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Overview  
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Boost.Graph provides classes to define graphs  
and algorithms to search in graphs  

Most important class is adjacency_list  

Various adaptors for non-Boost.Graph types  

Two most important core search algorithms:  

void breadth_first_search(...)  

void depth_first_search(...)  

Visitors which do something when algorithms 

visit vertices and edges  

Various shortest path and many more algorithms  



Sample graph  
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All code examples in this presentation are based on 
the following graph:  

Top-right  

Bottom-left  Bottom-right  

Top-left  
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Graph definition  

#include <boost/graph/adjacency_list.hpp>  
 
using namespace boost;  
 
adjacency_list<> g;  
 
// adds four vertices to the graph  
adjacency_list<>::vertex_descriptor v1 = add_vertex(g);  
adjacency_list<>::vertex_descriptor v2 = add_vertex(g);  
adjacency_list<>::vertex_descriptor v3 = add_vertex(g);  
adjacency_list<>::vertex_descriptor v4 = add_vertex(g);  
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Graph definition  

// gets vertices  
typedef adjacency_list<>::vertex_iterator iterator;  
std::pair<iterator, iterator> p = vertices(g);  
 
// prints vertices: 0, 1, 2, 3  
for (auto it = p.first; it != p.second; ++it)  
  std::cout << *it << std::endl;  
 
// prints std::size_t  
std::cout << typeid(v1).name() << std::endl;  
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Graph definition  

std::pair<adjacency_list<>::edge_descriptor, bool> p;  
 
// adds four edges to the graph  
p = add_edge(v1, v2, g);  
p = add_edge(v2, v3, g);  
p = add_edge(v3, v4, g);  
p = add_edge(v4, v1, g);  
 
// accesses and prints the edges: (0,1), (1,2), (2,3), (3,0)  
auto p = edges(g);  
for (auto it = p.first; it != p.second; ++it)  
  std::cout << *it << std::endl;  
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Graph definition  

// defines a graph with undirected edges  
adjacency_list<vecS, vecS, undirectedS> g;  
 
enum { topLeft, topRight, bottomRight, bottomLeft };  
 
// adds edges without explicitly adding vertices  
add_edge(topLeft, topRight, g);  
add_edge(topRight, bottomRight, g);  
add_edge(bottomRight, bottomLeft, g);  
add_edge(bottomLeft, topLeft, g);  



Algorithms  
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There are several choices to make when using 
algorithms from Boost.Graph:  

Core vs. specialized algorithms  

Named vs. non-named parameters  

Internal vs. external properties  

Internal: Lists vs. bundled  
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Non-named parameters  

queue<graph::vertex_descriptor> q;  
// null visitor which doesn’t do anything  
bfs_visitor<null_visitor> vis;  
// graph has 4 vertices – colormap needs 4 elements  
std::array<default_color_type, 4> colormap;  
 
// pointer is automatically used as a property map  
breadth_first_search(g, topLeft, q, vis, colormap.data());  
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Named parameter  

// null visitor which doesn’t do anything  
bfs_visitor<null_visitor> vis;  
 
// visitor() gives the parameter a name  
breadth_first_search(g, topLeft, visitor(vis));  
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User-defined null visitor  

// my own null visitor which doesn’t do anything  
struct my_null_visitor  
{  
  typedef on_no_event event_filter;  
  template <class T, class Graph>  
  void operator()(T, Graph&) {}  
};  
 
// turns algorithm-independent visitor into a BFS visitor  
bfs_visitor<my_null_visitor> vis;  
 
breadth_first_search(g, topLeft, visitor(vis));  
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Discover visitor  

// prints 0, 1, 3, 2  
struct my_discover_visitor  
{  
  typedef on_discover_vertex event_filter;  
  template <class T, class Graph>  
  void operator()(T t, Graph&) { std::cout << t << std::endl; }  
} vis;  
 
// make_bfs_visitor() helper function used  
breadth_first_search(g, topLeft,  
  visitor(make_bfs_visitor(vis)));  
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Discover visitor  

// prints 0, 1, 2, 3  
struct my_discover_visitor  
{  
  typedef on_discover_vertex event_filter;  
  template <class T, class Graph>  
  void operator()(T t, Graph&) { std::cout << t << std::endl; }  
} vis;  
 
// make_dfs_visitor() helper function used  
depth_first_search(g, visitor(make_dfs_visitor(vis)));  



Boost.Graph for Beginners  14 

Recording distances  

std::array<int, 4> distances = {{ 0 }};  
 
// record_distances() to write distances to property map  
breadth_first_search(g, topLeft,  
  visitor( 
    make_bfs_visitor( 
      record_distances(distances.data(),  
        on_tree_edge()))));  
 
// prints 0, 1, 2, 1  
for (auto d : distances)  
  std::cout << d << std::endl;  
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Recording predecessors  

std::array<int, 4> predecessors;  
predecessors[bottomRight] = bottomRight;  
 
// record_predecessors() to write predecessors to  
// property map  
breadth_first_search(g, bottomRight,  
  visitor( 
    make_bfs_visitor( 
      record_predecessors(predecessors.data(),  
        on_tree_edge()))));  
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Recording predecessors  

// prints 0, 1, 2  
int p = topLeft;  
while (p != bottomRight)  
{  
  std::cout << p << std::endl;  
  p = predecessors[p];  
}  
std::cout << p << std::endl;  
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Distances & predecessors  

std::array<int, 4> distances = {{ 0 }};  
std::array<int, 4> predecessors;  
predecessors[bottomRight] = bottomRight; 
 
breadth_first_search(g, bottomRight,  
  visitor( 
    make_bfs_visitor( 
      std::make_pair( 
        record_distances(distances.data(),  
          on_tree_edge()),  
        record_predecessors(predecessors.data(),  
          on_tree_edge())))));  
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Property list  

// weight added as an edge property  
typedef adjacency_list<vecS, vecS, undirectedS, no_property,  
  property<edge_weight_t, int>> graph;  
 
graph g(edges.begin(), edges.end(), 4);  
 
std::array<int, 4> predecessors;  
dijkstra_shortest_paths(g, bottomRight,  
  predecessor_map(predecessors.data()));  
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Property list  

// weight added as an edge property  
typedef adjacency_list<vecS, vecS, undirectedS, no_property,  
  property<edge_weight_t, int>> graph;  
 
// defining weights and initializing properties in the graph  
std::array<int, 4> weights = {{ 2, 1, 1, 1 }};  
graph g(edges.begin(), edges.end(), weights.data(), 4);  
 
std::array<int, 4> predecessors;  
dijkstra_shortest_paths(g, bottomRight,  
  predecessor_map(predecessors.data()));  
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Property list  

typedef adjacency_list<vecS, vecS, undirectedS, no_property,  
  property<edge_weight_t, int>> graph;  
graph g(edges.begin(), edges.end(), 4);  
 
// accessing property map and setting weight per edge  
property_map<graph, edge_weight_t>::type edge_weight_map =  
  get(edge_weight_t(), g);  
auto it = boost::edges(g).first;  
put(edge_weight_map, *it, 2);  
put(edge_weight_map, *++it, 1);  
put(edge_weight_map, *++it, 1);  
put(edge_weight_map, *++it, 1);  
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Bundled properties  

// bundled edge properties: simply a struct  
struct edge_properties { int weight; };  
typedef adjacency_list<vecS, vecS, undirectedS,  
  no_property, edge_properties> graph;  
 
std::array<edge_properties, 4> weights = {{ 2, 1, 1, 1 }};  
graph g(edges.begin(), edges.end(), weights.data(), 4);  
 
std::array<int, 4> predecessors;  
dijkstra_shortest_paths(g, bottomRight,  
  predecessor_map(predecessors.data()).weight_map( 
    get(&edge_properties::weight, g)));  
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Bundled properties  

struct edge_properties { int weight; };  
typedef adjacency_list<vecS, vecS, undirectedS,  
  no_property, edge_properties> graph;  
graph g(edges.begin(), edges.end(), 4);  
 
// accessing property map and setting weight per edge  
auto it = edges(g).first;  
g[*it].weight = 2;  
g[*++it].weight = 1;  
g[*++it].weight = 1;  
g[*++it].weight = 1;  



More information  
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Boost.Graph documentation:  
http://www.boost.org/libs/graph/  

Books:  
The Boost Graph Library: User Guide and Reference Manual (from 2001)  

The picture on the first slide is the Tokyo subway map. It has been copied from 
http://en.wikipedia.org/wiki/File:Tokyo_metro_map_en.png where it has been made available under the 
Creative Commons Attribution-Share Alike 3.0 Unported license.  

http://www.boost.org/libs/graph/

