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Linear time decider D(r) s.t. for r € IR*, D(r) returns:
(1) r = f(P) (2)ir < f(P) B)ir > £(P)
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Task: Return kth smallest number in X = {x1,...,X%,}. ]

Randomly select a value:

X]_’xz,o.o,.Xi,o-o,x"

i

Pivot on x;:

All Values < x; || Xj || All Values > x;

i

rank of x; = size of this set +1
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Cases:

(1) If rank of x; = k: Your done!

(2) If rank of x; > k: Recurse on values < x;
(3) If rank of x; < k: Recurse on values > x;

Linear in expectation
e x; randomly sampled = |< x;| = |> x| = |X]| /2.

@ |X| decreases geometrically:
= Run time = Y. |X]| /2" = O(|X])
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Guess, Check, Zoom!

Case 1: r =~ f(P) Case 2: r < f(P) Case 3: r > f(P)

Bullseye! Congratulations your done! Can't see forest for the trees. Head is in Magellenic clouds.
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Ir-net

r-net

N C P is an r-net if
e Balls of radius r centered at N cover the point set.
@ For any two p,q € N, we have d(p,q) > r.
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o E[[Lonely|] = |P| /2
@ Can remove Lonely in O(|P|) time.
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The Technique in 3 steps

(1) Call D(r) on randomly sampled value from NN(P).
(2) r too small: net points together.
(3) r too large: prune away isolated points.

Trash removal

How much do we remove:
(i) Net removes |P| /4
(i) Prune removes |P| /2

Running time:
o In ith round |P;| < (3/4)'|P]
o Total run time: > . |Pi| < Y °.(3/4)'|P| = O(|P])
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