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Kap.2: Analyse av algoritmer
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Mal med kapittelet

e Laere a se pa effektivitet i forbindelse med
programvareutvikling

e Lzere grunnleggende konsept for analyse av algoritmer
e Lzere de grunnleggende konsept rundt kompleksitet

e Lzere a sammenligne forskjellige funksjoner for vekst

e Lzere a tenke effektiv bruk av bade CPU og minne nar vi
utvikler programvare

TOD-063: Datastrukturer og algoritmer, Kap.2
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Analvse
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* Et grunnlegende omrade innen datafag

* Gir oss en basis for a kunne sammenligne
effektiviteten for to eller flere algoritmer

— Eksempelvis, for en gitt problemstilling: Hvilken
sorteringsalgoritme er den mest effektive?

TOD-063: Datastrukturer og algoritmer, Kap.2
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Vekstfunksjoner

* Analyse (av arbeid) kan defineres generelt, basert pa:
— Problemets stgrrelse
eks.: antall poster som skal sorteres
— Ngkkeloperasjoner

eks.: sammenligning av to verdier

* En vekstfunksjon viser forholdet mellom stgrrelsen
pa problemet (n) og den tid det tar a |@gse problemet

t(n) = 15n2+45n

TOD-063: Datastrukturer og algoritmer, Kap.2
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Problemstilling oppvask:
e Jar

— 30 sek. a vaske en tallerken
— 30 sek. a tgrke

— Tid (n tallerkener) = 60n sek.
— Mer formelt: f(x)=60x

TOD-063: Datastrukturer og algoritmer, Kap.2
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stfunksjoner forts

Griser litt mye, sa ma ogsa tgrke alle tidligere vaskete
tallerkener for hver nye som vaskes

n
Tid (n tallerkener) = n (30 sek vask) + 2, (i*30)
i=1

Omskrevet: Tid (n) = 30n + 30n(n+1)/2
Tid(n) = 15n? + 45n sek

Altsa for 30 tallerkener:
 Med f@rste kjappe metode: tar 30 minutter
e Med sglete metode: tar 247,5 minutter

Flere tallerkener: enda mer tid

TOD-063: Datastrukturer og algoritmer, Kap.2
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Vekstfunks
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e For hver algoritme vi skal analysere:

— Ma definere stgrrelse for problemet

* For oppvaskerproblemet: antall tallerkener som skal vaskes + t@rkes
— Ma velge verdiensom representerer effektiv bruk av tid

e Oppvask: minimalisere antall ganger en tallerken vaskes & tgrkes

e Algoritmens effektivitet kan defineres ut fra problemets
storrelse og prosesseringssteg.

TOD-063: Datastrukturer og algoritmer, Kap.2
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e Ser pa oppvask:
— t(n) = 15n% + 45n
 Asymtopisk kompleksitet:
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— Av interesse: det dominante ledd

£
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Number of dishes (n) 15n2 45n 15n2 + 45n

1 15 45 60

2 60 90 150

5 375 225 600

10 1,500 450 1,950

100 150,000 4,500 154,500

1,000 15,000,000 45,000 15,045,000

10,000 1,500,000,000 450,000 1,500,450,000
100,000 150,000,000,000 4,500,000 150,004,500,000
1,000,000 15,000,000,000,000 45,000,000 15,000,045,000,000
10,000,000 1,500,000,000,000,000 450,000,000 1,500,000,450,000,000

TOD-063: Datastrukturer og algoritmer, Kap.2



=

HOGSKOLEN | BERGEN

/ekstfunksjoner

e |t's not usually necessary to know the exact
growth function

 The key issue is the asymptotic complexity of the
function — how it grows as n increases

 Determined by the dominant term in the growth
function
 This is referred to as the order of the algorithm

 We often use Big-Oh notation to specify the
order, such as O(n?)

TOD-063: Datastrukturer og algoritmer, Kap.2



Some growth functions and their asymptotic

complexity
Growth Function Order Label
t(n) =17 O(1) constant
t(n) = 3log n O(log n) logarithmic
t(n)=20n-4 Q(n) linear
t(n) = 12n log n + 100n O(nlog n) nlog n
t(n) = 3n®+ 5n -2 0O(n?) quadratic
t(n) = 8n° + 3n2 0(nd) cubic
t(n) = 2" + 18n? + 3n o(2m exponential

FIGURE 2.2 Some growth functions and their asymptotic complexity
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Increase in problem size
with a ten-fold increase in processor speed

Algorithm | Time Complexity | Max Problem Size | Max Problem Size
Before Speedup | After Speedup

A n Sq 108,

B n2 So 3.16s,
C n3 S5 2.15s,
D 20 Sy Sg + 3.3

FIGURE 2.3 Increase in problem size with a tenfold increase in processor speed
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Comparison of typical growth functions for small
values of N o
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FIGURE 2.4 Comparison of typical growth functions for small values of n
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Comparison of typical growth functions for large
values of N
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FIGURE 2.5 Comparison of typical growth functions for large values of n
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Analyzin tion

* Aloop executes a certain number of times
(say n)

 Thus the complexity of a loop is n times the
complexity of the body of the loop

 When loops are nested, the body of the outer
loop includes the complexity of the inner loop

TOD-063: Datastrukturer og algoritmer, Kap.2
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Ann!yzing Loop Executio

 The following loop is O(n) because the loop
executes n times and the body of the loop is
O(1):
for (int i=0; i<n; i++)
{

X=Xx+1;

TOD-063: Datastrukturer og algoritmer, Kap.2
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Analyzing Loop Execution

* The following loop is O(n?) because the loop
executes n times and the body of the loop,
including a nested loop, is O(n):

for (int i=0; i<n; i++)
{
X=X+1;
for (int j=0; j<n; j++)

TOD-063: Datastrukturer og algoritmer, Kap.2
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Analyzing Method Calls
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 To analyze method calls, we simply replace the

method call with the order of the body of the
method

* A call to the following method is O(1)

public void printsum(int count)

ciirm — ~ttntRl~ATint+L1Y/D.
sum = count™\countrui)/ <,
System.out.printIn(sum);

TOD-063: Datastrukturer og algoritmer, Kap.2



