Vektorar

Vector API:

public class Vector:

Vector () // byr til téman vektor
void add (Object o) // setur o aftast
int size () // skilar sterd

Object get(int i) // stak 1 seeti i



Vektorar

Einfold notkun:

Vector v = new Vector () ;

while (!'StdIn.isEmpty()) {
v.add (new Integer (StdIn.readInt()));

int max = Integer.MIN VALUE;

for (int i = 0; i < v.size(); i++) {
Integer x = (Integer) v.get(i);
max = Math.max(max, x.intValue()) ;



Vektor utfeersla

public class Vector ({
private Object[] a;
private int size;

// a[0],..,a[size-1] eru gildin i vektornum
// size >= 0, a.length >= size

public Vector () ({
this.size = 0;
this.a = new Object[10];

public int size() {

return this.size;



Vektor utfeersla

public class Vector ({ Fastayrding gagna, gridarlega mikilvaeg!
private Object[] a;
private int size;

// a[0],..,a[size-1] eru gildin i vektornum
// size >= 0, a.length >= size

public Vector () ({
this.size = 0;
this.a = new Object[10];

public int size() {
return this.size;



Vektor utfeersla

public class Vector ({
private Object[] a;
private int size;
// a[0],..,a[size-1] eru gildin i vektornum
// size >= 0, a.length >= size
// framhald
public void add (Object o) {
if (size >= a.length) {
Object[] tmp = new Object[2*a.length];
.. // afrita fra a yfir i tmp
a = tmp;
}
a[size] = o;
size++;



Vektor utfeersla

public class Vector ({
private Object|[] a;
private int size;

// a[0],..,a[size-1] eru gildin i vektornum
// size >= 0, a.length >= size

// framhald
public Object get(int i) ({
if (1 < 0 || 1 >= size) {
throw new ArrayIndexOutOfBoundsException (i) ;

}

return af[i];



Vektor utfeersla

public class Vector ({
private Object|[] a;
private int size;
// a[0],..,a[size-1] eru gildin i vektornum
// size >= 0, a.length >= size
// framhald
public Object get(int i) ({
if (1 < 0 || i >= size) {

throw new ArrayIndexOutOfBoundsException (i) ;

} /
return a[i];

} Krassar forritinu med
} “hjalplegum” villuskilabodum



Vektorar

public class Vector:

Vector () // byr til téman vektor
void add (Object o) // setur o aftast
int size () // skilar sterd

Object get(int i) // stak 1 seti i

Gamla Java (1.1-1.4) purfum alltaf ad kasta Object yfir i eitthvao
annad. | 99% tilvika eru allir hlutirnir i vektornum af sama tagi
(eda yfirklasa).

Viljum geta buid til Vector af Integer, Vector af String, Vector af
hverju sem er



Sniomat

Snidmat (generics) leysa pennan vanda. Skilgreining a klasa getur
tekio inn aora klasa sem “vioféng” meo

public class A<E> {..}

Pa er A klasi sem a0 veit ekki fyrirfram hvao E er en ma skilgreina
tilvisanir a hluti af taginu E. Til a0 bua til tilvik af klasanum A
parf ad taka fram hvao E er, t.d.

A<String> a = new A<String>();

A<String> er patagio a nyja hlutnum og kédinn virkar rétt eins
og vio hefoum skipt E Gt fyrir String



Sniomat

public class Vector<kE>:

Vector () // byr til téman vektor
void add(E e) // setur e aftast
int size () // skilar sterd
E get (int i) // stak 1 s&ti i

Klasinn E kemur fyrir i add() par sem vio getum bara baett

vio E hlutum og i get() par sem vektorinn skilar bara E
hiutum.



Vektorar

Java 1.7+ fattar

Sama daemi og 40an a etta er

Vector<integer>

Vector<Integer> v = new &ector<>();

while (!StdIn.isEmpty()) {
v.add (new Integer (StdIn.readInt()));

int max = Integer.MIN VALUE;
for (int i = 0; i < v.size(); i++) {
max = Math.max (max, v.get(i) .intValue())



Vektorar

Sama daemi og adan

Vector<Integer> v = new Vector<>();

while (!StdIn.isEmpty()) {
v.add (new Integer (StdIn.readInt()));

v.get(i) skilar
Integer, ekkert

int max = Integer.MIN VALUE; éparfa kast
for (int i = 0; 1 < v.size () ;1++) {
max = Math.max (max, |v.get (i) | intValue())




Greining forrita

Go0 forrit eiga a0 keyra rétt, hratt og med sem
minnstum “audlindum”.

« Er heegt a0 leysa verkefnio a hradvirkari hatt?

« Hversu hratt er forritid mitt?

« Hversu mikil ahrif hefur pessi breyting a forritio?
« Hve mikid minni/disk/net notar forritid mitt?

Greining a forritun leyfir okkur ad svara pessum
spurningum an pess ao forrita/préfa/meela



Greining forrita

RAOun

 Endurrada N stokum i vaxandi r60

« Notkun: Gagnagrunnar, t6lfreedi, lifupplysingafraedi,
bioradastjornun

« Einféld lausn: N2 skref (insertion sort, bubble sort)
« Betra reiknirit: N log(N) skref (merge sort, quick sort)

time

| quadratic
64T —

amazoncom
Google
linearithmic d

linear

32T

16T

8T

size — 1K 2K 4K 8K



Greining forrita

Strjal Fourier ummyndun
« Brytur bylgju nidur i reglulega paetti
« Hagnyting: DVD, JPEG, MP3, margfoldun
« Einfdld lausn: N2 skref

« Betri lausn: N log(N) skref, FFT (Fast Fourier
Transform)




Prju atridi sem eru oroin mikilveeg i dag hja
hugbuUnaodarfyrirteekjum

1. Reiknirit (Algorithms)
2. Reiknigreind (Machine learning)
3. Dreifd kerfi (Distributed Systems)

Google, Amazon, eBay, Netflix, Facebook og
fleiri byggja kjarnann sinn & pessum
bremur svioum



Greining forrita

Hvernig greinum vio forrit? T.d. hrada
« Meaelum timann sem pao tekur?
* Nokkrum sinnum?
« Hao inntakinu

 Oftast hao steerdinni a inntakinu
* Maelum timann fyrir mism. stor inntok

512 0.03
1,024 0.26
2,048 2.16
4,096 17.18

8,192 136.76



Greining forrita

Plottum gognin

time
}
512T

256T —

128T —
64T -

size — 1K 2K 4K 8K

Hversu hratt eykst keyrslutiminn sem fall af
steerd inntaks N?



Greining forrita

Giskum a keyrslu timann ime
T(N) — aNb 1024T -
512T hallatala =

: N
Greinum gogning: plottum tima -
vs. inntakssteerd N & log-log skala '

Marglioa leidir til beinnar linu, med -
hallatolun b 4T

2T

T_

| | | |
size — 1K 2K 4K 8K



Log-log plot
Giskum a keyrslu timann

T(N) = aNb . :
oy (7)) = oG
e - K
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Finnum b sem hallatolu grafsins.



Greining forrita

Pessi leid er frekar takmorkuo til ad spa fyrir um
hrada

Viljum lika geta talad um hrada forrits 6hao télvunni
sem keyrir pad

Teljum fj6lda frum-adgeroa
 skilgreining breyta
 gildisveiting
« samanburdur
 adgerdir & frumsteedum tégum
 visanir i fylki



Greining forrita

Leggjum saman fjélda adgeroa

L ek sy e
mesta lagi 2N, a.m.k N

Samtals i mesta lagi 5N+5 adgeroir.




Greining forrita

_(N—1)+...+ 2+ 1+ 0 =1/2 N(N-1)

=/ mjog seinlegt ad telja

|
nakvemlega
J




“Tilde” notation

Slump
« Metum keyrslutima sem fall af staero inntaks N

* sleppum minni lidum
« pegar N er stort skipta litlu lidirnir engu mali
« pegar N er litid skiptir heildin engu mali

Daemil. 6 N3 + 17TN2 + 56 ~ 6N3

Daemi2. 6 N3 + 100 N3 + 56 ~ 6N3

Demi3. 6 N3 + 17 NZ2log N ~ 6N3
N N J

hendum minni lidum
(t.d., N=1000: 6 miljardar vs. 169 miljonir)

Skilgreining fIN) ~ g(N) pydir  im L) _ 4

N=® ¢(N)



O - notation

~ er agaett ef vid viljum nakvaem svor

« Vio getum ekki buist vid nakveemum svérum
Teljum fjdlda adgerda, adgeroir eru misdyrar
Mismunandi eftir 6rgjorvum
Hao pvi hvad pydandinn gerir
Hvaod er ad gerast & télvunni

« Segir ekki nakveemlega til um keyrslutima

O( ) — notation, sleppir studlinum vio heesta lio
«  BN23 verour O(NS3)
« N2+ N log(N) verour O(N?)
« 14 verour O(1) — fasti 6hadur N



Daemi
public static int count(int[] a)

{
-~ 1
«— N
il’:)’;;’ +— ~N%/2
I TF (i1 + al3] + alkl = 0) [+11— ~N”¢
! \ depends on input data

Teljum fiolda adgeroa
Fyrsta for lykkja keyrd O(N) sinnum
« Neesta for lykkja keyrd O(N*N) sinnum
« Pridja for lykkjan keyrd O(N*N*N) sinnum
* Innraif O(1) i hvert skipti, samtals O(N*N*N)
« Samtals O(N3)



Foll og adferoir

Teljum 1 (eda O(1)) aogero fyrir frumsteedar
aogeroir.

Pegar vio kollum a foll, adferoir eda smio teljum vio
fiolda adgeroa i pvi falli

Deemi:

int[] a = new int[N]; // kostar O(N) adgeroir
int max = find max(a); // skooOar allt fylkid O(N)
Arrays.sort(a); // O(N log(N)) skv. lysingu



Afingar
svar: O(log,(N))

while (N > 1) {
N=N/ 2;

}

svar: O(N)

for (int i = 0; 1 < N; i++)

for (int i = 0; 1 < N; i++) Svar: O(NZ)

for (int j = 0; j < N; J++)



Afingar

public static void g(int N) ({
if (N == 0) return;
g(N/2) ;
g(N/2);
for (int i = 0; 1 < N; i++)

public static void f(int N) {
if (N == 0) return;
f(N-1);
f(N-1);

svar: O(Nlog(N))

svar: O(2N)



Talkun & Of...

time

1024T

512T

exponential

64T -

8T

2T . .
logarithmic

constant

| | | | ! ! ! | | | |

size —~ 1K 2K 4K 8K 1024K
Orders of growth (log-log plot)

order of growth factor for

description function h‘i/(l))%%lgs%s
constant 1 1
logarithmic log N 1
linear N 2
linearithmic ~ Nlog N 2
quadratic N2 4
cubic N3 8

exponential 2N 2N

Commonly encountered growth functions

Grof réoun: O(1) << O(log(N)) << O(N?) << O(aN)



Talkun & O(...)

predicted factor
of problem size

_ L order of growth  increase if computer
predicted running time if speed is increased by
order of growth  problem size is increased by a factor of 10
a factor of 100
linear a few minutes linear 10
linearithmic a few minutes linearithmic 10
quadratic several hours quadratic 3-4
cubic a few weeks cubic 2-3
exponential forever exponential 1

Effect of increasing problem size
for a program that runs for a few seconds

Effect of increasing computer speed
on problem size that can be solved in
a fixed amount of time



