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1. [rank 6] Construct a prefect hash table over the sequence of items S = (10, 14, 19, 2, 6, 21, 3, 17, 0, 9, 13 ) where the table of the first level has size 7 and the hash functions are chosen to be universal.
2. [rank 4+4+3] Given a cuckoo table of size r and n items to be inserted. Consider the undirected cuckoo-graph induced by this table and items. 
a. Show the probability that exists a path of length L connecting a node i to a node j, for an arbitrary L.
b. Prove that the probability that two items x and y are connected by a path of any length, and thus are potential “colliders”, is O(1/r)
c. Which kind of “hashing” recalls the formula of item (b) to you and why?
3. [rank 7] Execute the Suffix Array construction algorithm (Skew) over the string

s = abaabacaba, by showing the encoding of the string s0,2 at just the first iteration. (hint: you must show the string of ranks.)

4.  [rank 2+3+2+1] Consider the compressor that first sorts the letters of a string by decreasing frequency, then computes the rank of each letter, and finally assigns to each letter a codeword that is the gamma-code of its rank. 
a. Show how this algorithm works by encoding only the first three letters of the string s= “abracadabra”.

b. Assume that the letters are distributed according to a Zipf law (standard with exponent 1 and no normalizing constant). Provide a formula to express the GAMMA-codeword length (in bits) of each letter as a function of its frequency.

c. Derive a formula for the bit-length of the GAMMA-encoding of the whole string s.
d. Compare this length with the empirical entropy of the string s.
