
1   /**
2       Marlon Fernandes de Alcantara
3       Kruskal - Minimum Spanning Forest
4   **/
5   
6   #include <iostream>
7   #include <cstdio>
8   #include <vector>
9   #include <algorithm>

10   
11   using  namespace  std;
12   
13   #define all(c)    (c).begin(),  (c).end()
14   #define rall(c)  (c).rbegin(), (c).rend()
15   
16   #define _auto(var, x)           typeof(x) var = (x)
17   #define _auxforeach(it, b, e)   for(_auto(it, b), _itend = e; it != _itend; ++it)
18   #define foreach(it, r...)       _auxforeach(it, r)
19   
20   typedef  long  long  LLONG;
21   typedef  pair<int ,int > PII;
22   typedef  vector<int > VI;
23   typedef  vector<VI> VVI;
24   
25   enum { INF = 1<<30 };
26   
27   
28   struct  UnionFind { // Union Find Representation by X-Tree
29       VI roots, ranks;   // roots for each element (label) and ranks(tree degree)
30   
31       UnionFind(int  nElems) : roots(nElems),
32               ranks(nElems){
33           foreach(i, 0,nElems) roots[i] = i;
34       }
35   
36       /// The root node of x's tree. // Unique label
37       int  rootOf(int  x) { // "almost" O(1)
38           if (roots[x] != x)
39               roots[x] = rootOf(roots[x]);
40           return  roots[x];
41       }
42       /// Merges the trees of a and b. // O(1) //make roo t(a) = root(b)
43       void  mergeRootsOf(int  a, int  b) {
44           a = rootOf(a);
45           b = rootOf(b);
46           if (a != b) {
47               if (ranks[a] > ranks[b])
48                   swap(a, b);
49               else  if (ranks[a] == ranks[b])
50                   ranks[b] ++;
51               roots[a] = b;
52           }
53       }
54   };
55   
56   struct  Edge{
57       int  u, v, w;
58       Edge(int  u=0, int  v=0, int  w=0) : u(u<v?u:v),v(u<v?v:u),w(w){}
59       bool  operator <(const  Edge &x)const {
60           if (w!=x.w) return  w<x.w;
61           if (u!=x.u) return  u<x.u;
62           return  v<x.v;
63       }
64   };
65   
66   /// Complexidade O(e.log(v))
67   vector<Edge> Kruskal(int  v, vector<Edge> e){ ///Kruskal em 8 linhas XD
68       sort(all(e));                      // Passo1: Ordenar as arestas
69       UnionFind subtrees(v);             // Criar uma estrutura para verificar os conjuntos de subarvores(UnionFind) almost O(1)
70       vector<Edge> result;               // Vetor para quardar as arestas que serao utilizadas, desnecessario se quiser apenas o 

peso da arvore
71       foreach(it, all(e)){               // Passo2: Para cada aresta, ligar duas sub-arvores distintas com a menor aresta, ate 

que acabem as arestas
72           if (subtrees.rootOf(it->u)!=subtrees.rootOf(it->v)){
73               result.push_back(*it);
74               subtrees.mergeRootsOf(it->u, it->v);
75           }
76       }
77       return  result;
78   }
79   
80   int  main(){
81       int  v, e;
82       scanf("%d %d", &v, &e);
83       vector<Edge> edges;
84       for (int  i=0; i<e; ++i){
85           int  u, v, w;
86           scanf("%d %d %d", &u, &v, &w);
87           edges.push_back(Edge(u,v,w));
88       }
89   
90       vector<Edge> answer = Kruskal(v, edges);
91       puts("Arestas que compoem a Floresta Geradora Minima:\n");
92       int  weight=0;
93       foreach(it, all(answer)){
94           printf("%d - %d  [%d]\n", it->u, it->v, it->w);
95           weight+=it->w;
96       }
97       printf("\nO peso da arvore: %d\n", weight);
98   
99   }

100   


