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Graph traversal

« A graph traversal is a systematic way to visitall nodes in a graph

+ Graph traversal is one of the basic tasks on a graph, answering many

interesting questions
Is there a path from one node o another?

~ Isthe graph connected?
Ts the graph cyelic?

+ Two main methods of traversals are breadirfirst and depthfirst
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DES - algorithm

* Depthfst search (OFF)

easy with

dat ats(atart, visited-tone)
if visited &
S - e D
for node in start neighbors()
if nods not in visited:
visitedlnode] - start
dfa(node, visited)

« DFS starts from a start node
« Marks each node it visits as visited (typically
putitin a set data structure)
« Then, take an arbitrary unaisited neighbor,
and continue visiting the nodes recursively
* Mg trmiate when backimcling
rt node with no unvisited

o
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+ The edges that we take to discover a new.
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Properties of DFS Dangers of DFS
T v-'“‘m?.,..;ﬂ

« DFS visits all nodes in the connected component from the start node.

+ Discovery edges form a spanning tree of the connected component

« Ifanode vis connected to the start node, there i a path from the start node v
in the DFS tree

DI o
undirected graphs)
« The complexity of the algorithm s O(n+ m) for n nodes and m edges

BFS - intuition
« Awayto
woah (375 exton  cpns .
in parallel

« In the maze, at every intersection
send out people in alldirections
+ BFS divides the nodes into levels:
- starting node atleve
T s ety sl fom s
atlevel 1

BFS - intuition

« Away to think aboulhre.\ukh first
search (BFS) tions

« In the maze, at every intersection
send out people in all directions,
« BFS divides the nodes into levels:
- staring nodeat el 0
s directly accessible from start

" et
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search (BFS) s to explore all options
in parallel

« Inthe maze, at every intersection
send out people in all directions

« BES divides the nodes into levels:

- sarting nodeat el 0
recly accessble from start

=

BES - intuition BES - intuition
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oA o By
, mm .mmly el fom sat s vk ol fom st
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BFS - intuition
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« In the maze, at every intersection
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BES - algorithn

def bes(start)

quene

£ node s
visited[node] =

m

 Typtally BFS i mplemented
tart: None} witha queue
 The algorithm visits o
Pop(0) closest to the start node first
M“j:"“ C) « lfyon eplace the queue witha
stack,you get an ierative
versionofthe DFS

ited:
current
append (node)
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Properties of BFS Problems solved by graph traversals
+ DFS visits all nodes in the connected component from the start node
* Dicoeyadgs o saning s fhe cnncid somponent + Finding a path between two nodes (if one exists)
e « Testing whether G is connected
" the sart node fo v + Computing connected components of G
« The and + Detecting cycles
+ The complexity of the algorithm s O{n+ m) for n nodes and m edges

Finding a path between two nodes

« Traverse the graph from the
source node, record the
discovery edges

+ Start from the target node,

path
if targot in visited
pals

trace the path back to the current
ource E e
parent - visited[current]

« With BFS, we get the

def find_path(aource, target, visited):
o

Some other problems solved by graph traversal

* the graph comnctd?
i the "visited” nodes have the same length as the nodes of the graph

+ Find thecom

ected

nents
e T e ey 1)
« Is the graph cyclic?

puh appnnd(paunz) - A==
shortest path e back forward o coss edges)
+ Running time s thelength  coturn. path coverse()
of the path: O(n)




Summary Acknowledgments, credits, references

« Traversal is one of the basic operations in graphs
« Graph traversals already solve some interesting problems:
~ Find a path (shortest with BFS)

T B Goodrich, Michael T, Roberto Tamassia, and Michael H. Goldwaser 2013
+ Reading on graphs: Goodrich, Tamassia, and Goldwasser (2013, chapter 14) s e A b 7
Next
+ More graph algoriths: special problems on directed graphs, shortest paths
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