
CS174 Problem Set 3 Sept. 14, 2010 Due: Sept. 28, 2010

Solve the following exercises from Section 3.5:3,5,6,19,20,21
In addition, solve the following two problems which involve a balls and

bins experiment in which m balls are tossed independently into n bins, with
each ball equally like to land in any bin.

1. Using a Chernoff bound, estimate the probability that, if 3n ln n balls
are tossed into n bins, the maximum number of balls in any bin is less
than or equal to 2 ln n.

2. Write a simple program that simulates the balls and bins experiment
for given values of m and n up to one million. You will need a random
number generator; the standard C library function drand48 is recom-
mended. Consult the man page for details.

The most straightforward way do to the simulation is to use an array of
dimension one million to record the number of balls that have landed
in each bin.It is wasteful of space to use one million integers to store
the bin loads. Since you are very unlikely ever to see a load greater
than 15 you can in fact use a single byte (i.e., a character) to store each
bin load.

There is an alternate way to do the simulation using an integer array
which records, in position i, the number of bins that have received ex-
actly i balls. This eliminates the need for an array of size one million. If
you see the trick, explain how to do the simulation this way. Using one
of the above two methods, perform at least 20 (and preferably 100) sim-
ulations with m = n = 106 and make a table of the distribution of the
maximum loads. Now consider the following alternative scheme: balls
are again thrown sequentially, but instead of simply choosing a single
bin at random, each ball now chooses two bins at random, inspects
their current loads, and goes to the less full of the two (breaking ties
arbitrarily). Modify your program to implement this scheme. Again,
perform at least 20 simulations with m = n = 106 and make a table
of the maximum loads you observe. Are you surprised by the results?
Finally, would you expect an even more dramatic effect if the balls were
allowed three choices rather than two? Modify your program again and
see what happens.
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