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Graph Theory: Key to Understanding
Big Data
e to Google”

— PageRank algoritmus (graf-megkozelités)
* 1998: Larry Page, Sergey Brin
* az a fontos oldal, amire fontos oldalak mutatnak
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(a) Airline routes

{c) Flowchart of college courses

(b) Subway map




Néhany alapfogalom
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Néhany alapfogalom
osszefliggdség (komponensek)
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Orids 6sszefliggd komponens

* Barati kapcsolatok vilaghaldja

— A németorszagi baratom szuleinek baratai...

e Két orias komponens

— Eurazsia vs. Amerika
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Néhany alapfogalom
tavolsag (legrovidebb utak, BFS)
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Kisvilag-tulajdonsag (1)

hzm\ Stanley Milgram et al., 1960s
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NUMBER OF INTERMEDIARIES

| read soewhere that everybody on this planet is separated by only six
other people. Six degrees of separation. Between us and everybody else on
this planet. The president of the United States. A gondolier in Venice.




o Kisvilag-tulajdonsag (2} ;s

4 o
* SN, y

b f"'-“.

o 4 7' Iz Kl T \

102 A I ) ot

Erddés Pal, ~1500 dolgoza
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Einstein: 2

Kasa Zoltan: 3 __
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Microsoft Instant Messenger (1 honap)
1.000 / 240.000.000 aktiv felhaszndld

Bacon number (Kevin Bacon, 1994)
. Internet Movie Database (atlag: 2.9)
~ Plenniki Morya (7, 1928 szovjet kal6z-film)




Halozati adatbazisok

Collaboration Graphs

— tarsszerz@ / tarsszinész

— World-of-Warcraft collaboration graph
Who-talks-to-Whom Graphs

— Sapis MIT projekt (Katai-Janosi-Bogosi)
Information Linkage Graphs

— Wikipedia / facebook

— idézések elemzése
Technological Networks

Networks in the Natural World
— mi-fogyaszt-mit kapcsolatok (veszélyeztetett fajok)
— Neuron-halék (C. elegans: 302 pont, 7000 él)




Grafok abrazolasa a memoriaban

o El-lista

e Szomszédsagi-matrix
* Szomszédsagi-lista
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http://www.webgraphviz.com/
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Mini-projekt (3 hét)

A MIT tagok publikacios listai alapjan épitsd fel
az alabbi egyuttmdkodeési grafot:
— Ha két tagnak van ko6zds cikke, akkor van koztiik él
— Az élek sulya legyen a koz6s cikkek szama

e Szomszédsagi listabdl hatarozd meg a graf
dsszefuggd komponenseit

* Generald a , graphviz koédot”
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Tovabbiakban...

Fokuszban az élek (hidak)
Fokuszban a pontok

Artikulaciés pontok
Klikkek (teljes graf)



NETWORKISM

Cultural Meme



DFS-BFS
ismetles



Grafok
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Undirected Graph Directed Graph Weighted Graph
Tree



Szomszédsagi MATRIX (A)

be.txt

i/g ¢+ 1 2 3 4
1 : 0101
2 :1010
3 0101
4 1 010

be.txt

for( i =0 ; i < edges ; ++i ) {
nodes 4 edges

cin >> x >> y;
Alx] [yl = 1;



Szomszédsagi LISTA (adjList)

be.txt

nodes 4

edges
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vector <int> adjList[10];

for( i =0 ; i < edges ; ++i ){
cin >> x >> y;
adjList[x] .push back(y) ;



Szélességi/Mélységi bejaras (BFS/DFS)
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vector <int> adjlList[10]; //Vector for maintaining adjacency list
bool visited[10]; //Mark the node if visited

vold bfs(int s) {
queue <1int> g;
g.push(s); visited[s] = true;

while( !g.empty () ) {
int u = g.front(); g.pop();
for( int 1 = 0 ; 1 < adjList[u].size()
int v = adjList[u] [1];
1f( visited[v] == false ) {
g.push (v); visited[v] = true;

}
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vector <int> adjList[10]; //Vector for maintaining adjacency list
int dist[10]; //To determine the level of each node
bool visited[10]; //Mark the node if visited

vold bfs(int s) {

queue <1int> qg;
g.push(s); dist[s] = 0; visited[s] = true;

while( !g.empty () ) {
int u = g.front(); g.pop();
for( int 1 = 0 ; 1 < adjlList[u].size() ; 1++ ) {
int v = adjList[u] [1];

if( visited[v] == false ) {
dist[v] = dist[u]+1;
g.push (v); visited[v] = true;
}
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vector <int> adjList[10];
bool visited[10];

//Vector for maintaining adjacency list
//Mark the node if visited

volid dfs (int u) {

visited[u] = true; // cout << u;
for( int 1 = 0 ; 1 < adjlList[u].size()
int v = adjList[u] [1];
if( visited[v] == false ) {
dfs (v) ;
}

for( int 1

1f( visited]

dfs (i) ;
}

nodes ;

1 ; 1 <=
i false ) {

] ==

++1

)

; +H+1 ) {




vector <int> adjList([10]; //Vector for maintaining adjacency list

++1 ) {

bool visited[10]; //Mark the node if visited
connectedComponents = 0;
volid dfs (int u) {
visited[u] = true; // cout << u;
for( int 1 = 0 ; 1 < adjlList[u].size() ;
int v = adjList[u] [1];
if( visited[v] == false ) {
dfs (v) ;
}
}
}
for( int 1 =1 ; i <= nodes ; ++1i ){
1if( visited[i] == false ) {
dfs (1)

++connectedComponents;

} ‘\\\\\\\\\\\\\\\\‘~\\5




vector <int> adjlList[10]; //Vector for maintaining adjacency list

bool visited[1l0]; //Mark the node if wvisited
k = n;
volid dfs (int u) {
visited[u] = true; // cout << u;

for( int 1 = 0 ; 1 < adjlList[u].size() ; ++1 ) {
int v = adjlist(u] [i];

if( visited[v] == false ) {
dfs (v) ;
}
}
topo order[k--] = u;

}

Eor( int 1 =1 ; 1 <= nodes ; ++1 ) {
1f( visited[1] == false ) {

dfs (1) ;

) } 03 R T sEy Lo )W)

Topological Order




