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(2) for [ from | to N do:
(2.1) L(I) < L(I) x 100/MAX

\ ¢

(1) compute the maximum score in MAX;

(2) FACTOR < 100/MAX:

(3) for [ from | to N do:
(3.1) L(I) < L(I) x FACTOR.
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o forlfrom1toMdo
= forJfroml1ltoN do
0 do something with A[l,J]

O %%’?2:
o forJfrom1to N do

= forlfrom1ltoMdo
0 do something with A[l,J]
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Our first algorithm, insertion sort, solves the sorting problem introduced in Chap-
ter 1;

Input: A sequence of n numbers (a,.d».....a,).

Output: A permutation (reordering) (¢}, d5, .... a)) of the input sequence such
thatia; <4, = -~ =<4a,.
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INSERTION-SORT (A4) %o IE XA
1 for j = 2to A.length }%%E%ﬁ!

2 key = A[/]

3 // Insert A[/] into the sorted sequence A[l .. — 1].
4 i = j—1

5 while ;i > 0 and A[i] > key

6 Ali + 1] = Ali]

r I =1—1

8 Ali + 1] = key
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By

INSERTION-SORT (A) cost  times

1 for j = 2to A.length

2 key = A[j]

3 // Insert A[j] into the sorted
sequence A[l..j —1].

I = j —1

while i > 0 and A[i] > key
Ali + 1] = Ali]
[ =1 —1

Ali + 1] = key
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T(n) = cndcexn—1)4csn—1)4csYy ti+cgy (1;—1)

j=2 j=2

e Z(zj —1) 4 eg(n—1).
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‘ Best case

T(n)y = cin4+c(n—1)4+cyn—1)+cs(n—1)+cg(n—1)
(614 EaH- Gyt &+ Eg)i — (ot CatE 4 Ea)




‘ Worst case

t caseFo
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‘ Average case

The “average case” is often roughly as bad as the worst case. Suppose that we
randomly choose n numbers and apply insertion sort. How long does it take to
determine where in subarray A[l .. — 1] to insert element A[/]? On average,
half the elements in A[1..j — 1] are less than A[/], and half the elements are
greater. On average, therefore, we check half of the subarray A[l .. — 1], and
so ¢; is about j/2. The resulting average-case running time turns out to be a
quadratic function of the input size, just like the worst-case running time.
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Algorithm 1 2 3 4
Time function(ms) 33n 46nlg n 13n? 3.4n3 2"
Input size(n) Solution time
10 0.00033sec. 0.0015 0.0013sec. 0.0034 sec. 0.001 sec.
Sec.
100 0.0033sec. 0.03sec.  0.13sec. 3.4 sec. 4x10% yr.
1,000 0.033sec. 0.45 sec. 13 sec. 0.94 hr.
10,000  0.33 sec. 6.1 sec. 22 min, 39 days
100,000 3.3 sec. 1.3 min. 1.5 days 108 yr.
Time allowed Maximum solvable input size (approx.)
1second 30,000 2,000 280 67 20

1 minute 1,800,000 82,000 2,200 260 26
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2<{:l\ “Big Oh”

Definition

o Giving g:N—R*, then O(g) Is the set of f:N—R*, such that for some ceR* and
some n,eN, f(n)<cg(n) for all n>n,,.

cg(n)

f(n)
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f(n)=0(g(n))
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Definition

o Giving g:N—R*, then O(q) is the set of
f:N—R*, such that for some ceR* and some
n,eN, f(n)<cg(n) for all n>n,,.

If feO(g) ,we say that f grows not fast
than g

At the same time If geO(f) , we say that
they grow at the same speed. f(n) = O(g(n)
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o BREL T 20(g) if lim,_,_[f(n)/g(n)]=c<wo
a If there exists constants ¢ eR* and ny eN such that for all
n(n>=n,), f(n)<cg(n)

= Let f(n)=n?, g(n)= nlgn then:

n

o feO(g), since lim nlgn = hmlg—n =
0 geOf(f), since 1ip 2187 _ 5, losn
11—»00 n 11—>00 n

o nlgneO(n?)
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Which grows faster?

log, n or Jn ?
So, log,n eOWx)

log, e
lim2%" _ jim ) :(2|ogze)|im@=o
N—0o0 n N—o0 N—o0

2Jn
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= The log function grows more slowly than any positive power of n
Ilgn € o(n%) for any a>0

grows more slowly than any exponential fu
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Upper §
bounds on P

F’s inherent time complexity

Lower J
bounds on P

an (N?) algorithm for P

algorithmic
problem P

a proof that P requires
N = logN)

a proof that P requires
N}

4

O(N % logN)
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“ Algorithmic
Gap” ?




Open topic:

What we talk about when we talk about the
robustness of Big O?
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