Programovacie techniky

10. Hfadanie do hibky, hfadanie do Sirky,
najkratSia cesta v grafe, Dijkstrov algoritmus



Facebook ako graf

Jzol = pouzivatel
Hrana = priatelstvo medzi
pouzivatelmi

Hladanie do Sirky?
Priemerny stupen uzla?
NajkratSia cesta?
Priemer grafu?
— six degrees of
separation




Six degrees of separation

"We found that six degrees actually overstates
the number of links between typical pairs of
users: while 99.6 percent of all pairs of users are
connected by paths with 5 degrees, 92 percent
are connected by only four degrees."

Six degrees of separation is the idea that all

people on average are six, or fewer, social
connections away from each other.

Source: https://www.facebook.com/notes/facebook-data-team/anatomy-of-facebook/10150388519243859



W 230,000 volts
W 45,000 volts
M =00,000 volks
B 755,000 volts

High-wolbage direct current

AKy je priemerny stupen uzla?
V porovnani s Facebookom?
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Hradanie do hibky

put the root node on a STACK;

while (stack is not empty) {
remove a node from the stack;

If (hode Is a goal node) return success;

put all children of node onto the stack;

}

return failure;



Hladanie do Sirky

put the root node on a QUEUE;

while (queue is not empty) {
remove a node from the queue;

If (hode Is a goal node) return success;

put all children of node onto the queue;

}

return failure;



Poznamky

Pre velky strom, hladanie do sirky m6ze mat
velké naroky na pamat

Pre velky strom, hladanie do hibky mdzZe trvat
dlho pre cielovy uzol blizko korena

Zlozitost DFS, BFS: O(|E]|)

|E| je kardinalita (mohutnost) mnoziny E, t. j.
pocCet hran
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DES, BFS

BFS = breadth first search

DFS = depth first search
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Implementuj DFS, ktory hl'ada len do hibky
depth_limit
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Directed graph
Orientovany graf

Orientovany graf

(2)

Undirected graph
Neorientovany graf
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Orientovany hranovo-ohodnoteny graf

Aka je najkratsia cesta z vrcholu 10 do vrcholu
67
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G=(V, E,w) alebo G = (V, E)

w je funkcia E—>R, kde R je mnozina realnych

Cisel
V je mnozina vrcholov
E je mnozina hran: V xV
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G=(V, E,w) alebo G = (V, E)

V = vertices
E = edges

16



Whnh B~ W N ==

Reprezentacia grafu

1| 2| —5|/
2 2 = 1| — 5| —
3 2| 4|/
4| 2] Bs5]T B3]/
(4 51 (a4l 1] P 2]/
L 5 3 4 % Zo_znam susedov
TR Adjacency list
I @ 9 1 1
& L Ot ¢ Matica susedov
0 1 1 0 1" Adjacency matrix
1 1.0 1 0

17



AN DN B W N =

Orientovany graf
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BFS(G., s)

1

for each vertex u € G.V — {s}
u.color = WHITE «~——
U = 0O
u.m — NIL

s.color = GRAY

sd =0

5.7 = NIL

0 =1

ENQUEUE(Q., s)

while O #

u = DEQUEUE(Q)

for each v € G.Adj[u]

if v.color == WHITE

v.color = GRAY
v.d = u.d + 1
V.ITT = U
ENQUEUE(Q. v)

u.color = BLACK

BFS: pseudocode

Farba = {white, gray, black}

white nenajdeny

gray najdeny

black vSetci susedia
najdeni

u.d je vzdialenost z s do u

U.Tt Je predchodca u
(predecessor)

Q Je fronta (queue)
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NajkratSia cesta: relaxacia

RELAX(u, v, w)

1 ifv.d>u.d+ w(u,v)
2 el = Bed W0, 1)
3 V. ="
U . Vv 1 . v
O——©® (s) ~(6)
\E‘RELAX(M,V,W) E‘RELAX(M,V,W)
U B V 1
(5—*
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NajkratSia cesta: inicializacia

INITIALIZE-SINGLE-SOURCE(G, s)
1 forecach vertex v € G.V

2 V. = 86
3 g = NI
4 5.d=10
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Dijkstrov algoritmus

S Je mnozina

DUKSTRA(G, w, 5) vrcholov, ktorych
1 INITIALIZE-SINGLE-SOURCE(G, s) vzdialenost od s
2 §=10 je uz znama

3 0=G6YV L

4  while Q # 0 Q je min priority

5 u = EXTRACT-MIN(Q) queue podl_a

6 S =S U{u vzdialenosti uzla
7 for each vertex v € G.Adj[u] ods

8 RELAX (u, v, w)

W je nezaporne
ohodnotenie
hrany
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Zlozitost

DIIKSTRA (G, w, 5)

G je orientovany graf

1 INITIALIZE-SINGLE-SOURCE(G, s)

2 8 =0

3 0=G6GYV

4 while Q # 0 o(|v])

5 u = EXTRACT-MIN(Q) minimum: O(log ‘V‘)

6 S = § Ui}

7 for each vertex v € G.Adj[u] O( ‘ E ‘ ), celkovo

8 RELAX (1, v, w) decrease key: zmena
hodnoty vzdialenosti,
O(log | V)

Heap: O(( E‘+‘V ) log ‘V‘)

Fibonacci heap: O( E‘ + |V| log ‘V‘)
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NajkratSia cesta: 1959, Holandsko
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Dynamické programovanie

Dynamické programovanie:
* Dijkstrov algoritmus
* VVypocet Fibonacciho Cisla
e Zarovnanie retazcov
* A mnohé dalsSie

Nie je dynamické programovanie:
* Quicksort
* Merge sort
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Dynamické programovanie

Dynamické programovanie = riesenie

problému pomocou rekurzivne
na podproblemy, a zaroven za
uspesnosti rieSenia tychto pod

No delenia
namatanie

oroblémov.

Zapamatanie uspesnosti neviem v pripade

Quicksort a Merge sort vyuzit,

pretoze

rieSenia nemaju ziadny prekryv.
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Dynamické programovanie: 1949-55, USA.
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Ulohy

Priklad, ked' Dijkstra nenajde najkratsiu
cestu v grafe so zapornymi hodnotami
hran?

AKy je vystupny stupen kazdéeho vrcholu?
Vystupny stupen v orientovanom grafe je
pocet hran vychadzajucich z vrcholu.

Vypocita] priemer (diameter) grafu.
Priemer je najdlhSia najkratSia cesta v

grafe.
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Timeline

1730: Stirling (UK): aproximacia faktorialu

1945: von Neumann (USA): merge sort

1949-55: Belman (USA): dynamické programovanie
1955: ,umela inteligencia“ (John McCarthy, USA)
1957: Fortran (John Backus, USA)

1958: Lisp (John McCarthy, USA)

1959: Dijkstra (Holandsko): najkratSia cesta

1960: Hoare (UK): quick sort

1960: P.F. Windley, A.D. Booth, A.J.T. Colin, T.N.
Hibbard (UK): binary search tree

1964: J. W. J. Willlams (UK, Canada): heap sort
1972: Dennis Ritchie (USA): jazyk C

1983: Bjarne Stroustrup (Denmark, USA): jazyk C++
1995: James Gosling (USA): jazyk Java

1998: Larry Page, Sergey Brin (USA):. Google
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