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Projection-aware spatial graphs for Elixir.

Meridian sits on top of yog_ex and brings
geography into graph theory. Build graphs from maps, run spatial algorithms,
and render your networks back onto the earth.
Installation
Add meridian to your list of dependencies in mix.exs:
def deps do
  [
    {:meridian, "~> 0.1.0"}
  ]
end
Optional dependencies
Meridian keeps its core lightweight. Heavy or native dependencies are optional:
	Feature	Dependency	Add to mix.exs
	H3 hex grids	:h3	{:h3, "~> 3.0"}
	Geohash grids	:geohash	{:geohash, "~> 1.3"}
	GeoJSON I/O	:jason	{:jason, "~> 1.4"}
	HTTP map APIs	:req	{:req, "~> 0.5"}

Quick Start
H3 hexagonal grid
graph =
  Meridian.Graph.new(kind: :undirected)
  |> Meridian.Builder.H3.grid(center: {40.7484, -73.9857}, resolution: 9, k_ring: 2)

Meridian.Graph.node_count(graph)
#=> 19
Geohash grid
graph =
  Meridian.Graph.new(kind: :undirected)
  |> Meridian.Builder.Geohash.grid(
       sw: {40.6, -74.1},
       ne: {40.8, -73.9},
       precision: 5,
       topology: :rook
     )
GeoJSON ingest
{:ok, graph} =
  "roads.geojson"
  |> File.read!()
  |> Meridian.IO.GeoJSON.from_string()
Spatial shortest path
{:ok, path} =
  Meridian.Pathfinding.a_star(graph, from: :a, to: :b)

path.nodes
#=> [:a, :intersection_3, :b]
path.total_weight
#=> 1240.5
Render back to GeoJSON
graph
|> Meridian.Render.GeoJSON.to_string()
|> File.write!("output.geojson")
Architecture
Meridian wraps Yog.Graph in a Meridian.Graph struct that carries spatial
metadata:
%Meridian.Graph{
  graph: %Yog.Graph{},
  crs: "EPSG:4326",
  srid: 4326,
  bounds: %Geo.Polygon{}
}
This means every coordinate in the graph lives in a known, declared coordinate
reference system. Merging two graphs with different CRS values raises an
ArgumentError — no silent coordinate confusion.
Modules
	Module	Purpose
	Meridian.Graph	Spatial graph struct, queries, and modifications
	Meridian.CRS	Earth-aware distances, edge-weight computation, bounding boxes
	Meridian.Geometry	CRS-agnostic geometric helpers (euclidean, centroid, contains?)
	Meridian.Pathfinding	Spatially-informed A* with haversine heuristics
	Meridian.Builder.H3	Hexagonal grid graphs via Uber H3
	Meridian.Builder.Geohash	Rectangular grid graphs via geohash
	Meridian.IO.GeoJSON	GeoJSON → graph ingestion
	Meridian.Render.GeoJSON	Graph → GeoJSON rendering

Protocols
Meridian.Graph implements Enumerable and Inspect:
graph = Meridian.Graph.new() |> Meridian.Graph.add_node(1, %{name: "A"})
Enum.to_list(graph)
#=> [{1, %{name: "A"}}]

inspect(graph)
#=> "#Meridian.Graph<EPSG:4326, 1 node, 0 edges>"
Relationship to yog_ex
yog_ex provides the graph engine: Dijkstra, A, Bellman-Ford, community
detection, connectivity, and every other graph algorithm you might need.
Meridian adds the spatial layer* on top: coordinate systems, map ingestion,
grid builders, and geographic heuristics.
You can drop down to raw yog_ex at any time:
yog = Meridian.Graph.to_yog(graph)
Yog.Pathfinding.Dijkstra.shortest_path(yog, from: :a, to: :b)
Roadmap
	[ ] OSM Overpass / PBF ingestion
	[ ] Network buffers and reachable-area queries
	[ ] Spatial indexing (R-tree or H3-based)
	[ ] Real CRS reprojection (PROJ / Rustler)
	[ ] Kino / Livebook map rendering
	[ ] MVT (Mapbox Vector Tile) encoding

License
MIT License — see LICENSE for details.


  

    Getting Started with Meridian

Mix.install([
  {:meridian, path: "/home/mafinar/repos/elixir/meridian"},
  {:kino, "~> 0.14"},
  {:kino_vizjs, "~> 0.8"},
  {:kino_maplibre, "~> 0.1"},
  {:jason, "~> 1.4"},
  {:geohash, "~> 1.3"}
])
What is Meridian?
Meridian brings spatial awareness to yog_ex graphs. Every graph carries its coordinate reference system (CRS), nodes can have geometries, and algorithms understand geography.
This Livebook walks through the core API. By the end you'll be able to build, analyze, and visualize spatial graphs in Elixir.
Creating a Spatial Graph
A Meridian.Graph is just a Yog.Graph with extra spatial metadata:
alias Meridian.Graph

graph = Graph.new()
By default graphs are directed and use WGS-84 (EPSG:4326). You can override either:
undirected = Graph.new(kind: :undirected, crs: "EPSG:3857")
Adding Nodes with Geometry
Nodes are identified by an ID and carry a data map. The :geometry key is special—Meridian uses it for spatial calculations.
graph =
  Graph.new()
  |> Graph.add_node(:nyc, %{
    geometry: %Geo.Point{coordinates: {-74.006, 40.7128}},
    name: "New York City"
  })
  |> Graph.add_node(:la, %{
    geometry: %Geo.Point{coordinates: {-118.2437, 34.0522}},
    name: "Los Angeles"
  })
  |> Graph.add_node(:chi, %{
    geometry: %Geo.Point{coordinates: {-87.6298, 41.8781}},
    name: "Chicago"
  })

Graph.node_count(graph)
Nodes are Enumerable—iterate over them as {id, data} tuples:
Enum.to_list(graph)
Adding Edges
Edges connect nodes. For spatial graphs, the edge weight often represents distance, travel time, or cost.
{:ok, graph} =
  graph
  |> Graph.add_edge(:nyc, :chi, %{distance_km: 1_145})
  |> then(fn {:ok, g} -> Graph.add_edge(g, :chi, :la, %{distance_km: 2_015}) end)
  |> then(fn {:ok, g} -> Graph.add_edge(g, :nyc, :la, %{distance_km: 3_944}) end)

Graph.edge_count(graph)
Use add_edge_ensure/5 when you want to auto-create missing endpoint nodes:
graph = Graph.add_edge_ensure(graph, :nyc, :bos, %{distance_km: 350}, %{name: "Boston"})
Graph.node_count(graph)
Inspecting the Graph
inspect(graph)
Coordinate Reference Systems (CRS)
Meridian keeps track of the graph's CRS so you never silently confuse coordinate systems.
Distance between nodes
Meridian.CRS.distance/3 computes the great-circle distance in meters between two nodes that have %Geo.Point{} geometries.
Meridian.CRS.distance(graph, :nyc, :chi)
Nodes without point geometries return nil:
plain_graph = Graph.new() |> Graph.add_node(:a, %{foo: 1})
Meridian.CRS.distance(plain_graph, :a, :b)
Computing edge weights from geometry
You can automatically replace all edge weights with their geographic distances:
weighted_graph =
  Graph.new()
  |> Graph.add_node(:a, %{geometry: %Geo.Point{coordinates: {0.0, 0.0}}})
  |> Graph.add_node(:b, %{geometry: %Geo.Point{coordinates: {0.0, 1.0}}})
  |> Graph.add_edge_ensure(:a, :b, nil)
  |> Meridian.CRS.compute_edge_weights()

Graph.edges(weighted_graph)
Bounding box
bounded = Graph.recompute_bounds(graph)
Meridian.CRS.bbox(bounded)
Geometry Helpers
Meridian.Geometry provides CRS-agnostic geometric operations.
alias Meridian.Geometry

# Euclidean distance
a = %Geo.Point{coordinates: {0.0, 0.0}}
b = %Geo.Point{coordinates: {3.0, 4.0}}
Geometry.euclidean(a, b)
# Haversine length of a LineString
line = %Geo.LineString{coordinates: [{0.0, 0.0}, {0.0, 1.0}]}
Geometry.geo_length(line)
# Point-in-polygon test
poly = %Geo.Polygon{coordinates: [[{0, 0}, {10, 0}, {10, 10}, {0, 10}, {0, 0}]]}
Geometry.contains?(poly, %Geo.Point{coordinates: {5, 5}})
# Centroid
Geometry.centroid(poly)
Building Grid Graphs
Geohash Rectangular Grid
Requires the optional :geohash dependency.
geohash_graph =
  Graph.new(kind: :undirected)
  |> Meridian.Builder.Geohash.grid(
    sw: {37.7, -122.5},
    ne: {37.8, -122.4},
    precision: 5,
    topology: :rook
  )

Graph.node_count(geohash_graph)
GeoJSON I/O
Ingesting GeoJSON
Requires the optional :jason dependency.
geojson = ~s|{"type":"FeatureCollection","features":[{"type":"Feature","geometry":{"type":"LineString","coordinates":[[0,0],[0,1]]},"properties":{"name":"road"}}]}|

{:ok, road_graph} = Meridian.IO.GeoJSON.from_string(geojson)
Graph.node_count(road_graph)
Rendering to GeoJSON
json = Meridian.Render.GeoJSON.to_string(graph, include_edges: true)
Kino.Markdown.new("```json\n#{json}\n```")
Map Visualization
Meridian.Render.MapLibre renders a graph as an interactive MapLibre map inside Livebook — vector tiles, smooth zooming, and full style control.
map_graph =
  Graph.new()
  |> Graph.add_node(:nyc, %{
    geometry: %Geo.Point{coordinates: {-74.006, 40.7128}},
    name: "New York City"
  })
  |> Graph.add_node(:bos, %{
    geometry: %Geo.Point{coordinates: {-71.0589, 42.3601}},
    name: "Boston"
  })
  |> Graph.add_node(:dc, %{
    geometry: %Geo.Point{coordinates: {-77.0369, 38.9072}},
    name: "Washington D.C."
  })
  #|> Graph.add_edge_ensure(:nyc, :bos, %{distance_km: 350})
  |> Graph.add_edge_ensure(:bos, :dc, %{distance_km: 700})
  |> Graph.add_edge_ensure(:dc, :nyc, %{distance_km: 360})

Meridian.Render.MapLibre.new(map_graph)
With custom styling:
Meridian.Render.MapLibre.new(map_graph,
  style: :default,
  zoom: 6,
  node_color: "#e74c3c",
  edge_color: "#3498db",
  node_radius: 10,
  edge_width: 3
)
The map auto-centers on the graph's node centroid. Nodes render as circles and edges as lines.
Note on styles: :default uses MapLibre's free demo tiles and works out of the box. :street and :terrain require your own MapTiler API key — pass it as style: :street, key: "your-key". Without a key these styles will raise an error.

You can also use MapLibre's event API to add markers, controls, or fly-to animations dynamically.
Spatial Pathfinding
Meridian wraps yog_ex pathfinding with geographic heuristics.
path_graph =
  Graph.new()
  |> Graph.add_node(:a, %{geometry: %Geo.Point{coordinates: {0.0, 0.0}}})
  |> Graph.add_node(:b, %{geometry: %Geo.Point{coordinates: {0.0, 1.0}}})
  |> Graph.add_node(:c, %{geometry: %Geo.Point{coordinates: {1.0, 1.0}}})
  |> Graph.add_edge_ensure(:a, :b, 100.0)
  |> Graph.add_edge_ensure(:b, :c, 100.0)
  |> Graph.add_edge_ensure(:a, :c, 500.0)

{:ok, path} = Meridian.Pathfinding.a_star(path_graph, from: :a, to: :c)
path
The A* heuristic is haversine distance, so the search is naturally pulled toward the goal in geographic space.
Merging Graphs
You can merge two spatial graphs, but only if they share the same CRS:
a = Graph.new() |> Graph.add_node(1, %{name: "A"})
b = Graph.new() |> Graph.add_node(2, %{name: "B"}) |> Graph.add_edge_ensure(2, 1, 5)

merged = Graph.merge(a, b)
{Graph.node_count(merged), Graph.edge_count(merged)}
Mismatched CRS raises an error:
c = Graph.new(crs: "EPSG:3857")

# This would raise:
# Graph.merge(a, c)
Visualizing with DOT
If you have kino_vizjs installed, you can render the graph topology as a DOT diagram:
graph
|> Meridian.Graph.to_yog()
|> Yog.Render.DOT.to_dot()
|> Kino.VizJS.render(engine: "neato")
Summary
	Concept	Module	Key Function
	Create graph	Meridian.Graph	Graph.new/1
	Add node	Meridian.Graph	Graph.add_node/3
	Distance	Meridian.CRS	CRS.distance/3
	Edge weights	Meridian.CRS	CRS.compute_edge_weights/2
	Geohash grid	Meridian.Builder.Geohash	Geohash.grid/2
	GeoJSON in	Meridian.IO.GeoJSON	GeoJSON.from_string/2
	GeoJSON out	Meridian.Render.GeoJSON	GeoJSON.to_string/2
	Map render	Meridian.Render.MapLibre	MapLibre.new/2
	Pathfinding	Meridian.Pathfinding	Pathfinding.a_star/2

What's Next?
	OSM ingestion — scrape real street networks from OpenStreetMap
	Spatial queries — within, nearest, network_buffer
	Map rendering — interactive Leaflet maps inside Livebook ✓
	Real reprojection — transform coordinates between CRS using PROJ

See ROADMAP.md for the full plan.
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Spatially-aware pathfinding wrappers around yog_ex algorithms.
Injects geographic heuristics and distance-based edge weight functions
into the core graph pathfinders.
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        A* shortest path using haversine distance as the heuristic.
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          @spec a_star(
  Meridian.Graph.t(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


A* shortest path using haversine distance as the heuristic.
Options
	:from — start node id (required)
	:to — goal node id (required)
	:weight_fn — function (graph, from, to) -> number for edge cost.
Defaults to Meridian.CRS.distance/3 if nodes have point geometries.

Examples
iex> g = Meridian.Graph.new()
iex> g = g
...>   |> Meridian.Graph.add_node(:a, %{geometry: %Geo.Point{coordinates: {0.0, 0.0}}})
...>   |> Meridian.Graph.add_node(:b, %{geometry: %Geo.Point{coordinates: {0.0, 1.0}}})
...>   |> Meridian.Graph.add_edge_ensure(:a, :b, 100.0)
iex> {:ok, path} = Meridian.Pathfinding.a_star(g, from: :a, to: :b)
iex> path.nodes
[:a, :b]

iex> g = Meridian.Graph.new()
iex> Meridian.Pathfinding.a_star(g, from: :missing, to: :also_missing)
** (ArgumentError) start node :missing does not exist in graph
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Meridian brings spatial awareness to yog_ex graphs.
Build projection-aware graphs from hex grids, geohash cells, GeoJSON, or
OpenStreetMap data. Run spatially-informed algorithms. Render back to maps.
Design
	Meridian.Graph wraps Yog.Graph with CRS metadata (crs, srid, bounds).
	Meridian.CRS provides earth-aware distance and reprojection helpers.
	Meridian.Geometry provides pure geometric predicates and measurements.
	Meridian.Builder.* generates spatial graphs from grids or external data.
	Meridian.IO.* ingests geospatial file formats.
	Meridian.Render.* emits geospatial file formats.

Quick Start
# Hexagonal grid graph (H3)
graph =
  Meridian.Graph.new(kind: :undirected)
  |> Meridian.Builder.H3.grid(center: {40.7484, -73.9857}, resolution: 9, k_ring: 2)

# Spatial A* shortest path
Meridian.Pathfinding.a_star(graph, from: cell_a, to: cell_b)
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        version()

      


        Returns the version of Meridian.
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          @spec version() :: String.t()


      


Returns the version of Meridian.
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A spatial graph—Yog.Graph enriched with coordinate system metadata
and an optional spatial bounding box.
Implements Enumerable (iterates over {id, data} node tuples) and
Inspect (compact #Meridian.Graph<...> representation).
Fields
	graph — the underlying Yog.Graph.t()
	crs — coordinate reference system identifier (default "EPSG:4326")
	srid — numeric SRID when available (default 4326)
	bounds — bounding geometry (%Geo.Polygon{} or nil)

Examples
iex> g = Meridian.Graph.new()
iex> g.crs
"EPSG:4326"
iex> g.srid
4326

iex> g = Meridian.Graph.new() |> Meridian.Graph.add_node(1, %{name: "A"})
iex> Enum.to_list(g)
[{1, %{name: "A"}}]
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    Functions
  


    
      
        add_edge(mg, from, to, weight)

      


        Adds a spatial edge to the graph.



    


    
      
        add_edge!(mg, from, to, weight)

      


        Adds a spatial edge to the graph, raising on error.



    


    
      
        add_edge_ensure(mg, from, to, weight, default \\ nil)

      


        Ensures both endpoint nodes exist, then adds an edge.



    


    
      
        add_node(mg, id, data)

      


        Adds a spatial node to the graph.



    


    
      
        add_nodes(mg, nodes)

      


        Adds multiple nodes from an enumerable of {id, data} tuples or a map.



    


    
      
        edge_count(graph)

      


        Returns the number of edges in the spatial graph.



    


    
      
        edges(graph)

      


        Returns all edges as a list of {from, to, weight} tuples.



    


    
      
        from_yog(graph, opts \\ [])

      


        Wraps an existing Yog.Graph as a spatial graph.



    


    
      
        has_geometry?(graph, id)

      


        Checks if a node has a :geometry key in its data.



    


    
      
        has_node?(graph, id)

      


        Checks if the graph contains a node with the given ID.



    


    
      
        kind(graph)

      


        Returns the kind of the underlying graph (:directed or :undirected).



    


    
      
        merge(a, b)

      


        Merges another spatial graph into this one.



    


    
      
        new(opts \\ [])

      


        Creates a new empty spatial graph.



    


    
      
        node(graph, id)

      


        Returns the data associated with a node, or nil if the node does not exist.



    


    
      
        node_count(graph)

      


        Returns the number of nodes in the spatial graph.



    


    
      
        nodes(graph)

      


        Returns all nodes as a map of id => data.



    


    
      
        recompute_bounds(mg)

      


        Recomputes the bounding box from all node geometries.



    


    
      
        remove_edge(mg, from, to)

      


        Removes an edge from the graph.



    


    
      
        remove_node(mg, id)

      


        Removes a node and all its connected edges.



    


    
      
        to_yog(graph)

      


        Unwraps a Meridian.Graph to its underlying Yog.Graph.



    


    
      
        update_node(mg, id, new_data)

      


        Updates a node's data by merging the given map into the existing data.
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          @type crs() :: String.t()
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          @type srid() :: pos_integer() | nil


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Meridian.Graph{
  bounds: Geo.Polygon.t() | nil,
  crs: crs(),
  graph: Yog.Graph.t(),
  srid: srid()
}
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          @spec add_edge(t(), Yog.node_id(), Yog.node_id(), any()) ::
  {:ok, t()} | {:error, String.t()}


      


Adds a spatial edge to the graph.
Examples
iex> g = Meridian.Graph.new()
iex> g = g |> Meridian.Graph.add_node(:a, %{}) |> Meridian.Graph.add_node(:b, %{})
iex> {:ok, g} = Meridian.Graph.add_edge(g, :a, :b, %{distance: 10.5})
iex> g.graph.out_edges[:a][:b]
%{distance: 10.5}

  



  
    
      
    
    
      add_edge!(mg, from, to, weight)



        
          
        

    

  


  

      

          @spec add_edge!(t(), Yog.node_id(), Yog.node_id(), any()) :: t()


      


Adds a spatial edge to the graph, raising on error.

  



    

  
    
      
    
    
      add_edge_ensure(mg, from, to, weight, default \\ nil)



        
          
        

    

  


  

      

          @spec add_edge_ensure(t(), Yog.node_id(), Yog.node_id(), any(), any()) :: t()


      


Ensures both endpoint nodes exist, then adds an edge.
If from or to is not already in the graph, it is created with the
supplied default node data. Existing nodes are left unchanged.

  



  
    
      
    
    
      add_node(mg, id, data)



        
          
        

    

  


  

      

          @spec add_node(t(), Yog.node_id(), map()) :: t()


      


Adds a spatial node to the graph.
data should typically contain a :geometry key with a Geo struct.
Examples
iex> g = Meridian.Graph.new()
iex> point = %Geo.Point{coordinates: {-73.9857, 40.7484}}
iex> g = Meridian.Graph.add_node(g, :nyc, %{geometry: point, name: "NYC"})
iex> Meridian.Graph.node(g, :nyc).name
"NYC"

  



  
    
      
    
    
      add_nodes(mg, nodes)



        
          
        

    

  


  

      

          @spec add_nodes(t(), Enumerable.t()) :: t()


      


Adds multiple nodes from an enumerable of {id, data} tuples or a map.
Examples
iex> g = Meridian.Graph.new()
iex> g = Meridian.Graph.add_nodes(g, a: %{geometry: %Geo.Point{coordinates: {0.0, 0.0}}})
iex> Meridian.Graph.node_count(g)
1
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          @spec edge_count(t()) :: non_neg_integer()


      


Returns the number of edges in the spatial graph.

  



  
    
      
    
    
      edges(graph)



        
          
        

    

  


  

      

          @spec edges(t()) :: [{Yog.node_id(), Yog.node_id(), any()}]


      


Returns all edges as a list of {from, to, weight} tuples.

  



    

  
    
      
    
    
      from_yog(graph, opts \\ [])



        
          
        

    

  


  

      

          @spec from_yog(
  Yog.Graph.t(),
  keyword()
) :: t()


      


Wraps an existing Yog.Graph as a spatial graph.
Examples
iex> yog = Yog.undirected() |> Yog.add_edge_ensure(1, 2, 10)
iex> g = Meridian.Graph.from_yog(yog, crs: "EPSG:4326")
iex> g.graph == yog
true

  



  
    
      
    
    
      has_geometry?(graph, id)



        
          
        

    

  


  

      

          @spec has_geometry?(t(), Yog.node_id()) :: boolean()


      


Checks if a node has a :geometry key in its data.

  



  
    
      
    
    
      has_node?(graph, id)



        
          
        

    

  


  

      

          @spec has_node?(t(), Yog.node_id()) :: boolean()


      


Checks if the graph contains a node with the given ID.

  



  
    
      
    
    
      kind(graph)



        
          
        

    

  


  

      

          @spec kind(t()) :: :directed | :undirected


      


Returns the kind of the underlying graph (:directed or :undirected).

  



  
    
      
    
    
      merge(a, b)



        
          
        

    

  


  

      

          @spec merge(t(), t()) :: t()


      


Merges another spatial graph into this one.
Both graphs must share the same CRS. Nodes and edges from other are
added; in case of node ID collisions, other's data wins.
Examples
iex> a = Meridian.Graph.new() |> Meridian.Graph.add_node(1, %{name: "A"})
iex> b = Meridian.Graph.new() |> Meridian.Graph.add_node(2, %{name: "B"}) |> Meridian.Graph.add_edge_ensure(2, 1, 5)
iex> merged = Meridian.Graph.merge(a, b)
iex> Meridian.Graph.node_count(merged)
2
iex> Meridian.Graph.edge_count(merged)
1

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


Creates a new empty spatial graph.
Options
	:kind — :directed (default) or :undirected
	:crs — CRS identifier string, defaults to "EPSG:4326"
	:srid — numeric SRID, defaults to 4326

Examples
iex> g = Meridian.Graph.new()
iex> g.graph.kind
:directed

iex> g = Meridian.Graph.new(kind: :undirected, crs: "EPSG:3857")
iex> g.crs
"EPSG:3857"

  



  
    
      
    
    
      node(graph, id)



        
          
        

    

  


  

      

          @spec node(t(), Yog.node_id()) :: any() | nil


      


Returns the data associated with a node, or nil if the node does not exist.

  



  
    
      
    
    
      node_count(graph)



        
          
        

    

  


  

      

          @spec node_count(t()) :: non_neg_integer()


      


Returns the number of nodes in the spatial graph.

  



  
    
      
    
    
      nodes(graph)



        
          
        

    

  


  

      

          @spec nodes(t()) :: %{required(Yog.node_id()) => any()}


      


Returns all nodes as a map of id => data.

  



  
    
      
    
    
      recompute_bounds(mg)



        
          
        

    

  


  

      

          @spec recompute_bounds(t()) :: t()


      


Recomputes the bounding box from all node geometries.

  



  
    
      
    
    
      remove_edge(mg, from, to)



        
          
        

    

  


  

      

          @spec remove_edge(t(), Yog.node_id(), Yog.node_id()) :: t()


      


Removes an edge from the graph.

  



  
    
      
    
    
      remove_node(mg, id)



        
          
        

    

  


  

      

          @spec remove_node(t(), Yog.node_id()) :: t()


      


Removes a node and all its connected edges.

  



  
    
      
    
    
      to_yog(graph)



        
          
        

    

  


  

      

          @spec to_yog(t()) :: Yog.Graph.t()


      


Unwraps a Meridian.Graph to its underlying Yog.Graph.
Examples
iex> g = Meridian.Graph.new() |> Meridian.Graph.add_node(1, "A")
iex> %Yog.Graph{} = Meridian.Graph.to_yog(g)

  



  
    
      
    
    
      update_node(mg, id, new_data)



        
          
        

    

  


  

      

          @spec update_node(t(), Yog.node_id(), map()) :: t()


      


Updates a node's data by merging the given map into the existing data.
Returns the updated graph. If the node does not exist, it is created.
Examples
iex> g = Meridian.Graph.new() |> Meridian.Graph.add_node(:a, %{name: "A"})
iex> g = Meridian.Graph.update_node(g, :a, %{tags: [:highway]})
iex> Meridian.Graph.node(g, :a).tags
[:highway]

  


        

      


  

    
Meridian.CRS 
    



      
Coordinate Reference System utilities.
Meridian defaults to WGS-84 (EPSG:4326). This module provides helpers
for distance calculations that respect the graph's declared CRS, and
stubs for reprojection.

      


      
        Summary


  
    Functions
  


    
      
        bbox(graph)

      


        Returns the bounding box of a graph as {min_lon, min_lat, max_lon, max_lat}.



    


    
      
        compute_edge_weights(mg, opts \\ [])

      


        Computes edge weights for all edges as the geographic distance between
their endpoint nodes.



    


    
      
        distance(graph, from_id, to_id)

      


        Returns the great-circle distance between two nodes in meters.



    


    
      
        reproject(g, to_crs)

      


        Reprojects all node geometries to a new CRS.



    


    
      
        same_crs?(arg1, arg2)

      


        Returns true if both graphs declare the same CRS.



    





      


      
        Functions


        


  
    
      
    
    
      bbox(graph)



        
          
        

    

  


  

      

          @spec bbox(Meridian.Graph.t()) :: {float(), float(), float(), float()} | nil


      


Returns the bounding box of a graph as {min_lon, min_lat, max_lon, max_lat}.
Returns nil if the graph has no geometries.

  



    

  
    
      
    
    
      compute_edge_weights(mg, opts \\ [])



        
          
        

    

  


  

      

          @spec compute_edge_weights(
  Meridian.Graph.t(),
  keyword()
) :: Meridian.Graph.t()


      


Computes edge weights for all edges as the geographic distance between
their endpoint nodes.
Returns a new Meridian.Graph where every edge weight has been replaced
by the computed distance in meters. Edges whose endpoints lack point
geometries are left unchanged.
Options
	:round — round to N decimal places (default: no rounding)

Examples
iex> g = Meridian.Graph.new()
iex> g = g
...>   |> Meridian.Graph.add_node(:a, %{geometry: %Geo.Point{coordinates: {0.0, 0.0}}})
...>   |> Meridian.Graph.add_node(:b, %{geometry: %Geo.Point{coordinates: {0.0, 1.0}}})
...>   |> Meridian.Graph.add_edge_ensure(:a, :b, nil)
iex> g = Meridian.CRS.compute_edge_weights(g)
iex> [{:a, :b, weight}] = Meridian.Graph.edges(g)
iex> weight > 110_000 and weight < 112_000
true

  



  
    
      
    
    
      distance(graph, from_id, to_id)



        
          
        

    

  


  

      

          @spec distance(Meridian.Graph.t(), Yog.node_id(), Yog.node_id()) :: float() | nil


      


Returns the great-circle distance between two nodes in meters.
Requires that both nodes have %Geo.Point{} geometries in their data.
Currently assumes the graph is in WGS-84.
Returns nil if either node lacks a point geometry.
Examples
iex> g = Meridian.Graph.new()
iex> g = g
...>   |> Meridian.Graph.add_node(:a, %{geometry: %Geo.Point{coordinates: {-73.9857, 40.7484}}})
...>   |> Meridian.Graph.add_node(:b, %{geometry: %Geo.Point{coordinates: {-73.9851, 40.7489}}})
iex> dist = Meridian.CRS.distance(g, :a, :b)
iex> is_float(dist) and dist > 0
true

iex> g = Meridian.Graph.new() |> Meridian.Graph.add_node(:a, %{foo: 1})
iex> Meridian.CRS.distance(g, :a, :b)
nil

  



  
    
      
    
    
      reproject(g, to_crs)



        
          
        

    

  


  

      

          @spec reproject(Meridian.Graph.t(), String.t()) :: Meridian.Graph.t()


      


Reprojects all node geometries to a new CRS.
Note: Currently a stub. Real reprojection requires a PROJ binding.
The CRS field is updated but coordinates are not transformed.


  



  
    
      
    
    
      same_crs?(arg1, arg2)



        
          
        

    

  


  

      

          @spec same_crs?(Meridian.Graph.t(), Meridian.Graph.t()) :: boolean()


      


Returns true if both graphs declare the same CRS.

  


        

      


  

    
Meridian.Geometry 
    



      
Pure-geometric helpers operating on Geo structs and Yog.Graph nodes.
These functions are CRS-agnostic: they work with whatever coordinates you
give them. When you need earth-aware distances, use Meridian.CRS.

      


      
        Summary


  
    Functions
  


    
      
        centroid(polygon)

      


        Computes the centroid of a Geo.Polygon as a Geo.Point.



    


    
      
        contains?(polygon, point)

      


        Returns true if point lies inside polygon.



    


    
      
        envelope(graph)

      


        Computes the bounding envelope of all node geometries in a graph.



    


    
      
        euclidean(point1, point2)

      


        Euclidean distance between two points.



    


    
      
        geo_length(line_string)

      


        Approximate length of a Geo.LineString in meters using the haversine formula.



    





      


      
        Functions


        


  
    
      
    
    
      centroid(polygon)



        
          
        

    

  


  

      

          @spec centroid(Geo.Polygon.t()) :: Geo.Point.t()


      


Computes the centroid of a Geo.Polygon as a Geo.Point.
Uses the arithmetic mean of vertices (not area-weighted).
Examples
iex> poly = %Geo.Polygon{coordinates: [[{0,0},{10,0},{10,10},{0,10},{0,0}]]}
iex> centroid = Meridian.Geometry.centroid(poly)
iex> centroid.coordinates
{5.0, 5.0}

  



  
    
      
    
    
      contains?(polygon, point)



        
          
        

    

  


  

      

          @spec contains?(Geo.Polygon.t(), Geo.Point.t()) :: boolean()


      


Returns true if point lies inside polygon.
Uses a simple ray-casting algorithm. Works for simple polygons.
Examples
iex> poly = %Geo.Polygon{coordinates: [[{0,0},{10,0},{10,10},{0,10},{0,0}]]}
iex> Meridian.Geometry.contains?(poly, %Geo.Point{coordinates: {5, 5}})
true
iex> Meridian.Geometry.contains?(poly, %Geo.Point{coordinates: {15, 5}})
false

  



  
    
      
    
    
      envelope(graph)



        
          
        

    

  


  

      

          @spec envelope(Yog.Graph.t()) :: Geo.Polygon.t() | nil


      


Computes the bounding envelope of all node geometries in a graph.
Returns a %Geo.Polygon{} representing the bounding box, or nil if
no geometries are present.
Examples
iex> g = Meridian.Graph.new()
iex> g = g
...>   |> Meridian.Graph.add_node(:a, %{geometry: %Geo.Point{coordinates: {0.0, 0.0}}})
...>   |> Meridian.Graph.add_node(:b, %{geometry: %Geo.Point{coordinates: {2.0, 3.0}}})
iex> %Geo.Polygon{} = Meridian.Geometry.envelope(Meridian.Graph.to_yog(g))

  



  
    
      
    
    
      euclidean(point1, point2)



        
          
        

    

  


  

      

          @spec euclidean(Geo.Point.t(), Geo.Point.t()) :: float()


      


Euclidean distance between two points.
Examples
iex> a = %Geo.Point{coordinates: {0.0, 0.0}}
iex> b = %Geo.Point{coordinates: {3.0, 4.0}}
iex> Meridian.Geometry.euclidean(a, b)
5.0

  



  
    
      
    
    
      geo_length(line_string)



        
          
        

    

  


  

      

          @spec geo_length(Geo.LineString.t()) :: float()


      


Approximate length of a Geo.LineString in meters using the haversine formula.
Sums the great-circle distance of each segment.
Examples
iex> line = %Geo.LineString{coordinates: [{0.0, 0.0}, {0.0, 1.0}]}
iex> len = Meridian.Geometry.geo_length(line)
iex> len > 110_000 and len < 112_000
true

  


        

      


  

    
Meridian.Builder.Geohash 
    



      
Builds graphs from geohash rectangular grids.
Requires the optional :geohash dependency.
Uses a flood-fill approach starting from the center of the bounding box
to discover all geohash cells that intersect the area.
Topologies
	:rook — 4 cardinal neighbors (default)
	:queen — 8 neighbors including diagonals

Examples
iex> graph =
...>   Meridian.Graph.new(kind: :undirected)
...>   |> Meridian.Builder.Geohash.grid(
...>        sw: {40.6, -74.1},
...>        ne: {40.8, -73.9},
...>        precision: 5,
...>        topology: :rook
...>      )
iex> Meridian.Graph.node_count(graph) >= 1
true

      


      
        Summary


  
    Functions
  


    
      
        grid(g, opts)

      


        Creates a graph covering a bounding box with geohash cells.



    





      


      
        Functions


        


  
    
      
    
    
      grid(g, opts)



        
          
        

    

  


  

      

          @spec grid(
  Meridian.Graph.t(),
  keyword()
) :: Meridian.Graph.t()


      


Creates a graph covering a bounding box with geohash cells.
Options
	:sw — southwest corner {lat, lon} (required)
	:ne — northeast corner {lat, lon} (required)
	:precision — geohash character length, 1–12 (required)
	:topology — :rook (default) or :queen
	:node_data_fn — function (geohash :: String.t()) -> map

Examples
iex> graph =
...>   Meridian.Graph.new(kind: :undirected)
...>   |> Meridian.Builder.Geohash.grid(sw: {0.0, 0.0}, ne: {0.1, 0.1}, precision: 5)
iex> Meridian.Graph.node_count(graph) >= 1
true

  


        

      


  

    
Meridian.Builder.H3 
    



      
Builds graphs from Uber H3 hexagonal grids.
Requires the optional :h3 dependency.
Topologies
	:rook — the 6 edge-adjacent neighbors (default)
	:queen — rook + 6 vertex-adjacent neighbors (12 total)

Examples
iex> graph =
...>   Meridian.Graph.new(kind: :undirected)
...>   |> Meridian.Builder.H3.grid(center: {40.7484, -73.9857}, resolution: 9, k_ring: 1)
iex> Meridian.Graph.node_count(graph)
7

      


      
        Summary


  
    Functions
  


    
      
        grid(g, opts)

      


        Creates a graph from an H3 hexagonal grid centered on a lat/lon point.



    





      


      
        Functions


        


  
    
      
    
    
      grid(g, opts)



        
          
        

    

  


  

      

          @spec grid(
  Meridian.Graph.t(),
  keyword()
) :: Meridian.Graph.t()


      


Creates a graph from an H3 hexagonal grid centered on a lat/lon point.
Options
	:center — {lat, lon} tuple (required)
	:resolution — H3 resolution, 0–15 (required)
	:k_ring — number of rings outward from center, default 1
	:topology — :rook (default) or :queen
	:node_data_fn — function (h3_index :: integer) -> map to populate node data

Examples
iex> graph =
...>   Meridian.Graph.new(kind: :undirected)
...>   |> Meridian.Builder.H3.grid(center: {37.7749, -122.4194}, resolution: 5, k_ring: 1)
iex> Meridian.Graph.node_count(graph) >= 1
true

  


        

      


  

    
Meridian.IO.GeoJSON 
    



      
Ingests GeoJSON into Meridian.Graph structures.
Requires the optional :jason dependency.
Supported Geometry Types
	Point — single node
	LineString — edge path; intermediate vertices become nodes
	MultiLineString — multiple edges
	Polygon — ring of edges
	FeatureCollection — iterated over features

Examples
geojson = ~s[{"type":"FeatureCollection","features":[...]}]
{:ok, graph} = Meridian.IO.GeoJSON.from_string(geojson)

      


      
        Summary


  
    Functions
  


    
      
        from_file(path, opts \\ [])

      


        Reads a GeoJSON file and builds a Meridian.Graph.



    


    
      
        from_file!(path, opts \\ [])

      


        Reads a GeoJSON file and builds a Meridian.Graph, raising on error.



    


    
      
        from_map(geojson, opts \\ [])

      


        Builds a graph from a decoded GeoJSON map.



    


    
      
        from_string(json, opts \\ [])

      


        Parses a GeoJSON string and builds a Meridian.Graph.



    


    
      
        from_string!(json, opts \\ [])

      


        Parses a GeoJSON string and builds a Meridian.Graph, raising on error.



    





      


      
        Functions


        


    

  
    
      
    
    
      from_file(path, opts \\ [])



        
          
        

    

  


  

      

          @spec from_file(
  Path.t(),
  keyword()
) :: {:ok, Meridian.Graph.t()} | {:error, String.t()}


      


Reads a GeoJSON file and builds a Meridian.Graph.
Returns {:ok, graph} on success or {:error, reason} on failure.

  



    

  
    
      
    
    
      from_file!(path, opts \\ [])



        
          
        

    

  


  

      

          @spec from_file!(
  Path.t(),
  keyword()
) :: Meridian.Graph.t()


      


Reads a GeoJSON file and builds a Meridian.Graph, raising on error.

  



    

  
    
      
    
    
      from_map(geojson, opts \\ [])



        
          
        

    

  


  

      

          @spec from_map(
  map(),
  keyword()
) :: Meridian.Graph.t()


      


Builds a graph from a decoded GeoJSON map.

  



    

  
    
      
    
    
      from_string(json, opts \\ [])



        
          
        

    

  


  

      

          @spec from_string(
  String.t(),
  keyword()
) :: {:ok, Meridian.Graph.t()} | {:error, String.t()}


      


Parses a GeoJSON string and builds a Meridian.Graph.
Returns {:ok, graph} on success or {:error, reason} on failure.
Options
	:kind — :directed (default) or :undirected
	:crs — CRS string override, default "EPSG:4326"
	:weight_fn — function (%Geo.LineString{} -> number) to compute edge weights

Examples
iex> geojson = ~s|{"type":"FeatureCollection","features":[{"type":"Feature","geometry":{"type":"LineString","coordinates":[[0,0],[0,1]]},"properties":{}}]}|
iex> {:ok, graph} = Meridian.IO.GeoJSON.from_string(geojson)
iex> Meridian.Graph.node_count(graph) == 2
true
iex> Meridian.Graph.edge_count(graph) == 1
true

  



    

  
    
      
    
    
      from_string!(json, opts \\ [])



        
          
        

    

  


  

      

          @spec from_string!(
  String.t(),
  keyword()
) :: Meridian.Graph.t()


      


Parses a GeoJSON string and builds a Meridian.Graph, raising on error.

  


        

      


  

    
Meridian.Render.GeoJSON 
    



      
Renders a Meridian.Graph as GeoJSON.
Requires the optional :jason dependency for JSON output.
Examples
graph =
  Meridian.Graph.new()
  |> Meridian.Graph.add_node(:a, %{geometry: %Geo.Point{coordinates: {0.0, 0.0}}, name: "A"})
  |> Meridian.Graph.add_node(:b, %{geometry: %Geo.Point{coordinates: {1.0, 1.0}}, name: "B"})
  |> Meridian.Graph.add_edge_ensure(:a, :b, %{distance: 10.0})

geojson = Meridian.Render.GeoJSON.to_string(graph)

      


      
        Summary


  
    Functions
  


    
      
        to_file(graph, path, opts \\ [])

      


        Writes a spatial graph to a GeoJSON file.



    


    
      
        to_string(graph, opts \\ [])

      


        Converts a spatial graph to a GeoJSON FeatureCollection string.



    





      


      
        Functions


        


    

  
    
      
    
    
      to_file(graph, path, opts \\ [])



        
          
        

    

  


  

      

          @spec to_file(Meridian.Graph.t(), Path.t(), keyword()) :: :ok | {:error, File.posix()}


      


Writes a spatial graph to a GeoJSON file.
Options
Accepts the same options as to_string/2.

  



    

  
    
      
    
    
      to_string(graph, opts \\ [])



        
          
        

    

  


  

      

          @spec to_string(
  Meridian.Graph.t(),
  keyword()
) :: String.t()


      


Converts a spatial graph to a GeoJSON FeatureCollection string.
Options
	:include_edges — emit edges as LineString features (default true)
	:edge_properties_fn — function (from, to, weight) -> map for edge props
	:node_properties_fn — function (id, data) -> map for node props

Examples
iex> g = Meridian.Graph.new()
iex> g = g
...>   |> Meridian.Graph.add_node(:a, %{geometry: %Geo.Point{coordinates: {0.0, 0.0}}, label: "A"})
...>   |> Meridian.Graph.add_node(:b, %{geometry: %Geo.Point{coordinates: {1.0, 1.0}}, label: "B"})
...>   |> Meridian.Graph.add_edge_ensure(:a, :b, %{distance: 10.0})
iex> json = Meridian.Render.GeoJSON.to_string(g)
iex> String.contains?(json, "FeatureCollection")
true

  


        

      


  

    
Meridian.Render.MapLibre 
    



      
Renders a Meridian.Graph as an interactive MapLibre map in Livebook.
Requires the optional dependencies :maplibre, :kino_maplibre, and :jason.
Usage
graph
|> Meridian.Render.MapLibre.new()
With options:
graph
|> Meridian.Render.MapLibre.new(
  style: :street,
  zoom: 12,
  node_color: "#e74c3c",
  edge_color: "#3498db"
)
The returned value is a Kino.MapLibre struct that renders directly in Livebook.

      


      
        Summary


  
    Functions
  


    
      
        new(graph, opts \\ [])

      


        Creates a MapLibre map from a Meridian.Graph.



    





      


      
        Functions


        


    

  
    
      
    
    
      new(graph, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  Meridian.Graph.t(),
  keyword()
) :: Kino.MapLibre.t()


      


Creates a MapLibre map from a Meridian.Graph.
Options
	:center — {lng, lat} tuple for initial map center. Defaults to the graph's
bounding-box centroid or {0.0, 0.0} if the graph has no geometries.
	:zoom — initial zoom level (default: 10)
	:style — MapLibre base style: :default, :street, :terrain, or a style URL
(default: :default)
	:key — MapTiler API key. Required when :style is :street or :terrain.
	:node_color — circle color for point features (default: "#3FB1CE")
	:node_radius — circle radius in pixels (default: 6)
	:edge_color — line color for line features (default: "#888888")
	:edge_width — line width in pixels (default: 2)
	:include_edges — whether to render edges as line layers (default: true)
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