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    Cauldron3D

A 3D software renderer and collision for the BEAM, in pure Elixir: cameras, polygons,
keyframed meshes, billboards, BSP worlds with lightmaps, and box tracing through
collision hulls. It draws indexed-colour pictures for a terminal (or anything that takes
RGBA), splitting each frame across the schedulers.
Nothing in it belongs to one game. A game reads its own files into these structures and
decides what moves, what collides and what is drawn.
Installation
def deps do
  [
    {:cauldron_3d, "~> 0.2"}
  ]
end
What is here
	Module	What
	Cauldron3D.Camera	Where a picture is taken from: perspective or orthographic, with first-person, follow, side-on and top-down set-ups
	Cauldron3D.View	A camera fitted to a picture size and pixel shape: projection, rays, the near plane
	Cauldron3D.Polygon, Cauldron3D.Paint	A flat convex polygon and how its pixels are coloured: flat, textured, lit through a light table, shaded per vertex, a lit surface, rippling liquid, sky, or a function of the game's own
	Cauldron3D.Render	Polygons through a view into a Cauldron3D.Frame, in bands of rows drawn at once
	Cauldron3D.Setup, Cauldron3D.Raster	The drawing itself: clipping and projection, then each row kept as runs of whichever polygon is nearest, so each pixel is painted once
	Cauldron3D.Mesh	Textured triangles posed by keyframes, blended between frames, turned and lit by their normals
	Cauldron3D.Billboard	A picture standing in the world facing the camera, upright or not
	Cauldron3D.Bsp, Bsp.Face	A world cut into convex leaves: point location, what a leaf can see, the leaves a box touches
	Cauldron3D.Bsp.Draw, Bsp.Surfaces	The faces a view can see, painted with textures lit by their lightmaps and light styles, made once per mip level and kept until the light changes
	Cauldron3D.Hull	Tracing a point through a collision hull (a world's, or a box's) and what it hit
	Cauldron3D.Move	Sliding along what a box hits and stepping up ledges, over the game's own trace
	Cauldron3D.Texture, Cauldron3D.Frame, Cauldron3D.Vec	Indexed-colour pictures, scaling and overlays, and vectors

Drawing
camera = Cauldron3D.Camera.first_person({0.0, 0.0, 48.0}, yaw, pitch)
view = Cauldron3D.View.new(camera, {320, 200}, pixel_aspect: 1.0)

polygons =
  Cauldron3D.Bsp.Draw.polygons(bsp, view, surfaces: cache, light: light) ++
    Cauldron3D.Mesh.polygons(mesh, frame: 4, origin: origin, yaw: facing, light: 160)

frame = Cauldron3D.Render.draw(view, polygons, light_table: colormap)
Cauldron3D.Frame.rgba(frame, palette)
A polygon with a clear colour is see-through there, and one with depth: :always is
drawn over everything (a held weapon); both are painted after the solid polygons.
How it draws
Each row of the picture is a list of runs, each run the stretch of pixels where one
polygon is nearest. A polygon's nearness changes linearly along a row, so where two
overlap the boundary between them is found by solving for the one pixel where they are
equally near; a polygon is cut into the row's runs where it is in front, in any order.
Each pixel is then painted once, by the polygon that owns it, with its texture position
divided through for perspective. There is no depth buffer and nothing is drawn twice.
A frame is cut into bands of rows that are drawn at the same time, one per scheduler;
each band is handed only the polygons that cross its rows, since everything a band is
given is copied to it.
The pixels of a textured or lit-surface run, and the tint over one, are filled in C
(Cauldron3D.Paint.Spans), as are laying one RGBA picture over another and putting a
picture through a 256-entry table (Cauldron3D.Frame.Pixels). The C is built by
elixir_make with the package and needs a C compiler; where it is missing the same
bytes are made in Elixir, several times slower. A texture's colours are one 1024-byte
binary rather than a tuple, so the C reads them directly and a band's copy of a
polygon carries no per-colour terms.
Lit surfaces of a BSP world are made in parallel too, each from the face's own texture,
lightmap samples and styles, and kept in an ETS table until a style's light changes.
Collision
Cauldron3D.Hull.trace/3 sweeps a point through a hull of planes; a box moves through a
world by tracing through a hull pushed out by the box's size, which is how a BSP world
keeps its collision. Hull.box/2 makes a hull of a thing's box, so things collide the
same way. Cauldron3D.Move slides along up to four surfaces and steps up ledges, taking
the trace as a function so the game decides what is solid.
License
MIT


  

    Changelog

[0.2.2]
Added
	Cauldron3D.Paint.Spans: textured, shaded, lit-surface and tinted runs filled in C,
with the same bytes made in Elixir where the C did not build.
	Cauldron3D.Frame.Pixels: lay/2 and through/2 over whole RGBA runs, in C likewise.
	Cauldron3D.Texture.colour/2: one colour of a colour table.

Changed
	Each band of Cauldron3D.Render.draw_setups/3 is given only the setups crossing its
rows.
	Cauldron3D.Bsp.Draw.polygons/3 looks each face's surface up once a frame and
dedups faces by face and mip.

Breaking changes
	Cauldron3D.Texture.colours/1 and a texture's colours are a 1024-byte RGBA binary,
not a tuple of 256 binaries; read a colour with Cauldron3D.Texture.colour/2.
	Cauldron3D.Bsp.Surfaces.cached/5 answers {:ok, {index, mip}, surface}.
	The package builds C with elixir_make.

[0.2.0]
Added
	Cauldron3D.Camera and Cauldron3D.View: perspective and orthographic cameras, with
first-person, follow, side-on and top-down set-ups, fitted to a picture and its pixel
shape.
	Cauldron3D.Render, Setup, Raster and Paint: polygons drawn into an
indexed-colour Cauldron3D.Frame, each row resolved into runs of the nearest polygon,
bands of rows drawn in parallel; flat, textured, light-table, per-vertex shaded,
surface, liquid, sky and game-defined paints; see-through and always-on-top polygons.
	Full colour: Render.draw/3 with :palette draws RGBA frames (Cauldron3D.Paint.Rgba);
textures may carry their own palette or be RGBA; surfaces are built from grey or
red-green-blue lightmaps (Bsp.light_channels) through a :curve; polygons blend by
alpha or add (Polygon.blend); Frame.blit/4 and scale/3 take RGBA frames.
	:masked texture kind, {:skybox, faces} paint and Bsp.Draw's :skybox option;
brush models drawn turned ({model, origin, angles}).
	Cauldron3D.Mesh (keyframed, blended, lit by normals) and Cauldron3D.Billboard.
	Cauldron3D.Bsp, Bsp.Face, Bsp.Draw and Bsp.Surfaces: BSP worlds, what a leaf can
see, faces drawn with lightmapped surfaces made in parallel and cached per mip level.
Bsp.visible_leaves/2 gives world leaves only (Bsp.world_leaves), never a brush
model's. Bsp.game names the game a map was made for, :quake or :half_life.
	Cauldron3D.Bsp.Light, the light under a point, and Bsp.Light.on_face/4, a face's
lightmap light at a point on it.
	Cauldron3D.Quat and Cauldron3D.Skeleton (bone transforms from parent-relative
poses).
	Cauldron3D.Hull (point and box hulls, traces) and Cauldron3D.Move (sliding, stepping).
	Cauldron3D.Texture, Cauldron3D.Frame (rgba/2, rgb/2, blit/4, scale/3) and
Cauldron3D.Vec.



  

    
Cauldron3D.Billboard 
    



      
A flat picture standing in the world, turned to face the camera.
Cauldron3D.Billboard.polygon(view, {128.0, 0.0, 32.0}, texture, origin: {16, 32})
The picture's pixel origin (default its centre) sits at position; one pixel is one
world unit times :scale. :upright (default false) keeps it standing straight up
and only turned about z, as a tree or a torch flame is.

      


      
        Summary


  
    Functions
  


    
      
        polygon(view, position, texture, opts \\ [])

      


        The picture as a polygon facing view. Options: :origin, :scale, :upright,
:light (as {:texture, texture, light} takes, default nil), :clear (default 255)
and :depth.



    





      


      
        Functions


        


    

  
    
      
    
    
      polygon(view, position, texture, opts \\ [])



        
          
        

    

  


  

      

          @spec polygon(
  Cauldron3D.View.t(),
  Cauldron3D.Vec.t(),
  Cauldron3D.Texture.t(),
  keyword()
) ::
  Cauldron3D.Polygon.t()


      


The picture as a polygon facing view. Options: :origin, :scale, :upright,
:light (as {:texture, texture, light} takes, default nil), :clear (default 255)
and :depth.

  


        

      


  

    
Cauldron3D.Bsp 
    



      
A world cut into convex leaves by a binary space partition, with its faces, textures,
lightmaps, what each leaf can see, and its brush models.
A loader fills the struct from its own file format; the engine draws it
(Cauldron3D.Bsp.Draw), lights its faces (Cauldron3D.Bsp.Surfaces) and moves things
through it (Cauldron3D.Hull).
	planes — a tuple of {normal, distance}; a point p is in front when
Vec.dot(p, normal) - distance >= 0
	nodes — a tuple of %{plane: index, front: child, back: child, mins: Vec, maxs: Vec};
a child at or above zero is a node, below zero the leaf -child - 1
	leaves — a tuple of %{contents: integer, faces: [face index], mins: Vec, maxs: Vec}
	faces — a tuple of Cauldron3D.Bsp.Face
	textures — a tuple of %{name: String.t(), kind: kind, mips: [Texture.t()]}, the
mips halving in size, kind one of :solid, :masked (solid but see-through
where it is colour 255), :sky, :liquid or :hidden
	lightmaps — the lightmap bytes faces point into
	light_channels — bytes per lightmap sample: 1 for a grey level, 3 for red, green
and blue
	world_leaves — how many leaves after leaf 0 belong to the world itself (model 0);
the leaves after them belong to the brush models. nil when every leaf is the
world's
	game — the game the map was made for, :quake or :half_life
	visibility — a tuple holding for each leaf a bitset of the leaves it can see
(bit i of byte div(i, 8), least significant first), or nil where it can see
every world leaf; nil for a world that keeps none. A brush model's leaves are
never among those seen
	models — a tuple of %{mins:, maxs:, origin:, heads: [node per hull], first_face:, face_count:}; model 0 is the world itself
	hulls — the collision hulls, as Cauldron3D.Hulls with the head of model 0

Contents follow one convention: -1 empty, -2 solid, -3 water, -4 slime, -5 lava,
-6 sky.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        contents(bsp, point)

      


        What point is inside: the contents of its leaf.



    


    
      
        empty()

      


        The contents value for open space.



    


    
      
        leaf_at(bsp, point, model \\ 0)

      


        The leaf point is in, walking from model model's first node (default the world).



    


    
      
        leaves_touching(bsp, mins, maxs)

      


        The leaves whose boxes overlap the box mins..maxs.



    


    
      
        plane(bsp, index)

      


        The plane of index: {normal, distance}.



    


    
      
        sees?(bsp, from, to)

      


        Whether leaf to is among those leaf from can see.



    


    
      
        solid()

      


        The contents value for solid.



    


    
      
        visible_leaves(bsp, leaf)

      


        The leaves leaf can see, itself included, in ascending order.



    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :solid | :masked | :sky | :liquid | :hidden


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Cauldron3D.Bsp{
  faces: tuple(),
  game: :quake | :half_life,
  hulls: [Cauldron3D.Hull.t()],
  leaves: tuple(),
  light_channels: 1 | 3,
  lightmaps: binary(),
  models: tuple(),
  nodes: tuple(),
  planes: tuple(),
  textures: tuple(),
  visibility: tuple() | nil,
  world_leaves: non_neg_integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      contents(bsp, point)



        
          
        

    

  


  

      

          @spec contents(t(), Cauldron3D.Vec.t()) :: integer()


      


What point is inside: the contents of its leaf.

  



  
    
      
    
    
      empty()



        
          
        

    

  


  

      

          @spec empty() :: integer()


      


The contents value for open space.

  



    

  
    
      
    
    
      leaf_at(bsp, point, model \\ 0)



        
          
        

    

  


  

      

          @spec leaf_at(t(), Cauldron3D.Vec.t(), non_neg_integer()) :: non_neg_integer()


      


The leaf point is in, walking from model model's first node (default the world).

  



  
    
      
    
    
      leaves_touching(bsp, mins, maxs)



        
          
        

    

  


  

      

          @spec leaves_touching(t(), Cauldron3D.Vec.t(), Cauldron3D.Vec.t()) :: [
  non_neg_integer()
]


      


The leaves whose boxes overlap the box mins..maxs.

  



  
    
      
    
    
      plane(bsp, index)



        
          
        

    

  


  

      

          @spec plane(t(), non_neg_integer()) :: {Cauldron3D.Vec.t(), float()}


      


The plane of index: {normal, distance}.

  



  
    
      
    
    
      sees?(bsp, from, to)



        
          
        

    

  


  

      

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


      


Whether leaf to is among those leaf from can see.

  



  
    
      
    
    
      solid()



        
          
        

    

  


  

      

          @spec solid() :: integer()


      


The contents value for solid.

  



  
    
      
    
    
      visible_leaves(bsp, leaf)



        
          
        

    

  


  

      

          @spec visible_leaves(t(), non_neg_integer()) :: [non_neg_integer()]


      


The leaves leaf can see, itself included, in ascending order.

  


        

      


  

    
Cauldron3D.Bsp.Draw 
    



      
The faces of a BSP world a view can see, as polygons for Cauldron3D.Render.
polygons = Cauldron3D.Bsp.Draw.polygons(bsp, view, surfaces: cache, light: light)
The world's faces come from the leaves the camera's leaf can see, its brush models'
faces from where each model stands; faces turned away from the camera are left out.
Solid faces are painted with their lit surfaces (Cauldron3D.Bsp.Surfaces) at a mip
level chosen by distance, liquid faces ripple ({:warp, ...}), sky faces show the
texture's :layers ({:sky, ...}), and hidden faces are not drawn.
Options
	:surfaces — the surface cache (required where there are solid faces)
	:light — the light map Cauldron3D.Bsp.Surfaces takes (required likewise)
	:models — brush models to draw besides the world, each {model, origin},
{model, origin, {pitch, yaw, roll}} (degrees, turned as Cauldron3D.Camera
turns, yaw about z first) or a map (see below)
	:time — seconds, for liquid and sky movement, default 0.0
	:liquid — options added to every {:warp, ...} paint, or a function of the
liquid's texture giving them
	:sky — options added to every {:sky, ...} paint
	:skybox — six faces for {:skybox, ...} (see Cauldron3D.Paint.Rgba), drawn on
sky faces instead of the texture's layers
	:mip_bias — multiplies the distance a mip level is chosen at, default 1.0
	:world? — whether to draw the world's own faces, default true
	:rtlights — lights added over the solid and masked faces of the world and of
unblended brush models (see Cauldron3D.Paint.Rgba's {:lit, ...}), each face
lit by those whose sphere reaches its plane and its box

A brush model given as a map has :model and :origin, and may have:
	:axes — {forward, left, up}, where the model's own x, y and z axes point;
default the world's
	:scale — how many times its own size it is drawn, default 1.0
	:tint — {r, g, b, a} its faces' colours and alpha are multiplied by
	:blend, :depth — as Cauldron3D.Polygon's, for every face
	:alpha_test — given to its faces of kind :masked
	:light — the light map its surfaces are made with instead of :light


      


      
        Summary


  
    Functions
  


    
      
        model_faces(bsp, model)

      


        The face indices of brush model model.



    


    
      
        polygons(bsp, view, opts \\ [])

      


        The polygons of the world and its brush models that view can see.



    


    
      
        world_faces(bsp, point)

      


        The world faces seen from point: those of every leaf its leaf can see, each once.



    





      


      
        Functions


        


  
    
      
    
    
      model_faces(bsp, model)



        
          
        

    

  


  

      

          @spec model_faces(Cauldron3D.Bsp.t(), non_neg_integer()) :: [non_neg_integer()]


      


The face indices of brush model model.

  



    

  
    
      
    
    
      polygons(bsp, view, opts \\ [])



        
          
        

    

  


  

      

          @spec polygons(Cauldron3D.Bsp.t(), Cauldron3D.View.t(), keyword()) :: [
  Cauldron3D.Polygon.t()
]


      


The polygons of the world and its brush models that view can see.

  



  
    
      
    
    
      world_faces(bsp, point)



        
          
        

    

  


  

      

          @spec world_faces(Cauldron3D.Bsp.t(), Cauldron3D.Vec.t()) :: [non_neg_integer()]


      


The world faces seen from point: those of every leaf its leaf can see, each once.

  


        

      


  

    
Cauldron3D.Bsp.Face 
    



      
One face of a BSP world: a convex polygon on a plane, painted with a texture and lit
by a lightmap.
	plane — the plane index; back? true when the face looks along the plane's back
	points — the corners, in order
	texture — the texture index
	s, t — {axis, offset}: a point's place on the texture is
Vec.dot(point, axis) + offset across and down
	mins, extents — {s, t}: where the lightmap starts on the texture and how far
it reaches, multiples of luxel
	lightmap — the byte offset of the face's samples in the world's lightmaps, or
nil for an unlit face
	styles — up to four light style numbers, one lightmap of
(div(s_extent, luxel) + 1) * (div(t_extent, luxel) + 1) samples each, in order
	luxel — how many texture pixels one lightmap sample covers, 16 by default


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        centre(face)

      


        The middle of the face's corners.



    


    
      
        lightmap_size(face)

      


        The lightmap's size in samples, {across, down}.



    


    
      
        measured(face)

      


        The face with mins and extents worked out from its points: the smallest and largest
texture place, out to whole luxels.



    


    
      
        st(face, point)

      


        Where a point lies on the face's texture, {s, t}.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Cauldron3D.Bsp.Face{
  back?: boolean(),
  extents: {non_neg_integer(), non_neg_integer()},
  lightmap: non_neg_integer() | nil,
  luxel: pos_integer(),
  mins: {integer(), integer()},
  plane: non_neg_integer(),
  points: [Cauldron3D.Vec.t()],
  s: {Cauldron3D.Vec.t(), float()},
  styles: [non_neg_integer()],
  t: {Cauldron3D.Vec.t(), float()},
  texture: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      centre(face)



        
          
        

    

  


  

      

          @spec centre(t()) :: Cauldron3D.Vec.t()


      


The middle of the face's corners.

  



  
    
      
    
    
      lightmap_size(face)



        
          
        

    

  


  

      

          @spec lightmap_size(t()) :: {pos_integer(), pos_integer()}


      


The lightmap's size in samples, {across, down}.

  



  
    
      
    
    
      measured(face)



        
          
        

    

  


  

      

          @spec measured(t()) :: t()


      


The face with mins and extents worked out from its points: the smallest and largest
texture place, out to whole luxels.

  



  
    
      
    
    
      st(face, point)



        
          
        

    

  


  

      

          @spec st(t(), Cauldron3D.Vec.t()) :: {float(), float()}


      


Where a point lies on the face's texture, {s, t}.

  


        

      


  

    
Cauldron3D.Bsp.Light 
    



      
How brightly a world is lit at a point: the lightmap of the nearest upward-facing
solid face directly below it, within :reach units, each light style at its scale.
Models standing at the point are lit by it.
Cauldron3D.Bsp.Light.at(bsp, origin, styles)
#=> {r, g, b}
styles is a tuple or map from style number to scale, 256 normal. The result is per
channel, 0 and up (a world with grey lightmaps gives three equal values); nil when
no face is below.
point/4 finds the light the way the world's own tree finds it: down from the point
through the nodes to the first node whose plane the line crosses with a lit face under
the crossing.

      


      
        Summary


  
    Functions
  


    
      
        at(bsp, point, styles, opts \\ [])

      


        The light at point. Options: :reach, how far below to look, default 2048.



    


    
      
        on_face(bsp, face, point, styles)

      


        The light of face's lightmap at point on it, each style at its scale; black for an unlit face.



    


    
      
        point(bsp, start, styles, opts \\ [])

      


        The light at point and the direction it comes from, {{r, g, b}, direction}, found
along the line from point straight down :distance units (default 8192): walking
the world's nodes front side first, the first node whose plane the line crosses whose
faces include one, not sky or liquid, whose texture area holds the crossing point.
Its lightmap sample there, each style's sample times the style's scale over 255 and
its colour, is the light, from {1, 0, 1} (of length one); a face with no lightmap
gives black from {0, 1, -1}, and no face at all black from {0, 1, 1}.



    





      


      
        Functions


        


    

  
    
      
    
    
      at(bsp, point, styles, opts \\ [])



        
          
        

    

  


  

      

          @spec at(Cauldron3D.Bsp.t(), Cauldron3D.Vec.t(), tuple() | map(), keyword()) ::
  {number(), number(), number()} | nil


      


The light at point. Options: :reach, how far below to look, default 2048.

  



  
    
      
    
    
      on_face(bsp, face, point, styles)



        
          
        

    

  


  

      

          @spec on_face(
  Cauldron3D.Bsp.t(),
  Cauldron3D.Bsp.Face.t(),
  Cauldron3D.Vec.t(),
  tuple() | map()
) ::
  {number(), number(), number()}


      


The light of face's lightmap at point on it, each style at its scale; black for an unlit face.

  



    

  
    
      
    
    
      point(bsp, start, styles, opts \\ [])



        
          
        

    

  


  

      

          @spec point(Cauldron3D.Bsp.t(), Cauldron3D.Vec.t(), map(), keyword()) ::
  {Cauldron3D.Vec.t(), Cauldron3D.Vec.t()}


      


The light at point and the direction it comes from, {{r, g, b}, direction}, found
along the line from point straight down :distance units (default 8192): walking
the world's nodes front side first, the first node whose plane the line crosses whose
faces include one, not sky or liquid, whose texture area holds the crossing point.
Its lightmap sample there, each style's sample times the style's scale over 255 and
its colour, is the light, from {1, 0, 1} (of length one); a face with no lightmap
gives black from {0, 1, -1}, and no face at all black from {0, 1, 1}.
styles maps a style number to its scale (256 normal) or to {scale, {r, g, b}}; a
style not in it is 256 and white.

  


        

      


  

    
Cauldron3D.Bsp.Surfaces 
    



      
Faces' textures with their light worked in, made once and kept until the light changes.
A surface covers its face's lightmap area at one mip level: each pixel is the texture's
colour taken through the light table at the light there, blended between the four
nearest lightmap samples. A face's light is the sum of its styles' samples, each scaled
by the style's value over 256.
cache = Cauldron3D.Bsp.Surfaces.new()
Cauldron3D.Bsp.Surfaces.fetch(cache, bsp, face_index, mip, light)
light is a map: :table (rows of 256 colours, brightest first), :rows (how many),
:styles (a map or tuple from style number to scale, 256 being normal; a missing style
is 256) and :unlit (the light of a face with no lightmap, default 255).
For a picture in full colour the map has :rgba instead of :table and :rows: a
palette as Cauldron3D.Texture.colours/1 makes it, for textures without their own.
The surface is then an RGBA texture lit from the world's grey or red-green-blue
lightmaps (Cauldron3D.Bsp's light_channels):
	each lightmap sample's channel is the sum over the face's styles of its sample
times trunc(colour * scale), a style given in :styles as a scale or as
{scale, {r, g, b}} (a grey lightmap's one sample serving all three channels); a
face with no lightmap has :unlit in every channel (default 32768), and with
:fixed every face has that in every channel instead
	:store, a function of a sample's {r, g, b}, gives the value kept for it
(default the sums themselves)
	the kept values are blended between the four nearest samples at each texel's
centre, and :shade, a function of the blended {r, g, b}, gives the three
numbers the texture's channels are multiplied by (default each over 32768)

A face whose texture is of kind :masked is {0, 0, 0, 0} where its texture is
colour 255. :scroll moves the texture (not its light) that many of its own pixels
along s.
The cache is an ETS table owned by the process that made it, readable and writable by
any; one surface is kept per face and mip.

      


      
        Summary


  
    Types
  


    
      
        cache()

      


    





  
    Functions
  


    
      
        build(face, texture, samples, mip, scales, light)

      


        A face's surface at mip from the texture at that mip and the face's lightmap
samples (every style's, in order; nil for an unlit face), its styles at scales.



    


    
      
        cached(cache, bsp, index, mip, light)

      


        The cached surface as {:ok, {index, mip}, surface}, or {:missing, job}: everything
make/2 needs to make it, without the world, so it can be handed to another process;
job.key is {index, mip}.



    


    
      
        clear(cache)

      


        Forget every surface, as when a new world is loaded.



    


    
      
        fetch(cache, bsp, index, mip, light)

      


        The surface of face index at mip, made now if it is missing or its light has changed.



    


    
      
        make(cache, job)

      


        Make the surface a cached/5 job describes, and keep it in the cache.



    


    
      
        new()

      


        An empty cache.



    





      


      
        Types


        


  
    
      
    
    
      cache()



        
          
        

    

  


  

      

          @type cache() :: :ets.tid()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build(face, texture, samples, mip, scales, light)



        
          
        

    

  


  

      

          @spec build(
  Cauldron3D.Bsp.Face.t(),
  Cauldron3D.Texture.t(),
  binary() | nil,
  0..3,
  [number()],
  map()
) ::
  Cauldron3D.Texture.t()


      


A face's surface at mip from the texture at that mip and the face's lightmap
samples (every style's, in order; nil for an unlit face), its styles at scales.

  



  
    
      
    
    
      cached(cache, bsp, index, mip, light)



        
          
        

    

  


  

      

          @spec cached(cache(), Cauldron3D.Bsp.t(), non_neg_integer(), 0..3, map()) ::
  {:ok, {non_neg_integer(), 0..3}, Cauldron3D.Texture.t()} | {:missing, map()}


      


The cached surface as {:ok, {index, mip}, surface}, or {:missing, job}: everything
make/2 needs to make it, without the world, so it can be handed to another process;
job.key is {index, mip}.

  



  
    
      
    
    
      clear(cache)



        
          
        

    

  


  

      

          @spec clear(cache()) :: :ok


      


Forget every surface, as when a new world is loaded.

  



  
    
      
    
    
      fetch(cache, bsp, index, mip, light)



        
          
        

    

  


  

      

          @spec fetch(cache(), Cauldron3D.Bsp.t(), non_neg_integer(), 0..3, map()) ::
  Cauldron3D.Texture.t()


      


The surface of face index at mip, made now if it is missing or its light has changed.

  



  
    
      
    
    
      make(cache, job)



        
          
        

    

  


  

      

          @spec make(cache(), map()) :: Cauldron3D.Texture.t()


      


Make the surface a cached/5 job describes, and keep it in the cache.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: cache()


      


An empty cache.

  


        

      


  

    
Cauldron3D.Camera 
    



      
Where a picture is taken from: a position, a facing, and a projection.
The world is right-handed with z up. yaw turns about z, 0 facing +x and
:math.pi() / 2 facing +y; pitch above zero looks up; roll above zero tips the
picture clockwise. A :perspective camera sees fov radians across; an
:orthographic one sees extent world units across, the same at every distance.
Cauldron3D.Camera.first_person({0.0, 0.0, 56.0}, yaw, pitch)
Cauldron3D.Camera.follow(target, yaw, distance: 120.0, height: 40.0)
Cauldron3D.Camera.side(target, extent: 640.0)
Cauldron3D.Camera.top_down(target, extent: 1024.0)

      


      
        Summary


  
    Types
  


    
      
        projection()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        basis(camera)

      


        The camera's axes in the world: {forward, right, up}, each of length one.



    


    
      
        first_person(position, yaw, pitch, opts \\ [])

      


        A perspective camera at position looking along yaw and pitch. Takes new/1's options.



    


    
      
        follow(target, yaw, opts \\ [])

      


        A perspective camera behind target, facing along yaw and looking down at it.



    


    
      
        forward(yaw, pitch)

      


        The direction yaw and pitch face, of length one.



    


    
      
        new(opts \\ [])

      


        A camera from options: :position, :yaw, :pitch, :roll, :projection, :fov,
:extent and :near, each defaulting as the struct does.



    


    
      
        side(target, opts \\ [])

      


        An orthographic camera looking across the world at target from the -y side, as a
side-scroller sees it. :extent (default 512.0) is how wide the view is; :distance
(default 4096.0) how far back it stands.



    


    
      
        top_down(target, opts \\ [])

      


        An orthographic camera looking straight down at target, +y at the top of the
picture. :extent (default 512.0) is how wide the view is; :distance (default
4096.0) how high it hangs.



    





      


      
        Types


        


  
    
      
    
    
      projection()



        
          
        

    

  


  

      

          @type projection() :: :perspective | :orthographic


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Cauldron3D.Camera{
  extent: float(),
  fov: float(),
  near: float(),
  pitch: float(),
  position: Cauldron3D.Vec.t(),
  projection: projection(),
  roll: float(),
  yaw: float()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      basis(camera)



        
          
        

    

  


  

      

          @spec basis(t()) :: {Cauldron3D.Vec.t(), Cauldron3D.Vec.t(), Cauldron3D.Vec.t()}


      


The camera's axes in the world: {forward, right, up}, each of length one.

  



    

  
    
      
    
    
      first_person(position, yaw, pitch, opts \\ [])



        
          
        

    

  


  

      

          @spec first_person(Cauldron3D.Vec.t(), number(), number(), keyword()) :: t()


      


A perspective camera at position looking along yaw and pitch. Takes new/1's options.

  



    

  
    
      
    
    
      follow(target, yaw, opts \\ [])



        
          
        

    

  


  

      

          @spec follow(Cauldron3D.Vec.t(), number(), keyword()) :: t()


      


A perspective camera behind target, facing along yaw and looking down at it.
Options
	:distance — how far behind, default 128.0
	:height — how far above the target the camera sits, default 48.0
	:look_height — the height above the target the camera aims at, default 0.0
	anything new/1 takes


  



  
    
      
    
    
      forward(yaw, pitch)



        
          
        

    

  


  

      

          @spec forward(number(), number()) :: Cauldron3D.Vec.t()


      


The direction yaw and pitch face, of length one.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


A camera from options: :position, :yaw, :pitch, :roll, :projection, :fov,
:extent and :near, each defaulting as the struct does.

  



    

  
    
      
    
    
      side(target, opts \\ [])



        
          
        

    

  


  

      

          @spec side(Cauldron3D.Vec.t(), keyword()) :: t()


      


An orthographic camera looking across the world at target from the -y side, as a
side-scroller sees it. :extent (default 512.0) is how wide the view is; :distance
(default 4096.0) how far back it stands.

  



    

  
    
      
    
    
      top_down(target, opts \\ [])



        
          
        

    

  


  

      

          @spec top_down(Cauldron3D.Vec.t(), keyword()) :: t()


      


An orthographic camera looking straight down at target, +y at the top of the
picture. :extent (default 512.0) is how wide the view is; :distance (default
4096.0) how high it hangs.

  


        

      


  

    
Cauldron3D.Frame 
    



      
A rendered picture, rows top to bottom: indexed colour, one byte per pixel, or RGBA,
four.
frame = Cauldron3D.Render.draw(view, polygons)
Cauldron3D.Frame.rgba(frame, palette)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        blit(frame, overlay, at, clear \\ nil)

      


        overlay drawn over frame with its top left at {x, y}, its pixels of colour
clear left out; the parts outside the frame are cut off. A Cauldron3D.Texture
serves as an overlay too. On an RGBA frame the overlay is RGBA too, laid over by its
alpha, and clear is not used.



    


    
      
        new(width, height, colour \\ 0)

      


        A frame of one colour.



    


    
      
        rgb(frame, palette)

      


        The frame as RGB bytes: an indexed frame through palette.



    


    
      
        rgba(frame, palette)

      


        The frame as RGBA bytes: an indexed frame through palette, 768 bytes of red, green and blue.



    


    
      
        scale(map, width, height)

      


        The frame scaled to {width, height} by taking the nearest pixel.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Cauldron3D.Frame{
  format: :indexed | :rgba,
  height: pos_integer(),
  pixels: binary(),
  width: pos_integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      blit(frame, overlay, at, clear \\ nil)



        
          
        

    

  


  

      

          @spec blit(t(), t() | Cauldron3D.Texture.t(), {integer(), integer()}, byte() | nil) ::
  t()


      


overlay drawn over frame with its top left at {x, y}, its pixels of colour
clear left out; the parts outside the frame are cut off. A Cauldron3D.Texture
serves as an overlay too. On an RGBA frame the overlay is RGBA too, laid over by its
alpha, and clear is not used.

  



    

  
    
      
    
    
      new(width, height, colour \\ 0)



        
          
        

    

  


  

      

          @spec new(pos_integer(), pos_integer(), byte()) :: t()


      


A frame of one colour.

  



  
    
      
    
    
      rgb(frame, palette)



        
          
        

    

  


  

      

          @spec rgb(t(), binary() | nil) :: binary()


      


The frame as RGB bytes: an indexed frame through palette.

  



  
    
      
    
    
      rgba(frame, palette)



        
          
        

    

  


  

      

          @spec rgba(t(), binary() | nil) :: binary()


      


The frame as RGBA bytes: an indexed frame through palette, 768 bytes of red, green and blue.

  



  
    
      
    
    
      scale(map, width, height)



        
          
        

    

  


  

      

          @spec scale(t() | Cauldron3D.Texture.t(), pos_integer(), pos_integer()) :: t()


      


The frame scaled to {width, height} by taking the nearest pixel.

  


        

      


  

    
Cauldron3D.Frame.Pixels 
    



      
Whole runs of RGBA pixels, four bytes each.
Cauldron3D.Frame.Pixels.lay(under, above)
Cauldron3D.Frame.Pixels.through(pixels, table)
available?/0 says whether the C library loaded. Where it did not the same bytes are
made in Elixir.

      


      
        Summary


  
    Functions
  


    
      
        available?()

      


        Whether the library is loaded and pixels are worked in C.



    


    
      
        lay(under, above)

      


        above laid over under, both RGBA of the same length: where above's alpha is 255
its colour, where 0 under's pixel, and otherwise each channel
div(above * a + under * (255 - a), 255) with under's alpha kept.



    


    
      
        through(pixels, table)

      


        pixels with each red, green and blue byte v replaced by byte v of the 256-byte table; alpha kept.



    





      


      
        Functions


        


  
    
      
    
    
      available?()



        
          
        

    

  


  

      

          @spec available?() :: boolean()


      


Whether the library is loaded and pixels are worked in C.

  



  
    
      
    
    
      lay(under, above)



        
          
        

    

  


  

      

          @spec lay(binary(), binary()) :: binary()


      


above laid over under, both RGBA of the same length: where above's alpha is 255
its colour, where 0 under's pixel, and otherwise each channel
div(above * a + under * (255 - a), 255) with under's alpha kept.

  



  
    
      
    
    
      through(pixels, table)



        
          
        

    

  


  

      

          @spec through(binary(), binary()) :: binary()


      


pixels with each red, green and blue byte v replaced by byte v of the 256-byte table; alpha kept.

  


        

      


  

    
Cauldron3D.Hull 
    



      
A collision hull: a BSP tree of planes whose leaves are only contents, swept by a point.
A box moves through a world by tracing a point through a hull whose walls are pushed
out by the box's size; a world keeps one hull per box size it allows. A thing's own
box is a hull too (box/2).
trace = Cauldron3D.Hull.trace(hull, from, to)
trace.fraction
clipnodes is a tuple of {plane, front, back}, the plane an index into planes
({normal, distance}); a child at or above zero is another clipnode, below zero a
contents value (see Cauldron3D.Bsp). head is the clipnode to start from, and
mins and maxs the box the hull was pushed out by.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        at(hull, head)

      


        The hull starting at clipnode head instead.



    


    
      
        box(arg1, arg2)

      


        A hull that is solid inside the box mins..maxs and empty outside, for tracing past
a thing.



    


    
      
        contents(hull, point)

      


        The contents at point.



    


    
      
        trace(hull, from, to)

      


        A point moved in a straight line from from to to through the hull, stopped by the
first solid it meets.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Cauldron3D.Hull{
  clipnodes: tuple(),
  head: integer(),
  maxs: Cauldron3D.Vec.t(),
  mins: Cauldron3D.Vec.t(),
  planes: tuple()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      at(hull, head)



        
          
        

    

  


  

      

          @spec at(t(), integer()) :: t()


      


The hull starting at clipnode head instead.

  



  
    
      
    
    
      box(arg1, arg2)



        
          
        

    

  


  

      

          @spec box(Cauldron3D.Vec.t(), Cauldron3D.Vec.t()) :: t()


      


A hull that is solid inside the box mins..maxs and empty outside, for tracing past
a thing.

  



  
    
      
    
    
      contents(hull, point)



        
          
        

    

  


  

      

          @spec contents(t(), Cauldron3D.Vec.t()) :: integer()


      


The contents at point.

  



  
    
      
    
    
      trace(hull, from, to)



        
          
        

    

  


  

      

          @spec trace(t(), Cauldron3D.Vec.t(), Cauldron3D.Vec.t()) :: Cauldron3D.Hull.Trace.t()


      


A point moved in a straight line from from to to through the hull, stopped by the
first solid it meets.

  


        

      


  

    
Cauldron3D.Hull.Trace 
    



      
What a traced move ran into.
	fraction — how much of the move was made, 1.0 when nothing was hit
	end_pos — where it stopped
	normal, distance — the plane hit, facing back along the move
	all_solid — the whole move was inside solid
	start_solid — it started inside solid
	in_open, in_water — whether it passed through empty or liquid space
	hit — what was hit, for the caller to fill in; nil from a hull


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Cauldron3D.Hull.Trace{
  all_solid: boolean(),
  distance: float(),
  end_pos: Cauldron3D.Vec.t(),
  fraction: float(),
  hit: term(),
  in_open: boolean(),
  in_water: boolean(),
  normal: Cauldron3D.Vec.t(),
  start_solid: boolean()
}


      



  


        

      


  

    
Cauldron3D.Mesh 
    



      
A model made of textured triangles, posed by keyframes.
	frames — a tuple of %{vertices: tuple of Vec, normals: tuple of Vec}, every
frame with the same vertices in the same order
	triangles — a list of {{i0, i1, i2}, {uv0, uv1, uv2}}: three vertex indices and
where each corner lies on the skin, in its pixels
	skins — a list of Cauldron3D.Texture

The model's own axes are x forward, y left and z up; placed in the world it is
turned by yaw, pitch and roll as Cauldron3D.Camera turns.
Cauldron3D.Mesh.polygons(mesh, frame: 3, origin: {64.0, 0.0, 24.0}, yaw: 1.2)

      


      
        Summary


  
    Types
  


    
      
        frame()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        polygons(mesh, opts \\ [])

      


        The mesh's triangles as polygons in the world.



    





      


      
        Types


        


  
    
      
    
    
      frame()



        
          
        

    

  


  

      

          @type frame() :: %{vertices: tuple(), normals: tuple()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Cauldron3D.Mesh{
  frames: tuple(),
  skins: [Cauldron3D.Texture.t()],
  triangles: [
    {{non_neg_integer(), non_neg_integer(), non_neg_integer()}, tuple()}
  ]
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      polygons(mesh, opts \\ [])



        
          
        

    

  


  

      

          @spec polygons(t(), keyword()) :: [Cauldron3D.Polygon.t()]


      


The mesh's triangles as polygons in the world.
Options
	:frame — the frame index, or {from, to, t} to blend t of the way between two
frames; default 0
	:origin, :yaw, :pitch, :roll — where it stands and how it is turned
	:scale — a number, default 1.0
	:skin — the skin index, default 0
	:light — a number (0 to 255) for even light, or {ambient, directional, toward}:
each vertex lit ambient plus directional times how squarely its normal faces
the direction toward; default 128
	:cull, :clear, :depth — as Cauldron3D.Polygon's, default :none, nil
and :test


  


        

      


  

    
Cauldron3D.Move 
    



      
Moving a box through a world: sliding along what it hits, and stepping up ledges.
Every function takes trace, fn from, to -> Cauldron3D.Hull.Trace.t() end, which
says how far the box gets along a straight line; the caller decides what it collides
with.
Cauldron3D.Move.slide(trace, origin, velocity, 1 / 72)
#=> %{origin: ..., velocity: ..., blocked: [:floor], hits: [trace, ...]}

      


      
        Summary


  
    Types
  


    
      
        result()

      


    


    
      
        tracer()

      


    





  
    Functions
  


    
      
        clip(velocity, normal, overbounce \\ 1.0)

      


        velocity with the part going into a plane of normal taken out, overbounce times
over (1.0 slides along it, more than 1.0 bounces off). Components smaller than 0.1 come
out as zero.



    


    
      
        slide(trace, origin, velocity, seconds, opts \\ [])

      


        Move for seconds at velocity, sliding along up to four surfaces. A hit plane whose
normal points up more than :floor (default 0.7) blocks as a floor; an upright one as
a wall. The velocity is stopped when it would turn back on itself or is pinned in a
corner.



    


    
      
        step(trace, origin, velocity, seconds, step, opts \\ [])

      


        As slide/5, but a box stopped by a wall tries again from up to step higher and
settles back down, keeping whichever went further along the ground. Takes slide/5's
options.



    





      


      
        Types


        


  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: %{
  origin: Cauldron3D.Vec.t(),
  velocity: Cauldron3D.Vec.t(),
  blocked: [:floor | :wall],
  hits: [Cauldron3D.Hull.Trace.t()]
}


      



  



  
    
      
    
    
      tracer()



        
          
        

    

  


  

      

          @type tracer() :: (Cauldron3D.Vec.t(), Cauldron3D.Vec.t() ->
               Cauldron3D.Hull.Trace.t())


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      clip(velocity, normal, overbounce \\ 1.0)



        
          
        

    

  


  

      

          @spec clip(Cauldron3D.Vec.t(), Cauldron3D.Vec.t(), number()) :: Cauldron3D.Vec.t()


      


velocity with the part going into a plane of normal taken out, overbounce times
over (1.0 slides along it, more than 1.0 bounces off). Components smaller than 0.1 come
out as zero.

  



    

  
    
      
    
    
      slide(trace, origin, velocity, seconds, opts \\ [])



        
          
        

    

  


  

      

          @spec slide(tracer(), Cauldron3D.Vec.t(), Cauldron3D.Vec.t(), number(), keyword()) ::
  result()


      


Move for seconds at velocity, sliding along up to four surfaces. A hit plane whose
normal points up more than :floor (default 0.7) blocks as a floor; an upright one as
a wall. The velocity is stopped when it would turn back on itself or is pinned in a
corner.

  



    

  
    
      
    
    
      step(trace, origin, velocity, seconds, step, opts \\ [])



        
          
        

    

  


  

      

          @spec step(
  tracer(),
  Cauldron3D.Vec.t(),
  Cauldron3D.Vec.t(),
  number(),
  number(),
  keyword()
) :: result()


      


As slide/5, but a box stopped by a wall tries again from up to step higher and
settles back down, keeping whichever went further along the ground. Takes slide/5's
options.

  


        

      


  

    
Cauldron3D.Native 
    



      
Where cauldron_3d's compiled native code is: priv/native/<system architecture>, the
architecture as :erlang.system_info(:system_architecture) gives it, so builds for
different machines sit side by side in one checkout. The Makefile writes to the same
folder, which mix.exs passes it as PRIV_DIR.

      


      
        Summary


  
    Functions
  


    
      
        path(name)

      


        The file name of this machine's native code, as a charlist for :erlang.load_nif/2.



    





      


      
        Functions


        


  
    
      
    
    
      path(name)



        
          
        

    

  


  

      

          @spec path(String.t()) :: charlist()


      


The file name of this machine's native code, as a charlist for :erlang.load_nif/2.

  


        

      


  

    
Cauldron3D.Paint 
    



      
How a polygon's pixels get their colours.
	{:flat, colour} — one colour
	{:texture, texture, light} — a Cauldron3D.Texture repeated across the polygon
by its uvs, through the light table at light (0 to 255, 128 the texture's own
colours), or as it is when light is nil
	{:shaded, texture} — as :texture, the light carried across from the
polygon's lights
	{:surface, texture} — a texture already lit, its edge pixels repeated beyond it
	{:warp, texture, opts} — a texture rippling as liquid does: each place on it
moved by :amplitude pixels (default 8.0) along a sine of the other axis, of
:wavelength pixels (default 128.0), moving with :time seconds at :speed
(default 1.0) turns a second; :light as :texture's, default nil
	{:sky, layers, opts} — a sky at no distance: layers is a list of
{texture, speed}, nearest first, each drawn where the one before is colour
:clear (default 0) and moving speed pixels a second with :time; :scale
(default 378.0) is how far across the sky a view straight ahead reaches, and
:flatten (default 3.0) squashes it toward the horizon
	{:fun, fun} — fun.(first, stop, y, setup, context) returns the stop - first
colours of the run itself

The context is a map: :light_table (rows of 256 colours, brightest first),
:light_rows (how many rows it has), :background (the colour behind every polygon),
and :view, which {:sky, ...} reads. Light value v uses row
(255 - v) * light_rows / 256, held inside the table.

      


      
        Summary


  
    Types
  


    
      
        context()

      


    





  
    Functions
  


    
      
        light_row(light, context)

      


        The light table row for light value light (0 to 255, brighter higher).



    


    
      
        span(paint, setup, first, stop, y, context)

      


        The colours of pixels first up to stop of row y, as a binary: a byte a pixel, or
in a full-colour picture (a context with :rgba) four, as Cauldron3D.Paint.Rgba
paints them.



    





      


      
        Types


        


  
    
      
    
    
      context()



        
          
        

    

  


  

      

          @type context() :: %{optional(atom()) => term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      light_row(light, context)



        
          
        

    

  


  

      

          @spec light_row(number(), context()) :: non_neg_integer()


      


The light table row for light value light (0 to 255, brighter higher).

  



  
    
      
    
    
      span(paint, setup, first, stop, y, context)



        
          
        

    

  


  

      

          @spec span(term(), Cauldron3D.Setup.t(), integer(), integer(), integer(), context()) ::
  binary()


      


The colours of pixels first up to stop of row y, as a binary: a byte a pixel, or
in a full-colour picture (a context with :rgba) four, as Cauldron3D.Paint.Rgba
paints them.

  


        

      


  

    
Cauldron3D.Paint.Rgba 
    



      
The paints of Cauldron3D.Paint in RGBA, four bytes a pixel, for a picture drawn in
full colour (Cauldron3D.Render.draw/3 with :palette).
An indexed texture's colours come from its own palette, or the picture's. Light 128 is
a texture's own colours; light scales red, green and blue alike, or each by its own
amount where a paint gives {r, g, b} light. A texel of the setup's clear index is
alpha 0, which the overlays leave out. A surface is an RGBA texture already lit.
A setup with a tint has each pixel's colour and alpha multiplied by it; where it also
has an alpha_test, a pixel whose own alpha is below the test is alpha 0 first.
{:warp, ...}'s :amplitude and :wavelength may each be {s, t}: the move along
s (by the sine of t) and the move along t (by the sine of s).
Besides Cauldron3D.Paint's paints:
	{:skybox, faces} — a sky at no distance from six RGBA textures, faces a map
with :front (looking along +x), :back, :left (+y), :right, :up (+z) and
:down, each seen from inside the box with up toward +z (:up and :down with
their top toward +x)
	{:lit, paint, lighting} — paint (with the setup's tint) and, added to it, the
light of each of lighting.lights (%{origin:, radius:, colour: {r, g, b}}, and
for a spot light fov: in degrees with axes: {forward, right, up}) on a flat
surface of normal lighting.normal: at the pixel's place p in a perspective
view, with l the light's origin less p, each channel of the texel of
lighting.texture at the paint's place plus lighting.offset (alpha 0 where it
is colour lighting.clear) times
max(normal · l / |l|, 0) * max(1 - |l|² / radius², 0) (times
1 - x² - y² for a spot, x and y being p's place across and up the light's
view over its distance along forward times tan(fov / 2), and nothing behind
it) times the colour times the texel's alpha, each light's share held at 0 or above


      


      
        Summary


  
    Functions
  


    
      
        flat(index, context)

      


        A colour, a palette index or {r, g, b}, as RGBA bytes in context's palette.



    


    
      
        span(paint, setup, first, stop, y, context)

      


        The RGBA bytes of pixels first up to stop of row y, each multiplied by the
setup's tint there when it has one.



    





      


      
        Functions


        


  
    
      
    
    
      flat(index, context)



        
          
        

    

  


  

      

          @spec flat(byte() | {byte(), byte(), byte()}, map()) :: binary()


      


A colour, a palette index or {r, g, b}, as RGBA bytes in context's palette.

  



  
    
      
    
    
      span(paint, setup, first, stop, y, context)



        
          
        

    

  


  

      

          @spec span(term(), Cauldron3D.Setup.t(), integer(), integer(), integer(), map()) ::
  binary()


      


The RGBA bytes of pixels first up to stop of row y, each multiplied by the
setup's tint there when it has one.

  


        

      


  

    
Cauldron3D.Paint.Spans 
    



      
The RGBA pixels of one row's run of a textured polygon, for Cauldron3D.Paint.Rgba.
planes = {w0, wx, uw0, uwx, vw0, vwx}
Cauldron3D.Paint.Spans.texture({pixels, 64, 64, colours}, nil, nil, planes, {10, 90})
A texture is {pixels, width, height, colours}, and a run {first, stop}, the pixels
from first up to stop. planes is a row's {w, uw, vw} planes as {at_x_zero, per_x} pairs, flattened; the
texel at pixel x is at floor(uw / w), floor(vw / w) taken at x + 0.5.
colours is the texture's Cauldron3D.Texture.colours/1 table for an indexed texture,
or nil for an RGBA one.
available?/0 says whether the C library loaded. Where it did not the same bytes are
made in Elixir.

      


      
        Summary


  
    Types
  


    
      
        light()

      


    


    
      
        planes()

      


    


    
      
        run()

      


    


    
      
        source()

      


    





  
    Functions
  


    
      
        available?()

      


        Whether the library is loaded and spans are filled in C.



    


    
      
        surface(arg1, planes, arg2)

      


        Pixels first up to stop of a texture whose edge pixels repeat beyond it.



    


    
      
        texture(arg1, clear, light, planes, arg2)

      


        Pixels first up to stop of a texture repeated both ways. A texel of index clear
in an indexed texture is <<0, 0, 0, 0>>. light multiplies red, green and blue: a
scale, one scale a channel, {:plane, origin, per_x} for the scale
(origin + per_x * (x + 0.5)) / 128 at pixel x, or nil for none.



    


    
      
        tint(base, first, arg, threshold)

      


        base, RGBA pixels from column first, each channel multiplied by its tint plane over
w: planes is {w0, wx, r0, rx, g0, gx, b0, bx, a0, ax}, each taken at x + 0.5. A
pixel whose alpha is below threshold is <<0, 0, 0, 0>>.



    





      


      
        Types


        


  
    
      
    
    
      light()



        
          
        

    

  


  

      

          @type light() ::
  nil | number() | {number(), number(), number()} | {:plane, number(), number()}


      



  



  
    
      
    
    
      planes()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      run()



        
          
        

    

  


  

      

          @type run() :: {integer(), integer()}


      



  



  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() :: {binary(), pos_integer(), pos_integer(), binary() | nil}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      available?()



        
          
        

    

  


  

      

          @spec available?() :: boolean()


      


Whether the library is loaded and spans are filled in C.

  



  
    
      
    
    
      surface(arg1, planes, arg2)



        
          
        

    

  


  

      

          @spec surface(source(), planes(), run()) :: binary()


      


Pixels first up to stop of a texture whose edge pixels repeat beyond it.

  



  
    
      
    
    
      texture(arg1, clear, light, planes, arg2)



        
          
        

    

  


  

      

          @spec texture(source(), byte() | nil, light(), planes(), run()) :: binary()


      


Pixels first up to stop of a texture repeated both ways. A texel of index clear
in an indexed texture is <<0, 0, 0, 0>>. light multiplies red, green and blue: a
scale, one scale a channel, {:plane, origin, per_x} for the scale
(origin + per_x * (x + 0.5)) / 128 at pixel x, or nil for none.

  



  
    
      
    
    
      tint(base, first, arg, threshold)



        
          
        

    

  


  

      

          @spec tint(binary(), integer(), tuple(), number()) :: binary()


      


base, RGBA pixels from column first, each channel multiplied by its tint plane over
w: planes is {w0, wx, r0, rx, g0, gx, b0, bx, a0, ax}, each taken at x + 0.5. A
pixel whose alpha is below threshold is <<0, 0, 0, 0>>.

  


        

      


  

    
Cauldron3D.Polygon 
    



      
A flat, convex polygon in the world, and how it is painted.
%Cauldron3D.Polygon{
  points: [{0.0, 0.0, 0.0}, {64.0, 0.0, 0.0}, {64.0, 0.0, 64.0}],
  uvs: [{0.0, 0.0}, {64.0, 0.0}, {64.0, 64.0}],
  paint: {:texture, texture, 128}
}
uvs give each point's place on the paint, in its pixels; lights each point's light,
0 to 255 with 128 as the picture's own colours, carried across the polygon for
{:shaded, texture}. cull drops the polygon when its points run that way round on
the screen: :clockwise, :counter_clockwise, or :none to keep both faces.
In a picture drawn in full colour, tints gives each point a {r, g, b, a} that its
paint's colour and alpha are multiplied by (1.0 leaves them as they are), carried
across the polygon with the perspective; blend mixes the polygon with what is behind
it: {:alpha, amount} lays it over at amount (0.0 to 1.0) times its alpha,
{:add, amount} adds amount times its alpha of its colour to what is there,
{:premultiplied, amount} adds amount of its colour (already multiplied by its
alpha) to what is there kept at one minus amount times its alpha, and
{:darken, amount} multiplies what is there by one minus amount of its colour.
A polygon with a clear colour is see-through where its paint is that colour, and one
with an alpha_test (0.0 to 1.0) where its paint's own alpha is below it; an unblended
polygon that is see-through in places still hides what is behind it where it is not.
depth: :always draws it over everything whatever its distance; depth: :near_third
keeps its depth in the nearest third of the depth range, so that it is in front of
everything else but what lies within half the near distance beyond the near plane,
and is still in front or behind among its own kind.
Blended, see-through and always-on-top polygons are drawn after the others, the
unblended first, then the blended in the order given.
The paints are those Cauldron3D.Paint draws.

      


      
        Summary


  
    Types
  


    
      
        blend()

      


    


    
      
        t()

      


    


    
      
        tint()

      


    





  
    Functions
  


    
      
        translate(polygon, offset)

      


        The polygon moved by offset.



    





      


      
        Types


        


  
    
      
    
    
      blend()



        
          
        

    

  


  

      

          @type blend() ::
  :none
  | {:alpha, float()}
  | {:add, float()}
  | {:premultiplied, float()}
  | {:darken, float()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Cauldron3D.Polygon{
  alpha_test: float() | nil,
  blend: blend(),
  clear: byte() | nil,
  cull: :none | :clockwise | :counter_clockwise,
  depth: :test | :always | :near_third,
  lights: [float()] | nil,
  paint: term(),
  points: [Cauldron3D.Vec.t()],
  tints: [tint()] | nil,
  uvs: [{float(), float()}] | nil
}


      



  



  
    
      
    
    
      tint()



        
          
        

    

  


  

      

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


      



  


        

      

      
        Functions


        


  
    
      
    
    
      translate(polygon, offset)



        
          
        

    

  


  

      

          @spec translate(t(), Cauldron3D.Vec.t()) :: t()


      


The polygon moved by offset.

  


        

      


  

    
Cauldron3D.Quat 
    



      
Rotations as unit quaternions {x, y, z, w}.
q = Cauldron3D.Quat.from_euler({0.0, 0.0, :math.pi() / 2})
Cauldron3D.Quat.rotate(q, {1.0, 0.0, 0.0})
#=> {0.0, 1.0, 0.0}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_euler(arg)

      


        The rotation turning x radians about the x axis, then y about the y axis, then z
about the z axis.



    


    
      
        identity()

      


        No rotation.



    


    
      
        normalize(arg)

      


        q scaled to unit length.



    


    
      
        rotate(q, vector)

      


        vector turned by q.



    


    
      
        slerp(a, arg, t)

      


        The rotation t of the way from a to b, along the shorter arc.



    


    
      
        to_rows(arg)

      


        The rotation as the rows of a 3 by 3 matrix.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

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


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_euler(arg)



        
          
        

    

  


  

      

          @spec from_euler(Cauldron3D.Vec.t()) :: t()


      


The rotation turning x radians about the x axis, then y about the y axis, then z
about the z axis.

  



  
    
      
    
    
      identity()



        
          
        

    

  


  

      

          @spec identity() :: t()


      


No rotation.

  



  
    
      
    
    
      normalize(arg)



        
          
        

    

  


  

      

          @spec normalize(t()) :: t()


      


q scaled to unit length.

  



  
    
      
    
    
      rotate(q, vector)



        
          
        

    

  


  

      

          @spec rotate(t(), Cauldron3D.Vec.t()) :: Cauldron3D.Vec.t()


      


vector turned by q.

  



  
    
      
    
    
      slerp(a, arg, t)



        
          
        

    

  


  

      

          @spec slerp(t(), t(), float()) :: t()


      


The rotation t of the way from a to b, along the shorter arc.

  



  
    
      
    
    
      to_rows(arg)



        
          
        

    

  


  

      

          @spec to_rows(t()) :: {Cauldron3D.Vec.t(), Cauldron3D.Vec.t(), Cauldron3D.Vec.t()}


      


The rotation as the rows of a 3 by 3 matrix.

  


        

      


  

    
Cauldron3D.Raster 
    



      
Draws prepared polygons (Cauldron3D.Setup) into rows of pixels.
Each row keeps the runs of pixels where one polygon is nearest; a polygon added to the
row takes the pixels where it is nearer than what is there, found from its :near
plane, so every pixel is painted once, by the polygon in front, whatever order the
polygons come in. Where two are equally near the one added first keeps the pixel.
See-through, blended and always-on-top setups (Cauldron3D.Setup.overlay?/1) are
painted after, over the row: first the unblended, in the order given, each pixel taken
where it is nearer than what is there and its alpha passes, keeping its own nearness;
then the blended, in the order given, mixed over what is there where they are nearer,
leaving the nearness as it was. In a picture in full colour the depth test reads the
nearness of every overlay already drawn; in an indexed picture only that of the runs.
Cauldron3D.Raster.rows(setups, 0..199, width, paint_context)
#=> binary of 200 rows

      


      
        Summary


  
    Types
  


    
      
        run()

      


    





  
    Functions
  


    
      
        rows(setups, arg, width, context)

      


        The pixels of rows (a range of row numbers) in a picture width wide, every row in
turn, with context handed to Cauldron3D.Paint.span/6.



    


    
      
        runs(setups, y, width)

      


        The visible runs of row y, left to right, as {first, last, setup}.



    





      


      
        Types


        


  
    
      
    
    
      run()



        
          
        

    

  


  

      

          @type run() :: {non_neg_integer(), non_neg_integer(), Cauldron3D.Setup.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      rows(setups, arg, width, context)



        
          
        

    

  


  

      

          @spec rows(
  [Cauldron3D.Setup.t()],
  Range.t(),
  pos_integer(),
  Cauldron3D.Paint.context()
) :: binary()


      


The pixels of rows (a range of row numbers) in a picture width wide, every row in
turn, with context handed to Cauldron3D.Paint.span/6.

  



  
    
      
    
    
      runs(setups, y, width)



        
          
        

    

  


  

      

          @spec runs([Cauldron3D.Setup.t()], integer(), pos_integer()) :: [run()]


      


The visible runs of row y, left to right, as {first, last, setup}.

  


        

      


  

    
Cauldron3D.Render 
    



      
Draws polygons seen through a view into a Cauldron3D.Frame.
view = Cauldron3D.View.new(camera, {320, 200})
frame = Cauldron3D.Render.draw(view, polygons, light_table: colormap)
The picture is cut into bands of rows drawn at the same time, one per scheduler by
default.
Options
	:palette — 768 bytes of red, green and blue: draws the picture in full colour,
four bytes a pixel (Cauldron3D.Paint.Rgba), indexed textures without their own
palette taking their colours from this one
	:light_table — rows of 256 colours, brightest first, for lit paints
	:light_rows — how many rows the table has, default its size over 256
	:background — the colour where no polygon is, default 0 (in full colour, a
palette index or {r, g, b}, default black)
	:backdrop — in full colour, a Cauldron3D.Frame of RGBA pixels the size of the
picture, shown where no polygon is and blended under the see-through ones,
instead of :background
	:bands — how many bands to draw at once, default System.schedulers_online/0
	anything else is passed on in the paint context (see Cauldron3D.Paint)


      


      
        Summary


  
    Functions
  


    
      
        draw(view, polygons, opts \\ [])

      


        The polygons drawn as view sees them.



    


    
      
        draw_setups(view, setups, opts \\ [])

      


        Prepared polygons drawn into a frame the size of view. Takes draw/3's options.



    


    
      
        setups(view, polygons, opts \\ [])

      


        Polygons prepared for view, those that cannot be seen left out, set up in parallel.



    





      


      
        Functions


        


    

  
    
      
    
    
      draw(view, polygons, opts \\ [])



        
          
        

    

  


  

      

          @spec draw(Cauldron3D.View.t(), [Cauldron3D.Polygon.t()], keyword()) ::
  Cauldron3D.Frame.t()


      


The polygons drawn as view sees them.

  



    

  
    
      
    
    
      draw_setups(view, setups, opts \\ [])



        
          
        

    

  


  

      

          @spec draw_setups(Cauldron3D.View.t(), [Cauldron3D.Setup.t()], keyword()) ::
  Cauldron3D.Frame.t()


      


Prepared polygons drawn into a frame the size of view. Takes draw/3's options.

  



    

  
    
      
    
    
      setups(view, polygons, opts \\ [])



        
          
        

    

  


  

      

          @spec setups(Cauldron3D.View.t(), [Cauldron3D.Polygon.t()], keyword()) :: [
  Cauldron3D.Setup.t()
]


      


Polygons prepared for view, those that cannot be seen left out, set up in parallel.

  


        

      


  

    
Cauldron3D.Setup 
    



      
A polygon made ready for drawing: clipped to the near plane, projected, and reduced to
the rows it covers, its edges, and a plane {at_origin, per_x, per_y} for each
attribute across the picture.
Cauldron3D.Setup.new(view, polygon)
#=> %Cauldron3D.Setup{} | nil
nil is a polygon that cannot be seen: wholly behind the near plane, facing away
under its cull, edge-on, or outside the picture.
The attributes are :near (grows toward the camera), :w (see Cauldron3D.View),
:uw and :vw (the paint position times w), :light (carried straight across
the picture, or nil) and :tint (four planes, each of red, green, blue and alpha
times w, or nil). Rows are sampled at their centres.
A polygon drawn with depth: :near_third has its :near plane moved into the nearest
third of the depth range: 0.333 * near + 0.6665 / view.near.

      


      
        Summary


  
    Types
  


    
      
        edge()

      


    


    
      
        plane()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        at(arg, x, y)

      


        The value of an attribute plane at the centre of pixel {x, y}.



    


    
      
        new(view, polygon)

      


        The polygon ready to draw in view, or nil when it cannot be seen.



    


    
      
        opaque?(setup)

      


        Whether an overlay setup hides what is behind it where it is drawn.



    


    
      
        overlay?(setup)

      


        Whether the setup is drawn over the solid polygons rather than among them.



    


    
      
        span(setup, y, width)

      


        The pixels row y covers, as {first, last} columns inside a picture width wide,
or nil when it covers none.



    





      


      
        Types


        


  
    
      
    
    
      edge()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      plane()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Cauldron3D.Setup{
  alpha_test: float() | nil,
  blend: Cauldron3D.Polygon.blend(),
  bottom: non_neg_integer(),
  clear: byte() | nil,
  depth: :test | :always,
  edges: [edge()],
  light: plane() | nil,
  near: plane(),
  nearest: float(),
  paint: term(),
  tint: {plane(), plane(), plane(), plane()} | nil,
  top: non_neg_integer(),
  uw: plane(),
  vw: plane(),
  w: plane()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      at(arg, x, y)



        
          
        

    

  


  

      

          @spec at(plane(), number(), number()) :: float()


      


The value of an attribute plane at the centre of pixel {x, y}.

  



  
    
      
    
    
      new(view, polygon)



        
          
        

    

  


  

      

          @spec new(Cauldron3D.View.t(), Cauldron3D.Polygon.t()) :: t() | nil


      


The polygon ready to draw in view, or nil when it cannot be seen.

  



  
    
      
    
    
      opaque?(setup)



        
          
        

    

  


  

      

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


      


Whether an overlay setup hides what is behind it where it is drawn.

  



  
    
      
    
    
      overlay?(setup)



        
          
        

    

  


  

      

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


      


Whether the setup is drawn over the solid polygons rather than among them.

  



  
    
      
    
    
      span(setup, y, width)



        
          
        

    

  


  

      

          @spec span(t(), integer(), pos_integer()) :: {integer(), integer()} | nil


      


The pixels row y covers, as {first, last} columns inside a picture width wide,
or nil when it covers none.

  


        

      


  

    
Cauldron3D.Skeleton 
    



      
Bones posed into place: each bone's own position and rotation relative to its parent,
turned into a transform from the bone's space to the model's.
A transform is three rows {{r00, r01, r02, tx}, {r10, r11, r12, ty}, {r20, r21, r22, tz}}: a point p goes to {row0 · p + tx, row1 · p + ty, row2 · p + tz}.
parents = {-1, 0, 1}
locals = [{{0.0, 0.0, 0.0}, q0}, {{0.0, 0.0, 10.0}, q1}, {{0.0, 0.0, 10.0}, q2}]
transforms = Cauldron3D.Skeleton.pose(parents, locals)
Cauldron3D.Skeleton.apply(elem(transforms, 2), {0.0, 0.0, 0.0})
A bone's parent comes before it; -1 marks a bone with none.

      


      
        Summary


  
    Types
  


    
      
        transform()

      


    





  
    Functions
  


    
      
        apply(arg1, arg2)

      


        Point point moved by transform.



    


    
      
        concat(arg1, arg2)

      


        The transform doing inner and then outer.



    


    
      
        identity()

      


        The transform that changes nothing.



    


    
      
        origin(arg)

      


        Where transform puts the origin.



    


    
      
        pose(parents, locals, root \\ identity())

      


        Each bone's transform into the model's space, root applied to the bones without a parent.



    


    
      
        rotate(arg1, arg2)

      


        Direction vector turned by transform, its move left out.



    


    
      
        transform(arg, q)

      


        The transform of a rotation q followed by a move to position.



    





      


      
        Types


        


  
    
      
    
    
      transform()



        
          
        

    

  


  

      

          @type transform() :: {tuple(), tuple(), tuple()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      apply(arg1, arg2)



        
          
        

    

  


  

      

          @spec apply(transform(), Cauldron3D.Vec.t()) :: Cauldron3D.Vec.t()


      


Point point moved by transform.

  



  
    
      
    
    
      concat(arg1, arg2)



        
          
        

    

  


  

      

          @spec concat(transform(), transform()) :: transform()


      


The transform doing inner and then outer.

  



  
    
      
    
    
      identity()



        
          
        

    

  


  

      

          @spec identity() :: transform()


      


The transform that changes nothing.

  



  
    
      
    
    
      origin(arg)



        
          
        

    

  


  

      

          @spec origin(transform()) :: Cauldron3D.Vec.t()


      


Where transform puts the origin.

  



    

  
    
      
    
    
      pose(parents, locals, root \\ identity())



        
          
        

    

  


  

      

          @spec pose(tuple(), [{Cauldron3D.Vec.t(), Cauldron3D.Quat.t()}], transform()) ::
  tuple()


      


Each bone's transform into the model's space, root applied to the bones without a parent.

  



  
    
      
    
    
      rotate(arg1, arg2)



        
          
        

    

  


  

      

          @spec rotate(transform(), Cauldron3D.Vec.t()) :: Cauldron3D.Vec.t()


      


Direction vector turned by transform, its move left out.

  



  
    
      
    
    
      transform(arg, q)



        
          
        

    

  


  

      

          @spec transform(Cauldron3D.Vec.t(), Cauldron3D.Quat.t()) :: transform()


      


The transform of a rotation q followed by a move to position.

  


        

      


  

    
Cauldron3D.Texture 
    



      
A picture, rows top to bottom: indexed colour, one byte per pixel and optionally its
own palette, or RGBA, four bytes per pixel.
Cauldron3D.Texture.new(64, 64, pixels)
Cauldron3D.Texture.new(64, 64, pixels, palette)
Cauldron3D.Texture.rgba(64, 64, rgba_pixels)
Cauldron3D.Texture.at(texture, 3, 7)
palette is 768 bytes of red, green and blue, or nil for an indexed texture whose
indices are into the palette of whatever it is drawn on; colours is that palette as
1024 bytes of RGBA, four a colour (colour/2 reads one). An RGBA texture's alpha is 0 where it is see-through.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        at(texture, x, y)

      


        The colour index at {x, y} of an indexed texture, wrapping both ways.



    


    
      
        colour(colours, index)

      


        Colour index of colours/1's table, as four bytes of RGBA.



    


    
      
        colours(palette)

      


        A 768-byte palette as 1024 bytes of opaque RGBA, four a colour.



    


    
      
        new(width, height, pixels)

      


        An indexed texture of width by height from its pixels. Raises ArgumentError when the sizes disagree.



    


    
      
        new(width, height, pixels, palette)

      


        An indexed texture of width by height from its pixels and its own 768-byte palette.



    


    
      
        rgba(width, height, pixels)

      


        An RGBA texture of width by height. Raises ArgumentError when the sizes disagree.



    


    
      
        split(texture, left)

      


        The texture with left columns from its left edge, as two textures {left, rest}.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Cauldron3D.Texture{
  colours: binary() | nil,
  format: :indexed | :rgba,
  height: pos_integer(),
  palette: binary() | nil,
  pixels: binary(),
  width: pos_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      at(texture, x, y)



        
          
        

    

  


  

      

          @spec at(t(), integer(), integer()) :: byte()


      


The colour index at {x, y} of an indexed texture, wrapping both ways.

  



  
    
      
    
    
      colour(colours, index)



        
          
        

    

  


  

      

          @spec colour(binary(), byte()) :: binary()


      


Colour index of colours/1's table, as four bytes of RGBA.

  



  
    
      
    
    
      colours(palette)



        
          
        

    

  


  

      

          @spec colours(binary()) :: binary()


      


A 768-byte palette as 1024 bytes of opaque RGBA, four a colour.

  



  
    
      
    
    
      new(width, height, pixels)



        
          
        

    

  


  

      

          @spec new(pos_integer(), pos_integer(), binary()) :: t()


      


An indexed texture of width by height from its pixels. Raises ArgumentError when the sizes disagree.

  



  
    
      
    
    
      new(width, height, pixels, palette)



        
          
        

    

  


  

      

          @spec new(pos_integer(), pos_integer(), binary(), binary()) :: t()


      


An indexed texture of width by height from its pixels and its own 768-byte palette.

  



  
    
      
    
    
      rgba(width, height, pixels)



        
          
        

    

  


  

      

          @spec rgba(pos_integer(), pos_integer(), binary()) :: t()


      


An RGBA texture of width by height. Raises ArgumentError when the sizes disagree.

  



  
    
      
    
    
      split(texture, left)



        
          
        

    

  


  

      

          @spec split(t(), pos_integer()) :: {t(), t()}


      


The texture with left columns from its left edge, as two textures {left, rest}.

  


        

      


  

    
Cauldron3D.Vec 
    



      
Three-component vectors as {x, y, z} float tuples.
Cauldron3D.Vec.add({1.0, 0.0, 0.0}, {0.0, 2.0, 0.0})
#=> {1.0, 2.0, 0.0}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        add(arg1, arg2)

      


        a + b.



    


    
      
        cross(arg1, arg2)

      


        The cross product.



    


    
      
        dot(arg1, arg2)

      


        The dot product.



    


    
      
        float(arg)

      


        The vector as floats.



    


    
      
        length(v)

      


        The length.



    


    
      
        lerp(a, b, t)

      


        The point t of the way from a to b.



    


    
      
        madd(arg1, arg2, s)

      


        a + b * s.



    


    
      
        max(arg1, arg2)

      


        Each component the larger of the two.



    


    
      
        min(arg1, arg2)

      


        Each component the smaller of the two.



    


    
      
        normalize(v)

      


        The vector scaled to length one; the zero vector stays zero.



    


    
      
        scale(arg, s)

      


        v * s.



    


    
      
        sub(arg1, arg2)

      


        a - b.



    


    
      
        zero()

      


        The zero vector.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

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


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add(arg1, arg2)



        
          
        

    

  


  

      

          @spec add(t(), t()) :: t()


      


a + b.

  



  
    
      
    
    
      cross(arg1, arg2)



        
          
        

    

  


  

      

          @spec cross(t(), t()) :: t()


      


The cross product.

  



  
    
      
    
    
      dot(arg1, arg2)



        
          
        

    

  


  

      

          @spec dot(t(), t()) :: float()


      


The dot product.

  



  
    
      
    
    
      float(arg)



        
          
        

    

  


  

      

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


      


The vector as floats.

  



  
    
      
    
    
      length(v)



        
          
        

    

  


  

      

          @spec length(t()) :: float()


      


The length.

  



  
    
      
    
    
      lerp(a, b, t)



        
          
        

    

  


  

      

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


      


The point t of the way from a to b.

  



  
    
      
    
    
      madd(arg1, arg2, s)



        
          
        

    

  


  

      

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


      


a + b * s.

  



  
    
      
    
    
      max(arg1, arg2)



        
          
        

    

  


  

      

          @spec max(t(), t()) :: t()


      


Each component the larger of the two.

  



  
    
      
    
    
      min(arg1, arg2)



        
          
        

    

  


  

      

          @spec min(t(), t()) :: t()


      


Each component the smaller of the two.

  



  
    
      
    
    
      normalize(v)



        
          
        

    

  


  

      

          @spec normalize(t()) :: t()


      


The vector scaled to length one; the zero vector stays zero.

  



  
    
      
    
    
      scale(arg, s)



        
          
        

    

  


  

      

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


      


v * s.

  



  
    
      
    
    
      sub(arg1, arg2)



        
          
        

    

  


  

      

          @spec sub(t(), t()) :: t()


      


a - b.

  



  
    
      
    
    
      zero()



        
          
        

    

  


  

      

          @spec zero() :: t()


      


The zero vector.

  


        

      


  

    
Cauldron3D.View 
    



      
A camera fitted to a picture: the projection from the world to pixels.
view = Cauldron3D.View.new(camera, {320, 200})
Cauldron3D.View.to_camera(view, point)
Pixel {0, 0} is the top left. :pixel_aspect is a pixel's height over its width,
1.0 for square pixels; a taller pixel squeezes the picture's height so circles stay
round.
A point in camera space is {right, up, depth}. Projected, it is
{x, y, nearness, w}: the pixel position, a value that grows toward the camera and
changes linearly across the picture (for comparing what is in front), and the factor
attributes are carried through by for perspective-correct interpolation (1 / depth
in perspective, 1.0 orthographic).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        in_front?(view, point)

      


        Whether a point in the world is in front of the camera's near plane.



    


    
      
        new(camera, arg, opts \\ [])

      


        The view of camera in a picture {width, height}. Takes :pixel_aspect, default 1.0.



    


    
      
        project(view, arg)

      


        A camera-space point projected: {x, y, nearness, w}. The depth must be above zero in perspective.



    


    
      
        ray(view, x, y)

      


        The direction from the camera through the centre of pixel {x, y}, in the world, not of length one.



    


    
      
        to_camera(view, point)

      


        A world point in camera space, {right, up, depth}.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Cauldron3D.View{
  camera: Cauldron3D.Camera.t(),
  center_x: float(),
  center_y: float(),
  forward: Cauldron3D.Vec.t(),
  height: pos_integer(),
  near: float(),
  origin: Cauldron3D.Vec.t(),
  perspective?: boolean(),
  right: Cauldron3D.Vec.t(),
  scale_x: float(),
  scale_y: float(),
  up: Cauldron3D.Vec.t(),
  width: pos_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      in_front?(view, point)



        
          
        

    

  


  

      

          @spec in_front?(t(), Cauldron3D.Vec.t()) :: boolean()


      


Whether a point in the world is in front of the camera's near plane.

  



    

  
    
      
    
    
      new(camera, arg, opts \\ [])



        
          
        

    

  


  

      

          @spec new(Cauldron3D.Camera.t(), {pos_integer(), pos_integer()}, keyword()) :: t()


      


The view of camera in a picture {width, height}. Takes :pixel_aspect, default 1.0.

  



  
    
      
    
    
      project(view, arg)



        
          
        

    

  


  

      

          @spec project(t(), Cauldron3D.Vec.t()) :: {float(), float(), float(), float()}


      


A camera-space point projected: {x, y, nearness, w}. The depth must be above zero in perspective.

  



  
    
      
    
    
      ray(view, x, y)



        
          
        

    

  


  

      

          @spec ray(t(), number(), number()) :: Cauldron3D.Vec.t()


      


The direction from the camera through the centre of pixel {x, y}, in the world, not of length one.

  



  
    
      
    
    
      to_camera(view, point)



        
          
        

    

  


  

      

          @spec to_camera(t(), Cauldron3D.Vec.t()) :: Cauldron3D.Vec.t()


      


A world point in camera space, {right, up, depth}.
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