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Worst case

H[n+l}
Zr =3

j=2

and

(see Appendix A for a review of how to solve these summations), we find that in
the worst case, the running time of INSERTION-SORT is

nin |
T(n) = cin+ca(n=1)+cy(n—1) 4+ cs (% - l)
nin —1) nin—1)
-+ Cé T -+ Cy T + cg(n—1)
4 Cg C {'1', C
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l
I'(in) = r.n+r;[n—|l+nln—ll+r,( o AL )
+r5(ﬂl"_”)+r7("[n_”) -
2 2
% ['g Cy Ca Oy
= ?+—)ﬂ +(‘-"1+fz+n+?—3—7+n)ﬂ

—(c3 44+ s +03).

We can express this worst-case running time . - for constants a, b,

and c that again depend on the statement costs ¢;; it is thus a quadratic function
of n,

g#—%. O



) /RO
Big-0 ) “ R@E@M@ﬁm@ggw
B 4AEBRB?

In other words, as long as the basic set of allowed elementary mstructions 1s
agreed on, and as long as any shortcuts taken in high-level descriptions (such as
that of Figure 6.1) do not hide unbounded iterations of such instructions, but merely
represent finite clusters of them, big-0 time estimates are robust.
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We have known that :logn € o(n

(since lim L

F1—>»cC n

=0 for any ¢ > 0)

£

However, which is larger :logn and »°,if n=10""?
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Let A be an array of integers and Satarget integer. Design
an efficient algorithm for determining if there exist a pair
of indicesi,| such that A[i]+A[j]=S

N R ax B “efficient” &35 %
7, WMIEEFHEE KD 7

S
A
a2 ... e a
e ¥
Hashfa] |j -~ Let index = S-g
Whether Hash[index] is set




Sleeping Tigers

(1) find the “lowest” point P;

(2) sort the remaining points by the magnitude of the angle they form with the horizontal
axis when connected with Py, and let the resulting listbe P, ..., Py:

(3) start out with P, and P 1n the current hull;

(4) for [ from 3 to N do the following:

(4.1) add P, tentatively to the current hull;

(4.2) work backwards through the curvent hull, eliminating a point P, if the two
poinis P, and P; are on different sides of the line between Py_; and P), and
terminating this backwards scan when a Py that does not need to be eliminated
1§ encountered.
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Step (1) O(N)
Step (2) O(N x log N)
Step (3) O(1)
Step (4) O(N)

Total O(N x log N)
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) [P = 0 S throughout the courses to think

about the design and analysis of
algorithms.
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Al the start of each iteration of the for loop of lines 1-8, the subarray
All..j- l]cms:als of the elements originally in A[1 .. j— 1], but in sorted
order.
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TRVRER 0 R, A 7 1 3

MERGE-SORT(A, P, r)
Divide-and-Conguer

if p<r .
— l(p+1)/2] / Recursion

MERGE-SORT(A, p,q)
MERGE-SORT(A,q + 1,7)
MERGE(A, p.q,r)

|
2
3
4
5

To sort the entire sequence A = (A[l], A[2],.... A[n]), we make the initial call
MERGE-SORT(A, 1, A.length), where once again A.length = n.
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MERGE(A. p.q,r)

O 00 <) Oh Lh b D e

10 i=1

[

ﬂl=q-P+| | _

ny=r—g 111 j=1

let L[1..n, + 1]and R[1..n, + 1] be new armys | 12 fork = ptor

fori = 1ton, 13 if L[i] < RU]
Li)= Alp+i-1] | 4 Agt] = f-l-lr]

for j = 1ton, | 1S i=i+
Rlil= Alg + i I 16 else AJk] = R[/]
j] = Alg + j] I 17 j=Jj+1

Liny+1] =00 !

Rjn,+ 1] = >

At the start of each iteration of the for loop of lines 12-17, the subarray
Alp..k — 1] contains the k — p smallest elements of L[1..n, + 1] and
R[1..ny + 1], in sorted order. Moreover, L[i] and R[] are the smallest
elements of their arrays that have not been copied back into A.
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