.Compression.compress("hello world", :deflate)
<<3, ...>>

iex> AshScylla.DataLayer.Compression.compress("hello world", :lz4)
<<1, ...>>

  



  
    
      
    
    
      compress_if_large(value, algorithm, threshold)



        
          
        

    

  


  

      

          @spec compress_if_large(binary(), atom(), non_neg_integer()) ::
  {:compressed, binary()} | {:ok, binary()}


      


Compresses a value only if it exceeds the given threshold size.
Returns {:compressed, compressed_binary} if the value was compressed,
or {:ok, original_binary} if the value was below the threshold.
Examples
iex> AshScylla.DataLayer.Compression.compress_if_large("small", :deflate, 1024)
{:ok, "small"}

iex> AshScylla.DataLayer.Compression.compress_if_large(String.duplicate("a", 2048), :deflate, 1024)
{:compressed, <<3, ...>>}

  



    

  
    
      
    
    
      compression_clause(algorithm, opts \\ [])



        
          
        

    

  


  

      

          @spec compression_clause(
  atom(),
  keyword()
) :: String.t()


      


Generates the full compression clause for a CREATE TABLE statement.
Combines algorithm class, chunk length, and CRC check chance into a single
WITH compression = {...} clause.
Options
	:chunk_length_kb — Chunk size in kilobytes (positive integer)
	:crc_check_chance — Probability of CRC check (float between 0.0 and 1.0)

Examples
iex> AshScylla.DataLayer.Compression.compression_clause(:lz4, chunk_length_kb: 64)
"WITH compression = {'class': 'LZ4Compressor', 'chunk_length_kb': 64}"

iex> AshScylla.DataLayer.Compression.compression_clause(:zstd, chunk_length_kb: 128, crc_check_chance: 0.75)
"WITH compression = {'class': 'ZstdCompressor', 'chunk_length_kb': 128, 'crc_check_chance': 0.75}"

  



  
    
      
    
    
      crc_check_chance_cql(chance)



        
          
        

    

  


  

      

          @spec crc_check_chance_cql(float()) :: String.t()


      


Generates CQL for CRC check chance configuration.
Returns a crc_check_chance = N string suitable for inclusion in a compression clause.
Examples
iex> AshScylla.DataLayer.Compression.crc_check_chance_cql(0.5)
"crc_check_chance = 0.5"

  



  
    
      
    
    
      decompress(data, algorithm)



        
          
        

    

  


  

      

          @spec decompress(binary(), atom()) :: binary()


      


Decompresses a binary value using the algorithm indicated by the 1-byte marker prefix.
Examples
iex> data = AshScylla.DataLayer.Compression.compress("hello world", :deflate)
iex> AshScylla.DataLayer.Compression.decompress(data, :deflate)
"hello world"

  



  
    
      
    
    
      default_compression_cql(algorithm)



        
          
        

    

  


  

      

          @spec default_compression_cql(atom()) :: String.t()


      


Generates CQL for the default compression class.
Returns a WITH compression = {'class': '...'} clause.
Examples
iex> AshScylla.DataLayer.Compression.default_compression_cql(:lz4)
"WITH compression = {'class': 'LZ4Compressor'}"

  



  
    
      
    
    
      default_threshold()



        
          
        

    

  


  

      

          @spec default_threshold() :: non_neg_integer()


      


Returns the default compression threshold in bytes.
Values smaller than this threshold are not compressed by compress_if_large/3.
Examples
iex> AshScylla.DataLayer.Compression.default_threshold()
1024

  



  
    
      
    
    
      estimated_size(value, algorithm)



        
          
        

    

  


  

      

          @spec estimated_size(binary(), atom()) :: non_neg_integer()


      


Estimates the compressed size without actually compressing.
Uses a heuristic ratio based on the algorithm. This is useful for deciding
whether compression is worthwhile before actually compressing.
Examples
iex> AshScylla.DataLayer.Compression.estimated_size(String.duplicate("a", 1000), :deflate)
350

  



  
    
      
    
    
      should_compress?(value, threshold)



        
          
        

    

  


  

      

          @spec should_compress?(binary(), non_neg_integer()) :: boolean()


      


Checks if a value should be compressed based on size threshold.
Returns true if the byte size of the value exceeds the threshold.
Examples
iex> AshScylla.DataLayer.Compression.should_compress?("small", 1024)
false

iex> AshScylla.DataLayer.Compression.should_compress?(String.duplicate("a", 2048), 1024)
true

  



    

  
    
      
    
    
      table_compression_cql(algorithm, opts \\ [])



        
          
        

    

  


  

      

          @spec table_compression_cql(
  atom(),
  keyword()
) :: String.t()


      


Generates CQL for table-level compression configuration.
Returns the compression = {...} clause value as a string.
Examples
iex> AshScylla.DataLayer.Compression.table_compression_cql(:lz4)
"compression = {'class': 'LZ4Compressor'}"

iex> AshScylla.DataLayer.Compression.table_compression_cql(:snappy, chunk_length_kb: 64)
"compression = {'class': 'SnappyCompressor', 'chunk_length_kb': 64}"

  


        

      


  

    
AshScylla.DataLayer.Dsl 
    



      
DSL extensions for configuring ScyllaDB-specific options on Ash resources.
Supports Ash Framework 3.0+ features including base_filter, identities,
aggregates, calculations, preparations, changes, validations, pipelines,
multitenancy, code_interface, and extended action options.
Usage
defmodule MyApp.MyResource do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer

  scylla do
    table "my_table"
    keyspace "my_keyspace"
    consistency :quorum
    ttl 3600
    lwt true

    base_filter [status: "active"]
    default_context %{tenant: "org_123"}
    description "My resource description"

    secondary_index :email
    secondary_index [:name, :age]
    secondary_index :status, name: "idx_user_status"

    materialized_view :users_by_email,
      primary_key: [:email, :id],
      include_columns: [:name, :age]

    pagination :token
    per_action_consistency read: :one, create: :quorum
  end

  attributes do
    uuid_primary_key :id
    uuid_v7_primary_key :vid
    integer_primary_key :seq_id
    create_timestamp :inserted_at
    update_timestamp :updated_at
    attribute :name, :string, public?: true, writable?: true
    attribute :email, :string, sensitive?: false
    attribute :status, :string
    attribute :age, :integer
  end

  identities do
    identity :unique_email, [:email]
  end

  aggregates do
    count :total_count
    count :active_count, filter: [status: "active"]
  end

  calculations do
    calculate :display_name, :string, expr(name)
  end

  preparations do
    prepare build(:load, [:email])
  end

  changes do
    change fn changeset, _context -> changeset end
  end

  validations do
    validate attribute_equals(:status, "active")
  end

  pipelines do
    pipe_through :read
  end

  multitenancy do
    strategy :attribute
    attribute :org_id
  end

  code_interface do
    define :create_user
    define_calculation :active_count
  end

  relationships do
    belongs_to :organization, MyApp.Organization
    has_one :profile, MyApp.Profile
    has_many :posts, MyApp.Post
    many_to_many :tags, MyApp.Tag
  end

  actions do
    create :create do
      accept [:name, :email, :status]
      argument :organization_id, :uuid
      change fn changeset, _context -> changeset end
      validate present([:name])
    end

    read :read do
      prepare build(:load, [:email])
      pagination offset?: true, max_page_size: 100
      metadata :total_count, :integer
      filter [status: "active"]
    end

    update :update do
      accept [:name, :status]
      change fn changeset, _context -> changeset end
      validate present([:name])
    end

    destroy :destroy do
      soft? true
      change fn changeset, _context -> changeset end
    end
  end
end
Options
	:table - The table name in ScyllaDB (overrides default)

	:keyspace - The keyspace to use (overrides repo default)

	:consistency - The consistency level for reads/writes

	:ttl - Default TTL for inserted records (in seconds)

	:lwt - Enable Lightweight Transactions (LWT) for atomic upserts using INSERT ... IF NOT EXISTS (default: false)

	:secondary_index - Define secondary indexes for non-primary key columns

	:materialized_view - Define materialized views with different primary key structure

	:pagination - Pagination mode: :token (default) or :offset for offset-based pagination

	:per_action_consistency - Per-action consistency overrides as a keyword list, e.g. [read: :one, create: :quorum]

	:base_filter - A filter expression applied to all queries on this resource (Ash 3.0)

	:default_context - Default context map merged into every query/changeset (Ash 3.0)

	:description - Human-readable description of the resource (Ash 3.0)

	:identity - Define unique identity constraints for upsert operations

	:aggregate - Define aggregate queries (count, sum, avg, min, max)

	:calculation - Define expression-based calculations

	:preparation - Define query preparations

	:change - Define changes applied to changesets

	:validation - Define attribute validations

	:pipeline - Define action pipelines via pipe_through

	:multitenancy - Configure multitenancy strategy (:context or :attribute)

	:code_interface - Define code interface functions

	:relationship - Define relationships (belongs_to, has_one, has_many, many_to_many)

	:action - Define actions with extended options (accept, argument, change, validate, prepare, pagination, metadata, filter, soft?)


Features
The data layer supports:
	Upsert (:upsert) - Insert-or-update semantics with optional LWT
	Atomic updates ({:atomic, :update}) - LWT-based conditional updates
	Atomic upserts ({:atomic, :upsert}) - LWT-based insert-or-update
	Bulk update/destroy - update_query and destroy_query for filtered operations
	Distinct - On partition-key columns only
	Aggregates - COUNT via :count aggregate
	Expression calculations - In-memory post-processing
	Boolean filter - With OR-to-IN rewriting
	Base filter - Automatic filter applied to all queries (Ash 3.0)
	Default context - Context merged into all queries (Ash 3.0)
	Identities - Unique constraints for upsert operations (Ash 3.0)
	Multitenancy - Context-based and attribute-based strategies (Ash 3.0)


      


      
        Summary


  
    Functions
  


    
      
        action_configs(resource)

      


        Gets the action configurations defined for a resource.



    


    
      
        aggregates(resource)

      


        Gets the aggregates defined for a resource.



    


    
      
        base_filter(resource)

      


        Gets the base_filter configured for a resource.



    


    
      
        calculations(resource)

      


        Gets the calculations defined for a resource.



    


    
      
        changes(resource)

      


        Gets the changes defined for a resource.



    


    
      
        consistency(resource)

      


        Gets the configured consistency level for a resource.



    


    
      
        default_context(resource)

      


        Gets the default_context configured for a resource.



    


    
      
        description(resource)

      


        Gets the description configured for a resource.



    


    
      
        has_secondary_index?(resource, column)

      


        Checks if a column has a secondary index defined.



    


    
      
        identities(resource)

      


        Gets the identities defined for a resource.



    


    
      
        keyspace(resource)

      


        Gets the configured keyspace for a resource.



    


    
      
        lwt(resource)

      


    


    
      
        materialized_views(resource)

      


        Gets the materialized views defined for a resource.



    


    
      
        migrate?(resource)

      


        Returns whether this resource should be included in migrations.



    


    
      
        multitenancy(resource)

      


        Gets the multitenancy configuration for a resource.



    


    
      
        pagination(resource)

      


        Gets the pagination mode for a resource.



    


    
      
        per_action_consistency(resource)

      


        Gets the per-action consistency configuration for a resource.



    


    
      
        pipelines(resource)

      


        Gets the pipelines defined for a resource.



    


    
      
        preparations(resource)

      


        Gets the preparations defined for a resource.



    


    
      
        relationships(resource)

      


        Gets the relationships defined for a resource.



    


    
      
        repo(resource)

      


        Gets the configured repo for a resource.



    


    
      
        scylla(list)

      


        Macro for configuring ScyllaDB options in Ash resources.



    


    
      
        scylla_code_interface(resource)

      


        Gets the code_interface configuration for a resource.



    


    
      
        secondary_indexes(resource)

      


        Gets the secondary indexes defined for a resource.



    


    
      
        table(resource)

      


        Gets the configured table name for a resource.



    


    
      
        ttl(resource)

      


        Gets the configured TTL for a resource.



    


    
      
        validations(resource)

      


        Gets the validations defined for a resource.



    





      


      
        Functions


        


  
    
      
    
    
      action_configs(resource)



        
          
        

    

  


  

      

          @spec action_configs(module()) :: [map()]


      


Gets the action configurations defined for a resource.
Returns a list of maps with keys:
	:type - the action type (:create, :read, :update, :destroy)
	:name - the action name (atom)
	:options - action options (accept, argument, change, validate, etc.)


  



  
    
      
    
    
      aggregates(resource)



        
          
        

    

  


  

      

          @spec aggregates(module()) :: [map()]


      


Gets the aggregates defined for a resource.
Returns a list of maps with keys:
	:type - the aggregate type (:count, :sum, :avg, :min, :max)
	:name - the aggregate name (atom)
	:field - the field to aggregate on (optional)
	:options - additional options (filter, etc.)


  



  
    
      
    
    
      base_filter(resource)



        
          
        

    

  


  

      

          @spec base_filter(module()) :: term() | nil


      


Gets the base_filter configured for a resource.
The base_filter is a filter expression that is automatically applied
to all queries on this resource (Ash 3.0 feature).

  



  
    
      
    
    
      calculations(resource)



        
          
        

    

  


  

      

          @spec calculations(module()) :: [map()]


      


Gets the calculations defined for a resource.
Returns a list of maps with keys:
	:name - the calculation name (atom)
	:type - the calculation type (atom)
	:expression - the expression to evaluate
	:options - additional options


  



  
    
      
    
    
      changes(resource)



        
          
        

    

  


  

      

          @spec changes(module()) :: [map()]


      


Gets the changes defined for a resource.

  



  
    
      
    
    
      consistency(resource)



        
          
        

    

  


  

      

          @spec consistency(module()) :: atom() | nil


      


Gets the configured consistency level for a resource.

  



  
    
      
    
    
      default_context(resource)



        
          
        

    

  


  

      

          @spec default_context(module()) :: map() | nil


      


Gets the default_context configured for a resource.
The default_context is a map that is merged into every query and
changeset context for this resource (Ash 3.0 feature).

  



  
    
      
    
    
      description(resource)



        
          
        

    

  


  

      

          @spec description(module()) :: String.t() | nil


      


Gets the description configured for a resource.

  



  
    
      
    
    
      has_secondary_index?(resource, column)



        
          
        

    

  


  

      

          @spec has_secondary_index?(module(), atom()) :: boolean()


      


Checks if a column has a secondary index defined.

  



  
    
      
    
    
      identities(resource)



        
          
        

    

  


  

      

          @spec identities(module()) :: [map()]


      


Gets the identities defined for a resource.
Returns a list of maps with keys:
	:name - the identity name (atom)
	:columns - list of column names (atoms)
	:options - additional options


  



  
    
      
    
    
      keyspace(resource)



        
          
        

    

  


  

      

          @spec keyspace(module()) :: String.t() | nil


      


Gets the configured keyspace for a resource.

  



  
    
      
    
    
      lwt(resource)



        
          
        

    

  


  

      

          @spec lwt(module()) :: boolean()


      



  



  
    
      
    
    
      materialized_views(resource)



        
          
        

    

  


  

      

          @spec materialized_views(module()) :: [map()]


      


Gets the materialized views defined for a resource.
Returns a list of maps with keys:
	:name - the view name (atom)
	:config - the view configuration keyword list


  



  
    
      
    
    
      migrate?(resource)



        
          
        

    

  


  

      

          @spec migrate?(module()) :: boolean()


      


Returns whether this resource should be included in migrations.
Defaults to true for all resources using AshScylla.DataLayer.
Can be overridden in the DSL with migrate false.

  



  
    
      
    
    
      multitenancy(resource)



        
          
        

    

  


  

      

          @spec multitenancy(module()) :: map() | nil


      


Gets the multitenancy configuration for a resource.
Returns a map with keys:
	:strategy - :context or :attribute
	:attribute - the attribute name for :attribute strategy (optional)


  



  
    
      
    
    
      pagination(resource)



        
          
        

    

  


  

      

          @spec pagination(module()) :: :token | :offset


      


Gets the pagination mode for a resource.
Returns :offset or :token.

  



  
    
      
    
    
      per_action_consistency(resource)



        
          
        

    

  


  

      

          @spec per_action_consistency(module()) :: map()


      


Gets the per-action consistency configuration for a resource.
Returns a map of action_name => consistency_level.

  



  
    
      
    
    
      pipelines(resource)



        
          
        

    

  


  

      

          @spec pipelines(module()) :: [map()]


      


Gets the pipelines defined for a resource.

  



  
    
      
    
    
      preparations(resource)



        
          
        

    

  


  

      

          @spec preparations(module()) :: [map()]


      


Gets the preparations defined for a resource.

  



  
    
      
    
    
      relationships(resource)



        
          
        

    

  


  

      

          @spec relationships(module()) :: [map()]


      


Gets the relationships defined for a resource.
Returns a list of maps with keys:
	:type - :belongs_to, :has_one, :has_many, or :many_to_many
	:name - the relationship name (atom)
	:target - the target resource module
	:options - additional options


  



  
    
      
    
    
      repo(resource)



        
          
        

    

  


  

      

          @spec repo(module()) :: module() | nil


      


Gets the configured repo for a resource.

  



  
    
      
    
    
      scylla(list)


        (macro)


        
          
        

    

  


  

      

          @spec scylla(keyword()) :: Macro.t()


      


Macro for configuring ScyllaDB options in Ash resources.
Examples
scylla do
  table "users"
  keyspace "my_keyspace"
  consistency :quorum
  ttl 3600

  base_filter [status: "active"]
  default_context %{tenant: "org_123"}
  description "User accounts"

  secondary_index :email
  secondary_index [:name, :age]

  materialized_view :users_by_email,
    primary_key: [:email, :id],
    include_columns: [:name, :age]

  pagination :token
  per_action_consistency read: :one, create: :quorum

  identity :unique_email, [:email]

  aggregate :count, :total_users
  aggregate :count, :active_users, filter: [status: "active"]

  calculation :display_name, :string, expr(name)

  preparation build(:load, [:email])

  change fn changeset, _context -> changeset end

  validation present([:name])

  pipeline :read

  multitenancy do
    strategy :attribute
    attribute :org_id
  end

  code_interface do
    define :create_user
    define_calculation :active_users
  end

  relationship :belongs_to, :organization, MyApp.Organization
  relationship :has_one, :profile, MyApp.Profile
  relationship :has_many, :posts, MyApp.Post
  relationship :many_to_many, :tags, MyApp.Tag

  action :create, :create_user do
    accept [:name, :email]
    argument :organization_id, :uuid
    change fn changeset, _context -> changeset end
    validate present([:name])
  end

  action :read, :list_users do
    pagination offset?: true, max_page_size: 100
    metadata :total_count, :integer
    filter [status: "active"]
  end

  action :update, :update_user do
    accept [:name, :status]
    change fn changeset, _context -> changeset end
  end

  action :destroy, :delete_user do
    soft? true
  end
end

  



  
    
      
    
    
      scylla_code_interface(resource)



        
          
        

    

  


  

      

          @spec scylla_code_interface(module()) :: map() | nil


      


Gets the code_interface configuration for a resource.

  



  
    
      
    
    
      secondary_indexes(resource)



        
          
        

    

  


  

      

          @spec secondary_indexes(module()) :: [map()]


      


Gets the secondary indexes defined for a resource.
Returns a list of maps with keys:
	:columns - list of column names (atoms)
	:name - optional custom index name
	:options - additional options


  



  
    
      
    
    
      table(resource)



        
          
        

    

  


  

      

          @spec table(module()) :: String.t() | nil


      


Gets the configured table name for a resource.

  



  
    
      
    
    
      ttl(resource)



        
          
        

    

  


  

      

          @spec ttl(module()) :: pos_integer() | nil


      


Gets the configured TTL for a resource.

  



  
    
      
    
    
      validations(resource)



        
          
        

    

  


  

      

          @spec validations(module()) :: [map()]


      


Gets the validations defined for a resource.

  


        

      


  

    
AshScylla.DataLayer.FilterValidator 
    



      
Validates that filter columns are queryable in ScyllaDB/Cassandra.
ScyllaDB/Cassandra requires that WHERE clause columns are either:
	Part of the primary key
	Have a secondary index defined

Filtering on non-indexed columns would require ALLOW FILTERING, which
is an anti-pattern that causes full cluster scans. This module catches
such issues at query-build time and provides actionable error messages.
Ash 3.0+ Support
This validator supports:
	Aggregate filter validation (COUNT, SUM, AVG, MIN, MAX)
	Calculation filter validation
	Relationship filter validation (belongs_to, has_one, has_many, many_to_many)
	EXISTS filter type
	IN filter with list values
	Base filter validation
	Ash error type integration for better error messages


      


      
        Summary


  
    Functions
  


    
      
        queryable_columns(resource)

      


        Returns the list of columns that are safe to filter on for a resource.



    


    
      
        validate_aggregate_filters(resource, aggregates)

      


        Validates aggregate filters for a resource.



    


    
      
        validate_all(resource, filters, opts \\ [])

      


        Comprehensive validation that runs all filter validators.



    


    
      
        validate_base_filter(resource)

      


        Validates base_filter expressions from the resource DSL.



    


    
      
        validate_calculation_filters(resource, calculations)

      


        Validates calculation filters for a resource.



    


    
      
        validate_exists_filters(resource, filters)

      


        Validates EXISTS filter expressions.



    


    
      
        validate_filters(resource, filters)

      


        Validates that all filter columns on a resource are queryable.



    


    
      
        validate_in_filters(resource, filters)

      


        Validates IN filter expressions with list values.



    


    
      
        validate_or_filters(filters)

      


        Validates that filters do not contain cross-field OR expressions.



    


    
      
        validate_relationship_filters(resource, filters)

      


        Validates relationship filters for a resource.



    





      


      
        Functions


        


  
    
      
    
    
      queryable_columns(resource)



        
          
        

    

  


  

      

          @spec queryable_columns(module()) :: [atom()]


      


Returns the list of columns that are safe to filter on for a resource.

  



  
    
      
    
    
      validate_aggregate_filters(resource, aggregates)



        
          
        

    

  


  

      

          @spec validate_aggregate_filters(module(), list()) :: :ok | no_return()


      


Validates aggregate filters for a resource.
Ensures that aggregate queries reference valid columns and that
the aggregate type is supported by ScyllaDB.
Supported aggregate types: :count, :sum, :avg, :min, :max
Parameters
	resource - The Ash resource module
	aggregates - List of aggregate maps with :type, :name, and optional :field keys

Examples
FilterValidator.validate_aggregate_filters(MyApp.User, [%{type: :count, name: :total}])
# => :ok

FilterValidator.validate_aggregate_filters(MyApp.User, [%{type: :sum, name: :total_age, field: :age}])
# => :ok

  



    

  
    
      
    
    
      validate_all(resource, filters, opts \\ [])



        
          
        

    

  


  

      

          @spec validate_all(module(), list(), keyword()) :: :ok | no_return()


      


Comprehensive validation that runs all filter validators.
This is the recommended entry point for validating all aspects
of a query against a resource.
Parameters
	resource - The Ash resource module
	filters - List of Ash filter expressions
	opts - Keyword list of options:	:aggregates - List of aggregate maps
	:calculations - List of calculation maps
	:validate_base - Whether to validate the base_filter (default: true)
	:validate_relationships - Whether to validate relationship filters (default: true)
	:validate_exists - Whether to validate EXISTS filters (default: true)
	:validate_in - Whether to validate IN filters (default: true)
	:validate_or - Whether to validate OR filters (default: true)




  



  
    
      
    
    
      validate_base_filter(resource)



        
          
        

    

  


  

      

          @spec validate_base_filter(module()) :: :ok | no_return()


      


Validates base_filter expressions from the resource DSL.
Ensures that the base_filter references valid columns and that
those columns are queryable (primary key or indexed).
Parameters
	resource - The Ash resource module


  



  
    
      
    
    
      validate_calculation_filters(resource, calculations)



        
          
        

    

  


  

      

          @spec validate_calculation_filters(module(), list()) :: :ok | no_return()


      


Validates calculation filters for a resource.
Ensures that calculation expressions reference valid attributes
and that the calculation module (if specified) exists and implements
the required behaviour.
Parameters
	resource - The Ash resource module
	calculations - List of calculation maps with :name, :type, and :expression keys


  



  
    
      
    
    
      validate_exists_filters(resource, filters)



        
          
        

    

  


  

      

          @spec validate_exists_filters(module(), list()) :: :ok | no_return()


      


Validates EXISTS filter expressions.
EXISTS filters check for the presence of a value (IS NOT NULL in CQL).
This is valid for any column that exists on the resource.
Parameters
	resource - The Ash resource module
	filters - List of filter expressions that may include EXISTS checks


  



  
    
      
    
    
      validate_filters(resource, filters)



        
          
        

    

  


  

      

          @spec validate_filters(module(), list()) :: :ok | no_return()


      


Validates that all filter columns on a resource are queryable.
Returns :ok if all filters are on primary key columns or indexed columns.
Raises AshScylla.Error with an actionable message if a filter would
require ALLOW FILTERING.
Parameters
	resource - The Ash resource module
	filters - List of Ash filter expressions

Examples
AshScylla.DataLayer.FilterValidator.validate_filters(MyApp.User, filters)
# => :ok

AshScylla.DataLayer.FilterValidator.validate_filters(MyApp.User, [{:non_indexed_col, :eq, "value"}])
# => raises AshScylla.Error with suggestion to add secondary_index

  



  
    
      
    
    
      validate_in_filters(resource, filters)



        
          
        

    

  


  

      

          @spec validate_in_filters(module(), list()) :: :ok | no_return()


      


Validates IN filter expressions with list values.
IN filters are valid when:
	The column is a primary key or indexed
	The value list is not empty
	All values in the list are of a compatible type

Parameters
	resource - The Ash resource module
	filters - List of filter expressions that may include IN checks


  



  
    
      
    
    
      validate_or_filters(filters)



        
          
        

    

  


  

      

          @spec validate_or_filters(list()) :: :ok | no_return()


      


Validates that filters do not contain cross-field OR expressions.
CQL does not support OR across different fields — the WHERE clause only
allows a flat list of AND-ed predicates.  This validator catches OR
expressions that cannot be rewritten to IN (i.e. OR on different columns
or with non-equality operators) and raises a clear error with workarounds.

  



  
    
      
    
    
      validate_relationship_filters(resource, filters)



        
          
        

    

  


  

      

          @spec validate_relationship_filters(module(), list()) :: :ok | no_return()


      


Validates relationship filters for a resource.
Ensures that relationship filters reference valid relationships
and that the relationship target columns are queryable.
Parameters
	resource - The Ash resource module
	filters - List of filter expressions that may reference relationships

Examples
FilterValidator.validate_relationship_filters(MyApp.Post, [%{path: [:author, :name], op: :eq, value: "Alice"}])
# => :ok if :author is a valid belongs_to relationship

  


        

      


  

    
AshScylla.DataLayer.MaterializedView 
    



      
Materialized view support for AshScylla.
Materialized views in ScyllaDB/Cassandra allow you to define a view with a
different primary key structure from the base table. This enables efficient
queries on non-primary key columns without using secondary indexes.
Usage
Define a materialized view in your resource DSL:
defmodule MyApp.MyResource do
  use Ash.Resource,
    data_layer: AshScylla.DataLayer

  scylla do
    table "users"
    materialized_view :users_by_email,
      primary_key: [:email, :id],
      include_columns: [:name, :age]
  end
end
This will generate:
CREATE MATERIALIZED VIEW IF NOT EXISTS users_by_email
AS SELECT id, email, name, age
FROM users
WHERE email IS NOT NULL AND id IS NOT NULL
PRIMARY KEY (email, id)
WITH CLUSTERING ORDER BY (id ASC)
Options
	:primary_key — Required. The primary key columns for the view.
	:include_columns — Additional columns to include (besides PK).
	:clustering_order — Clustering column ordering (e.g., [id: :desc]).
	:where_clause — Custom WHERE clause for NOT NULL constraints.


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        create_view_cql(view_name, base_table, view_config)

      


        Generates CQL for creating a materialized view.



    


    
      
        drop_view_cql(view_name)

      


        Generates CQL for dropping a materialized view.



    


    
      
        schema()

      


        Returns the schema for the materialized view DSL options.



    


    
      
        validate_view_config(view_config)

      


        Validates a materialized view configuration.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  name: atom(),
  primary_key: [atom()],
  clustering_order: keyword(),
  include_columns: [atom()],
  where_clause: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      create_view_cql(view_name, base_table, view_config)



        
          
        

    

  


  

      

          @spec create_view_cql(atom(), String.t(), keyword()) :: String.t()


      


Generates CQL for creating a materialized view.

  



  
    
      
    
    
      drop_view_cql(view_name)



        
          
        

    

  


  

      

          @spec drop_view_cql(atom()) :: String.t()


      


Generates CQL for dropping a materialized view.

  



  
    
      
    
    
      schema()



        
          
        

    

  


  

      

          @spec schema() :: keyword()


      


Returns the schema for the materialized view DSL options.

  



  
    
      
    
    
      validate_view_config(view_config)



        
          
        

    

  


  

      

          @spec validate_view_config(keyword()) :: :ok | {:error, String.t()}


      


Validates a materialized view configuration.

  


        

      


  

    
AshScylla.DataLayer.Pagination 
    



      
Token-based pagination support for AshScylla.
ScyllaDB/Cassandra uses Xandra's native paging state mechanism for efficient
pagination.
Token-Based Pagination
AshScylla uses keyset pagination by default (data_layer_keyset_by_default?/0
returns true). When pagination :token is set in the scylla DSL,
queries use Xandra's built-in paging state to efficiently page through results.
Usage
# First page
{:ok, records, next_page_token} =
  AshScylla.DataLayer.Pagination.fetch_page(repo, table, filters, nil, 10)

# Subsequent pages
{:ok, records, next_page_token} =
  AshScylla.DataLayer.Pagination.fetch_page(repo, table, filters, page_token, 10)
Page Token Format
Page tokens are opaque binaries returned by Xandra's paging_state.
They should be treated as opaque by callers and only passed back
to fetch the next page.
Limits
Default page size: 50. Maximum page size: 1000.

      


      
        Summary


  
    Types
  


    
      
        page_result()

      


    


    
      
        page_token()

      


    





  
    Functions
  


    
      
        build_paginated_query(table, filters, page_size)

      


        Builds a CQL query string with LIMIT for pagination.



    


    
      
        build_paginated_query(table, filters, page_token, page_size)

      


        Builds a CQL query string with LIMIT for pagination, with optional page token.



    


    
      
        build_paginated_query(table, filters, page_token, page_size, uuid_fields, cql_types)

      


    


    
      
        decode_cursor(cursor)

      


        Decodes a cursor string back to a paging state binary.
Returns {:ok, binary} on success or {:error, :invalid_cursor} on failure.



    


    
      
        decode_page_token(page_token)

      


        Decodes a page token string back to a paging state binary.



    


    
      
        default_page_size()

      


        Returns the default page size.



    


    
      
        encode_cursor(paging_state)

      


        Encodes a paging state binary to an opaque cursor string (base64url).



    


    
      
        encode_page_token(paging_state)

      


        Encodes a paging state binary to an opaque page token string.



    


    
      
        extract_paging_state(arg1)

      


        Extract the paging_state from a query result for use in the next page request.
Returns nil if this was the last page.



    


    
      
        fetch_page(repo, table, filters, page_token, page_size \\ 50)

      


        Fetches a page of results using Xandra's native paging state.



    


    
      
        fetch_page(repo, table, filters, page_token, page_size, uuid_fields, cql_types)

      


    


    
      
        max_page_size()

      


        Returns the maximum allowed page size.



    


    
      
        page_opts(paging_state, page_size)

      


        Build query options for a given page request.
Pass nil for the first page, or a previously returned paging_state
binary for subsequent pages.



    





      


      
        Types


        


  
    
      
    
    
      page_result()



        
          
        

    

  


  

      

          @type page_result() :: {:ok, [term()], String.t() | nil} | {:error, term()}


      



  



  
    
      
    
    
      page_token()



        
          
        

    

  


  

      

          @type page_token() :: String.t() | nil


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build_paginated_query(table, filters, page_size)



        
          
        

    

  


  

      

          @spec build_paginated_query(String.t(), list(), pos_integer()) ::
  {:ok, {String.t(), list()}} | {:error, {:unknown_filter, term()}}


      


Builds a CQL query string with LIMIT for pagination.
Returns {query, params} suitable for repo.query/3.

  



  
    
      
    
    
      build_paginated_query(table, filters, page_token, page_size)



        
          
        

    

  


  

      

          @spec build_paginated_query(String.t(), list(), page_token(), pos_integer()) ::
  {:ok, {String.t(), list()}} | {:error, {:unknown_filter, term()}}


      


Builds a CQL query string with LIMIT for pagination, with optional page token.
When page_token is non-nil, adds a token() > ? condition to the WHERE clause.
Returns {query, params} suitable for repo.query/3.
uuid_fields and cql_types are optional and, when provided, ensure UUID
filter values are converted to 16-byte binaries tagged as {"uuid", bin}
(otherwise ScyllaDB rejects them with "Validation failed for uuid - got N bytes").

  



  
    
      
    
    
      build_paginated_query(table, filters, page_token, page_size, uuid_fields, cql_types)



        
          
        

    

  


  


  



  
    
      
    
    
      decode_cursor(cursor)



        
          
        

    

  


  

      

          @spec decode_cursor(String.t()) :: {:ok, binary()} | {:error, :invalid_cursor}


      


Decodes a cursor string back to a paging state binary.
Returns {:ok, binary} on success or {:error, :invalid_cursor} on failure.

  



  
    
      
    
    
      decode_page_token(page_token)



        
          
        

    

  


  

      

          @spec decode_page_token(String.t()) :: {:ok, binary()} | {:error, :invalid_token}


      


Decodes a page token string back to a paging state binary.
Returns {:ok, binary} on success or {:error, :invalid_token} on failure.

  



  
    
      
    
    
      default_page_size()



        
          
        

    

  


  

      

          @spec default_page_size() :: pos_integer()


      


Returns the default page size.

  



  
    
      
    
    
      encode_cursor(paging_state)



        
          
        

    

  


  

      

          @spec encode_cursor(binary()) :: String.t()


      


Encodes a paging state binary to an opaque cursor string (base64url).

  



  
    
      
    
    
      encode_page_token(paging_state)



        
          
        

    

  


  

      

          @spec encode_page_token(binary()) :: String.t()


      


Encodes a paging state binary to an opaque page token string.

  



  
    
      
    
    
      extract_paging_state(arg1)



        
          
        

    

  


  

      

          @spec extract_paging_state(term()) :: binary() | nil


      


Extract the paging_state from a query result for use in the next page request.
Returns nil if this was the last page.

  



    

  
    
      
    
    
      fetch_page(repo, table, filters, page_token, page_size \\ 50)



        
          
        

    

  


  

      

          @spec fetch_page(module(), String.t(), list(), page_token(), pos_integer()) ::
  page_result()


      


Fetches a page of results using Xandra's native paging state.
Parameters
	repo - The AshScylla repo module
	table - The table name
	filters - Filter list for WHERE clause
	page_token - Opaque page token from previous page (nil for first page)
	page_size - Number of results per page (default: 50, max: 1000)

Returns
{:ok, records, next_page_token} where next_page_token is nil
when there are no more pages.

  



  
    
      
    
    
      fetch_page(repo, table, filters, page_token, page_size, uuid_fields, cql_types)



        
          
        

    

  


  

      

          @spec fetch_page(
  module(),
  String.t(),
  list(),
  page_token(),
  pos_integer(),
  MapSet.t(),
  map()
) :: page_result()


      



  



  
    
      
    
    
      max_page_size()



        
          
        

    

  


  

      

          @spec max_page_size() :: pos_integer()


      


Returns the maximum allowed page size.

  



  
    
      
    
    
      page_opts(paging_state, page_size)



        
          
        

    

  


  

      

          @spec page_opts(page_token() | nil, pos_integer()) :: keyword()


      


Build query options for a given page request.
Pass nil for the first page, or a previously returned paging_state
binary for subsequent pages.

  


        

      


  

    
AshScylla.DataLayer.QueryBuilder 
    



      
Query building functions for AshScylla data layer.
Provides optimized query building with filter-to-CQL conversion,
prepared statement support, token-based pagination, aggregate queries,
and support for Ash 3.0+ features including base_filter, select, distinct,
keyset pagination, group by, CONTAINS/CONTAINS KEY, and TOKEN() functions.
Secondary Index Support
When filtering on non-primary key columns, this module checks if a
secondary index exists and generates appropriate CQL. ScyllaDB/Cassandra
can use secondary indexes for equality checks (=) but not for range queries.
Aggregate Queries
Supports COUNT, SUM, AVG, MIN, MAX aggregate functions with optional
GROUP BY clauses for per-partition aggregation.
Keyset Pagination
Token-based pagination using the CQL TOKEN() function on partition keys,
enabling efficient pagination without offset overhead.

      


      
        Summary


  
    Functions
  


    
      
        aggregate_to_cql(kind, field)

      


        Converts aggregate type and field to CQL aggregate expression.



    


    
      
        apply_base_filter(filters, base_filter)

      


        Applies the base_filter from the resource DSL to the query filters.



    


    
      
        build_aggregate_query(table, agg_expression, where_clause, params)

      


        Builds an aggregate CQL query.



    


    
      
        build_contains_clause(column, value, atom)

      


        Builds a CONTAINS clause for collection type filtering.



    


    
      
        build_group_by(columns)

      


        Builds GROUP BY clause for aggregate queries.



    


    
      
        build_keyset_clause(map)

      


        Builds keyset pagination clause using TOKEN() function.



    


    
      
        build_optimized_query(query)

      


        Builds an optimized CQL query from the data layer query struct.



    


    
      
        build_order_by(sorts)

      


        Builds ORDER BY clause from sort items.



    


    
      
        build_where_clause(filters)

      


    


    
      
        build_where_clause(filters, uuid_fields, cql_types)

      


        Builds WHERE clause from Ash filters.



    


    
      
        can_use_secondary_index?(resource, filters)

      


        Checks if a filter can use secondary indexes.



    


    
      
        cql_identifier(name)

      


    


    
      
        filter_to_cql(filter)

      


    


    
      
        filter_to_cql(func, uuid_fields, cql_types)

      


        Converts Ash filter expressions to CQL (safe version).



    


    
      
        filter_to_cql!(filter)

      


        Converts Ash filter expressions to CQL (bang version).



    


    
      
        filter_to_cql!(filter, uuid_fields, cql_types)

      


    


    
      
        get_filter_columns(filters)

      


    





      


      
        Functions


        


  
    
      
    
    
      aggregate_to_cql(kind, field)



        
          
        

    

  


  

      

          @spec aggregate_to_cql(atom(), atom() | nil) :: String.t()


      


Converts aggregate type and field to CQL aggregate expression.

  



  
    
      
    
    
      apply_base_filter(filters, base_filter)



        
          
        

    

  


  

      

          @spec apply_base_filter(list(), term()) :: list()


      


Applies the base_filter from the resource DSL to the query filters.
The base_filter is prepended to the query filters so it is always applied.

  



  
    
      
    
    
      build_aggregate_query(table, agg_expression, where_clause, params)



        
          
        

    

  


  

      

          @spec build_aggregate_query(String.t(), String.t(), String.t(), list()) ::
  {String.t(), list()}


      


Builds an aggregate CQL query.
Supports COUNT, SUM, AVG, MIN, MAX with optional GROUP BY.
Examples
build_aggregate_query("users", "COUNT(*) AS total", "WHERE status = ?", ["active"])
# => {"SELECT COUNT(*) AS total FROM users WHERE status = ?", ["active"]}

  



  
    
      
    
    
      build_contains_clause(column, value, atom)



        
          
        

    

  


  

      

          @spec build_contains_clause(String.t(), term(), :contains | :contains_key) ::
  {String.t(), list()}


      


Builds a CONTAINS clause for collection type filtering.
In CQL, CONTAINS is used to check if a collection column contains a value.
CONTAINS KEY is used to check if a map column contains a key.

  



  
    
      
    
    
      build_group_by(columns)



        
          
        

    

  


  

      

          @spec build_group_by(list() | nil) :: {String.t(), list()}


      


Builds GROUP BY clause for aggregate queries.

  



  
    
      
    
    
      build_keyset_clause(map)



        
          
        

    

  


  

      

          @spec build_keyset_clause(map()) :: {String.t(), list()}


      


Builds keyset pagination clause using TOKEN() function.
Keyset pagination is more efficient than OFFSET for large datasets.
It uses the CQL TOKEN() function on partition keys to fetch pages.
Examples
# For a single partition key column:
build_keyset_clause(%{partition_keys: [:id], values: [last_id], direction: :after})
# => {"WHERE TOKEN(id) > TOKEN(?)", [last_id]}

# For composite partition keys:
build_keyset_clause(%{partition_keys: [:org_id, :id], values: [last_org, last_id], direction: :after})
# => {"WHERE TOKEN(org_id, id) > TOKEN(?, ?)", [last_org, last_id]}

  



  
    
      
    
    
      build_optimized_query(query)



        
          
        

    

  


  

      

          @spec build_optimized_query(AshScylla.Query.t()) ::
  {:ok, {String.t(), list()}} | {:error, {:unknown_filter, term()}}


      


Builds an optimized CQL query from the data layer query struct.
Supports:
	Column selection (:select)
	DISTINCT on partition key columns
	Keyset pagination (:keyset)
	Aggregate queries (:aggregates)
	GROUP BY for aggregate queries
	Base filter from resource DSL
	Multiple ORDER BY columns
	IN queries with multiple values
	CONTAINS / CONTAINS KEY for collection types
	TOKEN() function for partition key queries


  



  
    
      
    
    
      build_order_by(sorts)



        
          
        

    

  


  

      

          @spec build_order_by(list()) :: {String.t(), list()}


      


Builds ORDER BY clause from sort items.
Sort items can be:
	Maps with :field and :direction keys
	Tuples like {field, direction} (Ash standard format)
	Bare atoms (default to ASC)
	Maps with only :field key (default to ASC)

Supports multiple columns for compound ordering.

  



  
    
      
    
    
      build_where_clause(filters)



        
          
        

    

  


  

      

          @spec build_where_clause(list()) ::
  {:ok, {String.t(), list()}} | {:error, {:unknown_filter, term()}}


      



  



  
    
      
    
    
      build_where_clause(filters, uuid_fields, cql_types)



        
          
        

    

  


  

      

          @spec build_where_clause(list(), MapSet.t(), map()) ::
  {:ok, {String.t(), list()}} | {:error, {:unknown_filter, term()}}


      


Builds WHERE clause from Ash filters.
uuid_fields is the set of attribute names (atoms and strings) declared as
UUID on the resource. When a filter value is compared against one of those
columns, the string is converted to its 16-byte UUID binary so Xandra encodes
it as a uuid-typed parameter. Conversion is gated strictly on the declared
attribute type — never on a value-based heuristic — to avoid silently
corrupting ordinary text values that happen to look like UUIDs.
cql_types is the attribute-name → CQL-type map (from
AshScylla.DataLayer.attr_cql_type_map/1). It is used to type each filter
parameter with its declared CQL type (e.g. float vs double, int vs
smallint/tinyint/varint) so the read path encodes parameters identically to
the write path.
Returns {:ok, {clause, params}} on success or {:error, {:unknown_filter, term()}}
when a filter predicate cannot be translated to CQL. Errors are propagated
rather than silently dropped, because dropping a WHERE condition would return
a broader (and potentially unauthorized) result set than the caller expects.

  



  
    
      
    
    
      can_use_secondary_index?(resource, filters)



        
          
        

    

  


  

      

          @spec can_use_secondary_index?(term(), list()) :: {:ok, list()} | {:error, term()}


      


Checks if a filter can use secondary indexes.
Returns {:ok, indexed_columns} if the filter can use indexes,
or {:error, reason} if it cannot.

  



  
    
      
    
    
      cql_identifier(name)



        
          
        

    

  


  


  



  
    
      
    
    
      filter_to_cql(filter)



        
          
        

    

  


  

      

          @spec filter_to_cql(term()) ::
  {String.t(), list()} | {:error, {:unknown_filter, term()}}


      



  



  
    
      
    
    
      filter_to_cql(func, uuid_fields, cql_types)



        
          
        

    

  


  

      

          @spec filter_to_cql(term(), MapSet.t(), map()) ::
  {String.t(), list()} | {:error, {:unknown_filter, term()}}


      


Converts Ash filter expressions to CQL (safe version).
Returns {cql, params} on success or {:error, {:unknown_filter, term()}} on failure.
Supports:
	Standard comparison operators: eq, not_eq, gt, gte, lt, lte
	IN with list values
	CONTAINS for collection type filtering
	CONTAINS KEY for map key filtering
	TOKEN() function for partition key queries
	EXISTS for existence checks
	AND/OR boolean combinations
	Nested expressions
	Ash Query functions: now(), today(), ago(), from_now() (evaluated client-side)
	Ash Query fragment(...) for raw CQL injection
	has operator → maps to CQL CONTAINS on collection columns
	overlaps operator → CONTAINS checks (single-value) or in-memory


  



  
    
      
    
    
      filter_to_cql!(filter)



        
          
        

    

  


  

      

          @spec filter_to_cql!(term()) :: {String.t(), list()}


      


Converts Ash filter expressions to CQL (bang version).
Raises ArgumentError on unknown filter expressions.

  



  
    
      
    
    
      filter_to_cql!(filter, uuid_fields, cql_types)



        
          
        

    

  


  

      

          @spec filter_to_cql!(term(), MapSet.t(), map()) :: {String.t(), list()}


      



  



  
    
      
    
    
      get_filter_columns(filters)



        
          
        

    

  


  

      

          @spec get_filter_columns(list()) :: [atom()]


      



  


        

      


  

    
AshScylla.DataLayer.QueryOptimizer 
    



      
Query optimization hints for ScyllaDB.
Provides:
	Per-query consistency level overrides
	Query-level timeouts
	Paging hints for large result sets
	Token range optimization for partition-aware queries
	Speculative retry policy configuration
	Query profiling helpers

Usage
# Build an optimized query
query = AshScylla.DataLayer.QueryOptimizer.optimize(query, [
  consistency: :one,
  timeout: 5_000,
  page_size: 100,
  speculative_retry: :99percentile
])
Valid Consistency Levels
:any, :one, :two, :three, :quorum, :all,
:local_quorum, :each_quorum, :serial, :local_serial, :local_one
Speculative Retry Policies
:none, :99percentile, :custom

      


      
        Summary


  
    Functions
  


    
      
        analyze(query)

      


        Analyzes a query and returns optimization suggestions.



    


    
      
        estimate_cost(query)

      


        Estimates query cost based on filters, sorts, and limit.



    


    
      
        optimal_page_size(query)

      


        Determines the optimal page size for a query based on result set estimation.



    


    
      
        optimize(data_layer_query, opts \\ [])

      


        Applies optimization hints to a DataLayer query struct.



    


    
      
        profile_query(query)

      


        Wraps a query with profiling enabled.



    


    
      
        recommended_consistency(arg1)

      


        Returns recommended consistency level based on query type.



    


    
      
        speculative_retry_cql(policy, delay_ms)

      


        Generates CQL for speculative retry policy at session level.



    


    
      
        to_xandra_opts(opts)

      


        Generates CQL query options for Xandra execution.



    


    
      
        token_aware_hint(query)

      


        Generates a token-aware routing hint for the query.



    


    
      
        token_range_query(table, partition_key, start_token, end_token)

      


        Generates a token range query for partition-aware scanning.



    





      


      
        Functions


        


  
    
      
    
    
      analyze(query)



        
          
        

    

  


  

      

          @spec analyze(AshScylla.Query.t()) :: [String.t()]


      


Analyzes a query and returns optimization suggestions.
Returns a list of suggestion strings like:
	"Consider adding secondary index on :email for faster lookups"
	"Query performs full table scan - add partition key filter"
	"Use token-based pagination for large result sets"


  



  
    
      
    
    
      estimate_cost(query)



        
          
        

    

  


  

      

          @spec estimate_cost(AshScylla.Query.t()) :: atom()


      


Estimates query cost based on filters, sorts, and limit.
Returns :low, :medium, :high, or :full_scan.

  



  
    
      
    
    
      optimal_page_size(query)



        
          
        

    

  


  

      

          @spec optimal_page_size(AshScylla.Query.t()) :: non_neg_integer()


      


Determines the optimal page size for a query based on result set estimation.
Uses heuristics based on:
	Whether the query has a partition key filter (small page)
	Whether the query is a full table scan (large page)
	The number of clustering columns


  



    

  
    
      
    
    
      optimize(data_layer_query, opts \\ [])



        
          
        

    

  


  

      

          @spec optimize(
  AshScylla.Query.t(),
  keyword()
) :: keyword()


      


Applies optimization hints to a DataLayer query struct.
Returns a keyword list of Xandra execution options that can be merged
into the repo.query/3 call.
Options
	:consistency - Override consistency level for this query
	:timeout - Query timeout in milliseconds
	:page_size - Number of rows per page for token-based pagination
	:speculative_retry - Speculative retry policy (:none, :"99percentile", :custom)
	:speculative_retry_delay_ms - Custom delay for speculative retry (ms)
	:serial_consistency - Serial consistency for LWT (:serial, :local_serial)
	:profiling - Enable query profiling (default: false)


  



  
    
      
    
    
      profile_query(query)



        
          
        

    

  


  

      

          @spec profile_query(String.t()) :: String.t()


      


Wraps a query with profiling enabled.
ScyllaDB supports the PROFILE prefix for query profiling.
This returns the query wrapped for profiling.
Examples
iex> AshScylla.DataLayer.QueryOptimizer.profile_query("SELECT * FROM users")
"PROFILE SELECT * FROM users"

  



  
    
      
    
    
      recommended_consistency(arg1)



        
          
        

    

  


  

      

          @spec recommended_consistency(atom()) :: atom()


      


Returns recommended consistency level based on query type.
	Read-heavy, low-latency: :one
	Balanced: :local_quorum
	Strong consistency: :quorum
	Critical writes: :all


  



  
    
      
    
    
      speculative_retry_cql(policy, delay_ms)



        
          
        

    

  


  

      

          @spec speculative_retry_cql(atom(), non_neg_integer() | nil) :: String.t()


      


Generates CQL for speculative retry policy at session level.
Examples
iex> AshScylla.DataLayer.QueryOptimizer.speculative_retry_cql(:99percentile, nil)
"USING SPECULATIVE_RETRY '99percentile'"

iex> AshScylla.DataLayer.QueryOptimizer.speculative_retry_cql(:none, nil)
"USING SPECULATIVE_RETRY 'NONE'"

iex> AshScylla.DataLayer.QueryOptimizer.speculative_retry_cql(:custom, 500)
"USING SPECULATIVE_RETRY '500ms'"

  



  
    
      
    
    
      to_xandra_opts(opts)



        
          
        

    

  


  

      

          @spec to_xandra_opts(keyword()) :: keyword()


      


Generates CQL query options for Xandra execution.
Converts optimization hints into Xandra execute options.
This is an alias for optimize/2 that makes the intent explicit
when building Xandra calls directly.

  



  
    
      
    
    
      token_aware_hint(query)



        
          
        

    

  


  

      

          @spec token_aware_hint(AshScylla.Query.t()) :: keyword()


      


Generates a token-aware routing hint for the query.
When the partition key is known, this enables Xandra to route
the query directly to the correct node.
Returns [token: partition_key_value] for Xandra's token-aware routing,
or an empty keyword list if no partition key can be determined.

  



  
    
      
    
    
      token_range_query(table, partition_key, start_token, end_token)



        
          
        

    

  


  

      

          @spec token_range_query(String.t(), String.t(), String.t(), String.t()) :: String.t()


      


Generates a token range query for partition-aware scanning.
Useful for parallel data processing where you want to split
the token range across workers.
Parameters
	table - The table name
	partition_key - The partition key column name
	start_token - Start of token range (inclusive)
	end_token - End of token range (exclusive)

Examples
iex> AshScylla.DataLayer.QueryOptimizer.token_range_query("users", "id", "-9223372036854775808", "0")
"SELECT * FROM users WHERE token(id) > -9223372036854775808 AND token(id) <= 0"

  


        

      


  

    
AshScylla.DataLayer.SchemaMigration 
    



      
Automatic schema migration support for AshScylla.
Compares Ash resource definitions against the live ScyllaDB schema
and generates the necessary DDL statements to bring the schema in sync.
Since CQL has no transactional DDL, each statement is executed independently.
Usage
# Generate migration DDL for a resource
statements = AshScylla.DataLayer.SchemaMigration.generate(MyApp.User)

# Execute the migration
AshScylla.Migrator.run(nodes, statements)

# Or use the convenience function
AshScylla.DataLayer.SchemaMigration.migrate(MyApp.User, repo)

# Check what would change without executing
AshScylla.DataLayer.SchemaMigration.plan(MyApp.User, repo)
Migration Flow
	Fetch live table/index/view schema from system_schema
	Compare against Ash resource attributes and DSL config
	Generate CREATE TABLE IF NOT EXISTS, ALTER TABLE ADD,
CREATE INDEX IF NOT EXISTS, CREATE MATERIALIZED VIEW IF NOT EXISTS
	Execute via AshScylla.Migrator.run!/3


      


      
        Summary


  
    Functions
  


    
      
        diff(resource, repo)

      


        Generates DDL statements by comparing resource against live schema.



    


    
      
        diff_columns(attributes, live_columns)

      


        Compares resource attributes against live columns and returns
lists of columns to add, type-change, etc.



    


    
      
        fetch_indexes(resource, repo)

      


        Fetches existing indexes for a table.



    


    
      
        fetch_materialized_views(resource, repo)

      


        Fetches existing materialized views for a table.



    


    
      
        fetch_table_schema(resource, repo)

      


        Fetches the current table schema from ScyllaDB.



    


    
      
        generate(resource)

      


        Generates all DDL statements needed to bring a resource's schema in sync.



    


    
      
        generate_add_columns(resource, columns)

      


        Generates ALTER TABLE ADD statements for new columns.



    


    
      
        generate_new_indexes(resource, live_indexes)

      


        Generates CREATE INDEX statements for new secondary indexes.



    


    
      
        migrate(resource, repo, opts \\ [])

      


        Executes all migration DDL for a resource against a repo.



    


    
      
        plan(resource, repo)

      


        Returns a list of DDL statements that would be executed without running them.



    





      


      
        Functions


        


  
    
      
    
    
      diff(resource, repo)



        
          
        

    

  


  

      

          @spec diff(module(), module()) :: [String.t()]


      


Generates DDL statements by comparing resource against live schema.
Only returns statements for actual changes needed.

  



  
    
      
    
    
      diff_columns(attributes, live_columns)



        
          
        

    

  


  

      

          @spec diff_columns([Ash.Resource.Attribute.t()], [map()]) :: %{
  add: [atom()],
  remove: [atom()],
  change_type: [atom()]
}


      


Compares resource attributes against live columns and returns
lists of columns to add, type-change, etc.

  



  
    
      
    
    
      fetch_indexes(resource, repo)



        
          
        

    

  


  

      

          @spec fetch_indexes(module(), module()) :: {:ok, [map()]} | {:error, term()}


      


Fetches existing indexes for a table.

  



  
    
      
    
    
      fetch_materialized_views(resource, repo)



        
          
        

    

  


  

      

          @spec fetch_materialized_views(module(), module()) ::
  {:ok, [map()]} | {:error, term()}


      


Fetches existing materialized views for a table.
Note: system_schema.views does not support filtering by base_table_name
(it's not part of the primary key), so we query all views for the keyspace
and filter in Elixir to avoid the "ALLOW FILTERING" error.

  



  
    
      
    
    
      fetch_table_schema(resource, repo)



        
          
        

    

  


  

      

          @spec fetch_table_schema(module(), module()) :: {:ok, map()} | {:error, term()}


      


Fetches the current table schema from ScyllaDB.
Returns a map with column definitions.

  



  
    
      
    
    
      generate(resource)



        
          
        

    

  


  

      

          @spec generate(module()) :: [String.t()]


      


Generates all DDL statements needed to bring a resource's schema in sync.
Returns a list of CQL statement strings. This includes:
	CREATE TABLE IF NOT EXISTS
	ALTER TABLE ADD for new columns
	CREATE INDEX IF NOT EXISTS for new secondary indexes
	CREATE MATERIALIZED VIEW IF NOT EXISTS for new views
	CREATE TYPE IF NOT EXISTS for UDTs


  



  
    
      
    
    
      generate_add_columns(resource, columns)



        
          
        

    

  


  

      

          @spec generate_add_columns(module(), [atom()]) :: [String.t()]


      


Generates ALTER TABLE ADD statements for new columns.

  



  
    
      
    
    
      generate_new_indexes(resource, live_indexes)



        
          
        

    

  


  

      

          @spec generate_new_indexes(module(), [map()]) :: [String.t()]


      


Generates CREATE INDEX statements for new secondary indexes.

  



    

  
    
      
    
    
      migrate(resource, repo, opts \\ [])



        
          
        

    

  


  

      

          @spec migrate(module(), module(), keyword()) :: {:ok, [term()]} | {:error, term()}


      


Executes all migration DDL for a resource against a repo.
Options:
	:nodes - Override nodes (defaults to repo nodes)
	:keyspace - Override keyspace (defaults to repo keyspace)
	:dry_run - If true, only log statements without executing


  



  
    
      
    
    
      plan(resource, repo)



        
          
        

    

  


  

      

          @spec plan(module(), module()) :: {:ok, [String.t()]} | {:error, term()}


      


Returns a list of DDL statements that would be executed without running them.

  


        

      


  

    
AshScylla.DataLayer.SecondaryIndex 
    



      
Struct representing a secondary index definition on a ScyllaDB table.
Used by the DSL, migration generator, and filter validator to introspect
index configurations programmatically.
Fields
	:columns — List of column names (atoms) to index
	:name — Optional custom index name override
	:options — Additional index options


      


      
        Summary


  
    Types
  


    
      
        t()

      


        A secondary index definition on a ScyllaDB table.



    





  
    Functions
  


    
      
        default_name(table, column)

      


        Generates the default index name for a given table and column.



    


    
      
        effective_name(secondary_index, table, column)

      


        Returns the effective index name — custom name if set, otherwise the default.



    


    
      
        parse(column)

      


        Parses a secondary index DSL input into a %SecondaryIndex{} struct.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %AshScylla.DataLayer.SecondaryIndex{
  columns: [atom()],
  name: String.t() | nil,
  options: keyword()
}


      


A secondary index definition on a ScyllaDB table.
Used by the DSL, migration generator, and filter validator to introspect
index configurations programmatically.

  


        

      

      
        Functions


        


  
    
      
    
    
      default_name(table, column)



        
          
        

    

  


  

      

          @spec default_name(String.t(), atom()) :: String.t()


      


Generates the default index name for a given table and column.
Examples
iex> AshScylla.DataLayer.SecondaryIndex.default_name("users", :email)
"idx_users_email"

  



  
    
      
    
    
      effective_name(secondary_index, table, column)



        
          
        

    

  


  

      

          @spec effective_name(t(), String.t(), atom()) :: String.t()


      


Returns the effective index name — custom name if set, otherwise the default.

  



  
    
      
    
    
      parse(column)



        
          
        

    

  


  

      

          @spec parse(atom() | [atom()] | {atom(), keyword()}) :: t()


      


Parses a secondary index DSL input into a %SecondaryIndex{} struct.
Accepts three call signatures:
	A single atom: :email
	A list of atoms: [:name, :age]
	A tuple with options: {:email, name: "idx_email"}

Examples
iex> AshScylla.DataLayer.SecondaryIndex.parse(:email)
%AshScylla.DataLayer.SecondaryIndex{columns: [:email], name: nil, options: []}

iex> AshScylla.DataLayer.SecondaryIndex.parse([:name, :age])
%AshScylla.DataLayer.SecondaryIndex{columns: [:name, :age], name: nil, options: []}

iex> AshScylla.DataLayer.SecondaryIndex.parse({:email, name: "idx_email"})
%AshScylla.DataLayer.SecondaryIndex{columns: [:email], name: "idx_email", options: [name: "idx_email"]}

  


        

      


  

    
AshScylla.DataLayer.Udt 
    



      
User Defined Type (UDT) runtime support for ScyllaDB.
Handles encoding/decoding UDT values for Xandra,
CQL generation for UDT operations, and UDT schema management.
ScyllaDB UDTs are represented as tuples in Xandra. A UDT
{field1_val, field2_val} maps to a map %{field1: val1, field2: val2}.
Encoding
UDTs are encoded as tuples ordered by their schema field definition.
The schema is derived from the resource's @dsl UDT configuration.
Decoding
Tuples are decoded back to maps using field names from the UDT schema.

      


      
        Summary


  
    Types
  


    
      
        udt_field_spec()

      


    


    
      
        udt_schema()

      


    





  
    Functions
  


    
      
        alter_type_cql(type_name, atom, fields)

      


        Generates CQL for altering a UDT (add/rename fields)



    


    
      
        create_type_cql(type_name, fields)

      


        Generates CQL for creating a UDT



    


    
      
        decode(tuple, resource)

      


        Decodes a UDT tuple from Xandra into a map



    


    
      
        drop_type_cql(type_name)

      


        Generates CQL for dropping a UDT



    


    
      
        encode(map, resource)

      


        Encodes a map value into UDT format for Xandra



    


    
      
        field_type_to_cql(type)

      


        Returns the CQL type string for a UDT field type



    


    
      
        list_types_cql()

      


        Generates CQL to list all UDTs in keyspace



    


    
      
        resource_udts(resource)

      


        Returns all UDTs defined in a resource's attributes



    


    
      
        type_exists_cql(type_name)

      


        Generates CQL to check if UDT exists



    


    
      
        validate_fields(fields)

      


        Validates a UDT field specification



    





      


      
        Types


        


  
    
      
    
    
      udt_field_spec()



        
          
        

    

  


  

      

          @type udt_field_spec() :: {atom(), atom()}


      



  



  
    
      
    
    
      udt_schema()



        
          
        

    

  


  

      

          @type udt_schema() :: %{
  name: atom(),
  type_name: String.t(),
  fields: [udt_field_spec()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      alter_type_cql(type_name, atom, fields)



        
          
        

    

  


  

      

          @spec alter_type_cql(String.t() | atom(), :add | :rename, [udt_field_spec()]) ::
  String.t()


      


Generates CQL for altering a UDT (add/rename fields)

  



  
    
      
    
    
      create_type_cql(type_name, fields)



        
          
        

    

  


  

      

          @spec create_type_cql(String.t() | atom(), [udt_field_spec()]) :: String.t()


      


Generates CQL for creating a UDT

  



  
    
      
    
    
      decode(tuple, resource)



        
          
        

    

  


  

      

          @spec decode(tuple(), module()) :: map()


      


Decodes a UDT tuple from Xandra into a map

  



  
    
      
    
    
      drop_type_cql(type_name)



        
          
        

    

  


  

      

          @spec drop_type_cql(String.t() | atom()) :: String.t()


      


Generates CQL for dropping a UDT

  



  
    
      
    
    
      encode(map, resource)



        
          
        

    

  


  

      

          @spec encode(map(), module()) :: tuple()


      


Encodes a map value into UDT format for Xandra

  



  
    
      
    
    
      field_type_to_cql(type)



        
          
        

    

  


  

      

          @spec field_type_to_cql(atom()) :: String.t()


      


Returns the CQL type string for a UDT field type

  



  
    
      
    
    
      list_types_cql()



        
          
        

    

  


  

      

          @spec list_types_cql() :: String.t()


      


Generates CQL to list all UDTs in keyspace

  



  
    
      
    
    
      resource_udts(resource)



        
          
        

    

  


  

      

          @spec resource_udts(module()) :: [udt_schema()]


      


Returns all UDTs defined in a resource's attributes

  



  
    
      
    
    
      type_exists_cql(type_name)



        
          
        

    

  


  

      

          @spec type_exists_cql(String.t() | atom()) :: String.t()


      


Generates CQL to check if UDT exists

  



  
    
      
    
    
      validate_fields(fields)



        
          
        

    

  


  

      

          @spec validate_fields([udt_field_spec()]) :: :ok | {:error, String.t()}


      


Validates a UDT field specification

  


        

      


  

    
AshScylla.Release 
    



      
Release task helpers for running AshScylla migrations in production
without Mix installed.
Usage
Add a module like this to your project:
defmodule MyApp.Release do
  @app :my_app

  def migrate do
    load_app()

    for repo <- repos() do
      AshScylla.Release.migrate(repo, repos())
    end
  end

  def rollback(repo, version) do
    load_app()
    AshScylla.Release.rollback(repo, version, repos())
  end

  defp repos do
    Application.fetch_env!(@app, :ash_scylla_repos)
  end

  defp load_app do
    Application.load(@app)
  end
end
Then in your release:
bin/my_app eval "MyApp.Release.migrate"
Configuration
In your config:
config :my_app, :ash_scylla_repos, [MyApp.Repo]
Or configure per-repo:
config :my_app, MyApp.Repo,
  nodes: ["127.0.0.1:9042"],
  keyspace: "my_app_prod"
Migration Flow
migrate/3 auto-discovers resources via AshScylla.MixHelpers.find_all_resources/0,
then calls AshScylla.DataLayer.SchemaMigration.plan/2 and migrate/2 for each.
Supports :dry_run, :create_keyspace, and :resources options.
Rollback
CQL has no transactional DDL rollback. The rollback/3 function logs a
warning — users must implement custom rollback logic (DROP TABLE, etc.).

      


      
        Summary


  
    Functions
  


    
      
        create_keyspace(repo, opts \\ [])

      


        Creates the keyspace for a repo if it doesn't exist.



    


    
      
        find_resources(all_repos, opts)

      


        Returns all AshScylla resources for the given repos.



    


    
      
        migrate(repo, all_repos, opts \\ [])

      


        Runs migrations for all configured repos.



    


    
      
        rollback(repo, version, all_repos)

      


        Rolls back a migration to a specific version.



    





      


      
        Functions


        


    

  
    
      
    
    
      create_keyspace(repo, opts \\ [])



        
          
        

    

  


  

      

          @spec create_keyspace(
  module(),
  keyword()
) :: :ok | {:error, term()}


      


Creates the keyspace for a repo if it doesn't exist.
Examples
AshScylla.Release.create_keyspace(MyApp.Repo)

  



  
    
      
    
    
      find_resources(all_repos, opts)



        
          
        

    

  


  

      

          @spec find_resources(
  [module()],
  keyword()
) :: [module()]


      


Returns all AshScylla resources for the given repos.
Scans the application's modules for resources that use AshScylla.DataLayer.

  



    

  
    
      
    
    
      migrate(repo, all_repos, opts \\ [])



        
          
        

    

  


  

      

          @spec migrate(module(), [module()], keyword()) :: :ok | {:error, term()}


      


Runs migrations for all configured repos.
Options
	:resources - List of specific resource modules to migrate (default: all)
	:dry_run - If true, only log statements without executing
	:create_keyspace - Create the keyspace before migrating

Examples
AshScylla.Release.migrate(MyApp.Repo, [MyApp.Repo])

AshScylla.Release.migrate(MyApp.Repo, [MyApp.Repo], resources: [MyApp.User])

AshScylla.Release.migrate(MyApp.Repo, [MyApp.Repo], dry_run: true)

  



  
    
      
    
    
      rollback(repo, version, all_repos)



        
          
        

    

  


  

      

          @spec rollback(module(), non_neg_integer() | String.t(), [module()]) ::
  :ok | {:error, term()}


      


Rolls back a migration to a specific version.
Since CQL has no transactional DDL, rollback must be handled manually.
This function provides a framework for rollbacks — users should define
their own rollback logic based on their migration history.
Examples
AshScylla.Release.rollback(MyApp.Repo, 20240101000000, [MyApp.Repo])

  


        

      


  

    
AshScylla.Repo behaviour
    



      
Configuration module for AshScylla using direct Xandra connections.
Usage
defmodule MyApp.Repo do
  use AshScylla.Repo,
    otp_app: :my_app
end
Then configure it in config/config.exs:
config :my_app, MyApp.Repo,
  nodes: ["127.0.0.1:9042"],
  keyspace: "my_app_dev"
Adding to your supervision tree
children = [
  MyApp.Repo,
  # ...
]
Options
	:nodes - List of ScyllaDB/Cassandra nodes to connect to
	:keyspace - The keyspace to use
	:connect_timeout - TCP connection timeout in ms (default: 5000)
	:disable_lwt? - Disable lightweight transactions even when resource config enables them (default: false)
	:disable_atomic_actions? - Disable atomic action support (default: false)
	:installed_extensions - List of installed ScyllaDB extensions (e.g. [:lwt])
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        config()

      


    





  
    Callbacks
  


    
      
        child_spec(keyword)

      


    


    
      
        config()

      


    


    
      
        connection()

      


    


    
      
        create_keyspace(arg1, keyword)

      


    


    
      
        disable_atomic_actions?()

      


    


    
      
        disable_lwt?()

      


    


    
      
        drop_keyspace(arg1)

      


    


    
      
        installed_extensions()

      


    


    
      
        keyspace()

      


    


    
      
        nodes()

      


    


    
      
        prepare(t, keyword)

      


    


    
      
        prepare!(t, keyword)

      


    


    
      
        query(t, list, keyword)

      


    


    
      
        query!(t, list, keyword)

      


    





  
    Functions
  


    
      
        config_to_conn_opts(repo_module)

      


        Converts repo config to Xandra connection options.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: keyword()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      child_spec(keyword)



        
          
        

    

  


  

      

          @callback child_spec(keyword()) :: Supervisor.child_spec()


      



  



  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @callback config() :: keyword()


      



  



  
    
      
    
    
      connection()



        
          
        

    

  


  

      

          @callback connection() :: AshScylla.Connection.t() | nil


      



  



  
    
      
    
    
      create_keyspace(arg1, keyword)



        
          
        

    

  


  

      

          @callback create_keyspace(
  String.t() | nil,
  keyword()
) :: {:ok, term()} | {:error, term()}


      



  



  
    
      
    
    
      disable_atomic_actions?()



        
          
        

    

  


  

      

          @callback disable_atomic_actions?() :: boolean()


      



  



  
    
      
    
    
      disable_lwt?()



        
          
        

    

  


  

      

          @callback disable_lwt?() :: boolean()


      



  



  
    
      
    
    
      drop_keyspace(arg1)



        
          
        

    

  


  

      

          @callback drop_keyspace(String.t() | nil) :: {:ok, term()} | {:error, term()}


      



  



  
    
      
    
    
      installed_extensions()



        
          
        

    

  


  

      

          @callback installed_extensions() :: [atom()]


      



  



  
    
      
    
    
      keyspace()



        
          
        

    

  


  

      

          @callback keyspace() :: String.t() | nil


      



  



  
    
      
    
    
      nodes()



        
          
        

    

  


  

      

          @callback nodes() :: [String.t()]


      



  



  
    
      
    
    
      prepare(t, keyword)



        
          
        

    

  


  

      

          @callback prepare(
  String.t(),
  keyword()
) :: {:ok, Xandra.Prepared.t()} | {:error, term()}


      



  



  
    
      
    
    
      prepare!(t, keyword)



        
          
        

    

  


  

      

          @callback prepare!(
  String.t(),
  keyword()
) :: Xandra.Prepared.t() | no_return()


      



  



  
    
      
    
    
      query(t, list, keyword)



        
          
        

    

  


  

      

          @callback query(String.t(), list(), keyword()) :: {:ok, term()} | {:error, term()}


      



  



  
    
      
    
    
      query!(t, list, keyword)



        
          
        

    

  


  

      

          @callback query!(String.t(), list(), keyword()) :: term() | no_return()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      config_to_conn_opts(repo_module)



        
          
        

    

  


  

      

          @spec config_to_conn_opts(module()) :: keyword()


      


Converts repo config to Xandra connection options.

  


        

      


  

    
AshScylla.PreparedStatementCache 
    



      
ETS-based prepared statement cache for ScyllaDB/Cassandra queries.
Caches prepared statements keyed by {repo, cql, keyspace, opts} to
eliminate repeated query parsing overhead on ScyllaDB. This is especially
impactful for high-throughput workloads where the same queries are executed
repeatedly.
All ETS operations are routed through the GenServer to avoid race
conditions when multiple processes access the cache concurrently.
Usage
AshScylla.PreparedStatementCache.prepare(repo, "SELECT * FROM users WHERE id = ?")
Starting the Cache
Add to your supervision tree:
children = [
  AshScylla.PreparedStatementCache,
  # ... other children
]
Or start manually:
AshScylla.PreparedStatementCache.start_link([])
Limits
	Max cache size: 10,000 entries
	Cleanup interval: 5 minutes
	Registered locally as __MODULE__ by default


      


      
        Summary


  
    Types
  


    
      
        cache_entry()

      


    


    
      
        cache_key()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear()

      


        Clears all cached prepared statements.



    


    
      
        evict_oldest(tid, count)

      


        Evicts the oldest count entries from the cache.



    


    
      
        invalidate(cql)

      


        Invalidates a specific cached statement by CQL string.



    


    
      
        max_cache_size()

      


        Returns the configured maximum cache size.



    


    
      
        prepare(repo, cql, opts \\ [])

      


        Prepares a CQL statement, using the cache if available.



    


    
      
        size()

      


        Returns the number of cached statements.



    


    
      
        start_link(opts \\ [])

      


        Starts the prepared statement cache.



    


    
      
        table()

      


        Returns the ETS table tid for inspection/testing.



    





      


      
        Types


        


  
    
      
    
    
      cache_entry()



        
          
        

    

  


  

      

          @type cache_entry() :: {term(), term()}


      



  



  
    
      
    
    
      cache_key()



        
          
        

    

  


  

      

          @type cache_key() :: {module(), String.t(), String.t(), keyword()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      clear()



        
          
        

    

  


  

      

          @spec clear() :: :ok


      


Clears all cached prepared statements.

  



  
    
      
    
    
      evict_oldest(tid, count)



        
          
        

    

  


  

      

          @spec evict_oldest(:ets.tid(), non_neg_integer()) :: :ok


      


Evicts the oldest count entries from the cache.
Exposed for testing the eviction logic.

  



  
    
      
    
    
      invalidate(cql)



        
          
        

    

  


  

      

          @spec invalidate(String.t()) :: :ok


      


Invalidates a specific cached statement by CQL string.

  



  
    
      
    
    
      max_cache_size()



        
          
        

    

  


  

      

          @spec max_cache_size() :: non_neg_integer()


      


Returns the configured maximum cache size.
Exposed for testing.

  



    

  
    
      
    
    
      prepare(repo, cql, opts \\ [])



        
          
        

    

  


  

      

          @spec prepare(module(), String.t(), keyword()) :: {:ok, term()} | {:error, term()}


      


Prepares a CQL statement, using the cache if available.
Returns {:ok, stmt} on success or {:error, reason} on failure.

  



  
    
      
    
    
      size()



        
          
        

    

  


  

      

          @spec size() :: non_neg_integer()


      


Returns the number of cached statements.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Starts the prepared statement cache.
When no :name option is given, the GenServer is registered locally
as __MODULE__ so that each node runs its own per-node cache. This is
required in a clustered deployment (libcluster + K8s/gossip), where a
global name would be contested by every node and cause repeated
:reached_max_restart_intensity crashes.
Pass a {:global, name} tuple to register globally, or a custom local
name to register under a different local name.

  



  
    
      
    
    
      table()



        
          
        

    

  


  

      

          @spec table() :: :ets.tid() | nil


      


Returns the ETS table tid for inspection/testing.

  


        

      


  

    
AshScylla.Telemetry 
    



      
Telemetry integration for AshScylla.
Emits standard :telemetry events for query execution, enabling
integration with LiveDashboard, Datadog, OpenTelemetry, and other
observability tools.
Events
	[:ash_scylla, :query, :start] - Emitted when a query begins execution.
Measurements: %{system_time: integer()}
Metadata: %{resource: module(), operation: atom(), query: String.t()}

	[:ash_scylla, :query, :stop] - Emitted when a query finishes.
Measurements: %{duration: integer()}
Metadata: %{resource: module(), operation: atom(), query: String.t()}

	[:ash_scylla, :query, :exception] - Emitted when a query raises.
Measurements: %{duration: integer()}
Metadata: %{resource: module(), operation: atom(), query: String.t(), kind: atom(), reason: term()}

	[:ash_scylla, :batch, :start] - Emitted when a batch operation begins.
Measurements: %{system_time: integer()}
Metadata: %{resource: module(), operation: atom(), batch_size: integer()}

	[:ash_scylla, :batch, :stop] - Emitted when a batch operation finishes.
Measurements: %{duration: integer()}
Metadata: %{resource: module(), operation: atom(), batch_size: integer()}


Attaching a Handler
:telemetry.attach(
  "ash_scylla-logger",
  [:ash_scylla, :query, :stop],
  &MyApp.Telemetry.handle_event/4,
  nil
)

      


      
        Summary


  
    Functions
  


    
      
        batch_span(resource, operation, batch_size, fun)

      


        Executes a batch operation within a telemetry span.



    


    
      
        format_duration(nanoseconds)

      


        Formats a duration in nanoseconds to a human-readable string.



    


    
      
        span(resource, operation, query, fun)

      


        Executes a function within a telemetry span.



    





      


      
        Functions


        


  
    
      
    
    
      batch_span(resource, operation, batch_size, fun)



        
          
        

    

  


  

      

          @spec batch_span(module(), atom(), integer(), (-> result)) :: result when result: var


      


Executes a batch operation within a telemetry span.
Emits [:ash_scylla, :batch, :start] before execution and
[:ash_scylla, :batch, :stop] after.

  



  
    
      
    
    
      format_duration(nanoseconds)



        
          
        

    

  


  

      

          @spec format_duration(integer()) :: String.t()


      


Formats a duration in nanoseconds to a human-readable string.

  



  
    
      
    
    
      span(resource, operation, query, fun)



        
          
        

    

  


  

      

          @spec span(module(), atom(), String.t(), (-> result)) :: result when result: var


      


Executes a function within a telemetry span.
Emits [:ash_scylla, :query, :start] before execution and
[:ash_scylla, :query, :stop] after. If the function raises,
[:ash_scylla, :query, :exception] is emitted.
Returns the function's return value.

  


        

      


  

    
AshScylla.Error exception
    



      
Common error types and utilities for AshScylla.
This module provides a unified interface for error handling across the AshScylla
library, including ScyllaDB-specific errors, configuration errors, and query errors.
Functions
	wrap_xandra_error/1 — Convert Xandra errors to ScyllaError
	format_error/1 — Format any error for display
	retryable?/1 — Check if an error is retryable

See AshScylla.Error.ScyllaError for the structured error type with
categorization and suggestions.

      


      
        Summary


  
    Functions
  


    
      
        format_error(error)

      


        Formats an error for display to the user.



    


    
      
        retryable?(error)

      


        Checks if an error is retryable.



    


    
      
        wrap_xandra_error(error)

      


        Wraps a Xandra error into a structured AshScylla error.



    





      


      
        Functions


        


  
    
      
    
    
      format_error(error)



        
          
        

    

  


  

      

          @spec format_error(AshScylla.Error.ScyllaError.t()) :: String.t()


          @spec format_error(term()) :: String.t()


      


Formats an error for display to the user.

  



  
    
      
    
    
      retryable?(error)



        
          
        

    

  


  

      

          @spec retryable?(AshScylla.Error.ScyllaError.t() | term()) :: boolean()


      


Checks if an error is retryable.
Public utility intended for callers implementing their own retry policy.
Returns true for transient ScyllaDB errors such as timeouts, connection
failures, and overloaded nodes — cases where retrying the same operation
may succeed. Returns false for all other errors, including unknown types.
Retryable error types
	:connection_timeout
	:connection_closed
	:overloaded
	:timeout
	:connection_error

Examples
iex> error = %AshScylla.Error.ScyllaError{type: :timeout, message: "timeout"}
iex> AshScylla.Error.retryable?(error)
true

iex> error = %AshScylla.Error.ScyllaError{type: :invalid, message: "bad query"}
iex> AshScylla.Error.retryable?(error)
false

  



  
    
      
    
    
      wrap_xandra_error(error)



        
          
        

    

  


  

      

          @spec wrap_xandra_error(Xandra.Error.t()) :: AshScylla.Error.ScyllaError.t()


          @spec wrap_xandra_error(Xandra.ConnectionError.t()) :: AshScylla.Error.ScyllaError.t()


          @spec wrap_xandra_error(term()) :: AshScylla.Error.ScyllaError.t()


      


Wraps a Xandra error into a structured AshScylla error.

  


        

      


  

    
AshScylla.Error.ScyllaError 
    



      
Comprehensive error handling for ScyllaDB-specific errors.
This module provides structured error types for ScyllaDB/Cassandra errors,
user-friendly error messages, and suggestions for resolving common issues.
Error Categories
	Connection Errors: Issues connecting to ScyllaDB nodes
	Query Errors: Invalid CQL syntax, type mismatches
	Consistency Errors: Write/read consistency failures
	Schema Errors: Table, keyspace, or column not found
	Rate Limiting: Overloaded nodes, timeout errors
	Configuration Errors: Invalid configuration options

Usage
case repo.query(query, params) do
  {:ok, result} ->
    {:ok, result}

  {:error, %Xandra.Error{} = error} ->
    {:error, AshScylla.Error.ScyllaError.from_xandra_error(error)}

  {:error, %Xandra.ConnectionError{} = error} ->
    {:error, AshScylla.Error.ScyllaError.from_xandra_connection_error(error)}
end
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        t()

      


    





  
    Functions
  


    
      
        from_error(error)

      


        Creates a ScyllaError from a generic error.



    


    
      
        from_xandra_connection_error(error)

      


        Creates a ScyllaError from a Xandra.ConnectionError.



    


    
      
        from_xandra_connection_error(error, query)

      


        Creates a ScyllaError from a Xandra.ConnectionError with query context.



    


    
      
        from_xandra_error(error)

      


        Creates a ScyllaError from a Xandra.Error.



    


    
      
        from_xandra_error(error, query)

      


        Creates a ScyllaError from a Xandra.Error with query context.



    


    
      
        to_string(error, opts \\ [])

      


        Converts the error to a human-readable string.



    


    
      
        with_query(error, query)

      


        Creates a ScyllaError with query context.
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      t()



        
          
        

    

  


  

      

          @type t() :: %AshScylla.Error.ScyllaError{
  message: String.t(),
  original_error: term(),
  query: String.t() | nil,
  reason: term(),
  suggestion: String.t() | nil,
  type: atom()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_error(error)



        
          
        

    

  


  

      

          @spec from_error(term()) :: t()


      


Creates a ScyllaError from a generic error.

  



  
    
      
    
    
      from_xandra_connection_error(error)



        
          
        

    

  


  

      

          @spec from_xandra_connection_error(Xandra.ConnectionError.t()) :: t()


      


Creates a ScyllaError from a Xandra.ConnectionError.

  



  
    
      
    
    
      from_xandra_connection_error(error, query)



        
          
        

    

  


  

      

          @spec from_xandra_connection_error(Xandra.ConnectionError.t(), String.t() | nil) ::
  t()


      


Creates a ScyllaError from a Xandra.ConnectionError with query context.

  



  
    
      
    
    
      from_xandra_error(error)



        
          
        

    

  


  

      

          @spec from_xandra_error(Xandra.Error.t()) :: t()


      


Creates a ScyllaError from a Xandra.Error.

  



  
    
      
    
    
      from_xandra_error(error, query)



        
          
        

    

  


  

      

          @spec from_xandra_error(Xandra.Error.t(), String.t() | nil) :: t()


      


Creates a ScyllaError from a Xandra.Error with query context.

  



    

  
    
      
    
    
      to_string(error, opts \\ [])



        
          
        

    

  


  

      

          @spec to_string(
  t(),
  keyword()
) :: String.t()


      


Converts the error to a human-readable string.
Options
	:include_query — Include the CQL query in the output (default: false)


  



  
    
      
    
    
      with_query(error, query)



        
          
        

    

  


  

      

          @spec with_query(t(), String.t()) :: t()


      


Creates a ScyllaError with query context.
Convenience function for wrapping an error that includes the query
that caused it.

  


        

      


  

    
AshScylla.Search 
    



      
A scalable multi-word search engine built on ScyllaDB using an inverted index.
Provides Lucene/OpenSearch-style search capabilities without LIKE,
ALLOW FILTERING, or secondary indexes.
Architecture
The search engine uses an inverted index approach:
Document → Analyzer → Tokenizer → Normalizer → Stemmer
  → Stop Words → Indexer → search_post_terms table

Query → Analyzer → Planner → Boolean Engine → Ranking → Results
Quick Start
# 1. Create search tables
Search.create_tables(MyApp.Repo, "my_keyspace")

# 2. Index a document
Search.index(MyApp.Repo, "my_keyspace", "post-uuid-here", %{
  title: "Learning Elixir Phoenix Framework",
  body: "Phoenix is a distributed web framework built on Elixir."
})

# 3. Search
{:ok, results} = Search.search(MyApp.Repo, "my_keyspace", "learning phoenix")
#=> %{entries: [{"post-uuid-here", 2.0}], ...}
Features
	Single-word and multi-word AND/OR search
	Pagination with page metadata
	Relevance ranking (TF, TF-IDF, BM25)
	Document updates and deletes
	Sharded partitions to prevent hotspot term partitions
	Unicode-aware tokenization
	Porter stemming
	Stop word filtering


      


      
        Summary


  
    Types
  


    
      
        field_map()

      


    


    
      
        search_result()

      


    





  
    Functions
  


    
      
        create_tables(repo, keyspace)

      


        Creates the search engine tables in the given keyspace.



    


    
      
        delete(repo, keyspace, post_id)

      


        Removes a document from the search index.



    


    
      
        drop_tables(repo, keyspace)

      


        Drops the search engine tables from the given keyspace.



    


    
      
        index(repo, keyspace, post_id, fields, opts \\ [])

      


        Indexes a document into the search engine.



    


    
      
        search(repo, keyspace, query, opts \\ [])

      


        Searches the inverted index for documents matching the query.



    


    
      
        search!(repo, keyspace, query, opts \\ [])

      


        Same as search/4 but raises on error.



    


    
      
        update(repo, keyspace, post_id, fields, opts \\ [])

      


        Updates a document's indexed terms.



    





      


      
        Types


        


  
    
      
    
    
      field_map()



        
          
        

    

  


  

      

          @type field_map() :: %{optional(atom()) => String.t()}


      



  



  
    
      
    
    
      search_result()



        
          
        

    

  


  

      

          @type search_result() ::
  {:ok, AshScylla.Search.Query.Paginator.page()} | {:error, term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      create_tables(repo, keyspace)



        
          
        

    

  


  

      

          @spec create_tables(module(), String.t()) :: :ok | {:error, term()}


      


Creates the search engine tables in the given keyspace.
This must be called once before indexing or searching.
Returns :ok or {:error, reason}.

  



  
    
      
    
    
      delete(repo, keyspace, post_id)



        
          
        

    

  


  

      

          @spec delete(module(), String.t(), String.t()) :: :ok | {:error, term()}


      


Removes a document from the search index.
Deletes all term entries for the given post ID from both
search_post_terms and search_post_fields.
Returns :ok or {:error, reason}.

  



  
    
      
    
    
      drop_tables(repo, keyspace)



        
          
        

    

  


  

      

          @spec drop_tables(module(), String.t()) :: :ok | {:error, term()}


      


Drops the search engine tables from the given keyspace.

  



    

  
    
      
    
    
      index(repo, keyspace, post_id, fields, opts \\ [])



        
          
        

    

  


  

      

          @spec index(module(), String.t(), String.t(), field_map(), keyword()) ::
  :ok | {:error, term()}


      


Indexes a document into the search engine.
Accepts a map of field names to text values. Each field is analyzed
and its terms are written to the inverted index.
Returns :ok or {:error, reason}.
Examples
Search.index(MyApp.Repo, "my_keyspace", "abc-123", %{
  title: "Learning Elixir",
  body: "Elixir is a functional language"
})

  



    

  
    
      
    
    
      search(repo, keyspace, query, opts \\ [])



        
          
        

    

  


  

      

          @spec search(module(), String.t(), String.t(), keyword()) :: search_result()


      


Searches the inverted index for documents matching the query.
The full search pipeline:
	Parse query string into AST
	Analyze query terms
	Look up posting lists from ScyllaDB
	Apply boolean operations (AND/OR/NOT)
	Rank results by relevance
	Paginate results

Options
	:page — page number, starting at 1 (default: 1)
	:page_size — results per page (default: 20)
	:strategy — ranking strategy: :tf (default), :tfidf, :bm25
	:num_shards — shard count per term partition (default: 16)
	:analyzer_opts — options passed to the analyzer (e.g. :stem)

Examples
# Basic search
{:ok, page} = Search.search(repo, keyspace, "elixir phoenix")

# With AND/OR operators
{:ok, page} = Search.search(repo, keyspace, "elixir OR phoenix")

# With BM25 ranking and pagination
{:ok, page} = Search.search(repo, keyspace, "distributed web",
  strategy: :bm25, page: 1, page_size: 10)
Returns {:ok, page} where page is a map with :entries, :page_number,
:total_count, etc., or {:error, reason}.

  



    

  
    
      
    
    
      search!(repo, keyspace, query, opts \\ [])



        
          
        

    

  


  

      

          @spec search!(module(), String.t(), String.t(), keyword()) ::
  AshScylla.Search.Query.Paginator.page() | no_return()


      


Same as search/4 but raises on error.

  



    

  
    
      
    
    
      update(repo, keyspace, post_id, fields, opts \\ [])



        
          
        

    

  


  

      

          @spec update(module(), String.t(), String.t(), field_map(), keyword()) ::
  :ok | {:error, term()}


      


Updates a document's indexed terms.
Computes the diff between old and new terms for each field, applying
only the necessary inserts and deletes. Fields omitted from the map
are left unchanged.
Returns :ok or {:error, reason}.

  


        

      


  

    
AshScylla.Search.Analyzer 
    



      
Text analysis pipeline coordinator.
Orchestrates the full text analysis pipeline:
Document text
  → Tokenizer (split into words)
  → Normalizer (lowercase, strip punctuation, NFC normalize)
  → Stop Words filter (remove common words)
  → Stemmer (reduce to root form)
  → Unique terms with counts
Usage
iex> Analyzer.analyze("Learning Elixir Phoenix Framework")
[{"phoenix", 1}, {"framework", 1}, {"learn", 1}, {"elixir", 1}]
The result is a keyword list of {term, frequency} pairs ready for
indexing or query processing.

      


      
        Summary


  
    Functions
  


    
      
        analyze(text, opts \\ [])

      


        Analyzes text and returns a list of {term, term_frequency} tuples.



    


    
      
        analyze_fields(fields, opts \\ [])

      


        Analyzes a map of field names to text values.



    


    
      
        analyze_query(query, opts \\ [])

      


        Analyzes a query string for search.



    





      


      
        Functions


        


    

  
    
      
    
    
      analyze(text, opts \\ [])



        
          
        

    

  


  

      

          @spec analyze(
  String.t(),
  keyword()
) :: [{String.t(), pos_integer()}]


      


Analyzes text and returns a list of {term, term_frequency} tuples.
The terms are:
	Tokenized from the input text
	Normalized (lowercase, punctuation removal, NFC)
	Filtered to remove stop words
	Stemmed to their root form
	Deduplicated with frequency counts

Options
	:stem — whether to apply stemming (default: true)
	:remove_stop_words — whether to remove stop words (default: true)
	:min_length — minimum token length (default: 1)

Examples
iex> Analyzer.analyze("The Phoenix Framework is running fast")
[{"phoenix", 1}, {"framework", 1}, {"run", 1}, {"fast", 1}]

  



    

  
    
      
    
    
      analyze_fields(fields, opts \\ [])



        
          
        

    

  


  

      

          @spec analyze_fields(
  %{optional(atom()) => String.t()},
  keyword()
) :: [{String.t(), pos_integer()}]


      


Analyzes a map of field names to text values.
Returns a single merged term-frequency list across all fields.
Each field is analyzed independently and results are merged.
Examples
iex> Analyzer.analyze_fields(%{
...>   title: "Learning Elixir",
...>   body: "Elixir is great"
...> })
[{"elixir", 2}, {"learn", 1}, {"great", 1}]

  



    

  
    
      
    
    
      analyze_query(query, opts \\ [])



        
          
        

    

  


  

      

          @spec analyze_query(
  String.t(),
  keyword()
) :: [String.t()]


      


Analyzes a query string for search.
Unlike document analysis, query analysis preserves the term order
for phrase search support. Returns a flat list of normalized terms.
Examples
iex> Analyzer.analyze_query("learning phoenix framework")
["learn", "phoenix", "framework"]

  


        

      


  

    
AshScylla.Search.Analyzer.Normalizer 
    



      
Text normalization for the search pipeline.
Handles:
	Lowercasing (Unicode-aware via String.downcase/2)
	Unicode normalization (NFC form)
	Punctuation and special character removal

The normalizer runs after tokenization but could also be applied to the
full text before tokenization.

      


      
        Summary


  
    Functions
  


    
      
        normalize_term(term)

      


        Normalizes a single term.



    


    
      
        normalize_terms(terms)

      


        Normalizes a list of terms, removing any that normalize to nil or empty.



    





      


      
        Functions


        


  
    
      
    
    
      normalize_term(term)



        
          
        

    

  


  

      

          @spec normalize_term(String.t()) :: String.t() | nil


      


Normalizes a single term.
Applies lowercase, NFC normalization, and strips surrounding punctuation.
Returns nil if the term becomes empty after normalization.
Examples
iex> Normalizer.normalize_term("Phoenix!")
"phoenix"

iex> Normalizer.normalize_term("  ELIXIR  ")
"elixir"

iex> Normalizer.normalize_term("!!!")
nil

  



  
    
      
    
    
      normalize_terms(terms)



        
          
        

    

  


  

      

          @spec normalize_terms([String.t()]) :: [String.t()]


      


Normalizes a list of terms, removing any that normalize to nil or empty.

  


        

      


  

    
AshScylla.Search.Analyzer.Stemmer 
    



      
A simplified Porter stemming algorithm for English.
Reduces words to their root form:
	"running" → "run"
	"runner"  → "run"
	"runs"    → "run"

This is not a full Porter stemmer but covers the most common English
suffixes. It is good enough for practical search use cases while
keeping the implementation simple and fast.
For production use with other languages, consider integrating a
purpose-built stemming library.

      


      
        Summary


  
    Functions
  


    
      
        stem(word)

      


        Stems a single term to its root form.



    


    
      
        stem_all(terms)

      


        Stems a list of terms, removing duplicates after stemming.



    





      


      
        Functions


        


  
    
      
    
    
      stem(word)



        
          
        

    

  


  

      

          @spec stem(String.t()) :: String.t()


      


Stems a single term to its root form.
Returns the original term unchanged if no stemming rule applies.
Examples
iex> Stemmer.stem("running")
"run"

iex> Stemmer.stem("runs")
"run"

iex> Stemmer.stem("easily")
"easili"

iex> Stemmer.stem("elixir")
"elixir"

  



  
    
      
    
    
      stem_all(terms)



        
          
        

    

  


  

      

          @spec stem_all([String.t()]) :: [String.t()]


      


Stems a list of terms, removing duplicates after stemming.

  


        

      


  

    
AshScylla.Search.Analyzer.StopWords 
    



      
Stop words filter for the search pipeline.
Removes common English words that carry little semantic value and would
otherwise create enormous partitions in the inverted index.
The stop word list is based on the standard English stop words used by
Lucene and similar search engines.

      


      
        Summary


  
    Functions
  


    
      
        filter(terms)

      


        Removes stop words from a list of terms.



    


    
      
        stop_word?(term)

      


        Checks if a term is a stop word.



    


    
      
        stop_words()

      


        Returns the full set of stop words.



    





      


      
        Functions


        


  
    
      
    
    
      filter(terms)



        
          
        

    

  


  

      

          @spec filter([String.t()]) :: [String.t()]


      


Removes stop words from a list of terms.

  



  
    
      
    
    
      stop_word?(term)



        
          
        

    

  


  

      

          @spec stop_word?(String.t()) :: boolean()


      


Checks if a term is a stop word.

  



  
    
      
    
    
      stop_words()



        
          
        

    

  


  

      

          @spec stop_words() :: MapSet.t()


      


Returns the full set of stop words.

  


        

      


  

    
AshScylla.Search.Analyzer.Tokenizer 
    



      
Unicode-aware tokenizer for the search pipeline.
Splits text into individual tokens using Unicode word boundary rules.
Handles:
	Mixed scripts (Latin, CJK, etc.)
	Punctuation stripping
	Contiguous alphanumeric sequences as single tokens
	Emoji filtering

Uses regex patterns that respect Unicode category properties rather
than simple whitespace splitting.

      


      
        Summary


  
    Functions
  


    
      
        tokenize(text)

      


        Tokenizes a text string into a list of word tokens.



    


    
      
        tokenize(text, opts)

      


        Tokenizes text and returns tokens longer than the minimum length.



    


    
      
        tokenize_fields(fields)

      


        Tokenizes multiple text fields, returning a flat list of all tokens.



    





      


      
        Functions


        


  
    
      
    
    
      tokenize(text)



        
          
        

    

  


  

      

          @spec tokenize(String.t()) :: [String.t()]


      


Tokenizes a text string into a list of word tokens.
Examples
iex> Tokenizer.tokenize("Learning Elixir Phoenix Framework")
["Learning", "Elixir", "Phoenix", "Framework"]

iex> Tokenizer.tokenize("Phoenix,Framework!测试")
["Phoenix", "Framework", "测试"]

iex> Tokenizer.tokenize("hello_world test-case")
["hello_world", "test", "case"]

  



  
    
      
    
    
      tokenize(text, opts)



        
          
        

    

  


  

      

          @spec tokenize(
  String.t(),
  keyword()
) :: [String.t()]


      


Tokenizes text and returns tokens longer than the minimum length.

  



  
    
      
    
    
      tokenize_fields(fields)



        
          
        

    

  


  

      

          @spec tokenize_fields(%{optional(atom()) => String.t()}) :: [String.t()]


      


Tokenizes multiple text fields, returning a flat list of all tokens.

  


        

      


  

    
AshScylla.Search.Indexer 
    



      
Index management coordinator.
Orchestrates indexing, updating, and deleting documents in the inverted index.
Delegates to Builder, Updater, and Deleter sub-modules.
Usage
# Index a new document
Indexer.index(repo, keyspace, post_id, %{title: "Hello World", body: "Elixir is great"})

# Update a document
Indexer.update(repo, keyspace, post_id, %{title: "Updated Title", body: "New content"})

# Delete a document
Indexer.delete(repo, keyspace, post_id)

      


      
        Summary


  
    Types
  


    
      
        field_map()

      


    





  
    Functions
  


    
      
        delete(repo, keyspace, post_id)

      


        Removes a document entirely from the inverted index.



    


    
      
        delete_field(repo, keyspace, post_id, field_num)

      


        Removes a single field from the index for a document.



    


    
      
        index(repo, keyspace, post_id, fields, opts \\ [])

      


        Indexes a new document into the inverted index.



    


    
      
        update(repo, keyspace, post_id, fields, opts \\ [])

      


        Updates a document's indexed terms.



    





      


      
        Types


        


  
    
      
    
    
      field_map()



        
          
        

    

  


  

      

          @type field_map() :: %{optional(atom()) => String.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      delete(repo, keyspace, post_id)



        
          
        

    

  


  

      

          @spec delete(module(), String.t(), String.t()) :: :ok | {:error, term()}


      


Removes a document entirely from the inverted index.

  



  
    
      
    
    
      delete_field(repo, keyspace, post_id, field_num)



        
          
        

    

  


  

      

          @spec delete_field(module(), String.t(), String.t(), non_neg_integer()) ::
  :ok | {:error, term()}


      


Removes a single field from the index for a document.

  



    

  
    
      
    
    
      index(repo, keyspace, post_id, fields, opts \\ [])



        
          
        

    

  


  

      

          @spec index(module(), String.t(), String.t(), field_map(), keyword()) ::
  :ok | {:error, term()}


      


Indexes a new document into the inverted index.
Accepts a map of field names to text values. Each field is:
	Analyzed (tokenized, normalized, stemmed)
	Written to search_post_terms and search_post_fields

Fields are numbered sequentially starting from 0 in the order they
appear in the map.
Returns :ok on success or {:error, reason} on failure.

  



    

  
    
      
    
    
      update(repo, keyspace, post_id, fields, opts \\ [])



        
          
        

    

  


  

      

          @spec update(module(), String.t(), String.t(), field_map(), keyword()) ::
  :ok | {:error, term()}


      


Updates a document's indexed terms.
For each field, computes the diff between old stored terms and new
analyzed terms, then applies only the necessary inserts and deletes.
Fields that haven't changed are left untouched.

  


        

      


  

    
AshScylla.Search.Indexer.Builder 
    



      
Builds the inverted index for a document.
Takes the analyzed terms and writes them to the search_post_terms table
and the raw terms set to search_post_fields for later diff-based updates.
Uses UNLOGGED BATCH for efficient bulk writes.
Usage
Indexer.Builder.index(repo, keyspace, post_id, field_num, [
  {"phoenix", 2},
  {"elixir", 1}
])

      


      
        Summary


  
    Functions
  


    
      
        index(repo, keyspace, post_id, field, terms)

      


        Indexes the analyzed terms for a single field of a post.



    


    
      
        index_fields(repo, keyspace, post_id, fields_map)

      


        Indexes analyzed terms across multiple fields for a post.



    





      


      
        Functions


        


  
    
      
    
    
      index(repo, keyspace, post_id, field, terms)



        
          
        

    

  


  

      

          @spec index(
  module(),
  String.t(),
  String.t(),
  non_neg_integer(),
  [{String.t(), pos_integer()}]
) :: :ok | {:error, term()}


      


Indexes the analyzed terms for a single field of a post.
Writes term → post_id mappings to search_post_terms and stores
the set of unique terms in search_post_fields for future diffing.
Returns :ok on success or {:error, reason} on failure.

  



  
    
      
    
    
      index_fields(repo, keyspace, post_id, fields_map)



        
          
        

    

  


  

      

          @spec index_fields(
  module(),
  String.t(),
  String.t(),
  %{required(non_neg_integer()) => [{String.t(), pos_integer()}]}
) :: :ok | {:error, term()}


      


Indexes analyzed terms across multiple fields for a post.
Accepts a map of %{field_num => [{term, tf}]} and writes all rows.

  


        

      


  

    
AshScylla.Search.Indexer.Deleter 
    



      
Removes a document from the inverted index.
Deletes all term entries for a post from both search_post_terms
and search_post_fields.

      


      
        Summary


  
    Functions
  


    
      
        delete(repo, keyspace, post_id)

      


        Deletes all index entries for a post across all fields.



    


    
      
        delete_field(repo, keyspace, post_id, field)

      


        Deletes all index entries for a specific field of a post.



    





      


      
        Functions


        


  
    
      
    
    
      delete(repo, keyspace, post_id)



        
          
        

    

  


  

      

          @spec delete(module(), String.t(), String.t()) :: :ok | {:error, term()}


      


Deletes all index entries for a post across all fields.
First reads the terms from search_post_fields so we know which
partition keys to target for deletion in search_post_terms.
Then deletes from both tables.
Returns :ok on success or {:error, reason} on failure.

  



  
    
      
    
    
      delete_field(repo, keyspace, post_id, field)



        
          
        

    

  


  

      

          @spec delete_field(module(), String.t(), String.t(), non_neg_integer()) ::
  :ok | {:error, term()}


      


Deletes all index entries for a specific field of a post.

  


        

      


  

    
AshScylla.Search.Indexer.Updater 
    



      
Updates the inverted index when a document's text changes.
Computes the diff between old and new terms:
	Fetches the old term set from search_post_fields
	Analyzes the new text to get new terms
	Removes terms present in old but not new
	Adds terms present in new but not old

This avoids re-indexing unchanged terms.

      


      
        Summary


  
    Functions
  


    
      
        fetch_old_terms(repo, keyspace, post_id, field)

      


        Fetches the stored term set for a post field from search_post_fields.



    


    
      
        update_field(repo, keyspace, post_id, field, new_terms, old_term_set)

      


        Updates the index for a single field of a post.



    





      


      
        Functions


        


  
    
      
    
    
      fetch_old_terms(repo, keyspace, post_id, field)



        
          
        

    

  


  

      

          @spec fetch_old_terms(module(), String.t(), String.t(), non_neg_integer()) ::
  {:ok, MapSet.t()} | {:error, term()}


      


Fetches the stored term set for a post field from search_post_fields.
Returns an empty MapSet if no terms are found.

  



  
    
      
    
    
      update_field(repo, keyspace, post_id, field, new_terms, old_term_set)



        
          
        

    

  


  

      

          @spec update_field(
  module(),
  String.t(),
  String.t(),
  non_neg_integer(),
  [{String.t(), pos_integer()}],
  MapSet.t()
) :: :ok | {:error, term()}


      


Updates the index for a single field of a post.
Takes the repo, keyspace, post_id, field number, and the new text.
Reads the old terms from search_post_fields, computes the diff,
and applies only the necessary inserts and deletes.
Returns :ok on success or {:error, reason} on failure.

  


        

      


  

    
AshScylla.Search.Query.BooleanEngine 
    



      
Boolean operations on posting lists.
Implements efficient set operations using a two-pointer merge algorithm
with O(n + m) complexity — identical to how Lucene performs intersections
and unions.
Supports:
	AND — intersection of posting lists
	OR — union of posting lists
	NOT — difference of posting lists


      


      
        Summary


  
    Types
  


    
      
        posting_list()

      


    


    
      
        scored_post()

      


    





  
    Functions
  


    
      
        and_intersect(lists)

      


        Computes the AND intersection of multiple posting lists.



    


    
      
        not_difference(include, exclude)

      


        Computes the difference: posts in include that are NOT in exclude.



    


    
      
        or_union(lists)

      


        Computes the OR union of multiple posting lists.



    





      


      
        Types


        


  
    
      
    
    
      posting_list()



        
          
        

    

  


  

      

          @type posting_list() :: [{String.t(), non_neg_integer(), non_neg_integer()}]


      



  



  
    
      
    
    
      scored_post()



        
          
        

    

  


  

      

          @type scored_post() :: {String.t(), float()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      and_intersect(lists)



        
          
        

    

  


  

      

          @spec and_intersect([posting_list()]) :: [{String.t(), non_neg_integer()}]


      


Computes the AND intersection of multiple posting lists.
Uses a two-pointer merge algorithm for each pair of lists.
Example
iex> BooleanEngine.and_intersect([
...>   [{"a", 1, 0}, {"b", 1, 1}, {"c", 1, 2}],
...>   [{"b", 1, 0}, {"c", 1, 1}, {"d", 1, 2}]
...> ])
[{"b", 1}, {"c", 1}]

  



  
    
      
    
    
      not_difference(include, exclude)



        
          
        

    

  


  

      

          @spec not_difference(posting_list(), posting_list()) :: [
  {String.t(), non_neg_integer()}
]


      


Computes the difference: posts in include that are NOT in exclude.
Example
iex> BooleanEngine.not_difference(
...>   [{"a", 1, 0}, {"b", 1, 1}, {"c", 1, 2}],
...>   [{"b", 1, 0}]
...> )
[{"a", 1}, {"c", 1}]

  



  
    
      
    
    
      or_union(lists)



        
          
        

    

  


  

      

          @spec or_union([posting_list()]) :: [{String.t(), non_neg_integer()}]


      


Computes the OR union of multiple posting lists.
Example
iex> BooleanEngine.or_union([
...>   [{"a", 1, 0}, {"b", 1, 1}],
...>   [{"b", 1, 0}, {"c", 1, 1}]
...> ])
[{"a", 1}, {"b", 1}, {"c", 1}]

  


        

      


  

    
AshScylla.Search.Query.Paginator 
    



      
Pagination helpers for search results.
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        entry()

      


    


    
      
        page()

      


    





  
    Functions
  


    
      
        paginate(results, opts \\ [])

      


        Paginates a list of results.
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      entry()



        
          
        

    

  


  

      

          @type entry() :: {String.t(), float()}


      



  



  
    
      
    
    
      page()



        
          
        

    

  


  

      

          @type page() :: %{
  entries: [entry()],
  page_number: pos_integer(),
  page_size: pos_integer(),
  total_count: non_neg_integer(),
  total_pages: non_neg_integer(),
  has_next?: boolean(),
  has_prev?: boolean()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      paginate(results, opts \\ [])



        
          
        

    

  


  

      

          @spec paginate(
  [entry()],
  keyword()
) :: {:ok, page()} | {:error, term()}


      


Paginates a list of results.
Options
	:page — page number, starting at 1 (default: 1)
	:page_size — number of results per page (default: 20)

Returns a map with metadata about the current page.

  


        

      


  

    
AshScylla.Search.Query.Parser 
    



      
Parses user search queries.
Handles:
	Simple word queries: learning phoenix
	AND queries: learning AND phoenix or implicit AND between words
	OR queries: learning OR phoenix
	NOT queries: phoenix NOT framework
	Phrase queries: "phoenix framework" (V2)

Returns a parsed query structure representing the boolean logic.
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    Types
  


    
      
        ast_node()

      


    





  
    Functions
  


    
      
        parse(query)

      


        Parses a query string into a structured representation.



    


    
      
        parse!(query)
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          @type ast_node() ::
  AshScylla.Search.Query.Parser.Term.t()
  | AshScylla.Search.Query.Parser.Phrase.t()
  | AshScylla.Search.Query.Parser.Group.t()
  | AshScylla.Search.Query.Parser.NotExpr.t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      parse(query)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: {:ok, ast_node()} | {:error, term()}


      


Parses a query string into a structured representation.
Examples
iex> Parser.parse("learning phoenix")
{:ok, %Group{terms: [%Term{word: "learning"}, %Term{word: "phoenix"}], op: :and}}

iex> Parser.parse("elixir OR phoenix")
{:ok, %Group{terms: [%Term{word: "elixir"}, %Term{word: "phoenix"}], op: :or}}

iex> Parser.parse("phoenix NOT framework")
{:ok, %Group{terms: [%Term{word: "phoenix"}, %NotExpr{term: %Term{word: "framework"}}], op: :and}}

  



  
    
      
    
    
      parse!(query)



        
          
        

    

  


  

      

          @spec parse!(String.t()) :: ast_node()


      



  


        

      


  

    
AshScylla.Search.Query.Planner 
    



      
Query planner that executes search queries against the inverted index.
Takes a parsed query AST and:
	Analyzes each term from the query
	Looks up posting lists from search_post_terms
	Applies boolean operations (AND/OR/NOT)
	Returns combined posting list with term scores

The planner handles sharded term lookups by querying all shards
for each term and merging results.
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    Types
  


    
      
        posting_entry()

      


    





  
    Functions
  


    
      
        plan(repo, keyspace, ast, opts \\ [])

      


        Plans and executes a parsed query against the inverted index.
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          @type posting_entry() :: {String.t(), non_neg_integer(), non_neg_integer()}
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      plan(repo, keyspace, ast, opts \\ [])



        
          
        

    

  


  

      

          @spec plan(module(), String.t(), AshScylla.Search.Query.Parser.ast_node(), keyword()) ::
  {:ok, %{required(String.t()) => [{String.t(), non_neg_integer()}]}}
  | {:error, term()}


      


Plans and executes a parsed query against the inverted index.
Returns a map of %{post_id => [{term, tf}]} for downstream ranking.
Options
	:num_shards — number of shards per term (default: 16)
	:analyzer_opts — options forwarded to the analyzer

Returns {:ok, results} or {:error, reason}.

  


        

      


  

    
AshScylla.Search.Query.Ranking 
    



      
Ranking and relevance scoring for search results.
Supports two scoring strategies:
	:tf — Simple Term Frequency scoring
	:tfidf — TF-IDF (Term Frequency × Inverse Document Frequency)
	:bm25 — BM25 (Okapi BM25) probabilistic relevance scoring

BM25 Formula
score(D, Q) = Σ IDF(qi) × (tf(qi, D) × (k1 + 1)) / (tf(qi, D) + k1 × (1 − b + b × (|D| / avgdl)))
Where:
	tf(qi, D) = term frequency of term qi in document D
	|D| = document length (sum of all TF in document)
	avgdl = average document length across the collection
	k1 = term frequency saturation (default 1.2)
	b = length normalization (default 0.75)
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    Types
  


    
      
        result()

      


    





  
    Functions
  


    
      
        idf(total_docs, doc_freq)

      


        Computes the IDF (Inverse Document Frequency) for a term.



    


    
      
        rank(results, opts \\ [])

      


        Ranks results using the specified strategy.
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          @type result() :: {String.t(), float(), [{String.t(), non_neg_integer()}]}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      idf(total_docs, doc_freq)



        
          
        

    

  


  

      

          @spec idf(non_neg_integer(), non_neg_integer()) :: float()


      


Computes the IDF (Inverse Document Frequency) for a term.
IDF(t) = log(1 + (N − df(t) + 0.5) / (df(t) + 0.5))
Where N is the total number of documents and df(t) is the number of
documents containing the term.

  



    

  
    
      
    
    
      rank(results, opts \\ [])



        
          
        

    

  


  

      

          @spec rank(
  [{String.t(), [{String.t(), non_neg_integer()}]}],
  keyword()
) :: [result()]


      


Ranks results using the specified strategy.
Returns a list of {post_id, score, term_scores} tuples sorted by
descending score.
Options
	:strategy — :tf (default), :tfidf, or :bm25
	:k1 — BM25 k1 parameter (default 1.2)
	:b — BM25 b parameter (default 0.75)
	:total_docs — total document count (for IDF, required for TF-IDF/BM25)
	:doc_freqs — %{term => doc_freq} map (for IDF, required for TF-IDF/BM25)
	:avg_doc_length — average document length (for BM25)


  


        

      


  

    
AshScylla.Search.Storage 
    



      
CQL schema definitions for the inverted index tables used by the search engine.
Provides functions to create and drop the required tables for the inverted
index. The tables are:
	search_post_terms — maps terms to post IDs with term frequency (TF)
	search_post_fields — stores the analyzed field text for update/delete diffing

Usage
AshScylla.Search.Storage.create_tables(MyApp.Repo, "my_keyspace")
AshScylla.Search.Storage.drop_tables(MyApp.Repo, "my_keyspace")

      


      
        Summary


  
    Functions
  


    
      
        create_post_fields_cql(keyspace)

      


        Returns the CQL statement to create the search_post_fields table.



    


    
      
        create_post_terms_cql(keyspace)

      


        Returns the CQL statement to create the search_post_terms table.



    


    
      
        create_tables(repo, keyspace)

      


        Creates all search engine tables in the given keyspace.



    


    
      
        drop_tables(repo, keyspace)

      


        Drops all search engine tables from the given keyspace.



    


    
      
        shard_for(term, num_shards \\ 16)

      


        Computes the shard number for a given term.
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      create_post_fields_cql(keyspace)



        
          
        

    

  


  

      

          @spec create_post_fields_cql(String.t()) :: String.t()


      


Returns the CQL statement to create the search_post_fields table.
Stores the raw analyzed text per field for each post. Used during updates
to diff old vs new terms and compute additions/removals.

  



  
    
      
    
    
      create_post_terms_cql(keyspace)



        
          
        

    

  


  

      

          @spec create_post_terms_cql(String.t()) :: String.t()


      


Returns the CQL statement to create the search_post_terms table.
This is the primary inverted index table. Each row maps a term to a post_id
with term frequency for ranking.
Partition key: (term, shard) to avoid hotspot partitions for common terms.
Clustering key: post_id for ordered retrieval.

  



  
    
      
    
    
      create_tables(repo, keyspace)



        
          
        

    

  


  

      

          @spec create_tables(module(), String.t()) :: :ok | {:error, term()}


      


Creates all search engine tables in the given keyspace.
Returns :ok on success or {:error, reason} on failure.

  



  
    
      
    
    
      drop_tables(repo, keyspace)



        
          
        

    

  


  

      

          @spec drop_tables(module(), String.t()) :: :ok | {:error, term()}


      


Drops all search engine tables from the given keyspace.
Returns :ok on success or {:error, reason} on failure.

  



    

  
    
      
    
    
      shard_for(term, num_shards \\ 16)



        
          
        

    

  


  

      

          @spec shard_for(String.t(), non_neg_integer()) :: non_neg_integer()


      


Computes the shard number for a given term.
Uses :erlang.phash2/2 to distribute terms across the configured number
of shards. This prevents hotspot partitions for high-frequency terms.

  


        

      


  

    
mix ash_scylla.gen.repo 
    



      
Generates an AshScylla Repo module for your application.
The repo module wraps AshScylla.Repo and provides the Xandra connection
configuration needed for ScyllaDB access.
Usage
mix ash_scylla.gen.repo
mix ash_scylla.gen.repo --repo MyApp.Repo
mix ash_scylla.gen.repo --otp-app :my_app --keyspace my_app_dev --nodes 127.0.0.1:9042
Options
	--repo - Repo module name (defaults to <AppName>.Repo)
	--otp-app - OTP app name (defaults to the current application name)
	--keyspace - ScyllaDB keyspace name (defaults to <app>_dev)
	--nodes - Comma-separated ScyllaDB nodes (defaults to 127.0.0.1:9042)

Examples
Generate with defaults (infers app name from mix.exs):
mix ash_scylla.gen.repo
Generate with a custom repo name:
mix ash_scylla.gen.repo --repo StorageService.Repo
Generate with full custom options:
mix ash_scylla.gen.repo --repo MyApp.Repo --otp-app :my_app --keyspace my_app_prod --nodes 10.0.0.1:9042,10.0.0.2:9042

      




  

    
mix ash_scylla.generate_migrations 
    



      
Generates CQL migration files from Ash resource definitions, and stores snapshots.
This task compares current Ash resource definitions against stored snapshots
(and optionally the live database schema) to determine what DDL changes are
needed, then generates a migration file with the appropriate CQL statements.
Usage
# Generate migrations for all resources
mix ash_scylla.generate_migrations

# Generate with a specific name
mix ash_scylla.generate_migrations add_user_table

# Dry run (print without creating files)
mix ash_scylla.generate_migrations --dry-run

# Check if migrations are needed (exit code 1 if so)
mix ash_scylla.generate_migrations --check

# Only update snapshots, don't generate migration files
mix ash_scylla.generate_migrations --snapshots-only

# Dev mode (auto-name with _dev suffix)
mix ash_scylla.generate_migrations --dev
Options
	--domains - comma-separated list of domain modules to generate for
	--snapshot-path - custom path for snapshots (default: priv/repo/resource_snapshots)
	--migration-path - custom path for migrations (default: priv/repo/migrations)
	--name - name for the migration file (auto-generated by default)
	--quiet - suppress file creation messages
	--no-format - don't format the generated Elixir code
	--dry-run - print migrations without creating files
	--check - return exit code 1 if migrations are needed
	--dev - create dev migrations (suffixed with _dev)
	--snapshots-only - only create snapshots, no migration files

Snapshots
Snapshots are JSON files stored in priv/<repo>/resource_snapshots/ that
capture the schema state of each resource at a point in time. The generator
compares the current resource definition against the most recent snapshot
to determine what changes need to be made.
Generated Migration Format
Generated migrations use AshScylla.Schema and contain CQL statements:
defmodule MyApp.Migrations.MigrateResources1 do
  @moduledoc """
  Migration for users.

  This file was autogenerated with `mix ash_scylla.generate_migrations`
  """

  use AshScylla.Schema

  @impl AshScylla.Schema
  def change do
    [
      "CREATE TABLE IF NOT EXISTS "users" (id UUID PRIMARY KEY, name TEXT)",
      "CREATE INDEX IF NOT EXISTS idx_users_email ON "users" (email)"
    ]
  end
end

      




  

    
mix ash_scylla.migrate 
    



      
Runs pending CQL migrations and applies resource schema changes.
This task:
	Runs any pending migration files from priv/migrations that haven't been
recorded in the schema migrations tracking table
	Optionally runs automatic schema migration for all AshScylla resources
(diffing resource definitions against snapshots)

Usage
# Run all pending migrations
mix ash_scylla.migrate

# Run migrations up to a specific version
mix ash_scylla.migrate --to 20240101120000

# Run a specific number of pending migrations
mix ash_scylla.migrate --step 3

# Dry run (show what would be executed)
mix ash_scylla.migrate --dry-run

# Use a specific repo
mix ash_scylla.migrate --repo MyApp.Repo

# Create keyspace before migrating
mix ash_scylla.migrate --create-keyspace

# Only run migration files (skip auto-schema migration)
mix ash_scylla.migrate --migrations-only

# Only run auto-schema migration (skip migration files)
mix ash_scylla.migrate --schemas-only
Options
	--repo - The repo module to use (defaults to auto-detected repo)
	--dry-run - Print DDL statements without executing them
	--create-keyspace - Create the keyspace before running migrations
	--keyspace - Override the keyspace name
	--nodes - Override the ScyllaDB nodes (comma-separated)
	--step - Run only N pending migrations
	--to - Run migrations up to and including version
	--migrations-only - Only run migration files, skip auto-schema
	--schemas-only - Only run auto-schema migration, skip files
	--quiet - Suppress output


      




  

    
mix ash_scylla.new_template 
    



      
Generates an Ash Resource template backed by AshScylla.
Usage
mix ash_scylla.new_template User name:string, email:string
mix ash_scylla.new_template User name:string --domain MyApp.MyDomain
mix ash_scylla.new_template User name:string --resource MyApp.MyDomain.User
The task writes a resource file under lib/<app>/resources/<resource>.ex.
It creates a starter template that you can customize with primary keys,
actions, repo, domain, and ScyllaDB-specific options.
Options
	--domain - Domain module to include in the generated resource.
The resource name is automatically prefixed with the domain module.
For example: --domain MyApp.MyDomain with name User produces
MyApp.MyDomain.User.

	--resource - Fully-qualified resource module name. Overrides the
positional name argument entirely.
For example: --resource MyApp.MyDomain.User.


Examples
# Simple resource (no domain)
mix ash_scylla.new_template User user_id:uuid, name:string, age:int

# Resource with domain (auto-prefixes name)
mix ash_scylla.new_template User name:string --domain MyApp.MyDomain

# Resource with fully-qualified name
mix ash_scylla.new_template User name:string --resource MyApp.Games.User

      




  

    
mix ash_scylla.reset 
    



      
Drops the ScyllaDB keyspace (and all its data) and re-runs migrations.
This task:
	Drops the existing keyspace with DROP KEYSPACE IF EXISTS
	Recreates the keyspace
	Runs the migration task to rebuild the schema

Usage
# Reset the auto-detected repo
mix ash_scylla.reset

# Reset a specific repo
mix ash_scylla.reset --repo MyApp.Repo
Options
	--repo - The repo module to use (defaults to auto-detected repo)
	--keyspace - Override the keyspace name
	--nodes - Override the ScyllaDB nodes (comma-separated)
	--dry-run - Print what would be done without executing
	--quiet - Suppress output


      




  

    
mix ash_scylla.setup 
    



      
Sets up the ScyllaDB keyspace for AshScylla.
Usage
mix ash_scylla.setup
mix ash_scylla.setup --repo MyApp.Repo
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