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— Dnes$ni témata

Priichod stromem do Sitky
Priichod grafem do hloubky a do Sirky

Treti domaci uloha
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Komentare ke 2. domaci
uloze

( Start presenting to display the poll results on this slide.



Rz mimulaT priichod stromem do hloubky

Ve ys void listInorder (Node node) :
Okamzik tisku O if (node == null) return;

listInorder (node.left) ;
Smer pohybu /_> print (node.key) ;
/ listInorder (node.right) ;
©
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" Prlichod stromem do Sifky
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Poradi uzl{

[20 21 71 12 52 82 03 13 63 73 93 54 64]

Struktura stromu ani rekurzivni pfistup tento prlichod nepodporuiji.

Algoritmizace



Celo / front

konec / tail |4 13

Fronta
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odebirame z Cela fronty

java.util.LinkedList

addLast (element)
removeFirst ()

getFirst ()
isEmpty ()
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vkladame na konec fronty

queue (C++ Standard Template Library)

queue:
queue:

queue:
queue:

:push (element)
:pop ()

:front ()
rempty ()



Prazdna fronta
v poli pevné délky

Vioz 24, 11, 90, 43, 70.

Odeber, odeber, odeber.

Vioz 10, 20. <

Odeber, odeber.
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Vloz 55, 22, 33. <
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Odeber, odeber.
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= Prtichod stromem do Siiky

Inicializace:

Vytvor prazdnou frontu

Hlavni cyklus

Dokud neni fronta prazdna, opakuj:
1. Odeber prvni uzel z fronty a zpracuj ho.
2. Do fronty vioz jeho potomky, pokud existuiji.
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—ﬂjchod stromem do Sifky

1. x =0Odeber(), tisk(x.key).

2. Vloz(x.left), vloz(x.right). *)

g@

1. x = Odeber(), tisk(x.key).

@

2. Vloz(x.left), vloz(x.right). *)

|

)

*) pokud existuje




'—Tuchod stromem do

1. x =0Odeber(), tisk(x.key).

v

Sirky

£ [
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2. Vloz(x.left), vloz(x.right). *)

®
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1. x = Odeber(), tisk(x.key).

S

2. Vloz(x.left), vloz(x.right). *)

&

&

*) pokud existuje



'—Tuchod stromem do Sifky

1. x =0deber(), tisk(x.key).
L 2

2. Vloz(x.left), vloz(x.right). *)

|

30 21 71 12 52 82 03 13 63 /3 93

Vystup
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1. x =0Odeber(), tisk(x.key).

2. Vloz(x.left), vloz(x.right). *)

64

*) pokud existuje



= Prtichod stromem do Siiky

1. x =0Odeber(), tisk(x.key).

2. Vloz(x.left), vloz(x.right). *)

*) pokud existuje

Vystup |30 21 71 12 52 82 03 13 63 73 93 54 64

Fronta je prazdna,
priichod stromem kong¢i.

V neprazdné fronté jsou vzdy pravé :::::%:A:K:kx::
-- nékteré (treba vSechny) uzly jednoho patra
-- a vSichni potomci téch uzll tohoto patra, které uz nejsou ve fronteé.

Nékdy jsou ve fronté presné vSechny uzly jednoho patra. Viz vySe. é
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= Prtichod stromem do Siiky

void listBreadth (Node node) {

if (node == null) return;
Queue q = new Queue() ; // create queue
q.push (node) ; // init queue
while (!qg.empty()) {
node = q.pop ()’
print (node.key) ; // process node
if (node.left !'= null) g.push(node.left);

if (node.right !'= null) g.push(node.right);

Jakou ma pruchod stromem do Sifky ¢asovou slozitost?
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.— Jakou ma pruchod do

.—  Sirky stromem s 'n' uzly
casovou slozitost?

( Start presenting to display the poll results on this slide.
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[— Audience Q&A Session

(D Start presenting to display the audience questions on this slide.



— Priichod grafem

Prlichody stromem zobecnime pro orientované
i neorientované grafy.

Gl — (V' El) GZ — (V, EZ)
V ={a,b,c,d e} V={ab,cdce}
{a b}, {b,c},{b, e} (a b), (b, c), (b, e)
E, = E; =

{e c}{d, e} {a, d} (C e),(e,d), (d, a)

EA

Pouziti: hledani komponent souvislosti, cykl{, hranové
nejkratsi cesty, ...
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" Reprezentace grafu v paméti

. . G, =((V,E
Matice sousednosti: Seznam sousedU: al ( 1)b
a b ¢ d e al @ t—| b - d 0O o
d 0 1 0 1 0 b i I’J a C e O d €
b|1(0|1 0] 1 G, = (V,E,)
cl@yt—1 b e O 2 » =2
clo|l1/0/|0]|1 a b
dl1lo|lolol1 d(eJi—{a }{e }-0
e | 0(1 (1|10 eE’# c kb d —O ¢
d e
Prostorova sloZitost \ Reprezentace grafu G
obsahuje pouze prvky
o(|V|?) o(V| + |E|) s pozadim
test existence hrany vyhodnéjsi pro ridké grafy

v konstantnim case
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"“=Prtichod grafem do hloubky (DFS)

Depth—first search

akUvnl
uzel

zasobnik
rekurze

Cas otevreni / uzavreni uzlu

abe
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" “"PYtchod grafem do hloubky (DFS)

Depth-first search

stavy uzlu:

O

FRESH

abe ab
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"“=Prtichod grafem do hloubky (DFS)

Depth—first search

a stavy uzlu:
‘/8 ‘ /8 FRES”

OPEN

CLOSED

DFS-strom:
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P —— DFS rekurzivné

DFS (Node node): // priichod jednou komponentou
node.visited = true;
foreach n in node.neighbors do
if 'n.visited then
DFS (n) ;
end;
end;

DFS (Node[] nodes): // priichod celym grafem
foreach node in nodes do
if 'node.visited then
DF'S (node) ;
end;
end;
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" IEEEEEDFS se zasobnikem

DFS iterative (Node node) :
S = new Stack();
S .push (node) ;
while !S.isEmpty () do
node = S.pop (),
if 'node.visited then
node.visited = true;

foreach n in node.neighbors do simuluje rekurzi
S.push(n) ;
DFS_iterative2 (Node node) :
S = new Stack()
S.push (new Iterator (node.neighbors)) ;
while !S.isEmpty () do
if S.peek () .hasNext() then
n = S.peek () .next() ;
if 'n.visited then
n.visited = true;

S.push (new Iterator (node.n));

« jiné poradi uzll nez
pri rekurzi

« uzel mlze byt na
zasobnik vlozen
opakované

else
node = S.pop()
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S Casova slozitost DFS

Ktera z nasledujicich moznosti nejlépe popisuje casovou
slozitost DFS pro graf ¢ = (V,E) ?

O(|E])
o(lV] + |E])
o(|V]?)
o(v]-IE)
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Jakou ma DFS casovou
slozitost pro graf G=(V,E)?

( Start presenting to display the poll results on this slide.



S Casova slozitost DFS

DFS (Node node) : DFS (Node[] nodes):
node.visited = true; foreach node in nodes do
foreach n in node.neighbors do if 'node.visited then

if 'n.visited then DFS (node) ;
DFS (n) ; end;
end; end;
end;

G = (V,E) reprezentovany jako seznam sousedd

TAVLIED = 0 VI+ ) d, | = 0(VI +2IED = 0(V] + |ED
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[— Audience Q&A Session

(D Start presenting to display the audience questions on this slide.



" Prtchod grafem do Siiky (BFS)

Breadth-first search

X N©O!
i & >\

fronta b OPEN

vzdalenost od vychoziho uzlu
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" SSPYlichod grafem do Siiky (BFS)

Breadth-first search




" SSPYlichod grafem do Siiky (BFS)

Breadth-first search

stavy uzlu:

O

FRESH

O

OPEN

BFS-strom:
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A— BFS s frontou

BFS (Node node) : // prichod jednou komponentou

Q = new Queue() ;
node.discovered = true;
Q.push (node) ;
while 'Q.isEmpty() do

node = Q.pop() ;

foreach n in node.neighbors do

if 'n.discovered then
n.discovered = true;

Q.push(n) ;
end;
end;
end;
BFS (Node[] nodes): // prichod celym grafem
foreach node in nodes do
casova slozitost je if 'node.discovered then
o(|V| + |E]) BF'S (node) ;

end;
end;
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== Rplikace prichodu grafem

Detekce komponent souvislosti

Detekce cyklu (jen DFS)
(pokud pfi DFS objevime uzel
ve stavu OPEN => cyklus)
Nalezeni kostry éA

Hranoveé nejkratsi cesta (jen BFS) % zs

Topologické usporadani (jen DFS)

(uzly uspofadame sestupné
podle 8asd jejich uzavreni) m—m
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ST opologické usporadani




https://youtu.be/NUgMa5coCoE
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https://youtu.be/NUgMa5coCoE

" E"Porovnani DFS a BFS

MFfizka N x N, usporadani sousedl: § — 4 <«

DFS (rekurzivne) BFES
P—o—0—p—0—Cp—— ﬂmo%o%o’lo/'lo/'lg
O—P—P—0O—0O—P— %0%7//"/4%%

7 97 y—)

>—Pp—0—p—3D—0—P ,ﬁ,/lr@a%//r%o

%)

O—i?—(?—f?—ff—?_() / ,/,/ O/
Z 104

U YUY

Potfebna velikost zasobniku / fronty:
O(N?) O(N)



" DFS vs. BFS

vyvazeny strom

uplny graf

BFS: ©(n) DFS: 0(logn) BFS: ©(n) DFS: 0(n)

meésta a silnice Flood fill algoritmus
7 n;/ \\ ’/,// } \.
g/ L o BFS DFS

) v 'I‘ Buffalo—, _~/Syracuse ] ]
\ ] Detroit> 256 { 107
I ) 283
Chicago, 2 - .t 169 189 Boston
Cleveland j= 4 /. )
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[— Audience Q&A Session

(D Start presenting to display the audience questions on this slide.



" T r 1o
Treti domaci uloha

Vstup:
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[— Audience Q&A Session

(D Start presenting to display the audience questions on this slide.



