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Year: 2023 

Organizational issues: 

• You need to receive at least 38 pts before the exam to be admitted. 

• You need to receive at least 22 pts at the exam to pass it successfully. 

• Each question is scored 10, 20 or 30 pts. The score is the maximum score you get for perfect answer. 

• Each exam paper contains 2 questions that have the total score of 40 pts.  

General requirements for the answers: 

• For questions that consider algorithm, time complexity estimation must be supplied. 

• For questions that consider data structure, basic operations time complexity estimation must be supplied. 

• For each question you should supply an example that demonstrates definitions and algorithm. 

 

Module 1. Introduction to algorithms and data structures. 

1. Insertion sort: algorithm; using array and dynamic list to implement insertion sort. Time and 
space complexity estimation. {20 pts} 

2. Graphs: definition; edge list representation. Time complexity of basic operations using edge list 
representation. {10 pts} 

3. Graphs: definition; adjacency matrix representation. Time complexity of basic operations using 
adjacency matrix representation. {10 pts} 

4. Graphs: definition; adjacency list representation. Time complexity of basic operations using 
adjacency list representation. {10 pts} 

5. Depth-first search: recursive implementation; stack-based implementation. {20 pts} 
6. Stack: abstract data structure; array-based implementation. {10 pts} 
7. Stack: abstract data structure; linked list-based implementation. {20 pts} 
8. Queue: abstract data structure; linear array-based implementation. {10 pts} 
9. Queue: abstract data structure; circular array-based implementation. {10 pts} 
10. Queue: abstract data structure; linked list-based implementation. {20 pts} 
11. Breadth-first search: queue-based implementation. {10 pts} 
12. Connected components detection with DFS or BFS. {10 pts} 
13.  Bipartiteness check algorithm. {10 pts} 
14. DAGs: definition, topological sort (definition and algorithm). {20 pts} 

 
Module 2. Greedy algorithms. Divide-and-Conquer strategy. 

15. Minimum spanning tree: problem definition. {10 pts} 
16. Kruskal’s algorithm: general scheme; (improved) implementation with array-based safety check 

procedure. {20 pts} 
17.  Kruskal’s algorithm: general scheme; implementation with safety check procedure based on 

reversed trees data structure. {20 pts} 
18. Prim’s algorithm: general scheme; naïve and priority queue-based implementation. {20 pts} 
19. Merge sort as a divide-and-conquer algorithm. {20 pts} 



20. Master theorem for divide-and-conquer algorithms. Proof of the simplified version of Master 
theorem. {20 pts} 

21. Integer multiplication: the standard and Karatsuba’s algorithms. {20 pts} 
22. Fast exponentiation algorithm. {10 pts} 

 
Module 3. Dynamic programming. 

23. A general scheme of a simple version of a dynamic programming algorithm and meta-algorithm 
for transforming a recursive algorithm into a DP algorithm. Demonstration for Fibonacci 
numbers calculating. {20 pts} 

24. Edit distance: general definition, Levenshtein distance, algorithm for calculating. {30 pts} 
25. Longest common subsequence problem: definition, Needleman-Wunsch algorithm. {20 pts} 

 
Module 4. NP-hard problems. 

26. Travelling salesman problem: definition. {10 pts} 
27. Metric TSP: definition. {10 pts} 
28. Brute-force algorithm for TSP. {20 pts} 
29. Performance ratio of an approximate algorithm: definition. {10 pts} 
30. 2-approximate algorithm for Metric TSP. {20 pts} 
31. Three greedy heuristics for TSP. {20 pts} 
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