R6oun og leit

Finnum lengsta endurtekna hlutstreng, p.e. kemur
fyrir a.m.k. tvisvar

a a c a a g t t t a c¢c a a g c

Einfold lausn, préfum alla moégulega stadi sem
strengirnir byrja, finnum lengsta sameiginlega
forskeyti, O(N?) keyrslutimi

a a c a a g t t t a c¢c a a g c

l J

Hagnytingar: gagnapjéppun, lifupplysingafraeoi



myndum vidskeyti

LRS

input string
012345678 91011121314
l' aacaagtttacaagc

RGdum vidskeytum, endurteknir strengir liggja saman

suffixes

0 aacaagtttacaagc ~sortedsu]ﬁxes

1 acaagtttacaagc 0 aacaagtttacaagc
2 caagtttacaagc 11 aagc

3 aagtttacaagc 3 aagtttacaagc

4 agtttacaagc 9 acaagc

5 gtttacaagc 1 acaagtttacaagc
6 tttacaagc 12 agc

7 ttacaagc 4 agtttacaagc

8 tacaagc 14 C

9 acaagc 10 caagc

10 caagc 2 caagtttacaagc
11 aagc 13 gcC

12 agc s gtttacaagc

13 gcC ‘[ 8§ tacaagc

14 C 7 ttacaagc

Finnum lengsta sameiginlega ¢ tttacaagc
forskeyti @ milli samliggjandi vidskeyta
longest repeated substring
1 9
aacaagtttacaagc



LRS

Einfold Utfeersla

int N = s.length() ;

String[] suffixes = new String[N];

for (int 1 = 0; i < N; i++)
suffixes[i] = s.substring(i, N);

Arrays.sort (suffixes) ;

Skrifum fall Icp(s,t) sem finnur lengsta forskeyti

 Icp(“agacctta”,”agatt”) = “aga”

Berum saman samliggjandi vioskeyii

String 1lrs ;
for (int 1 0; 1 < N-1; i++) {
String x = lcp(suffixes[i], suffixes[i+l]);
if (x.length() > 1lrs.length()) lrs = x;

}



Strengir i minni

String geymir tilvisun a fylki af st6fum og lengd
« String er Obreytanlegur, strengir geta deilt sama fylki
« substring() reiknar Ut nyja lengd, skodar ekki streng

w

00| 01102]03 |04 0506 | 07 ¢ | 09 DA| 0B |G 0D  OE
a a ¢ a a g t t t a c a a g c DO 15

P

address length

s = "aacaagtttacaagc";
t = s.substring(5, 15); m
t
Afleidingar —

 substring() tekur O(1) tima
« suffix[] fylkio tekur adeins O(N) minni
« ROOunin i LRS tekur lengstan timal!



LRS

LRS.java 2,162 0.6 sec 0.14 sec
Amendments 18,369 37 sec 0.25 sec 216
Aesop's Fables 191,945 3958 sec 1.0 sec 58
Moby Dick 1.2 million 43 hours T 7.6 sec 79
Bible 4.0 million 20 days t 34 sec 11
Chromosome 11 7.1 million 2 months T 61 sec 12 567
Pi 10 million 4 months T 84 sec 14

T deetladur timi



Staflar

API fyrir stafla

public class *StackOfStrings

*StackOfStrings()
boolean 1isEmpty()
void push(String item)
String pop(Q)

create an empty stack
is the stack empty?
push a string onto the stack

pop the stack




Staflar

public class Reverse {
public static void main(String[] args) ({

StackOfStrings stack = new StackOfStrings() ;
while (!'StdIn.isEmpty()) {
String s = StdIn.readString() ;
stack.push(s) ;
}
while (!'stack.isEmpty()) {
String s = stack.pop() ;
StdOut.println(s) ;

} % more tiny.txt

it was the best of times

times . .
% java Reverse < tiny.txt
of times of best the was it
best
the

was | «—— staflinn pegar ad Stdln var tomt

it




Staflar

public static void main (String[] args) {
StackOfStrings stack = new StackOfStrings() ;

while (!'StdIn.isEmpty()) {
String s = StdIn.readString() ;
if (s.equals("-"))
StdOut.println(stack.pop())
else
stack.push(s) ;

} 3

s more test.txt
to be or not to - be - - that - - - 1is

[o)

% Jjava StackOfStrings < test.txt
to be not that or be

to
not
or
be

«——— Staflinn eftir fyrstu pop() adgerd

to




Staflar - Utfeersla

Notum fylki til a0 geyma stdkin

 a[] er fylki af steer0 N
* push() setur stak i seeti a[N]
* pop() tekur stak ‘ur seeti a[N-1] Stafli og fylkid eftir aot
4St0k l or
a[] to be or not to
N

public class ArrayStackOfStrings ({
private String[] a;
private int N = 0; Ljot lausn: notum fylki sem staekkar

Y/

public ArrayStackOfStrings(int max) { a = new String[max]; }
public boolean isEmpty () { return (N == 0),; }
public void push(String item) { a[N++] = item; }
public String pop () { return a[--N]; }



Staflar - utfeersla

StdIn StdOut N all
0 1 2 3 4
0

push to 1 to

be 2 to be

or 3 to be or

not 4 to be or not

to 5 to be or not to
pop = = to 4 to be or not

be 5 to be or not be

- be 4 to be or not

- not 3 to be or

that 4 to be or that

- that 3 to be or

- or 2 to be

- be 1 to

is 2 to 1is



Tengdir listar

Tengdur listi er endurkveem gagnagrind

« Listi af hnatum
* Hver hnutur geymir eitt stak
« 0g tilvisun a naesta hnut i listanum

public class Node {
private String item;
private Node next;

}

first

\\\ Alice — Bob —— Carol — null

item next

tilvisunin null visar ekki
a neinn hlut, endar listann



Node third = new Node() ;
third.item = "Carol";
third.next = null;

Node second
second.item
second.next

new Node () ;
"Bob mw ;
third;

Node first new Node () ;

first.item = "Alice";
first.next = second;
first second

l l

Alice *—* BRob *—> Carol *—

Tengdir listar

third

l

item

first C4 —
second CA —

third CO

next

null

— CO0 "Carol"+«—
Cl null
C2 -
C3 -
—> C4 "Alice"
C5 CA

—— CA "Bob" +

Cé6 -
C7 =
C8 -
C9 -

CB CO -
CC -
CD -
CE =
CF -

main memory



Staflar utfeersla

Stafli meo tengdum lista, Utfeersla & push()

first

S

best—  "the — "was " it

first second

\/

best— "the — "was — " it Node second = first;
first second
v d
best— "the  "was " it first = new Node();
first second
y d

first.item
first.next

"of" ;

E— — —_
of = 'best the was it el



Staflar utfeersla

Stafli meo tengdum lista, Utfeersla & pop()

first

Y

of — "best™ "the  *"was " it

’’’’’
/
'4 \
|
\
\

i *best——"the —*was — it

e ———_——

ruslasafnad

first

T~

best— " the — "was — " it

/ "of"

String item = first.item;

first = first.next;

return item;



Staflar utfeersla




Staflar

StdIn StdOut

1o

null

10

null

be

1o

null

nll

be

—

—

not

to
sl

be
— >

push *

be

or

or
—

not

to

that

or

is




Tengdir listar

Hvaod gerir pessi k60i?

for (Node x = first; x '= null; x = x.next) {
StdOut.println(x.item) ;

}

first

\\\‘Alice — Bob *— Carol * — null

item next



Tengdir listar

Hvao gerist hérna?

Node last = new Node() ;
last.item = StdIn.readString() ;
last.next = null;
Node first = last;
while (!StdIn.isEmpty()) {
last.next = new Node() ;
last = last.next;
last.item = StdIn.readString() ;
last.next = null;

first

\\\‘Alice — Bob *— Carol *— null

item next



Stafli meo sniomati




Autoboxing

Sniomat leyfa bara klasa, ekki frumsteeo gagnatdg
« Hvert gagnatag hefur hlidsteedan klasa
« T.d. Integer fyrir int, Double fyrir double ...

Autoboxing: pegar hlutir eru bunir til sjalfvirkt ar gildum
Autounboxing: pegar hlutum er breytt i gildi

Stack<Integer> stack = new Stack<Integer>() ;
stack.push (17) ; // autobox (int -> Integer)
int a = stack.pop(); // auto-unbox (Integer -> int)



Meiri staflar

Staflar eru notaodir vio

« Pydingu forritstexta i pyoanda

« Java syndarvélinni

« “Undo” hegOun i ritvinnslu o.fl.

« PostScript forritunarmalinu [sic!] fyrir prentara
Fyrir fallakéll i pydanda



Fallakoll

Utfaersla & fallakéllum i pydanda

« Fallakall: framkveemum push a umhverfi
(viofangsbreytur) og skila-adressu

« Return: pop til ad skila gildinu

ocd (216, 192
it ocd (192, 24

p = 216, q = 192
els
static

}
————— it
1o, e 2 els ocd (24, 0
static int gecd(int p, int q) {
RS

p=24, g=0 else return gecd(gq, p % Q)

}

« Endurkveemt fall: fall sem kallar a sjalft sig
« Getum alltaf hermt eftir endurkveemni meo stafla



Reiknivél

Markmio: reikna segoir

(1+CC2+3)*(C4*5)))
\ \

bolandi virki

Tveir staflar: Gildi og Virkjar

Gildi: push a gildisstaflann
Virki: push a virkjastaflann
vinstri svigi: ekkert

haegri svigi: pop a virkja og

tvo pop og a qildi

framkvaemum reikning og

push nidurstéou a gildisstaflann

Gildisstafli

Virkjastafli |

20

[ 7 100

[ 101

(L+(CC2+3)*(4*%5)))

+((2+3)*(4*%5)))

(C2+3)*(4*5)))

+3)*(4%5)))

3)*(C4%5)))

)*(4%5)))

*(4%5)))

(4*5)))

*5)))

5)))

)))

))

)



Java utfeersla

public class Evaluate {
public static void main (String[] args) {
Stack<String> ops = new Stack<String>() ;
Stack<Double> vals = new Stack<Double>() ;
while (!'StdIn.isEmpty()) {
String s = StdIn.readString() ;

if (s.equals (" (")) ;
else if (s.equals("+")) ops.push(s) ;
else if (s.equals("*")) ops.push(s) ;

else if (s.equals(")")) {
String op = ops.pop() ;
if (op.equals("+")) wvals.push(vals.pop() + vals.pop()):
else if (op.equals("*")) vals.push(vals.pop() * vals.pop()):;
}

else vals.push (Double.parseDouble(s)) ;

}
StdOut.println(vals.pop()) ;

% java Evaluate
(1 +((2+3) * (4*5)))
101.0




Af hverju virkar petta? Pegar reikniritid sér virkja med tvo
gildi innan sviga pa skilur pao Gtkomuna eftir a staflanum

(1+((C2+3) * (4*35)))

Rétt eins og paod hefdi alltaf verid
(1 + (5 * (4*5)))

EndurtdOkum

(1 + (5 * 20) )
(1 + 100 )
101

Betri Utfeersla: fleiri adgeroir, forgangsréo virkja, tengireglur,
ekkert 6parfa bil

1+ (2 -3 -4) *5 * sqrt(6*6 + 7*7)



Stafla forritunarmal

Athugasemd 1: petta reiknirit skilar sdmu niourstéou ef
virkinn kemur a eftir 2 gildum

(1 ((23+) (45*) *) +)

Athugasemd 2: pa verda svigarnir 6parfir!

123+45* * +

Pessi framsetning er kollud Postfix eda “reverse Polish
notation”.

Notuo i PostScript, Forth, reiknivélum, JVM ...



Staflar og bidraoir

Tveer gagnagrindur sem geyma hluti i r60

« Staflar
« Baetum stokum “efst” i staflann
« Tokum stdk ofan af staflanum
e “Last in, first out” — LIFO

 Bioraoir
« Baetum stékum “aftast” i bidréo
« TOkum stok “fremst” Ur bidréoinni
e “First in, first out” — FIFO



