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Checkpoint corrections

Assignment 3 feedback

GRAPHS

David Kauchak
CS 140 — Fall 2022

Graphs Graphs

What is a graph? A graph is a set of vertices V and a set of edges
(u,v) € E whereuy € V
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Graphs
(o

How do graphs differ2 What are graph
characteristics we might care about?
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Different types of graphs

Undirected — edges do not have a direction

5 6
Different types of graphs Different types of graphs
fr [
Directed — edges do have a direction Weighted — edges have an associated weight
4\<0
7 8
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Different types of graphs

| ]
Weighted — edges have an associated weight

R

Terminology

Path — A path is a list of vertices p1,p2,...px Where
there exists an edge (pi,pi+1) € E

10

Terminology

| ]
Path — A path is a list of vertices p1,pa,-..px Where
there exists an edge (p;,pi+1) € E

{A,B,D, E, F}
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Terminology

Path — A path is a list of vertices p1,p2,...px Where
there exists an edge (pi,pi+1) € E

{C, D}
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Terminology

Path — A path is a list of vertices p1,pa2,--.px Where
there exists an edge (pi,pi+1) € E

A simple path contains
. no repeated vertices

/ (often this is implied)
S /.

./

Terminology
|

Cycle — A subset of the edges that form a path such
that the first and last node are the same

13
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Edges: B-A, A-D, D-B

Path: B,A, D, B /

Terminology

Cycle — A subset of the edges that form a path such
that the first and last node are the same

@
@ /.
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Terminology

Cycle — A subset of the edges that form a path such
that the first and last node are the same

not a cycle

/
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Terminology Terminology
| |
Cycle — A subset of the edges that form a path such Cycle — A subset of the edges that form a path such
that the first and last node are the same that the first and last node are the same
Does this graph have a cycle? not a cycle
17 18
Terminology Terminology
| |
Cycle — A path p1,pa,...px where p1 = py Connected — every pair of vertices is connected by a path
cycle
Is this graph
connected?

19 20
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Terminology

Connected — every pair of vertices is connected by a path

connected

\

Terminology

Connected — every pair of vertices is connected by a path

Is this graph
connected’7

\

/.
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Terminology

Connected — every pair of vertices is connected by a path

not connected

/

Terminology

|
Strongly connected (directed graphs) —
Every two vertices are reachable by a path

Is this graph
strongly connected?

23
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Terminology

| ]
Strongly connected (directed graphs) —
Every two vertices are reachable by a path

not strongly
connected

— ®

Terminology

|
Strongly connected (directed graphs) —
Every two vertices are reachable by a path
Is this graph
strongly connected? .

e | e

25
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Terminology

| ]
Strongly connected (directed graphs) —
Every two vertices are reachable by a path

not strongly

conne(i/ .\.
\’L

Terminology

|
Strongly connected (directed graphs) —
Every two vertices are reachable by a path
Is this graph
strongly connected? .

o
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Terminology

| ]
Strongly connected (directed graphs) —
Every two vertices are reachable by a path

strongly

conneci/ .
\L

Different types of graphs

What is a tree (in our terminology)?

.\

29
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Different types of graphs

| ]
Tree — connected, undirected graph without any cycles

Different types of graphs

Tree — connected, undirected graph without any cycles

@

T

need to specify root

/.

31

32



10/4/22

Different types of graphs Different types of graphs
[

|
Tree — connected, undirected graph without any cycles DAG — directed, acyclic graph

33 34

Different types of graphs Different types of graphs
[

mplet raph — an Xist tween every n Bipartite graph — a graph where every vertex can be partitioned into two
Co plete grap a edge exists between eve 4 ode sets X and Y such that all edges connect a vertex u € X and a vertex v € Y

&
-
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When do we see graphs in .
. Representing graphs

real life problems?
[ [

Transportation networks (flights, roads, etc.)

Communication networks

Web

Social networks

Circuit design

Bayesian networks
37 38

Representing graphs Representing graphs
[ [

Adjacency list — Each vertex u € V contains an
adjacency list of the set of vertices v such that there
exists an edge (u,v) € E

i1

®

B
El

Adjacency list — Each vertex u € V contains an
adjacency list of the set of vertices v such that there
exists an edge (uy,v) € E

&
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Representing graphs

||
Adjacency matrix — A | V| x| V| matrix A such that:

1 if(G,j)eE
0 otherwise

"

ABCDE

® A01 010
B10010

./ C00010
® D11 10 1
E0O0 0 10

Representing graphs

|
Adjacency matrix — A |V |x|V| matrix A such that:

_{1 if (i, /) e E

Y10 otherwise
ABCDE
. A0O1 010
B10010
( C00010
® D11 10 1
EO0OO0 010

41
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Representing graphs

||
Adjacency matrix — A |V | x| V| matrix A such that:
_{1 if (i, /) e E

a, )
710 otherwise

ABCDE

® A01010
B10 010

./ C00010
(®) D11 10 1
E0O0 0 10

Representing graphs

|
Adjacency matrix — A |V|x|V| matrix A such that:
_{1 if(i,j)eE

7710 otherwise

ABCDE

® A01010
B10 010

( C00010
® D11 10 1
E0O0O0 10

43
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Representing graphs

||
Adjacency matrix — A |V | x| V| matrix A such that:

U if@ ek
7710 otherwise

. Is it always
symmetric?

‘/ ®

Representing graphs

|
Adjacency matrix — A |V |x|V| matrix A such that:

1 if(,j)eE
a =
710 otherwise

45

46

Adjacency list vs.
adjacency matrix

Adjacency list Adjacency matrix

Sparse graphs (e.g. web) Dense graphs

Constant time lookup to

Space efficient 4 . ‘
discover if an edge exists

Must traverse the adjacency list . .
to discover is an edge exists Simple to implement
For non-weighted graphs,

only requires boolean matrix

Can we get the best of both worlds?

Sparse adjacency matrix

[
Rather than using an adjacency list, use an adjacency
hashtable

hashtable [B,D]
hashtable [A,D]
hashtable [D]

o

 hashtable [A,B,CE]

IElRIE ]

hashtable [D]

47

48
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Sparse adjacency matrix

[
Constant time lookup

Space efficient

Not good for dense graphs, why?

ol

hashtable [D]

hashtable [B,D]

hashtable [A,D

I

hashtable [AB,C.E] |

M[=I[]E][Z]

hashtable [D]

Weighted graphs
=
Adjacency list

store the weight as an additional field in the list

49

50

Weighted graphs
=

Adjacency matrix

{weight if (i, j))e E
=

0 otherwise ABCD

A08 03

s & B8O 02
‘/3 CO0O0 010
> 13. D32100
o EO0OO0 013

ocpxooom

Graph algorithms/questions

|
Graph traversal (BFS, DFS)

Shortest path from a to b
unweighted
weighted positive weights
negative /positive weights
Minimum spanning trees

Are all nodes in the graph connected?

Is the graph bipartite?

51

52
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. Tree BF
Breadth First Search (BFS) on Trees S
[N |
TrREEBFS(T)
T FS(T 1 ENQUEUE(Q,RooT(T)) ’
REEBFS(T) 2 while [EmpPTY(Q) \
1 ENQUEUE(Q,RooT(T)) 3 v — DEQUEUE(Q)
2 while !EMPTY(Q) 4 Visir(v)
3 v+ DEQUEUE(Q) 5 for all ¢ € CHILDREN(v)
4 VisIT(v) 6 ENQUEUE(Q, ¢)
5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q. ¢)
Q:
Visited:
53 54
Tree BFS Tree BFS
[ |
TREEBFS(T) TREEBFS(T')
1 ENQUEUE(Q,RooT(T)) . 1 ENQUEUE(Q,RooT1(T)) .
‘ 2 while TEMPTY(Q) ‘ \ 2 while !EMPTY(Q) \
3 v «— DEQUEUE(Q) 3 v+ DEQUEUE(Q)
4 VisiT(v) 4 Visit(v)
5 for all ¢ € CHILDREN(v) 5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q. ¢) ‘ 6 ENQUEUE(Q. ¢) ‘
Q:A Q:
Visited: Visited: A
55 56
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Tree BFS Tree BFS

| ] |
TrREEBFS(T) TrREEBFS(T)
1 ENQUEUE(Q,Root(T)) ’ 1 ENQUEUE(Q,RooT(T')) ’
2 while 'EMPTY(Q) \ 2 while !EMPTY(Q) \
3 v — DEQUEUE(Q) ‘ 3 v — DEQUEUE(Q) ‘ ‘
4 Visit(v) 4 VisiT(v)
5 for all ¢ € CHILDREN(v) 5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q. ¢) ‘ 6 ENQUEUE(Q, ¢) ‘

Q:B,D,E Q:D,E
Visited: A Visited: AB

57 58
Tree BFS Tree BFS

| ] |
TREEBFS(T) TrREEBFS(T)

1 ENQUEUE(Q,Root(T))
2 while !EMPTY(Q)

3 v «— DEQUEUE(Q)

4 Visit(v)

5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q. ¢)

Q:D,E,C,F
Visited: AB

Fat
hS

1 ENQUEUE(Q,RooT(T))
2 while 'EMPTY(Q)

3 v« DEQUEUE(Q)

4 Visit(v)

5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q. ¢)

QEC,F
Visited: AB D

A
X

59

60
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Tree BFS

TREEBFS(T)

1 ENQUEUE(Q,Root(T))
2 while !EMPTY(Q)

3 v «— DEQUEUE(Q)

4 VisiT(v)

5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q. ¢)

o

Tree BFS

TREEBFS(T')
1 ENQUEUE(Q,RooT1(T))
2 while !EMPTY(Q)

3 v+ DEQUEUE(Q)

4 Visit(v)

5 for all ¢ € CHILDREN(?)
6 ENQUEUE(Q. ¢)

}
h

. Frontier: th t of verti
QECF that have been visited So far
Visited: AB D
61 62
Tree BFS Tree BFS
| |
TrREEBFS(T) TrREEBFS(T)

1 ENQUEUE(Q,Root(T))
2 while 'EmMPTY(Q)

3 v — DEQUEUE(Q)

4 VisiT(v)

5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q. ¢)

/I\

1 ENQUEUE(Q,RooT(T'))
2 while 'EMPTY(Q)

3 v« DEQUEUE(Q)

4 Visit(v)

5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q. ¢)

/I\

63

64
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Tree BFS
Tree BFS
| - |
TREEBFS(T) What order does the algorithm traverse the nodes?
1 ENQUEUE(Q,Root(T))
2 while EMPTY(Q)
3 v — DEQUEUE(Q) BFS traversal visits the nodes in increasing distance from
4 VisiT(v) the root
5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q; ¢) TREEBFS(T)
1 ENQUEUE(Q,Root(T))
2 while 'EmPTY(Q)
3 v« DEQUEUE(Q)
4 Visit(v)
5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q.¢)
65 66

Tree BFS

Does it visit all of the nodes?

If the graph is connected or strongly connected

TREEBFS(T')
1 ENQUEUE(Q,RooT1(T))
2 while 'EMPTY(Q)

3 v +— DEQUEUE(Q)

4 VisiT(v)

5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q, ¢)

Running time of Tree BFS

[
Adjacency list

How many times does it visit each vertex?

How many times is each edge traversed?

O(|VI[+]|E[) - for trees, i.e., assuming a connected graph
Adjacency matrix

For each vertex visited, how much work is done?

O(|V|?) - for trees, i.e., assuming a connected graph

TrREEBFS(T)
1 ENQUEUE(Q,RooT(T'))

2 while 'EMPTY(Q)

3 v +— DEQUEUE(Q)

4 VisiT(v)

5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q. ¢)

67

68
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BFS Recursively BFS for graphs
s |
Hard to dol What needs to change for graphs?
Need to make sure we don't visit a node multiple times
TREEBFS(T') /.
1 ENQUEUE(Q,RooT(T))
2 while !EMPTY(Q)
3 v — DEQUEUE(Q) \
4 VisiT(v) .—.
5 for all ¢ € CHILDREN(v)
6 ENQUEUE(Q. ¢)
69 70
BFS for graphs BFS for graphs
| |

What order will BFS visit starting at A (break ties to visit
based alphabetically, with earlier first)2

/.
® @

What order will BFS visit starting at A (break ties to visit
based alphabetically, with earlier first)2

ABDECFG

/.
® @

71

72
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BFS(G.s)
1 foreachwveV distance variable keeps
2 distlv) =oc—— track of how far from
3 dist[s]=0 «————— " the starting node and
4 ENQUEUE(Q, s) whether we've seen the
5 while 'EMPTY(Q) node yet
6 u — DEQUEUE(Q)
7 VisiT(u)

BFS(G.s)
1 foreachwv eV
2 dist[v] = oo
3 dist[s] =0
4 ENQUEUE(Q,s)
5 while !EMPTY(Q)
6 u «— DEQUEUE(Q)
7 VisiT(U)

TrREEBFS(T)

1 ENQUEUE(Q,RooT(T'))

2 while !EMPTY(Q)

v — DEQUEUE(Q)

VisiT(v)

for all ¢ € CHILDREN(v)
ENQUEUE(Q. ¢)

o Gk w

8 for each edge (u,v) € E 8 for each edge (u,v) € E
9 if dist[v] = oo 9 if dist[v] = oo
10 ENQUEUE(Q,v) 10 ENQUEUE(Q. v)
11 dist[v] — dist[u] + 1 11 dist[v] — dist[u] + 1
73 74
BFS(G.s) BFS(G. 5)
1 foreachveV 1 foreachwvel
2 dist[v] = oo Zzt:rilszte)ges 2 dist[v] = o0
3 dist[s] =0 3 dist[s] =0
4 ENQUEUE(Q.s) 4 ENQUEUE(Q.s)
5 while 'EMPTY(Q) 5 while 'EMPTY(Q)
6 u «— DEQUEUE(Q) 6 u «— DEQUEUE(Q)
7 Visit(u) 7 VisiT(u)
8 for each edge (u,v) € E 8 for each edge (u.v) € £ check if the node
9 if dist[v] = oo 9 if dist[v] = oo ‘ has been seen
10 ENQUEUE(Q,v) 10 ENQUEUE(Q,v)
11 dist[v] — distu] + 1 11 dist[v] — distu] + 1
75 76
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BFS(G,s) BFS(G.s)
1 foreachv eV 1 foreachveV
2 dist[v] = oo 2 dist[v] = >
3 dist[s] =0 3 dist[s] =0
4 ENQUEUE(Q.s) 4 ENQUEUE(Q, s)
5 while !EMPTY(Q) 5 while !EMPTY(Q)
6 u +— DEQUEUE(Q) 6 u «— DEQUEUE(Q)
7 Visit(u) 7 Visit(u)
8 for each edge (u,v) € E 8 for each edge (u,v) € E
9 if dist[v] = oo 9 if dist[v] = oo
NQUELE(Q. L, set the node as seen 10 ENQUEUE(Q, v)
11 dist[v] — distlu] + 1] and record distance 11 dist[v] — dist[u] +1
o0
/. © © /.
\ \ 0 0
®© . . @ ©
77 78
BFS(G.s) BFS(G.s)
1 foreachveV 1 foreachv eV
2 dist[v] = 00 2 dist[v] = o0
3 dist[s] =0 3 dist[s] =0
4 ENQUEUE(Q.s) 4 ENQUEUE(Q,s)
5 while |EMPTY(Q) QA 5 while 'EmMpTY(Q) Q:
6 u +— DEQUEUE(Q) 6 u «— DEQUEUE(Q)
7 VisiT(u) 7 VisiT(u)
8 for each edge (u,v) € E 8 for each edge (u,v) € F
9 if dist[v] = oo 9 if dist[v] = o ‘
10 ENQUEUE(Q,v) 10 ENQUEUE(Q,v)
11 1

dist[v] — dist[u] + 1
)

dist[v] — distlu] + 1
0

79

80
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BFS(G. s)
BFS(G, ) 1 foreachwv eV
1 foreachv eV 2 dist[v] = oo
2 dist[v] = oo 3 dist[s] =0
3 dist[s] =0 4 ENQUEUE(Q,s)
4 ENQUEUE(Q.s) 5 while [EMPTY(Q) QE,B
5 while !EMPTY(Q) Q: D,E, B 6 u «— DEQUEUE(Q)
6 u «— DEQUEUE(Q) 7 VisiT(u)
7 VisiT(u) S for each edge (u,v) € E ‘
8 for each edge (u,v) € E 0 if dist[v] = oo
9 if dist[v] = 10 ENQUEUE(Q. v)
10 ENQUEUE(Q. v) ‘ 1 dist[v] — dist[u] + 1
11 dist[v] — distu] + 1 ©
©
 ®
0
0 ! /. /
0 o0
\ © © \
1 H
1 1 .—. !
82
81
BFS(G. s)
BFS(G.s) 1 foreachv eV
1 foreachveV 2 dist[v] = oo
2 dist[v] = oo 3 dists] =0
3 dist[s] =0 4 ENQUEUE(Q.s)
4 ENQUEUE(Q. s) 5 while IEMPTY(Q) QB
5 while 'EMPTY(Q) Q:B 6 u «— DEQUEUE(Q)
6 u — DEQUEUE(Q) ‘ 7 VisiT(u)
7 VisiT(U) ] for each edge (u,v) € E ‘
8 for each edge (u,v) € F 9 if dist[v] = oo
9 if dist[v] = oc 10 ENQUEUE(Q.v)
10 ENQUEUE(Q. v) 1
11

dist[v] — distlu] + 1
©

dist[v] — dist[u] + 1
0

83

84
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BFS(G.s) BFS(G.s)
1 foreachv eV 1 foreachwveV
2 dist[v] = oo 2 dist[v] = o0
3 dist[s] =0 3 dist[s] =0
4 ENQUEUE(Q,s) 4 ENQUEUE(Q,s)
5 while !EMPTY(Q) Q: 5 while EMPTY(Q) Q:
6 u «— DEQUEUE(Q) 6 u «— DEQUEUE(Q)
7 VisiT(u) ‘ 7 Visit(u)
8 for each edge (u,v) € E 8 for each edge (u,v) € F
9 if dist[v] = oc 9 if dist[v] = oo ‘
10 ENQUEUE(Q,v) 10 ENQUEUE(Q, v)
11 dist[v] — dist[u] + 1 11 dist[v] — dist[u] + 1
© ©
0 1 /. 0 1 /.
\ 0 0 \ o0 ]
85 86
BFS(G.s) BFS(G.s)
1 foreachveV 1 foreachwvel
2 dist[v] = oo 2 dist[v] = oo
3 dist[s] =0 3 dist[s] =0
4 ENQUEUE(Q.s) 4 ENQUEUE(Q,s)
5 while IEMPTY(Q) QFC 5 while IEMPTY(Q)
6 u «— DEQUEUE(Q) 6 u «— DEQUEUE(Q)
7 VisiT(u) 7 Visit(u)
8 for each edge (u,v) € E 8 for each edge (u,v) € E
9 if dist[v] = oc 9 if dist[v] = oc
10 ENQUEUE(Q,v) 10 ENQUEUE(Q,v)
11 dist[v] — distu] + 1 11
YA

0 1 /.
2 ®
$3es

dist[v] — distu] + 1
2

87

88
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BFS(G. s) .
1 foreachveV RUnhme Of BFS
2 dist[v] = oo
3 dist[s] =0 |
4 ENQUEUE(Q,s)
5 while IEMPTY(Q) Nothing changed over our analysis of TreeBFS
6 u «— DEQUEUE(Q)
7 VisiT(u)
8 for each edge (u,v) € E
9 if dist[v] = oc
10 ENQUEUE(Q,v) BFS(G, s) <
11 dist[v] — distu] + 1 1 REor cach v €V TREEBFS(T')
2 9 dist]v] = 1 ENQUEUE(Q, Root(T))
. 3 dist[s] =0 2 while !EmpTY(Q)
1 4 ENQUEUE(Q, s) 3 v — DEQUEUE(Q)
0 / 5 while EMPTY(Q) 4 VisiT(v)
2 3 6 u — DEQUEUE(Q) 5 for all ¢ € CHILDREN(v)
\ 7 VISIT(U) 6 ENQUEUE(Q. ¢)
8 for each edge (u,v) € £
1 1 .—. 9 if dist[u] = o
10 ENQUEUE(Q.v)
11 dist[v] — dist[u] + 1
89 91

Runtime of BFS Depth First Search (DFS)
| |
Adjacency list: O(|V| + |E])
. . ) (we won't assumed connectedness)
Adjacency matrix: O(|V|?) TREEDFS(T)
BFS(C.s) 1 PU.’\‘I[(S..RO()T(T))
1 foreach v eV 2 while 'EMPTY(S)
2 dist[v] = o0 3 v — Pop(S)
3 dist[s] =0 et
4 Ell\‘QUEY'E(Q.s) 4 VisiT(v ) \
5 while IEMPTY(Q) 5 for all ¢ € CHILDREN(?)
6 u — DEQUEUE(Q) 6 PusH(S.¢)
7 VisiT(U)
8 for each edge (u,v) €
9 if dist[v] = oo
10 ENQUEUE(Q. v)
11 dist[v] — distlu] +1
92 93
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Depth First Search (DFS) Tree DFS
[E |
TREEDFS(T) TREEBFS(T) /. \
1 PusH(S,Roo1(T)) 1 ENQUEUE(Q,RooT(T))
2 while !EMPTY(S) 2 while !EMPTY(Q)
3 v — Popr(S) 3 v «— DEQUEUE(Q)
4 VisiT(v) 4 VisiT(v)
5 for all ¢ € CHILDREN(v) 5 for all ¢ € CHILDREN(v)
6 Pusn(S. c) 6 ENQUEUE(Q, ¢)
Stack
94 95
Tree DFS Tree DFS
| ] |
A
Stack Stack
96 97
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Tree DFS Tree DFS
| |
A : A :
D D
E E
Stack What does this assume about Stack
how we add them to the stack?
98 99
Tree DFS Tree DFS
| |
A : A
D D
E E
Added from right to left: E, then Stack Stack
D, then B
100 101

25
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Tree DFS Tree DFS
[ [
C
Jo ¢ | o ¢
D D
E E
Stack Stack
102 103
Tree DFS Tree DFS
[ [
/‘\ /‘\
Jo ¢ D Jo o D
E E
Frontier? Stack Stack
104 105

26
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Tree DFS

A}‘\I

Tree DFS

4{‘\1

106

107

Tree DFS

A}‘\I

Tree DFS

4’{‘\1

108

109

27



10/4/22

DFS on graphs

DFS(G)
1 forallveV

2 visited[u] «— false

3 forallveV

4 if lvisited[v]

5 DFS-VisiT(v)

DFS-VisiT(u)
visited[u] — true
PREVIsIT(U)
for all edges (u,v) € E
if lvisited[v]
DFS-VisiT(v)

DO = W =

PostVisiT(U)

DFS on graphs

DFS(G)

1 forallveV

2 visited[u] «— false
3 forallveV
4
5

if lvisited[v]
DFS-VisiT(v)

DFS-VisiT(u)

1 wisited[u] — true

2 PRrREVIsIT(U)

3 for all edges (u,v) € E

4 if lvisited[v]

5 DFS-Visit(v)
6 PosTVisiT(U)

mark all nodes as
not visited

110

111

DFS on graphs

DFS(G)
1 forallveV

2 visited[u] — false
3 forallveV
4
5

if lvisited[v)
DFS-VisiT(v)

DFS-VisiT(u)
visited[u] — true
PREVISIT(U)
for all edges (u,v) € E
if lvisited([v]
DFS-VisiT(v)
PosTVIsiT(U)

DO = W =

until all nodes have been
visited repeatedly call
DFS-Visit

DFS on graphs

DFS(G)
1 foralveV

2 visited[u] — false

3 forallveV

4 if lvisited[v]

5 DFS-VisiT(v)

What happened
to the stack?

DFS-VisiT(u)
visited[u] — true
PREVISIT(U)
for all edges (u,v) € E
if lvisited[v]
DFS-Visit(v)

DO W =

PosTVIsIT(U)

TrREEDFS(T)

1 Pusu(S,Root(T))

2 while 'EMPTY(S)

3 v — Popr(S)

4 VisiT(v)

5 for all ¢ € CHILDREN(v)
6 PusH(S,¢)

112

113
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What does DFS do? Is DFS correct?
| |
Finds connected components Does DFS visit all of the nodes in a graph?
Each call to DFS-Visit from DFS starts exploring a new
set of connected components
DFS(G)
1 forallveV
Helps us understand the structure /connectedness of a j for all fi:ft‘)d[“] « false
or allv e
graph 4 if lwisited[v]
5 DFS-VisiT(v)
114 115
Running time? Connectedness
| |
Like BFS Given an undirected graph, for every node u € V,
Visits each node exactly once can we reach all other nodes in the graph?
Processes each edge exactly twice (for an undirected Algorithm =+ running time
graph)
o(IVI+IEl) Run BFS or DFS-Visit (one pass) and mark
nodes as we visit them. If we visit all nodes,
return true, otherwise false.
Running time: O(|V| + |E])
116 117
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