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    CauldronGPU

3D scenes and 2D sprite layers drawn by the graphics card, described from Elixir. Your
code keeps the game world and sends the renderer what changed each tick; a native render
thread draws at the display's rate from its own copy of the scene, moving things smoothly
between your ticks.
The same scene can go to a window, to an offscreen picture you read back (and show in a
terminal), to a renderer in its own OS process, or to browsers (cauldron_3d_net).
	Metal runs on macOS. It draws with deferred lighting, cascaded shadows,
transparency and bloom. It also has ray-traced shadows, ambient occlusion,
reflections and one-bounce global illumination, and MetalFX upscaling and frame
generation.
	Vulkan runs on Linux and Windows, and on macOS through MoltenVK. It is the same
renderer.

Installation
def deps do
  [{:cauldron_gpu, "~> 0.3"}]
end
The package always compiles. The native renderer is built when what it needs is on the
machine; without it, CauldronGPU.backends/0 answers [], CauldronGPU.open/1 answers
{:error, reason}, and games draw in software. To set the renderer up, run:
mix cauldron_gpu.setup

It looks for what the build needs in the platform's usual places, offers to install what
is missing (showing what it will run), builds the renderer and opens the graphics card to
check it. Declining leaves software drawing; running it again starts over. --check
only reports, --yes accepts everything, and --software builds no renderer.
	Platform	What the build needs	What the setup installs
	macOS	Apple's command-line tools, SDL3 and pkg-config; for the Vulkan backend, Vulkan's loader and headers and MoltenVK	the command-line tools through Apple's installer, the rest through Homebrew (and Homebrew itself)
	Linux	a C++20 compiler, make, pkg-config, SDL3, Vulkan's headers, and a Vulkan driver to run it	packages through apt, dnf, pacman or zypper with sudo; Vulkan's headers by download; SDL3 built from source where the distribution has none
	Windows	MSVC's C++ Build Tools, SDL3's development files, Vulkan's headers, and a Vulkan driver	MSVC through winget; SDL3 and Vulkan's headers by download, with no administrator rights

The renderer loads Vulkan from the graphics driver when it runs, so only Vulkan's headers
are needed to build it, not LunarG's SDK. Downloads go into
:filename.basedir(:user_cache, "cauldron_gpu"), and the paths found are kept in
build.config under :filename.basedir(:user_config, "cauldron_gpu"), which later builds
read (CauldronGPU.Setup). Environment variables set by hand take precedence: SDL3_DIR,
VULKAN_INCLUDE (or VULKAN_SDK), PKG_CONFIG and PKG_CONFIG_PATH.
Shaders come compiled in priv/shaders; make shaders rebuilds them after a change in
shaders/, which needs the Slang compiler (make slang) and, for Metal, Xcode.
On macOS the Metal backend is always built, and Vulkan beside it when Vulkan is found.
Metal is used first on a Mac; Vulkan there runs the same path as Linux and Windows. Set
CAULDRON_GPU_VULKAN=0 to leave Vulkan out.
A first scene
alias CauldronGPU.{Camera, Instance, Light, Material, Mesh, Transform}

{:ok, gpu} = CauldronGPU.open(title: "Hello", width: 1280, height: 720)

cube = CauldronGPU.mesh(gpu, Mesh.cube(1.0))
floor = CauldronGPU.mesh(gpu, Mesh.plane(20, 4))
red = CauldronGPU.material(gpu, %Material{base_color: {0.8, 0.1, 0.1, 1.0}, roughness: 0.4})
grey = CauldronGPU.material(gpu, %Material{base_color: {0.5, 0.5, 0.5, 1.0}})

CauldronGPU.submit(gpu, [
  {:instance, 1, %Instance{mesh: floor, materials: [grey]}},
  {:instance, 2, %Instance{mesh: cube, materials: [red], transform: Transform.new(position: {0.0, 0.5, 0.0})}},
  {:light, 1, %Light{kind: :directional, direction: {-0.4, -1.0, -0.3}, intensity: 3.0, shadows: true}},
  %Camera{position: {0.0, 1.5, 4.0}}
])
Then, once a tick (say 30 times a second), send what moved:
CauldronGPU.submit(gpu, [
  {:move, 2, Transform.new(position: {x, 0.5, 0.0})},
  %Camera{position: eye, rotation: CauldronGPU.Quat.yaw_pitch(yaw, pitch)}
])
Window events arrive at the process that opened it (or the :events pid) as
{:cauldron_gpu, window_id, event}: keys ({:key, :down | :up, key, repeat?}), mouse
motion, buttons and wheel, resizes, focus and :close_requested.
CauldronGPU.relative_mouse/2 hides the pointer for mouse look.
How a scene works
	Resources — meshes, textures and materials are uploaded once and answered with a
CauldronGPU.Handle. Upload through CauldronGPU.mesh/2, texture/2 and material/2
(or CauldronGPU.Target for code that should work with every kind of renderer).
Putting a mesh or texture again under a handle's id replaces it
({:mesh, handle.id, mesh} in a submit), which is how per-tick meshes such as
particles or a HUD texture are updated.
	Changes — everything else is a list of changes, CauldronGPU.Stream lists them all:
instances, moves, poses for animated models, lights, the camera, the environment, light
styles, the overlay picture, the screen tint and effects. Ids are yours; an id put again
replaces what it named.
	Ticks — each submit/2 is one tick. The renderer interpolates instances, poses and
the camera from the previous tick to this one over the tick's length, so a game ticking
at 20–35 Hz still draws smoothly at 60 Hz or more. snap: true places something
without interpolating (teleports, new levels).
	Frame of reference — +Y up, the camera looking down its −Z, metres by convention.
Converters for games in other units take a :scale.

Where the frames go
	Use	How
	A window	CauldronGPU.open(title: ..., width: ..., height: ...)
	Pictures read back	CauldronGPU.open(window: false, width: w, height: h) then CauldronGPU.capture/3 for RGBA bytes (CauldronGPU.PNG.encode/1 saves one) or, with shared_memory: name, into a POSIX shared-memory object a terminal can read
	A terminal	Draw offscreen and send the pictures with the kitty graphics protocol. See examples/terminal.exs, or a cauldron_2d game's gpu picture option below
	Its own OS process	CauldronGPU.Host takes the same calls. A renderer crash leaves the VM running. CauldronGPU.Host.restart/1 brings the renderer back with the scene it had
	Browsers	Cauldron3D.Net.Scene in the cauldron_3d_net package

Code that uploads should take any of these through the CauldronGPU.Target protocol
(submit/2, mesh/2, texture/2, material/2, release/2).
Looks
	Materials (CauldronGPU.Material) are glTF-style metallic-roughness with base,
emissive, normal and occlusion textures and baked lightmaps (with light styles), and
game-style switches: unlit, alpha_cutoff, alpha_mode (:blend, :add,
:multiply), double_sided, sky, warp (rippling liquids), uv_scroll,
uv_from: :reflection and smear (the picture behind, shifted, for shimmering things).
	Instances (CauldronGPU.Instance) can be drawn in_front of the world (held
weapons), with fixed shading instead of scene lights, without depth_test, swelling
along their normals, or standing in a room (not hidden by their own floor and
ceiling, as sprites in sector games are not).
	Environment (CauldronGPU.Environment) sets the sky, ambient light, fog, exposure,
tone mapping and bloom. The sky is shaded, or a picture: two scrolling layers or a
six-sided box. Palette games can set light_space: :display, where light multiplies
the display colour as colormaps do. They can also set gamma, contrast,
brightness, and a light_table for light that falls off with distance.
	Camera (CauldronGPU.Camera) sets the field of view, near and far. Set viewport
for a view that does not fill the frame, such as one above a status bar. Set aspect
for non-square pixels and resolution for blocky low-detail views.
	Effects — {:effects, [...]} asks for :ray_traced_shadows,
:ray_traced_reflections, :ray_traced_ambient_occlusion,
:ray_traced_global_illumination, :upscaling and :frame_generation. A renderer
that cannot do one leaves it out, so asking is always safe; gpu.info says what the
device has.
	On top — {:overlay, texture} lays a picture over the finished frame (a HUD,
menus; {:overlay, texture, :premultiplied} for additive pixels) and
{:screen_tint, {r, g, b, a}} washes it (damage, pickups).

Game formats
With cauldron_3d and cauldron_3d_formats (and cauldron_2d for sector maps) in your
deps, these converters upload a whole asset and give the changes that place it:
	CauldronGPU.Bsp uploads Quake and Half-Life maps. It brings their brush models,
lightmaps with light styles, sky (sky_layers/3) and liquids.
	CauldronGPU.AliasModel uploads Quake .mdl models and animates them by blending
keyframes.
	CauldronGPU.StudioModel uploads Half-Life studio models and skins them by bones.
	CauldronGPU.Sectors uploads Doom-style sector maps. CauldronGPU.Sectors.Live
rebuilds sectors as doors and lifts move.
	CauldronGPU.Placement stands a model at a map point and angle.
	CauldronGPU.Billboards draws camera-facing pictures, such as sprites and particles,
as one mesh.

2D layers
A tick can carry {:layers, [layer]}: 2D layers drawn every frame, in order, until the
next :layers change. A CauldronGPU.SpriteLayer draws CauldronGPU.Sprites, each a
rectangle of a texture placed, scaled, turned, tinted and blended (:over, :add or
:subtract). A CauldronGPU.ColumnLayer redraws a texture column by column through a
table of positions, stretches and shades, for warps such as a curved view.
A layer draws into the frame or into a canvas. A canvas (CauldronGPU.canvas/2, a
CauldronGPU.Canvas) is a texture on the card, so a later layer can draw it as a sprite,
warp it, or a material can use it.
alias CauldronGPU.{Canvas, Sprite, SpriteLayer, Texture}

{:ok, gpu} = CauldronGPU.open(title: "Sprites", width: 960, height: 600)
ship = CauldronGPU.texture(gpu, %Texture{width: 16, height: 16, pixels: pixels,
  format: :linear, filter: :nearest, wrap: :clamp, mipmaps: false})
screen = CauldronGPU.canvas(gpu, %Canvas{width: 320, height: 200})

CauldronGPU.submit(gpu, [
  {:layers,
   [
     %SpriteLayer{target: screen, clear: {0.0, 0.0, 0.1, 1.0},
       sprites: [%Sprite{texture: ship, position: {160, 100}, origin: {8, 8}, angle: 30}]},
     %SpriteLayer{clear: {0.0, 0.0, 0.0, 1.0}, view: {0, 0, 320, 200},
       sprites: [%Sprite{texture: screen, position: {0, 0}}]}
   ]}
])
Colours in layers are display values, blended as stored, the way Cauldron2D.Blend blends
bytes; upload 2D pictures with format: :linear so they reach the card unchanged. A pixel
is drawn when its centre lies inside the sprite, and takes the texel found by mapping that
centre back into the picture, so a sprite lands on the same pixels as
Cauldron2D.DrawList draws it. The frame's layers go over the 3D scene. A renderer that
has never been sent a camera draws its layers alone and skips the 3D passes.
Drawing a cauldron_2d game on the graphics card
A Cauldron2D.Client.Game whose scene has a :picture (its own software renderer) can add
a :gpu function describing the same picture for the card. The client in
cauldron_2d_drafter then draws it on the graphics card when the player asks for it, and
falls back to the software picture when the card is not there.
def scene(view, look) do
  %{
    focus: {0.0, 0.0},
    bounds: :unbounded,
    cell: fn _ -> nil end,
    movers: [],
    picture: fn size, aspect -> MyGame.Render.picture(view, size, aspect) end,
    gpu: fn target, cache, size, aspect -> MyGame.Gpu.draw(view, target, cache, size, aspect) end
  }
end
MyGame.Gpu.draw/5 answers {changes, cache}:
	target is a CauldronGPU.Target; upload through it.
	cache is what you answered last tick (nil the first time). Keep your handles in it
(the level's meshes and materials, models seen so far, the overlay texture), keyed by
level so a new level releases the old one's handles with CauldronGPU.Target.release/2.
	size is the picture's size in pixels and aspect how wide a pixel shows against its
height; set the camera's aspect from it.
	changes is the tick: instances, camera, lights, light styles, and the game's 2D layer
(status bar, messages, menus) as {:overlay, texture}, re-put under the same texture id
each time it changes. A 2D game sends {:layers, layers} instead;
Cauldron2D.Drafter.Client.Sprites turns Cauldron2D.DrawList items into sprites and
uploads each picture once.

The player picks where it is drawn with the client's picture options
(Cauldron2D.Drafter.Client.Picture): gpu draws it offscreen and shows it in the
terminal pane, window opens a window of its own whose keys drive the game. A game's mix
task usually offers them as --gpu and --window. With no :gpu in the scene, no
renderer in the build, or a renderer that fails to open, the game's own picture is drawn
and the player sees a short note saying why. The renderer runs as a CauldronGPU.Host, so
a renderer crash does not take the game down.
elixir_quake, elixir_doom and elixir_half_life are complete examples of this in 3D,
and nidhox (Nidhox.Gpu) in 2D.
Examples
Run from this directory:
	mix run examples/showcase.exs shows a courtyard with spheres, cubes and lamps. Fly
with W A S D and the mouse. EFFECTS=rt,gi,upscale turns on ray tracing and upscaling.
	mix run examples/spheres.exs is a load test with 2000 metal and plastic spheres
(COUNT=n). Press = and - to add or take away 500. Once a second it prints the
frames drawn and the graphics card's and renderer's time a frame. Frames are paced to
the display, so frames a second stop at its refresh rate; the frame times show the
room left.
	mix run examples/quake_map.exs ~/quake e1m1 shows a Quake map. Set MONSTERS=1 to
add its monsters.
	mix run examples/doom_map.exs path/to/DOOM1.WAD E1M1 shows a Doom level.
	mix run examples/studio_model.exs path/to/valve/models/barney.mdl walk plays a
sequence of a Half-Life model.
	mix run examples/terminal.exs ~/quake e1m1 draws a map offscreen and shows it in a
kitty-protocol terminal at the terminal's size.

Tests and status
STATE.md records what has been built, how it was checked, and what is open (DLSS and FSR,
Vulkan ray tracing on real hardware, first runs on Linux and Windows).
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A window drawn by the graphics card from a scene described in Elixir.
Elixir keeps the world and sends changes; a native render thread draws at the display's
rate from its own copy of the scene, interpolating poses between ticks.
{:ok, gpu} = CauldronGPU.open(title: "Demo", width: 1280, height: 720)
cube = CauldronGPU.mesh(gpu, CauldronGPU.Mesh.cube(1.0))
red = CauldronGPU.material(gpu, %CauldronGPU.Material{base_color: {0.8, 0.1, 0.1, 1.0}})

CauldronGPU.submit(gpu, [
  {:instance, 1, %CauldronGPU.Instance{mesh: cube, materials: [red]}},
  {:light, 1, %CauldronGPU.Light{kind: :directional, direction: {-0.4, -1.0, -0.3}, shadows: true}},
  %CauldronGPU.Camera{position: {0.0, 1.0, 4.0}}
])
Window events arrive at the :events process as {:cauldron_gpu, window_id, event}:
{:key, :down | :up, key, repeat?} (key an atom such as :w, :space, :left_shift),
{:mouse_motion, x, y, dx, dy}, {:mouse_button, :down | :up, button, x, y},
{:mouse_wheel, dx, dy}, {:resized, width, height}, {:focus, boolean},
:close_requested, and {:error, message} when the renderer rejects a change.
On macOS the window runs on the process's main thread, which the first open/1 takes
for the rest of the VM's life; wx cannot open windows in the same VM.
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        backends()

      


        The backends this build has, preferred first.



    


    
      
        canvas(gpu, canvas)

      


        Makes a canvas (CauldronGPU.Canvas) and returns its handle, a texture's.



    


    
      
        capture(cauldron_gpu, timeout \\ 5000, opts \\ [])

      


        The next drawn frame as {:ok, %{width: w, height: h, pixels: rgba}}: tone-mapped,
sRGB-encoded RGBA bytes, rows from the top. Waits up to timeout milliseconds.
generated: true returns the next frame made by frame generation instead.



    


    
      
        close(cauldron_gpu)

      


        Closes the window. Later calls with gpu return {:error, "closed"}.



    


    
      
        frames(cauldron_gpu)

      


        How many frames the renderer has drawn into the window.



    


    
      
        material(gpu, material)

      


        Defines a material and returns its handle, which keeps its textures' handles.



    


    
      
        mesh(gpu, mesh)

      


        Uploads a mesh and returns its handle.



    


    
      
        open(opts \\ [])

      


        Opens a window. Options: :title, :width and :height in points (default 1280×720),
:backend (:metal or :vulkan, default the first of backends/0), :events
(the pid that receives window events, default the caller), :window (default true).



    


    
      
        relative_mouse(cauldron_gpu, enabled)

      


        Hides the pointer and reports only relative motion while enabled.



    


    
      
        remove_shared_memory(name)

      


        Removes the POSIX shared-memory object name, if there is one.



    


    
      
        resize(cauldron_gpu, width, height)

      


        Changes an offscreen device's picture size (window: false). Windows follow their window.



    


    
      
        stats(cauldron_gpu)

      


        Timing averaged over recent frames: frames drawn, gpu_ms and cpu_ms per frame, the
display's refresh_rate (60 when offscreen), and whether frame generation is
generating (it runs only when requested and frames take longer than the display's
refresh).



    


    
      
        submit(cauldron_gpu, changes)

      


        Sends one tick of changes (see CauldronGPU.Stream); a :tick is put before them.



    


    
      
        terminal_size()

      


        The size of the terminal the VM runs in: {:ok, %{columns:, rows:, width:, height:}},
cells and pixels (pixels are 0 where the terminal does not report them), or
{:error, reason} when there is no terminal.



    


    
      
        texture(gpu, texture)

      


        Uploads a texture and returns its handle.
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          @type info() :: %{
  backend: :metal | :vulkan,
  device: String.t(),
  ray_tracing: boolean(),
  mesh_shaders: boolean(),
  unified_memory: boolean(),
  upscaling: boolean(),
  frame_generation: boolean()
}
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          @type t() :: %CauldronGPU{
  id: non_neg_integer(),
  ids: :atomics.atomics_ref(),
  info: info(),
  window: reference()
}
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          @spec backends() :: [:metal | :vulkan]


      


The backends this build has, preferred first.

  



  
    
      
    
    
      canvas(gpu, canvas)



        
          
        

    

  


  

      

          @spec canvas(t(), CauldronGPU.Canvas.t()) :: CauldronGPU.Handle.t()


      


Makes a canvas (CauldronGPU.Canvas) and returns its handle, a texture's.

  



    

    

  
    
      
    
    
      capture(cauldron_gpu, timeout \\ 5000, opts \\ [])



        
          
        

    

  


  

      

          @spec capture(t(), timeout(), keyword()) ::
  {:ok,
   %{width: pos_integer(), height: pos_integer(), shared_memory: String.t()}}
  | {:ok, %{width: pos_integer(), height: pos_integer(), pixels: binary()}}
  | {:error, term()}


      


The next drawn frame as {:ok, %{width: w, height: h, pixels: rgba}}: tone-mapped,
sRGB-encoded RGBA bytes, rows from the top. Waits up to timeout milliseconds.
generated: true returns the next frame made by frame generation instead.
shared_memory: name writes the pixels into the POSIX shared-memory object name
(at most 31 bytes on macOS, starting with /; an existing object of that name is
removed first) instead of returning them, and answers
{:ok, %{width: w, height: h, shared_memory: name}}. The reader normally removes it;
remove_shared_memory/1 removes one that was never read. Not available on Windows.
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          @spec close(t()) :: :ok


      


Closes the window. Later calls with gpu return {:error, "closed"}.

  



  
    
      
    
    
      frames(cauldron_gpu)



        
          
        

    

  


  

      

          @spec frames(t()) :: non_neg_integer()


      


How many frames the renderer has drawn into the window.
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          @spec material(t(), CauldronGPU.Material.t()) :: CauldronGPU.Handle.t()


      


Defines a material and returns its handle, which keeps its textures' handles.

  



  
    
      
    
    
      mesh(gpu, mesh)



        
          
        

    

  


  

      

          @spec mesh(t(), CauldronGPU.Mesh.t()) :: CauldronGPU.Handle.t()


      


Uploads a mesh and returns its handle.
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          @spec open(keyword()) :: {:ok, t()} | {:error, String.t()}


      


Opens a window. Options: :title, :width and :height in points (default 1280×720),
:backend (:metal or :vulkan, default the first of backends/0), :events
(the pid that receives window events, default the caller), :window (default true).
With window: false nothing appears on screen: width and height are the picture's
size in pixels, a frame is drawn for each submit/2 and capture/2, and frames are
read with capture/2.

  



  
    
      
    
    
      relative_mouse(cauldron_gpu, enabled)



        
          
        

    

  


  

      

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


      


Hides the pointer and reports only relative motion while enabled.
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          @spec remove_shared_memory(String.t()) :: :ok


      


Removes the POSIX shared-memory object name, if there is one.

  



  
    
      
    
    
      resize(cauldron_gpu, width, height)



        
          
        

    

  


  

      

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


      


Changes an offscreen device's picture size (window: false). Windows follow their window.
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          @spec stats(t()) :: %{
  frames: non_neg_integer(),
  gpu_ms: float(),
  cpu_ms: float(),
  refresh_rate: float(),
  generating: boolean()
}


      


Timing averaged over recent frames: frames drawn, gpu_ms and cpu_ms per frame, the
display's refresh_rate (60 when offscreen), and whether frame generation is
generating (it runs only when requested and frames take longer than the display's
refresh).

  



  
    
      
    
    
      submit(cauldron_gpu, changes)



        
          
        

    

  


  

      

          @spec submit(t(), [CauldronGPU.Stream.change()]) :: :ok | {:error, String.t()}


      


Sends one tick of changes (see CauldronGPU.Stream); a :tick is put before them.
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          @spec terminal_size() :: {:ok, map()} | {:error, String.t()}


      


The size of the terminal the VM runs in: {:ok, %{columns:, rows:, width:, height:}},
cells and pixels (pixels are 0 where the terminal does not report them), or
{:error, reason} when there is no terminal.
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          @spec texture(t(), CauldronGPU.Texture.t()) :: CauldronGPU.Handle.t()


      


Uploads a texture and returns its handle.
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A Quake alias model (a Cauldron3D.Mesh posed by keyframes, as read by
Cauldron3D.Formats.Mdl) uploaded for drawing: one mesh per keyframe pose, every one
with the same vertices in the same order and the same indices, so a
CauldronGPU.Pose blends between any two; each skin as a base texture and, when it
has palette colours 224 to 254, a glow texture holding only those. Skin textures have
no mipmaps: every skin is read at full size, as Quake reads it.
bytes = Files.read(files, "progs/soldier.mdl")
{:ok, mdl} = Cauldron3D.Formats.Mdl.parse(bytes)
model = CauldronGPU.AliasModel.upload(gpu, mdl, palette, names: CauldronGPU.AliasModel.frame_names(bytes))
material = CauldronGPU.AliasModel.material(gpu, model)
instance = CauldronGPU.AliasModel.instance(model, [material], CauldronGPU.Placement.transform(1 / 32, origin, 90))
CauldronGPU.submit(gpu, CauldronGPU.AliasModel.animate(model, 7, instance, "stand", 1.25))
Vertices stay in the model's own units and axes (x forward, y left, z up);
CauldronGPU.Placement.transform/3 stands a model at a map point.
An animation is the poses whose names share a stem once trailing digits are taken
off (stand1 … stand8 is "stand"), in pose order. frame/3 plays the model's
frame numbers as the game numbers them, a frame group cycling by its own intervals.

      


      
        Summary


  
    Types
  


    
      
        sample()

      


    


    
      
        skin()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        animate(model, id, instance, animation, time, opts \\ [])

      


        pose/4 for animation at time (options as sample/4); an unknown animation shows pose 0.



    


    
      
        animations(alias_model)

      


        The animation names, sorted.



    


    
      
        frame(alias_model, frame, time)

      


        The two poses {from, to, blend} of the game's frame number frame (out of range is
frame 0) at time seconds: a single frame is its pose unblended, a frame group moves
through its poses by their intervals.



    


    
      
        frame_names(arg)

      


        The name of every pose in the .mdl file bytes, in pose order (a frame group's poses each have one).



    


    
      
        handles(alias_model)

      


        Every handle the model holds.



    


    
      
        instance(alias_model, materials, transform)

      


        An instance of the model's first pose with materials at transform.



    


    
      
        material(gpu, alias_model, opts \\ [])

      


        A material drawing skin :skin (default 0). Options: :lightmap, a texture whose
texel at lightmap coordinates {0, 0} lights the whole model (a 1×1 texture of the
light where it stands), times :light_scale (default 2.0).



    


    
      
        pose(alias_model, id, instance, arg)

      


        The changes showing instance id (as instance, at its transform) in sample: the
instance on pose from, then its {:pose, …} blending blend of the way to to.



    


    
      
        rotates?(alias_model)

      


        Whether the game spins the model about its up axis (model flag 8, pickups).



    


    
      
        sample(alias_model, animation, time, opts \\ [])

      


        The two poses {from, to, blend} of animation at time seconds. Options: :fps,
poses a second (default 10), and :loop (default true); an animation that does not
loop holds its last pose. Returns {:error, :unknown_animation} for a name the model
lacks.



    


    
      
        upload(gpu, mdl, palette, opts \\ [])

      


        Uploads mdl (a map with :mesh, a Cauldron3D.Mesh, and the game's frame table
:frames, such as a Cauldron3D.Formats.Mdl). palette is 768 bytes.



    





      


      
        Types


        


  
    
      
    
    
      sample()



        
          
        

    

  


  

      

          @type sample() :: {non_neg_integer(), non_neg_integer(), float()}


      



  



  
    
      
    
    
      skin()



        
          
        

    

  


  

      

          @type skin() :: %{base: CauldronGPU.Handle.t(), glow: CauldronGPU.Handle.t() | nil}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.AliasModel{
  animations: %{required(String.t()) => [non_neg_integer()]},
  flags: non_neg_integer(),
  frames: tuple(),
  names: tuple(),
  poses: tuple(),
  skins: [skin()]
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      animate(model, id, instance, animation, time, opts \\ [])



        
          
        

    

  


  

      

          @spec animate(
  t(),
  CauldronGPU.Stream.id(),
  CauldronGPU.Instance.t(),
  String.t(),
  number(),
  keyword()
) ::
  [CauldronGPU.Stream.change()]


      


pose/4 for animation at time (options as sample/4); an unknown animation shows pose 0.

  



  
    
      
    
    
      animations(alias_model)



        
          
        

    

  


  

      

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


      


The animation names, sorted.

  



  
    
      
    
    
      frame(alias_model, frame, time)



        
          
        

    

  


  

      

          @spec frame(t(), integer(), number()) :: sample()


      


The two poses {from, to, blend} of the game's frame number frame (out of range is
frame 0) at time seconds: a single frame is its pose unblended, a frame group moves
through its poses by their intervals.

  



  
    
      
    
    
      frame_names(arg)



        
          
        

    

  


  

      

          @spec frame_names(binary()) :: [String.t()]


      


The name of every pose in the .mdl file bytes, in pose order (a frame group's poses each have one).

  



  
    
      
    
    
      handles(alias_model)



        
          
        

    

  


  

      

          @spec handles(t()) :: [CauldronGPU.Handle.t()]


      


Every handle the model holds.

  



  
    
      
    
    
      instance(alias_model, materials, transform)



        
          
        

    

  


  

      

          @spec instance(t(), [CauldronGPU.Handle.t()], CauldronGPU.Transform.t()) ::
  CauldronGPU.Instance.t()


      


An instance of the model's first pose with materials at transform.

  



    

  
    
      
    
    
      material(gpu, alias_model, opts \\ [])



        
          
        

    

  


  

      

          @spec material(CauldronGPU.Target.t(), t(), keyword()) :: CauldronGPU.Handle.t()


      


A material drawing skin :skin (default 0). Options: :lightmap, a texture whose
texel at lightmap coordinates {0, 0} lights the whole model (a 1×1 texture of the
light where it stands), times :light_scale (default 2.0).

  



  
    
      
    
    
      pose(alias_model, id, instance, arg)



        
          
        

    

  


  

      

          @spec pose(t(), CauldronGPU.Stream.id(), CauldronGPU.Instance.t(), sample()) :: [
  CauldronGPU.Stream.change()
]


      


The changes showing instance id (as instance, at its transform) in sample: the
instance on pose from, then its {:pose, …} blending blend of the way to to.

  



  
    
      
    
    
      rotates?(alias_model)



        
          
        

    

  


  

      

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


      


Whether the game spins the model about its up axis (model flag 8, pickups).

  



    

  
    
      
    
    
      sample(alias_model, animation, time, opts \\ [])



        
          
        

    

  


  

      

          @spec sample(t(), String.t(), number(), keyword()) ::
  {:ok, sample()} | {:error, :unknown_animation}


      


The two poses {from, to, blend} of animation at time seconds. Options: :fps,
poses a second (default 10), and :loop (default true); an animation that does not
loop holds its last pose. Returns {:error, :unknown_animation} for a name the model
lacks.

  



    

  
    
      
    
    
      upload(gpu, mdl, palette, opts \\ [])



        
          
        

    

  


  

      

          @spec upload(CauldronGPU.Target.t(), map(), binary(), keyword()) :: t()


      


Uploads mdl (a map with :mesh, a Cauldron3D.Mesh, and the game's frame table
:frames, such as a Cauldron3D.Formats.Mdl). palette is 768 bytes.
Options: :names, one name per pose (frame_names/1; without them there are no
animations), and :filter, :nearest (default) or :linear.

  


        

      


  

    
CauldronGPU.Billboards 
    



      
Flat pictures turned to face the camera — sprites, particles, beams seen side on — as
one mesh, rebuilt each tick and put under the same mesh id.
{mesh, keys} = CauldronGPU.Billboards.mesh(boards, camera)
materials = Enum.map(keys, &Map.fetch!(materials_by_key, &1))
[{:mesh, handle.id, mesh}, {:instance, 7, %CauldronGPU.Instance{mesh: handle, materials: materials, shadows: false}}]
A board is a map:
	:at — {x, y, z} in the renderer's frame (+Y up), the board's anchor point
	:size — {width, height} in the same units
	:key — what the board is drawn with; boards sharing a key share a mesh part, and
mesh/2 answers the keys in part order so the caller can give one material each
	:uv — {u0, v0, u1, v1}, the part of the texture shown, u0 on the left and v0
at the top. Default {0.0, 0.0, 1.0, 1.0}; u0 > u1 mirrors the picture
	:anchor — :centre (default), the board centred on :at; or :bottom, its
bottom edge centred on :at
	:upright — true keeps the board's up along +Y, turning it only about the vertical
(a standing sprite); false (default) faces the camera fully
	:color — {r, g, b, a} bytes the board's material colour is multiplied by
(CauldronGPU.Mesh's colors); when no board has one the mesh has no colours
	:offset — {right, up}, where the anchor sits on the board from its centre or
bottom, in the board's own units. Default {0.0, 0.0}

The mesh is nil when there are no boards.

      


      
        Summary


  
    Types
  


    
      
        board()

      


    





  
    Functions
  


    
      
        mesh(boards, camera)

      


        The boards as one mesh facing camera, with one part per key, and the keys in part order.



    





      


      
        Types


        


  
    
      
    
    
      board()



        
          
        

    

  


  

      

          @type board() :: %{
  :at => {number(), number(), number()},
  :size => {number(), number()},
  :key => term(),
  optional(:uv) => {number(), number(), number(), number()},
  optional(:anchor) => :centre | :bottom,
  optional(:upright) => boolean(),
  optional(:offset) => {number(), number()},
  optional(:color) => {byte(), byte(), byte(), byte()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      mesh(boards, camera)



        
          
        

    

  


  

      

          @spec mesh([board()], CauldronGPU.Camera.t()) ::
  {CauldronGPU.Mesh.t() | nil, [term()]}


      


The boards as one mesh facing camera, with one part per key, and the keys in part order.

  


        

      


  

    
CauldronGPU.Bsp 
    



      
A Cauldron3D.Bsp world uploaded for drawing: one mesh per brush model, a material per
texture and lightmap page, the world's lightmaps packed into atlas pages.
world = CauldronGPU.Bsp.upload(gpu, bsp, palette)
CauldronGPU.submit(gpu, CauldronGPU.Bsp.instances(world, first_id: 1))
models holds the brush models that have faces to draw, in order; model/2 finds one by
its number in the map (*N in an entity's model is number N).
Vertices stay in the map's own units and axes (+Z up); transform/1 turns them into the
renderer's frame (+Y up) at :scale metres a unit, and point/2 does the same for a
single point such as a spawn spot.
Texture kinds follow Cauldron3D.Bsp: :solid and :masked faces are lit by their
lightmaps (every light style, each scaled by {:light_styles, …}, times :light_scale), :masked texels of colour 255 are cut
out, :sky faces show the environment's sky (sky_layers/3 gives a Quake world's),
:liquid faces are drawn unlit and rippling, :hidden faces are left out. In a
:quake world, palette colours 224 and up glow at full brightness.
Options:
	:scale — metres per map unit, default 1 / 32
	:light_scale — lightmap multiplier, default 2.0
	:filter — texture filtering, :linear (default) or :nearest
	:page_size — lightmap atlas page size in luxels, default 2048


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        facing(degrees, pitch \\ 0.0)

      


        The camera rotation facing a map yaw of degrees (0 along +X, counter-clockwise from above).



    


    
      
        instances(world, opts \\ [])

      


        Instance changes placing every brush model, ids counting up from :first_id (default 1).



    


    
      
        light_style(pattern, seconds)

      


        The brightness at seconds of a light style written as a pattern of letters, a
dark to z brightest with m normal, stepping ten letters a second and repeating.



    


    
      
        model(bsp, number)

      


        Brush model number's mesh and materials, or nil when it has no faces to draw.



    


    
      
        point(bsp, arg)

      


        A map point in the renderer's frame.



    


    
      
        sky_layers(target, bsp, palette)

      


        The sky picture of a :quake world, for CauldronGPU.Environment's sky_picture:
its first :sky texture split into the back layer (the right half) and the front layer
(the left half, colour 0 see-through), uploaded through target. nil when the world
has no indexed sky texture. The caller keeps the two handles.



    


    
      
        transform(scale)

      


        The transform that places map coordinates in the renderer's frame.



    


    
      
        upload(gpu, bsp, palette, opts \\ [])

      


        Uploads bsp's textures, lightmaps and brush models. palette is 768 bytes, used by textures without their own.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Bsp{
  handles: [CauldronGPU.Handle.t()],
  models: [{CauldronGPU.Handle.t(), [CauldronGPU.Handle.t()]}],
  numbers: %{
    required(non_neg_integer()) =>
      {CauldronGPU.Handle.t(), [CauldronGPU.Handle.t()]}
  },
  scale: number()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      facing(degrees, pitch \\ 0.0)



        
          
        

    

  


  

      

          @spec facing(number(), number()) :: CauldronGPU.Quat.t()


      


The camera rotation facing a map yaw of degrees (0 along +X, counter-clockwise from above).

  



    

  
    
      
    
    
      instances(world, opts \\ [])



        
          
        

    

  


  

      

          @spec instances(t(), keyword()) :: [CauldronGPU.Stream.change()]


      


Instance changes placing every brush model, ids counting up from :first_id (default 1).

  



  
    
      
    
    
      light_style(pattern, seconds)



        
          
        

    

  


  

      

          @spec light_style(String.t(), number()) :: float()


      


The brightness at seconds of a light style written as a pattern of letters, a
dark to z brightest with m normal, stepping ten letters a second and repeating.
CauldronGPU.Bsp.light_style("mmnmmommommnonmmonqnmmo", 2.35)

  



  
    
      
    
    
      model(bsp, number)



        
          
        

    

  


  

      

          @spec model(t(), non_neg_integer()) ::
  {CauldronGPU.Handle.t(), [CauldronGPU.Handle.t()]} | nil


      


Brush model number's mesh and materials, or nil when it has no faces to draw.

  



  
    
      
    
    
      point(bsp, arg)



        
          
        

    

  


  

      

          @spec point(t(), {number(), number(), number()}) :: {float(), float(), float()}


      


A map point in the renderer's frame.

  



  
    
      
    
    
      sky_layers(target, bsp, palette)



        
          
        

    

  


  

      

          @spec sky_layers(CauldronGPU.Target.t(), Cauldron3D.Bsp.t(), binary()) ::
  {:layers, CauldronGPU.Handle.t(), CauldronGPU.Handle.t()} | nil


      


The sky picture of a :quake world, for CauldronGPU.Environment's sky_picture:
its first :sky texture split into the back layer (the right half) and the front layer
(the left half, colour 0 see-through), uploaded through target. nil when the world
has no indexed sky texture. The caller keeps the two handles.

  



  
    
      
    
    
      transform(scale)



        
          
        

    

  


  

      

          @spec transform(t() | number()) :: CauldronGPU.Transform.t()


      


The transform that places map coordinates in the renderer's frame.

  



    

  
    
      
    
    
      upload(gpu, bsp, palette, opts \\ [])



        
          
        

    

  


  

      

          @spec upload(CauldronGPU.Target.t(), Cauldron3D.Bsp.t(), binary(), keyword()) :: t()


      


Uploads bsp's textures, lightmaps and brush models. palette is 768 bytes, used by textures without their own.

  


        

      


  

    
CauldronGPU.Bsp.Atlas 
    



      
A BSP world's face lightmaps packed into pages of luxels, row by row, tallest first. A
face's place is page_size luxels wide per slot; a page holds slots slots side by
side (the most light styles any face has, at most four), slot k holding each face's
lightmap for its k-th style, so a page is page_size * slots luxels wide and as tall
as its rows need.

      


      
        Summary


  
    Types
  


    
      
        place()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        pack(bsp, page_size)

      


        Packs every lit face of bsp.



    


    
      
        page(atlas, index)

      


        The page face index is on, or nil for an unlit face.



    


    
      
        styles(face)

      


        Face face's light styles as four numbers, 255 where it has none.



    


    
      
        textures(atlas, bsp)

      


        One RGBA texture per page, filled from bsp's lightmap samples.



    


    
      
        uv(atlas, index, face, s, t)

      


        Lightmap coordinates on its page for texture place {s, t} of face index.



    





      


      
        Types


        


  
    
      
    
    
      place()



        
          
        

    

  


  

      

          @type place() ::
  {page :: non_neg_integer(), x :: non_neg_integer(), y :: non_neg_integer(),
   pos_integer(), pos_integer()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Bsp.Atlas{
  heights: tuple(),
  page_size: pos_integer(),
  places: %{required(non_neg_integer()) => place()},
  slots: 1..4
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      pack(bsp, page_size)



        
          
        

    

  


  

      

          @spec pack(Cauldron3D.Bsp.t(), pos_integer()) :: t()


      


Packs every lit face of bsp.

  



  
    
      
    
    
      page(atlas, index)



        
          
        

    

  


  

      

          @spec page(t(), non_neg_integer()) :: non_neg_integer() | nil


      


The page face index is on, or nil for an unlit face.

  



  
    
      
    
    
      styles(face)



        
          
        

    

  


  

      

          @spec styles(Cauldron3D.Bsp.Face.t()) :: [0..255]


      


Face face's light styles as four numbers, 255 where it has none.

  



  
    
      
    
    
      textures(atlas, bsp)



        
          
        

    

  


  

      

          @spec textures(t(), Cauldron3D.Bsp.t()) :: [CauldronGPU.Texture.t()]


      


One RGBA texture per page, filled from bsp's lightmap samples.

  



  
    
      
    
    
      uv(atlas, index, face, s, t)



        
          
        

    

  


  

      

          @spec uv(t(), non_neg_integer(), Cauldron3D.Bsp.Face.t(), number(), number()) ::
  {float(), float()}


      


Lightmap coordinates on its page for texture place {s, t} of face index.

  


        

      


  

    
CauldronGPU.Bsp.Pictures 
    



      
A BSP world's textures uploaded as RGBA: the base picture of each, and for a :quake
world a glow picture holding only its full-bright colours (palette 224 and up) when it
has any. Colour 255 of a :masked texture is see-through.

      


      
        Summary


  
    Types
  


    
      
        entry()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        get(pictures, index)

      


        The uploaded pictures of texture index.



    


    
      
        handles(pictures)

      


        Every handle held.



    


    
      
        upload(gpu, bsp, palette, filter)

      


        Uploads every texture of bsp; palette serves textures without their own.



    





      


      
        Types


        


  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          @type entry() :: %{
  base: CauldronGPU.Handle.t(),
  glow: CauldronGPU.Handle.t() | nil,
  kind: Cauldron3D.Bsp.kind()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: tuple()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      get(pictures, index)



        
          
        

    

  


  

      

          @spec get(t(), non_neg_integer()) :: entry()


      


The uploaded pictures of texture index.

  



  
    
      
    
    
      handles(pictures)



        
          
        

    

  


  

      

          @spec handles(t()) :: [CauldronGPU.Handle.t()]


      


Every handle held.

  



  
    
      
    
    
      upload(gpu, bsp, palette, filter)



        
          
        

    

  


  

      

          @spec upload(CauldronGPU.Target.t(), Cauldron3D.Bsp.t(), binary(), :linear | :nearest) ::
  t()


      


Uploads every texture of bsp; palette serves textures without their own.

  


        

      


  

    
CauldronGPU.Camera 
    



      
The eye: a position and a rotation (looking down its -Z with +Y up), a vertical field of
view in radians, and near and far distances. snap: true places it without
interpolating from where it was on the previous tick.
viewport is the part of the frame the view is drawn into, {x, y, width, height} as
fractions of the frame from its top left; the rest of the frame is black under the
overlay. aspect is how wide the viewport shows on screen against its height, for
frames whose pixels are not square; nil takes it from the viewport's pixels.
resolution, {columns, rows}, shows the view as that many blocks across and down its
viewport, each the colour at its centre; nil shows every pixel.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Camera{
  aspect: number() | nil,
  far: number(),
  fov_y: number(),
  near: number(),
  position: {number(), number(), number()},
  resolution: {pos_integer(), pos_integer()} | nil,
  rotation: CauldronGPU.Quat.t(),
  snap: boolean(),
  viewport: {number(), number(), number(), number()}
}


      



  


        

      


  

    
CauldronGPU.Canvas 
    



      
A picture the renderer draws into: width × height RGBA pixels kept on the card. A
canvas is a texture, so its handle can be drawn by sprites, warped by a column layer,
shown as the overlay or used by a material. It starts transparent.
filter is how it is sampled where it is drawn: :nearest (the default) or :linear.
canvas = CauldronGPU.canvas(gpu, %CauldronGPU.Canvas{width: 320, height: 200})

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Canvas{
  filter: :nearest | :linear,
  height: pos_integer(),
  width: pos_integer()
}


      



  


        

      


  

    
CauldronGPU.ColumnLayer 
    



      
A texture redrawn column by column into a target, one layer of a {:layers, [layer]}
change: a warp given as a table.
	target — :frame (the default) or a canvas handle
	clear — {r, g, b, a} from 0 to 1 the target is filled with first, or nil
	port — {x, y, width, height} in the target's pixels, the part redrawn; nil
is the whole target
	source — the handle of the texture or canvas read
	columns — one {u, v_scale, shade} per column of the port, left to right

Each column of the port reads the source at the horizontal position u (0 its left
edge, 1 its right). A pixel down of the way from the port's top (0 to 1) reads the
vertical position 0.5 + (down − 0.5) × v_scale. The source is sampled between its
four nearest pixels, edges repeated, and its colour multiplied by shade. A position
outside 0 to 1 draws opaque black. When the port has more pixels across than there are
columns, the columns are stretched to fill it.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.ColumnLayer{
  clear: {number(), number(), number(), number()} | nil,
  columns: [{number(), number(), number()}],
  port: {number(), number(), number(), number()} | nil,
  source: CauldronGPU.Handle.t(),
  target: :frame | CauldronGPU.Handle.t()
}


      



  


        

      


  

    
CauldronGPU.Environment 
    



      
What surrounds the scene: a sky shaded from sky_top through sky_horizon to
sky_ground, ambient light at ambient_intensity for surfaces without a lightmap,
exponential fog of fog_color thickening at fog_density per unit, exposure
before tone mapping, and shadow_distance, the half width of the square around the
camera that the shadow-casting light covers, and reflections, how strongly surfaces
mirror the sky. With ray-traced ambient occlusion requested, ao_radius is how far
occluders are looked for and ao_strength how much they darken (0 to 1). With
upscaling requested, frames are drawn at render_scale of the window's size (0.25 to
	and upscaled to it. Light brighter than bloom_threshold spreads into a glow added at
bloom_strength (0 turns it off). tone_map turns light into screen colour: :aces (filmic,
deep shadows), :neutral (keeps dark colours, rolls off highlights) or :clamp (no curve).

sky_picture puts a picture in the sky in place of the shading, seen wherever nothing
is drawn and on sky surfaces (CauldronGPU.Material):
	{:layers, back, front} — two texture handles on a low dome overhead: the view's
direction with its height stretched three times picks the point, about three
repeats from the dome's centre to its rim, front over back by its alpha. Each
layer drifts diagonally at its sky_scroll ({back, front}, repeats a second)
	{:box, %{pos_x:, neg_x:, pos_y:, neg_y:, pos_z:, neg_z:}} — six texture handles,
the faces of a box around the camera, each seen from inside with its first row at
the top: pos_x has -Z on its right, neg_x +Z, pos_z +X and neg_z -X, all
four with +Y at the top; pos_y and neg_y have +X on their right, pos_y +Z
at its bottom and neg_y -Z at its bottom

The caller keeps the handles a sky picture uses.
light_space: :display lights surfaces with baked light (lightmaps and instances'
shading) as palette games do: the texture's display colour times the light, in place of
physically lit linear colour. Point, spot and directional lights then add to that light by
the same rule: colour * intensity * max(dot(normal, to_light), 0), times
max(1 - distance² / range², 0) for point and spot lights, and for spot lights times
max(1 - x² - y², 0), x and y the point's offsets across the cone divided by the
cone's half width at its distance (the outer cone angle).
The finished picture's display values v become
clamp(v ** gamma * contrast + brightness, 0, 1) before the screen tint and the overlay;
a gamma below 1 brightens.
light_table, {texture, reach}, turns baked light into light that falls with
distance: each channel of the light (0 to 1, after light styles and the lightmap's scale)
picks the column and the depth along the camera's view over reach the row (clamped) of
texture, whose same
channel is the light shown. The caller keeps the handle.
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        sky_picture()
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          @type rgb() :: {number(), number(), number()}


      



  



  
    
      
    
    
      sky_picture()



        
          
        

    

  


  

      

          @type sky_picture() ::
  nil
  | {:layers, CauldronGPU.Handle.t(), CauldronGPU.Handle.t()}
  | {:box, %{required(atom()) => CauldronGPU.Handle.t()}}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Environment{
  ambient: rgb(),
  ambient_intensity: number(),
  ao_radius: number(),
  ao_strength: number(),
  bloom_strength: number(),
  bloom_threshold: number(),
  brightness: number(),
  contrast: number(),
  exposure: number(),
  fog_color: rgb(),
  fog_density: number(),
  gamma: number(),
  light_space: :linear | :display,
  light_table: {CauldronGPU.Handle.t(), number()} | nil,
  reflections: number(),
  render_scale: number(),
  shadow_distance: number(),
  sky_ground: rgb(),
  sky_horizon: rgb(),
  sky_picture: sky_picture(),
  sky_scroll: {number(), number()},
  sky_top: rgb(),
  tone_map: :aces | :neutral | :clamp
}


      



  


        

      


  

    
CauldronGPU.Handle 
    



      
A mesh, texture or material held by the renderer. Once the handle is garbage collected
the renderer frees the object as soon as no scene entry uses it: a mesh or material
when no instance names it, a texture when no material does. A material's handle keeps
the texture handles it uses.
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          @type kind() :: :mesh | :texture | :material


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Handle{
  id: pos_integer(),
  keeps: [t()],
  kind: kind(),
  ref: reference()
}


      



  


        

      


  

    
CauldronGPU.Host 
    



      
The renderer in its own OS process (priv/native/<system architecture>/cauldron_gpu_host),
so a crash in it leaves the VM running. The functions take the same arguments and
return the same values as CauldronGPU's; a caller switches by module.
{:ok, gpu} = CauldronGPU.Host.open(window: false, width: 640, height: 360)
cube = CauldronGPU.Host.mesh(gpu, CauldronGPU.Mesh.cube(1.0))
CauldronGPU.Host.submit(gpu, [{:instance, 1, %CauldronGPU.Instance{mesh: cube}}])
A server process owns the renderer process and keeps the scene sent to it. When the
renderer process exits, the :events process receives
{:cauldron_gpu, window_id, :renderer_exited}; restart/1 starts a new one and sends
it the kept scene (meshes, textures, materials, instances, poses, lights, camera,
environment, effects). Changes submitted while the renderer is down are kept and
answered with {:error, "renderer exited"}. window_id stays the same across
restarts. Other events are those of CauldronGPU.
Handles are not freed by garbage collection. release/2 releases one; every handle a
process made is released when that process exits. A released object is freed once no
scene entry uses it. The server stops when the process that called open/1 exits.
Change batches of :shared_memory_threshold bytes or more (default 262144) reach the
renderer through a POSIX shared-memory object rather than the pipe.
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    Functions
  


    
      
        backends()

      


        The backends the renderer was built with, preferred first.



    


    
      
        canvas(host, canvas)

      


        Makes a canvas and returns its handle, a texture's.



    


    
      
        capture(host, timeout \\ 5000, opts \\ [])

      


        The next drawn frame; see CauldronGPU.capture/3.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(host)

      


        Closes the window and stops the renderer process and its server.



    


    
      
        frames(host)

      


        How many frames the renderer process has drawn since it started.



    


    
      
        material(host, material)

      


        Defines a material and returns its handle.



    


    
      
        mesh(host, mesh)

      


        Uploads a mesh and returns its handle.



    


    
      
        open(opts \\ [])

      


        Starts a renderer process and opens a window or offscreen device in it. Options are
those of CauldronGPU.open/1, plus :shared_memory_threshold.



    


    
      
        os_pid(host)

      


        The renderer's OS process id, or nil while it is down.



    


    
      
        relative_mouse(host, enabled)

      


        Hides the pointer and reports only relative motion while enabled.



    


    
      
        release(host, handle)

      


        Releases a handle: the renderer frees its object once no scene entry uses it.



    


    
      
        remove_shared_memory(name)

      


        Removes the POSIX shared-memory object name, if there is one.



    


    
      
        resize(host, width, height)

      


        Changes an offscreen device's picture size (window: false).



    


    
      
        restart(host)

      


        Starts a new renderer process after the previous one exited and sends it the kept
scene. {:error, "running"} while the renderer is alive.



    


    
      
        submit(host, changes)

      


        Sends one tick of changes (see CauldronGPU.Stream); a :tick is put before them.



    


    
      
        terminal_size()

      


        The size of the terminal the VM runs in; see CauldronGPU.terminal_size/0.



    


    
      
        texture(host, texture)

      


        Uploads a texture and returns its handle.
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          @type t() :: %CauldronGPU.Host{
  id: non_neg_integer(),
  info: CauldronGPU.info(),
  server: pid()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      backends()



        
          
        

    

  


  

      

          @spec backends() :: [:metal | :vulkan]


      


The backends the renderer was built with, preferred first.

  



  
    
      
    
    
      canvas(host, canvas)



        
          
        

    

  


  

      

          @spec canvas(t(), CauldronGPU.Canvas.t()) :: CauldronGPU.Handle.t()


      


Makes a canvas and returns its handle, a texture's.

  



    

    

  
    
      
    
    
      capture(host, timeout \\ 5000, opts \\ [])



        
          
        

    

  


  

      

          @spec capture(t(), timeout(), keyword()) ::
  {:ok,
   %{width: pos_integer(), height: pos_integer(), shared_memory: String.t()}}
  | {:ok, %{width: pos_integer(), height: pos_integer(), pixels: binary()}}
  | {:error, term()}


      


The next drawn frame; see CauldronGPU.capture/3.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(host)



        
          
        

    

  


  

      

          @spec close(t()) :: :ok


      


Closes the window and stops the renderer process and its server.

  



  
    
      
    
    
      frames(host)



        
          
        

    

  


  

      

          @spec frames(t()) :: non_neg_integer()


      


How many frames the renderer process has drawn since it started.

  



  
    
      
    
    
      material(host, material)



        
          
        

    

  


  

      

          @spec material(t(), CauldronGPU.Material.t()) :: CauldronGPU.Handle.t()


      


Defines a material and returns its handle.

  



  
    
      
    
    
      mesh(host, mesh)



        
          
        

    

  


  

      

          @spec mesh(t(), CauldronGPU.Mesh.t()) :: CauldronGPU.Handle.t()


      


Uploads a mesh and returns its handle.

  



    

  
    
      
    
    
      open(opts \\ [])



        
          
        

    

  


  

      

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


      


Starts a renderer process and opens a window or offscreen device in it. Options are
those of CauldronGPU.open/1, plus :shared_memory_threshold.

  



  
    
      
    
    
      os_pid(host)



        
          
        

    

  


  

      

          @spec os_pid(t()) :: non_neg_integer() | nil


      


The renderer's OS process id, or nil while it is down.

  



  
    
      
    
    
      relative_mouse(host, enabled)



        
          
        

    

  


  

      

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


      


Hides the pointer and reports only relative motion while enabled.

  



  
    
      
    
    
      release(host, handle)



        
          
        

    

  


  

      

          @spec release(t(), CauldronGPU.Handle.t()) :: :ok


      


Releases a handle: the renderer frees its object once no scene entry uses it.

  



  
    
      
    
    
      remove_shared_memory(name)



        
          
        

    

  


  

      

          @spec remove_shared_memory(String.t()) :: :ok


      


Removes the POSIX shared-memory object name, if there is one.

  



  
    
      
    
    
      resize(host, width, height)



        
          
        

    

  


  

      

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


      


Changes an offscreen device's picture size (window: false).

  



  
    
      
    
    
      restart(host)



        
          
        

    

  


  

      

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


      


Starts a new renderer process after the previous one exited and sends it the kept
scene. {:error, "running"} while the renderer is alive.

  



  
    
      
    
    
      submit(host, changes)



        
          
        

    

  


  

      

          @spec submit(t(), [CauldronGPU.Stream.change()]) :: :ok | {:error, String.t()}


      


Sends one tick of changes (see CauldronGPU.Stream); a :tick is put before them.

  



  
    
      
    
    
      terminal_size()



        
          
        

    

  


  

      

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


      


The size of the terminal the VM runs in; see CauldronGPU.terminal_size/0.

  



  
    
      
    
    
      texture(host, texture)



        
          
        

    

  


  

      

          @spec texture(t(), CauldronGPU.Texture.t()) :: CauldronGPU.Handle.t()


      


Uploads a texture and returns its handle.

  


        

      


  

    
CauldronGPU.Host.Record 
    



      
The scene a host renderer holds, rebuilt from the changes sent to it: meshes, textures
and materials, instances with their latest transform and pose, lights, camera,
environment, effects, light styles, overlay, screen tint and 2D layers. replay/1 lists the changes that give a new renderer the same
scene.
A released mesh, texture or material stays while a kept instance, pose, material,
overlay or layer names it, and is replayed followed by its drop.
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    Types
  


    
      
        key()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        apply_changes(record, changes)

      


        The record after changes were sent.



    


    
      
        new()

      


        An empty record.



    


    
      
        release(record, kind, id)

      


        The record after the object kind/id was released.



    


    
      
        replay(record)

      


        The changes that rebuild the recorded scene in a renderer that has none of it.
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          @type key() :: {CauldronGPU.Handle.kind(), CauldronGPU.Stream.id()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Host.Record{
  camera: CauldronGPU.Camera.t() | nil,
  effects: [atom()] | nil,
  environment: CauldronGPU.Environment.t() | nil,
  instances: %{required(CauldronGPU.Stream.id()) => CauldronGPU.Instance.t()},
  layers: CauldronGPU.Stream.change() | nil,
  light_styles: [number() | {number(), number(), number()}] | nil,
  lights: %{required(CauldronGPU.Stream.id()) => CauldronGPU.Light.t()},
  overlay: CauldronGPU.Stream.change() | nil,
  poses: %{required(CauldronGPU.Stream.id()) => CauldronGPU.Pose.t()},
  released: MapSet.t(key()),
  resources: %{required(key()) => CauldronGPU.Stream.change()},
  screen_tint: CauldronGPU.Stream.change() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      apply_changes(record, changes)



        
          
        

    

  


  

      

          @spec apply_changes(t(), [CauldronGPU.Stream.change()]) :: t()


      


The record after changes were sent.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


An empty record.

  



  
    
      
    
    
      release(record, kind, id)



        
          
        

    

  


  

      

          @spec release(t(), CauldronGPU.Handle.kind(), CauldronGPU.Stream.id()) :: t()


      


The record after the object kind/id was released.

  



  
    
      
    
    
      replay(record)



        
          
        

    

  


  

      

          @spec replay(t()) :: [CauldronGPU.Stream.change()]


      


The changes that rebuild the recorded scene in a renderer that has none of it.

  


        

      


  

    
CauldronGPU.Instance 
    



      
A mesh placed in the scene with one material per mesh part (the last material serves
any further parts). hidden instances are kept but not drawn; shadows: false keeps
an instance out of the shadow map; snap: true places it without interpolating from
its previous tick.
in_front: true draws the instance over the rest of the scene, as a held weapon is: it
is hidden only by itself and by surfaces closer than about the camera's near distance,
casts no shadow and is not seen by rays.
shading lights the instance by a fixed rule in place of the scene's lights and its
materials' lightmaps: {ambient, directional, direction}, two {r, g, b} and a unit
direction towards the light, give ambient + directional * dot(normal, direction),
never below zero, as baked light.
depth_test: false draws the instance over everything before it, after the opaque scene,
farthest instance first, and hides nothing. swell, {width, height, speed}, pushes
each vertex out along its normal by height * sin(u * width + seconds * speed), u its
texture coordinate (a bulging shell).
standing, {floor, ceiling} heights in the renderer's frame, is for a thing standing
in a room: floors seen from above at or below floor and ceilings seen from below at or
above ceiling (surfaces within 45 degrees of level) do not hide it, so it shows whole
where it sinks into its own floor or reaches into its own ceiling; every other nearer
surface hides it as usual. It
is drawn after the opaque scene, farthest instance first, and casts no shadow.
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          @type rgb() :: {number(), number(), number()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Instance{
  depth_test: boolean(),
  hidden: boolean(),
  in_front: boolean(),
  materials: [CauldronGPU.Handle.t()],
  mesh: CauldronGPU.Handle.t(),
  shading: {rgb(), rgb(), {number(), number(), number()}} | nil,
  shadows: boolean(),
  snap: boolean(),
  standing: {number(), number()} | nil,
  swell: {number(), number(), number()} | nil,
  transform: CauldronGPU.Transform.t()
}


      



  


        

      


  

    
CauldronGPU.Light 
    



      
A light in the scene. :directional lights shine along direction from everywhere;
:point lights shine from position out to range; :spot lights also narrow to a
cone around direction, full inside inner_cone radians and none past outer_cone.
intensity scales color. The first directional light with shadows: true casts
shadows.
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        vec3()
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      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Light{
  color: vec3(),
  direction: vec3(),
  inner_cone: number(),
  intensity: number(),
  kind: :directional | :point | :spot,
  outer_cone: number(),
  position: vec3(),
  range: number(),
  shadows: boolean()
}


      



  



  
    
      
    
    
      vec3()



        
          
        

    

  


  

      

          @type vec3() :: {number(), number(), number()}


      



  


        

      


  

    
CauldronGPU.Material 
    



      
How a surface reflects light, in glTF's metallic-roughness terms.
Textures are CauldronGPU.Handles from CauldronGPU.texture/2, or nil.
	base_texture multiplies base_color
	metallic_roughness_texture multiplies roughness by its green channel and
metallic by its blue
	emissive_texture multiplies emissive (times emissive_strength)
	normal_texture bends the surface normal by a tangent-space normal map (red right,
green up), its sideways part scaled by normal_scale
	occlusion_texture darkens ambient and reflected light by its red channel
	lightmap replaces ambient light with baked light read at the vertices' lightmap
coordinates, scaled by lightmap_scale; with lightmap_styles above 1 it holds that
many slots side by side, slot k lit by the vertex's k-th light style
(CauldronGPU.Mesh) at its brightness from {:light_styles, …}

Pixels whose base alpha is below alpha_cutoff are not drawn. alpha_mode: :blend
draws the surface see-through by its base alpha, after the opaque scene, farthest
instances first; it casts no shadow. :add adds its colour times its alpha to what is
behind it, and :multiply multiplies what is behind it by its colour, as far as its alpha
goes; both are drawn as :blend surfaces are. unlit surfaces show their base colour as is.
uv_scroll, {u, v} in repeats a second, moves the texture coordinates over time.
uv_from: :reflection takes them from the view reflected in the surface instead of the
mesh: with r the reflected direction, u = 0.5 - r.z / 2 and v = 0.5 - r.y / 2
(environment mapping); :mesh is the default.
double_sided surfaces are drawn from behind too.
A sky surface shows the environment's sky (CauldronGPU.Environment) seen along the
view through it, in place of its own colours; it casts no shadow, and rays that reach it
see the sky. A warp surface's texture ripples: each texel is moved by up to 8 texels
along sin(texel / 8 + seconds) of the other axis, as liquids do.
A surface with smear above 0 shows the finished picture behind it instead of its
texture, times its base colour: the frame is cut into square blocks smear of its height
tall, and each block shows the picture smear above or below it, the choice changing
every frame. Its base texture's alpha below
alpha_cutoff still cuts it out. It is drawn after the opaque scene, as see-through
surfaces are.
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        texture()

      


    





  
    Functions
  


    
      
        textures(material)

      


        The texture handles material uses.
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          @type rgb() :: {number(), number(), number()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Material{
  alpha_cutoff: number(),
  alpha_mode: :opaque | :blend | :add | :multiply,
  base_color: {number(), number(), number(), number()},
  base_texture: texture(),
  double_sided: boolean(),
  emissive: rgb(),
  emissive_strength: number(),
  emissive_texture: texture(),
  lightmap: texture(),
  lightmap_scale: number(),
  lightmap_styles: 1..4,
  metallic: number(),
  metallic_roughness_texture: texture(),
  normal_scale: number(),
  normal_texture: texture(),
  occlusion_texture: texture(),
  roughness: number(),
  sky: boolean(),
  smear: number(),
  unlit: boolean(),
  uv_from: :mesh | :reflection,
  uv_scroll: {number(), number()},
  warp: boolean()
}


      



  



  
    
      
    
    
      texture()



        
          
        

    

  


  

      

          @type texture() :: CauldronGPU.Handle.t() | nil


      



  


        

      

      
        Functions


        


  
    
      
    
    
      textures(material)



        
          
        

    

  


  

      

          @spec textures(t()) :: [CauldronGPU.Handle.t()]


      


The texture handles material uses.

  


        

      


  

    
CauldronGPU.Mesh 
    



      
Triangles to upload: vertices, u32 indices and parts.
vertices is a binary of 48-byte vertices, each twelve little-endian floats:
x, y, z, u, nx, ny, nz, v, lu, lv, s01, s23 — position, normal, texture coordinates
{u, v}, lightmap coordinates {lu, lv}, and the vertex's four light styles as
s0 + 256 * s1 and s2 + 256 * s3 (255 for none; see CauldronGPU.Material). indices is a binary of little-endian
u32, three per counter-clockwise triangle. A part is {first_index, index_count};
an instance gives one material per part. No parts means one part covering every index.
skin, for meshes posed with bones (CauldronGPU.Pose), is 8 bytes a vertex: four bone
indices, then four weights out of 255 that sum to 255; nil for a rigid mesh.
colors, 4 bytes a vertex (RGBA, display colour), multiplies each vertex's material base
colour and alpha, blended across each triangle; nil for none.
CauldronGPU.Mesh.cube(1.0)
CauldronGPU.Mesh.new(vertices, [0, 1, 2], parts: [{0, 3}])
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    Types
  


    
      
        part()

      


    


    
      
        t()

      


    


    
      
        vertex()

      


    





  
    Functions
  


    
      
        cube(size)

      


        A cube size across, centred on the origin, each face with its own 0..1 texture square.



    


    
      
        index_count(mesh)

      


        The number of indices in mesh.



    


    
      
        new(vertices, indices, opts \\ [])

      


        A mesh from vertex maps and a flat list of indices.



    


    
      
        plane(size, repeat \\ 1)

      


        A flat square size across on the XZ plane facing +Y, its texture repeated repeat times.



    


    
      
        sphere(radius, rings \\ 16)

      


        A UV sphere of radius with rings bands and twice as many segments.



    


    
      
        vertex_count(mesh)

      


        The number of vertices in mesh.
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      part()



        
          
        

    

  


  

      

          @type part() :: {non_neg_integer(), non_neg_integer()}
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          @type t() :: %CauldronGPU.Mesh{
  colors: binary() | nil,
  indices: binary(),
  parts: [part()],
  skin: binary() | nil,
  vertices: binary()
}


      



  



  
    
      
    
    
      vertex()



        
          
        

    

  


  

      

          @type vertex() :: %{
  :position => {number(), number(), number()},
  optional(:normal) => {number(), number(), number()},
  optional(:uv) => {number(), number()},
  optional(:lightmap_uv) => {number(), number()},
  optional(:light_styles) => [0..255]
}
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      cube(size)



        
          
        

    

  


  

      

          @spec cube(number()) :: t()


      


A cube size across, centred on the origin, each face with its own 0..1 texture square.

  



  
    
      
    
    
      index_count(mesh)



        
          
        

    

  


  

      

          @spec index_count(t()) :: non_neg_integer()


      


The number of indices in mesh.

  



    

  
    
      
    
    
      new(vertices, indices, opts \\ [])



        
          
        

    

  


  

      

          @spec new([vertex()], [non_neg_integer()], keyword()) :: t()


      


A mesh from vertex maps and a flat list of indices.

  



    

  
    
      
    
    
      plane(size, repeat \\ 1)



        
          
        

    

  


  

      

          @spec plane(number(), number()) :: t()


      


A flat square size across on the XZ plane facing +Y, its texture repeated repeat times.

  



    

  
    
      
    
    
      sphere(radius, rings \\ 16)



        
          
        

    

  


  

      

          @spec sphere(number(), pos_integer()) :: t()


      


A UV sphere of radius with rings bands and twice as many segments.

  



  
    
      
    
    
      vertex_count(mesh)



        
          
        

    

  


  

      

          @spec vertex_count(t()) :: non_neg_integer()


      


The number of vertices in mesh.

  


        

      


  

    
CauldronGPU.Native 
    



      
The compiled renderer: priv/native/<system architecture>/cauldron_gpu.so, loaded when
the module loads. Call through CauldronGPU; these functions take and return the raw
values the C++ side uses.

      


      
        Summary


  
    Functions
  


    
      
        load_error()

      


        Why the library did not load, or nil when it did.



    





      


      
        Functions


        


  
    
      
    
    
      load_error()



        
          
        

    

  


  

      

          @spec load_error() :: charlist() | nil


      


Why the library did not load, or nil when it did.

  


        

      


  

    
CauldronGPU.PNG 
    



      
RGBA pixels as a PNG file, for saving what CauldronGPU.capture/2 returns.
{:ok, frame} = CauldronGPU.capture(gpu)
File.write!("frame.png", CauldronGPU.PNG.encode(frame))

      


      
        Summary


  
    Functions
  


    
      
        encode(map)

      


        PNG bytes for %{width: w, height: h, pixels: rgba}, rows from the top.



    





      


      
        Functions


        


  
    
      
    
    
      encode(map)



        
          
        

    

  


  

      

          @spec encode(%{width: pos_integer(), height: pos_integer(), pixels: binary()}) ::
  binary()


      


PNG bytes for %{width: w, height: h, pixels: rgba}, rows from the top.

  


        

      


  

    
CauldronGPU.Placement 
    



      
Transforms standing a model made in map axes (x forward, y left, z up) at a point of a
map, in the renderer's frame, matching CauldronGPU.Bsp.transform/1 and
CauldronGPU.Bsp.point/2: map units times scale metres, +Z up turned to +Y up.
CauldronGPU.Placement.transform(1 / 32, {480.0, -352.0, 88.0}, 90)

      


      
        Summary


  
    Types
  


    
      
        vec3()

      


    





  
    Functions
  


    
      
        transform(scale, origin, yaw)

      


        The transform for a model at map point origin turned by angles: a yaw in degrees
(0 along +X, counter-clockwise from above), or {pitch, yaw, roll} in degrees, applied
roll about x, then pitch about y, then yaw about z.



    





      


      
        Types


        


  
    
      
    
    
      vec3()



        
          
        

    

  


  

      

          @type vec3() :: {number(), number(), number()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      transform(scale, origin, yaw)



        
          
        

    

  


  

      

          @spec transform(number(), vec3(), number() | vec3()) :: CauldronGPU.Transform.t()


      


The transform for a model at map point origin turned by angles: a yaw in degrees
(0 along +X, counter-clockwise from above), or {pitch, yaw, roll} in degrees, applied
roll about x, then pitch about y, then yaw about z.

  


        

      


  

    
CauldronGPU.Pose 
    



      
How an instance's mesh is bent this tick, applied on the graphics card before drawing,
shadows and ray tracing.
	blend_to and blend — vertex animation: each vertex moves blend (0 to 1) of the
way to the same vertex of blend_to, a mesh handle with as many vertices (a later
keyframe), and the normals with it
	bones — skinning: a list of 3×4 matrices, each 12 numbers row by row, used by a mesh
uploaded with a skin (CauldronGPU.Mesh); a vertex becomes the weighted sum of its
bones' matrices applied to it, after any blending

Up to 255 bones. A pose with neither leaves the mesh as uploaded.
{:pose, 7, %CauldronGPU.Pose{blend_to: run_2, blend: 0.4}}

      


      
        Summary


  
    Types
  


    
      
        matrix()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      matrix()



        
          
        

    

  


  

      

          @type matrix() :: [number()]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Pose{
  blend: number(),
  blend_to: CauldronGPU.Handle.t() | nil,
  bones: [matrix()]
}


      



  


        

      


  

    
CauldronGPU.Quat 
    



      
Rotations as unit quaternions {x, y, z, w}, in the renderer's frame: right-handed,
+Y up, the camera looking down -Z.
CauldronGPU.Quat.yaw_pitch(:math.pi() / 2, -0.2)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        vec3()

      


    





  
    Functions
  


    
      
        axis_angle(arg, angle)

      


        A rotation of angle radians about axis (any length but zero).



    


    
      
        identity()

      


        No rotation.



    


    
      
        multiply(arg1, arg2)

      


        The rotation a applied after b.



    


    
      
        rotate(arg1, arg2)

      


        vector turned by rotation.



    


    
      
        yaw_pitch(yaw, pitch)

      


        Turn yaw radians about +Y, then tilt pitch radians about the turned +X.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: {float(), float(), float(), float()}


      



  



  
    
      
    
    
      vec3()



        
          
        

    

  


  

      

          @type vec3() :: {number(), number(), number()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      axis_angle(arg, angle)



        
          
        

    

  


  

      

          @spec axis_angle(vec3(), number()) :: t()


      


A rotation of angle radians about axis (any length but zero).

  



  
    
      
    
    
      identity()



        
          
        

    

  


  

      

          @spec identity() :: t()


      


No rotation.

  



  
    
      
    
    
      multiply(arg1, arg2)



        
          
        

    

  


  

      

          @spec multiply(t(), t()) :: t()


      


The rotation a applied after b.

  



  
    
      
    
    
      rotate(arg1, arg2)



        
          
        

    

  


  

      

          @spec rotate(t(), vec3()) :: {float(), float(), float()}


      


vector turned by rotation.

  



  
    
      
    
    
      yaw_pitch(yaw, pitch)



        
          
        

    

  


  

      

          @spec yaw_pitch(number(), number()) :: t()


      


Turn yaw radians about +Y, then tilt pitch radians about the turned +X.

  


        

      


  

    
CauldronGPU.Sectors 
    



      
A Cauldron2D.Sectors.Map uploaded for drawing: one mesh holding every floor,
ceiling and wall, a material per picture, and a sky cylinder.
world = CauldronGPU.Sectors.upload(gpu, map, pictures, palette, sky: sky, sky_flats: [f_sky1])
CauldronGPU.submit(gpu, CauldronGPU.Sectors.instances(world, first_id: 1))
pictures is the Cauldron2D.Sectors.Pictures set the map's picture ids index, made
with native: false; palette is 768 bytes. A map without a BSP gets one from
Cauldron2D.Sectors.Map.with_bsp/2.
Floors and ceilings come from CauldronGPU.Sectors.Flats, walls with Doom's pegging
from CauldronGPU.Sectors.Walls. Each sector's light level is baked into the
vertices' lightmap coordinates and read from one lightmap texture
(CauldronGPU.Sectors.Light), so surfaces are lit with the environment's ambient
light at 0. Pictures with a mask are cut out where it is 0. Ceilings whose picture
is one of :sky_flats are left open, and upper walls between two such sectors left
out; the :sky picture is drawn unlit on a cylinder far outside the map.
Vertices stay in map units with heights on +Z; transform/1 turns them into the
renderer's frame (+Y up) at :scale metres a unit, and point/2 does the same for one
point such as a player start.
Options:
	:sky — picture id of the sky, default none (the environment's sky shows)
	:sky_flats — picture ids that mark a sky ceiling, default []
	:scale — metres per map unit, default 1 / 32
	:light_scale — lightmap multiplier, default 2.0
	:light_distance — viewing distance in map units the light levels are taken at,
default 128
	:filter — texture filtering, :nearest (default) or :linear
	:sky_distance — the sky cylinder's radius in half widths of the map, default 64


      


      
        Summary


  
    Types
  


    
      
        model()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        facing(degrees, pitch \\ 0.0)

      


        The camera rotation facing a map angle of degrees (0 along +X, counter-clockwise from above).



    


    
      
        far(sectors)

      


        A camera far distance, in the renderer's units, that keeps the level and its sky in view.



    


    
      
        instances(world, opts \\ [])

      


        Instance changes placing the level and its sky, ids counting up from :first_id (default 1).



    


    
      
        point(sectors, arg)

      


        A map point {x, y, height} in the renderer's frame.



    


    
      
        transform(scale)

      


        The transform that places map coordinates in the renderer's frame.



    


    
      
        upload(gpu, map, pictures, palette, opts \\ [])

      


        Uploads map's floors, ceilings, walls and pictures, and the sky.



    





      


      
        Types


        


  
    
      
    
    
      model()



        
          
        

    

  


  

      

          @type model() :: %{
  mesh: CauldronGPU.Handle.t(),
  materials: [CauldronGPU.Handle.t()],
  shadows: boolean()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Sectors{
  far: float(),
  handles: [CauldronGPU.Handle.t()],
  models: [model()],
  scale: number()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      facing(degrees, pitch \\ 0.0)



        
          
        

    

  


  

      

          @spec facing(number(), number()) :: CauldronGPU.Quat.t()


      


The camera rotation facing a map angle of degrees (0 along +X, counter-clockwise from above).

  



  
    
      
    
    
      far(sectors)



        
          
        

    

  


  

      

          @spec far(t()) :: float()


      


A camera far distance, in the renderer's units, that keeps the level and its sky in view.

  



    

  
    
      
    
    
      instances(world, opts \\ [])



        
          
        

    

  


  

      

          @spec instances(t(), keyword()) :: [CauldronGPU.Stream.change()]


      


Instance changes placing the level and its sky, ids counting up from :first_id (default 1).

  



  
    
      
    
    
      point(sectors, arg)



        
          
        

    

  


  

      

          @spec point(t(), {number(), number(), number()}) :: {float(), float(), float()}


      


A map point {x, y, height} in the renderer's frame.

  



  
    
      
    
    
      transform(scale)



        
          
        

    

  


  

      

          @spec transform(t() | number()) :: CauldronGPU.Transform.t()


      


The transform that places map coordinates in the renderer's frame.

  



    

  
    
      
    
    
      upload(gpu, map, pictures, palette, opts \\ [])



        
          
        

    

  


  

      

          @spec upload(
  CauldronGPU.Target.t(),
  Cauldron2D.Sectors.Map.t(),
  Cauldron2D.Sectors.Pictures.t(),
  binary(),
  keyword()
) :: t()


      


Uploads map's floors, ceilings, walls and pictures, and the sky.

  


        

      


  

    
CauldronGPU.Sectors.Flats 
    



      
Floors and ceilings of a sector map as CauldronGPU.Sectors.Surfaces surfaces.
Each subsector of the map's BSP becomes one convex polygon: the map's bounds cut by
every partition line above it, then by each of its own segs. The polygons cover every
sector, concave or holed, without gaps. Floors face up, ceilings down; both are
textured in map space, one picture's width and height a repeat, and keyed
{:picture, id}. Sectors whose ceiling (or floor) picture is in sky get no ceiling
(or floor).
CauldronGPU.Sectors.Flats.surfaces(map, pictures, MapSet.new([sky_flat]))

      


      
        Summary


  
    Types
  


    
      
        polygon()

      


    





  
    Functions
  


    
      
        polygons(map)

      


        Each subsector's convex polygon, counter-clockwise, as {sector, points}.



    


    
      
        surfaces(map, pictures, sky)

      


        The floor and ceiling surfaces of every subsector of map, which must carry a BSP.



    





      


      
        Types


        


  
    
      
    
    
      polygon()



        
          
        

    

  


  

      

          @type polygon() :: [Cauldron2D.Sectors.Map.point()]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      polygons(map)



        
          
        

    

  


  

      

          @spec polygons(Cauldron2D.Sectors.Map.t()) :: [{non_neg_integer(), polygon()}]


      


Each subsector's convex polygon, counter-clockwise, as {sector, points}.

  



  
    
      
    
    
      surfaces(map, pictures, sky)



        
          
        

    

  


  

      

          @spec surfaces(
  Cauldron2D.Sectors.Map.t(),
  Cauldron2D.Sectors.Pictures.t(),
  MapSet.t()
) :: [
  CauldronGPU.Sectors.Surfaces.surface()
]


      


The floor and ceiling surfaces of every subsector of map, which must carry a BSP.

  


        

      


  

    
CauldronGPU.Sectors.Light 
    



      
Sector light levels as a lightmap: one 256×1 texture holding the brightness of every
light level 0..255, and the lightmap coordinates that read level n from it.
Brightness follows Cauldron2D.Sectors.Light's ramp at a fixed viewing distance:
the share of full colour the light table at that distance keeps, turned from sRGB
into linear light.
CauldronGPU.Sectors.Light.texture(256.0)
CauldronGPU.Sectors.Light.uv(160)

      


      
        Summary


  
    Functions
  


    
      
        brightness(level, distance)

      


        Linear brightness 0.0..1.0 of light level seen from distance.



    


    
      
        texture(distance)

      


        The lightmap texture of every light level seen from distance map units.



    


    
      
        uv(level)

      


        The lightmap coordinates of light level, clamped to 0..255.



    





      


      
        Functions


        


  
    
      
    
    
      brightness(level, distance)



        
          
        

    

  


  

      

          @spec brightness(integer(), number()) :: float()


      


Linear brightness 0.0..1.0 of light level seen from distance.

  



  
    
      
    
    
      texture(distance)



        
          
        

    

  


  

      

          @spec texture(number()) :: CauldronGPU.Texture.t()


      


The lightmap texture of every light level seen from distance map units.

  



  
    
      
    
    
      uv(level)



        
          
        

    

  


  

      

          @spec uv(integer()) :: {float(), float()}


      


The lightmap coordinates of light level, clamped to 0..255.

  


        

      


  

    
CauldronGPU.Sectors.Live 
    



      
A Cauldron2D.Sectors.Map drawn while its sectors move: doors and lifts change
heights, lights flicker, switches and animated pictures change what sides and flats
show. Each sector is one mesh and one instance — its floors, ceilings and the walls
facing into it — and update/5 rebuilds only the sectors that changed and their
neighbours. Each sector's light level is held in a lightmap with a row per sector
(CauldronGPU.Sectors.Live.Lightmap), put again whenever a light changes, and turned
into light falling with distance by a light table
(CauldronGPU.Sectors.Live.LightTable) the caller puts in its environment with
light_space: :display:
{table, reach} = CauldronGPU.Sectors.Live.light_table(live)
%CauldronGPU.Environment{light_space: :display, light_table: {table, reach}, tone_map: :clamp}
Sky ceilings and floors, and the upper walls left out between two sky ceilings, are
sky surfaces showing the environment's sky, so they hide what lies beyond them as
Doom's sky does; sky_box/4 gives the sky picture as a box laid out as Doom draws its
sky (CauldronGPU.Sectors.Live.SkyBox), for the environment's sky_picture:
{faces, live} = CauldronGPU.Sectors.Live.sky_box(live, target, 1.2, nil)
%CauldronGPU.Environment{sky_picture: {:box, faces}}

live = CauldronGPU.Sectors.Live.new(map, pictures, palette, sky: sky, sky_flats: [f_sky1], first_id: 1)
{changes, live} = CauldronGPU.Sectors.Live.update(live, target, sectors, sides, shown: %{}, stretch: 1.2)
CauldronGPU.Target.submit(target, changes)
CauldronGPU.Target.submit(target, CauldronGPU.Sectors.Live.close(live, target))
map carries a BSP; pictures is the Cauldron2D.Sectors.Pictures set its picture
ids index, made with native: false; palette is 768 bytes. sectors and sides are
the map's as they are now, with the shapes Cauldron2D.Sectors.Map gives them.
Instances take the ids from :first_id up, one a sector in sector order (ids/1).
Options of new/4:
	:sky — picture id of the sky, default none
	:sky_flats — picture ids that mark a sky ceiling, default []
	:first_id — the first instance id, default 1
	:scale — metres per map unit, default 1 / 32
	:light — the options of Cauldron2D.Sectors.Light the light table follows,
default []

Options of update/5, as Cauldron2D.Sectors.View takes them:
	:shown — %{picture => picture}, the picture drawn in place of another this
tick, for animated pictures; default %{}
	:extra_light — light added to every level, default 0
	:fixed — a light table every picture is drawn through at full light, default
nil
	:stretch — how many times taller than wide a map unit is drawn, default 1.0

Pictures are uploaded the first time they are drawn.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        close(live, target)

      


        Removes every instance placed and releases every handle uploaded; gives the removing changes.



    


    
      
        far(live, stretch)

      


        A camera far distance, in the renderer's units, that keeps the level and its sky in view.



    


    
      
        ids(live)

      


        The instance ids the live map uses.



    


    
      
        light_table(live)

      


        The light table and its reach in metres, for the environment's light_table; nil
before the first update/5.



    


    
      
        material(live, target, key, make)

      


        A material kept as key (a tuple whose second and third elements are a picture and a
light table), made the first time by make from that picture's texture.



    


    
      
        new(map, pictures, palette, opts \\ [])

      


        A live map ready for its first update/5; nothing is uploaded yet.



    


    
      
        point(live, arg, stretch)

      


        A map point {x, y, height} in the renderer's frame, heights times stretch.



    


    
      
        sky_box(live, target, stretch, table)

      


        The sky picture as the six faces of an environment's {:box, faces} sky, for heights
drawn stretch times taller than wide and pictures through light table table
(nil for none); made the first time for each, nil for a map with no sky picture.



    


    
      
        texture(live, target, picture, table)

      


        The texture of picture through light table table (nil for none), uploaded the first time.



    


    
      
        transform(live, stretch)

      


        The transform that places map coordinates in the renderer's frame, heights times stretch.



    


    
      
        update(live, target, sectors, sides, opts \\ [])

      


        The changes that draw the map with sectors and sides as they are now, and the
live map to update next time. Meshes, textures and materials it needs are uploaded
through target.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Sectors.Live{
  count: pos_integer(),
  first_id: pos_integer(),
  geometry: CauldronGPU.Sectors.Live.Geometry.t(),
  light: term(),
  light_options: keyword(),
  light_table: {CauldronGPU.Handle.t(), float()} | nil,
  lightmap: CauldronGPU.Handle.t() | nil,
  meshes: %{
    required(non_neg_integer()) => %{
      mesh: CauldronGPU.Handle.t(),
      keys: [term()]
    }
  },
  pictures: CauldronGPU.Sectors.Live.Pictures.t(),
  placed: %{required(non_neg_integer()) => term()},
  reach: float(),
  scale: number(),
  sectors: tuple() | nil,
  sides: tuple() | nil,
  sky: non_neg_integer() | nil,
  sky_boxes: %{
    required({number(), non_neg_integer() | nil}) => %{
      required(atom()) => CauldronGPU.Handle.t()
    }
  },
  sky_flats: MapSet.t(),
  sky_material: CauldronGPU.Handle.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      close(live, target)



        
          
        

    

  


  

      

          @spec close(t(), CauldronGPU.Target.t()) :: [CauldronGPU.Stream.change()]


      


Removes every instance placed and releases every handle uploaded; gives the removing changes.

  



  
    
      
    
    
      far(live, stretch)



        
          
        

    

  


  

      

          @spec far(t(), number()) :: float()


      


A camera far distance, in the renderer's units, that keeps the level and its sky in view.

  



  
    
      
    
    
      ids(live)



        
          
        

    

  


  

      

          @spec ids(t()) :: Range.t()


      


The instance ids the live map uses.

  



  
    
      
    
    
      light_table(live)



        
          
        

    

  


  

      

          @spec light_table(t()) :: {CauldronGPU.Handle.t(), float()} | nil


      


The light table and its reach in metres, for the environment's light_table; nil
before the first update/5.

  



  
    
      
    
    
      material(live, target, key, make)



        
          
        

    

  


  

      

          @spec material(
  t(),
  CauldronGPU.Target.t(),
  tuple(),
  (CauldronGPU.Sectors.Live.Pictures.texture() ->
     CauldronGPU.Material.t())
) ::
  {CauldronGPU.Handle.t(), t()}


      


A material kept as key (a tuple whose second and third elements are a picture and a
light table), made the first time by make from that picture's texture.

  



    

  
    
      
    
    
      new(map, pictures, palette, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  Cauldron2D.Sectors.Map.t(),
  Cauldron2D.Sectors.Pictures.t(),
  binary(),
  keyword()
) :: t()


      


A live map ready for its first update/5; nothing is uploaded yet.

  



  
    
      
    
    
      point(live, arg, stretch)



        
          
        

    

  


  

      

          @spec point(t(), {number(), number(), number()}, number()) ::
  {float(), float(), float()}


      


A map point {x, y, height} in the renderer's frame, heights times stretch.

  



  
    
      
    
    
      sky_box(live, target, stretch, table)



        
          
        

    

  


  

      

          @spec sky_box(t(), CauldronGPU.Target.t(), number(), non_neg_integer() | nil) ::
  {%{required(atom()) => CauldronGPU.Handle.t()} | nil, t()}


      


The sky picture as the six faces of an environment's {:box, faces} sky, for heights
drawn stretch times taller than wide and pictures through light table table
(nil for none); made the first time for each, nil for a map with no sky picture.

  



  
    
      
    
    
      texture(live, target, picture, table)



        
          
        

    

  


  

      

          @spec texture(t(), CauldronGPU.Target.t(), non_neg_integer(), non_neg_integer() | nil) ::
  {CauldronGPU.Sectors.Live.Pictures.texture(), t()}


      


The texture of picture through light table table (nil for none), uploaded the first time.

  



  
    
      
    
    
      transform(live, stretch)



        
          
        

    

  


  

      

          @spec transform(t(), number()) :: CauldronGPU.Transform.t()


      


The transform that places map coordinates in the renderer's frame, heights times stretch.

  



    

  
    
      
    
    
      update(live, target, sectors, sides, opts \\ [])



        
          
        

    

  


  

      

          @spec update(t(), CauldronGPU.Target.t(), tuple(), tuple(), keyword()) ::
  {[CauldronGPU.Stream.change()], t()}


      


The changes that draw the map with sectors and sides as they are now, and the
live map to update next time. Meshes, textures and materials it needs are uploaded
through target.

  


        

      


  

    
CauldronGPU.Sectors.Live.Geometry 
    



      
The surfaces of a sector map sector by sector, from its sectors and sides as they are
now: each sector's floors and ceilings over its subsectors' polygons
(CauldronGPU.Sectors.Flats.polygons/1), and the walls facing into it
(CauldronGPU.Sectors.Walls, with its pegging and sky rules). Floors and ceilings
whose picture marks a sky, and the upper walls left out between two sky ceilings
(from the lower ceiling up to the higher, facing into the higher sector), are sky
surfaces keyed :sky.
A surface is {{:picture, id} | :sky, corners}, each corner
{position, normal, uv, {sector, contrast}} in map coordinates (+Z up): sector the
sector it is lit by and contrast the light -16, 0 or 16 added for the wall's
direction.
geometry = CauldronGPU.Sectors.Live.Geometry.new(map)
CauldronGPU.Sectors.Live.Geometry.surfaces(geometry, [3, 7], sectors, sides, pictures, sky)
CauldronGPU.Sectors.Live.Geometry.neighbours(geometry, 3)

      


      
        Summary


  
    Types
  


    
      
        corner()

      


    


    
      
        surface()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        neighbours(geometry, sector)

      


        The sectors sharing a two-sided line with sector.



    


    
      
        new(map)

      


        The geometry of map, which must carry a BSP.



    


    
      
        surfaces(geometry, wanted, sectors, sides, pictures, sky)

      


        The surfaces of each of wanted, as %{sector => surfaces}, given the map's
sectors and sides as they are now; sky is the set of picture ids that mark a sky.



    





      


      
        Types


        


  
    
      
    
    
      corner()



        
          
        

    

  


  

      

          @type corner() ::
  {{number(), number(), number()}, {number(), number(), number()},
   {number(), number()}, {non_neg_integer(), integer()}}


      



  



  
    
      
    
    
      surface()



        
          
        

    

  


  

      

          @type surface() :: {{:picture, non_neg_integer()} | :sky, [corner()]}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Sectors.Live.Geometry{
  lines: %{required(non_neg_integer()) => [non_neg_integer()]},
  map: Cauldron2D.Sectors.Map.t(),
  neighbours: %{required(non_neg_integer()) => MapSet.t(non_neg_integer())},
  polygons: %{
    required(non_neg_integer()) => [CauldronGPU.Sectors.Flats.polygon()]
  }
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      neighbours(geometry, sector)



        
          
        

    

  


  

      

          @spec neighbours(t(), non_neg_integer()) :: MapSet.t(non_neg_integer())


      


The sectors sharing a two-sided line with sector.

  



  
    
      
    
    
      new(map)



        
          
        

    

  


  

      

          @spec new(Cauldron2D.Sectors.Map.t()) :: t()


      


The geometry of map, which must carry a BSP.

  



  
    
      
    
    
      surfaces(geometry, wanted, sectors, sides, pictures, sky)



        
          
        

    

  


  

      

          @spec surfaces(
  t(),
  [non_neg_integer()],
  tuple(),
  tuple(),
  Cauldron2D.Sectors.Pictures.t(),
  MapSet.t()
) ::
  %{required(non_neg_integer()) => [surface()]}


      


The surfaces of each of wanted, as %{sector => surfaces}, given the map's
sectors and sides as they are now; sky is the set of picture ids that mark a sky.

  


        

      


  

    
CauldronGPU.Sectors.Live.LightTable 
    



      
Sector light falling with distance, as an CauldronGPU.Environment light_table:
column n of 256 is light level n (as CauldronGPU.Sectors.Live.Lightmap writes
it), row r the distance r / (rows - 1) of the table's reach, and each texel the
share of a colour's display value left by the light table
Cauldron2D.Sectors.Light.table/3 picks for that level and distance, as
(maps - table) / maps. It is meant for light_space: :display.
{texture, reach} = CauldronGPU.Sectors.Live.LightTable.texture(1 / 32, [])
scale is metres per map unit; reach comes back in metres. light is the options
Cauldron2D.Sectors.Light takes (:maps, :levels, :fade). Options: :rows
(default 1024) and :reach in map units (default 2048).

      


      
        Summary


  
    Functions
  


    
      
        texture(scale, light, opts \\ [])

      


        The light table texture and its reach in metres.



    





      


      
        Functions


        


    

  
    
      
    
    
      texture(scale, light, opts \\ [])



        
          
        

    

  


  

      

          @spec texture(number(), keyword(), keyword()) :: {CauldronGPU.Texture.t(), float()}


      


The light table texture and its reach in metres.

  


        

      


  

    
CauldronGPU.Sectors.Live.Lightmap 
    



      
Every sector's light level as a lightmap, for a CauldronGPU.Sectors.Live.LightTable
to turn into light: a texture three texels wide and one row per sector, the row's
texels the sector's light level with -16, 0 and 16 added (a wall's contrast),
each written as (level + 0.5) / 256 with the level clamped to 0..255, the column of
the light table that level reads.
texture = CauldronGPU.Sectors.Live.Lightmap.texture([160, 255], 0, nil)
CauldronGPU.Sectors.Live.Lightmap.uv({1, 16}, 2)
extra is light added to every level; a fixed light table other than nil writes
every texel as full light, 1.0.

      


      
        Summary


  
    Functions
  


    
      
        code(level, fixed)

      


        The value light level is written as: the light table column it reads.



    


    
      
        texture(levels, extra, fixed)

      


        The lightmap of sectors whose light levels are levels, in sector order.



    


    
      
        uv(arg, count)

      


        The lightmap coordinates of {sector, contrast} in a lightmap of count sectors.



    





      


      
        Functions


        


  
    
      
    
    
      code(level, fixed)



        
          
        

    

  


  

      

          @spec code(integer(), non_neg_integer() | nil) :: float()


      


The value light level is written as: the light table column it reads.

  



  
    
      
    
    
      texture(levels, extra, fixed)



        
          
        

    

  


  

      

          @spec texture([integer()], integer(), non_neg_integer() | nil) ::
  CauldronGPU.Texture.t()


      


The lightmap of sectors whose light levels are levels, in sector order.

  



  
    
      
    
    
      uv(arg, count)



        
          
        

    

  


  

      

          @spec uv({non_neg_integer(), integer()}, pos_integer()) :: {float(), float()}


      


The lightmap coordinates of {sector, contrast} in a lightmap of count sectors.

  


        

      


  

    
CauldronGPU.Sectors.Live.Mesh 
    



      
CauldronGPU.Sectors.Live.Geometry surfaces gathered into one CauldronGPU.Mesh,
one part per picture, each corner's lightmap coordinates reading its sector's row of a
CauldronGPU.Sectors.Live.Lightmap of count sectors.
{mesh, keys} = CauldronGPU.Sectors.Live.Mesh.build(surfaces, count)
keys lists each part's key, {:picture, id} or :sky, in part order.

      


      
        Summary


  
    Functions
  


    
      
        build(surfaces, count)

      


        The mesh holding surfaces and the key of each of its parts.



    





      


      
        Functions


        


  
    
      
    
    
      build(surfaces, count)



        
          
        

    

  


  

      

          @spec build([CauldronGPU.Sectors.Live.Geometry.surface()], pos_integer()) ::
  {CauldronGPU.Mesh.t(), [term()]}


      


The mesh holding surfaces and the key of each of its parts.

  


        

      


  

    
CauldronGPU.Sectors.Live.Pictures 
    



      
Pictures of a Cauldron2D.Sectors.Pictures set uploaded on first use, each through a
light table: table nil shows the palette's own colours, table n each colour index
first mapped through the set's table n (as a fixed light table draws it). Textures
and materials are kept by {picture, table} and made once.
pictures = CauldronGPU.Sectors.Live.Pictures.new(set, palette)
{%{handle: handle, masked: false}, pictures} = CauldronGPU.Sectors.Live.Pictures.texture(pictures, target, 7, nil)
{material, pictures} = CauldronGPU.Sectors.Live.Pictures.material(pictures, target, {:wall, 7, nil}, fn texture -> %CauldronGPU.Material{base_texture: texture.handle} end)
The set must keep its pictures in Elixir (Pictures.new(named, tables, native: false));
palette is 768 bytes.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        texture()

      


    





  
    Functions
  


    
      
        colours(pictures, table)

      


        The palette's colours through light table table (nil for none), as a tuple of 256 RGBA binaries.



    


    
      
        handles(pictures)

      


        Every handle uploaded.



    


    
      
        material(pictures, target, key, make)

      


        The material kept as key, made the first time from make, given the texture of
key's picture through its table: key is a tuple whose second and third elements
are the picture and the table.



    


    
      
        new(set, palette)

      


        No pictures uploaded yet from set, coloured by palette.



    


    
      
        texture(pictures, target, picture, table)

      


        The texture of picture through light table table, uploaded through target the first time.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Sectors.Live.Pictures{
  colours: %{required(non_neg_integer() | nil) => tuple()},
  materials: %{required(term()) => CauldronGPU.Handle.t()},
  palette: binary(),
  set: Cauldron2D.Sectors.Pictures.t(),
  textures: %{
    required({non_neg_integer(), non_neg_integer() | nil}) => texture()
  }
}


      



  



  
    
      
    
    
      texture()



        
          
        

    

  


  

      

          @type texture() :: %{handle: CauldronGPU.Handle.t(), masked: boolean()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      colours(pictures, table)



        
          
        

    

  


  

      

          @spec colours(t(), non_neg_integer() | nil) :: {tuple(), t()}


      


The palette's colours through light table table (nil for none), as a tuple of 256 RGBA binaries.

  



  
    
      
    
    
      handles(pictures)



        
          
        

    

  


  

      

          @spec handles(t()) :: [CauldronGPU.Handle.t()]


      


Every handle uploaded.

  



  
    
      
    
    
      material(pictures, target, key, make)



        
          
        

    

  


  

      

          @spec material(t(), CauldronGPU.Target.t(), tuple(), (texture() ->
                                                  CauldronGPU.Material.t())) ::
  {CauldronGPU.Handle.t(), t()}


      


The material kept as key, made the first time from make, given the texture of
key's picture through its table: key is a tuple whose second and third elements
are the picture and the table.

  



  
    
      
    
    
      new(set, palette)



        
          
        

    

  


  

      

          @spec new(Cauldron2D.Sectors.Pictures.t(), binary()) :: t()


      


No pictures uploaded yet from set, coloured by palette.

  



  
    
      
    
    
      texture(pictures, target, picture, table)



        
          
        

    

  


  

      

          @spec texture(t(), CauldronGPU.Target.t(), non_neg_integer(), non_neg_integer() | nil) ::
  {texture(), t()}


      


The texture of picture through light table table, uploaded through target the first time.

  


        

      


  

    
CauldronGPU.Sectors.Live.SkyBox 
    



      
A sky picture laid out as Doom draws its sky (CauldronGPU.Sectors.Sky: 1024 picture
columns to a full turn, one picture row per 1/160 of elevation's tangent, row 100 at
the horizon, the top and bottom rows carried on above and below), as the six faces of
an CauldronGPU.Environment {:box, faces} sky.
faces = CauldronGPU.Sectors.Live.SkyBox.faces(picture, colours, 1.2, 256)
picture is a column-by-column Cauldron2D.Sectors.Pictures picture, colours a
tuple of 256 RGBA binaries, stretch how many times taller than wide a map unit is
drawn (heights in the renderer's frame are map heights times it), size each face's
width and height in texels. Faces are filtered :nearest.

      


      
        Summary


  
    Functions
  


    
      
        faces(picture, colours, stretch, size)

      


        The six face textures, keyed as CauldronGPU.Environment's box takes them.



    





      


      
        Functions


        


  
    
      
    
    
      faces(picture, colours, stretch, size)



        
          
        

    

  


  

      

          @spec faces(map(), tuple(), number(), pos_integer()) :: %{
  required(atom()) => CauldronGPU.Texture.t()
}


      


The six face textures, keyed as CauldronGPU.Environment's box takes them.

  


        

      


  

    
CauldronGPU.Sectors.Sky 
    



      
A sky picture wrapped round the inside of a cylinder, as
CauldronGPU.Sectors.Surfaces surfaces keyed :sky, laid out as Doom draws its sky:
1024 picture columns to a full turn, one picture row per 1/160 radian of elevation,
row 100 at the horizon. Above and below the picture the cylinder continues in its top
and bottom rows and is closed by caps.
CauldronGPU.Sectors.Sky.surfaces({x, y, z}, radius, {256, 128})

      


      
        Summary


  
    Functions
  


    
      
        surfaces(centre, radius, arg)

      


        The sky cylinder around map point centre with radius, for a picture of size.



    





      


      
        Functions


        


  
    
      
    
    
      surfaces(centre, radius, arg)



        
          
        

    

  


  

      

          @spec surfaces(
  CauldronGPU.Sectors.Surfaces.vec3(),
  number(),
  {pos_integer(), pos_integer()}
) :: [
  CauldronGPU.Sectors.Surfaces.surface()
]


      


The sky cylinder around map point centre with radius, for a picture of size.

  


        

      


  

    
CauldronGPU.Sectors.Surfaces 
    



      
Convex polygons gathered into one CauldronGPU.Mesh, one part per material key.
A surface is {key, corners}: key names its material (any term), corners are at
least three {position, normal, uv, light} in counter-clockwise order seen from the
side they face, positions and normals in map coordinates (+Z up) and light a sector
light level 0..255, read through CauldronGPU.Sectors.Light.uv/1.
{mesh, keys} = CauldronGPU.Sectors.Surfaces.mesh(surfaces)
keys lists the material key of each part, in part order.

      


      
        Summary


  
    Types
  


    
      
        corner()

      


    


    
      
        surface()

      


    


    
      
        vec3()

      


    





  
    Functions
  


    
      
        mesh(surfaces)

      


        The mesh holding surfaces and the material key of each of its parts.



    





      


      
        Types


        


  
    
      
    
    
      corner()



        
          
        

    

  


  

      

          @type corner() :: {vec3(), vec3(), {number(), number()}, integer()}


      



  



  
    
      
    
    
      surface()



        
          
        

    

  


  

      

          @type surface() :: {term(), [corner()]}


      



  



  
    
      
    
    
      vec3()



        
          
        

    

  


  

      

          @type vec3() :: {number(), number(), number()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      mesh(surfaces)



        
          
        

    

  


  

      

          @spec mesh([surface()]) :: {CauldronGPU.Mesh.t(), [term()]}


      


The mesh holding surfaces and the material key of each of its parts.

  


        

      


  

    
CauldronGPU.Sectors.Textures 
    



      
Pictures of a Cauldron2D.Sectors.Pictures set uploaded as RGBA textures through a
768-byte palette. Masked pixels (mask byte 0) are see-through.
The set must keep its pictures in Elixir (Pictures.new(named, tables, native: false)).
textures = CauldronGPU.Sectors.Textures.upload(gpu, pictures, palette, [3, 7], :nearest)
%{handle: handle, masked: false} = textures[3]

      


      
        Summary


  
    Types
  


    
      
        entry()

      


    





  
    Functions
  


    
      
        texture(picture, colours)

      


        The RGBA texture of one column-by-column picture in colours, a tuple of 256 RGBA binaries.



    


    
      
        upload(gpu, pictures, palette, ids, filter)

      


        Uploads pictures ids of pictures, filtered with filter. Raises ArgumentError
when the set keeps its pictures in the native library.



    





      


      
        Types


        


  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          @type entry() :: %{handle: CauldronGPU.Handle.t(), masked: boolean()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      texture(picture, colours)



        
          
        

    

  


  

      

          @spec texture(Cauldron2D.Sectors.Pictures.picture(), tuple()) ::
  CauldronGPU.Texture.t()


      


The RGBA texture of one column-by-column picture in colours, a tuple of 256 RGBA binaries.

  



  
    
      
    
    
      upload(gpu, pictures, palette, ids, filter)



        
          
        

    

  


  

      

          @spec upload(
  CauldronGPU.Target.t(),
  Cauldron2D.Sectors.Pictures.t(),
  binary(),
  [non_neg_integer()],
  :linear | :nearest
) :: %{required(non_neg_integer()) => entry()}


      


Uploads pictures ids of pictures, filtered with filter. Raises ArgumentError
when the set keeps its pictures in the native library.

  


        

      


  

    
CauldronGPU.Sectors.Walls 
    



      
The walls of a sector map as CauldronGPU.Sectors.Surfaces surfaces, one quad per
section of each side, keyed {:picture, id} and facing into the side's sector.
A one-sided line shows its middle from floor to ceiling. A two-sided line shows its
upper between the two ceilings, its lower between the two floors, and its middle
once, not repeated, within the opening. Pictures follow Doom's pegging:
	middle of a one-sided line: top at the ceiling; :lower_unpegged, bottom at
the floor
	upper: bottom at the lower ceiling; :upper_unpegged, top at the higher ceiling
	lower: top at the higher floor; :lower_unpegged, placed as if hung from the
side's own ceiling
	middle of a two-sided line: top at the lower ceiling; :lower_unpegged, bottom
at the higher floor

x_offset and y_offset move the picture along and down the wall. Where both
sectors' ceilings are in sky, the upper is left out. Lines running along the map's
y axis are drawn 16 light levels brighter and along its x axis 16 darker.
CauldronGPU.Sectors.Walls.surfaces(map, pictures, MapSet.new([sky_flat]))

      


      
        Summary


  
    Functions
  


    
      
        surfaces(map, pictures, sky)

      


        Every wall section of map.



    





      


      
        Functions


        


  
    
      
    
    
      surfaces(map, pictures, sky)



        
          
        

    

  


  

      

          @spec surfaces(
  Cauldron2D.Sectors.Map.t(),
  Cauldron2D.Sectors.Pictures.t(),
  MapSet.t()
) :: [
  CauldronGPU.Sectors.Surfaces.surface()
]


      


Every wall section of map.

  


        

      


  

    
CauldronGPU.Setup 
    



      
What building the renderer needs on this machine, and the build configuration
mix cauldron_gpu.setup writes.
Each platform module (CauldronGPU.Setup.MacOS, CauldronGPU.Setup.Linux,
CauldronGPU.Setup.Windows) implements CauldronGPU.Setup.Platform: it looks for each
thing the build needs in that platform's usual places, installs what it can, and turns
what it found into configuration.
The configuration is build.config in :filename.basedir(:user_config, "cauldron_gpu"),
Erlang terms read with :file.consult/1. mix.exs passes it to make or nmake:
	{choice, card | software}: software builds no renderer

	{pkg_config, Path}: PKG_CONFIG, the pkg-config program
	{pkg_config_path, Path}: added to PKG_CONFIG_PATH
	{sdl3_dir, Path}: SDL3_DIR, an SDL3 development folder (Windows)
	{vulkan_include, Path}: VULKAN_INCLUDE, the folder holding vulkan/vulkan.hpp
	{msvc_env, [{Name, Value}]}: the environment MSVC's vcvars64.bat sets, used when
cl is not already on PATH
	{nmake, Path}: MSVC's nmake.exe, used when nmake is not on PATH

Other variables already set in the environment take precedence over the file.

      


      
        Summary


  
    Types
  


    
      
        item()

      


        One thing the build needs



    





  
    Functions
  


    
      
        build_env(config)

      


        The environment variables config sets for the build, as mix.exs passes them; set in
this process before rebuilding, so the build that follows uses them.



    


    
      
        cache_dir()

      


        The folder downloads and builds go into.



    


    
      
        card_status()

      


        Whether games can draw on the graphics card: {:ok, device, backends} when the renderer
loads and opens an offscreen device, else {:error, text} saying why. Loads the
renderer again first, so a build made since this process started is the one checked.



    


    
      
        config_path()

      


        The configuration file's path.



    


    
      
        platform()

      


        The platform module for the machine this runs on.



    


    
      
        read_config()

      


        The configuration written last, or %{}.



    


    
      
        sdl3_version()

      


        The SDL3 release downloaded when SDL3 is fetched rather than installed.



    


    
      
        vulkan_headers_version()

      


        The Vulkan-Headers release downloaded when Vulkan's headers are missing.



    


    
      
        write_config(config)

      


        Writes config as the configuration, replacing the file.



    





      


      
        Types


        


  
    
      
    
    
      item()



        
          
        

    

  


  

      

          @type item() :: %{
  key: atom(),
  name: String.t(),
  required?: boolean(),
  found: String.t() | nil,
  install: String.t() | nil,
  manual: String.t()
}


      


One thing the build needs:
	key: the platform's name for it
	name: what to call it when talking to a person
	required?: whether the renderer can be built without it
	found: where it is, or nil
	install: what the automatic install does, or nil when it cannot be automated
	manual: how a person installs it themselves


  


        

      

      
        Functions


        


  
    
      
    
    
      build_env(config)



        
          
        

    

  


  

      

          @spec build_env(map()) :: [{String.t(), String.t()}]


      


The environment variables config sets for the build, as mix.exs passes them; set in
this process before rebuilding, so the build that follows uses them.

  



  
    
      
    
    
      cache_dir()



        
          
        

    

  


  

      

          @spec cache_dir() :: Path.t()


      


The folder downloads and builds go into.

  



  
    
      
    
    
      card_status()



        
          
        

    

  


  

      

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


      


Whether games can draw on the graphics card: {:ok, device, backends} when the renderer
loads and opens an offscreen device, else {:error, text} saying why. Loads the
renderer again first, so a build made since this process started is the one checked.

  



  
    
      
    
    
      config_path()



        
          
        

    

  


  

      

          @spec config_path() :: Path.t()


      


The configuration file's path.

  



  
    
      
    
    
      platform()



        
          
        

    

  


  

      

          @spec platform() :: module()


      


The platform module for the machine this runs on.

  



  
    
      
    
    
      read_config()



        
          
        

    

  


  

      

          @spec read_config() :: map()


      


The configuration written last, or %{}.

  



  
    
      
    
    
      sdl3_version()



        
          
        

    

  


  

      

          @spec sdl3_version() :: String.t()


      


The SDL3 release downloaded when SDL3 is fetched rather than installed.

  



  
    
      
    
    
      vulkan_headers_version()



        
          
        

    

  


  

      

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


      


The Vulkan-Headers release downloaded when Vulkan's headers are missing.

  



  
    
      
    
    
      write_config(config)



        
          
        

    

  


  

      

          @spec write_config(map()) :: :ok


      


Writes config as the configuration, replacing the file.

  


        

      


  

    
CauldronGPU.Setup.Command 
    



      
Programs run by CauldronGPU.Setup's platforms.
output/2 runs a program and keeps what it printed. interactive/2 runs one on this
terminal, so a password prompt (sudo) or an installer's questions reach the person
running the setup.

      


      
        Summary


  
    Functions
  


    
      
        interactive(program, args)

      


        Runs program with args on this terminal and waits for it: :ok, or {:error, text}
when it is missing or exits with a failure.



    


    
      
        output(program, args)

      


        What program with args printed, or :error when it is missing or failed.



    


    
      
        succeeds?(program, args)

      


        Whether program with args runs and succeeds.



    





      


      
        Functions


        


  
    
      
    
    
      interactive(program, args)



        
          
        

    

  


  

      

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


      


Runs program with args on this terminal and waits for it: :ok, or {:error, text}
when it is missing or exits with a failure.

  



  
    
      
    
    
      output(program, args)



        
          
        

    

  


  

      

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


      


What program with args printed, or :error when it is missing or failed.

  



  
    
      
    
    
      succeeds?(program, args)



        
          
        

    

  


  

      

          @spec succeeds?(String.t(), [String.t()]) :: boolean()


      


Whether program with args runs and succeeds.

  


        

      


  

    
CauldronGPU.Setup.Fetch 
    



      
Downloads for CauldronGPU.Setup: an archive fetched over HTTPS, with the server's
certificate checked against the operating system's certificate store, and unpacked into
a folder.
:ok = Fetch.unpack("https://example.com/thing.zip", :zip, "/tmp/thing")

      


      
        Summary


  
    Functions
  


    
      
        download(url)

      


        The body of url, following redirects.



    


    
      
        unpack(url, kind, dir)

      


        Downloads url and unpacks it, a :zip or :tar_gz archive, into dir, replacing
what dir held.



    





      


      
        Functions


        


  
    
      
    
    
      download(url)



        
          
        

    

  


  

      

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


      


The body of url, following redirects.

  



  
    
      
    
    
      unpack(url, kind, dir)



        
          
        

    

  


  

      

          @spec unpack(String.t(), :zip | :tar_gz, Path.t()) :: :ok | {:error, String.t()}


      


Downloads url and unpacks it, a :zip or :tar_gz archive, into dir, replacing
what dir held.

  


        

      


  

    
CauldronGPU.Setup.Linux 
    



      
Building the renderer on Linux (CauldronGPU.Setup.Platform): a C++ compiler, make and
pkg-config, SDL3, Vulkan's headers, and a Vulkan driver to run it.
Looks in pkg-config's search, /usr/include, $VULKAN_SDK/include, LunarG's SDK
(~/vulkan/<version>/x86_64) and the setup's own folder. Installs through the
distribution's package manager (apt, dnf, pacman or zypper, run with sudo). Vulkan's
headers are downloaded instead, which needs no administrator rights; the renderer loads
the driver's Vulkan library when it runs. SDL3 is built from source into the setup's
folder where the distribution has no SDL3 package.

      




  

    
CauldronGPU.Setup.MacOS 
    



      
Building the renderer on macOS (CauldronGPU.Setup.Platform): Apple's command-line tools
for Swift and Metal, pkg-config and SDL3 from Homebrew, and, for the Vulkan backend
that runs through MoltenVK, Vulkan's loader and headers.
Looks in pkg-config's own search, Homebrew (/opt/homebrew, /usr/local), MacPorts
(/opt/local) and LunarG's SDK (~/VulkanSDK/<version>/macOS). Installs through
Homebrew, and installs Homebrew itself with its official installer when it is missing.

      




  

    
CauldronGPU.Setup.Platform behaviour
    



      
What a platform module of CauldronGPU.Setup provides.
	probe/0: each thing the build needs, found or not, looked for in the
platform's usual places
	install/1: installs one item: :ok when done, {:wait, text} when a person
must finish it (an installer the platform opened), {:error, text} otherwise
	config/1: the configuration (CauldronGPU.Setup) for the items found
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          @callback config([CauldronGPU.Setup.item()]) :: map()


      



  



  
    
      
    
    
      install(item)



        
          
        

    

  


  

      

          @callback install(CauldronGPU.Setup.item()) ::
  :ok | {:wait, String.t()} | {:error, String.t()}


      



  



  
    
      
    
    
      probe()



        
          
        

    

  


  

      

          @callback probe() :: [CauldronGPU.Setup.item()]


      



  


        

      


  

    
CauldronGPU.Setup.Windows 
    



      
Building the renderer on Windows (CauldronGPU.Setup.Platform): MSVC's C++ tools, SDL3's
development files, Vulkan's headers, and a Vulkan driver to run it.
MSVC is found with Microsoft's vswhere.exe, and the environment its vcvars64.bat sets
is kept in the configuration, so builds work from any command prompt. SDL3 is looked for
in SDL3_DIR, the setup's folder, C:\SDL3* and the Downloads folder; Vulkan's headers
in VULKAN_INCLUDE, VULKAN_SDK, C:\VulkanSDK\<version> and the setup's folder. SDL3
and the headers are downloaded into the setup's folder when missing, which needs no
administrator rights; the renderer loads the driver's vulkan-1.dll when it runs.
MSVC's Build Tools are installed with winget, which asks for administrator rights.

      




  

    
CauldronGPU.Sprite 
    



      
A rectangle of a texture placed in a CauldronGPU.SpriteLayer.
	texture — the handle of a texture or canvas
	source — {x, y, width, height} in the texture's pixels, the part drawn; nil
(the default) draws the whole texture
	position — {x, y} in the layer's view, where the sprite's origin lands
	origin — {x, y} in the source's pixels, the point placed at position and
turned about; default {0, 0}
	scale — {x, y}; negative mirrors, zero draws nothing; default {1, 1}
	angle — degrees, counter-clockwise as seen; exact at whole quarter turns
	colour — {r, g, b} from 0 to 1, multiplied into the texture's colours
	alpha — 0 to 1, multiplied into the texture's alpha
	mode — :over (the default), :add or :subtract

Colours are display values: they are blended as stored, with no conversion to linear
light. A pixel is drawn when its centre lies inside the turned and scaled rectangle;
it takes the texture's sample at that point, by the texture's own filter.
:over lays the colour over what is there by its alpha. :add adds the colour times
its alpha, each channel at most 1, and adds the alpha. :subtract multiplies each
channel by one less the colour times its alpha, keeping the alpha.
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          @type t() :: %CauldronGPU.Sprite{
  alpha: number(),
  angle: number(),
  colour: {number(), number(), number()},
  mode: :over | :add | :subtract,
  origin: {number(), number()},
  position: {number(), number()},
  scale: {number(), number()},
  source: {number(), number(), number(), number()} | nil,
  texture: CauldronGPU.Handle.t()
}


      



  


        

      


  

    
CauldronGPU.SpriteLayer 
    



      
Sprites drawn in order into a target, one layer of a {:layers, [layer]} change.
	target — :frame (the default), the window's picture, or a canvas handle
	clear — {r, g, b, a} from 0 to 1 the target is filled with first; nil (the
default) draws over what the target holds
	port — {x, y, width, height} in the target's pixels; the sprites are drawn
only inside it. nil (the default) is the whole target
	view — {x, y, width, height}, the part of the sprites' space shown in the
port, stretched to fill it. nil (the default) places sprites in pixels from the
port's top-left corner
	sprites — CauldronGPU.Sprites, drawn first to last

The frame's layers are drawn over the 3D scene, a transparent picture laid over its
display colours. A renderer that has never been sent a CauldronGPU.Camera draws its
layers alone, on black, and skips the 3D passes.
%CauldronGPU.SpriteLayer{
  clear: {0.0, 0.0, 0.0, 1.0},
  view: {0, 0, 320, 200},
  sprites: [%CauldronGPU.Sprite{texture: ship, position: {160, 100}, origin: {8, 8}}]
}

      


      
        Summary


  
    Types
  


    
      
        rect()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      rect()



        
          
        

    

  


  

      

          @type rect() :: {number(), number(), number(), number()}
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          @type t() :: %CauldronGPU.SpriteLayer{
  clear: {number(), number(), number(), number()} | nil,
  port: rect() | nil,
  sprites: [CauldronGPU.Sprite.t()],
  target: :frame | CauldronGPU.Handle.t(),
  view: rect() | nil
}


      



  


        

      


  

    
CauldronGPU.Stream 
    



      
The binary change stream the renderer reads: a sequence of operations, each a one-byte
code and its fields, little-endian. encode/1 turns changes into it.
A change is one of:
	:tick — the changes that follow belong to a new game tick; poses are
interpolated from the previous tick's
	{:mesh, id, %CauldronGPU.Mesh{}}, {:drop_mesh, id}
	{:texture, id, %CauldronGPU.Texture{}}, {:drop_texture, id}
	{:canvas, id, %CauldronGPU.Canvas{}} — a texture the renderer draws into, dropped
as a texture is
	{:material, id, %CauldronGPU.Material{}}, {:drop_material, id}
	{:instance, id, %CauldronGPU.Instance{}}
	{:move, id, %CauldronGPU.Transform{}} or {:move, id, transform, snap: true}
	{:pose, id, %CauldronGPU.Pose{}} — bends instance id's mesh until the next pose
	{:remove_instance, id}
	{:light, id, %CauldronGPU.Light{}}, {:remove_light, id}
	%CauldronGPU.Camera{}
	%CauldronGPU.Environment{}
	{:light_styles, [scale | {r, g, b}]} — the brightness of light styles 0, 1, …, a
number for all three colours or one each (1.0 normal, up to 64 styles; styles not
listed stay as they were, 1.0 at first)

	{:overlay, texture_handle | nil} — a picture drawn over the finished frame, stretched
to it, see-through by its alpha (a HUD, menus); nil removes it.
{:overlay, texture_handle, :premultiplied} takes its colours as already multiplied by
its alpha, so a pixel with colour and no alpha adds its colour (an additive HUD)

	{:screen_tint, {r, g, b, a}} — the finished frame's display colours blended towards
the display colour {r, g, b} by a; the overlay is blended over display colours too
	{:layers, [layer]} — the 2D layers drawn each frame, in order, until the next
:layers change; a layer is a CauldronGPU.SpriteLayer or a
CauldronGPU.ColumnLayer, and {:layers, []} removes them
	{:effects, [effect]} with effects :ray_traced_shadows, :ray_traced_reflections,
:ray_traced_global_illumination, :ray_traced_ambient_occlusion, :upscaling,
:frame_generation; a renderer that cannot provide one ignores it

Ids are integers from 1 to 2³²−1. Positions and directions follow
CauldronGPU.Transform's frame.
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        drop_op(atom)

      


        The operation code that drops an object of kind.
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        The stream for changes, as iodata.
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          @type change() ::
  :tick
  | {:mesh, id(), CauldronGPU.Mesh.t()}
  | {:drop_mesh, id()}
  | {:texture, id(), CauldronGPU.Texture.t()}
  | {:drop_texture, id()}
  | {:canvas, id(), CauldronGPU.Canvas.t()}
  | {:layers, [CauldronGPU.SpriteLayer.t() | CauldronGPU.ColumnLayer.t()]}
  | {:material, id(), CauldronGPU.Material.t()}
  | {:drop_material, id()}
  | {:instance, id(), CauldronGPU.Instance.t()}
  | {:move, id(), CauldronGPU.Transform.t()}
  | {:move, id(), CauldronGPU.Transform.t(), keyword()}
  | {:pose, id(), CauldronGPU.Pose.t()}
  | {:remove_instance, id()}
  | {:light, id(), CauldronGPU.Light.t()}
  | {:remove_light, id()}
  | CauldronGPU.Camera.t()
  | CauldronGPU.Environment.t()
  | {:light_styles, [number() | {number(), number(), number()}]}
  | {:overlay, CauldronGPU.Handle.t() | nil}
  | {:overlay, CauldronGPU.Handle.t(), :premultiplied}
  | {:screen_tint, {number(), number(), number(), number()}}
  | {:effects, [atom()]}
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          @type id() :: pos_integer()
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          @spec drop_op(CauldronGPU.Handle.kind()) :: non_neg_integer()


      


The operation code that drops an object of kind.
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          @spec encode([change()]) :: iodata()


      


The stream for changes, as iodata.

  


        

      


  

    
CauldronGPU.StudioModel 
    



      
A Half-Life studio model (Cauldron3D.Formats.Studio) uploaded for drawing: one
skinned mesh in the model's rest pose, every vertex weighted wholly to its own bone,
one mesh part per skin reference, and its textures.
{:ok, studio} = Cauldron3D.Formats.Studio.parse(File.read!("barney.mdl"))
studio = Cauldron3D.Formats.Studio.add_textures(studio, File.read!("barneyt.mdl"))
model = CauldronGPU.StudioModel.upload(gpu, studio)
materials = CauldronGPU.StudioModel.materials(gpu, model)
instance = CauldronGPU.StudioModel.instance(model, materials, CauldronGPU.Placement.transform(1 / 32, origin, 90))
CauldronGPU.submit(gpu, [{:instance, 3, instance}, CauldronGPU.StudioModel.pose(model, 3, "walk", 0.8)])
Vertices stay in the model's own units and axes (x forward, y left, z up);
CauldronGPU.Placement.transform/3 stands a model at a map point. Sequences that move
their motion bone along x, y or z have that movement taken out, so the model walks in
place and the caller moves the instance.
Texture flags are followed as far as the renderer's materials go: masked (0x40)
textures are cut out at colour 255, fullbright (0x04) ones are drawn unlit;
chrome and additive textures are drawn as plain textures.
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        bones(studio_model, sequence, time, opts \\ [])

      


        The bone matrices (3×4, row by row) posing the rest-pose mesh in sequence (a name,
without regard to case, or an index; an unknown one is sequence 0) at time seconds
into it, at the sequence's own frame rate. opts go to Studio.locals/4
(:controllers, :subblend and so on).



    


    
      
        handles(studio_model)

      


        Every handle the model holds.



    


    
      
        instance(studio_model, materials, transform)

      


        An instance of the model with materials at transform.



    


    
      
        materials(gpu, model, opts \\ [])

      


        One material per mesh part for skin family :family (default 0; a family the model
lacks is family 0). Options: :lightmap, a texture whose texel at lightmap
coordinates {0, 0} lights the whole model, times :light_scale (default 2.0).



    


    
      
        pose(model, id, sequence, time, opts \\ [])

      


        The {:pose, id, …} change for bones/4.



    


    
      
        sequences(studio_model)

      


        The sequence names, in order.



    


    
      
        upload(gpu, studio, opts \\ [])

      


        Uploads studio's textures and its mesh. Options: :bodies, a map from body part
index to the model index drawn for it (default 0 for each part), and :filter,
:linear (default) or :nearest. The textures must already be in studio
(Studio.add_textures/2 for a model whose textures are in a separate file).
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          @type t() :: %CauldronGPU.StudioModel{
  mesh: CauldronGPU.Handle.t(),
  skin_refs: [non_neg_integer()],
  studio: Cauldron3D.Formats.Studio.t(),
  textures: tuple(),
  unbind: tuple()
}
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      bones(studio_model, sequence, time, opts \\ [])



        
          
        

    

  


  

      

          @spec bones(t(), String.t() | non_neg_integer(), number(), keyword()) :: [
  CauldronGPU.Pose.matrix()
]


      


The bone matrices (3×4, row by row) posing the rest-pose mesh in sequence (a name,
without regard to case, or an index; an unknown one is sequence 0) at time seconds
into it, at the sequence's own frame rate. opts go to Studio.locals/4
(:controllers, :subblend and so on).
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          @spec handles(t()) :: [CauldronGPU.Handle.t()]


      


Every handle the model holds.

  



  
    
      
    
    
      instance(studio_model, materials, transform)



        
          
        

    

  


  

      

          @spec instance(t(), [CauldronGPU.Handle.t()], CauldronGPU.Transform.t()) ::
  CauldronGPU.Instance.t()


      


An instance of the model with materials at transform.

  



    

  
    
      
    
    
      materials(gpu, model, opts \\ [])



        
          
        

    

  


  

      

          @spec materials(CauldronGPU.Target.t(), t(), keyword()) :: [CauldronGPU.Handle.t()]


      


One material per mesh part for skin family :family (default 0; a family the model
lacks is family 0). Options: :lightmap, a texture whose texel at lightmap
coordinates {0, 0} lights the whole model, times :light_scale (default 2.0).

  



    

  
    
      
    
    
      pose(model, id, sequence, time, opts \\ [])



        
          
        

    

  


  

      

          @spec pose(
  t(),
  CauldronGPU.Stream.id(),
  String.t() | non_neg_integer(),
  number(),
  keyword()
) ::
  CauldronGPU.Stream.change()


      


The {:pose, id, …} change for bones/4.
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          @spec sequences(t()) :: [String.t()]


      


The sequence names, in order.

  



    

  
    
      
    
    
      upload(gpu, studio, opts \\ [])



        
          
        

    

  


  

      

          @spec upload(CauldronGPU.Target.t(), Cauldron3D.Formats.Studio.t(), keyword()) :: t()


      


Uploads studio's textures and its mesh. Options: :bodies, a map from body part
index to the model index drawn for it (default 0 for each part), and :filter,
:linear (default) or :nearest. The textures must already be in studio
(Studio.add_textures/2 for a model whose textures are in a separate file).

  


        

      


  

    
CauldronGPU.Target protocol
    



      
Anything a scene can be sent to: a CauldronGPU renderer in the VM, a
CauldronGPU.Host in its own process, or a browser scene (Cauldron3D.Net.Scene).
The converters (CauldronGPU.Bsp, CauldronGPU.AliasModel, CauldronGPU.StudioModel,
CauldronGPU.Sectors) upload through it, so they work with every one.
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        t()

      


        All the types that implement this protocol.



    





  
    Functions
  


    
      
        canvas(target, canvas)

      


        Makes a canvas, a texture drawn into by 2D layers, and returns its handle.



    


    
      
        material(target, material)

      


        Defines a material and returns its handle.



    


    
      
        mesh(target, mesh)

      


        Uploads a mesh and returns its handle.



    


    
      
        release(target, handle)

      


        Lets the target free a mesh, texture or material once no scene entry uses it. A
CauldronGPU renderer frees a handle's object when the handle is no longer
referenced, and answers :ok here.



    


    
      
        submit(target, changes)

      


        Sends one tick of changes (CauldronGPU.Stream).



    


    
      
        texture(target, texture)

      


        Uploads a texture and returns its handle.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      canvas(target, canvas)



        
          
        

    

  


  

      

          @spec canvas(t(), CauldronGPU.Canvas.t()) :: CauldronGPU.Handle.t()


      


Makes a canvas, a texture drawn into by 2D layers, and returns its handle.

  



  
    
      
    
    
      material(target, material)



        
          
        

    

  


  

      

          @spec material(t(), CauldronGPU.Material.t()) :: CauldronGPU.Handle.t()


      


Defines a material and returns its handle.

  



  
    
      
    
    
      mesh(target, mesh)



        
          
        

    

  


  

      

          @spec mesh(t(), CauldronGPU.Mesh.t()) :: CauldronGPU.Handle.t()


      


Uploads a mesh and returns its handle.

  



  
    
      
    
    
      release(target, handle)



        
          
        

    

  


  

      

          @spec release(t(), CauldronGPU.Handle.t()) :: :ok


      


Lets the target free a mesh, texture or material once no scene entry uses it. A
CauldronGPU renderer frees a handle's object when the handle is no longer
referenced, and answers :ok here.

  



  
    
      
    
    
      submit(target, changes)



        
          
        

    

  


  

      

          @spec submit(t(), [CauldronGPU.Stream.change()]) :: :ok | {:error, term()}


      


Sends one tick of changes (CauldronGPU.Stream).

  



  
    
      
    
    
      texture(target, texture)



        
          
        

    

  


  

      

          @spec texture(t(), CauldronGPU.Texture.t()) :: CauldronGPU.Handle.t()


      


Uploads a texture and returns its handle.

  


        

      


  

    
CauldronGPU.Texture 
    



      
A picture to upload. pixels is width * height pixels, rows from the top: four bytes
RGBA for :srgb (colour pictures) and :linear (data such as roughness), eight bytes
(four little-endian half floats) for :rgba16f.
CauldronGPU.Texture.checker(64, 8, {255, 255, 255, 255}, {40, 40, 40, 255})
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        checker(size, squares, arg1, arg2, fields \\ [])

      


        A size×size checkerboard of squares squares a side, in two RGBA colours.
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          @type format() :: :srgb | :linear | :rgba16f


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CauldronGPU.Texture{
  filter: :nearest | :linear,
  format: format(),
  height: pos_integer(),
  mipmaps: boolean(),
  pixels: binary(),
  width: pos_integer(),
  wrap: :repeat | :clamp
}
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      checker(size, squares, arg1, arg2, fields \\ [])



        
          
        

    

  


  

      

          @spec checker(pos_integer(), pos_integer(), tuple(), tuple(), keyword()) :: t()


      


A size×size checkerboard of squares squares a side, in two RGBA colours.

  


        

      


  

    
CauldronGPU.Transform 
    



      
Where a scene entry stands: position, rotation (CauldronGPU.Quat) and scale, in the
renderer's frame (right-handed, +Y up, units are metres by convention).
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        new(fields \\ [])

      


        A transform from keyword fields; scale may be one number for all three axes.
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          @type t() :: %CauldronGPU.Transform{
  position: vec3(),
  rotation: CauldronGPU.Quat.t(),
  scale: vec3()
}


      



  



  
    
      
    
    
      vec3()



        
          
        

    

  


  

      

          @type vec3() :: {number(), number(), number()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(fields \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


A transform from keyword fields; scale may be one number for all three axes.

  


        

      


  

    
mix cauldron_gpu.setup 
    



      
Finds what building cauldron_gpu's renderer needs on this machine, installs what is
missing when you agree, builds the renderer, and checks that it opens.
mix cauldron_gpu.setup
mix cauldron_gpu.setup --check
mix cauldron_gpu.setup --software
Each missing piece is offered as an automatic install, showing what it will run, or as
steps to follow yourself. Declining leaves games drawing in software, and running the
task again starts over. The paths found are written to the build configuration
(CauldronGPU.Setup), so later builds use them without environment variables.
Options:
	--check: report what is found and change nothing
	--yes: accept every automatic install and the build
	--software: build no renderer; games draw in software
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