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(Description) %)

Classical algorithms and algorithmic design paradigms (e.g. divide and
conquer, greedy algorithms, dynamic programming); maximum flow
and minimum cut; Linear programming (duality, simplex, applications).
SRR A We W_iII also Qiscuss some ir_nportant da_ta structures and_how to use

them in algorithms. Depending on the time frame, we will teach more
advanced topics like randomized, approximation, exponential, and
streaming algorithms. We will devote ample time to: (i) the path from a
basic idea to the final algorithm; (ii) proofs of correctness; (iii) running
time analysis.

(Description)

WEREHCE KA (course syllabus)




Algorithmic thinking.

Mastery of several algorithm paradigms and ability to apply
them to new problems.

*2¢ 3] HFx(Learning
Outcomes) Deep understanding of the mathematical structure that
underlies algorithms.

Ability to apply the learned methods and paradigms to new
problems.
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1. Introdcution, administrative stuff. Euclid's algorithm. Running time,
exact running time. Fibonacci number, linear recurrences; recursive and
dynamic programming algorithm or Fibonacci numbers.

2. Computing Fibonacci numbers (maybe modulo K) via fast matrix
multiplication. Algorithms for multiplying integers.

3. Mergesort, worst case and best case;

4. Quicksort, worst case and expected case. Indicator variables Aij
which are 1 if i is an ancestor of j.

5. Vector Domination Problem: a kind of multidimensional quicksort
6. Spanning trees in graphs. Kruskal's algorithm for finding the
minimum spanning tree. Good edge sets, cut lemma.

7. Keeping track of connected components: Union-Find data structures:
naive list approach; "rename the smaller one" improvement. Union find
with path compression.

8. Shortest path algorithms: breadth-first search and Dijkstra's
algorithm. Longest paths in graphs. Longest paths in acyclic graphs. The
randomized color coding technique.

9. Flow networks. Network flows, cuts, residual networks.
Maxflow-Mincut theorem. Ford-Fulkerson method and Edmonds-Karp
algorithm.

10. Improving Edmonds-Karp: Dinic algorithm finding paths in "O(n)"
steps in a layered digraph. Dinic algorithm on unit capacity networks.
11. Matchings in bipartite graphs. Finding a maximum matching using
maximum flow algorithms (e.g. Dinic' algorithm). Hall's Theorem.
K&nig's Theorem (maximum matching equals minimum vertex cover in
bipartite graphs) and Dilworth's theorem on chains and antichains in
partial orders.

12. Introduction to linear programming. Feasible solutions, standard
form, dualizations, weak LP duality.

13. How to dualize linear programs with equality constraints and
unbounded variables.

14. Integrality of the Matching LP and the Vertex Cover LP for bipartite
graphs.

15. Existence of optimal solutions for every bounded feasible linear
program.

16. Farkas Lemma (geometric version) and Strong LP Duality.
Different versions of Farkas Lemma. Proof of Farkas Lemma by
Fourier-Motzkin elimination.

17. Basic probability theory.

18. Streaming algorithms; approximating the median.

19. Streaming algorithms; median and second moment.

20. Algorithms for NP-complete problems: colorability.

21. Algorithms for NP-complete problems: satisfiability.
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Algorithms by Sanjoy Dasgupta, Christos Papadimitriou, and
Umesh Vazirani
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