6.851 ADVANCED DATA STRUCTURES (SPRING’12)
Prof. Erik Demaine

Problem 8| Due: Thursday, Apr. 19

Be sure to read the instructions on the assignments section of the class web page. Remember
to keep your solutions to one page!

Signature compression. Recall that the first step in Signature Sort was to reduce each w =
1g>"¢ n bit input word to a O(lg'*® n)-bit signature. We achieved this by dividing each word into
k = 1g° n chunks of w/k = lg? n bits each and applying a hash function to each chunk, reducing it
to lgn bits. After hashing, our word was of the form

Ow/k—lgn hq Ow/k—lgn hy - Ow/k’—lgn Ry,

where each chunk hash h; is Ign bits long. Describe how to compress this word so that all of the
hashed chunks are adjacent in the least significant bits of the word, so that it has the form needed
by the algorithm:

ow—klen b hy ot hy.

Your algorithm should take O(1) time using the word-RAM operations (+, -, *, /, %, &, |, ~, ~,
<<, >>). You may assume that € < 1.

Level ancestors construction. In class we presented a data structure for answering level an-
cestor queries in O(1) time using O(n) space. Develop and analyze an algorithm for constructing
this data structure in O(n) time.
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