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Abstract
In this paper, we present Google, a prototype of a large-scale search engine which makes heavy
use of the structure present in hypertext. Google is designed to crawl and index the Web efficiently
and produce much more satisfying search results than existing systems. The prototype with a full
text and hyperlink database of at least 24 million pages is available at http://google.stanford.edu/
To engineer a search engine is a challenging task. Search engines index tens to hundreds of
millions of web pages involving a comparable number of distinct terms. They answer tens of
millions of queries every day. Despite the importance of large-scale search engines on the web,
very little academic research has been done on them. Furthermore, due to rapid advance in
technology and web proliferation, creating a web search engine today is very different from three
years ago. This paper provides an in-depth description of our large-scale web search engine -- the
first such detailed public description we know of to date. Apart from the problems of scaling
traditional search techniques to data of this magnitude, there are new technical challenges involved
with using the additional information present in hypertext to produce better search results. This
paper addresses this question of how to build a practical large-scale system which can exploit the
additional information present in hypertext. Also we look at the problem of how to effectively deal
with uncontrolled hypertext collections where anyone can publish anything they want.
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1. Introduction

(Note: There are two versions of this paper -- a longer full version and a shorter printed version. The
full version is available on the web and the conference CD-ROM.)
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Inverzny zoznam

Zoznam slov

Na, PT, je, nuda

Kedy, zacheme, s, C++
Este, 2, hod, do, konca
Na, PT, nie, je, nuda

Inverzny zoznam (index ako na konci knihy):
Slovo Doc id

Na 1,4
PT 1,4
nie 4

je 1,4
nhuda 1,4



STL kontajnery

Sekvencne kontajnery: vector, array, list, forward_list,
deque

Sekvencne adaptery: stack, queue, priority _gueue
(heap)

* Vyuzivaju napr. deque ako kontajner

* Bez moznosti iteracie

Asoclativne kontajnery: map, multimap, set, multiset
* VVyuzivaju vyvazene binarne stromy
* Vhodné ako datové Strukrury pre indexovanie
(map, multimap)

Neusporiadané asociativnhe kontajnery:
unordered_set, unordered _multiset, unorderer_map,
unordered_multimap




Abstract data type

ADT je model pre datovy typ so sémantikou operacii

Datova Struktura, na rozdiel od ADT, upresnuje
spOsob implementacie

Priklady:
*int je ADT s prvkami ..., -2,-1,0,1, 2, ... a
definovanymi operaciami +, -, *, /.

* stack je ADT s definovanymi operaciami top, push,
pop a LIFO (last in, first out) Struktdrou



array

#include <array>
#include <iostream> Fixna dizka

Int main() {
std::array<int, 3> pole = {1, 2, 3};

std::cout << pole.front(); //1
std::cout << pole.back(); //3

return O;

}

Podobné ako std::vector, ale s fixnou diZkou.
_epsSie ako C pole, podporuje vynimky, typova
pezpecnost.




deque

data[0] begin()

data[1]

data[2] deque = double ended queue
data[3]

* Pridavanie a mazanie prvkov

data[4] spredu aj zozadu, O(1)
data[5] * Indexovy pristup
; * Nevyzaduje spojitu pamatovu
ale oblast
data[7]
data[8]
data[9]
-« end()




deque

#include <deque>
#include <iostream>

Int main() {

}

std::deque<int> dq;
dg.push_back(1);
dg.push_front(0);

std::cout << dg.front(); //0
std::cout << dg.back(); //1

std:.cout << dg.at(1); //1

return O;
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#include <iostream>
#include <stack> V kontajneri sG int objekty

Int main () {
std::stack<int> mystack;

for (int1=0;1<5; ++){

mystack.push(i);
}

std::cout << mystack.size(); //5

return O;
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#include <iostream>
#include <stack>

Int main () {
std::stack<int> mystack;

for (int1=0;1<5; ++1) {
mystack.push(i);
]

while (Imystack.empty()) { //empty() = je prazdny?
mystack.pop();

}

std::cout << mystack.size(); //0
return O; }
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#include <iostream>
#include <stack>
#include <utility>

iInt main() {
std::stack<int> s0, s1;
s0.push(0);
sl.push(1);
std::swap(s0, s1); //lvymena
std:.cout << sO.top(); //1,vsOje 1

return O;
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queue

#include <iostream>
#include <queue>

int main () {
std::queue<int> myq;

for (inti=0;1<5; ++i) {

myq.push(i);
}

std::cout << myaq.front(); //0, front(), nie top()

return O;
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priority _queue (heap)

#include <queue>
#include <iostream>

iInt main() {
std::priority _gqueue<int> q;

for(int n : {1,8,5,6,3,4,0,9,7,2}) {
g.push(n);
}

while(!g.empty()) {
std:.cout << g.top() <<""; /9876543210

g-pop();
}

return O; }
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map

#include <map>
#include <iostream>
using namespace std,;

iInt main () {
std::map<string, int> mMap;

mMap["Martin"] = 1;
mMap["Imro"] = 4;
mMap['Walter"] = 5;

cout << mMap["Imro"| << endl;
return O;

/14
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Vynimka

#include <map>
#include <iostream>
using namespace std,

iInt main () {
std::map<string, int> mMap;

mMap['Martin"] = 1; mMap["Imro"] = 4;
mMap["Walter"] = 5;

try {
cout << mMap.at("Anna"); //neobsahuje "Anna"“

} catch(...) { [/zachyti vSetky vynimky
cout << "Exception!";

}

return O; }
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map

mMap['Martin"] = 1
* retazec (string )"Martin" je klGcC (key)
* 1 je asociovana hodnota (value)
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map

#include <map>
#include <iostream>
using namespace std,

iInt main () {
std::multimap<string, int> mMap;

mMap.insert({"Martin", 1}); mMap.insert({"Martin", 1});
mMap.insert({"Imro", 4}); mMap.insert({"Walter", 5});

for(auto& 1 : mMap) { Imro 4
cout << i.first << " " << i.second << endl; Martin 1
1 Martin 1
Walter 5
return O;
) key value
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#include <set>
#include <iostream>
using namespace std,;

Int main () {
std::set<int> s;

s.insert(20); s.insert(10);
s.insert(10); s.insert(20);

for(auto& 1 : s) {
cout<<i<<""://10 20

}

return O;

}

Zoradené a bez
duplikatov
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multiset

#include <set>
#include <iostream>
using namespace std,;

Int main () {
std::multiset<int> s;

s.insert(20); s.insert(10);
s.insert(10); s.insert(20);

for(auto& 1 : s) {
cout <<i<<""; //10 10 20 20

}

return O;

}

Zoradené a s
duplikatmi
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Find, insert, erase O(log n), pomocou binarneho
vyhladavacieho stroma:

map

multimap

set

multiset

Find, insert, erase O(1), ale je potrebné hasovanie

(neskor):

unora
unora
unora

unorce

erec
erec
erec

erec

ordered, unordered

_map
__multimap
_set
__multiset
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HiiEY Binarny vyhladavaci strom

Datova struktura na rychle vyhladavanie: O(log n)
Binarny vyhladavaci strom: prvky v lavom/pravom
podstrome [ubovolného uzla st mensie/vacsie




@80 Binarny vyhladavaci strom

Obsahuje strom Cislo 27?

2
\




HiiEY Binarny vyhladavaci strom

Obsahuje strom Cislo 27?
2<5: pokracuj v lavom podstrome




HiiEY Binarny vyhladavaci strom

Obsahuje strom Cislo 27?
2<3: pokracuj v lavom podstrome




HiiEY Binarny vyhladavaci strom

Obsahuje strom Cislo 27?
Uzol 1 neméa potomkov

1£2, 2 sa henachadza v strome

Pocet porovnani: O(log n), teda hibka stromu



S map

Co spravime s Imrom?

hodnotenie[,,Imro“]=4

\

Jano, 1

Cyril, 65 Mato, 3

Andy, 60
Ingrid, 99 Katka, 7 Robo, 40

LAndy® < Cyril® < Imro* < Ingrid® < ,,Jano”



SRS map
Co spravime s Imrom?

hodnotenie[,,Imro“]=4

\

Cyril, 65 Mato, 3

id, 99 Katka, 7 Robo, 40

Imro, 4



4y Insert

Balancing??

Cyril, 65

Imro, 4

Mato, 3

id, 99 Katka, 7 Robo, 40



Hladanie v usporiadanom pol

Je 2 v poli? Stred

-60, -12, 0, 4, 8, 9, 56, 98, 100, 267, 667
2<9

-60, -12, 0, 4, 8
2>0

4, 8
2<4, koniec, 2 nie je v pol
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2 delete

delete leaf: jednoduché



Y delete

delete node s jednym potomkom



Y delete

delete node s jednym potomkom

delete —— %



Y delete

delete node s dvoma potomkami

delete



Y delete

delete node s dvoma potomkami
nahrad jednym potomkom (mozna volba)



HiiEY Binarny vyhladavaci strom

Nevyvazeny binarny vyhladavaci strom

Potrebujeme

vyvazovanie, inac
nevieme dosiahnut

/@ O(log n)



Zlozitost bez vyvazovania

Search O(log n) O(n)
Insert O(log n) O(n)
Delete O(log n) O(n)

Vyvazeny binarny vyhladavaci strom: red-black tree
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Binarny vyhladavaci strom
Binary search tree (BST)

1960: P.F. Windley, A.D. Booth, A.J.T.
Colin, T.N. Hibbard

A.D. Booth R =
A.J.T. Colin
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Binarne hladanie

BINARY-SEARCH(x, T, p,r)

1 low = p

2 high = max(p,r )

3 while low < high

4 mid = |(low + high)/2] ="
- if x < T'[mid| _

6 high = mid

7 else low = mid + |

8 return high

X: prvok, ktory treba najst

T:
p:
I

nole prvkov
nozicia prveho prvku

pozicia posledného prvku

Zaokruhlovanie
nadol

41



Overflow pri sCitani

MGze nastat overflow, ak low a high su velke
Cisla:

mid = (low + high) / 2;
Lepsie:

mid = low + (high - low) / 2;
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1730:
1945:
1955:
1957:
1958:
1960:
1960:

Timeline

Stirling (UK): aproximacia faktorialu

von Neumann (USA): merge sort

,2umela inteligencia“ (John McCarthy, USA)
~ortran (John Backus, USA)

_Isp (John McCarthy, USA)

Hoare (UK): quick sort

P F. Windley, A.D. Booth, A.J.T. Colin, T.N.

Hibbard (UK): binary search tree

1964:

1972:
1983:
1995:
1998:

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

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

Larry Page, Sergey Brin (USA). Google
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Ako urobit vektor zoznamov?
Alebo zoznam zasobnikov?

Alebo ... be happy u dont have to do it in C!
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Mame zdrojovy kod (textovy subor) a mame zistit, Ci v
kode su korektne parované zatvorky { }

Priklad: {...{...}..}..} : zatvorky nie suU parované

Ako pouzit’ stack??

45
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