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• See https://science.swansea.ac.uk/

intranet/help/students/coursework

• Please enter the answers into this course-
work sheet.

• The marks are evenly divided between
the parts of an answer. Marks are capped
at 100.

The complete coursework must be written in
its entirety by you. Since we cannot return
your coursework to you, please keep a copy
for yourself.

1 Questions I

1. Notions for graphs and digraphs: State
“true” or “false”.

(a) A directed edge is modelled mathe-
matically as a set.

(b) A graph may have zero vertices.

(c) A graph with 12 vertices and with a
cycle must have at least 12 edges.

(d) The number of connected compo-
nents of a graph with 9 vertices is
one of 1, . . . , 9, and indeed all these
numbers are possible.

(e) If a graph has precisely 7 connected
components, then it must have at
least 8 vertices.

Recall that the connected components of
a graph are those non-empty sets of ver-
tices of the graph, such that from every
vertex in it we can reach every other ver-
tex in the set, and if the set contains ver-
tex v, then also every vertex reachable
from v is in this set.

[20 marks]

2. Give the answers to the following ques-
tions as a (single) integer, using the pre-
cise definitions from the script:

(a) The number of connected compo-
nents of a graph with 13 vertices,
where the graph has a spanning for-
est with (exactly) 8 edges?

(b) The number of pop-operations
needed to make a stack empty,
where before 10 push-operations,
3 top-operations and 4 pop-
operations have been performed?

(c) The minimal number of edges in a
rooted tree of height 12?

(d) The maximal number of edges in a
binary tree of height 7?

(e) The number of edges in a graph with
13 vertices, such that for every ver-
tex the distance to every other ver-
tex is 1?

(f) The minimal number of vertices in
a graph with at least 12 connected
components and at least one cycle?

[30 marks]

3. Dags, DFS and topological sorting: State
“true” or “false”.

(a) If in some topological sorting of a
digraph G, v occurs before vertex
w, then there is a path from v to w.

(b) Some dags have no topological sort-
ing.

(c) A dag either has no vertex, or there
is a vertex without ingoing arcs.

(d) If there is a path from u to w, then
the finishing time of u must be ear-
lier than that of w.

(e) For every n ≥ 0 there exists a dag
with 1

2n(n− 1) arcs.

[20 marks]
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2 Questions II

1. Run DFS on the digraph
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where you, for this exercise, must follow inverse numerical order of the vertices (that
is, higher vertex-numbers are preferred — different from the default, and different from
the final exam). Give for each vertex discovery- and finishing-time, and state the parent
vertex (possibly NIL), using the format of the partial answers already given (one mark
completing each of the two, otherwise two marks each):

1:

2:

3: 2, ?; 11

4:

5:

6:

7:

8:

9:

10:

11: 1, ?; NIL
[20 marks]

2. Run BFS on the digraph

1 // 2
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again using inverse numerical order of the vertices, and starting with vertex 3 (no
restart). Give for each vertex the d-value and parent vertex (possibly NIL), using the
format of the one already given answer:

1:

2:

3: 0; NIL

4:

5:

6:

7:

8:

9:

10:

11:

[20 marks]
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