
CS466/666, Fall 2011: Assignment 4Out: November 2, Due: November 16, 5pm1. Minimum en
losing ball: (10 points) The Minimum en
losing ball problem 
onsistsof �nding, given a set of n points in d dimensions, the smallest ball B� that 
ontainsthem all. B� is usually des
ribed by giving its 
enterpoint 
(B�) and its radius r(B�).Give a deterministi
 2-approximation algorithm (with respe
t to the radius) for �ndingthe minimum en
losing ball that has run-time O(nd).Remarks: (a) Computing the distan
e between any two points takes �(d) time. So therun-time of your algorithm is really \O(n) distan
e 
omputations". (b) There exists apolynomial-time algorithm to �nd the minimum en
losing ball, but it is 
ompli
atedand slow for larger d. Knowing this algorithm will not help (and quite possibly hurt)in answering the question.2. Eu
lidean Travelling Salesman: (6 points) Suppose the verti
es of a TSP instan
eare distin
t points in the plane, and the weight of an edge is the Eu
lidean distan
ebetween its endpoints. Show that in any optimal tour, no two edges in the tour 
ross.3. Random algorithm for Independent Set: (12 points)(a) Consider the following algorithm: Randomly permuate the verti
es in V . Thenfor ea
h vertex v 2 V (in this random order), add v to I if none of the neighboursof v is in I already.Show that the expe
ted size of the resulting independent set is at leastPv2V 1deg(v)+1 .(b) Give a deterministi
 poly-time algorithm that �nds an independent set of size atleast Pv2V 1deg(v)+1 . In other words, de-randomise the algorithm from part (a).(
) (Bonus) Whi
h algorithm performs better: the algorithmA1 from part (a), or thealgorithm A2 from Assignment 2 that �nds an independent set of expe
ted sizeat least n2=4m?In other words, either prove n2=4m � Pv2V 1deg(v)+1 for all graphs, or proven2=4m �Pv2V 1deg(v)+1 for all graphs, or give examples of two 
onne
ted graphsG1; G2 (with a large number of verti
es) su
h that n2=4m <Pv2V 1deg(v)+1 for G1and n2=4m >Pv2V 1deg(v)+1 for G2.1



4. k-Vertex-Cover: (12 points) A di�erent way to phrase the Vertex Cover problem isto ask for the maximum number of edges that 
an be 
overed with a set of k verti
es.Thus, given a graph and k, we want to �nd a set C � V of k verti
es su
h that asmany edges as possible have an endpoint in C.Give a randomized algorithm that �nds a set C � V su
h that the expe
ted size ofC is at most k and the expe
ted number of 
overed edges is at least 34OPT , whereOPT is the maximum number of edges that 
an be 
overed with k verti
es. (Hint:Randomized rounding. You will need to formulate a suitable IP �rst.)
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