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Run Time
� [Runtime] Growth
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Algorithms run longer on larger
inputs (run time growth varies widely)

� Focus time efficiency for large inputs

� Need to isolate algorithm performance
from that of machine and code

� Time efficiency may be measured by
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 fre-
quently executed opera-
tion(s).

Therefore, base efficiency
on the growth of runtime
rather than the runtime
itself.

�

2KAU    CS-681© 220 4 Dr. Muhammad Al-Hashimi

cs681fig1-2.cdr
Monday, February 26, 2024 12:14:34 PM
Color profile: Disabled

Composite  Default screen



Analysis Plan

➊ nSelect suitable input size parameter,

➋ Identify a suitable basic operation

➌ Check dependancy of basic op

➍ count ( ):Calculate C n write a sum

➎ Determine oforder of growth C n( )

Non-recursive Algorithms

What property of the
input that, if increased,
causes run time to
increase?

Examine inner-most
loops for most frequent
operations.

Will the count (run time)
vary for inputs (instances)
of the same size? Check
loops early exits some-for
times.

� Order of growth

In practice, the domi-
nant term in C(n) (one
that grows faster as n
tends to ) is enough.∞

Summation and count-
ing formulas are useful.
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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?

Upper times follow-term
ing , divided by 2.one
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Example 1
Non-recursive Algorithms

� [Problem] Instance

Use a small toinstance
figure out/design steps
before writing a pseudo-
code (mix of natural lan-
guage, math, and program-
ming-like expressions).

�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

89 45 68 90 29 34 17

Selections are marked bold
(for example, in the first
round: 45, 29, 17); the last
one to select is picked out.

For each key, do a selec-
tion round to pick the
smallest.

Selection Sort, efficiency?

� PseudocodeOne of the easiest non-
trivial algorithms.

The last may be swapped
with the first of a selection
round when sorting inside
the input array (in-place).
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Example 1
Non-recursive Algorithms

� Basic operation

� Efficiency?

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

➊ Select suitable input size parameter, n

➋ Identify a suitable basic operation

➌ Check dependancy of basic op

➍ count ( ):Calculate C n write a sum

➎ Determine oforder of growth C n( )

➊

Examining a pseudo-
code description of the
algorithm could greatly
facilitate analysis.

➋
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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?

cs681fig1-2.cdr
Monday, February 26, 2024 12:14:36 PM
Color profile: Disabled

Composite  Default screen



8KAU    CS-681© 220 4 Dr. Muhammad Al-Hashimi

� 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

A useful

sorting bin

cs681fig1-2.cdr
Monday, February 26, 2024 12:14:37 PM
Color profile: Disabled

Composite  Default screen



9KAU    CS-681© 220 4 Dr. Muhammad Al-Hashimi

Setting Upper Boundary
Asymptotic Classification

A ceiling that

other curves

can approach

but never cross

Setup an upper boundary
on order of growth.

▲

▲

cg n( )

n₀ n

... n→∞

×××

≤

t₁

t₂

t n t n O₁ ₂( ), ( ) ∈ ( )g n( )don’t
care

All functions that eventually
go to infinity below g(n),

each via its own n and c,0
are in O of g(n).

�

0

t2 stays under after some
n n t> of .0 1

�

�
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Setting Lower Boundary
Asymptotic Classification

cg n( )

t n( )∈ ( )Ω g n( )

n₀ nn₀

≤

... n→∞
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Similar GrowthΘ –
Asymptotic Classification

t n( )∈ ( )Θ g n( )

n₀ nn₀

t n( )

c g n( )1

c g n( )2

Exercise
Write a formal (math)
definition of , , .O Ω Θ
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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? Hint: Try different
instances of the same size.

How to read?

� efficiencyWorst-case

➊ nSelect input size parameter,

➋ Identify a suitable basic operation

➌ Check dependancy of basic op

➍ count ( ):Calculate C n write a sum

➎ Determine oforder of growth C n( )

Recognize structure


 Conditionals reduce op
frequency


 Loops (non-recursive)
amplify frequency


 Look for early exit clues
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A Useful Property

� : keysRevisit  decide if distict

� A solution: overall efficiency?
Sort, check consecutive pairs

8
2
1−

3
12
5

Asymptotic Classification

� Compare Example 2

8
2

−1
5
12
5

▲

� Basis (theorems-proofs)Of course, it is based on
the time formula = + ,T T T1 2

however, no sense in
going to basic principles
everytime.

✓
�

−1
2
5
5
8
12
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Non-recursive Algorithms

Exercise

� Determine efficiency

� Write C(n)

How to read?Recognize structure


 Procedures nested vs.
sequenced


 Conditionals reduce op
frequency


 Loops (non-recursive)
amplify frequency


 Look for early exit clues
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