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Exercise [rank 4+4] 
1. Write the pseudo-code of the Reservoir Sampling algorithm that random samples m items from a sequence of unknown length. 

2. Simulate the algorithm of point 1 by drawing m=2 items from a sequence of length n=8: [a, b, c, d, e, f, g, h], and assuming that at every step the random integers extracted by the algorithm are [3, 1, 2, 2, 1, 5].

Exercise [rank 5]
Let us given symbols and probabilities: p(a) = 0.2, p(b)=p(c) = 0.4. Compress the first 3 symbols of the text T = ABC via Arithmetic code.
Exercise [rank 5] 
Assume you are given a set of 6 strings {aa, ad, bc, bd, ca, dc} and you wish to construct a minimal ordered perfect hash function, where the order is the alphabetic one. 

Assume that rank(x)=3,4,5,6 for the characters x=a,b,c,d respectively. Given a string x’x’’ of two characters, we let the two random functions required by the design of MOPHF as h1(x’ x’’) = 3 * rank(x’) * rank(x’’) mod 13   and   h2(x’ x’’) = rank(x’) + rank(x’’) mod 13 (so m=13). Design a proper g(t) to construct the final h(t), if this is possible, given h1 and h2 above.
Exercise [rank 4+4+4] Three theoretical questions
· Show the pseudo-code of the variant of binary quicksort that reduces the extra-space used during recursive calls, and comments on its complexity and correctness.

· Prove that the search for a key in the skip list takes O(log n) time
· Prove that Arithmetic coding is two bits from the optimal lower bound given by the entropy of a string/source.
