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I Linked list: O(V + E)
I Adjacency-matrix:

I O(V 2)
I O(1)?
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TC 22.1-8

I Expected time: depends on the implementation of hashtable. Can
be assumed as O(1).

I Disadvantages
I Extra space

I Alternate data structure: AVL, RB-Tree, etc.
I Space: O(n)
I Time: O(lg n)
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TC 22.2-3

Show that using a single bit to store each vertex color suffices by
arguing that the BFS procedure would produce the same result if line
18 was removed.

Jun Ma (majun@nju.edu.cn) 3-7 traveling November 4, 2020 5 / 20



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

TC 22.2-3

Show that using a single bit to store each vertex color suffices by
arguing that the BFS procedure would produce the same result if line
18 was removed.

Jun Ma (majun@nju.edu.cn) 3-7 traveling November 4, 2020 5 / 20



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

TC 22.2-3

Show that using a single bit to store each vertex color suffices by
arguing that the BFS procedure would produce the same result if line
18 was removed.
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TC 22.2-4

What is the running time of BFS if we represent its input graph by an
adjacency matrix and modify the algorithm to handle this form of
input?

O(V + V 2) = O(V 2)
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TC 22.2-5
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TC 22.3-6
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TC 22.3-9

u

s

v
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TC 22.3-12
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TC 22.3-12

cc = 0

cc = cc + 1

DFS_Visit(G, u, cc)

DFS_Visit(G, u, cc)

DFS_Visit(G, u, cc)

u.cc = cc
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TC 22.4-2
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TC 22.4-2

1: procedure PathCounter(G, s, t)
2: if s = t then
3: return 1;
4: if s.color! = white then
5: return s.count;
6: else
7: s.color ← gray
8: for each v ∈ s.Ajc do
9: c←PathCounter(G, v, t)
10: s.count← s.count + c

11: s.color ← black
12: return s.count
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TC 22.4-3

I Simply run DFS. If find a back edge, there is a cycle.
I The complexity is O(V ) instead of O(E + V ).
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TC 22.5-5
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TC 22.5-5

I For each tree T in the DFS forest, construct a vertex VT in the
component graph GSCC

I For each edge (u, v) ∈ G.E, add an edge (u.cc, v.cc) to GSCC if it
doesn’t exists.
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TC 22.5-7

I Obtain the component graph GSCC of G

I Do topological sort on GSCC . Assume vertexes in GSCC are sorted
as V1, V2, ..., Vm

I Check if for every i, there is edge (Vi, Vi+1).
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I Obtain the component graph GSCC of G

I Do topological sort on GSCC . Assume vertexes in GSCC are sorted
as V1, V2, ..., Vm

I Check if for every i, there is edge (Vi, Vi+1).

Jun Ma (majun@nju.edu.cn) 3-7 traveling November 4, 2020 18 / 20



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Lemma (1)
A graph is semi-connected iff its corresponding component graph is
semi-connected.

Lemma (2)
A DAG is semi-connected in a topological sort iff for each i, there there
is an edge (vi, vi+1)
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Proof of Lemma (2)

⇒.
I Assume ∃i, s.t. (vi, vi+1) /∈ G.E.
I There is no such path (vi+1  vi)
I So, G cannot be semi-connected, the assumption is wrong.

⇐.
Obviously!
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