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    Concord
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A distributed, strongly-consistent embedded key-value store built in Elixir using the Raft consensus algorithm.

Concord is an embedded database for Elixir applications — think SQLite for distributed coordination. Starts with your application, no separate infrastructure needed. Strong consistency guarantees with ETS-backed read performance.
Key Features
	Strong Consistency — Raft consensus ensures all nodes agree on data
	High Performance — ETS-backed reads with microsecond-level latency
	Embedded Design — Starts with your app, no external infrastructure
	Configurable Consistency — Choose eventual, leader, or strong per operation
	TTL Support — Automatic key expiration with time-to-live
	Bulk Operations — Efficient batch processing (up to 500 items)
	Value Compression — Automatic compression for large values
	Conditional Updates — Compare-and-swap for optimistic concurrency
	Secondary Indexes — Query by indexed fields
	Backup/Restore — Compressed backups with integrity verification
	Telemetry — Built-in telemetry events for observability hooks

Installation
def deps do
  [{:concord, "~> 2.0"}]
end
Quick Start
# Store and retrieve data
Concord.put("user:1001", %{name: "Alice", role: "admin"})
{:ok, user} = Concord.get("user:1001")

# TTL (auto-expires after 1 hour)
Concord.put("session:abc", session_data, ttl: 3600)
{:ok, {data, remaining_ttl}} = Concord.get_with_ttl("session:abc")

# Bulk operations
Concord.put_many([{"k1", "v1"}, {"k2", "v2", 600}])
{:ok, results} = Concord.get_many(["k1", "k2"])

# Conditional update (compare-and-swap)
Concord.put_if("counter", 1, expected: 0)

# Read consistency levels
Concord.get("key", consistency: :eventual)  # Fast, may be stale
Concord.get("key", consistency: :leader)    # Default, balanced
Concord.get("key", consistency: :strong)    # Linearizable
Storage APIs
Concord's default API remains the existing Raft-backed cluster API:
Concord.put("cluster:key", "value")
Concord.Cluster.put("cluster:key", "value")
For data that must stay on only the current node, call the local API:
Concord.Local.put("local:key", "value")
Concord.Local.KV.put("local:record", %{value: 1})
The local API uses the same Concord command/query semantics with separate
node-local ETS tables. It does not submit writes to Raft and does not replicate
data to cluster peers.
For durable node-local storage backed by Turso/libSQL, enable the Turso engine
and call Concord.Turso:
Concord.Turso.put("turso:key", %{value: 1})
Concord.Turso.get("turso:key")
Concord.Turso.txn(%{
  compare: [{:exists, "turso:key", :==, true}],
  success: [{:put, "turso:key", %{value: 2}, %{}}],
  failure: []
})
Concord.Turso uses ex_turso and persists data to a local database file. It
does not submit writes to Raft and does not provide Concord cluster membership,
leases, watches, or secondary indexes. If remote_url and auth_token are
configured, Concord.Turso.sync/1 triggers Turso Cloud sync.
Applications that only need the durable Turso KV engine can disable the Concord
Raft cluster runtime while still starting the Turso pool:
config :concord,
  cluster_enabled: false,
  turso: [
    enabled: true,
    database: "./data/turso.db",
    pool_size: 1
  ]
For applications that need a regular Ecto SQL repository backed by
Turso/libSQL, use the optional Ecto adapter shipped by ex_turso:
def deps do
  [
    {:concord, "~> 2.3"},
    {:ex_turso, "~> 0.3"},
    {:ecto_sql, "~> 3.14"}
  ]
end

defmodule MyApp.Repo do
  use Ecto.Repo,
    otp_app: :my_app,
    adapter: Ecto.Adapters.Turso
end

config :my_app, MyApp.Repo,
  database: "my_app.db",
  pool_size: 5
Ecto.Adapters.Turso is the supported equivalent when you need schema/query
semantics, migrations, constraints, indexes, transactions, and map/JSON fields.
Swap the adapter and connection options in the host application when using
PostgreSQL instead.
Multi-Node Cluster
iex --name n1@127.0.0.1 --cookie concord -S mix  # Terminal 1
iex --name n2@127.0.0.1 --cookie concord -S mix  # Terminal 2
iex --name n3@127.0.0.1 --cookie concord -S mix  # Terminal 3

Performance
Performance varies significantly depending on hardware, cluster size, network topology, and consistency level. ETS-backed reads are inherently fast, but actual throughput and latency depend on your deployment. Run mix run benchmarks/run_benchmarks.exs on your own hardware to get representative numbers.
When to Use Concord
	Use Case	Fit
	Feature Flags	Excellent
	Session Storage	Excellent
	Distributed Locks	Excellent
	Config Management	Excellent
	Rate Limiting	Good
	API Response Cache	Great
	Primary Database	Avoid (use PostgreSQL)
	Large Blob Storage	Avoid (use S3)

Comparison
	Feature	Concord	etcd	Consul	ZooKeeper
	Language	Elixir	Go	Go	Java
	Consistency	Strong (Raft)	Strong (Raft)	Strong (Raft)	Strong (Zab)
	Storage	In-memory (ETS)	Disk (WAL)	Memory + Disk	Disk
	Read Latency	1-5ms	5-20ms	5-15ms	5-20ms
	Embedded	Yes	No	No	No
	Multi-DC	No	Yes	Yes	Yes

Documentation
	Getting Started — Installation, quick start, common use cases
	Elixir API Guide — Consistency levels, CAS, queries, compression
	Backup & Restore — Data safety and disaster recovery
	Configuration — All configuration options
	Architecture — Design blueprint

Contributing
	Fork the repository
	Create a feature branch
	Add tests for new functionality
	Ensure all tests pass (mix test)
	Submit a pull request

License
MIT License — See LICENSE for details.
Acknowledgments
	Ra library by the RabbitMQ team
	libcluster for cluster management
	The Raft paper by Ongaro & Ousterhout



  

    Getting Started

Installation
Add Concord to your mix.exs:
def deps do
  [
    {:concord, "~> 2.0"}
  ]
end
Quick Start — Embedded Database
Concord starts automatically with your application. No separate infrastructure needed.
# Store data
Concord.put("user:1001", %{name: "Alice", role: "admin"})
#=> :ok

# Retrieve data
Concord.get("user:1001")
#=> {:ok, %{name: "Alice", role: "admin"}}

# Store with TTL (auto-expires after 1 hour)
Concord.put("feature:dark_mode", "enabled", ttl: 3600)

# Get value with remaining TTL
Concord.get_with_ttl("feature:dark_mode")
#=> {:ok, {"enabled", 3595}}

# Delete
Concord.delete("user:1001")
#=> :ok
Quick Start — HTTP API
1. Start the HTTP API server:
# Development mode (auth disabled)
iex -S mix

# With HTTP API enabled (see config/dev.exs)
CONCORD_API_PORT=4000 iex -S mix

2. Use the REST API:
# Health check
curl http://localhost:4000/api/v1/health

# Store data
curl -X PUT \
  -H "Content-Type: application/json" \
  -d '{"value": "Hello, World!"}' \
  http://localhost:4000/api/v1/kv/greeting

# Retrieve data
curl http://localhost:4000/api/v1/kv/greeting

# Interactive Swagger UI
open http://localhost:4000/api/docs

See HTTP API Guide for full examples including authentication.
Multi-Node Cluster
# Terminal 1
iex --name n1@127.0.0.1 --cookie concord -S mix

# Terminal 2
iex --name n2@127.0.0.1 --cookie concord -S mix

# Terminal 3
iex --name n3@127.0.0.1 --cookie concord -S mix

Nodes discover each other automatically via libcluster gossip.
Authentication
Authentication is disabled in dev and enabled in prod by default.
# config/prod.exs
config :concord,
  auth_enabled: true
# Create a token
mix concord.cluster token create
# => Created token: sk_concord_abc123def456...

# Revoke when needed
mix concord.cluster token revoke sk_concord_abc123def456...

# Use tokens in code
token = System.fetch_env!("CONCORD_TOKEN")
Concord.put("config:api_rate_limit", 1000, token: token)
Concord.get("config:api_rate_limit", token: token)
Common Use Cases
Feature Flags
Concord.put("flags:new_dashboard", "enabled")

if Concord.get("flags:new_dashboard") == {:ok, "enabled"} do
  render_new_dashboard()
end
Session Storage
# Store session with 30-minute TTL
Concord.put("session:#{session_id}", session_data, ttl: 1800)

# Retrieve session
Concord.get_with_ttl("session:#{session_id}")
#=> {:ok, {%{user_id: 123, ...}, 1755}}

# Extend session on activity
Concord.touch("session:#{session_id}", 1800)
Rate Limiting
user_key = "rate_limit:#{user_id}:#{Date.utc_today()}"
case Concord.get(user_key) do
  {:ok, count} when count < 1000 ->
    Concord.put(user_key, count + 1, ttl: 86400)
    :allow
  _ -> :deny
end
Service Discovery
Concord.put("services:web:1", %{
  host: "10.0.1.100",
  port: 8080,
  health: "healthy"
})

{:ok, all} = Concord.get_all()
healthy = all
  |> Enum.filter(fn {k, _} -> String.starts_with?(k, "services:web:") end)
  |> Enum.filter(fn {_, v} -> v.health == "healthy" end)
Distributed Locks
case Concord.put("locks:job:123", "node:worker1", timeout: 5000) do
  :ok ->
    # Do work
    Concord.delete("locks:job:123")
  {:error, :timeout} ->
    # Lock already held
end
Management Commands
# Check cluster health
mix concord.cluster status

# List cluster members
mix concord.cluster members

# Create authentication token
mix concord.cluster token create

# Revoke a token
mix concord.cluster token revoke <token>

HTTP API Endpoints
	Method	Path	Description
	PUT	/api/v1/kv/:key	Store key-value pair
	GET	/api/v1/kv/:key	Retrieve value
	DELETE	/api/v1/kv/:key	Delete key
	POST	/api/v1/kv/:key/touch	Extend TTL
	GET	/api/v1/kv/:key/ttl	Get remaining TTL
	POST	/api/v1/kv/bulk	Bulk store (up to 500)
	POST	/api/v1/kv/bulk/get	Bulk retrieve
	POST	/api/v1/kv/bulk/delete	Bulk delete
	POST	/api/v1/kv/bulk/touch	Bulk TTL extend
	GET	/api/v1/kv	List all keys
	GET	/api/v1/status	Cluster status
	GET	/api/v1/health	Health check
	GET	/api/v1/openapi.json	OpenAPI spec
	GET	/api/docs	Swagger UI

Next Steps
	Elixir API Guide — Read consistency, conditional updates, queries, compression
	HTTP API Reference — Full HTTP endpoint documentation
	HTTP API Examples — curl examples
	Observability — Telemetry, Prometheus, tracing, audit logging
	Backup & Restore — Data safety and disaster recovery
	Configuration — All configuration options
	Production Deployment — Docker, Kubernetes, security hardening



  

    Elixir API Guide

Complete guide to using Concord's Elixir API for read consistency, conditional updates, query language, and value compression.
Read Consistency Levels
Concord supports configurable read consistency levels per operation, allowing you to balance performance and data freshness.
Available Levels
:eventual — Fastest, eventually consistent
Concord.get("user:123", consistency: :eventual)
Reads from any available node. May return slightly stale data. Best for high-throughput reads, dashboards, analytics, and cached data.
:leader — Balanced (default)
Concord.get("user:123", consistency: :leader)
# Or simply:
Concord.get("user:123")
Reads from the leader node. Good balance between performance and freshness. Suitable for most application needs.
:strong — Linearizable
Concord.get("user:123", consistency: :strong)
Reads from leader with heartbeat verification. Most up-to-date. Use for critical financial data, security-sensitive operations, and strict consistency requirements.
Configuration
Set the default in config/config.exs:
config :concord,
  default_read_consistency: :leader  # :eventual, :leader, or :strong
All Read Operations Support Consistency
Concord.get("key", consistency: :eventual)
Concord.get_many(["k1", "k2"], consistency: :strong)
Concord.get_with_ttl("key", consistency: :leader)
Concord.ttl("key", consistency: :eventual)
Concord.get_all(consistency: :strong)
Concord.get_all_with_ttl(consistency: :eventual)
Concord.status(consistency: :leader)
Performance Characteristics
	Consistency	Latency	Staleness	Use Case
	:eventual	~1-5ms	May be stale	High-throughput reads, analytics
	:leader	~5-10ms	Minimal	General application data
	:strong	~10-20ms	Zero	Critical operations

Read Load Balancing
With :eventual consistency, reads are automatically distributed across cluster members:
1..1000 |> Enum.each(fn i ->
  Concord.get("metric:#{i}", consistency: :eventual)
end)
Telemetry Integration
All read operations emit telemetry events with the consistency level:
:telemetry.attach(
  "my-handler",
  [:concord, :api, :get],
  fn _event, %{duration: duration}, %{consistency: consistency}, _config ->
    Logger.info("Read with #{consistency} consistency took #{duration}ns")
  end,
  nil
)
Query Consistency Levels
Each read consistency level maps to a different Ra query primitive, which determines the guarantees and latency characteristics of the read.
Ra Query Mapping
	Consistency	Ra Primitive	Guarantee
	:strong	:ra.consistent_query/3	Linearizable. The leader confirms it still holds leadership via a quorum heartbeat before responding. Highest latency, but the result is guaranteed to reflect all previously acknowledged writes.
	:leader	:ra.leader_query/3	Leader-consistent. Reads from the current leader without a quorum check. The leader may have been deposed but not yet realized it, so a brief window of staleness is possible during leadership transitions. This is the default.
	:eventual	:ra.local_query/3	Eventual consistency. Reads from any cluster member (selected via select_read_replica/0). May return stale data but provides the lowest latency and distributes read load across the cluster.

Per-Operation Override
Every read function in the Concord module accepts the :consistency option:
Concord.get("key", consistency: :strong)
Concord.get_many(["k1", "k2"], consistency: :eventual)
Concord.get_with_ttl("key", consistency: :leader)
Concord.ttl("key", consistency: :eventual)
Concord.get_all(consistency: :strong)
Concord.get_all_with_ttl(consistency: :eventual)
Concord.status(consistency: :leader)
Query Module Consistency
Concord.Query functions (keys/1, where/1, count/1, delete_where/1) do not currently accept a :consistency option. They delegate to Concord.get_all/1 and Concord.get_many/2 using whatever default consistency is configured globally. To control consistency for query operations, set the default in your config:
config :concord,
  default_read_consistency: :leader  # :eventual, :leader, or :strong
Index Lookups
Concord.Index.lookup/3 always uses :ra.consistent_query/3 (equivalent to :strong consistency) regardless of the global default. This ensures index lookups return results consistent with the latest writes.
Secondary Indexes
Secondary indexes enable efficient value-based lookups without scanning all keys. Concord maintains indexes automatically as values are inserted, updated, and deleted.
Extractor Specs
Indexes are defined using declarative extractor specs -- plain tuples that describe how to extract the indexed value from stored data. There are four supported spec types:
{:map_get, key} -- Flat map field
Extracts a single top-level key from a map value using Map.get/2:
# Given stored values like %{email: "alice@example.com", name: "Alice"}
Concord.Index.create("users_by_email", {:map_get, :email})

# After inserting data:
Concord.put("user:1", %{email: "alice@example.com", name: "Alice"})
Concord.put("user:2", %{email: "bob@example.com", name: "Bob"})

# Look up by indexed value:
{:ok, ["user:1"]} = Concord.Index.lookup("users_by_email", "alice@example.com")
{:nested, path} -- Nested map path
Extracts a value from a nested map structure using get_in/2:
# Given stored values like %{address: %{city: "Portland", state: "OR"}}
Concord.Index.create("users_by_city", {:nested, [:address, :city]})

Concord.put("user:1", %{name: "Alice", address: %{city: "Portland", state: "OR"}})
Concord.put("user:2", %{name: "Bob", address: %{city: "Seattle", state: "WA"}})

{:ok, ["user:1"]} = Concord.Index.lookup("users_by_city", "Portland")
{:identity} -- Raw value
Indexes the entire stored value as-is. Useful when values are simple scalars (strings, integers):
Concord.Index.create("by_status", {:identity})

Concord.put("order:1", "pending")
Concord.put("order:2", "shipped")
Concord.put("order:3", "pending")

{:ok, ["order:1", "order:3"]} = Concord.Index.lookup("by_status", "pending")
{:element, n} -- Tuple element
Extracts the nth element (zero-indexed) from a tuple value:
# Given stored values like {"electronics", "laptop", 999}
Concord.Index.create("by_category", {:element, 0})

Concord.put("product:1", {"electronics", "laptop", 999})
Concord.put("product:2", {"clothing", "shirt", 29})
Concord.put("product:3", {"electronics", "phone", 799})

{:ok, ["product:1", "product:3"]} = Concord.Index.lookup("by_category", "electronics")
Managing Indexes
# Create an index
:ok = Concord.Index.create("users_by_email", {:map_get, :email})

# Create an index and rebuild it from all existing data
:ok = Concord.Index.create("users_by_email", {:map_get, :email}, reindex: true)

# List all indexes
{:ok, index_names} = Concord.Index.list()

# Look up keys by indexed value
{:ok, keys} = Concord.Index.lookup("users_by_email", "alice@example.com")

# Rebuild an index from scratch
:ok = Concord.Index.reindex("users_by_email")

# Drop an index
:ok = Concord.Index.drop("users_by_email")
Multi-Value Indexing
When the extractor returns a list, each element is indexed separately. This is useful for tagging:
Concord.Index.create("by_tag", {:map_get, :tags})

Concord.put("post:1", %{title: "Elixir Tips", tags: ["elixir", "programming"]})
Concord.put("post:2", %{title: "Raft Consensus", tags: ["distributed", "elixir"]})

{:ok, ["post:1", "post:2"]} = Concord.Index.lookup("by_tag", "elixir")
{:ok, ["post:2"]} = Concord.Index.lookup("by_tag", "distributed")
Warning: No Anonymous Functions
Do not use anonymous functions as extractors. They cause :badfun errors on deserialization across code versions. Always use declarative tuple specs.
# BAD -- will break after code upgrades or on other cluster nodes
Concord.Index.create("by_email", fn user -> user.email end)

# GOOD -- safe for Raft replication and snapshots
Concord.Index.create("by_email", {:map_get, :email})
Anonymous functions are serialized into the Raft log and snapshots. When a node loads a snapshot produced by a different code version, the function reference is invalid and Ra raises a :badfun error. Declarative specs are plain data (tuples of atoms, binaries, and integers) and are always safe to deserialize.
Conditional Updates (Compare-and-Swap)
Atomic conditional operations for CAS, distributed locks, and optimistic concurrency control.
Compare-and-Swap with Expected Value
# Initialize counter
:ok = Concord.put("counter", 0)

# Read current value
{:ok, current} = Concord.get("counter")

# Update only if value hasn't changed
case Concord.put_if("counter", current + 1, expected: current) do
  :ok -> IO.puts("Counter updated to #{current + 1}")
  {:error, :condition_failed} -> IO.puts("Conflict, retrying...")
  {:error, :not_found} -> IO.puts("Key no longer exists")
end

# Conditional delete
:ok = Concord.put("session", "user-123")
:ok = Concord.delete_if("session", expected: "user-123")
Predicate-Based Conditions
# Version-based updates (optimistic locking)
:ok = Concord.put("config", %{version: 1, settings: %{enabled: true}})

new_config = %{version: 2, settings: %{enabled: false}}
:ok = Concord.put_if("config", new_config,
  condition: fn current -> current.version < new_config.version end
)

# Conditional delete based on age
cutoff = ~U[2025-01-01 00:00:00Z]
:ok = Concord.delete_if("temp_file",
  condition: fn file -> DateTime.compare(file.created_at, cutoff) == :lt end
)
Distributed Lock Pattern
defmodule DistributedLock do
  @lock_key "my_critical_resource"
  @lock_ttl 30

  def acquire(owner_id) do
    case Concord.get(@lock_key) do
      {:error, :not_found} ->
        Concord.put(@lock_key, owner_id, ttl: @lock_ttl)
        {:ok, :acquired}
      {:ok, ^owner_id} ->
        {:ok, :already_owned}
      {:ok, _other} ->
        {:error, :locked}
    end
  end

  def release(owner_id) do
    case Concord.delete_if(@lock_key, expected: owner_id) do
      :ok -> {:ok, :released}
      {:error, :condition_failed} -> {:error, :not_owner}
      {:error, :not_found} -> {:error, :not_locked}
    end
  end

  def with_lock(owner_id, fun) do
    case acquire(owner_id) do
      {:ok, _} ->
        try do
          fun.()
        after
          release(owner_id)
        end
      {:error, reason} ->
        {:error, reason}
    end
  end
end
Optimistic Concurrency Control
defmodule BankAccount do
  def transfer(from_account, to_account, amount) do
    {:ok, from_balance} = Concord.get(from_account)
    {:ok, to_balance} = Concord.get(to_account)

    if from_balance >= amount do
      with :ok <- Concord.put_if(from_account, from_balance - amount, expected: from_balance),
           :ok <- Concord.put_if(to_account, to_balance + amount, expected: to_balance) do
        {:ok, :transferred}
      else
        {:error, :condition_failed} ->
          transfer(from_account, to_account, amount)  # Retry
        error -> error
      end
    else
      {:error, :insufficient_funds}
    end
  end
end
API Options
Condition options (required, mutually exclusive):
	:expected — Exact value match (== comparison)
	:condition — Predicate function receiving current value

Additional options (for put_if/3):
	:ttl — TTL in seconds on success
	:timeout — Operation timeout in ms (default: 5000)

Return values:
	:ok — Condition met, operation succeeded
	{:error, :condition_failed} — Value doesn't match
	{:error, :not_found} — Key doesn't exist or expired
	{:error, :missing_condition} — No condition provided
	{:error, :conflicting_conditions} — Both :expected and :condition provided

TTL Interaction
Conditional operations treat expired keys as not found:
:ok = Concord.put("temp", "value", ttl: 1)
Process.sleep(2000)
{:error, :not_found} = Concord.put_if("temp", "new", expected: "value")
Query Language
Pattern matching, range queries, and filtering for efficient data retrieval.
Key Matching
# Prefix matching
{:ok, keys} = Concord.Query.keys(prefix: "user:")

# Suffix matching
{:ok, keys} = Concord.Query.keys(suffix: ":admin")

# Contains substring
{:ok, keys} = Concord.Query.keys(contains: "2024-02")

# Regex pattern
{:ok, keys} = Concord.Query.keys(pattern: ~r/user:\d{3}/)
Range Queries
# Lexicographic range (inclusive)
{:ok, keys} = Concord.Query.keys(range: {"user:100", "user:200"})

# Date range queries
{:ok, keys} = Concord.Query.keys(range: {"order:2024-01-01", "order:2024-12-31"})
Value Filtering
{:ok, pairs} = Concord.Query.where(
  prefix: "product:",
  filter: fn {_k, v} -> v.price > 100 end
)

{:ok, pairs} = Concord.Query.where(
  prefix: "user:",
  filter: fn {_k, v} -> v.age >= 30 and v.role == "admin" end
)
Pagination
{:ok, keys} = Concord.Query.keys(prefix: "user:", limit: 50)
{:ok, keys} = Concord.Query.keys(prefix: "user:", offset: 100, limit: 50)
Count and Delete
{:ok, count} = Concord.Query.count(prefix: "temp:")
{:ok, deleted_count} = Concord.Query.delete_where(prefix: "temp:")
{:ok, count} = Concord.Query.delete_where(range: {"old:2020-01-01", "old:2020-12-31"})
Combined Filters
{:ok, keys} = Concord.Query.keys(
  prefix: "user:",
  pattern: ~r/\d{3}/,
  limit: 10
)
Value Compression
Automatic compression for large values to reduce memory usage.
Configuration
Compression is enabled by default:
config :concord,
  compression: [
    enabled: true,
    algorithm: :zlib,        # :zlib (faster) or :gzip (better ratio)
    threshold_bytes: 1024,   # Compress values > 1KB
    level: 6                 # 0-9 (0=none, 9=max)
  ]
Transparent Operation
# Large value — automatically compressed on put
large_data = String.duplicate("x", 10_000)
Concord.put("large_key", large_data)

# Automatically decompressed on get
{:ok, value} = Concord.get("large_key")
# Returns original uncompressed value
Per-Operation Override
# Force compression regardless of size
Concord.put("small_key", "small value", compress: true)

# Disable compression for this operation
Concord.put("large_key", large_value, compress: false)
Compression Statistics
stats = Concord.Compression.stats(large_data)
# %{
#   original_size: 10_047,
#   compressed_size: 67,
#   compression_ratio: 0.67,
#   savings_bytes: 9_980,
#   savings_percent: 99.33
# }
Performance
	Value Size	Compression Ratio	Overhead
	< 1KB	N/A	None (skipped)
	1-10KB	60-90%	Minimal
	10-100KB	70-95%	Small
	> 100KB	80-98%	Moderate

Trade-offs: ~5-15% CPU overhead, 60-98% memory reduction, ~0.1-1ms added latency.
API Reference
Core Operations
Concord.put(key, value, opts \\ [])
# Options: :timeout, :token, :ttl, :compress

Concord.get(key, opts \\ [])
# Returns: {:ok, value} | {:error, :not_found} | {:error, reason}
# Options: :timeout, :token, :consistency

Concord.delete(key, opts \\ [])
# Returns: :ok | {:error, reason}

Concord.get_all(opts \\ [])
# Returns: {:ok, map}

Concord.status(opts \\ [])
# Returns: {:ok, %{cluster: ..., storage: ..., node: ...}}

Concord.members()
# Returns: {:ok, [member_ids]}
Batch Operations
Concord.put_many([{key, value} | {key, value, ttl}], opts)
Concord.get_many([keys], opts)
Concord.delete_many([keys], opts)
Concord.touch_many([{key, ttl_seconds}], opts)
Max batch size: 500 items.
TTL Operations
Concord.put(key, value, ttl: seconds)
Concord.touch(key, additional_ttl_seconds, opts)
Concord.ttl(key, opts)
Concord.get_with_ttl(key, opts)
Concord.get_all_with_ttl(opts)
Conditional Operations
Concord.put_if(key, value, expected: current_value)
Concord.put_if(key, value, condition: fn current -> ... end)
Concord.delete_if(key, expected: current_value)
Concord.delete_if(key, condition: fn current -> ... end)
Common Options
	:timeout — Operation timeout in ms (default: 5000)
	:token — Authentication token (required when auth enabled)
	:consistency — Read consistency (:eventual, :leader, :strong)
	:ttl — Time-to-live in seconds
	:compress — Override auto-compression (true/false)

Error Types
:timeout              # Operation timed out
:unauthorized         # Invalid or missing auth token
:cluster_not_ready    # Cluster not initialized
:invalid_key          # Key validation failed
:not_found            # Key doesn't exist
:noproc               # Ra process not running
:condition_failed     # Conditional update failed


  

    Observability

Concord emits structured telemetry events for all operations. Host applications can attach handlers for metrics, tracing, and alerting using the standard :telemetry library.
Telemetry
Concord emits structured telemetry events for all operations.
Available Events
# API Operations
[:concord, :api, :put]         # Measurements: %{duration: integer}
[:concord, :api, :get]         # Metadata: %{result: :ok | :error}
[:concord, :api, :delete]

# Raft Operations
[:concord, :operation, :apply] # Metadata: %{operation: atom, key: any, index: integer}

# State Changes
[:concord, :state, :change]    # Metadata: %{status: atom, node: node()}

# Snapshots
[:concord, :snapshot, :created]   # Measurements: %{size: integer}
[:concord, :snapshot, :installed] # Metadata: %{node: node()}

# Cluster Health (periodic)
[:concord, :cluster, :status]  # Measurements: %{storage_size: integer, storage_memory: integer}
Custom Metrics Handler
defmodule MyApp.ConcordMetrics do
  def setup do
    events = [
      [:concord, :api, :put],
      [:concord, :api, :get],
      [:concord, :state, :change]
    ]

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

  def handle_event([:concord, :api, operation], %{duration: duration}, metadata, _) do
    MyMetrics.histogram("concord.#{operation}.duration", duration)
    MyMetrics.increment("concord.#{operation}.#{metadata.result}")
  end

  def handle_event([:concord, :state, :change], _, %{status: status, node: node}, _) do
    MyMetrics.gauge("concord.node.status", 1, tags: [node: node, status: status])
  end
end


  

    Backup and Restore

Comprehensive backup and restore for data safety and disaster recovery.
Quick Start
Create a Backup
# Default directory (./backups)
mix concord.backup create

# Custom directory
mix concord.backup create --path /mnt/backups

List Backups
mix concord.backup list

Restore from Backup
# Interactive (asks for confirmation)
mix concord.backup restore ./backups/concord_backup_20251023T143052.backup

# Force (skip confirmation)
mix concord.backup restore ./backups/concord_backup_20251023T143052.backup --force

Verify Integrity
mix concord.backup verify ./backups/concord_backup_20251023T143052.backup

Cleanup Old Backups
# Keep only 5 most recent
mix concord.backup cleanup --keep-count 5

# Keep backups from last 7 days
mix concord.backup cleanup --keep-days 7

Programmatic API
# Create backup
{:ok, backup_path} = Concord.Backup.create(path: "/mnt/backups")

# If Concord's Ra cluster is not running or not ready:
{:error, :cluster_not_ready} = Concord.Backup.create(path: "/mnt/backups")

# List backups
{:ok, backups} = Concord.Backup.list("/mnt/backups")
Enum.each(backups, fn backup ->
  IO.puts("#{backup.path} - #{backup.entry_count} entries")
end)

# Restore
:ok = Concord.Backup.restore("/mnt/backups/concord_backup_20251023.backup")

# Verify
case Concord.Backup.verify("/path/to/backup.backup") do
  {:ok, :valid} -> IO.puts("Backup is valid")
  {:ok, :invalid} -> IO.puts("Backup is corrupted")
  {:error, reason} -> IO.puts("Error: #{inspect(reason)}")
end

# Cleanup
{:ok, deleted_count} = Concord.Backup.cleanup(
  path: "/mnt/backups",
  keep_count: 10,
  keep_days: 30
)
Backup Format
Backups are compressed Erlang term files (.backup) containing:
	Metadata: Timestamp, cluster info, entry count, checksum
	Snapshot Data: Full copy of all key-value pairs
	Integrity Check: SHA-256 checksum for verification

Features:
	Compressed storage for efficient disk usage
	Atomic snapshots via Ra consensus
	Compatible across cluster nodes

Automated Backups
Cron-based
# Backup every hour
0 * * * * cd /app && mix concord.backup create --path /mnt/backups

# Cleanup old backups daily
0 2 * * * cd /app && mix concord.backup cleanup --keep-count 24 --keep-days 7

In-App Scheduler
defmodule MyApp.BackupScheduler do
  use GenServer

  def start_link(_opts) do
    GenServer.start_link(__MODULE__, %{}, name: __MODULE__)
  end

  def init(state) do
    schedule_backup()
    {:ok, state}
  end

  def handle_info(:backup, state) do
    case Concord.Backup.create(path: "/mnt/backups") do
      {:ok, path} ->
        Logger.info("Backup created: #{path}")
        Concord.Backup.cleanup(path: "/mnt/backups", keep_count: 24)
      {:error, reason} ->
        Logger.error("Backup failed: #{inspect(reason)}")
    end

    schedule_backup()
    {:noreply, state}
  end

  defp schedule_backup do
    Process.send_after(self(), :backup, :timer.hours(1))
  end
end
Disaster Recovery
# 1. Stop the application (if running)
# 2. Restore from backup
mix concord.backup restore /mnt/backups/latest.backup --force

# 3. Verify data
mix concord.cluster status

# 4. Start the application
mix run --no-halt

Best Practices
	Regular Backups — Schedule automated backups hourly or daily
	Off-site Storage — Copy backups to remote storage (S3, GCS, etc.)
	Test Restores — Periodically test backup restoration
	Retention Policy — Keep multiple backup versions
	Monitor — Set up alerts for backup failures
	Verify — Always verify backups after creation



  

    Configuration

Complete reference for all Concord configuration options.
Base Configuration (config/config.exs)
config :concord,
  cluster_name: :concord_cluster,
  cluster_enabled: true,
  data_dir: "./data",
  auth_enabled: false,
  max_batch_size: 500,
  default_read_consistency: :leader,  # :eventual, :leader, or :strong

  ttl: [
    default_seconds: 86_400,
    cleanup_interval_seconds: 300,
    enabled: true
  ],

  compression: [
    enabled: true,
    algorithm: :zlib,          # :zlib or :gzip
    threshold_bytes: 1024,
    level: 6                   # 0-9
  ],

  http: [
    enabled: false,
    port: 4000,
    ip: {127, 0, 0, 1}
  ],

  tls: [
    enabled: false,
    certfile: nil,
    keyfile: nil,
    cacertfile: nil,
    versions: [:"tlsv1.2", :"tlsv1.3"]
  ],

  prometheus_enabled: false,
  prometheus_port: 9568,

  tracing_enabled: false,
  tracing_exporter: :stdout,   # :stdout, :otlp, or :none

  audit_log: [
    enabled: false,
    log_dir: "./audit_logs",
    rotation_size_mb: 100,
    retention_days: 90,
    log_reads: false,
    sensitive_keys: false
  ],

  event_stream: [
    enabled: false,
    buffer_size: 10_000
  ]
Storage APIs
Storage/concurrency selection is API-based, not global configuration-based.
	API	Behavior
	Concord / Concord.Cluster	Default Raft-backed cluster API. Writes go through Raft quorum replication.
	Concord.Local	Node-local KV API. Data stays on the current BEAM node and is not written to the Raft cluster.
	Concord.Turso	Durable node-local KV API backed by ex_turso. Data is written to a local Turso database file and is not written to the Raft cluster.

Canonical sub-APIs follow the same split: Concord.KV and
Concord.Cluster.KV use the cluster engine, while Concord.Local.KV uses the
local engine. Pass engine: :turso to canonical APIs when using Turso-specific
calls such as Concord.KV.history/2 or Concord.Txn.commit/2.
Turso
Turso support is disabled by default:
config :concord,
  turso: [
    enabled: true,
    database: "./data/turso.db",
    pool_size: 1
  ]
Applications that only need the durable Turso KV engine can disable Concord's
Raft cluster runtime:
config :concord,
  cluster_enabled: false,
  turso: [
    enabled: true,
    database: "./data/turso.db",
    pool_size: 1
  ]
Runtime releases can use environment variables:
CONCORD_CLUSTER_ENABLED=false
CONCORD_TURSO_ENABLED=true
CONCORD_TURSO_DATABASE=/var/lib/concord/turso.db
CONCORD_TURSO_POOL_SIZE=1
CONCORD_TURSO_REMOTE_URL=libsql://example.turso.io
CONCORD_TURSO_AUTH_TOKEN=...

Concord.Turso.sync/1 is available only when both remote URL and auth token are
configured. Turso does not provide Concord Raft semantics, leases, watches, or
secondary indexes; those operations return explicit unsupported-operation
errors.
Ecto SQL adapter
Concord.Turso is a Concord KV API. Applications that need normal Ecto schema,
query, migration, transaction, constraint/index, and map/JSON-field semantics
should configure an Ecto repo with the optional adapter provided by ex_turso:
def deps do
  [
    {:concord, "~> 2.3"},
    {:ex_turso, "~> 0.3"},
    {:ecto_sql, "~> 3.14"}
  ]
end

defmodule MyApp.Repo do
  use Ecto.Repo,
    otp_app: :my_app,
    adapter: Ecto.Adapters.Turso
end

config :my_app, MyApp.Repo,
  database: "my_app.db",
  pool_size: 5
Ecto.Adapters.Turso is the supported Turso/libSQL Ecto adapter name. It is the
documented equivalent for applications that might otherwise look for an
Ecto.Adapters.Concord module.
Use a normal PostgreSQL adapter and connection configuration in the host
application when PostgreSQL is selected instead.
Development (config/dev.exs)
config :concord,
  data_dir: "./data/dev",
  auth_enabled: false,
  http: [enabled: true, port: 4000, ip: {127, 0, 0, 1}]

config :logger, level: :debug
Test (config/test.exs)
config :concord,
  data_dir: "./data/test",
  auth_enabled: false,
  http: [enabled: false]

config :logger, level: :warning
Production (config/prod.exs)
config :concord,
  data_dir: {:system, "CONCORD_DATA_DIR", "/var/lib/concord"},
  auth_enabled: true,
  http: [
    enabled: {:system, "CONCORD_HTTP_ENABLED", true},
    port: {:system, "CONCORD_API_PORT", 8080},
    ip: {:system, "CONCORD_API_IP", {0, 0, 0, 0}}
  ]

config :logger, level: :info
Runtime Configuration (config/runtime.exs)
The data directory is resolved at runtime:
node_name = System.get_env("NODE_NAME", "node")

data_dir =
  case config_env() do
    :prod ->
      System.get_env("CONCORD_DATA_DIR", "/var/lib/concord/data/#{node_name}")
    _dev_or_test ->
      Path.join(System.tmp_dir!(), "concord_data/#{node_name}")
  end
Important: In dev/test, data is stored in /tmp and will be lost on reboot. In production, set CONCORD_DATA_DIR to a persistent location.
Environment Variables
	Variable	Default	Description
	CONCORD_DATA_DIR	/var/lib/concord/data	Persistent data directory (prod)
	CONCORD_CLUSTER_ENABLED	true	Start Concord's Raft cluster runtime
	CONCORD_API_PORT	8080	HTTP API port (prod)
	CONCORD_API_IP	0.0.0.0	HTTP API bind address (prod)
	CONCORD_HTTP_ENABLED	true	Enable HTTP API (prod)
	CONCORD_AUTH_ENABLED	true	Enable authentication (prod)
	CONCORD_COOKIE	—	Erlang cookie for cluster
	NODE_NAME	node	Node name for data directory

E2E Test (config/e2e_test.exs)
config :concord,
  cluster_name: :concord_cluster,
  data_dir: "./data/e2e_test",
  auth_enabled: false

config :libcluster,
  topologies: [
    concord: [strategy: Cluster.Strategy.Gossip]
  ]

config :concord, :http, enabled: true, port: 4000
Key Configuration Decisions
Read Consistency
	:eventual — Fastest, reads from any node, may be stale
	:leader — Default, reads from leader, minimal staleness
	:strong — Slowest, linearizable, zero staleness

Authentication
Disabled in dev for convenience. Always enable in production:
config :concord, auth_enabled: true
Compression
Enabled by default with sensible defaults. Tune for your workload:
	High-throughput small values: Increase threshold_bytes or disable
	Large JSON payloads: Lower compression level for speed
	Storage-constrained: Increase level to 9

TLS
For production HTTP API:
config :concord,
  tls: [
    enabled: true,
    certfile: "/path/to/cert.pem",
    keyfile: "/path/to/key.pem",
    cacertfile: "/path/to/ca.pem"
  ]


  

    Project Concord: Design Blueprint

1. Overview
Concord is a distributed, highly-available, and strongly-consistent Key-Value store built entirely in Elixir, leveraging the power of the Erlang OTP framework.
Its primary mission is to provide a simple, reliable, and fault-tolerant data storage solution for scenarios where data consistency and system uptime are more critical than raw performance. It is designed to survive node failures while guaranteeing that all clients see a consistent, linearizable view of the data.
2. Core Concepts
Concord is built upon three fundamental principles of distributed systems design.
2.1. Replicated State Machine
The core of Concord is a Replicated State Machine (RSM). This is a classic pattern for building fault-tolerant services. The idea is simple:
	We have a state machine (in our case, a Key-Value store)
	We run identical copies of this state machine on multiple nodes in a cluster
	We ensure that every state machine receives and applies the exact same sequence of commands (put, delete)
	If we can guarantee this, then all replicas will remain in sync, and the system can tolerate the failure of some replicas without losing data or consistency

2.2. Raft Consensus Algorithm
To guarantee that all state machines see the same command sequence, we need a consensus algorithm. Concord uses the Raft algorithm, implemented via the excellent and production-hardened ra library (by the RabbitMQ team).
The ra library is responsible for the most complex parts of the system:
	Leader Election: Automatically elects a single leader node responsible for coordinating writes. If the leader fails, a new one is elected within milliseconds.
	Log Replication: The leader receives commands from clients, appends them to its local log, and replicates them to a majority (a "quorum") of follower nodes.
	Commit Safety: A command is only considered "committed" and applied to the state machine after it has been safely replicated to the quorum. This ensures that committed data will survive node failures.

2.3. Consistency over Availability (CP)
According to the CAP Theorem, a distributed system must choose between Consistency and Availability in the face of a network Partition. Concord is a CP system.
	Consistency: All read operations will return the most recently completed write. There is no stale data.
	Partition Tolerance: The system is designed to function correctly even if the network splits the cluster into partitions.
	Availability (The Trade-off): In the event of a network partition, only the partition containing a majority of nodes (the quorum) will remain available for writes. The minority partition will become unavailable to ensure data consistency is never violated. This is the correct and necessary trade-off for a system designed to store critical data like configuration or credentials.

3. Architecture & Components
The system is composed of several distinct Elixir components working in concert.
	Concord.Application (The Supervisor): The OTP application entry point. Its primary role is to start and supervise the libcluster service and the ra cluster instance.

	Concord (The API Module): The public client interface. It provides simple put/2, get/1, and delete/1 functions. This module abstracts away the complexity of Raft, automatically forwarding requests to the current cluster leader.

	Concord.StateMachine (The Heart): This module implements the :ra_machine behavior. It is the actual state machine.
	It uses an in-memory ETS table for extremely fast reads and writes.
	It is responsible for applying committed commands (apply/3) and answering queries (query/3).
	It also handles creating snapshots of its state and restoring from them, which is critical for persistence.


	The ra Library (The Engine): We delegate all consensus and persistence logic to ra. It runs as a supervised process that, in turn, manages our Concord.StateMachine. ra is responsible for all networking, leader election, and disk I/O for the Raft log and snapshots.

	The libcluster Library (The Discovery Service): This library allows Concord nodes to automatically discover each other on the network using strategies like Gossip, freeing us from static configuration.


4. Data Flow
4.1. Write Operation (Concord.put/2)
	A client calls Concord.put("hello", "world") on any node in the cluster.
	The Concord API module calls :ra.command/3 with the {:put, "hello", "world"} tuple.
	If the current node is not the leader, :ra automatically forwards the command to the current leader.
	The leader writes the command to its local, persistent Raft log.
	The leader replicates the log entry to all follower nodes.
	As soon as a majority of nodes (the quorum) confirm they have written the entry to their logs, the leader considers the command "committed".
	The leader applies the command to its local Concord.StateMachine (by calling apply/3), which inserts the data into the ETS table.
	The leader returns :ok to the client.
	Followers will eventually apply the same command to their own state machines.

4.2. Read Operation (Concord.get/1)
	A client calls Concord.get("hello") on any node.
	The Concord API module calls :ra.query/3.
	To guarantee linearizability (reading the absolute latest state), the query is forwarded to the leader.
	The leader executes the query directly against its Concord.StateMachine (by calling query/3), which looks up the key in the ETS table.
	The result is returned directly to the client. This process does not create a Raft log entry.

5. Persistence Strategy
Concord achieves durability through a two-pronged strategy managed entirely by the ra library.
	Persistent Raft Log: Every write command is first written to an append-only log file on disk on a majority of nodes before the operation is confirmed to the client. This log is the ultimate source of truth and guarantees that no committed writes are lost.

	State Machine Snapshots: To prevent the Raft log from growing infinitely and to speed up recovery for new or restarting nodes, ra periodically commands the StateMachine to create a snapshot. Our snapshot/1 callback dumps the entire ETS table to a binary format, which ra then writes to a snapshot file on disk. When a node starts, it can restore its entire state from the latest snapshot and then replay only the Raft log entries that occurred after the snapshot was taken.


6. Next Steps (Phase 3)
While the core functionality is complete, several features are required for a production-ready system:
	Observability: Integrate with Elixir's Telemetry library to expose critical metrics (e.g., leader changes, commit latency, cluster size).
	Operational Tools: Create Mix tasks for cluster management (e.g., safely adding/removing nodes).
	Security: Implement an authentication and authorization layer to control access to the data.
	API Enhancements: Provide more granular error types to the client (e.g., {:error, :timeout}, {:error, :no_leader_available}).



  

    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
Changed
	Rebuilt the changelog with the full published package release history.

Fixed
	Align source package metadata and installation docs with the released 2.x API package.
	Document embedded boot fixes for Ra default system startup, Prometheus opt-in
metrics, disabled clustering, and restart from existing Ra data directories.
Fixes #17.

2.0.1 - 2026-05-30
Fixed
	Start the Ra default system before Concord cluster initialization so embedded
host applications do not need to start :ra manually.
	Return actionable backup errors when the Ra cluster is not available.
	Disable the Prometheus exporter by default so embedded hosts do not crash on
metrics port conflicts.
	Add a :clustering switch so single-node embedded deployments can disable
libcluster.
	Restart existing Ra servers from persisted data directories during app startup.

2.0.0 - 2026-05-16
Added
	Add the v2 KV and transaction API, including Concord.KV,
Concord.Txn, prefix/range listing, revision metadata, conditional
operations, leases, and sync/watch support.
	Add v2 design documentation for MVCC records, transactions, sync/watch,
leases, validation, and agent coordination.
	Add a release-mode E2E test suite for distributed node validation.

Changed
	Move long-form documentation into versioned docs/v1 and docs/v2
directories.
	Update README and E2E documentation for the release-based architecture.
	Simplify the library surface around the embedded database use case.

Removed
	Remove out-of-scope Web, AuditLog, EventStream, Tracing, and Prometheus
modules and dependencies from the core library.

Fixed
	Fix Ra 3.0 query calls and MFA query argument order.
	Fix CI, Credo, Dialyzer, ETS ownership, and release test data cleanup issues.

1.1.0 - 2026-03-23
Changed
	Upgrade Ra and related dependency constraints for Ra 3.0 compatibility.

Fixed
	Fix Ra 3.0 API usage in the state machine query path and test helper.
	Fix formatting and Credo issues before publishing the package.

1.0.2 - 2026-03-22
Changed
	Optimize prefix scans from O(N) to O(log N + K).

Removed
	Remove token authentication, RBAC, and multitenancy from the embedded
database surface.

Fixed
	Fix ETS match specification formatting and remaining formatter violations.

1.0.1 - 2026-03-09
Changed
	Reorganize the README into focused documentation guides.
	Add the Concord database skill and supporting API, HTTP, and state-machine
references.

Fixed
	Address review findings around correctness, deterministic replay, snapshot
coverage, backup behavior, documentation, and tests.
	Improve E2E network partition coverage and test workflow behavior.

1.0.0 - 2025-12-09
Added
	Add multi-node E2E coverage using manually spawned Erlang nodes.
	Add cluster connection helper scripts for manual distributed testing.
	Add Spec Kit command templates and project scaffolding.
	Improve the Hex.pm release workflow.

Changed
	Make the HTTP API opt-in by default.
	Replace LocalCluster-based E2E tests with manual node spawning for OTP 28.
	Update development environment dependencies and project documentation.

Fixed
	Fix distributed test startup and cleanup issues.
	Fix cluster restart handling when the Ra system is not started.
	Disable Prometheus metrics by default.
	Fix Dialyzer and CI release workflow issues.

0.3.0 - 2026-03-09
Changed
	Publish a 0.x package line from the post-v1.0 cleanup state.
	Include the V3 deterministic state-machine work and documentation cleanup
from the 1.0.x line.

Removed
	Remove token authentication, RBAC, and multitenancy features from the 0.x
package line.

0.2.0 - 2025-10-30
Added
	Add TTL support, bulk operations, configurable read consistency, conditional
updates, secondary indexes, and query filtering.
	Add backup/restore, value compression, performance benchmarks, and
production configuration documentation.
	Add the HTTP API, OpenAPI documentation, TLS support, Mix tasks, and
certificate generation.
	Add Prometheus metrics, OpenTelemetry tracing, audit logging, CDC event
streaming, RBAC, and multitenancy features.

Fixed
	Fix test isolation, ETS initialization, API response, TTL, bulk operation,
Credo, Dialyzer, and CI issues discovered while hardening the feature set.

0.1.3 - 2025-10-18
Added
	Initial embedded distributed key-value store built on Raft.
	Add ETS-backed reads, core CRUD operations, cluster startup, configuration,
documentation, tests, CI, and release workflow scaffolding.

Fixed
	Add required Hex.pm package metadata.
	Fix early formatting, lint, coverage, and release workflow failures.



  

    LICENSE


MIT License

Copyright (c) 2025 gsmlg-dev

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
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Public API for the Concord distributed key-value store.
Concord is a CP (Consistent + Partition-tolerant) distributed KV store
built on the Raft consensus algorithm via the ra library.
Examples
iex> Concord.put("user:123", %{name: "Alice"})
:ok

iex> Concord.get("user:123")
{:ok, %{name: "Alice"}}

iex> Concord.delete("user:123")
:ok

      


      
        Summary


  
    Functions
  


    
      
        delete(key, opts \\ [])

      


        Deletes a key from the cluster.



    


    
      
        delete_if(key, opts)

      


        Conditionally deletes a key only if it matches the expected value.



    


    
      
        delete_many(keys, opts \\ [])

      


        Deletes multiple keys from the cluster atomically.



    


    
      
        get(key, opts \\ [])

      


        Retrieves a value by key from the cluster.



    


    
      
        get_all(opts \\ [])

      


        Returns all key-value pairs in the store.
Use sparingly on large datasets.



    


    
      
        get_all_with_ttl(opts \\ [])

      


        Returns all key-value pairs with their TTL information.
Use sparingly on large datasets.



    


    
      
        get_many(keys, opts \\ [])

      


        Retrieves multiple values by key from the cluster.



    


    
      
        get_with_ttl(key, opts \\ [])

      


        Gets a value along with its remaining TTL.



    


    
      
        list(opts)

      


        Lists keys matching a prefix or range selector.



    


    
      
        members(opts \\ [])

      


        Returns cluster members information.



    


    
      
        prefix_scan(prefix, opts \\ [])

      


        Returns key-value pairs for all keys starting with the given prefix.



    


    
      
        put(key, value, opts \\ [])

      


        Stores a key-value pair in the cluster.



    


    
      
        put_if(key, value, opts)

      


        Conditionally updates a key only if it matches the expected value (compare-and-swap).



    


    
      
        put_many(operations, opts \\ [])

      


        Stores multiple key-value pairs in the cluster atomically.



    


    
      
        put_many_with_ttl(operations, ttl_seconds, opts \\ [])

      


        Stores multiple key-value pairs with a TTL atomically.



    


    
      
        put_with_ttl(key, value, ttl_seconds, opts \\ [])

      


        Stores a key-value pair with an explicit TTL in seconds.



    


    
      
        revision(opts \\ [])

      


        Returns the current cluster revision.



    


    
      
        status(opts \\ [])

      


        Returns cluster status information.



    


    
      
        touch(key, additional_ttl_seconds, opts \\ [])

      


        Extends the TTL of an existing key by the specified number of seconds.



    


    
      
        touch_many(operations, opts \\ [])

      


        Extends the TTL of multiple keys atomically.



    


    
      
        ttl(key, opts \\ [])

      


        Gets the remaining TTL for a key in seconds.



    


    
      
        txn(spec, opts \\ [])

      


        Commits a transaction atomically.



    





      


      
        Functions


        


    

  
    
      
    
    
      delete(key, opts \\ [])



        
          
        

    

  


  

Deletes a key from the cluster.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)


  



  
    
      
    
    
      delete_if(key, opts)



        
          
        

    

  


  

Conditionally deletes a key only if it matches the expected value.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:token - Authentication token (required if auth is enabled)

Examples
# Only delete if current value matches
Concord.delete_if("lock", expected: "my_lock_id")
# => :ok

# Fails if value doesn't match
Concord.delete_if("lock", expected: "different_id")
# => {:error, :condition_failed}

# Delete with predicate
Concord.delete_if("temp:file",
  condition: fn value -> value.created_at < cutoff_time end
)

  



    

  
    
      
    
    
      delete_many(keys, opts \\ [])



        
          
        

    

  


  

Deletes multiple keys from the cluster atomically.
Either all operations succeed or all fail together.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:token - Authentication token (required if auth is enabled)

Examples
iex> Concord.delete_many(["key1", "key2"])
{:ok, %{"key1" => :ok, "key2" => :ok}}

  



    

  
    
      
    
    
      get(key, opts \\ [])



        
          
        

    

  


  

Retrieves a value by key from the cluster.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:consistency - Read consistency level (default: :leader)	:eventual - Fastest, may return stale data (reads from any node)
	:leader - Balanced, reads from leader node
	:strong - Linearizable reads with heartbeat verification (slowest)




  



    

  
    
      
    
    
      get_all(opts \\ [])



        
          
        

    

  


  

Returns all key-value pairs in the store.
Use sparingly on large datasets.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:consistency - Read consistency level (default: :leader)


  



    

  
    
      
    
    
      get_all_with_ttl(opts \\ [])



        
          
        

    

  


  

Returns all key-value pairs with their TTL information.
Use sparingly on large datasets.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:consistency - Read consistency level (default: :leader)

Examples
iex> Concord.get_all_with_ttl(token: "token")
{:ok, %{"key1" => %{value: "val1", ttl: 3600}, "key2" => %{value: "val2", ttl: nil}}}

  



    

  
    
      
    
    
      get_many(keys, opts \\ [])



        
          
        

    

  


  

Retrieves multiple values by key from the cluster.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:consistency - Read consistency level (default: :leader)

Examples
iex> Concord.get_many(["key1", "key2"])
{:ok, %{"key1" => {:ok, "value1"}, "key2" => {:error, :not_found}}}

  



    

  
    
      
    
    
      get_with_ttl(key, opts \\ [])



        
          
        

    

  


  

Gets a value along with its remaining TTL.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:consistency - Read consistency level (default: :leader)

Examples
iex> Concord.get_with_ttl("cache:user:123")
{:ok, {%{data: "value"}, 1800}}

  



  
    
      
    
    
      list(opts)



        
          
        

    

  


  

Lists keys matching a prefix or range selector.
See Concord.KV.list/1.

  



    

  
    
      
    
    
      members(opts \\ [])



        
          
        

    

  


  

Returns cluster members information.

  



    

  
    
      
    
    
      prefix_scan(prefix, opts \\ [])



        
          
        

    

  


  

Returns key-value pairs for all keys starting with the given prefix.
Uses an efficient server-side scan on the ordered ETS table, avoiding
loading all keys into memory. O(log N + K) where K is the number of
matching keys.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:consistency - Read consistency level (default: :leader)

Examples
iex> Concord.prefix_scan("user:")
{:ok, [{"user:1", %{name: "Alice"}}, {"user:2", %{name: "Bob"}}]}

  



    

  
    
      
    
    
      put(key, value, opts \\ [])



        
          
        

    

  


  

Stores a key-value pair in the cluster.
Values are automatically compressed if they exceed the configured size threshold
(default: 1KB). Compression is transparent and values are automatically
decompressed when retrieved.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:ttl - Time-to-live in seconds (default: nil for no expiration)
	:compress - Override automatic compression (true/false)


  



  
    
      
    
    
      put_if(key, value, opts)



        
          
        

    

  


  

Conditionally updates a key only if it matches the expected value (compare-and-swap).
This provides atomic conditional updates, useful for implementing locks, counters,
and other concurrent data structures.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:ttl - Time-to-live in seconds for the new value
	:compress - Override automatic compression (true/false)

Examples
# Only update if current value matches
Concord.put_if("counter", 1, expected: 0)
# => :ok

# Fails if value doesn't match
Concord.put_if("counter", 2, expected: 0)
# => {:error, :condition_failed}

# Conditional update with predicate
Concord.put_if("config", new_config,
  condition: fn old_value -> old_value.version < new_config.version end
)

  



    

  
    
      
    
    
      put_many(operations, opts \\ [])



        
          
        

    

  


  

Stores multiple key-value pairs in the cluster atomically.
Either all operations succeed or all fail together.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:token - Authentication token (required if auth is enabled)

Examples
iex> Concord.put_many([{"key1", "value1"}, {"key2", "value2"}])
{:ok, %{"key1" => :ok, "key2" => :ok}}

  



    

  
    
      
    
    
      put_many_with_ttl(operations, ttl_seconds, opts \\ [])



        
          
        

    

  


  

Stores multiple key-value pairs with a TTL atomically.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:token - Authentication token (required if auth is enabled)

Examples
iex> Concord.put_many_with_ttl([{"key1", "value1"}, {"key2", "value2"}], 3600)
{:ok, %{"key1" => :ok, "key2" => :ok}}

  



    

  
    
      
    
    
      put_with_ttl(key, value, ttl_seconds, opts \\ [])



        
          
        

    

  


  

Stores a key-value pair with an explicit TTL in seconds.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:token - Authentication token (required if auth is enabled)

Examples
iex> Concord.put_with_ttl("cache:user:123", %{data: "value"}, 3600)
:ok

  



    

  
    
      
    
    
      revision(opts \\ [])



        
          
        

    

  


  

Returns the current cluster revision.
See Concord.KV.revision/1.

  



    

  
    
      
    
    
      status(opts \\ [])



        
          
        

    

  


  

Returns cluster status information.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:consistency - Read consistency level (default: :leader)


  



    

  
    
      
    
    
      touch(key, additional_ttl_seconds, opts \\ [])



        
          
        

    

  


  

Extends the TTL of an existing key by the specified number of seconds.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:token - Authentication token (required if auth is enabled)

Examples
iex> Concord.touch("cache:user:123", 1800)
:ok

  



    

  
    
      
    
    
      touch_many(operations, opts \\ [])



        
          
        

    

  


  

Extends the TTL of multiple keys atomically.
Either all operations succeed or all fail together.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:token - Authentication token (required if auth is enabled)

Examples
iex> Concord.touch_many([{"key1", 1800}, {"key2", 3600}])
{:ok, %{"key1" => :ok, "key2" => :ok}}

  



    

  
    
      
    
    
      ttl(key, opts \\ [])



        
          
        

    

  


  

Gets the remaining TTL for a key in seconds.
Returns nil if the key has no expiration.
Returns {:error, :not_found} if the key doesn't exist or has expired.
Options
	:timeout - Operation timeout in milliseconds (default: 5000)
	:consistency - Read consistency level (default: :leader)

Examples
iex> Concord.ttl("cache:user:123")
{:ok, 1800}

  



    

  
    
      
    
    
      txn(spec, opts \\ [])



        
          
        

    

  


  

Commits a transaction atomically.
See Concord.Txn.commit/2.

  


        

      


  

    
Concord.Application 
    



      
Application supervisor for Concord embedded key-value store.
Starts and manages the Raft consensus cluster, telemetry, TTL cleanup, and node discovery.

      




  

    
Concord.Backup 
    



      
Backup and restore functionality for Concord distributed KV store.
Provides comprehensive backup management including:
	Local and remote backup creation
	Point-in-time recovery
	Backup verification and integrity checks
	Compressed backup storage
	Metadata tracking

Backup Format
Backups are stored as compressed Erlang term files (.backup) containing:
	Metadata (timestamp, cluster info, entry count)
	Full snapshot of all key-value pairs
	Checksum for integrity verification

Examples
# Create a backup
{:ok, path} = Concord.Backup.create("/path/to/backups")

# Restore from backup
:ok = Concord.Backup.restore("/path/to/backup.backup")

# List available backups
{:ok, backups} = Concord.Backup.list("/path/to/backups")

# Verify backup integrity
{:ok, :valid} = Concord.Backup.verify("/path/to/backup.backup")

      


      
        Summary


  
    Types
  


    
      
        backup()

      


        Backup content



    


    
      
        metadata()

      


        Backup metadata



    





  
    Functions
  


    
      
        cleanup(opts \\ [])

      


        Deletes old backups based on retention policy.



    


    
      
        create(opts \\ [])

      


        Creates a backup of the current cluster state.



    


    
      
        list(backup_dir \\ "./backups")

      


        Lists all available backups in a directory.



    


    
      
        restore(backup_path, opts \\ [])

      


        Restores cluster state from a backup file.



    


    
      
        verify(backup_path)

      


        Verifies the integrity of a backup file.



    





      


      
        Types


        


  
    
      
    
    
      backup()



        
          
        

    

  


  

      

          @type backup() :: %{metadata: metadata(), data: [{term(), term()}]}


      


Backup content

  



  
    
      
    
    
      metadata()



        
          
        

    

  


  

      

          @type metadata() :: %{
  timestamp: DateTime.t(),
  node: node(),
  cluster_name: atom(),
  entry_count: non_neg_integer(),
  memory_bytes: non_neg_integer(),
  version: String.t(),
  checksum: binary()
}


      


Backup metadata

  


        

      

      
        Functions


        


    

  
    
      
    
    
      cleanup(opts \\ [])



        
          
        

    

  


  

      

          @spec cleanup(keyword()) :: {:ok, non_neg_integer()} | {:error, term()}


      


Deletes old backups based on retention policy.
Options
	:keep_count - Number of backups to keep (default: 10)
	:keep_days - Keep backups newer than N days (default: 30)

Returns
	{:ok, deleted_count} - Number of backups deleted
	{:error, reason} - Error during cleanup

Examples
iex> Concord.Backup.cleanup(keep_count: 5)
{:ok, 3}

iex> Concord.Backup.cleanup(keep_days: 7)
{:ok, 10}

  



    

  
    
      
    
    
      create(opts \\ [])



        
          
        

    

  


  

      

          @spec create(keyword()) :: {:ok, Path.t()} | {:error, term()}


      


Creates a backup of the current cluster state.
Options
	:path - Directory to store backup (default: "./backups")
	:compress - Compress backup file (default: true)
	:include_metadata - Include cluster metadata (default: true)

Returns
	{:ok, backup_path} - Path to created backup file
	{:error, :cluster_not_ready} - Ra cluster is unavailable; start Concord or retry after the cluster is ready
	{:error, reason} - Error creating backup

Examples
iex> Concord.Backup.create()
{:ok, "./backups/concord_backup_20251023_143052.backup"}

iex> Concord.Backup.create(path: "/mnt/backups")
{:ok, "/mnt/backups/concord_backup_20251023_143052.backup"}

  



    

  
    
      
    
    
      list(backup_dir \\ "./backups")



        
          
        

    

  


  

      

          @spec list(Path.t()) :: {:ok, [map()]} | {:error, term()}


      


Lists all available backups in a directory.
Returns
	{:ok, backup_list} - List of backup file information
	{:error, reason} - Error reading directory

Examples
iex> Concord.Backup.list()
{:ok, [
  %{
    path: "./backups/concord_backup_20251023_143052.backup",
    timestamp: ~U[2025-10-23 14:30:52Z],
    size_bytes: 1048576,
    entry_count: 1000
  }
]}

  



    

  
    
      
    
    
      restore(backup_path, opts \\ [])



        
          
        

    

  


  

      

          @spec restore(
  Path.t(),
  keyword()
) :: :ok | {:error, term()}


      


Restores cluster state from a backup file.
Warning: This operation will overwrite all existing data in the cluster.
It's recommended to create a backup before restoring.
Options
	:force - Skip confirmation prompts (default: false)
	:verify - Verify backup integrity before restore (default: true)

Returns
	:ok - Restore completed successfully
	{:error, reason} - Error during restore

Examples
iex> Concord.Backup.restore("/path/to/backup.backup")
:ok

iex> Concord.Backup.restore("/path/to/backup.backup", force: true)
:ok

  



  
    
      
    
    
      verify(backup_path)



        
          
        

    

  


  

      

          @spec verify(Path.t()) :: {:ok, :valid | :invalid} | {:error, term()}


      


Verifies the integrity of a backup file.
Returns
	{:ok, :valid} - Backup is valid
	{:ok, :invalid} - Backup is corrupted
	{:error, reason} - Error reading backup

Examples
iex> Concord.Backup.verify("/path/to/backup.backup")
{:ok, :valid}

  


        

      


  

    
Concord.Cluster 
    



      
Explicit Raft-cluster Concord API.
Concord itself remains cluster-backed for compatibility. This module exists
when call sites should state the storage/concurrency model directly.

      


      
        Summary


  
    Functions
  


    
      
        delete(key, opts \\ [])

      


    


    
      
        delete_if(key, opts)

      


    


    
      
        delete_many(keys, opts \\ [])

      


    


    
      
        get(key, opts \\ [])

      


    


    
      
        get_all(opts \\ [])

      


    


    
      
        get_all_with_ttl(opts \\ [])

      


    


    
      
        get_many(keys, opts \\ [])

      


    


    
      
        get_with_ttl(key, opts \\ [])

      


    


    
      
        list(opts)

      


    


    
      
        members(opts \\ [])

      


    


    
      
        prefix_scan(prefix, opts \\ [])

      


    


    
      
        put(key, value, opts \\ [])

      


    


    
      
        put_if(key, value, opts)

      


    


    
      
        put_many(operations, opts \\ [])

      


    


    
      
        put_many_with_ttl(operations, ttl_seconds, opts \\ [])

      


    


    
      
        put_with_ttl(key, value, ttl_seconds, opts \\ [])

      


    


    
      
        revision(opts \\ [])

      


    


    
      
        status(opts \\ [])

      


    


    
      
        touch(key, additional_ttl_seconds, opts \\ [])

      


    


    
      
        touch_many(operations, opts \\ [])

      


    


    
      
        ttl(key, opts \\ [])

      


    


    
      
        txn(spec, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      delete(key, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      delete_if(key, opts)



        
          
        

    

  


  


  



    

  
    
      
    
    
      delete_many(keys, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      get(key, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_all(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_all_with_ttl(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_many(keys, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_with_ttl(key, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      list(opts)



        
          
        

    

  


  


  



    

  
    
      
    
    
      members(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      prefix_scan(prefix, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      put(key, value, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      put_if(key, value, opts)



        
          
        

    

  


  


  



    

  
    
      
    
    
      put_many(operations, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      put_many_with_ttl(operations, ttl_seconds, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      put_with_ttl(key, value, ttl_seconds, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      revision(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      status(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      touch(key, additional_ttl_seconds, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      touch_many(operations, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      ttl(key, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      txn(spec, opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Concord.Cluster.Index 
    



      
Explicit Raft-cluster Concord.Index API.

      


      
        Summary


  
    Functions
  


    
      
        create(name, extractor, opts \\ [])

      


    


    
      
        drop(name, opts \\ [])

      


    


    
      
        list(opts \\ [])

      


    


    
      
        lookup(name, value, opts \\ [])

      


    


    
      
        reindex(name, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      create(name, extractor, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      drop(name, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      lookup(name, value, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      reindex(name, opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Concord.Cluster.KV 
    



      
Explicit Raft-cluster Concord.KV API.

      


      
        Summary


  
    Functions
  


    
      
        create(key, value, opts \\ [])

      


    


    
      
        delete(key, opts \\ [])

      


    


    
      
        delete_if(key, opts \\ [])

      


    


    
      
        get(key, opts \\ [])

      


    


    
      
        history(key, opts \\ [])

      


    


    
      
        list(opts \\ [])

      


    


    
      
        put(key, value, opts \\ [])

      


    


    
      
        replace(key, value, opts \\ [])

      


    


    
      
        revision(opts \\ [])

      


    


    
      
        update_if(key, value, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      create(key, value, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      delete(key, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      delete_if(key, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      get(key, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      history(key, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      put(key, value, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      replace(key, value, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      revision(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      update_if(key, value, opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Concord.Cluster.Lease 
    



      
Explicit Raft-cluster Concord.Lease API.

      


      
        Summary


  
    Functions
  


    
      
        grant(ttl_seconds, opts \\ [])

      


    


    
      
        info(lease_id, opts \\ [])

      


    


    
      
        keep_alive(lease_id, opts \\ [])

      


    


    
      
        list(opts \\ [])

      


    


    
      
        revoke(lease_id, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      grant(ttl_seconds, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      info(lease_id, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      keep_alive(lease_id, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      revoke(lease_id, opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Concord.Cluster.Txn 
    



      
Explicit Raft-cluster Concord.Txn API.

      


      
        Summary


  
    Functions
  


    
      
        commit(spec, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      commit(spec, opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Concord.Compression 
    



      
Value compression for Concord KV store.
Provides transparent compression for large values to reduce memory usage
and improve performance. Compression is automatically applied based on
configurable size thresholds.
Configuration
config :concord,
  compression: [
    enabled: true,
    algorithm: :zlib,        # :zlib or :gzip
    threshold_bytes: 1024,   # Compress values larger than 1KB
    level: 6                 # Compression level 0-9 (0=none, 9=max)
  ]
Compression Format
Compressed values are stored as tuples: {:compressed, algorithm, binary}
Uncompressed values are stored as-is.
Examples
# Compress a value
compressed = Concord.Compression.compress("large data...")
# {:compressed, :zlib, <<...>>}

# Decompress automatically
value = Concord.Compression.decompress(compressed)
# "large data..."

# Check if value should be compressed
Concord.Compression.should_compress?("small")  # false
Concord.Compression.should_compress?(large_data)  # true

      


      
        Summary


  
    Types
  


    
      
        algorithm()

      


    


    
      
        compressed_value()

      


    





  
    Functions
  


    
      
        compress(value, opts \\ [])

      


        Compresses a value if it exceeds the configured size threshold.



    


    
      
        config()

      


        Returns the compression configuration.



    


    
      
        decompress(compressed)

      


        Decompresses a value if it was compressed.



    


    
      
        should_compress?(value, opts \\ [])

      


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



    


    
      
        stats(value)

      


        Returns compression statistics for a value.



    





      


      
        Types


        


  
    
      
    
    
      algorithm()



        
          
        

    

  


  

      

          @type algorithm() :: :zlib | :gzip


      



  



  
    
      
    
    
      compressed_value()



        
          
        

    

  


  

      

          @type compressed_value() :: {:compressed, algorithm(), binary()}
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      compress(value, opts \\ [])



        
          
        

    

  


  

      

          @spec compress(
  term(),
  keyword()
) :: term() | compressed_value()


      


Compresses a value if it exceeds the configured size threshold.
Options
	:algorithm - Compression algorithm (:zlib or :gzip)
	:level - Compression level 0-9 (default: 6)
	:force - Force compression regardless of size (default: false)

Examples
iex> Concord.Compression.compress("small value")
"small value"

iex> large_value = String.duplicate("x", 2048)
iex> Concord.Compression.compress(large_value)
{:compressed, :zlib, <<...>>}

iex> Concord.Compression.compress("force compress", force: true)
{:compressed, :zlib, <<...>>}

  



  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @spec config() :: keyword()


      


Returns the compression configuration.

  



  
    
      
    
    
      decompress(compressed)



        
          
        

    

  


  

      

          @spec decompress(term() | compressed_value()) :: term()


      


Decompresses a value if it was compressed.
Automatically detects compressed values and decompresses them.
Non-compressed values are returned as-is.
Examples
iex> Concord.Compression.decompress("plain value")
"plain value"

iex> compressed = {:compressed, :zlib, binary}
iex> Concord.Compression.decompress(compressed)
"original value"

  



    

  
    
      
    
    
      should_compress?(value, opts \\ [])



        
          
        

    

  


  

      

          @spec should_compress?(
  term(),
  keyword()
) :: boolean()


      


Checks if a value should be compressed based on size threshold.
Examples
iex> Concord.Compression.should_compress?("small")
false

iex> large = String.duplicate("x", 2048)
iex> Concord.Compression.should_compress?(large)
true

  



  
    
      
    
    
      stats(value)



        
          
        

    

  


  

      

          @spec stats(term()) :: map()


      


Returns compression statistics for a value.
Examples
iex> value = String.duplicate("x", 2048)
iex> Concord.Compression.stats(value)
%{
  original_size: 2048,
  compressed_size: 45,
  compression_ratio: 45.5,
  savings_bytes: 2003,
  savings_percent: 97.8
}

  


        

      


  

    
Concord.Engine behaviour
    



      
Storage engine boundary for Concord's public KV surface.
Concord uses Concord.Engine.Cluster by default to preserve the current
Raft-backed behavior. Explicit APIs such as Concord.Local pass a different
engine per call.
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          @type command() :: term()
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          @type query() :: term()
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          @type reason() :: term()
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          @callback command(
  command(),
  keyword()
) :: {:ok, term()} | {:error, reason()}
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          @callback members(keyword()) :: {:ok, list()} | {:error, reason()}


      



  



  
    
      
    
    
      query(query, keyword)



        
          
        

    

  


  

      

          @callback query(
  query(),
  keyword()
) :: {:ok, term()} | {:error, reason()}
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          @callback status(keyword()) :: {:ok, map()} | {:error, reason()}
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          @spec command(
  command(),
  keyword()
) :: {:ok, term()} | {:error, reason()}
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          @spec members(keyword()) :: {:ok, list()} | {:error, reason()}
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          @spec query(
  query(),
  keyword()
) :: {:ok, term()} | {:error, reason()}
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          @spec status(keyword()) :: {:ok, map()} | {:error, reason()}


      



  


        

      


  

    
Concord.Engine.Cluster 
    



      
Raft-backed Concord engine.
This is the existing Concord storage/concurrency model: writes are submitted
to Ra via :ra.process_command/3, and reads use the configured Ra query
consistency level.

      




  

    
Concord.Engine.Local 
    



      
Node-local Concord KV engine.
This engine reuses Concord.StateMachine command and query semantics without
starting a Raft cluster. It is intentionally local to the current BEAM node:
data is not replicated and does not participate in quorum writes.
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        Returns a specification to start this module under a supervisor.
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Returns a specification to start this module under a supervisor.
See Supervisor.
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Concord.Engine.Turso 
    



      
Turso-backed Concord KV engine.
This engine persists Concord records into a local Turso database through
ex_turso. It is intentionally node-local and does not provide Raft
consensus, cluster membership, leases, watches, or secondary indexes.

      




  

    
Concord.Index 
    



      
Secondary index support for efficient value-based queries.
Secondary indexes enable fast lookups by specific value fields without
scanning all keys. Each index maintains a mapping from indexed values
to the keys that contain those values.
Features
	Automatic Maintenance: Indexes update automatically on put/delete
	Multiple Indexes: Support for multiple indexes per store
	Declarative Extractors: Define indexes with data specs (safe for Raft replication)
	Backward Compatible: Anonymous functions still accepted during migration
	Efficient Lookups: O(1) lookup by indexed value
	Multi-value Support: Index multiple values per key (e.g., tags)

Declarative Extractor Specs (Recommended)
# Index on a map key
:ok = Concord.Index.create("users_by_email", {:map_get, :email})

# Index on a nested path
:ok = Concord.Index.create("by_city", {:nested, [:address, :city]})

# Index on the raw value
:ok = Concord.Index.create("by_value", {:identity})
Legacy Function Extractors (Deprecated)
# Still works but stores anonymous functions in Raft log — unsafe across upgrades
:ok = Concord.Index.create("by_email", fn u -> u.email end)
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        extractor()

      


        Extractor: declarative spec or legacy function



    


    
      
        index_name()

      


        Index name (unique identifier)



    


    
      
        index_value()

      


        Value to index (must be comparable)



    





  
    Functions
  


    
      
        create(name, extractor, opts \\ [])

      


        Creates a new secondary index.



    


    
      
        drop(name, opts \\ [])

      


        Drops an existing secondary index.



    


    
      
        list(opts \\ [])

      


        Lists all secondary indexes.



    


    
      
        lookup(name, value, opts \\ [])

      


        Looks up keys by indexed value.



    


    
      
        reindex(name, opts \\ [])

      


        Rebuilds an index from all existing keys.
Uses the declarative extractor spec stored in the state machine.
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          @type extractor() :: Concord.Index.Extractor.spec() | (term() -> term())


      


Extractor: declarative spec or legacy function

  



  
    
      
    
    
      index_name()



        
          
        

    

  


  

      

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


      


Index name (unique identifier)

  



  
    
      
    
    
      index_value()



        
          
        

    

  


  

      

          @type index_value() :: term()


      


Value to index (must be comparable)
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          @spec create(index_name(), extractor(), keyword()) :: :ok | {:error, term()}


      


Creates a new secondary index.
Accepts either a declarative extractor spec (recommended) or a legacy
anonymous function (deprecated — unsafe across code upgrades).
Declarative Specs (Recommended)
:ok = Concord.Index.create("by_email", {:map_get, :email})
:ok = Concord.Index.create("by_city", {:nested, [:address, :city]})
:ok = Concord.Index.create("by_value", {:identity})
:ok = Concord.Index.create("by_first", {:element, 0})
Options
	:reindex - If true, reindex all existing keys (default: false)
	:timeout - Operation timeout in milliseconds (default: 5000)


  



    

  
    
      
    
    
      drop(name, opts \\ [])



        
          
        

    

  


  

      

          @spec drop(
  index_name(),
  keyword()
) :: :ok | {:error, term()}


      


Drops an existing secondary index.

  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  

      

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


      


Lists all secondary indexes.

  



    

  
    
      
    
    
      lookup(name, value, opts \\ [])



        
          
        

    

  


  

      

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


      


Looks up keys by indexed value.

  



    

  
    
      
    
    
      reindex(name, opts \\ [])



        
          
        

    

  


  

      

          @spec reindex(
  index_name(),
  keyword()
) :: :ok | {:error, term()}


      


Rebuilds an index from all existing keys.
Uses the declarative extractor spec stored in the state machine.

  


        

      


  

    
Concord.Index.Extractor 
    



      
Declarative index extractor specifications.
All specs are plain data (tuples of atoms/binaries/integers) — no anonymous
functions. This makes them safe to serialize in the Raft log and snapshots
across code versions without risk of :badfun errors.
Supported Specs
	{:map_get, key} — Extract a single map key
	{:nested, [key1, key2, ...]} — Extract a nested value via get_in/2
	{:identity} — Index the entire value as-is
	{:element, n} — Extract the nth element from a tuple

Examples
# Index on user email field
{:map_get, :email}

# Index on nested field
{:nested, [:address, :city]}

# Index on the raw value
{:identity}
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        spec()
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        extract(extractor, value)

      


        Extracts an index value from a stored value using the given spec.



    


    
      
        index_value(table, key, value, spec)

      


        Indexes a value in the given ETS table using the extractor spec.
Handles single values and lists of values.



    


    
      
        remove_from_index(table, key, old_value, spec)

      


        Removes a value from the index ETS table using the extractor spec.



    


    
      
        valid?(f)

      


        Validates that a given term is a supported extractor spec.
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          @type spec() ::
  {:map_get, atom() | binary()}
  | {:nested, [atom() | binary()]}
  | {:identity}
  | {:element, non_neg_integer()}


      



  


        

      

      
        Functions
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          @spec extract(spec(), term()) :: term() | nil


      


Extracts an index value from a stored value using the given spec.
Returns nil if extraction fails or the field doesn't exist.

  



  
    
      
    
    
      index_value(table, key, value, spec)



        
          
        

    

  


  

      

          @spec index_value(atom(), binary(), term(), spec()) :: :ok


      


Indexes a value in the given ETS table using the extractor spec.
Handles single values and lists of values.

  



  
    
      
    
    
      remove_from_index(table, key, old_value, spec)



        
          
        

    

  


  

      

          @spec remove_from_index(atom(), binary(), term(), spec()) :: :ok


      


Removes a value from the index ETS table using the extractor spec.

  



  
    
      
    
    
      valid?(f)



        
          
        

    

  


  

      

          @spec valid?(term()) :: boolean()


      


Validates that a given term is a supported extractor spec.

  


        

      


  

    
Concord.KV 
    



      
Public API for Concord's revisioned key-value store.
Concord.KV provides the canonical interface for reading and writing keys.
Every mutation produces a %Concord.KV.Record{} with MVCC metadata
(revision, version, content_type, etc.).
Basic Usage
# Simple get/put (backward-compatible)
:ok = Concord.KV.put("key", "value")
{:ok, "value"} = Concord.KV.get("key")

# With full record metadata
{:ok, %Concord.KV.Record{}} = Concord.KV.get("key", metadata: true)

# With content type and metadata
Concord.KV.put("notes/001", body, content_type: "text/markdown", metadata: %{author: "ci"})
Range and Prefix Queries
{:ok, records, %{has_more: false}} = Concord.KV.list(prefix: "/notes/", limit: 100)
{:ok, records, cursor} = Concord.KV.list(range: {"a", "z"}, limit: 50, keys_only: true)
Cluster Revision
{:ok, 1843} = Concord.KV.revision()

      


      
        Summary


  
    Functions
  


    
      
        create(key, value, opts \\ [])

      


        Creates a key only if it does not already exist.



    


    
      
        delete(key, opts \\ [])

      


        Deletes a key.



    


    
      
        delete_if(key, opts \\ [])

      


        Deletes a key only if its mod_revision matches the expected value.



    


    
      
        get(key, opts \\ [])

      


        Retrieves a value by key.



    


    
      
        history(key, opts \\ [])

      


        Returns the revision history of a single key.



    


    
      
        list(opts \\ [])

      


        Lists keys matching a prefix or range selector.



    


    
      
        put(key, value, opts \\ [])

      


        Stores a key-value pair.



    


    
      
        replace(key, value, opts \\ [])

      


        Replaces a key only if it already exists.



    


    
      
        revision(opts \\ [])

      


        Returns the current cluster revision.



    


    
      
        update_if(key, value, opts \\ [])

      


        Updates a key only if its mod_revision matches the expected value.
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      create(key, value, opts \\ [])



        
          
        

    

  


  

      

          @spec create(binary(), term(), keyword()) :: {:ok, map()} | {:error, term()}


      


Creates a key only if it does not already exist.
Implemented as a transaction wrapper.

  



    

  
    
      
    
    
      delete(key, opts \\ [])



        
          
        

    

  


  

      

          @spec delete(
  binary(),
  keyword()
) :: {:ok, map()} | :ok | {:error, term()}


      


Deletes a key.
Returns {:ok, %{revision: integer, prev_kv: Record.t() | nil}}.

  



    

  
    
      
    
    
      delete_if(key, opts \\ [])



        
          
        

    

  


  

      

          @spec delete_if(
  binary(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Deletes a key only if its mod_revision matches the expected value.
Implemented as a transaction wrapper.

  



    

  
    
      
    
    
      get(key, opts \\ [])



        
          
        

    

  


  

      

          @spec get(
  binary(),
  keyword()
) :: {:ok, term()} | {:ok, Concord.KV.Record.t()} | {:error, term()}


      


Retrieves a value by key.
Options
	:metadata — if true, returns {:ok, %Record{}} instead of {:ok, value}
	:revision — read the value as of a specific cluster revision (time-travel)
	:consistency — :eventual, :leader (default), or :strong
	:timeout — operation timeout in ms (default: 5000)
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          @spec history(
  binary(),
  keyword()
) :: {:ok, [Concord.KV.Record.t()]} | {:error, term()}


      


Returns the revision history of a single key.
Options
	:from_revision — start of revision range (inclusive)
	:to_revision — end of revision range (inclusive)
	:limit — max records to return (default: 100)


  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  

      

          @spec list(keyword()) :: {:ok, [Concord.KV.Record.t()], map()} | {:error, term()}


      


Lists keys matching a prefix or range selector.
Options
	:prefix — prefix to match (mutually exclusive with :range)
	:range — {start, end_exclusive} tuple (mutually exclusive with :prefix)
	:limit — max results (default: 1000, max: 10000)
	:keys_only — omit values (default: false)
	:revision — snapshot read at a specific revision
	:timeout — operation timeout in ms (default: 5000)
	:consistency — read consistency level (default: :leader)

Returns
{:ok, [Record.t()], %{has_more: boolean, last_key: binary | nil}}

  



    

  
    
      
    
    
      put(key, value, opts \\ [])



        
          
        

    

  


  

      

          @spec put(binary(), term(), keyword()) :: {:ok, map()} | :ok | {:error, term()}


      


Stores a key-value pair.
Options
	:ttl — time-to-live in seconds
	:lease — attach to an existing lease ID
	:content_type — MIME-ish content type hint
	:metadata — application-level metadata map
	:compress — override automatic compression
	:timeout — operation timeout in ms (default: 5000)

Returns
{:ok, %{revision: integer, prev_kv: Record.t() | nil}}

  



    

  
    
      
    
    
      replace(key, value, opts \\ [])



        
          
        

    

  


  

      

          @spec replace(binary(), term(), keyword()) :: {:ok, map()} | {:error, term()}


      


Replaces a key only if it already exists.
Implemented as a transaction wrapper.
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          @spec revision(keyword()) :: {:ok, non_neg_integer()} | {:error, term()}


      


Returns the current cluster revision.

  



    

  
    
      
    
    
      update_if(key, value, opts \\ [])



        
          
        

    

  


  

      

          @spec update_if(binary(), term(), keyword()) :: {:ok, map()} | {:error, term()}


      


Updates a key only if its mod_revision matches the expected value.
Implemented as a transaction wrapper.

  


        

      


  

    
Concord.KV.Record 
    



      
Per-key revisioned record in Concord's MVCC store.
Every key in Concord is backed by a Record that tracks its full revision
history metadata. Records are the internal representation stored in ETS;
the public API can return either bare values (for backward compatibility)
or full records (with metadata: true).
Fields
	value — The stored value (any Erlang term)
	create_revision — Cluster revision when the key was first created
(resets on delete-and-recreate)
	mod_revision — Cluster revision of the latest mutation
	version — Count of writes since creation; 0 means tombstone (deleted)
	expires_at — Absolute timestamp (seconds) of TTL expiry, or nil
	lease_id — Lease this key is attached to, or nil
	content_type — Optional MIME-ish hint (e.g., "text/markdown")
	metadata — Optional application-level metadata map
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        t()

      


    





  
    Functions
  


    
      
        expired?(record, now)

      


        Returns true if this record has expired based on the given current time.



    


    
      
        tombstone(key, revision, prev_record)

      


        Creates a tombstone record for a deleted key.



    


    
      
        tombstone?(record)

      


        Returns true if this record is a tombstone (deleted key).
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      t()



        
          
        

    

  


  

      

          @type t() :: %Concord.KV.Record{
  content_type: binary() | nil,
  create_revision: non_neg_integer(),
  expires_at: non_neg_integer() | nil,
  lease_id: non_neg_integer() | nil,
  metadata: map(),
  mod_revision: non_neg_integer(),
  value: term(),
  version: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      expired?(record, now)



        
          
        

    

  


  

      

          @spec expired?(t(), non_neg_integer()) :: boolean()


      


Returns true if this record has expired based on the given current time.

  



  
    
      
    
    
      tombstone(key, revision, prev_record)



        
          
        

    

  


  

      

          @spec tombstone(binary(), non_neg_integer(), t() | nil) :: t()


      


Creates a tombstone record for a deleted key.

  



  
    
      
    
    
      tombstone?(record)



        
          
        

    

  


  

      

          @spec tombstone?(t()) :: boolean()


      


Returns true if this record is a tombstone (deleted key).

  


        

      


  

    
Concord.KV.Selector 
    



      
Unified selector type for addressing keys in Concord.
Selectors are used across the KV, Transaction, and Sync APIs to specify
which keys an operation targets. Three forms are supported:
	{:key, binary()} — Exactly one key
	{:prefix, binary()} — All keys starting with the given prefix
	{:range, start :: binary(), end_exclusive :: binary()} — All keys
in the half-open interval [start, end)

{:prefix, p} is sugar for {:range, p, p <> <<0xFF, 0xFF, ...>>}.
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        t()

      


    





  
    Functions
  


    
      
        matches?(arg, key)

      


        Checks if a key matches the given selector.



    


    
      
        prefix_end(prefix)

      


        Returns the upper bound binary for a prefix scan.



    


    
      
        validate(arg1)

      


        Validates a selector value.
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      t()



        
          
        

    

  


  

      

          @type t() ::
  {:key, binary()}
  | {:prefix, binary()}
  | {:range, start :: binary(), end_exclusive :: binary()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      matches?(arg, key)



        
          
        

    

  


  

      

          @spec matches?(t(), binary()) :: boolean()


      


Checks if a key matches the given selector.

  



  
    
      
    
    
      prefix_end(prefix)



        
          
        

    

  


  

      

          @spec prefix_end(binary()) :: binary()


      


Returns the upper bound binary for a prefix scan.
For a prefix p, the upper bound is p with each trailing byte incremented,
effectively matching all keys that start with p.
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          @spec validate(term()) :: :ok | {:error, atom()}


      


Validates a selector value.
Returns :ok if valid, {:error, reason} otherwise.

  


        

      


  

    
Concord.Lease 
    



      
Public API for Concord's grouped TTL / lease system.
A lease is a named TTL contract: keys attached to a lease are atomically
deleted when the lease expires or is revoked. Leases unify TTL management
and provide group-level expiration.
Usage
# Grant a 30-second lease
{:ok, %{lease_id: id}} = Concord.Lease.grant(30)

# Attach keys to the lease
Concord.KV.put("key1", "val1", lease: id)
Concord.KV.put("key2", "val2", lease: id)

# Keep alive (reset TTL)
:ok = Concord.Lease.keep_alive(id)

# Revoke (deletes all attached keys atomically)
:ok = Concord.Lease.revoke(id)
Lease Object
%{
  id:           integer(),
  ttl:          integer(),     # granted TTL in seconds
  remaining:    integer(),     # remaining TTL in seconds
  granted_at:   integer(),     # revision when granted
  keys:         [binary()]     # currently attached keys
}

      


      
        Summary


  
    Functions
  


    
      
        grant(ttl_seconds, opts \\ [])

      


        Grants a new lease with the given TTL in seconds.



    


    
      
        info(lease_id, opts \\ [])

      


        Returns information about a lease.



    


    
      
        keep_alive(lease_id, opts \\ [])

      


        Refreshes a lease, resetting its TTL to the original granted value.



    


    
      
        list(opts \\ [])

      


        Lists all active leases.



    


    
      
        revoke(lease_id, opts \\ [])

      


        Revokes a lease and atomically deletes all attached keys.
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      grant(ttl_seconds, opts \\ [])



        
          
        

    

  


  

      

          @spec grant(
  pos_integer(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Grants a new lease with the given TTL in seconds.
Options
	:timeout — operation timeout in ms (default: 5000)

Returns
{:ok, %{lease_id: integer(), ttl: integer()}} on success.

  



    

  
    
      
    
    
      info(lease_id, opts \\ [])



        
          
        

    

  


  

      

          @spec info(
  integer(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Returns information about a lease.

  



    

  
    
      
    
    
      keep_alive(lease_id, opts \\ [])



        
          
        

    

  


  

      

          @spec keep_alive(
  integer(),
  keyword()
) :: :ok | {:error, term()}


      


Refreshes a lease, resetting its TTL to the original granted value.
Returns
:ok on success, {:error, :lease_not_found} if the lease doesn't exist.

  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  

      

          @spec list(keyword()) :: {:ok, [map()]} | {:error, term()}


      


Lists all active leases.

  



    

  
    
      
    
    
      revoke(lease_id, opts \\ [])



        
          
        

    

  


  

      

          @spec revoke(
  integer(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Revokes a lease and atomically deletes all attached keys.
Returns
{:ok, %{deleted_keys: integer()}} on success.

  


        

      


  

    
Concord.Local 
    



      
Node-local Concord API.
This module uses the local KV engine explicitly. Data written through this
API stays on the current BEAM node and is not submitted to the Raft cluster.
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        get_all(opts \\ [])
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Concord.Local.Index 
    



      
Node-local Concord.Index API.
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Concord.Local.KV 
    



      
Node-local Concord.KV API.
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Concord.Local.Lease 
    



      
Node-local Concord.Lease API.
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Concord.Local.Txn 
    



      
Node-local Concord.Txn API.
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Concord.Query 
    



      
Query language for Concord key-value store.
Provides pattern matching, range queries, and filtering capabilities
for efficient data retrieval.
Features
	Pattern Matching: Find keys by prefix, suffix, contains, or regex
	Range Queries: Retrieve keys within a specific range
	Value Filtering: Filter results by value predicates
	Limit & Offset: Pagination support
	Sorted Results: Automatic key sorting

Examples
# Find all user keys
Concord.Query.keys(prefix: "user:")

# Find keys in range
Concord.Query.keys(range: {"user:100", "user:200"})

# Find keys matching pattern
Concord.Query.keys(pattern: ~r/user:\d+/)

# Get values with filtering
Concord.Query.where(prefix: "product:", filter: fn {_k, v} -> v.price > 100 end)

# Paginated results
Concord.Query.keys(prefix: "order:", limit: 50, offset: 100)
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        query_opts()

      


    


    
      
        range()
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        count(opts \\ [])

      


        Count keys matching the given criteria.



    


    
      
        delete_where(opts \\ [])

      


        Delete all keys matching the given criteria.



    


    
      
        keys(opts \\ [])

      


        Query keys matching the given criteria.



    


    
      
        where(opts \\ [])

      


        Query key-value pairs matching the given criteria.
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          @type filter_fn() :: ({key(), value()} -> boolean())


      



  



  
    
      
    
    
      key()



        
          
        

    

  


  

      

          @type key() :: binary()


      



  



  
    
      
    
    
      pattern()



        
          
        

    

  


  

      

          @type pattern() :: Regex.t()


      



  



  
    
      
    
    
      query_opts()



        
          
        

    

  


  

      

          @type query_opts() :: [
  prefix: binary(),
  suffix: binary(),
  contains: binary(),
  pattern: pattern(),
  range: range(),
  limit: pos_integer(),
  offset: non_neg_integer()
]
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          @type range() :: {key(), key()}


      



  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() :: term()


      



  



  
    
      
    
    
      where_opts()



        
          
        

    

  


  

      

          @type where_opts() :: [
  filter: filter_fn(),
  limit: pos_integer(),
  offset: non_neg_integer(),
  prefix: binary(),
  suffix: binary(),
  contains: binary(),
  pattern: pattern(),
  range: range()
]
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      count(opts \\ [])



        
          
        

    

  


  

      

          @spec count(query_opts()) :: {:ok, non_neg_integer()} | {:error, term()}


      


Count keys matching the given criteria.
Examples
Concord.Query.count(prefix: "user:")
# => {:ok, 1543}

Concord.Query.count(range: {"order:2024-01-01", "order:2024-12-31"})
# => {:ok, 8234}

  



    

  
    
      
    
    
      delete_where(opts \\ [])



        
          
        

    

  


  

      

          @spec delete_where(query_opts()) :: {:ok, non_neg_integer()} | {:error, term()}


      


Delete all keys matching the given criteria.
Returns the number of keys deleted.
Examples
# Delete all temporary keys
Concord.Query.delete_where(prefix: "temp:")
# => {:ok, 42}

# Delete old orders
Concord.Query.delete_where(range: {"order:2020-01-01", "order:2020-12-31"})
# => {:ok, 1543}

  



    

  
    
      
    
    
      keys(opts \\ [])



        
          
        

    

  


  

      

          @spec keys(query_opts()) :: {:ok, [key()]} | {:error, term()}


      


Query keys matching the given criteria.
Options
	:prefix - Match keys starting with this string
	:suffix - Match keys ending with this string
	:contains - Match keys containing this string
	:pattern - Match keys against a regex pattern
	:range - Match keys in range {start_key, end_key} (inclusive)
	:limit - Maximum number of results to return
	:offset - Number of results to skip

Examples
# Prefix matching
Concord.Query.keys(prefix: "user:")
# => ["user:1", "user:2", "user:123"]

# Range query
Concord.Query.keys(range: {"user:100", "user:200"})
# => ["user:100", "user:150", "user:200"]

# Regex pattern
Concord.Query.keys(pattern: ~r/user:\d{3}/)
# => ["user:100", "user:200", "user:999"]

# Pagination
Concord.Query.keys(prefix: "order:", limit: 50, offset: 100)
# => 50 keys starting from the 101st key
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          @spec where(where_opts()) :: {:ok, [{key(), value()}]} | {:error, term()}


      


Query key-value pairs matching the given criteria.
Similar to keys/1 but returns both keys and values.
Options
Same as keys/1, plus:
	:filter - A function ({key, value} -> boolean()) to filter results by value

Examples
# Get all user records
Concord.Query.where(prefix: "user:")
# => {:ok, [{"user:1", %{name: "Alice"}}, {"user:2", %{name: "Bob"}}]}

# Filter by value
Concord.Query.where(
  prefix: "product:",
  filter: fn {_k, v} -> v.price > 100 end
)
# => {:ok, [{"product:1", %{price: 150}}, {"product:2", %{price: 200}}]}

# Range with filtering
Concord.Query.where(
  range: {"order:2024-01-01", "order:2024-12-31"},
  filter: fn {_k, v} -> v.status == :completed end
)

  


        

      


  

    
Concord.StateMachine 
    



      
The Raft state machine for Concord (Version 3).
Implements the :ra_machine behavior to provide a replicated key-value store
with TTL support and secondary indexes.
Correctness Guarantees
All state mutations go through apply/3 which is a pure function of
(meta, command, state) → (new_state, result, effects). Time is derived from
meta.system_time (leader-assigned, replicated in the log), ensuring
deterministic replay across all nodes.
State Shape
{:concord_kv, %{
  indexes: %{name => extractor_spec},
  command_count: non_neg_integer()
}}
ETS tables are materialized views rebuilt from the authoritative state
on snapshot install. They are never the source of truth.
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Concord.Sync 
    



      
Public API for Concord's sync and watch protocol.
Pull model — changes/3
events = Concord.Sync.changes(1840, 1850)
Push model — watch/2
{:ok, ref} = Concord.Sync.watch({:prefix, "/tasks/"}, self())

receive do
  {:concord_event, ^ref, %Event{}} -> ...
end

:ok = Concord.Sync.unwatch(ref)
Stream wrapper — watch_stream/2
Concord.Sync.watch_stream({:prefix, "/tasks/"})
|> Stream.each(&IO.inspect/1)
|> Stream.run()

      


      
        Summary


  
    Functions
  


    
      
        changes(from_revision, to_revision, opts \\ [])

      


        Returns events in the revision range [from, to] (inclusive).



    


    
      
        compact(keep_revision)

      


        Compacts the change log, removing entries before keep_revision.



    


    
      
        earliest_revision()

      


        Returns the earliest revision still in the change log.



    


    
      
        unwatch(watch_ref)

      


        Unsubscribes a watch by its reference.



    


    
      
        watch(selector, subscriber_pid \\ self(), opts \\ [])

      


        Subscribes the given process to events matching the selector.



    


    
      
        watch_stream(selector, opts \\ [])

      


        Returns a Stream that yields events matching the selector.



    


    
      
        watcher_count()

      


        Returns the number of active watchers.
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      changes(from_revision, to_revision, opts \\ [])



        
          
        

    

  


  

      

          @spec changes(non_neg_integer(), non_neg_integer(), keyword()) :: [
  Concord.Sync.Event.t()
]


      


Returns events in the revision range [from, to] (inclusive).
Options
	:limit — max events to return (default: 1000)


  



  
    
      
    
    
      compact(keep_revision)



        
          
        

    

  


  

      

          @spec compact(non_neg_integer()) :: non_neg_integer()


      


Compacts the change log, removing entries before keep_revision.

  



  
    
      
    
    
      earliest_revision()



        
          
        

    

  


  

      

          @spec earliest_revision() :: non_neg_integer()


      


Returns the earliest revision still in the change log.

  



  
    
      
    
    
      unwatch(watch_ref)



        
          
        

    

  


  

      

          @spec unwatch(reference()) :: :ok


      


Unsubscribes a watch by its reference.

  



    

    

  
    
      
    
    
      watch(selector, subscriber_pid \\ self(), opts \\ [])



        
          
        

    

  


  

      

          @spec watch(Concord.KV.Selector.t(), pid(), keyword()) ::
  {:ok, reference()} | {:error, term()}


      


Subscribes the given process to events matching the selector.
Returns {:ok, watch_ref}.
Options
	:max_queue — max pending events before backpressure (default: 1000)


  



    

  
    
      
    
    
      watch_stream(selector, opts \\ [])



        
          
        

    

  


  

      

          @spec watch_stream(
  Concord.KV.Selector.t(),
  keyword()
) :: Enumerable.t()


      


Returns a Stream that yields events matching the selector.
The stream blocks on receive and yields one event at a time.
Terminates when the calling process receives :concord_watch_done.

  



  
    
      
    
    
      watcher_count()



        
          
        

    

  


  

      

          @spec watcher_count() :: non_neg_integer()


      


Returns the number of active watchers.

  


        

      


  

    
Concord.Sync.ChangeLog 
    



      
ETS-backed bounded change log for Concord.
Stores %Event{} records keyed by {revision, op_index} in an
:ordered_set ETS table. Supports range queries for historical replay
and automatic compaction to bound memory usage.

      


      
        Summary


  
    Functions
  


    
      
        append(events)

      


        Appends events to the change log. Called from the state machine
on every mutation.



    


    
      
        changes(from_revision, to_revision, opts \\ [])

      


        Returns events in the revision range [from, to] (inclusive).



    


    
      
        compact(keep_revision)

      


        Compacts the change log to keep only entries after keep_revision.



    


    
      
        earliest_revision()

      


        Returns the earliest revision still in the change log, or 0 if empty.



    


    
      
        ensure_table()

      


        Ensures the change log ETS table exists.



    





      


      
        Functions


        


  
    
      
    
    
      append(events)



        
          
        

    

  


  

      

          @spec append([Concord.Sync.Event.t()]) :: :ok


      


Appends events to the change log. Called from the state machine
on every mutation.

  



    

  
    
      
    
    
      changes(from_revision, to_revision, opts \\ [])



        
          
        

    

  


  

      

          @spec changes(non_neg_integer(), non_neg_integer(), keyword()) :: [
  Concord.Sync.Event.t()
]


      


Returns events in the revision range [from, to] (inclusive).

  



  
    
      
    
    
      compact(keep_revision)



        
          
        

    

  


  

      

          @spec compact(non_neg_integer()) :: non_neg_integer()


      


Compacts the change log to keep only entries after keep_revision.

  



  
    
      
    
    
      earliest_revision()



        
          
        

    

  


  

      

          @spec earliest_revision() :: non_neg_integer()


      


Returns the earliest revision still in the change log, or 0 if empty.

  



  
    
      
    
    
      ensure_table()



        
          
        

    

  


  

Ensures the change log ETS table exists.

  


        

      


  

    
Concord.Sync.Dispatcher 
    



      
Receives change events from the Raft state machine via Ra :send_msg effects
and forwards them to the Watch Hub and Change Log.
Only the leader node emits :send_msg effects, so the Dispatcher only
processes events on the current leader. On follower nodes, it idles.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        dispatch(events)

      


        Dispatch events directly (called from state machine or tests).



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      dispatch(events)



        
          
        

    

  


  

      

          @spec dispatch([Concord.Sync.Event.t()]) :: :ok


      


Dispatch events directly (called from state machine or tests).

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Concord.Sync.Event 
    



      
A single mutation event in the Concord change stream.
Events are produced by the state machine on every mutating command
and dispatched to watchers via the Sync Dispatcher.
Fields
	type — :put or :delete
	key — the affected key
	revision — cluster revision of this event
	record — the new %Record{} for :put, or tombstone for :delete
	prev_record — the previous %Record{} (if available), or nil
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    Types
  


    
      
        event_type()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      event_type()



        
          
        

    

  


  

      

          @type event_type() :: :put | :delete


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Concord.Sync.Event{
  key: binary(),
  prev_record: Concord.KV.Record.t() | nil,
  record: Concord.KV.Record.t() | nil,
  revision: non_neg_integer(),
  type: event_type()
}


      



  


        

      


  

    
Concord.Sync.WatchHub 
    



      
Registry-based subscriber management for Concord's watch protocol.
Watchers register with a selector (key, prefix, or range) and receive
matching events pushed to their mailbox. Supports bounded delivery queues
with backpressure.
Usage
{:ok, watch_ref} = Concord.Sync.WatchHub.subscribe({:prefix, "/tasks/"}, self())

receive do
  {:concord_event, ^watch_ref, event} -> handle(event)
end

:ok = Concord.Sync.WatchHub.unsubscribe(watch_ref)

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        count()

      


        Returns the count of active watchers.



    


    
      
        notify(events)

      


        Delivers matching events to all registered watchers.
Called by the Dispatcher.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        subscribe(selector, subscriber_pid, opts \\ [])

      


        Subscribes a process to events matching the given selector.



    


    
      
        unsubscribe(watch_ref)

      


        Unsubscribes a watch by its reference.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      count()



        
          
        

    

  


  

      

          @spec count() :: non_neg_integer()


      


Returns the count of active watchers.

  



  
    
      
    
    
      notify(events)



        
          
        

    

  


  

      

          @spec notify([Concord.Sync.Event.t()]) :: :ok


      


Delivers matching events to all registered watchers.
Called by the Dispatcher.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      subscribe(selector, subscriber_pid, opts \\ [])



        
          
        

    

  


  

      

          @spec subscribe(Concord.KV.Selector.t(), pid(), keyword()) ::
  {:ok, reference()} | {:error, term()}


      


Subscribes a process to events matching the given selector.
Returns {:ok, watch_ref} where watch_ref is a unique reference.

  



  
    
      
    
    
      unsubscribe(watch_ref)



        
          
        

    

  


  

      

          @spec unsubscribe(reference()) :: :ok


      


Unsubscribes a watch by its reference.

  


        

      


  

    
Concord.TTL 
    



      
TTL (Time-To-Live) management for Concord.
This module provides periodic cleanup of expired keys and
configuration management for TTL-related settings.

      


      
        Summary


  
    Functions
  


    
      
        calculate_expiration(ttl_seconds)

      


        Calculates the expiration timestamp for a given TTL in seconds.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        cleanup_now()

      


        Triggers an immediate cleanup of expired keys.



    


    
      
        config()

      


        Gets the current TTL configuration.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        update_cleanup_interval(interval_seconds)

      


        Updates the cleanup interval.



    


    
      
        validate_ttl(ttl)

      


        Validates a TTL value.
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      calculate_expiration(ttl_seconds)



        
          
        

    

  


  

Calculates the expiration timestamp for a given TTL in seconds.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.
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Triggers an immediate cleanup of expired keys.
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Gets the current TTL configuration.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      update_cleanup_interval(interval_seconds)



        
          
        

    

  


  

Updates the cleanup interval.

  



  
    
      
    
    
      validate_ttl(ttl)



        
          
        

    

  


  

Validates a TTL value.

  


        

      


  

    
Concord.Telemetry 
    



      
Telemetry integration for Concord.
Emits metrics for monitoring cluster health and performance.

      


      
        Summary


  
    Functions
  


    
      
        handle_event(list, measurements, metadata, config)

      


    


    
      
        setup()

      


    





      


      
        Functions


        


  
    
      
    
    
      handle_event(list, measurements, metadata, config)



        
          
        

    

  


  


  



  
    
      
    
    
      setup()



        
          
        

    

  


  


  


        

      


  

    
Concord.Telemetry.Poller 
    




      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        init(_)

      


        Callback implementation for GenServer.init/1.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      init(_)



        
          
        

    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  


        

      


  

    
Concord.Turso 
    



      
Explicit Turso-backed Concord API.
This API uses a local Turso database through ex_turso. It is durable and
node-local: it does not submit writes to the Raft cluster and it does not
replicate data to Concord cluster peers.

      


      
        Summary


  
    Functions
  


    
      
        delete(key, opts \\ [])

      


    


    
      
        delete_if(key, opts)

      


    


    
      
        delete_many(keys, opts \\ [])

      


    


    
      
        get(key, opts \\ [])

      


    


    
      
        get_all(opts \\ [])

      


    


    
      
        get_all_with_ttl(opts \\ [])

      


    


    
      
        get_many(keys, opts \\ [])

      


    


    
      
        get_with_ttl(key, opts \\ [])

      


    


    
      
        list(opts)

      


    


    
      
        members(opts \\ [])

      


    


    
      
        prefix_scan(prefix, opts \\ [])

      


    


    
      
        put(key, value, opts \\ [])

      


    


    
      
        put_if(key, value, opts)

      


    


    
      
        put_many(operations, opts \\ [])

      


    


    
      
        put_many_with_ttl(operations, ttl_seconds, opts \\ [])

      


    


    
      
        put_with_ttl(key, value, ttl_seconds, opts \\ [])

      


    


    
      
        revision(opts \\ [])

      


    


    
      
        status(opts \\ [])

      


    


    
      
        sync(opts \\ [])

      


        Synchronizes the local Turso database with a configured remote database.



    


    
      
        touch(key, additional_ttl_seconds, opts \\ [])

      


    


    
      
        touch_many(operations, opts \\ [])

      


    


    
      
        ttl(key, opts \\ [])

      


    


    
      
        txn(spec, opts \\ [])
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      prefix_scan(prefix, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      put(key, value, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      put_if(key, value, opts)



        
          
        

    

  


  


  



    

  
    
      
    
    
      put_many(operations, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      put_many_with_ttl(operations, ttl_seconds, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      put_with_ttl(key, value, ttl_seconds, opts \\ [])
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Synchronizes the local Turso database with a configured remote database.

  



    

  
    
      
    
    
      touch(key, additional_ttl_seconds, opts \\ [])
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Concord.Txn 
    



      
Atomic multi-key transactions for Concord.
A transaction is a one-shot, atomic operation that:
	Evaluates compare predicates against pre-transaction state
	If all hold (AND), executes the success branch
	Otherwise, executes the failure branch
	Returns {:ok, %Result{}} — never {:error, ...} for compare failures

Transaction Spec
%{
  compare: [compare()],
  success: [operation()],
  failure: [operation()]
}
Examples
# Atomic create-if-absent
Concord.Txn.commit(%{
  compare: [{:exists, "/key", :==, false}],
  success: [{:put, "/key", value, %{}}],
  failure: [{:get, {:key, "/key"}, %{}}]
})

# Conditional update with revision check
Concord.Txn.commit(%{
  compare: [{:mod_revision, "/key", :==, 1842}],
  success: [{:put, "/key", new_value, %{prev_kv: true}}],
  failure: [{:get, {:key, "/key"}, %{}}]
})

      


      
        Summary


  
    Functions
  


    
      
        commit(spec, opts \\ [])

      


        Commits a transaction spec atomically.
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      commit(spec, opts \\ [])



        
          
        

    

  


  

      

          @spec commit(
  map(),
  keyword()
) :: {:ok, Concord.Txn.Result.t()} | {:error, term()}


      


Commits a transaction spec atomically.
Options
	:idempotency_key — string key for safe retry (optional)
	:timeout — operation timeout in ms (default: 5000)

Returns
	{:ok, %Result{succeeded: true, ...}} — success branch ran
	{:ok, %Result{succeeded: false, ...}} — failure branch ran (not an error)
	{:error, {:invalid_txn, reason}} — spec validation failed
	{:error, reason} — cluster error (:no_leader, :timeout, etc.)


  


        

      


  

    
Concord.Txn.Result 
    



      
Result of a committed transaction.
	succeeded — true if the success branch ran, false if the failure branch ran.
A succeeded: false result is not an error — it means the compares didn't hold.
	revision — cluster revision after the transaction (unchanged if no mutation occurred).
	responses — ordered list of operation responses from the executed branch.
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        response()

      


    


    
      
        t()
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      response()



        
          
        

    

  


  

      

          @type response() ::
  {:get, term(), %{kvs: [Concord.KV.Record.t()], count: non_neg_integer()}}
  | {:put, binary(), %{prev_kv: Concord.KV.Record.t() | nil}}
  | {:delete, term(),
     %{deleted: non_neg_integer(), prev_kvs: [Concord.KV.Record.t()]}}
  | {:touch, binary(), %{ttl: integer() | :not_found}}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Concord.Txn.Result{
  responses: [response()],
  revision: non_neg_integer(),
  succeeded: boolean()
}


      



  


        

      


  

    
Concord.Validation 
    



      
Recursive validation for Raft command safety.
Walks any Elixir term to ensure it contains no anonymous functions, PIDs,
ports, or references — values that break Raft determinism and serialization.
Also enforces depth and size limits.

      


      
        Summary


  
    Functions
  


    
      
        validate_term(term, max_depth \\ 100)

      


        Walks a term recursively, rejecting non-serializable values.



    


    
      
        validate_txn_spec(spec)

      


        Validates a transaction spec before Raft submission.
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      validate_term(term, max_depth \\ 100)



        
          
        

    

  


  

      

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


      


Walks a term recursively, rejecting non-serializable values.
Returns :ok or {:error, reason}.

  



  
    
      
    
    
      validate_txn_spec(spec)



        
          
        

    

  


  

      

          @spec validate_txn_spec(map()) :: :ok | {:error, {:invalid_txn, atom()}}


      


Validates a transaction spec before Raft submission.
Checks structural correctness, limit compliance, and recursive safety.

  


        

      


  

    
mix concord.backup 
    



      
Concord backup management tasks.
Usage
# Create a backup
mix concord.backup create

# Create backup in specific directory
mix concord.backup create --path /mnt/backups

# List available backups
mix concord.backup list

# Restore from backup
mix concord.backup restore <backup_file>

# Verify backup integrity
mix concord.backup verify <backup_file>

# Clean up old backups
mix concord.backup cleanup --keep-count 5

      




  

    
mix concord.cluster 
    



      
Mix tasks for managing Concord clusters.

      


      
        Summary


  
    Functions
  


    
      
        run(arg1)

      


        Callback implementation for Mix.Task.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(arg1)



        
          
        

    

  


  

Callback implementation for Mix.Task.run/1.
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