

    

        YogEx

        v0.97.0



    


  

    Table of contents

    
      



      	Cheat Sheet


      	Examples README


      	Functional API README


      	Getting Started


      	Maze Generation


      	Traversals & Pathfinding


      	Network Analysis


      	Network Flow


      	Graph Properties


      	DAG Analysis


      	Graph Gallery


      	Customizing Visualizations


      	Importing & Exporting


      	Multigraphs & Collapsing





    	Guides
      


      	YogEx 🌳



      

    




    	Reference
      


      	Algorithm Catalog


      	Property-Based Testing Catalog



      

    




    	Resources
      


      	Changelog



      

    




        	
          Modules
          


      	Yog.Approximate


      	Yog.Matching





    	Core
      


      	Yog


      	Yog.Graph


      	Yog.Model



      

    




    	Transformers & Operations
      


      	Yog.Operation


      	Yog.Transform



      

    




    	Builder
      


      	Yog.Builder.Grid


      	Yog.Builder.GridGraph


      	Yog.Builder.Labeled


      	Yog.Builder.Live


      	Yog.Builder.Toroidal


      	Yog.Builder.ToroidalGraph



      

    




    	Pathfinding & Traversal
      


      	Yog.Pathfinding


      	Yog.Pathfinding.AStar


      	Yog.Pathfinding.BellmanFord


      	Yog.Pathfinding.Bidirectional


      	Yog.Pathfinding.Brandes


      	Yog.Pathfinding.ChinesePostman


      	Yog.Pathfinding.Dijkstra


      	Yog.Pathfinding.FloydWarshall


      	Yog.Pathfinding.Johnson


      	Yog.Pathfinding.LCA


      	Yog.Pathfinding.LCA.State


      	Yog.Pathfinding.Matrix


      	Yog.Pathfinding.Path


      	Yog.Pathfinding.Yen


      	Yog.Traversal


      	Yog.Traversal.Implicit


      	Yog.Traversal.Sort


      	Yog.Traversal.Walk



      

    




    	Network Algorithms
      


      	Yog.Connectivity


      	Yog.Connectivity.Analysis


      	Yog.Connectivity.Components


      	Yog.Connectivity.KCore


      	Yog.Connectivity.Reachability


      	Yog.Connectivity.SCC


      	Yog.Flow.MaxFlow


      	Yog.Flow.MaxFlowResult


      	Yog.Flow.MinCut


      	Yog.Flow.MinCutResult


      	Yog.Flow.SuccessiveShortestPath


      	Yog.MST


      	Yog.MST.Boruvka


      	Yog.MST.Edmonds


      	Yog.MST.Kruskal


      	Yog.MST.Prim


      	Yog.MST.Result


      	Yog.MST.Wilson



      

    




    	Network Analysis
      


      	Yog.Centrality


      	Yog.Community


      	Yog.Community.CliquePercolation


      	Yog.Community.Dendrogram


      	Yog.Community.FluidCommunities


      	Yog.Community.GirvanNewman


      	Yog.Community.Infomap


      	Yog.Community.LabelPropagation


      	Yog.Community.Leiden


      	Yog.Community.LocalCommunity


      	Yog.Community.Louvain


      	Yog.Community.Metrics


      	Yog.Community.Overlapping


      	Yog.Community.Result


      	Yog.Community.Walktrap


      	Yog.Health



      

    




    	Multi
      


      	Yog.Multi


      	Yog.Multi.Eulerian


      	Yog.Multi.Graph


      	Yog.Multi.Model


      	Yog.Multi.Model.Graph


      	Yog.Multi.Traversal



      

    




    	Functional
      


      	Yog.Functional.Algorithms


      	Yog.Functional.Analysis


      	Yog.Functional.Model


      	Yog.Functional.Model.Context


      	Yog.Functional.Transform


      	Yog.Functional.Traversal



      

    




    	Directed Acyclic Graphs (DAG)
      


      	Yog.DAG


      	Yog.DAG.Algorithm


      	Yog.DAG.Model



      

    




    	Properties
      


      	Yog.Property


      	Yog.Property.Bipartite


      	Yog.Property.Clique


      	Yog.Property.Coloring


      	Yog.Property.Cyclicity


      	Yog.Property.Eulerian


      	Yog.Property.Planarity


      	Yog.Property.Structure


      	Yog.Property.TreeDecomposition


      	Yog.Property.WeisfeilerLehman



      

    




    	Generators
      


      	Yog.Generator.Classic


      	Yog.Generator.Maze


      	Yog.Generator.Random



      

    




    	I/O & Rendering
      


      	Yog.IO.GDF


      	Yog.IO.GEXF


      	Yog.IO.GEXF.Multi


      	Yog.IO.Graph6


      	Yog.IO.GraphML


      	Yog.IO.JSON


      	Yog.IO.LEDA


      	Yog.IO.Libgraph


      	Yog.IO.List


      	Yog.IO.Matrix


      	Yog.IO.MatrixMarket


      	Yog.IO.Pajek


      	Yog.IO.Sparse6


      	Yog.IO.TGF


      	Yog.Render.ASCII


      	Yog.Render.DOT


      	Yog.Render.Mermaid



      

    




    	Data Structures & Utils
      


      	Yog.DisjointSet


      	Yog.PairingHeap


      	Yog.Utils



      

    




        



      

    

  

    
Yog.Approximate 
    
  
    
    Yog.Matching - YogEx v0.97.0
    
    

    


  
  

    
Yog.Matching 
    
  
    
    Yog - YogEx v0.97.0
    
    

    


  
  

    
Yog 
    



      
Yog - A comprehensive graph algorithm library for Elixir.
Provides efficient implementations of classic graph algorithms with a
clean, functional API.
Quick Start
# Find shortest path using Dijkstra's algorithm
{:ok, graph} =
  Yog.directed()
  |> Yog.add_node(1, "Start")
  |> Yog.add_node(2, "Middle")
  |> Yog.add_node(3, "End")
  |> Yog.add_edges([{1, 2, 5}, {2, 3, 3}, {1, 3, 10}])

case Yog.Pathfinding.Dijkstra.shortest_path(
       graph,
       from: 1,
       to: 3,
       with_zero: 0,
       with_add: &Kernel.+/2,
       with_compare: &Kernel.<=/2
     ) do
  {:ok, path} ->
    # Path: %{nodes: [1, 2, 3], total_weight: 8}
    IO.puts("Shortest path found!")

  _ ->
    IO.puts("No path exists")
end
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    Functions
  


    
      
        acyclic?(graph)

      


        Determines if a graph is acyclic (contains no cycles).



    


    
      
        add_edge(graph, opts)

      


        Adds an edge to the graph.



    


    
      
        add_edge(graph, from, to, weight)

      


        Raw binding for add_edge with positional arguments.



    


    
      
        add_edge!(graph, opts)

      


        Adds an edge to the graph, raising on error.



    


    
      
        add_edge!(graph, from, to, weight)

      


        Adds an edge to the graph with positional arguments, raising on error.



    


    
      
        add_edge_ensure(graph, opts)

      


        Ensures both endpoint nodes exist, then adds an edge.



    


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

      


        Ensures both endpoint nodes exist with positional arguments, then adds an edge.



    


    
      
        add_edge_with(graph, from, to, weight, default_fn)

      


        Adds an edge with a function to create default node data if nodes don't exist.



    


    
      
        add_edges(graph, edges)

      


        Adds multiple edges to the graph.



    


    
      
        add_edges!(graph, edges)

      


        Adds multiple edges to the graph, raising on error.



    


    
      
        add_node(graph, id, data)

      


        Adds a node to the graph with the given ID and label.
If a node with this ID already exists, its data will be replaced.



    


    
      
        add_nodes_from(graph, nodes)

      


        Adds multiple nodes to the graph from an iterable.



    


    
      
        add_simple_edge(graph, opts)

      


        Adds a simple edge with weight 1.



    


    
      
        add_simple_edge(graph, from, to)

      


        Adds a simple edge with positional arguments (weight = 1).



    


    
      
        add_simple_edge!(graph, opts)

      


        Adds a simple edge with weight 1, raising on error.



    


    
      
        add_simple_edge!(graph, from, to)

      


    


    
      
        add_simple_edges(graph, edges)

      


        Adds multiple simple edges (weight = 1).



    


    
      
        add_unweighted_edge(graph, opts)

      


        Adds an unweighted edge to the graph.



    


    
      
        add_unweighted_edge(graph, from, to)

      


        Adds an unweighted edge with positional arguments.



    


    
      
        add_unweighted_edge!(graph, opts)

      


        Adds an unweighted edge to the graph, raising on error.



    


    
      
        add_unweighted_edge!(graph, from, to)

      


    


    
      
        add_unweighted_edges(graph, edges)

      


        Adds multiple unweighted edges (weight = nil).



    


    
      
        all_edges(graph)

      


        Returns all edges in the graph as triplets {from, to, weight}.



    


    
      
        all_nodes(graph)

      


        Returns all unique node IDs that have edges in the graph.



    


    
      
        arborescence?(graph)

      


        Returns true if the graph is an arborescence (directed tree with a unique root).



    


    
      
        arborescence_root(graph)

      


        Returns the root of an arborescence, or nil if it's not an arborescence.



    


    
      
        complement(graph, default_weight)

      


        Returns the complement of the graph (edges that don't exist in the original).



    


    
      
        complete?(graph)

      


        Returns true if the graph is complete (every pair of distinct nodes is connected).



    


    
      
        contract(graph, merge_a, merge_b, combine_fn)

      


        Contracts (merges) two nodes into a single node.



    


    
      
        cyclic?(graph)

      


        Determines if a graph contains any cycles.



    


    
      
        degree(graph, id)

      


        Returns the total degree of a node.



    


    
      
        directed()

      


        Creates a new empty directed graph.



    


    
      
        edge_count(graph)

      


        Returns the number of edges in the graph.



    


    
      
        ego_graph(graph, node, radius \\ 1, opts \\ [])

      


        Returns the ego graph of a node — the subgraph induced by the node
and all nodes within radius hops.



    


    
      
        filter_edges(graph, predicate)

      


        Filter edges by a predicate. Removes edges that don't match the predicate.



    


    
      
        filter_nodes(graph, predicate)

      


        Filter nodes by a predicate. Removes nodes that don't match the predicate
and all edges connected to them.



    


    
      
        from_adjacency_list(type, entries)

      


        Creates a graph from an adjacency list.



    


    
      
        from_adjacency_list_string(type, string, opts \\ [])

      


        Creates a graph from an adjacency list string.



    


    
      
        from_adjacency_matrix(type, matrix)

      


        Creates a graph from an adjacency matrix.



    


    
      
        from_edges(type, edges)

      


        Creates a graph from a list of edges.



    


    
      
        from_nodes(type, nodes)

      


        Creates a graph from a list of nodes.



    


    
      
        from_unweighted_edges(type, edges)

      


        Creates a graph from a list of unweighted edges (weight will be nil).



    


    
      
        graph?(arg1)

      


        Returns true if the given value is a Yog graph.



    


    
      
        has_edge?(graph, src, dst)

      


        Checks if the graph contains an edge between src and dst.



    


    
      
        has_node?(graph, id)

      


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



    


    
      
        hopcroft_karp(graph)

      


        Finds a maximum cardinality matching in a bipartite graph using the
Hopcroft-Karp algorithm.



    


    
      
        in_degree(graph, id)

      


        Returns the in-degree of a node (number of incoming edges).



    


    
      
        k_core(graph, k)

      


        Extracts the k-core of a graph (maximal subgraph with minimum degree k).



    


    
      
        map_edges(graph, func)

      


        Creates a new graph where edge weights are transformed.



    


    
      
        map_nodes(graph, func)

      


        Creates a new graph where node labels are transformed.



    


    
      
        merge(base, other)

      


        Merges two graphs. Combines nodes and edges from both graphs.



    


    
      
        neighbor_ids(graph, id)

      


        Returns all neighbor node IDs (without weights).



    


    
      
        neighbors(graph, id)

      


        Gets all nodes connected to the given node, regardless of direction.
For undirected graphs, this is equivalent to successors.
For directed graphs, this combines successors and predecessors.



    


    
      
        new(type)

      


        Creates a new empty graph of the specified type.



    


    
      
        node(graph, id)

      


        Gets the data associated with a node.



    


    
      
        node_count(graph)

      


        Returns the number of nodes in the graph.



    


    
      
        node_ids(graph)

      


        Returns all unique node IDs in the graph.



    


    
      
        order(graph)

      


        Returns the number of nodes in the graph (graph order).



    


    
      
        out_degree(graph, id)

      


        Returns the out-degree of a node (number of outgoing edges).



    


    
      
        predecessors(graph, id)

      


        Gets nodes you came FROM to reach the given node (predecessors).
Returns a list of tuples containing the source node ID and edge data.



    


    
      
        regular?(graph, k)

      


        Returns true if the graph is k-regular (every node has degree exactly k).



    


    
      
        remove_edge(graph, src, dst)

      


        Removes an edge from the graph.



    


    
      
        remove_node(graph, id)

      


        Removes a node and all its connected edges.



    


    
      
        subgraph(graph, ids)

      


        Extracts a subgraph keeping only the specified nodes.



    


    
      
        successor_ids(graph, id)

      


        Gets node IDs you can travel TO from the given node.
Convenient for traversal algorithms that only need the IDs.



    


    
      
        successors(graph, id)

      


        Gets nodes you can travel TO from the given node (successors).
Returns a list of tuples containing the destination node ID and edge data.



    


    
      
        to_adjacency_list(graph)

      


        Exports a graph to an adjacency list.



    


    
      
        to_adjacency_list_string(graph, opts \\ [])

      


        Exports a graph to an adjacency list string.



    


    
      
        to_adjacency_matrix(graph)

      


        Exports a graph to an adjacency matrix representation.



    


    
      
        to_directed(graph)

      


        Converts an undirected graph to directed.



    


    
      
        to_undirected(graph, resolve_fn)

      


        Converts a directed graph to undirected.



    


    
      
        transpose(graph)

      


        Returns a graph where all edges have been reversed.



    


    
      
        tree?(graph)

      


        Returns true if the graph is a tree (undirected, connected, and acyclic).



    


    
      
        type(graph)

      


        Gets the type of the graph (:directed or :undirected).



    


    
      
        undirected()

      


        Creates a new empty undirected graph.



    


    
      
        update_edge(graph, u, v, default, fun)

      


        Updates a specific edge's weight/metadata.



    


    
      
        update_node(graph, id, default, fun)

      


        Updates a specific node's data using an updater function.
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          @type edge_tuple() :: {node_id(), node_id(), any()}
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          @type graph() :: Yog.Graph.t()
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          @type graph_type() :: :directed | :undirected
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          @type node_id() :: term()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: Yog.Graph.t()
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      acyclic?(graph)



        
          
        

    

  


  

      

          @spec acyclic?(graph()) :: boolean()


      


Determines if a graph is acyclic (contains no cycles).
This is the logical opposite of cyclic?. For directed graphs, returning
true means the graph is a Directed Acyclic Graph (DAG).
Time Complexity: O(V + E)
Example
iex> graph =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_edges!([{1, 2, 1}, {2, 3, 1}])
iex> Yog.acyclic?(graph)
true

  



  
    
      
    
    
      add_edge(graph, opts)



        
          
        

    

  


  

      

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


      


Adds an edge to the graph.
For directed graphs, adds a single edge from from to to.
For undirected graphs, adds edges in both directions.
Returns {:ok, graph} or {:error, reason}.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_edge(from: 1, to: 2, with: 10)
iex> Yog.successors(graph, 1)
[{2, 10}]
With pattern matching for chaining
iex> graph = Yog.directed() |> Yog.add_node(1, "A") |> Yog.add_node(2, "B")
iex> {:ok, graph} = Yog.add_edge(graph, from: 1, to: 2, with: 10)
iex> {:ok, graph} = Yog.add_edge(graph, from: 2, to: 1, with: 5)
iex> Yog.successors(graph, 2)
[{1, 5}]

  



  
    
      
    
    
      add_edge(graph, from, to, weight)



        
          
        

    

  


  

      

          @spec add_edge(graph(), node_id(), node_id(), any()) ::
  {:ok, graph()} | {:error, String.t()}


      


Raw binding for add_edge with positional arguments.
Example
iex> graph = Yog.directed() |> Yog.add_node(1, "A") |> Yog.add_node(2, "B")
iex> {:ok, graph} = Yog.add_edge(graph, 1, 2, 10)
iex> Yog.successors(graph, 1)
[{2, 10}]

  



  
    
      
    
    
      add_edge!(graph, opts)



        
          
        

    

  


  

      

          @spec add_edge!(
  graph(),
  keyword()
) :: graph()


      


Adds an edge to the graph, raising on error.
Example
iex> graph = Yog.directed() |> Yog.add_node(1, "A") |> Yog.add_node(2, "B")
iex> graph = Yog.add_edge!(graph, from: 1, to: 2, with: 10)
iex> Yog.successors(graph, 1)
[{2, 10}]

  



  
    
      
    
    
      add_edge!(graph, from, to, weight)



        
          
        

    

  


  

Adds an edge to the graph with positional arguments, raising on error.
Example
iex> graph = Yog.directed() |> Yog.add_node(1, "A") |> Yog.add_node(2, "B")
iex> graph = Yog.add_edge!(graph, 1, 2, 10)
iex> Yog.successors(graph, 1)
[{2, 10}]

  



  
    
      
    
    
      add_edge_ensure(graph, opts)



        
          
        

    

  


  

      

          @spec add_edge_ensure(
  graph(),
  keyword()
) :: graph()


      


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.
Always succeeds and returns a Graph (never fails).
Use this when you want to build graphs quickly without pre-creating nodes.
Example
iex> graph =
...>   Yog.directed()
...>   |> Yog.add_edge_ensure(from: 1, to: 2, with: 10, default: "anon")
iex> # Nodes 1 and 2 are auto-created with data "anon"
iex> Yog.successors(graph, 1)
[{2, 10}]

  



    

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



        
          
        

    

  


  

Ensures both endpoint nodes exist with positional arguments, then adds an edge.
Example
iex> graph = Yog.directed() |> Yog.add_edge_ensure(1, 2, 10, "anon")
iex> Yog.successors(graph, 1)
[{2, 10}]

  



  
    
      
    
    
      add_edge_with(graph, from, to, weight, default_fn)



        
          
        

    

  


  

      

          @spec add_edge_with(graph(), node_id(), node_id(), any(), (node_id() -> any())) ::
  graph()


      


Adds an edge with a function to create default node data if nodes don't exist.
If from or to is not already in the graph, it is created by
calling the default_fn function with the node ID to generate the node data.
Existing nodes are left unchanged.
Always succeeds and returns a Graph (never fails).
Example
iex> graph =
...>   Yog.directed()
...>   |> Yog.add_edge_with(1, 2, 10, fn id -> "Node#{id}" end)
iex> # Nodes 1 and 2 are auto-created with "Node1" and "Node2"
iex> Yog.successors(graph, 1)
[{2, 10}]

  



  
    
      
    
    
      add_edges(graph, edges)



        
          
        

    

  


  

      

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


      


Adds multiple edges to the graph.
Fails fast on the first edge that references non-existent nodes.
Returns {:error, reason} if any endpoint node doesn't exist.
This is more ergonomic than chaining multiple add_edge calls
as it only requires unwrapping a single result.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_edges([{1, 2, 10}, {2, 3, 5}, {1, 3, 15}])
iex> length(Yog.successors(graph, 1))
2

  



  
    
      
    
    
      add_edges!(graph, edges)



        
          
        

    

  


  

Adds multiple edges to the graph, raising on error.
Example
iex> graph =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_edges!([{1, 2, 10}, {2, 3, 5}])
iex> length(Yog.successors(graph, 1))
1

  



  
    
      
    
    
      add_node(graph, id, data)



        
          
        

    

  


  

      

          @spec add_node(graph(), node_id(), any()) :: graph()


      


Adds a node to the graph with the given ID and label.
If a node with this ID already exists, its data will be replaced.
Example
iex> graph = Yog.directed()
iex> graph = Yog.add_node(graph, 1, "Node A")
iex> graph = Yog.add_node(graph, 2, "Node B")
iex> Yog.all_nodes(graph) |> Enum.sort()
[1, 2]

  



  
    
      
    
    
      add_nodes_from(graph, nodes)



        
          
        

    

  


  

      

          @spec add_nodes_from(graph(), Enumerable.t()) :: graph()


      


Adds multiple nodes to the graph from an iterable.
See Yog.Model.add_nodes_from/2 for details.

  



  
    
      
    
    
      add_simple_edge(graph, opts)



        
          
        

    

  


  

      

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


      


Adds a simple edge with weight 1.
This is a convenience function for graphs with integer weights where
a default weight of 1 is appropriate (e.g., unweighted graphs, hop counts).
Returns {:ok, graph} or {:error, reason} if either endpoint node doesn't exist.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_simple_edge(from: 1, to: 2)
iex> Yog.successors(graph, 1)
[{2, 1}]

  



  
    
      
    
    
      add_simple_edge(graph, from, to)



        
          
        

    

  


  

      

          @spec add_simple_edge(graph(), node_id(), node_id()) ::
  {:ok, graph()} | {:error, String.t()}


      


Adds a simple edge with positional arguments (weight = 1).
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_simple_edge(1, 2)
iex> Yog.successors(graph, 1)
[{2, 1}]

  



  
    
      
    
    
      add_simple_edge!(graph, opts)



        
          
        

    

  


  

Adds a simple edge with weight 1, raising on error.
Example
iex> graph =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_simple_edge!(from: 1, to: 2)
iex> Yog.successors(graph, 1)
[{2, 1}]

  



  
    
      
    
    
      add_simple_edge!(graph, from, to)



        
          
        

    

  


  


  



  
    
      
    
    
      add_simple_edges(graph, edges)



        
          
        

    

  


  

      

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


      


Adds multiple simple edges (weight = 1).
Fails fast on the first edge that references non-existent nodes.
Convenient for unweighted graphs where all edges have weight 1.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_simple_edges([{1, 2}, {2, 3}, {1, 3}])
iex> length(Yog.successors(graph, 1))
2

  



  
    
      
    
    
      add_unweighted_edge(graph, opts)



        
          
        

    

  


  

      

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


      


Adds an unweighted edge to the graph.
This is a convenience function for graphs where edges have no meaningful weight.
Uses nil as the edge data type.
Returns {:ok, graph} or {:error, reason} if either endpoint node doesn't exist.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_unweighted_edge(from: 1, to: 2)
iex> Yog.successors(graph, 1)
[{2, nil}]

  



  
    
      
    
    
      add_unweighted_edge(graph, from, to)



        
          
        

    

  


  

      

          @spec add_unweighted_edge(graph(), node_id(), node_id()) ::
  {:ok, graph()} | {:error, String.t()}


      


Adds an unweighted edge with positional arguments.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_unweighted_edge(1, 2)
iex> Yog.successors(graph, 1)
[{2, nil}]

  



  
    
      
    
    
      add_unweighted_edge!(graph, opts)



        
          
        

    

  


  

Adds an unweighted edge to the graph, raising on error.
Example
iex> graph =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_unweighted_edge!(from: 1, to: 2)
iex> Yog.successors(graph, 1)
[{2, nil}]

  



  
    
      
    
    
      add_unweighted_edge!(graph, from, to)



        
          
        

    

  


  


  



  
    
      
    
    
      add_unweighted_edges(graph, edges)



        
          
        

    

  


  

      

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


      


Adds multiple unweighted edges (weight = nil).
Fails fast on the first edge that references non-existent nodes.
Convenient for graphs where edges carry no weight information.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_unweighted_edges([{1, 2}, {2, 3}, {1, 3}])
iex> length(Yog.successors(graph, 1))
2

  



  
    
      
    
    
      all_edges(graph)



        
          
        

    

  


  

      

          @spec all_edges(graph()) :: [{node_id(), node_id(), any()}]


      


Returns all edges in the graph as triplets {from, to, weight}.
Example
iex> graph = Yog.directed() |> Yog.add_edge_ensure(1, 2, 10)
iex> Yog.all_edges(graph)
[{1, 2, 10}]

  



  
    
      
    
    
      all_nodes(graph)



        
          
        

    

  


  

      

          @spec all_nodes(graph()) :: [node_id()]


      


Returns all unique node IDs that have edges in the graph.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_edge(1, 2, 10)
iex> Yog.all_nodes(graph) |> Enum.sort()
[1, 2]

  



  
    
      
    
    
      arborescence?(graph)



        
          
        

    

  


  

      

          @spec arborescence?(graph()) :: boolean()


      


Returns true if the graph is an arborescence (directed tree with a unique root).

  



  
    
      
    
    
      arborescence_root(graph)



        
          
        

    

  


  

      

          @spec arborescence_root(graph()) :: node_id() | nil


      


Returns the root of an arborescence, or nil if it's not an arborescence.

  



  
    
      
    
    
      complement(graph, default_weight)



        
          
        

    

  


  

      

          @spec complement(graph(), any()) :: graph()


      


Returns the complement of the graph (edges that don't exist in the original).
The complement has edges between all pairs of nodes that are NOT connected
in the original graph.
Parameters
	graph - The input graph
	default_weight - Weight to assign to new edges in the complement

Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_edge(1, 2, 10)
iex> complement = Yog.complement(graph, 1)
iex> # The complement has an edge from 2 to 1 (which didn't exist)
iex> Yog.successors(complement, 2)
[{1, 1}]

  



  
    
      
    
    
      complete?(graph)



        
          
        

    

  


  

      

          @spec complete?(graph()) :: boolean()


      


Returns true if the graph is complete (every pair of distinct nodes is connected).

  



  
    
      
    
    
      contract(graph, merge_a, merge_b, combine_fn)



        
          
        

    

  


  

      

          @spec contract(graph(), node_id(), node_id(), (any(), any() -> any())) :: graph()


      


Contracts (merges) two nodes into a single node.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_edges([{1, 3, 10}, {2, 3, 20}])
iex> contracted = Yog.contract(graph, 1, 2, fn a, b -> a + b end)
iex> length(Yog.all_nodes(contracted))
2

  



  
    
      
    
    
      cyclic?(graph)



        
          
        

    

  


  

      

          @spec cyclic?(graph()) :: boolean()


      


Determines if a graph contains any cycles.
For directed graphs, a cycle exists if there is a path from a node back to itself.
For undirected graphs, a cycle exists if there is a path of length >= 3 from a node back to itself,
or a self-loop.
Time Complexity: O(V + E)
Example
iex> graph =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_edges!([{1, 2, 1}, {2, 3, 1}, {3, 1, 1}])
iex> Yog.cyclic?(graph)
true

  



  
    
      
    
    
      degree(graph, id)



        
          
        

    

  


  

      

          @spec degree(graph(), node_id()) :: non_neg_integer()


      


Returns the total degree of a node.

  



  
    
      
    
    
      directed()



        
          
        

    

  


  

      

          @spec directed() :: graph()


      


Creates a new empty directed graph.
This is a convenience function that's equivalent to Yog.new(:directed),
but requires only a single import.
Example
iex> graph = Yog.directed()
iex> Yog.graph?(graph)
true

  



  
    
      
    
    
      edge_count(graph)



        
          
        

    

  


  

      

          @spec edge_count(graph()) :: integer()


      


Returns the number of edges in the graph.
Example
iex> graph = Yog.directed() |> Yog.add_edge_ensure(1, 2, 10) |> Yog.add_edge_ensure(2, 3, 5)
iex> Yog.edge_count(graph)
2

  



    

    

  
    
      
    
    
      ego_graph(graph, node, radius \\ 1, opts \\ [])



        
          
        

    

  


  

      

          @spec ego_graph(graph(), node_id(), non_neg_integer(), keyword()) :: graph()


      


Returns the ego graph of a node — the subgraph induced by the node
and all nodes within radius hops.
For directed graphs, the :mode option controls traversal:
	:successors (default) - follows outgoing edges only
	:neighbors - follows both outgoing and incoming edges

Example
iex> graph =
...>   Yog.undirected()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_edge_ensure(from: 1, to: 2, with: 10)
iex> ego = Yog.ego_graph(graph, 1)
iex> Enum.sort(Yog.all_nodes(ego))
[1, 2]

  



  
    
      
    
    
      filter_edges(graph, predicate)



        
          
        

    

  


  

      

          @spec filter_edges(graph(), (node_id(), node_id(), any() -> boolean())) :: graph()


      


Filter edges by a predicate. Removes edges that don't match the predicate.
Example
iex> graph =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_edges!([{1, 2, 10}, {1, 3, 20}])
iex> filtered = Yog.filter_edges(graph, fn _src, _dst, w -> w > 15 end)
iex> Yog.successors(filtered, 1)
[{3, 20}]

  



  
    
      
    
    
      filter_nodes(graph, predicate)



        
          
        

    

  


  

      

          @spec filter_nodes(graph(), (any() -> boolean())) :: graph()


      


Filter nodes by a predicate. Removes nodes that don't match the predicate
and all edges connected to them.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "keep")
...>   |> Yog.add_node(2, "remove")
...>   |> Yog.add_edge(1, 2, 10)
iex> filtered = Yog.filter_nodes(graph, fn label -> label == "keep" end)
iex> Yog.all_nodes(filtered)
[1]

  



  
    
      
    
    
      from_adjacency_list(type, entries)



        
          
        

    

  


  

Creates a graph from an adjacency list.
Delegates to Yog.IO.List.from_list/2.
Example
iex> entries = [{1, [{2, 1}, {3, 1}]}, {2, [{3, 1}]}, {3, []}]
iex> graph = Yog.from_adjacency_list(:undirected, entries)
iex> Yog.Model.order(graph)
3

  



    

  
    
      
    
    
      from_adjacency_list_string(type, string, opts \\ [])



        
          
        

    

  


  

Creates a graph from an adjacency list string.
Delegates to Yog.IO.List.from_string/3.
Example
iex> text = "1: 2 3\n2: 3\n3:"
iex> graph = Yog.from_adjacency_list_string(:undirected, text)
iex> Yog.Model.order(graph)
3

  



  
    
      
    
    
      from_adjacency_matrix(type, matrix)



        
          
        

    

  


  

Creates a graph from an adjacency matrix.
Delegates to Yog.IO.Matrix.from_matrix/2.
Example
iex> matrix = [[0, 1, 1], [1, 0, 0], [1, 0, 0]]
iex> graph = Yog.from_adjacency_matrix(:undirected, matrix)
iex> Yog.Model.order(graph)
3

  



  
    
      
    
    
      from_edges(type, edges)



        
          
        

    

  


  

      

          @spec from_edges(:directed | :undirected, [{node_id(), node_id(), any()}]) :: graph()


      


Creates a graph from a list of edges.
Auto-creates nodes with nil data as needed.
Example
iex> edges = [{1, 2, 10}, {2, 3, 20}]
iex> graph = Yog.from_edges(:directed, edges)
iex> length(Yog.successors(graph, 1))
1

  



  
    
      
    
    
      from_nodes(type, nodes)



        
          
        

    

  


  

      

          @spec from_nodes(:directed | :undirected, Enumerable.t()) :: graph()


      


Creates a graph from a list of nodes.
Accepts:
	A list of node IDs: [1, 2, 3]
	A list of {id, data} tuples: [{1, "A"}, {2, "B"}]
	A map: %{1 => "A", 2 => "B"}

Example
iex> graph = Yog.from_nodes(:directed, [1, {2, "B"}])
iex> Yog.Model.order(graph)
2
iex> Yog.Model.node(graph, 2)
"B"

  



  
    
      
    
    
      from_unweighted_edges(type, edges)



        
          
        

    

  


  

      

          @spec from_unweighted_edges(:directed | :undirected, [{node_id(), node_id()}]) ::
  graph()


      


Creates a graph from a list of unweighted edges (weight will be nil).
Example
iex> edges = [{1, 2}, {2, 3}]
iex> graph = Yog.from_unweighted_edges(:directed, edges)
iex> Yog.successors(graph, 1)
[{2, nil}]

  



  
    
      
    
    
      graph?(arg1)



        
          
        

    

  


  

      

          @spec graph?(any()) :: boolean()


      


Returns true if the given value is a Yog graph.
Example
iex> graph = Yog.directed()
iex> Yog.graph?(graph)
true
iex> Yog.graph?("not a graph")
false

  



  
    
      
    
    
      has_edge?(graph, src, dst)



        
          
        

    

  


  

      

          @spec has_edge?(graph(), node_id(), node_id()) :: boolean()


      


Checks if the graph contains an edge between src and dst.
Example
iex> graph = Yog.directed() |> Yog.add_edge_ensure(1, 2, 10)
iex> Yog.has_edge?(graph, 1, 2)
true
iex> Yog.has_edge?(graph, 2, 1)
false

  



  
    
      
    
    
      has_node?(graph, id)



        
          
        

    

  


  

      

          @spec has_node?(graph(), node_id()) :: boolean()


      


Checks if the graph contains a node with the given ID.
Example
iex> graph = Yog.directed() |> Yog.add_node(1, "A")
iex> Yog.has_node?(graph, 1)
true
iex> Yog.has_node?(graph, 2)
false

  



  
    
      
    
    
      hopcroft_karp(graph)



        
          
        

    

  


  

      

          @spec hopcroft_karp(graph()) :: %{required(node_id()) => node_id()}


      


Finds a maximum cardinality matching in a bipartite graph using the
Hopcroft-Karp algorithm.
Returns a bidirectional map of matched pairs.
Raises ArgumentError if the graph is not bipartite.
Example
iex> graph = Yog.from_edges(:undirected, [{:a1, :b1, 1}, {:a1, :b2, 1}, {:a2, :b2, 1}])
iex> matching = Yog.hopcroft_karp(graph)
iex> map_size(matching)
4

  



  
    
      
    
    
      in_degree(graph, id)



        
          
        

    

  


  

      

          @spec in_degree(graph(), node_id()) :: non_neg_integer()


      


Returns the in-degree of a node (number of incoming edges).

  



  
    
      
    
    
      k_core(graph, k)



        
          
        

    

  


  

      

          @spec k_core(graph(), integer()) :: graph()


      


Extracts the k-core of a graph (maximal subgraph with minimum degree k).

  



  
    
      
    
    
      map_edges(graph, func)



        
          
        

    

  


  

      

          @spec map_edges(graph(), (term() -> term())) :: graph()


      


Creates a new graph where edge weights are transformed.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_edge(1, 2, 10)
iex> doubled = Yog.map_edges(graph, fn w -> w * 2 end)
iex> Yog.successors(doubled, 1)
[{2, 20}]

  



  
    
      
    
    
      map_nodes(graph, func)



        
          
        

    

  


  

      

          @spec map_nodes(graph(), (any() -> any())) :: graph()


      


Creates a new graph where node labels are transformed.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "a")
...>   |> Yog.add_node(2, "b")
...>   |> Yog.add_edge(1, 2, 10)
iex> mapped = Yog.map_nodes(graph, &String.upcase/1)
iex> mapped.nodes[1]
"A"

  



  
    
      
    
    
      merge(base, other)



        
          
        

    

  


  

      

          @spec merge(graph(), graph()) :: graph()


      


Merges two graphs. Combines nodes and edges from both graphs.
Example
iex> {:ok, g1} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_edge(1, 2, 10)
iex> {:ok, g2} =
...>   Yog.directed()
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_edge(2, 3, 20)
iex> merged = Yog.merge(g1, g2)
iex> length(Yog.all_nodes(merged))
3

  



  
    
      
    
    
      neighbor_ids(graph, id)



        
          
        

    

  


  

      

          @spec neighbor_ids(graph(), node_id()) :: [node_id()]


      


Returns all neighbor node IDs (without weights).
Example
iex> graph = Yog.directed() |> Yog.add_edge_ensure(1, 2, 10) |> Yog.add_edge_ensure(1, 3, 20)
iex> Yog.neighbor_ids(graph, 1) |> Enum.sort()
[2, 3]

  



  
    
      
    
    
      neighbors(graph, id)



        
          
        

    

  


  

      

          @spec neighbors(graph(), node_id()) :: [{node_id(), term()}]


      


Gets all nodes connected to the given node, regardless of direction.
For undirected graphs, this is equivalent to successors.
For directed graphs, this combines successors and predecessors.
Example
iex> graph =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_edge_ensure(1, 2, 10)
...>   |> Yog.add_edge_ensure(3, 1, 20)
iex> length(Yog.neighbors(graph, 1))
2

  



  
    
      
    
    
      new(type)



        
          
        

    

  


  

      

          @spec new(:directed | :undirected) :: graph()


      


Creates a new empty graph of the specified type.
Example
iex> graph = Yog.new(:directed)
iex> Yog.graph?(graph)
true

iex> graph = Yog.new(:undirected)
iex> Yog.graph?(graph)
true

  



  
    
      
    
    
      node(graph, id)



        
          
        

    

  


  

      

          @spec node(graph(), node_id()) :: term() | nil


      


Gets the data associated with a node.
Example
iex> graph = Yog.directed() |> Yog.add_node(1, "A")
iex> Yog.node(graph, 1)
"A"

  



  
    
      
    
    
      node_count(graph)



        
          
        

    

  


  

      

          @spec node_count(graph()) :: integer()


      


Returns the number of nodes in the graph.
Example
iex> graph = Yog.directed() |> Yog.add_node(1, "A") |> Yog.add_node(2, "B")
iex> Yog.node_count(graph)
2

  



  
    
      
    
    
      node_ids(graph)



        
          
        

    

  


  

      

          @spec node_ids(graph()) :: [node_id()]


      


Returns all unique node IDs in the graph.
Example
iex> graph = Yog.directed() |> Yog.add_node(1, "A") |> Yog.add_node(2, "B")
iex> Yog.node_ids(graph) |> Enum.sort()
[1, 2]

  



  
    
      
    
    
      order(graph)



        
          
        

    

  


  

      

          @spec order(graph()) :: integer()


      


Returns the number of nodes in the graph (graph order).
Example
iex> graph = Yog.directed() |> Yog.add_node(1, "A") |> Yog.add_node(2, "B")
iex> Yog.order(graph)
2

  



  
    
      
    
    
      out_degree(graph, id)



        
          
        

    

  


  

      

          @spec out_degree(graph(), node_id()) :: non_neg_integer()


      


Returns the out-degree of a node (number of outgoing edges).

  



  
    
      
    
    
      predecessors(graph, id)



        
          
        

    

  


  

      

          @spec predecessors(graph(), node_id()) :: [{node_id(), term()}]


      


Gets nodes you came FROM to reach the given node (predecessors).
Returns a list of tuples containing the source node ID and edge data.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_edge(1, 2, 10)
iex> Yog.predecessors(graph, 2)
[{1, 10}]

  



  
    
      
    
    
      regular?(graph, k)



        
          
        

    

  


  

      

          @spec regular?(graph(), integer()) :: boolean()


      


Returns true if the graph is k-regular (every node has degree exactly k).

  



  
    
      
    
    
      remove_edge(graph, src, dst)



        
          
        

    

  


  

      

          @spec remove_edge(graph(), node_id(), node_id()) :: graph()


      


Removes an edge from the graph.
Example
iex> graph = Yog.directed() |> Yog.add_edge_ensure(1, 2, 10) |> Yog.remove_edge(1, 2)
iex> Yog.has_edge?(graph, 1, 2)
false

  



  
    
      
    
    
      remove_node(graph, id)



        
          
        

    

  


  

      

          @spec remove_node(graph(), node_id()) :: graph()


      


Removes a node and all its connected edges.
Example
iex> graph = Yog.directed() |> Yog.add_node(1, "A") |> Yog.remove_node(1)
iex> Yog.has_node?(graph, 1)
false

  



  
    
      
    
    
      subgraph(graph, ids)



        
          
        

    

  


  

      

          @spec subgraph(graph(), [node_id()]) :: graph()


      


Extracts a subgraph keeping only the specified nodes.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_edges([{1, 2, 10}, {2, 3, 20}])
iex> subgraph = Yog.subgraph(graph, [1, 2])
iex> Yog.all_nodes(subgraph)
[1, 2]

  



  
    
      
    
    
      successor_ids(graph, id)



        
          
        

    

  


  

      

          @spec successor_ids(graph(), node_id()) :: [node_id()]


      


Gets node IDs you can travel TO from the given node.
Convenient for traversal algorithms that only need the IDs.
Example
iex> graph =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_node(3, "C")
...>   |> Yog.add_edge_ensure(1, 2, 10)
...>   |> Yog.add_edge_ensure(1, 3, 20)
iex> Yog.successor_ids(graph, 1) |> Enum.sort()
[2, 3]

  



  
    
      
    
    
      successors(graph, id)



        
          
        

    

  


  

      

          @spec successors(graph(), node_id()) :: [{node_id(), term()}]


      


Gets nodes you can travel TO from the given node (successors).
Returns a list of tuples containing the destination node ID and edge data.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_edge(1, 2, 10)
iex> Yog.successors(graph, 1)
[{2, 10}]

  



  
    
      
    
    
      to_adjacency_list(graph)



        
          
        

    

  


  

Exports a graph to an adjacency list.
Delegates to Yog.IO.List.to_list/1.
Example
iex> graph = Yog.undirected() |> Yog.add_edge_ensure(from: 1, to: 2, with: 5)
iex> Yog.to_adjacency_list(graph)
[{1, [{2, 5}]}, {2, [{1, 5}]}]

  



    

  
    
      
    
    
      to_adjacency_list_string(graph, opts \\ [])



        
          
        

    

  


  

Exports a graph to an adjacency list string.
Delegates to Yog.IO.List.to_string/2.
Example
iex> graph = Yog.undirected() |> Yog.add_edge_ensure(from: 1, to: 2, with: 5)
iex> Yog.to_adjacency_list_string(graph)
"1: 2\n2: 1"

  



  
    
      
    
    
      to_adjacency_matrix(graph)



        
          
        

    

  


  

Exports a graph to an adjacency matrix representation.
Delegates to Yog.IO.Matrix.to_matrix/1.
Example
iex> graph = Yog.undirected() |> Yog.add_edge_ensure(from: 1, to: 2, with: 5)
iex> {_nodes, matrix} = Yog.to_adjacency_matrix(graph)
iex> matrix
[[0, 5], [5, 0]]

  



  
    
      
    
    
      to_directed(graph)



        
          
        

    

  


  

      

          @spec to_directed(graph()) :: graph()


      


Converts an undirected graph to directed.
Example
iex> {:ok, graph} =
...>   Yog.undirected()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_edge(1, 2, 10)
iex> directed = Yog.to_directed(graph)
iex> Yog.successors(directed, 1)
[{2, 10}]

  



  
    
      
    
    
      to_undirected(graph, resolve_fn)



        
          
        

    

  


  

      

          @spec to_undirected(graph(), (any(), any() -> any())) :: graph()


      


Converts a directed graph to undirected.
When there are edges in both directions, the resolve_fn is called
to combine the weights.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_edges([{1, 2, 10}, {2, 1, 20}])
iex> undirected = Yog.to_undirected(graph, fn a, b -> min(a, b) end)
iex> length(Yog.successors(undirected, 1))
1

  



  
    
      
    
    
      transpose(graph)



        
          
        

    

  


  

      

          @spec transpose(graph()) :: graph()


      


Returns a graph where all edges have been reversed.
Example
iex> {:ok, graph} =
...>   Yog.directed()
...>   |> Yog.add_node(1, "A")
...>   |> Yog.add_node(2, "B")
...>   |> Yog.add_edge(1, 2, 10)
iex> transposed = Yog.transpose(graph)
iex> Yog.successors(transposed, 2)
[{1, 10}]

  



  
    
      
    
    
      tree?(graph)



        
          
        

    

  


  

      

          @spec tree?(graph()) :: boolean()


      


Returns true if the graph is a tree (undirected, connected, and acyclic).

  



  
    
      
    
    
      type(graph)



        
          
        

    

  


  

      

          @spec type(graph()) :: graph_type()


      


Gets the type of the graph (:directed or :undirected).
Example
iex> graph = Yog.directed()
iex> Yog.type(graph)
:directed

  



  
    
      
    
    
      undirected()



        
          
        

    

  


  

      

          @spec undirected() :: graph()


      


Creates a new empty undirected graph.
This is a convenience function that's equivalent to Yog.new(:undirected),
but requires only a single import.
Example
iex> graph = Yog.undirected()
iex> Yog.graph?(graph)
true

  



  
    
      
    
    
      update_edge(graph, u, v, default, fun)



        
          
        

    

  


  

      

          @spec update_edge(graph(), node_id(), node_id(), term(), (term() -> term())) ::
  graph()


      


Updates a specific edge's weight/metadata.

  



  
    
      
    
    
      update_node(graph, id, default, fun)



        
          
        

    

  


  

      

          @spec update_node(graph(), node_id(), term(), (term() -> term())) :: graph()


      


Updates a specific node's data using an updater function.
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