The Minimum and the Maximum

MIN-AND-MAX(A)
n «— length|A|
min «— Aln
maz <— Aln]
for:+— 1ton—1by2do
if Ali] < Ali + 1] then
if Ali] < min then min «— Ali
if Ali + 1] > max then maz — Ali + 1]
else
if Alv + 1] < min then min «— Ali + 1]
if Ali| > maz then max «— Ali

3 comparisons are made for every pair of elts.
3n /2 comparisons are made when n is even.
Why is the algorithm correct?

What if n is odd?



Order Statistics
The 2th order statistic is the 2th smallest elt.

R-SELECT(A, p, 7, 1)
if p = r then return A[p]
q «— R-PARTITION(A, p, 1)
k—qg—p+1
if i = k then return Alg]
else if 1 < k
then return R-SELECT(A,p,q — 1,1)
else return R-SELECT(A,q+ 1,7r,i — k)

Worst-case: T(n) =T(n—1)+n—1 € O(n?)

Best-case: T'(n) = T'(¢) +n — 1, followed by
T(i)=T(1) 44— 1, which is ©(n).

Average region is approximately 2n /3

Assume p =1 and r = n,
1 1s equally likely to be any value from 1 to n,
q is equally likely to be any value from 1 to n.

Condition | Probability | Region Size
i =q 1/n 1
1<q | (g=1)/n | q¢—1
1>q |(n—gq)/n| n—gq
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Note that T'(n) =T (2n/3) +n — 1 is O(n).



Average-Case by Mathematical Induction:
I will use a bound on the recurrence:

T(1) =0

1
T@)gn—1+iQVMMLq—Ln—QD
n q=

Basis: T'(1) =0, s0 T'(n) < cn forn = 1.
Assume: T'(q) <cqfor1 <qg<n-—1,
Show: T'(n) < cn
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©(n) Worst-Case Selection

SELECT(A, p,7,1)
if p = r then return A[p|
r «+— GOOD-P1voT(A, p, )
q < PARTITION-WITH-PIVOT(A, p, 7, )
k—q—p+1
if 1 = k then return Alq]|
else if 1 < k
then return SELECT(A,p,q — 1,1)
else return SELECT(A,q+ 1,71 — k)

GooD-P1voT(A, p,r)
for j «— Oto |[(r—p)/5]| do
Blj] < median of A[p + 57]
thru Amin(p 4+ 575 + 4, )]
return
SELECT(B, 0, |(r — p)/5], [(r — p)/10])

In the worst-case, SELECT is recursively called
on regions of size n/5 and 7n/10.



