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No books or notes are allowed. Solve exercises directly within the reserved space. Additional sheets
are accepted only when strictly necessary. Available time: 60 minutes.

1. (2.0 points)
Write a function implementing the algorithm of insertion sort and state its asymptotic complexity.

After that, given the following sequence of integers stored in an array:
6 19 2 1 12 5 7 10 13 3 0 9 15 17 8

sort it in ascending order with shell sort. Use the Knuth’s sequence h = 3-h+1 (1, 4, 13, etc.). Show all relevant

intermediate steps.
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2. (2.0 points)
Write a function implementing a visit of a n-ary tree (i.e., a tree in which each node has at most n children). State

a possible implementation for its nodes, considering strings as keys.

After that, consider a binary tree with 13 nodes. Its visits return the following sequences:

preorder: A B D G E H K I L C F J M
innorder: D G B K H E I L A C J M F
postorder: G D K H L I E B M J F C A
Draw the original binary tree.
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3.

(2.0 point)

Given the sequence of keys INFINITYW AR, where each character is identified by its index in the English alphabet
(A=1, ..., Z = 26), draw the final configuration of an initially empty hash table of size 23 where insertion of the
previous sequence character by character occurs.

Assume open addressing with double hashing (hi (k) = k%23, ha(k) = 1 + k%97). Show all relevant intermediate
steps.

Which is the load factor of the hash-table after the previous sequence has been inserted?
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4. (2.0 points)
Suppose to have an initially empty priority queue implemented with a minimum heap. Given the following sequence

of integers and * character: 30 11 7 15 13 2 % % 19 8 4 x

where each integer corresponds to an insertion into the priority queue and character + corresponds to an extraction,
show the priority queue after each operation and return the sequence of values extracted. At the end, change the

priority of 15 into 1 and draw the corresponding priority queue.
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5. (2.0 points)

10 credit course (010GDLP) o A
Given the following unweighted directed graph:
3 1 C
9 D
3 FH
E &=
5 |

¢ Visit it in breadth-first starting from node A.
e Visit it in depth-first starting at node A. Label nodes with discovery and end-processing times in the format

time; /timez.
e Redraw it labeling each edge as T (tree), B (back), F (forward), C (cross), starting at node A.
Whenever necessary consider nodes in alphabetical order. )
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12 credit course (020GDLM)
Given the following weighted DAG: iﬂ 5 14[)5

s
E7its _3/; 0 b4 / 9
Find all shortest and all longest paths from vertex A, using the simplified algorithm for directed acyclic graphs.
If necessary, consider nodes in alphabetical order. Show all relevant intermediate steps.
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6. (2.0 points)
10 credit course (010G DLP) .
Given the following undirected and weighted graph find a minimum spanning tree using Prim’s algorithm starting
from vertex A. l?) / ([ \
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Draw the tree and return the minimum weight as a result. Show all relevant intermediate steps and all cuts
generated.

Define and explain what a “light edge” and a “safe edge” are.
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12 credit course (020GDLM)
Given the following directed graph:

Find its strongly connected components using Kosaraju’s algorithm. Start. from node A.
nodes in alphabetical order. Show all relevant intermediate steps.
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