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Everyons =hould have rec=ived an =mail :
1. Informing you of youwr P51 partner
2. Grving the section room locations

3. Explaining that P51 is now due Monday. Jan 30
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Predicting Program Properties
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Predicting Running Time

» Experimentally: measure how long the
program takes on particular inputs

- Generalize, extrapolate to other input sizes

» Analytically: figure out how the amount
of work scales with the input size

- Understand what the program does

» Need to combine with expenmental
results on some inputs and analytical
understanding to make good predictions
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Order Notation

 Four notations: ), Q) o), 8(f)
= These notations define sets of
functions

—-Functions from positive integer to real
= When we say, "Algonthm A is im)"
we mean,
running time of A e @i{n)
where » measures the input size to A.
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Big 0

» Intuition: the set exn is the set of
functions that grow no faster than f
- More formal definition coming soon
» Asymptotic growth rate
- As input to fapproaches infinity, how
fast does value of fincrease

- Hence, cnly the fastest-growing term in
Fmatters:
(e’ (N 126" +n)
{Xa) = (X67n + log n — 427)
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Formal Definition

fe 0 (g) means:

There are positive constants
¢ and ng such that

fin) £ cgln)
for all values nzn,.
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O Examples

[in) € (g (m)) means: there are
positive constants ¢ and ay such that
fimy < cgin) for all values nzn,.

x € O (x%)? s, €= 1, m=2 veorks fin=.
10x & {X)?  Yes, o= 11, a2 works fine.

M No, no matter what ¢ and &,
: we pick, ox? > 1 Tor big =nough x
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Question

Given fe (k) and g & (k) which of
these are true:
a. For all positive integers m,
fim) < g (m).
b. For some positive integer m,
F o) o 2 (e
c. For some positive integer mg, and all
positive integers m = my

Fim)< 2 (). (l=ft &= probl=m for Sxam 1)
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a is false:

Prove by Counter-Example
finye O in)) and g (n)& @ (h i)
a. For all positive integers m, f(m) = g (m).
Pick h(n) = w2, fin) =587, oin)=r’.
For m =2, f(m)= 20> 8 = g(m).
Therefore, a is false.

Fim) & @ (g (r)) means there are
positive constants ¢ and ny such that
fin) £ cgin) for all values a2z ny,
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b is true: Intuition

If fe @ik and ge O (k) then, for some
positive integer m, M{m) < g (m).

g must grow faster than &, otherwise g
would be in k).

f must grow no faster than &,
since fe O (k)

So, If ¢ grows faster than &, but fgrows
as slow or slower than &, eventually,
gin) = fin) S0 for some m, fim) < g (m).
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b: Proof by Contradiction

If fe 0y and g & (k) then, for some
positive integer m, fim) < g (m).

1. fe 0 (h) = there are positive constants
¢ and n, such that fia) € chin) for all
values n = ny

2. g & (k) = there are no positive
constants ¢, and &, such that gin) <
c,in) for all values n zn,. So, for all
positive constants ¢,, glg) € chiq) for
some value g.
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b: Proof by Contradiction

If fe k) and ge O (k) then, for some

positive integer m, M(m) < g (m).
Suppose statement 1s false,
Then, for all positive k, k) = g(k)
From (1), 3c 3n, such that ¥ n > ny, fis) < chin)
From (2), W, 3n, such that ¥ a > 1, g(n) > c hin)
Combining, 3¢ ¥, 3n,such that ¥ n > ny

| chin) > c hin) | Note: a, < max{n, n,)

This 1s a contradiction! Only works if

r = infinity, but ¢ must be a positive integer
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Lower Bound: £ (Omega)

fin) 15 £2 (g (m)) Means:

There are positive constants
c and such that

Sfim) 2 cgin)
for all nEn&

Cilfferemnc= from O — s was <
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Inside-Qut
Qi) fr)= 120" +n

fin) = w1 _ 4t
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