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Run Time
� [Runtime] Growth
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� Algorithms run longer on larger
inputs

� Focus on time efficiency

� Need to isolate algorithm perfor-
mance from that of machine
and code

� Time eff measured by. may be
growth of basic operation count,
C(n), as input size n increases

Efficiency doesn’t
really matter for small
inputs.

Review

Most of the runtime
is spent in the most
frequently executed
operation(s).
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Analysis Plan

Ê nSelect suitable input size parameter,

Ë Identify suitable basic operation

Ì Check dependancy of basic op

Í Determine count ( ):C n write a sum

Î Determine oforder of growth C n( )

Non-recursive Algorithms

�
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Selection Sort
� Key comparison

Use a small instance to
figure out/design steps
before writing a pseudo-
code (mix natural lan-
guage, math, and program-

ming-like expressions).

Quiz
What would be a suitable
basic operation? Can we
pick + or in line 3? What−
about loop exit check or
index increment?

➋ Identify basic operation

➌ Check count dependancybasic op
➍ Setup a sum or a recurrence for ( )C n

➎ Determine order of growth of C n( )
(may need to solve sum or recurrence)

➊ Select input size parameter n

� Efficiency?

� Operation

� Limits

?

...

... ...

89 68 90 3445 29 17

68 90 34 892917 45

90 8945 3417 29 68

68 894517 29 34 90

896817 29 34 45 90

8917 29 34 45 68 90

17 29 34 45 68 89 90
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Review Summations

A Useful Tool

ê Basic properties

ê Basic sums (references)
Quiz
Which sum would you
choose to solve Example 1
from previous slide?
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Time efficiency of most algorithms falls
into a few categories of (runtime) growth

A system for classifying efficiency should
avoid dealing individually with efficiency
of potentially 1000s of algorithms

Analysis of Algorithms

Effciency

� Observation

� A classification?
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� Asymptotes

A that otherboundary
curve(s) come close tomay
but never cross.

Any function can be used
to set a boundary, in this
case = ( ) = ?y f x

�

A Useful Tool from Math

Asymptotic Classification
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Setting Upper Boundary
Asymptotic Classification

A thatboundary
other curve(s) can
come close to but
never cross.

Setup an upper bound-
ary on order of growth.

▲

▲

cg n( )

t n O( )∈ ( )g n( )

n₀ n

... n→∞

×××

≤
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Setting Lower Boundary
Asymptotic Classification

cg n( )

t n( )∈ ( )Ω g n( )

n₀ nn₀
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Similar GrowthΘ –
Asymptotic Classificationcs611fig1.cdr
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Exercise
Asymptotic Classification

cg n( )

cg n( )

t n O( )∈ ( )g n( )

n₀ n
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Algorithm Efficiency

Basic Classes

�

�

� Asymptotic efficiency

Using long-term (limiting)
runtime behavior to clas-
sify efficiency as inputs
become increasingly
larger.
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Non-recursive Algorithms

Example 2

Quiz
Does the basic operation
count depend on input
size only?

Exercise
Compare to solution dis-
cussed in previous lecture.
What if a wasquicksort
used?

How to read?
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