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An Elixir library for working with PMTiles files - a single-file format for storing tiled map data.
Overview
PMTiles is an efficient single-file format for storing tiled map data, designed for cloud storage and CDN delivery. This library provides a complete Elixir implementation for reading and accessing tiles from PMTiles files stored either locally or on Amazon S3.
Features
	Multi-storage support: Read PMTiles files from local storage or Amazon S3
	Efficient caching: File-based caching system with no size limits
	Concurrent access: Safe concurrent access with simple, process-local tile fetching
	Compression support: Built-in support for gzip compression
	Tile type support: MVT, PNG, JPEG, WebP, and AVIF tile formats
	Performance optimized: Background directory pre-loading and persistent file-based cache
	Production ready: Configurable timeouts, connection pooling, and error handling
	Scalable: No 2GB file size limit - cache grows with your data

Installation
Add ex_pmtiles to your list of dependencies in mix.exs:
def deps do
  [
    {:ex_pmtiles, "~> 0.3.4"}
  ]
end
Quick Start
Basic Usage
# Open a local PMTiles file
instance = ExPmtiles.new("path/to/file.pmtiles", :local)

# Open a PMTiles file from S3
instance = ExPmtiles.new("my-bucket", "path/to/file.pmtiles", :s3)

# Get a tile by coordinates
case ExPmtiles.get_zxy(instance, 10, 512, 256) do
  {{offset, length, data}, updated_instance} ->
    # Use the tile data
    data
  {nil, updated_instance} ->
    # Tile not found
    nil
end
Using the Cache
For production applications, use the caching layer for better performance:
# Start the cache for an S3 PMTiles file
{:ok, cache_pid} = ExPmtiles.Cache.start_link(
  name: :cache_one,
  bucket: "maps",
  path: "world.pmtiles",
  enable_dir_cache: true,    # Enable directory caching (default: false)
  enable_tile_cache: true    # Enable tile caching (default: false)
)

# Get tiles with automatic caching
case ExPmtiles.Cache.get_tile(:cache_one, 10, 512, 256) do
  {:ok, tile_data} ->
    # Handle tile data
    tile_data
  {:error, reason} ->
    # Handle error
    nil
end

# Get cache statistics
stats = ExPmtiles.Cache.get_stats(:cache_one)
# Returns: %{hits: 150, misses: 25}
API Reference
Core Functions
ExPmtiles.new/2 and ExPmtiles.new/4
Create a new PMTiles instance:
# Local file
instance = ExPmtiles.new("data/world.pmtiles", :local)

# S3 file
instance = ExPmtiles.new("my-bucket", "maps/world.pmtiles", :s3)
ExPmtiles.get_zxy/4
Get a tile by zoom level and coordinates:
case ExPmtiles.get_zxy(instance, 10, 512, 256) do
  {{offset, length, data}, updated_instance} ->
    # Tile found
    data
  {nil, updated_instance} ->
    # Tile not found
    nil
end
ExPmtiles.zxy_to_tile_id/3 and ExPmtiles.tile_id_to_zxy/1
Convert between coordinates and tile IDs:
# Convert coordinates to tile ID
tile_id = ExPmtiles.zxy_to_tile_id(10, 512, 256)

# Convert tile ID back to coordinates
{z, x, y} = ExPmtiles.tile_id_to_zxy(tile_id)
Cache Functions
ExPmtiles.Cache.start_link/1
Start a cache process:
{:ok, pid} = ExPmtiles.Cache.start_link(
  bucket: "maps",
  path: "world.pmtiles",
  enable_dir_cache: true,    # Optional: enable directory caching (default: false)
  enable_tile_cache: true    # Optional: enable tile caching (default: false)
  :max_cache_age_ms          # Maximum age of cache before automatic clearing (default: nil, disabled)
)
Options:
	:bucket - S3 bucket name (or nil for local files)
	:path - Path to the PMTiles file
	:name - Optional custom name for the cache process (atom)
	:enable_dir_cache - Enable file-based directory caching (default: false)
	:enable_tile_cache - Enable file-based tile caching (default: false)
	:max_cache_age_ms - Maximum age of cache before automatic clearing (default: nil, disabled)

ExPmtiles.Cache.get_tile/4
Get a tile with caching:
case ExPmtiles.Cache.get_tile(pid, 10, 512, 256) do
  {:ok, data} -> data
  {:error, reason} -> nil
end
Configuration
S3 Configuration
For S3 access, ensure you have ExAws configured in your application:
# In config/config.exs
config :ex_aws,
  access_key_id: {:system, "AWS_ACCESS_KEY_ID"},
  secret_access_key: {:system, "AWS_SECRET_ACCESS_KEY"},
  region: "us-east-1"
Cache Configuration
Configure cache behavior:
# In config/config.exs
config :ex_pmtiles,
  cache_dir: "priv/pmtiles_cache",  # Directory for file-based cache (default: System.tmp_dir!() <> "/ex_pmtiles_cache")
  http_pool_size: 100,               # Maximum HTTP connections for S3 (default: 100)
  http_timeout: 15_000               # HTTP timeout in milliseconds (default: 15_000)
File-Based Cache Persistence
The cache persists directory structures and tiles to disk using individual files. This eliminates size limits and provides better scalability than traditional database approaches. The cache directory structure is:
cache_dir/
├── directories/    # Cached directory structures
│   └── 124044919597_120976.bin
└── tiles/          # Cached tile data
    └── 10512256.bin
Enable/Disable Caching (per-cache instance):
# With both directory and tile caching enabled
{:ok, pid} = ExPmtiles.Cache.start_link(
  bucket: "maps",
  path: "world.pmtiles",
  enable_dir_cache: true,    # Enable directory caching
  enable_tile_cache: true    # Enable tile caching
)

# With only directory caching (recommended for most use cases)
{:ok, pid} = ExPmtiles.Cache.start_link(
  bucket: "maps",
  path: "world.pmtiles",
  enable_dir_cache: true,    # Enable directory caching
  enable_tile_cache: false   # Disable tile caching (default)
)

# Without any persistent caching - useful for ephemeral environments
{:ok, pid} = ExPmtiles.Cache.start_link(
  bucket: "maps",
  path: "world.pmtiles",
  enable_dir_cache: false,   # No directory caching
  enable_tile_cache: false   # No tile caching
)
Configure cache storage location:
# In config/config.exs
config :ex_pmtiles,
  cache_dir: "/var/cache/pmtiles"  # Default: System.tmp_dir!() <> "/ex_pmtiles_cache"
When to disable caching:
	Ephemeral containers (Docker/Kubernetes) with no persistent volumes
	Serverless environments (AWS Lambda, etc.)
	Testing environments where you want a fresh cache each time
	When disk space is limited and you prefer to re-fetch data as needed

Benefits of file-based caching:
	No size limits: File-based cache can grow indefinitely without database size constraints
	No corruption issues: Individual files are atomically written, eliminating corruption problems
	Better concurrency: File system handles concurrent access naturally
	Faster restarts: Cached data persists across restarts, avoiding expensive S3 fetches

Performance Features
Multi-Level Caching
The library implements a sophisticated caching system:
	Directory Cache (File-based): Persistent cache - deserialized PMTiles directory structures saved as individual files on disk (optional, enabled by default)
	Tile Cache (File-based): Persistent cache - individual tile data saved as files on disk (optional, disabled by default)
	Statistics Tracking (ETS): In-memory counters for cache hits and misses

Background Pre-loading
The cache automatically pre-loads frequently accessed directories in the background on startup, improving response times for common zoom levels.
Concurrent Request Handling
The cache uses a simple, efficient architecture where each request process does its own work:
	Each Phoenix/web request fetches tiles directly in its own process
	File-based caching handles concurrent access naturally through the filesystem
	No inter-process coordination or waiting is needed
	Multiple processes may occasionally fetch the same uncached tile concurrently (rare, and filesystem handles it safely)

Supported Formats
Compression Types
	:none - No compression
	:gzip - Gzip compression
	:unknown - Unknown compression type

Tile Types
	:mvt - Mapbox Vector Tiles
	:png - PNG images
	:jpg - JPEG images
	:webp - WebP images
	:avif - AVIF images

Testing
The library includes test support with mock implementations:
# In test/test_helper.exs
Mox.defmock(ExPmtiles.CacheMock, for: ExPmtiles.Behaviour)

# Mock implementations are automatically configured for test environment
You can also test against a pmtiles file stored in an s3 bucket using export $(cat .env | xargs) && elixir test_s3.exs
This expects you to define environment variables in .env:
AWS_ACCESS_KEY_ID=<>
AWS_REGION=<>
AWS_SECRET_ACCESS_KEY=<>
BUCKET=<>
OBJECT=<>
Performance Testing
The library includes performance tests to ensure O(n) linear complexity for directory deserialization:
# Run performance tests
mix test test/ex_pmtiles/performance_test.exs

# Run detailed benchmarks
mix run bench/deserialize_directory_bench.exs

The performance tests verify that:
	Directory deserialization scales linearly with the number of entries
	Large directories (10,000+ entries) deserialize in under 500ms
	Time per entry remains roughly constant regardless of directory size

Contributing
	Fork the repository
	Create a feature branch
	Make your changes
	Add tests for new functionality
	Ensure all tests pass
	Submit a pull request

License
This project is licensed under the MIT License - see the LICENSE file for details.
Documentation
Documentation can be generated with ExDoc and published on HexDocs. Once published, the docs can be found at https://hexdocs.pm/ex_pmtiles.
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A module for working with PMTiles files.
PMTiles is a single-file format for storing tiled map data. This module provides
functionality to read and access tiles from PMTiles files stored either locally
or on S3.
Features
	Read PMTiles files from local storage or S3
	Access tiles by zoom level and coordinates (z/x/y)
	Automatic directory caching and decompression
	Support for various compression types (gzip, none)
	Tile ID calculations and conversions

Usage
# Open a local PMTiles file
instance = ExPmtiles.new("path/to/file.pmtiles", :local)

# Open a PMTiles file from S3
instance = ExPmtiles.new("region", "my-bucket", "path/to/file.pmtiles", :s3)

# Get a tile by coordinates
case ExPmtiles.get_zxy(instance, 10, 512, 256) do
  {{offset, length, data}, updated_instance} ->
    # Use the tile data
    data
  {nil, updated_instance} ->
    # Tile not found
    nil
end

# Convert coordinates to tile ID
tile_id = ExPmtiles.zxy_to_tile_id(10, 512, 256)

# Convert tile ID back to coordinates
{z, x, y} = ExPmtiles.tile_id_to_zxy(tile_id)
Compression Support
The module supports the following compression types:
	:none - No compression
	:gzip - Gzip compression
	:unknown - Unknown compression type

Note: Brotli and Zstd compression are not currently supported.
Tile Types
Supported tile types include:
	:mvt - Mapbox Vector Tiles
	:png - PNG images
	:jpg - JPEG images
	:webp - WebP images
	:avif - AVIF images
	:unknown - Unknown tile type

HTTP Connection Pooling
For optimal S3 performance, this module uses a dedicated Hackney connection pool.
The pool is automatically started when the application starts. You can configure
the pool size via application configuration:
config :ex_pmtiles,
  http_pool_size: 100,  # Maximum number of connections (default: 100)
  http_timeout: 15_000  # Request timeout in milliseconds (default: 15_000)
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        Decompresses data based on the specified compression type.



    


    
      
        deserialize_directory(buf)

      


        Deserializes a PMTiles directory from binary data.



    


    
      
        find_tile(entries, tile_id)

      


        Finds a tile entry in a directory by tile ID.



    


    
      
        get_bytes(instance, offset, length)

      


        Retrieves bytes from the PMTiles file using the configured storage backend.



    


    
      
        get_tile(instance, offset, length)

      


        Gets raw tile data from the PMTiles file at the specified offset and length.



    


    
      
        get_zxy(instance, z, x, y, dir_cache_path \\ nil, pending_directories_table \\ nil)

      


        Gets a tile by its zoom level and coordinates.



    


    
      
        new(path, atom)

      


        Creates a new PMTiles instance for a locally-stored file.
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        Creates a new PMTiles instance for an S3-stored file.
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        Reads a variable-length integer from binary data.
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Decompresses data based on the specified compression type.
Parameters
	data - The compressed binary data
	compression_type - The compression type (:gzip, :none, etc.)

Returns
	binary() - The decompressed data

Raises
	Error for unsupported compression types (brotli, zstd)

Examples
iex> ExPmtiles.decompress(compressed_data, :gzip)
<<...>>

iex> ExPmtiles.decompress(data, :none)
data
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Deserializes a PMTiles directory from binary data.
PMTiles directories contain entries with tile IDs, offsets, lengths, and run lengths.
This function parses the binary format into a list of directory entries.
Parameters
	buf - Binary data containing the directory

Returns
	list() - List of directory entries with keys: :tile_id, :offset, :length, :run_length

Examples
iex> ExPmtiles.deserialize_directory(<<...>>)
[
  %{tile_id: 0, offset: 0, length: 1024, run_length: 1},
  %{tile_id: 1, offset: 1024, length: 512, run_length: 0}
]
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Finds a tile entry in a directory by tile ID.
Uses binary search to efficiently locate the tile entry. Handles run-length
encoding where multiple consecutive tiles may share the same entry.
Parameters
	entries - List of directory entries
	tile_id - The tile ID to search for

Returns
	map() - The matching directory entry
	nil - If no matching entry is found

Examples
iex> ExPmtiles.find_tile(entries, 1024)
%{tile_id: 1024, offset: 2048, length: 512, run_length: 1}
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Retrieves bytes from the PMTiles file using the configured storage backend.
Parameters
	instance - The PMTiles instance
	offset - Byte offset in the file
	length - Number of bytes to read

Returns
	binary() - The requested bytes
	nil - If the bytes cannot be read

Examples
iex> ExPmtiles.get_bytes(instance, 0, 1024)
<<...>>
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Gets raw tile data from the PMTiles file at the specified offset and length.
Parameters
	instance - The PMTiles instance
	offset - Byte offset in the file
	length - Number of bytes to read

Returns
	binary() - The raw tile data
	nil - If the data cannot be read

Examples
iex> ExPmtiles.get_tile(instance, 1024, 512)
<<...>>
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Gets a tile by its zoom level and coordinates.
This function converts the z/x/y coordinates to a tile ID and searches for the
tile in the PMTiles directory structure. It handles both leaf and internal
directories automatically.
Parameters
	instance - The PMTiles instance
	z - Zoom level (integer)
	x - X coordinate (integer)
	y - Y coordinate (integer)

Returns
	{{offset, length, data}, updated_instance} - Tuple containing tile information and updated instance
	{nil, updated_instance} - If tile is not found or outside zoom bounds

Examples
iex> ExPmtiles.get_zxy(instance, 10, 512, 256)
{{1024, 512, <<...>>}, updated_instance}

iex> ExPmtiles.get_zxy(instance, 25, 0, 0)
{nil, instance}  # Zoom level out of bounds

  



  
    
      
    
    
      new(path, atom)



        
          
        

    

  


  

Creates a new PMTiles instance for a locally-stored file.
Parameters
	path - The local file path to the PMTiles file
	:local - Source type identifier

Returns
	%ExPmtiles{} - A configured PMTiles instance with parsed header
	nil - If the file cannot be accessed or is invalid

Examples
iex> ExPmtiles.new("data/world.pmtiles", :local)
%ExPmtiles{bucket: nil, path: "data/world.pmtiles", source: :local, header: %{...}}
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Creates a new PMTiles instance for an S3-stored file.
Parameters
	bucket - The S3 bucket name
	path - The path to the PMTiles file within the bucket
	:s3 - Source type identifier

Returns
	%ExPmtiles{} - A configured PMTiles instance with parsed header
	nil - If the file cannot be accessed or is invalid

Examples
iex> ExPmtiles.new("my-bucket", "maps/world.pmtiles", :s3)
%ExPmtiles{bucket: "my-bucket", path: "maps/world.pmtiles", source: :s3, header: %{...}}
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Parses the PMTiles file header from binary data.
The PMTiles header contains metadata about the file including offsets,
compression settings, zoom levels, and geographic bounds.
Parameters
	binary - Binary data containing the PMTiles header (first 16,384 bytes)

Returns
	map() - Header information with keys:	:magic_number - File magic number ("PMTiles")
	:spec_version - PMTiles specification version
	:root_offset, :root_length - Root directory location
	:metadata_offset, :metadata_length - Metadata location
	:leaf_dir_offset, :leaf_dir_length - Leaf directories location
	:tile_data_offset, :tile_data_length - Tile data location
	:num_addr_tiles, :num_tile_entries, :num_tile_contents - Tile counts
	:clustered? - Whether tiles are clustered
	:internal_compression, :tile_compression - Compression types
	:tile_type - Type of tiles stored
	:min_zoom, :max_zoom - Zoom level bounds
	:min_position, :max_position - Geographic bounds
	:center_zoom, :center_position - Center point



Examples
iex> ExPmtiles.parse_header(header_binary)
%{
  magic_number: "PMTiles",
  spec_version: 3,
  min_zoom: 0,
  max_zoom: 14,
  ...
}
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Reads a variable-length integer from binary data.
PMTiles uses variable-length integers (varints) for efficient encoding of
small numbers. This function reads one varint from the beginning of the binary.
Parameters
	binary - Binary data containing the varint
	shift - Internal parameter for bit shifting (default: 0)
	result - Internal parameter for accumulating result (default: 0)

Returns
	{integer(), binary()} - Tuple of the decoded integer and remaining binary
	Raises error if binary is empty or malformed

Examples
iex> ExPmtiles.read_varint(<<1>>)
{1, ""}

iex> ExPmtiles.read_varint(<<128, 1>>)
{128, ""}
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Converts a PMTiles tile ID back to zoom level and coordinates.
Performs the inverse operation of zxy_to_tile_id/3, converting a tile ID
back to its corresponding z/x/y coordinates.
Parameters
	tile_id - The tile ID to convert

Returns
	{z, x, y} - Tuple of zoom level and coordinates

Raises
	ArgumentError - If tile_id is invalid or exceeds 64-bit limit

Examples
iex> ExPmtiles.tile_id_to_zxy(1048576)
{10, 512, 256}

iex> ExPmtiles.tile_id_to_zxy(0)
{0, 0, 0}
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Converts zoom level and coordinates to a PMTiles tile ID.
Uses the Hilbert curve mapping to convert z/x/y coordinates to a unique tile ID.
This is the standard method used by PMTiles for tile identification.
Parameters
	z - Zoom level (integer, 0-26)
	x - X coordinate (integer, 0 to 2^z - 1)
	y - Y coordinate (integer, 0 to 2^z - 1)

Returns
	integer() - The tile ID

Raises
	ArgumentError - If zoom level exceeds 26 or coordinates are out of bounds

Examples
iex> ExPmtiles.zxy_to_tile_id(10, 512, 256)
1048576

iex> ExPmtiles.zxy_to_tile_id(0, 0, 0)
0
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A behaviour module for PMTiles files. Primarily to support Mox testing.
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          @callback get_cached_directory_file(
  map(),
  integer(),
  integer(),
  String.t() | nil,
  atom() | nil
) :: map()
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          @callback get_tile(map(), integer(), integer()) :: binary() | nil
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          @callback get_zxy(map(), integer(), integer(), integer()) ::
  {integer(), integer(), binary()} | nil
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          @callback get_zxy(map(), integer(), integer(), integer(), String.t() | nil, atom() | nil) ::
  {integer(), integer(), binary()} | nil
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          @callback new(String.t(), atom()) :: map()
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          @callback tile_id_to_zxy(integer()) :: {integer(), integer(), integer()}
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          @callback zxy_to_tile_id(integer(), integer(), integer()) :: integer()
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A GenServer implementation of a multi-level cache for PMTiles file data.
This GenServer provides efficient concurrent access to PMTiles map data through
file-based caching mechanisms optimized for high-concurrency workloads.
Cache Levels
1. Directory Cache (File-based)
	Caches deserialized directory structures from the PMTiles file
	Stored as individual binary files on disk (one file per directory)
	Root directory pre-fetched in background on startup
	Leaf directories fetched on-demand as tiles are requested
	Coordinates concurrent directory fetches to prevent duplicate S3 requests
	No size limits - cache can grow indefinitely
	No corruption issues from concurrent writes

2. Tile Cache (Optional File-based)
	Optional persistent tile caching using individual files (disabled by default)
	When enabled, each tile is stored as a separate file on disk
	No size limits - cache can grow indefinitely
	Maintains hit/miss statistics
	File system handles concurrent access naturally

3. Concurrent Request Handling
	Non-blocking tile fetching using spawned tasks
	Prevents duplicate requests for the same tile
	Coordinates multiple requests through ETS-based pending requests tables
	Broadcasts results to all waiting processes
	Handles errors gracefully with proper cleanup

Configuration
	:name - Optional custom name for the GenServer (defaults to generated name)
	:storage - Storage backend (:s3 or :local, auto-detected from bucket parameter)
	:enable_dir_cache - Enable file-based directory caching (default: false)
	:enable_tile_cache - Enable file-based tile caching (default: false)
	:cache_dir - Directory for cache files (default: System.tmp_dir!() <> "/ex_pmtiles_cache")
	:max_cache_age_ms - Maximum age of cache in milliseconds before automatic clearing (default: nil, disabled).
When set, clears cache on GenServer startup and periodically based on age.
	:cleanup_interval_ms - Interval for checking cache age in milliseconds (default: 1 hour)
	:file_check_interval_ms - Interval for checking if source file has changed (default: 5 minutes).
When the file changes (detected via ETag for S3 or mtime for local), cache is automatically cleared and repopulated.

Usage
# Start the cache for an S3 PMTiles file
{:ok, pid} = ExPmtiles.Cache.start_link(bucket: "maps", path: "map.pmtiles")

# Start the cache for a local PMTiles file
{:ok, pid} = ExPmtiles.Cache.start_link(bucket: nil, path: "/path/to/map.pmtiles")

# Start with automatic cache clearing after 24 hours
{:ok, pid} = ExPmtiles.Cache.start_link(
  bucket: "maps",
  path: "map.pmtiles",
  enable_tile_cache: true,
  max_cache_age_ms: :timer.hours(24),
  cleanup_interval_ms: :timer.hours(1)
)

# Start with custom file change detection interval
{:ok, pid} = ExPmtiles.Cache.start_link(
  bucket: "maps",
  path: "map.pmtiles",
  enable_dir_cache: true,
  file_check_interval_ms: :timer.minutes(1)  # Check for file changes every minute
)

# Get a tile by coordinates
case ExPmtiles.Cache.get_tile(pid, 10, 512, 256) do
  {:ok, tile_data} ->
    # Handle tile data
    tile_data
  {:error, reason} ->
    # Handle error
    nil
end

# Get cache statistics
stats = ExPmtiles.Cache.get_stats(pid)
# Returns: %{hits: 150, misses: 25}

# Manually clear the cache
ExPmtiles.Cache.clear_cache(pid)
Implementation Details
The GenServer maintains several tables and file structures:
	Directory cache files: Individual binary files in cache_dir/directories/ (when enable_dir_cache: true)
	Tile cache files: Individual binary files in cache_dir/tiles/ (when enable_tile_cache: true)
	Pending tile table: (ETS) Tracks in-progress tile requests to prevent duplicates
	Stats table: (ETS) Maintains hit/miss statistics
	Pending directory table: (ETS) Coordinates concurrent directory fetches

Performance Features
	Non-blocking init: GenServer starts immediately, ready to serve requests
	Concurrent tile fetching: Multiple tiles can be fetched concurrently using tasks
	File-based caching: Persistent storage with no size limits or corruption issues
	Request deduplication: Multiple requests for the same tile/directory are coordinated
	Scalable: Cache grows with your data without size constraints
	Race condition handling: Safe concurrent writes to cache files
	Automatic cache clearing: Optional time-based cache expiration with configurable intervals
	Smart repopulation: Directory cache automatically repopulates after clearing
	File change detection: Automatically detects when the source PMTiles file changes (via ETag for S3 or mtime for local files)
and invalidates all caches, preventing stale or corrupted data from being served


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_cache(server)

      


        Clears all cached data (tiles and directories) and resets statistics.



    


    
      
        get_stats(server)

      


        Retrieves cache statistics.



    


    
      
        get_tile(server, z, x, y)

      


        Retrieves a tile from the cache by coordinates.



    


    
      
        start_link(opts \\ [])

      


        Starts a new PMTiles cache GenServer.



    





      


      
        Functions

        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      clear_cache(server)



        
          
        

    

  


  

Clears all cached data (tiles and directories) and resets statistics.
This function removes all cached files from disk and resets hit/miss counters.
It's useful for forcing a cache refresh or freeing up disk space.
When directory caching is enabled, this function will automatically trigger
a background task to repopulate the directory cache after clearing. This ensures
that frequently accessed directories are quickly available again.
Parameters
	server - The cache process PID or registered name

Returns
	:ok - Cache cleared successfully

Examples
iex> {:ok, pid} = ExPmtiles.Cache.start_link(bucket: "maps", path: "world.pmtiles")
iex> ExPmtiles.Cache.clear_cache(pid)
:ok

iex> ExPmtiles.Cache.clear_cache(:my_custom_cache)
:ok

  



  
    
      
    
    
      get_stats(server)



        
          
        

    

  


  

Retrieves cache statistics.
Returns hit and miss counts for the cache, useful for monitoring cache
performance and effectiveness.
Parameters
	server - The cache process PID or registered name

Returns
	%{hits: integer(), misses: integer()} - Cache statistics

Examples
iex> {:ok, pid} = ExPmtiles.Cache.start_link(bucket: "maps", path: "world.pmtiles")
iex> ExPmtiles.Cache.get_stats(pid)
%{hits: 150, misses: 25}

iex> # After some cache operations
iex> ExPmtiles.Cache.get_stats(pid)
%{hits: 175, misses: 30}

  



  
    
      
    
    
      get_tile(server, z, x, y)



        
          
        

    

  


  

Retrieves a tile from the cache by coordinates.
This function handles both cache hits and misses. If the tile is not in the cache,
it will be fetched from the PMTiles file and cached for future requests.
Parameters
	server - One of:	{bucket, path} - Tuple identifying the PMTiles file (uses derived name)
	pid - Process identifier for the cache GenServer
	name - Atom representing the registered name of the cache GenServer


	z - Zoom level (integer)
	x - X coordinate (integer)
	y - Y coordinate (integer)

Returns
	{:ok, tile_data} - Tile data as binary
	{:error, reason} - Error retrieving tile (e.g., :tile_not_found, :timeout)
	nil - If the cache process is not available

Examples
iex> ExPmtiles.Cache.get_tile({"maps", "world.pmtiles"}, 10, 512, 256)
{:ok, <<...>>}

iex> ExPmtiles.Cache.get_tile({"maps", "world.pmtiles"}, 25, 0, 0)
{:error, :tile_not_found}

iex> ExPmtiles.Cache.get_tile(pid, 10, 512, 256)
{:ok, <<...>>}

iex> ExPmtiles.Cache.get_tile(:my_custom_cache, 10, 512, 256)
{:ok, <<...>>}

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts a new PMTiles cache GenServer.
Creates a named GenServer process that manages caching for a specific PMTiles file.
The process name is derived from the bucket and path to ensure uniqueness, unless
a custom name is provided.
Parameters
	opts - Keyword list of options:	:bucket - S3 bucket name (or nil for local files)
	:path - Path to the PMTiles file
	:name - Custom name for the GenServer (atom). If not provided, a name will be derived from bucket and path
	:enable_dir_cache - Enable file-based directory caching (default: false)
	:enable_tile_cache - Enable file-based tile caching (default: false)
	:max_cache_age_ms - Maximum age of cache before automatic clearing (default: nil, disabled). When set, clears cache on startup.
	:cleanup_interval_ms - Interval for checking cache age (default: 1 hour)
	:file_check_interval_ms - Interval for checking if source file has changed (default: 5 minutes)
	:exaws_config - ExAws config for testing (default: nil, uses default config)



Returns
	{:ok, pid} - Successfully started cache process
	{:error, reason} - Failed to start cache

Examples
iex> ExPmtiles.Cache.start_link(region: nil, bucket: "maps", path: "world.pmtiles")
{:ok, #PID<0.123.0>}

iex> ExPmtiles.Cache.start_link(bucket: nil, path: "/data/local.pmtiles")
{:ok, #PID<0.124.0>}

iex> ExPmtiles.Cache.start_link(bucket: "maps", path: "world.pmtiles", enable_tile_cache: true)
{:ok, #PID<0.125.0>}

iex> ExPmtiles.Cache.start_link(bucket: "maps", path: "world.pmtiles", name: :my_custom_cache, enable_dir_cache: true)
{:ok, #PID<0.126.0>}

  


        

      


  

    
ExPmtiles.Cache.Diagnostics 
    



      
Diagnostic utilities for debugging cache issues.

      


      
        Summary


  
    Functions
  


    
      
        cleanup_dead_waiters(server)

      


        Cleans up dead processes from the pending table.



    


    
      
        get_diagnostics(server)

      


        Gets comprehensive cache diagnostics.



    


    
      
        inspect_pending(server)

      


        Inspects the pending requests table for a given cache.
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      cleanup_dead_waiters(server)



        
          
        

    

  


  

Cleans up dead processes from the pending table.
This can help recover from stuck pending entries.

  



  
    
      
    
    
      get_diagnostics(server)



        
          
        

    

  


  

Gets comprehensive cache diagnostics.

  



  
    
      
    
    
      inspect_pending(server)



        
          
        

    

  


  

Inspects the pending requests table for a given cache.
Returns a list of pending tile requests with their waiting processes.

  


        

      


  

    
ExPmtiles.Cache.FileHandler 
    



      
Pure functions for file-based cache operations.
This module handles all file system operations for the cache,
including reading, writing, and clearing cache files.

      


      
        Summary


  
    Functions
  


    
      
        clear_cache_files(cache_path)

      


        Clears all cache files (both tiles and directories) for a given cache path.



    


    
      
        clear_directory_cache(cache_path)

      


        Clears the directory cache directory.



    


    
      
        clear_tile_cache(cache_path)

      


        Clears the tile cache directory.



    


    
      
        init_cache_directories(cache_path, enable_tile_cache, enable_dir_cache)

      


        Initializes cache directories for a given cache path.



    


    
      
        read_tile_from_cache(cache_file_path)

      


        Reads a tile from the cache file.
Returns {:ok, tile_data} on success, :error on failure.



    


    
      
        tile_cache_file_path(cache_dir, tile_id)

      


        Generates the file path for a cached tile.



    


    
      
        write_tile_to_cache(cache_file_path, tile_data)

      


        Writes tile data to a cache file.
Returns :ok on success, :error on failure.
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      clear_cache_files(cache_path)



        
          
        

    

  


  

Clears all cache files (both tiles and directories) for a given cache path.

  



  
    
      
    
    
      clear_directory_cache(cache_path)



        
          
        

    

  


  

Clears the directory cache directory.

  



  
    
      
    
    
      clear_tile_cache(cache_path)



        
          
        

    

  


  

Clears the tile cache directory.

  



  
    
      
    
    
      init_cache_directories(cache_path, enable_tile_cache, enable_dir_cache)



        
          
        

    

  


  

Initializes cache directories for a given cache path.

  



  
    
      
    
    
      read_tile_from_cache(cache_file_path)



        
          
        

    

  


  

Reads a tile from the cache file.
Returns {:ok, tile_data} on success, :error on failure.

  



  
    
      
    
    
      tile_cache_file_path(cache_dir, tile_id)



        
          
        

    

  


  

Generates the file path for a cached tile.

  



  
    
      
    
    
      write_tile_to_cache(cache_file_path, tile_data)



        
          
        

    

  


  

Writes tile data to a cache file.
Returns :ok on success, :error on failure.

  


        

      


  

    
ExPmtiles.Cache.Operations 
    



      
Pure business logic for PMTiles cache operations.
This module contains all the tile fetching and caching logic without any
GenServer-specific code. All functions are pure and easily testable.
The architecture is simplified: each request process does its own work,
checking file-based caches and fetching from storage as needed. No inter-process
coordination is needed because the filesystem handles concurrent access naturally.

      


      
        Summary


  
    Functions
  


    
      
        fetch_tile(pmtiles, tile_id, z, x, y, config, enable_tile_cache, enable_dir_cache)

      


        Fetches a tile from the PMTiles file and optionally caches it.



    


    
      
        handle_cached_tile_request(pmtiles, tile_id, z, x, y, config, enable_dir_cache)

      


        Handles a tile request when tile caching is enabled.



    


    
      
        handle_tile_request(pmtiles, tile_id, z, x, y, config, bool, enable_dir_cache)

      


        Handles a tile request, checking cache and fetching if needed.



    


    
      
        handle_uncached_tile_request(pmtiles, tile_id, z, x, y, config, enable_dir_cache)

      


        Handles a tile request when tile caching is disabled.
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      fetch_tile(pmtiles, tile_id, z, x, y, config, enable_tile_cache, enable_dir_cache)



        
          
        

    

  


  

Fetches a tile from the PMTiles file and optionally caches it.
This does all the work synchronously in the calling process.

  



  
    
      
    
    
      handle_cached_tile_request(pmtiles, tile_id, z, x, y, config, enable_dir_cache)



        
          
        

    

  


  

Handles a tile request when tile caching is enabled.

  



  
    
      
    
    
      handle_tile_request(pmtiles, tile_id, z, x, y, config, bool, enable_dir_cache)



        
          
        

    

  


  

Handles a tile request, checking cache and fetching if needed.
This function is called in the context of the requesting process (e.g., Phoenix request).
It does all the work synchronously in the caller's process.

  



  
    
      
    
    
      handle_uncached_tile_request(pmtiles, tile_id, z, x, y, config, enable_dir_cache)



        
          
        

    

  


  

Handles a tile request when tile caching is disabled.

  


        

      


  

    
ExPmtiles.Storage 
    



      
Storage adapter for PMTiles files, supporting both S3 and local file storage.
This module provides a unified interface for reading bytes from PMTiles files
regardless of whether they are stored locally or in Amazon S3. It handles
the different access patterns and error conditions for each storage type.
Storage Types
S3 Storage
	Uses ExAws for S3 access
	Supports range requests for efficient partial file reading
	Configurable timeouts and connection pooling
	Automatic error handling and logging

Local Storage
	Direct file system access
	Binary file reading with offset support
	Automatic file handle management
	Graceful error handling for missing files

Usage
# The module is used internally by ExPmtiles
# You typically don't call these functions directly

# For S3 files
instance = %ExPmtiles{source: :s3, bucket: "my-bucket", path: "file.pmtiles"}
data = ExPmtiles.Storage.get_bytes(instance, 0, 1024)

# For local files
instance = %ExPmtiles{source: :local, path: "/path/to/file.pmtiles"}
data = ExPmtiles.Storage.get_bytes(instance, 0, 1024)
Configuration
S3 requests use the following default configuration:
	Receive timeout: 30 seconds
	Connection pool: :s3_pool
	Range request support for partial reads


      


      
        Summary


  
    Functions
  


    
      
        get_bytes(instance, offset, length)

      


        Retrieves a range of bytes from a PMTiles file.



    


    
      
        get_file_metadata(instance, config \\ nil)

      


        Retrieves file metadata for change detection.
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      get_bytes(instance, offset, length)



        
          
        

    

  


  

Retrieves a range of bytes from a PMTiles file.
This function automatically routes to the appropriate storage backend based on
the instance's source type. It provides a unified interface for reading file
data regardless of storage location.
Parameters
	instance - The PMTiles instance containing storage configuration
	offset - Byte offset in the file (0-based)
	length - Number of bytes to read

Returns
	binary() - The requested bytes
	nil - If the bytes cannot be read (file not found, network error, etc.)

Examples
iex> instance = %ExPmtiles{source: :local, path: "test.pmtiles"}
iex> ExPmtiles.Storage.get_bytes(instance, 0, 1024)
<<...>>

iex> instance = %ExPmtiles{source: :s3, bucket: "bucket", path: "file.pmtiles"}
iex> ExPmtiles.Storage.get_bytes(instance, 1024, 512)
<<...>>

  



    

  
    
      
    
    
      get_file_metadata(instance, config \\ nil)



        
          
        

    

  


  

Retrieves file metadata for change detection.
For S3 files, this returns the ETag which changes when the file is updated.
For local files, this returns the last modified timestamp.
Parameters
	instance - The PMTiles instance containing storage configuration
	config - Optional ExAws config (primarily for testing with Bypass)

Returns
	{:ok, metadata} - A string representing the file's current state (ETag or timestamp)
	{:error, reason} - If metadata cannot be retrieved

Examples
iex> instance = %ExPmtiles{source: :s3, bucket: "bucket", path: "file.pmtiles"}
iex> ExPmtiles.Storage.get_file_metadata(instance)
{:ok, ""abc123def456""}

iex> instance = %ExPmtiles{source: :local, path: "test.pmtiles"}
iex> ExPmtiles.Storage.get_file_metadata(instance)
{:ok, "1702838400"}
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