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51

N

17/6/18 1485585y 6




BFS BETOL S/ — FEFMLET

1. B¥cEhM T 5./ — FERS, TOHFESEF 21— (FIFO) IEANS

2. ¥Fa—O&EHS/—FHSEMVEL. TO/—FEHHAL. TO/—FIKEEL
E*BRTHLZETD/ —FOBSEF1—CANS. F1—HELEDET2 W
UET

void breadthFirstSearchi] |

BMICHAETE/ — FEF1—lcAND L,

————

while { Fa2—HETHELE )¢
Fa—0OKEHIS/—F currentlode FRUHT

{ currentVode IKEHELTWE/—F nextiode &Y 11

nextlode HEEBMESHE nexticds EEMEREL,

Fa—lcANRS
588 index=0
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Breadth-First Search

IBIBEERREIL?

# Breadth-first search $BFS) is  ® BFS on agraph with n
a general technique for vertices and m edges takes
traversing a graph O(n+m) time _
# A BFS traversal of a graph G NEDOEEMEDEDIGZE D
= Visits all the vertices and FefEl: O(n+m)

N

edges of G # BFS can be further extended
J27GHETHEI L EE to solve other graph
no problems

s Determines whether G is

= Find and report a path with

connected

EFEL TSN T S
Computes the connected
components of G

LD ETE

Cfc:)gputes a spanning forest
0

EEHHDEE

the minimum number of
edges between two given
vertices -

2EE DR/ DHEDEDIRE
EFDINADRT

Find a simple cycle, if there
IS one

IDDEMGEFAVILDHER
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In Python

Breadth-First Search




T

graph = {'A': set

'B', TCT]}; °
'A'r TD', 'I'E'I']}l'r

([
'B': set ([
"C': set(['"A', 'F']),
'D'": set(['B']),
"E': set(['B', 'F']), ° °
'"F': set(['C', "E'])}

Below is a listing of the actions performed upon each visit to a node.
e Mark the current vertex as being visited.
e Explore each adjacent vertex that is not included in the visited set.

using the queue data-structure

def bfs(graph, start): °

visited, queue = set(), [start]
while queue:
vertex = queue.pop(0)
if vertex not in visited:
visited.add (vertex)
queue .extend (graph[vertex] - wvisited)
return visited

bfs(graph, 'A'")

17/6/18 168535 Bepth-First Search 10




Returning all possible paths between a start and goal vertex. °
def bfs paths(graph, start, goal):

gueue = [ (start, [start])]
while queue: ° °

(vertex, path) = queue.pop(0)

_é for next in graph[vertex] - set (path): ° G
if next == goal:

yield path + [next]

U1

else: °
queue.append ( (next, path + [next]))
/

»>>»> list(bfs paths(graph, 47, "F')) # [['A", 'C", F"]}, ['&", B", 'E", "F’]]

Shortest path

def shortest path(graph, start, goal):
try:
return next (bfs paths(graph, start, goal))
except Stoplteration:
return None

shortest path(graph, 'A', 'F') # ['A', 'C', "F']

17/6/18 16851945 Depth-First Search 11
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In Java

Breadth-First Search
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L

publ ic void bf=(int head)
int v;
MNode adj;
Bueue g = mew Dueuelsizel;
v = head;
mark[v] = 13 A5 1 2 if node v i=s already visited, 0 @ if not
Svstem, st print(v + 7 7
q.qinsert (v);
while (!q9.I=Enptv()) 7/ whilelqueue not emphty)

i
v = q.qdeletel); _ ;
adj = adjli ?t [+]: Adjacency list
hile o il [A] B> C>D
[B] AD C>E
[C] ADB>D>ES>F
[D] ADC>F
[E] B> C
[F] C>D
} - i
I




Properties
%

a
Notation ()
G,: connected component of s
Property 1
BFS(G, s) visits all the vertices and
edges of G
Property 2 E (&

The discovery edges labeled by
BFS(G, s) form a spanning tree T,
of G,

Property 3
For each vertex v in L;

m The path of T,fromstovhasi
edges

= Every path from sto vin G, has at
least i edges

14
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Analysis #&4T

®
®

& &

Setting/getting a \_/ertex/edgse label takes O(1) time
EiORDINILDEETE RLERF: O(1)
Each vertex is labeled twice
= once as UNEXPLORED (k&4 4)
= once as VISITED (FARS#)
Each edge is labeled twice
= once as UNEXPLORED
= once as DISCOVERY or CROSS (¥Rt f-ory0XM)
Each vertex is inserted once into a sequence L,
L EILERE)ANMILIERBASIND
Method incidentEdges is called once for each vertex

BFS runs in O(n + m) time provided the graph is represented by
the adjacency list structure
E1THfE: O(n + m)

= Recall that 2, deg(v) = 2m
m is the number of edge

15




Applications
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# Using the template method pattern, we can specialize
the BFS traversal of a graph G to solve the following
problems in O(n + m) time

= Compute the connected components of G
GHEFELI-OVR—RUMDEE

= Compute a spanning forest of G
COEEHEDEFE

= Find a simple cycle in G, or report that G is a forest
GOHFDHAVILDFER. ZFTHAZLEDKRT

= Given two vertices of G, find a path in G between them with
the minimum number of edges, or report that no such path
exists
GOHD2RBDIR/NDBEDNADFER ., LLLEZAGE/AR
FFEELLEVEDRT

16
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An student application

17/6/18 1685365 Breadth-First Search
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Work in Class

~ 2. The definition of graph implies that a graph can be drawn just knowing its

vertex-set and its edge-set. The following Graph G=(V,E) has
vertex-set V and edge-set E
Where:

V = {1,2,3,4}
E ={(1,2),(2,3), (24),(4,3),(3,1), (3,2), (1,4),(2,1),(4,2),(3,4),(1,3),(4,1)}.

Please write down the digraph G(V, E)

17/6/19 1185477 Breadth-First Search 18




Work in Class

2. The definition of graph implies that a graph can be drawn just knowing its

vertex-set and its edge-set. The following Graph G=(V,E) has
vertex-set V and edge-set E

Where: V ={1,2,3,4}
E ={(1,2),(2,3), (24),(4,3),(3,1), (3,2), (1,4),(2,1),(4,2),(3,4),(1,3),(4,1)}.

Please write down the digraph G(V, E) (all edges are bi-directed)

O
©

b

17/6/18 1485585 Breadth-First Search

19



Weighted Graph

‘Consider a digraph G = (V, E) with edge-weight
function w : £ — K. The weight of pathp =v, —>
v, = --- — v, is defined to be

k-1
H/’( [)) = Z W"( Vis Vit ).
=l

Example:

w(p) =-2
a b ¢ d
g[ee 5 1 oo a|l=-b85=c1
bl 5 o 7 4 b|—=a5—=¢7 =d4d
el 1 T oo 2 c| —2a1=2b7=4d2
dlee 4 2 oo d| =2bd4d=0¢2

(a) (b) (c)
AGURE 1.8 (a) Weightad graph. (b Its weaight matrix. (ch Its adjacency lists.

20




Shortest Path

N

A shortest path from u to v is a path of
minimum weight from u to v. The shortest-

path weight from u to v is defined as
d(u, v) = min{w(p) : p is a path from u to v}.

Note: d(u, v) = o if no path from « to v exists.

Theorem. A subpath of a shortest path is a
shortest path.

Proof. Cut and paste:

21
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Triangle inequality

Theorem. Forall «, v, x € V, we have
O(u, v) < o(u, x) + d(x, v).

Proof.

22




Single source shortest paths

N

Problem. From a given source vertex s € V, find
the shortest-path weights o(s, v) forall v € V.

If all edge weights w(u, v) are nonnegative, all
shortest-path weights must exist.

IDEA: Greedy.

I. Maintain a set S of vertices whose shortest-
path distances from s are known.

2. At each step add to S the vertex v € '~ S
whose distance estimate from s is minimal.

3. Update the distance estimates of vertices
adjacent to v.

23




Work in class 11-1

N

NOuUuh~hWN -

Let G be a graph whose vertices are integers 1 to 7, and let the adjacent list
be given by the table below:

HDESHERINSTETDTSTG E-UTOBEYRMBH S,

vertex adjacent vertices

2>4->6
1->5

4->7
1>3->7
2>7

1->7
324>5->6

Draw G = 357G EHEMEILY

Show the adjacency matrix of G 57 GDEETR) VR EEZE LN
Show the spanning tree of G using a DFS traversal starting from vertex 1.
HDEEINGDFSEFES>TY 376 DEBAREEETLILY,

Show the spanning tree of G using a BFS traversal starting from vertex 1.
EDEBINGBFSZFESTY 376 DEFBAREEELSLY,

24
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Work in class 11-2

Write an algorithm to check whether a graph G has
cycles or not. What is the running time of your
algorithm? (Hint: modify the DFS. Any back edge will
create a cycle : - e
552G IS ILDHENESIIEFIVITETILTYR
LzxENTLZELY,

FEEOT7 IV A LORITHEIE? (Evh: DFSEEEL
TLIZELY)




Exercise 11-1

One can model a maze by having a vertex for a starting point, a finishing
point, dead ends, and all the points in the maze where more than one path
can be taken, and then connecting the vertices according to the paths in

the maze.

a. Construct such a graph for the following maze.

b. Which traversal — DFS or BFS — would vou use if vou found your-
sell in a maze and why?

_.,.

17/6/18 1485585y

26



