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Algoritmos de búsqueda en gráficas

• Una de las operaciones más frecuentes en una gráfica es la de visitar sus 
vértices uno por uno o en un orden deseado.


• Este procedimiento se llama búsqueda o recorrido de un grafo.


• Los algoritmos clásicos para búsqueda o recorridos en gráficas son:

• depth-first search

• breath-first search


• Por ahora solo vamos a “visitar el nodo” pero más tarde veremos acciones 
específicas a realizar en un nodo.


• Se puede elegir visitar el vértice la primera vez que se ve (preorden) o la última 
vez que se ve (postorden).



Explorando un laberinto

• Además del hilo podemos suponer luces, 
inicialmente apagadas y puertas, 
inicialmente cerradas en las intersecciones.


• Seguimos la exploración de Trémaux:


• Desenrollar un hilo detrás de nosotros.


• Marcar cada intersección visitada 
prendiendo una luz.


• Marcar cada pasaje visitado abriendo una 
puerta.

• Queremos encontrar la salida en un laberinto que consiste en pasajes 
conectados por intersecciones y también revisar todo el laberinto.
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Trémaux  Maze Exploration

Trémaux maze exploration.

! Unroll a ball of string behind us.

! Mark each visited intersection by turning on a light.

! Mark each visited passage by opening a door.

History.  Theseus entered labyrinth to kill the monstrous Minotaur;

Ariadne held ball of string.
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Depth First Search

Goal.  Find all vertices connected to s.

Depth first search.  To visit a vertex v:

! Mark v as visited.

! Recursively visit all unmarked vertices w

adjacent to v.

Running time.  O(E) since each edge

examined at most twice.



Explorando un laberinto

(I) Si no hay puertas cerradas en la intersección actual, ir al paso (III). 
Si no, abrir cualquier puerta cerrada para salir a un pasaje y dejar la 
puerta abierta.


(II) Si se puede ver una intersección al otro lado del pasaje que ya este 
encendido, probar otra puerta en la intersección actual (del paso 1). Si no (la 
intersección está apagada), seguir el pasaje hasta la intersección 
desenrollando el hilo, prender la luz y regresar al paso (I).


(III) Si todas las puertas en la intersección actual están abiertas, 
verificar si se está en el punto inicial. Si es el caso, parar. Si no, usar el hilo 
hasta llegar a la intersección que nos llevó allí buscando otra puerta 
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• Al usar el algoritmo de exploración de Trémaux, encendemos todas las luces, 
abrimos todas las puertas y regresamos al punto inicial.


• Hay 4 posibles situaciones:


• El pasaje está apagado, entonces lo seguimos.


• El pasaje es el que usamos para entrar (tiene nuestro hilo), lo usamos 
para salir.


• La puerta del otro lado esta cerrada (pero la intersección está prendida), 
no recorremos el pasaje.


• La puerta al otro lado del pasaje está abierta y la intersección prendida, 
nos saltamos el pasaje.

Explorando un laberinto



Depth-first search
• La técnica de exploración de Trémaux nos lleva a la función recursiva clásica 

para recorrer gráficas:


• para visitar un vértice, lo marcamos como visitado y (recursivamente) 
visitamos todos los vértices adyacentes a este que no han sido marcados. 
(DFS)



Depth-first search
• En depth-first (profundidad primero) search: 


• exploramos en un solo camino en la gráfica hasta lo más lejos que 
podamos llegar (no se encuentren más vértices).  


• regresamos hasta un punto donde haya vértices que explorar y 
continuamos (como explorar un laberinto).


• Ejemplo de depth-first search empezando en el centro de la gráfica:
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Representation of Graphs IV

public class Edge {
Vertex x, y;
double weight;

}

public class Vertex {
Set<Edge> out;
Set<Edge> in;

}

ECE750-TXB
Lecture 17:

Algorithms for
binary relations

and graphs

Todd L.
Veldhuizen

tveldhui@acm.org

Bibliography

Depth-First Search I

� One of the commonest operations on a graph is to visit
the vertices of the graph one by one in some desired
order. This is commonly called a search.

� In a depth-first search, we explore along a single path
into the graph as far as we can until no new vertices
can be reached; then we return to some earlier point
where new vertices are still reachable and continue.
(Think of exploring a maze.)

� Example of a depth-first search (yellow) starting at the
center vertex of this graph:



Depth-first search
• Tiempo de ejecución: 


• O(E) ya que cada arista es 
examinada a lo más dos veces.
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Trémaux maze exploration.

! Unroll a ball of string behind us.

! Mark each visited intersection by turning on a light.

! Mark each visited passage by opening a door.

History.  Theseus entered labyrinth to kill the monstrous Minotaur;
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Depth First Search

Goal.  Find all vertices connected to s.

Depth first search.  To visit a vertex v:

! Mark v as visited.

! Recursively visit all unmarked vertices w

adjacent to v.

Running time.  O(E) since each edge

examined at most twice.
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Depth-first search
• El algoritmo puede escribirse de manera recursiva o iterativa.

• Ambas versiones toman un vértice fuente (source) s.

RECURSIVE_DFS(v): 

1. if v is unmarked 
2.      mark v 
3.      for each edge (v,w) 
4.              RECURSIVE_DFS(w)

ITERATIVE_DFS(s): 

1. PUSH(s) 
2. while stack not empty 
2.      v ← POP 
3.      if v is unmarked 
4.              mark v 
5.              for each edge (v,w) 
6.                      PUSH(w)

• Es exactamente el mismo algoritmo con la única diferencia que en la 
versión iterativa se puede “ver” la pila de la recursión.



Llenado por inundación
• Dado un pixel de color verde limón en la imagen, cambia el color de todos 

sus vecinos del mismo color a azul.


• Vértice: pixel


• Arista: pixeles vecinos del mismo color.


• Blob: todos los pixeles alcanzables a partir del pixel inicial.
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Typical client program.

! Create a Graph.

! Pass the Graph to a graph processing routine, e.g., DFSearcher.

! Query the graph processing routine for information.

! Design pattern:  separate graph from graph algorithms.

Graph Processing Client

public static void main(String args[]) {

   int V = Integer.parseInt(args[0]);

   int E = Integer.parseInt(args[1]);

   int s = 0;

   Graph G = new Graph(V, E);

   DFSearcher dfs = new DFSearcher(G, s);

   for (int v = 0; v < G.V(); v++)

      if (dfs.isReachable(v))

         System.out.println(v);

}

find and print vertices reachable from s
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Depth First Search

public class DFSearcher {

   private boolean[] marked;

   public DFSearcher(Graph G, int s) {

      marked = new boolean[G.V()];

      dfs(G, s);

   }

   // depth first search from v

   private void dfs(Graph G, int v) {

      marked[v] = true;

      for (int w : G.adj(v))

         if (!marked[w]) dfs(G, w);

   }

   public boolean isReachable(int v) { return marked[v]; }

}

26

Reachability Application:  Flood Fill

Flood fill.  Given lime green pixel in an image, change color of entire

blob of neighboring lime pixels to blue.

! Vertex:  pixel.

! Edge:  two neighboring lime pixels.

! Blob:  all pixels reachable from chosen lime pixel.

recolor lime green blob to blue

28

Paths

Path.  Is there a path from s to t?  If so, find one.



Encontrar un camino
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Reachability Application:  Flood Fill

Flood fill.  Given lime green pixel in an image, change color of entire

blob of neighboring lime pixels to blue.

! Vertex:  pixel.

! Edge:  two neighboring lime pixels.

! Blob:  all pixels reachable from chosen lime pixel.

recolor lime green blob to blue

28

Paths

Path.  Is there a path from s to t?  If so, find one.
• Hay un camino de s a t? si lo hay, encuentralo.



Recorridos genéricos en gráficas
• DFS es una (tal vez la más común) instancia de la familia general de 

algoritmos de recorrido de gráficas.


• El algoritmo de recorrido genérico almacena un conjunto de aristas 
candidatas en alguna estructura de datos que llamaremos “bolsa”.


• Las únicas propiedades importantes de la bolsa es que se puedan poner 
cosas dentro (como un contenedor en C++) y que se puedan sacar cuando 
sea necesario. 
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10.3 Traversing connected graphs

Suppose we want to visit every node in a connected graph (represented either explicitly or implic-
itly). The simplest method to do this is an algorithm called depth-first search, which can be written
either recursively or iteratively. It’s exactly the same algorithm either way; the only di�erence is
that we can actually see the ‘recursion’ stack in the non-recursive version. Both versions are initially
passed a source vertex s.

RecursiveDFS(v):
if v is unmarked

mark v
for each edge (v,w)

RecursiveDFS(w)

IterativeDFS(s):
Push(s)
while stack not empty

v ⇧ Pop
if v is unmarked

mark v
for each edge (v,w)

Push(w)

Depth-first search is one (perhaps the most common) instance of a general family of graph
traversal algorithms. The generic graph traversal algorithm stores a set of candidate edges in some
data structure that I’ll call a ‘bag’. The only important properties of a ‘bag’ are that we can put
stu� into it and then later take stu� back out. (In C++ terms, think of the ‘bag’ as a template for
a real data structure.) Here’s the algorithm:

Traverse(s):
put (�, s) in bag
while the bag is not empty

take (p, v) from the bag (⌃)
if v is unmarked

mark v
parent(v)⇧ p
for each edge (v,w) (†)

put (v,w) into the bag (⌃⌃)

Notice that we’re keeping edges in the bag instead of vertices. This is because we want to
remember, whenever we visit a vertex v for the first time, which previously-visited vertex p put v
into the bag. The vertex p is called the parent of v.

Lemma 1. Traverse(s) marks every vertex in any connected graph exactly once, and the set of
edges (v,parent(v)) with parent(v) ⇥= � form a spanning tree of the graph.

Proof: First, it should be obvious that no node is marked more than once.
Clearly, the algorithm marks s. Let v ⇥= s be a vertex, and let s � · · · � u � v be the path

from s to v with the minimum number of edges. Since the graph is connected, such a path always
exists. (If s and v are neighbors, then u = s, and the path has just one edge.) If the algorithm
marks u, then it must put (u, v) into the bag, so it must later take (u, v) out of the bag, at which
point v must be marked (if it isn’t already). Thus, by induction on the shortest-path distance
from s, the algorithm marks every vertex in the graph.

Call an edge (v,parent(v)) with parent(v) ⇥= � a parent edge. For any node v, the path of
parent edges v � parent(v) � parent(parent(v)) � · · · eventually leads back to s, so the set of

4



Recorridos genéricos en gráficas

• Notese que estamos guardando las aristas en la bolsa en lugar de los 
vértices. Esto es porque queremos recordar, cuando visitemos un vértice v 
por primera vez, cuál vértice previamente visitado p puso a v en la bolsa. 


• Llamamos al vértice p padre de v.
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Recorridos genéricos en gráficas

• TRAVERSE(s) marca cada vértice en una gráfica conectada, exactamente 
una vez, y el conjunto de aristas (v,parent(v)) con parent(v) ≠ ∅ forma un 
árbol generador (spanning tree) del grafo.

• Cada vértice no se marca más de una vez.

• El conjunto de aristas forman un árbol generador.
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• El tiempo exacto de ejecución de un algoritmo de recorrido de gráficas 
depende de la representación de la gráfica y de la estructura usada como 
bolsa. Sin embargo se pueden hacer observaciones generales:


• Ya que cada vértice se visita a lo más una vez, entonces el cíclo     se 
ejecuta a lo más ... 


• Cada arista se pone en la bolsa exactamente dos veces, una como (v,u) y 
otra como (u,v), entonces la línea       se ejecuta a lo más ...


• Finalmente, como no podemos sacar más cosas de la bolsa de las que 
metimos , la línea      se ejecuta a lo más ... 
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10.3 Traversing connected graphs

Suppose we want to visit every node in a connected graph (represented either explicitly or implic-
itly). The simplest method to do this is an algorithm called depth-first search, which can be written
either recursively or iteratively. It’s exactly the same algorithm either way; the only di�erence is
that we can actually see the ‘recursion’ stack in the non-recursive version. Both versions are initially
passed a source vertex s.
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IterativeDFS(s):
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while stack not empty

v ⇧ Pop
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for each edge (v,w)

Push(w)

Depth-first search is one (perhaps the most common) instance of a general family of graph
traversal algorithms. The generic graph traversal algorithm stores a set of candidate edges in some
data structure that I’ll call a ‘bag’. The only important properties of a ‘bag’ are that we can put
stu� into it and then later take stu� back out. (In C++ terms, think of the ‘bag’ as a template for
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put (v,w) into the bag (⌃⌃)

Notice that we’re keeping edges in the bag instead of vertices. This is because we want to
remember, whenever we visit a vertex v for the first time, which previously-visited vertex p put v
into the bag. The vertex p is called the parent of v.

Lemma 1. Traverse(s) marks every vertex in any connected graph exactly once, and the set of
edges (v,parent(v)) with parent(v) ⇥= � form a spanning tree of the graph.

Proof: First, it should be obvious that no node is marked more than once.
Clearly, the algorithm marks s. Let v ⇥= s be a vertex, and let s � · · · � u � v be the path

from s to v with the minimum number of edges. Since the graph is connected, such a path always
exists. (If s and v are neighbors, then u = s, and the path has just one edge.) If the algorithm
marks u, then it must put (u, v) into the bag, so it must later take (u, v) out of the bag, at which
point v must be marked (if it isn’t already). Thus, by induction on the shortest-path distance
from s, the algorithm marks every vertex in the graph.

Call an edge (v,parent(v)) with parent(v) ⇥= � a parent edge. For any node v, the path of
parent edges v � parent(v) � parent(parent(v)) � · · · eventually leads back to s, so the set of
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10.3 Traversing connected graphs

Suppose we want to visit every node in a connected graph (represented either explicitly or implic-
itly). The simplest method to do this is an algorithm called depth-first search, which can be written
either recursively or iteratively. It’s exactly the same algorithm either way; the only di�erence is
that we can actually see the ‘recursion’ stack in the non-recursive version. Both versions are initially
passed a source vertex s.

RecursiveDFS(v):
if v is unmarked

mark v
for each edge (v,w)

RecursiveDFS(w)

IterativeDFS(s):
Push(s)
while stack not empty

v ⇧ Pop
if v is unmarked

mark v
for each edge (v,w)

Push(w)

Depth-first search is one (perhaps the most common) instance of a general family of graph
traversal algorithms. The generic graph traversal algorithm stores a set of candidate edges in some
data structure that I’ll call a ‘bag’. The only important properties of a ‘bag’ are that we can put
stu� into it and then later take stu� back out. (In C++ terms, think of the ‘bag’ as a template for
a real data structure.) Here’s the algorithm:

Traverse(s):
put (�, s) in bag
while the bag is not empty

take (p, v) from the bag (⌃)
if v is unmarked

mark v
parent(v)⇧ p
for each edge (v,w) (†)

put (v,w) into the bag (⌃⌃)

Notice that we’re keeping edges in the bag instead of vertices. This is because we want to
remember, whenever we visit a vertex v for the first time, which previously-visited vertex p put v
into the bag. The vertex p is called the parent of v.

Lemma 1. Traverse(s) marks every vertex in any connected graph exactly once, and the set of
edges (v,parent(v)) with parent(v) ⇥= � form a spanning tree of the graph.

Proof: First, it should be obvious that no node is marked more than once.
Clearly, the algorithm marks s. Let v ⇥= s be a vertex, and let s � · · · � u � v be the path

from s to v with the minimum number of edges. Since the graph is connected, such a path always
exists. (If s and v are neighbors, then u = s, and the path has just one edge.) If the algorithm
marks u, then it must put (u, v) into the bag, so it must later take (u, v) out of the bag, at which
point v must be marked (if it isn’t already). Thus, by induction on the shortest-path distance
from s, the algorithm marks every vertex in the graph.

Call an edge (v,parent(v)) with parent(v) ⇥= � a parent edge. For any node v, the path of
parent edges v � parent(v) � parent(parent(v)) � · · · eventually leads back to s, so the set of
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Ejemplos de recorridos en gráficas
• Suponiendo una representación con listas de adyacencia, si implementamos la 

bolsa con una pila (stack), ¿qué algoritmo tenemos?


• depth-first search.


• Cada ejecución de (★) o (★ ★) toma 


• tiempo constante.


• El tiempo de ejecución total es O(V+E).


• Ya que la gráfica está conectada, V≤E+1, por lo que podemos simplificar el 
tiempo de ejecución a O(E).


• El árbol generador producido se llama depth-first spanning tree.


• La forma de este árbol depende del orden en que se recorren los nodos 
adyacentes pero en general serán alargados.
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Ejemplos de recorridos en gráficas
• Suponiendo una representación con listas de adyacencia, si implementamos la 

bolsa con una cola (queue), ¿qué algoritmo tenemos?


• breath-first search.


• Cada ejecución de (★) o (★ ★) toma 


• tiempo constante.


• El tiempo de ejecución total es O(V+E).


• Ya que la gráfica está conectada, V≤E+1, por lo que podemos simplificar el 
tiempo de ejecución a O(E).


• El árbol generador producido contiene los caminos más cortos desde el inicio 
hasta el vértice actual.


• La forma de este árbol depende del orden en que se recorren los nodos 
adyacentes pero en general serán anchos y cortos.



Recorridos en gráficas desconectadas

• Si la gráfica está desconectado, entonces TRAVERSE(s) solo visita los nodos 
en el componente conectado del vértice inicial s.


• Si queremos visitar todos los nodos podemos utilizar el siguiente algoritmo, 
que calcula el bósque generador de la gráfica.
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10.5 Searching disconnected graphs

If the graph is disconnected, then Traverse(s) only visits the nodes in the connected component
of the start vertex s. If we want to visit all the nodes in every component, we can use the following
‘wrapper’ around our generic traversal algorithm. Since Traverse computes a spanning tree of
one component, TraverseAll computes a spanning forest of the entire graph.

TraverseAll(s):
for all vertices v

if v is unmarked
Traverse(v)

There is a rather unfortunate mistake on page 477 of CLR:

Unlike breadth-first search, whose predecessor subgraph forms a tree, the predecessor
subgraph produced by depth-first search may be composed of several trees, because the
search may be repeated from multiple sources.

This statement seems to imply that depth-first search is always called with the TraverseAll,
and breadth-first search never is, but this is not true! The choice of whether to use a stack or a
queue is completely independent of the choice of whether to use TraverseAll or not.

6


