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    Elixir API

The repository doubles as a Mix package: the TerrainGenerator Elixir
module wraps the Rust core through a Rustler
NIF located in native/terrain_generator_nif. Generation runs on a dirty
CPU scheduler, so multi-second maps never block the BEAM.
Installation
Add the git dependency to your mix.exs:
def deps do
  [
    {:terrain_generator, github: "fabio-t/terrain-generator"}
  ]
end
Requirements: a Rust toolchain (cargo) must be available at compile
time — Rustler builds the NIF as part of mix compile. Rust 1.91+ (required
by Rustler 0.38), Erlang/OTP 24+ and Elixir ~> 1.15.
Quick start
# generate and inspect
{:ok, terrain} = TerrainGenerator.generate(width: 512, height: 512, seed: 42)

TerrainGenerator.Terrain.height_at(terrain, 100, 100)
#=> 0.53

TerrainGenerator.Terrain.river?(terrain, 100, 100)
#=> false

# or render straight to a PNG without keeping the data
:ok = TerrainGenerator.render_png("map.png", seed: 42)
:ok = TerrainGenerator.render_png("height.png", [seed: 42], :greyscale)
TerrainGenerator.generate(opts \\ [])
Runs the full pipeline (fractal noise → island mask → hydraulic erosion →
flow routing) and returns {:ok, %TerrainGenerator.Terrain{}}.
Generation is fully deterministic for a given seed and option set.
Raises ArgumentError on unknown option keys.
Options
	Key	Default	Description
	:width, :height	512, 512	Map size in cells. width * height must be at most 2³² − 1 (65535 × 65535).
	:seed	0	Generation seed.
	:sea_level	0.08	Sea level in [0, 1).
	:octaves	8	Noise octaves.
	:frequency	2.5	Number of large features across the map (resolution-independent).
	:lacunarity	2.0	Frequency multiplier between octaves.
	:persistence	0.5	Amplitude multiplier between octaves.
	:island	1.0	Island diameter as a fraction of the shorter map dimension, true for the default, or false to let terrain reach the borders.
	:coast_noise	1.0	Coastline perturbation strength; 0 gives a round island.
	:erosion	true	true (one droplet per cell), false (skip erosion), or a positive integer droplet count.
	:breach_basins	false	Carve outlets from closed basins larger than this fraction of the map, so they drain instead of becoming inland seas.
	:rivers	0.01	Approximate fraction of land covered by rivers, true for the default, or false to disable rivers and lakes.
	:river_min_upstream	false	Absolute river threshold in cells of upstream catchment. Overrides :rivers when set — use it when cells have a fixed real-world size, since an area share does not transfer between map sizes.
	:archipelago	false	Number of islands to place instead of a single island.
	:islands_size	0.35	Mean island diameter for :archipelago, as a fraction of the shorter map side.
	:islands_variation	0.35	Per-island size variation for :archipelago.
	:islands_spread	0.85	How far island centres spread over the map.
	:islands_spacing	0.22	Minimum spacing between island centres (best-effort: neighbours may merge).

Every option is validated on the Elixir side before any native code runs;
unknown keys and out-of-range values raise ArgumentError with a
descriptive message.
TerrainGenerator.render_png(path, opts \\ [], style \\ :shaded)
Generates a terrain with the same options and writes a PNG to path.
style is :shaded (biome colours with hillshading) or :greyscale
(plain heightmap). Returns :ok, or {:error, reason} with a
human-readable reason string if the file cannot be written.
%TerrainGenerator.Terrain{}
	Field	Type	Description
	:width, :height	pos_integer	Map dimensions.
	:sea_level	float	Sea level used for generation.
	:heightmap	binary	One 32-bit little-endian float per cell, elevation in [0, 1].
	:flow	binary	One 32-bit little-endian float per cell, log-normalised flow accumulation in [0, 1] (a useful moisture proxy).
	:flow_accumulation	binary	One 32-bit little-endian float per cell, raw upstream catchment in cells. Size channels from this.
	:rivers	binary	One byte per cell, 1 where a river runs.
	:lakes	binary	One byte per cell, 1 where a lake holds standing water.
	:ocean	binary	One byte per cell, 1 where the cell is sea: at or below sea level and connected to the map border.

Ocean vs. inland water
:ocean is a flood fill from the map border, not an elevation test. A
closed basin whose floor lies below sea level is a lake, not ocean —
which is what you want when modelling salinity or drinkability. Build
water classification on ocean?/3 and lake?/3, not on comparing
height_at/3 to sea_level.
All buffers are row-major, indexed as y * width + x. They are plain BEAM
binaries: cheap to pass between processes (stored off-heap and
reference-counted), easy to send over a socket, or to upload wholesale to
a GPU/scenegraph on the client.
Accessors
alias TerrainGenerator.Terrain

Terrain.height_at(terrain, x, y)             # float in [0, 1]
Terrain.flow_at(terrain, x, y)               # float in [0, 1]
Terrain.flow_accumulation_at(terrain, x, y)  # upstream cells
Terrain.river?(terrain, x, y)                # boolean
Terrain.lake?(terrain, x, y)                 # boolean
Terrain.ocean?(terrain, x, y)                # boolean
Terrain.water?(terrain, x, y)                # ocean, lake or river
Terrain.heightmap_list(terrain)              # [float], row by row (small maps only)
Working with the binaries directly
Decode a whole buffer with a binary comprehension:
elevations = for <<v::float-32-little <- terrain.heightmap>>, do: v
Random access without decoding everything:
<<v::float-32-little>> =
  binary_part(terrain.heightmap, (y * terrain.width + x) * 4, 4)
Count river cells:
terrain.rivers
|> :binary.matches(<<1>>)
|> length()
Archipelagos
{:ok, terrain} = TerrainGenerator.generate(seed: 3, archipelago: 5)
Island placement is derived from the seed on its own RNG stream, so
turning this on cannot change the output of a single-island generation
with the same seed. The count is approximate: neighbouring islands can
overlap into one landmass, and coastline noise can split one in two.
Raise :islands_spacing or lower :islands_size to separate them.
Erosion and hydrology are unaffected by the mask — each landmass drains
on its own, and the water between islands stays ocean.
Determinism and stored worlds
The same seed and options always produce the same terrain. If you
regenerate a world from a stored seed (rather than storing the terrain
itself), pin an exact revision of this package: output depends on the
noise crate and on tuning inside the generator, so treat any change to
it as breaking for your saves.
One layer is exempt from cross-platform bit-exactness: :flow is
log-normalised with a transcendental whose last-bit rounding can differ
between platforms. :heightmap, :flow_accumulation, :rivers,
:lakes and :ocean use only exact operations. Derive moisture from
:flow_accumulation if you need identical results on every machine.
Concurrency
The NIFs are scheduled on dirty CPU schedulers: a 1024×1024 map takes
a couple of seconds of CPU, and the BEAM stays fully responsive while it
runs. Generating many maps concurrently from Task.async_stream/3 works
as expected — each call occupies one dirty scheduler.
Module docs
TerrainGenerator, TerrainGenerator.Terrain and their functions carry
full @doc/@moduledoc documentation; run mix docs (ExDoc is a dev
dependency) or use h TerrainGenerator in IEx.


  

    
TerrainGenerator 
    



      
Procedural terrain generation with fractal noise, hydraulic erosion and
river extraction, backed by a Rust NIF.
The pipeline has four stages, each optional after the first:
	Base heightmap — fractal (fBm) OpenSimplex noise
	Island mask — radial falloff with noise-perturbed coastlines
	Hydraulic erosion — a droplet simulation that carves valleys and
drainage networks
	Hydrology — flow routing over the eroded terrain; high-flow
cells become rivers, filled depressions become lakes

Generation is fully deterministic for a given seed and option set, and
runs on a dirty CPU scheduler so it never blocks the BEAM.
Examples
{:ok, terrain} = TerrainGenerator.generate(width: 512, height: 512, seed: 42)
TerrainGenerator.Terrain.height_at(terrain, 100, 100)
#=> 0.53

# render straight to a PNG file without keeping the data:
:ok = TerrainGenerator.render_png("map.png", seed: 42)
Options
All functions take the same option list; omitted keys use the defaults.
	:width, :height — map size in cells (default 512 × 512), at most
4,294,967,295 cells in all
	:seed — generation seed (default 0)
	:sea_level — sea level in [0, 1) (default 0.08)
	:octaves — noise octaves (default 8)
	:frequency — number of large features across the map (default 2.5)
	:lacunarity — frequency multiplier between octaves (default 2.0)
	:persistence — amplitude multiplier between octaves (default 0.5)
	:island — island diameter as a fraction of the shorter map
dimension, true for the default size, or false to let terrain
reach the borders (default 1.0)
	:coast_noise — coastline perturbation strength; 0 gives a
perfectly round island (default 1.0)
	:erosion — true/false, or a droplet count to override the
default of one droplet per cell (default true)
	:rivers — approximate fraction of land covered by rivers, true
for the default density, or false to disable rivers and lakes
(default 0.01)
	:river_min_upstream — absolute river threshold in cells of upstream
catchment; overrides :rivers when set (default false)
	:archipelago — number of islands to place instead of a single
island, or false for one island (default false)
	:islands_size, :islands_variation, :islands_spread,
:islands_spacing — archipelago island size, per-island size
variation, how far centres spread, and minimum centre spacing
(defaults 0.35, 0.35, 0.85, 0.22)
	:breach_basins — carve outlets from closed basins larger than this
fraction of the map so they drain instead of becoming inland seas,
or false (default false)

All options are validated; invalid values raise ArgumentError with a
descriptive message before any native code runs.
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        generate(opts \\ [])

      


        Generates a terrain and returns {:ok, %TerrainGenerator.Terrain{}}.



    


    
      
        render_png(path, opts \\ [], style \\ :shaded)

      


        Generates a terrain and writes it to path as a PNG file.
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          @type option() ::
  {:width, pos_integer()}
  | {:height, pos_integer()}
  | {:seed, non_neg_integer()}
  | {:sea_level, float()}
  | {:octaves, pos_integer()}
  | {:frequency, number()}
  | {:lacunarity, number()}
  | {:persistence, number()}
  | {:island, number() | boolean()}
  | {:coast_noise, number()}
  | {:archipelago, pos_integer() | false}
  | {:islands_size, number()}
  | {:islands_variation, number()}
  | {:islands_spread, number()}
  | {:islands_spacing, number()}
  | {:erosion, boolean() | pos_integer()}
  | {:breach_basins, number() | false}
  | {:rivers, number() | boolean()}
  | {:river_min_upstream, number() | false}
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          @spec generate([option()]) :: {:ok, TerrainGenerator.Terrain.t()}


      


Generates a terrain and returns {:ok, %TerrainGenerator.Terrain{}}.
Raises ArgumentError on unknown options.
{:ok, terrain} = TerrainGenerator.generate(seed: 7, width: 256, height: 256)
terrain.width
#=> 256

  



    

    

  
    
      
    
    
      render_png(path, opts \\ [], style \\ :shaded)



        
          
        

    

  


  

      

          @spec render_png(Path.t(), [option()], :shaded | :greyscale) ::
  :ok | {:error, String.t()}


      


Generates a terrain and writes it to path as a PNG file.
style is :shaded (biome colours with hillshading, the default) or
:greyscale (plain heightmap).
Returns :ok, or {:error, reason} if the file cannot be written.
:ok = TerrainGenerator.render_png("map.png", seed: 3)
:ok = TerrainGenerator.render_png("height.png", [seed: 3], :greyscale)

  


        

      


  

    
TerrainGenerator.Terrain 
    



      
A generated terrain.
All per-cell buffers are row-major binaries indexed as y * width + x:
	:heightmap — 32-bit little-endian floats, elevation in [0, 1]
	:flow — 32-bit little-endian floats, log-normalised flow
accumulation in [0, 1] (a useful moisture proxy)
	:flow_accumulation — 32-bit little-endian floats, raw upstream
catchment in cells (each cell contributes 1); use this to size
channels
	:rivers — one byte per cell, 1 where a river runs
	:lakes — one byte per cell, 1 where a lake holds standing water
	:ocean — one byte per cell, 1 where the cell is sea, meaning at
or below sea level and connected to the map border. A basin below
sea level that is cut off from the sea is a lake, not ocean.

Binaries are cheap to pass around (they live outside the BEAM heap) and
can be consumed wholesale — e.g. uploaded to a GPU or sent over a socket
— or queried per cell with the accessors below.
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        flow_accumulation_at(t, x, y)

      


        Raw upstream catchment at {x, y}, in cells.



    


    
      
        flow_at(t, x, y)

      


        Log-normalised flow accumulation at {x, y}, in [0, 1].



    


    
      
        height_at(t, x, y)

      


        Elevation at {x, y}, in [0, 1].



    


    
      
        heightmap_list(t)

      


        The heightmap as a flat list of floats, row by row.



    


    
      
        lake?(t, x, y)

      


        Whether {x, y} lies in a lake.



    


    
      
        ocean?(t, x, y)

      


        Whether {x, y} is ocean: at or below sea level and connected to the map
border. Enclosed low ground is not ocean.



    


    
      
        river?(t, x, y)

      


        Whether a river runs through {x, y}.



    


    
      
        water?(t, x, y)

      


        Whether {x, y} is covered by water of any kind: ocean, lake or river.
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          @type t() :: %TerrainGenerator.Terrain{
  flow: binary(),
  flow_accumulation: binary(),
  height: pos_integer(),
  heightmap: binary(),
  lakes: binary(),
  ocean: binary(),
  rivers: binary(),
  sea_level: float(),
  width: pos_integer()
}
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          @spec flow_accumulation_at(t(), non_neg_integer(), non_neg_integer()) :: float()


      


Raw upstream catchment at {x, y}, in cells.

  



  
    
      
    
    
      flow_at(t, x, y)



        
          
        

    

  


  

      

          @spec flow_at(t(), non_neg_integer(), non_neg_integer()) :: float()


      


Log-normalised flow accumulation at {x, y}, in [0, 1].

  



  
    
      
    
    
      height_at(t, x, y)



        
          
        

    

  


  

      

          @spec height_at(t(), non_neg_integer(), non_neg_integer()) :: float()


      


Elevation at {x, y}, in [0, 1].
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          @spec heightmap_list(t()) :: [float()]


      


The heightmap as a flat list of floats, row by row.
Convenient for exploration, but for large maps prefer working with the
binary directly.
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          @spec lake?(t(), non_neg_integer(), non_neg_integer()) :: boolean()


      


Whether {x, y} lies in a lake.
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          @spec ocean?(t(), non_neg_integer(), non_neg_integer()) :: boolean()


      


Whether {x, y} is ocean: at or below sea level and connected to the map
border. Enclosed low ground is not ocean.
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          @spec river?(t(), non_neg_integer(), non_neg_integer()) :: boolean()


      


Whether a river runs through {x, y}.
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          @spec water?(t(), non_neg_integer(), non_neg_integer()) :: boolean()


      


Whether {x, y} is covered by water of any kind: ocean, lake or river.
This is a union of the three masks, not an elevation test — a closed
basin below sea level counts as lake, not ocean.
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