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0 Casovej zlozitosti



..Zminula

algoritmickeé ulohy exaktne opisany vstup a vystup
poskytovat zaruky  program musi fungovat pre vsetky vstupy
velkost vstupu  parameter n (sGcast definicie alebo "velkost siboru”)
casova zlozitost  ako rastie cas s rastlucim n

reklama
s ConepoRcEs
Ophere online judge

5

Online Judge

\” Lm

<3 0 D)
-
nirscacany Bacalamitthe
o B o B

https
https
https
https

https

"?3 Algorithms for Competitive Programming & pPS

://codeforces.com/
://www.spoj.com/
://onlinejudge.org/
://www.codechef.com/
://testovac.ksp.sk/tasks/

://cp-algorithms.com/



int mx = a[0];
for (1 = 1; 1 < n; i++) {
if (al[i] > mx)

mx = alil;



int mx = a[0];
for (1 = 1; 1 < n; 1++) {
if (a[i] > mx)
mx = al[i];

< mx; = max{dg,...,qj_1}



int mx = a[0];

for (1 = 1; 1 < n; 1++) {

if (a[i] > mx)
mx = al[i];

}
cnt = 0;
int 1, J;

for (1 = 0; a[i] '=2; 1 = 3j) {
while (a[i] == 0) i++;

for (j = 1i; a[j] ==

cnt++;

; J++)

<~ MX; = maX{Go, ..

9 ai—W}



int mx = a[0];

for (1 = 1; 1 < n; 1++) {

if (a[i] > mx)

mx
}

cnt = 0;
int 1, J;

= alil;

for (1 = 0; al[i] '= 2; i
while (a[i] == 0) i++;

for (j =
cnt++,;

i; aljl == 1;

<~ MX; = maX{Go, Cee G,‘_q}
= Jj) {
¢:i)je zaCliatok uUseku jednotiek
J++



priklad: triedim cCisla z rozsahu 0...999

void vymen(int i, int j) {
int x; x = a[i]; ali] = aljl; aljl = x;

}

void InsertSort(int n) {
int i, J;
for (i = 1; 1 < n; 1i++)

for (j = 1; j > 0 &5 alj - 1] < aljl; j--)
vymen(j - 1, j);



priklad: triedim cCisla z rozsahu 0...999

void vymen(int i, int j) {
int x; x = a[i]; ali] = aljl; aljl = x;

}

void InsertSort(int n) {
int 1, J;
for (i =1; 1 <nj iv+) _ oeiatok pola je utriedeny
for (j = 1; j > 0 &5 alj - 1] < aljl; j--)
vymen(j - 1, j);



priklad: triedim cCisla z rozsahu 0...999

void CountSort(int n) {

int
int

for
for
i =
for

pocty[1000];

i, c;
(i = 0; 1 < 1000; i++) pocty[i] = ©O;
(i =0; 1< n; i++) pocty[a[i]]l++;
0;

(c = 999; ¢>=0 ; c--)

while (pocty[c] > 0) {
ali] = c;
1++;
pocty[c]--;

}



kvadraticky vs linearny
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kvadraticky vs linearny : worst-case casova zlozitost T(n)
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je linearny vzdy lepsi?
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casova zlozitost — porovnavanie funkcii
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priklady

int mx = a[0];
for (i = 1; 1 < n; 1i++)
if (a[i] > mx)

mx = al[il];



priklady

int mx = a[0];
for (i = 1; 1 < n; 1i++)
if (a[i] > mx)
mx = al[il];

int s = 0;
for (int 1 = 1; 1 < n; 1 =1 * 2)
for (int j = 1; j * j < 1; Jj++)

S++;



priklad o klaunoch a tortach, verzia 1

bool trafi(int j, int i) {
int k;
if (a[i] < al[j]) return false;
for (k = j + 1; k < 1; k++)
if (al[k] > a[j]) return false;
return true;

int klaunil() {
int 1, Jj, max = 0;
for (i = 1; i < n; i++) { // skusame kazdeho klauna
int hits = 0; // kolko zasahov dostal
for (j = 0; j < i; j++) // vsetci klauni nalavo od i
if (trafi(j, 1)) hits++;
if (hits > max) max = hits;

}

return max,

}



priklad o klaunoch a tortach, verzia 2

int klauni2() {

}

int 1, Jj, max = 0;
for (i = 1; i < n; i++) { // skusame kazdeho klauna

int hits = 0, // kolko zasahov dostal
v = 0; // najvyssi klaun medzi nimi
for (j =1 -1; j >= 0 &5 alj] < alil; j--) // skusame vlavo
if (al[j] > v) { // trafi ?
hits++; // zaratame zasah
v = aljl; // upravime vysku
t

if (hits > max) max = hits; // pamatame si najzapatlanejsieho

}

return max;



priklad o klaunoch a tortach, verzia 3

/]\
3
int klauni3 () {
int 1, max = 0;
int s[n], m = 0; // zasobnik a jeho velkost
for (i = 0; i <n; i++) { // skusame kazdeho klauna
int h = O; // kolko zasahov dostal

while (m > 0 & & s[m - 1] < al[i]) {
h++: // zaratame zasah
m--; // vyhodime zo zasobnika

}

s[m] = ali]; // pridame i-cka do zasobnika
m++:
if (h > max) max = h; // aktualizujeme zasahy

}

return max;




porovnanie casu
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o rekurzivnych algoritmoch



Fibonacciho Cisla: 0112358132134...

long int Fibl(int n) { long int Fib2(int n) {
if (n < 3) return n - 1; if (n < 3) return n - 1;
long int a = 0, b = 1, c; return Fib2(n - 1)
int 1; + Fib2(n - 2);
for (1 = 2; 1 < n; 1++) { 1
c =a + b; a=>0b; b=c;
}
return c;



Fibonacciho Cisla: 0112358132134...

long int Fibl(int n) {

if (n < 3) return n - 1;
long int a = 0, b =1, c;

int 1;
for (i =
C = a +

}

return c;

2; 1 < n; 1++
b; a = b; b

long int Fib2(int n) {
if (n < 3) return n - 1;

return Fib2(n - 1)

+ Fib2(n - 2);
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zlozitost F1b2

long int Fib2(int n) {

if (n < 3) return n - 1;

return Fib2(n - 1) + Fib2(n - 2);
}

T(n)=Tn-1+T(h—-2)+c

Fib(5) Fib(5)
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MergeSort

void mergesort(std::vector<int> &a) {

if (a.size() < 2) return;

int m = a.size() / 2;

std::vector<int> b[2]{

{ a.begin() , a.begin() + m },
{ a.begin() + m , a.end() }
b

for (int i : {0, 1}) mergesort(b[i]);

// std::merge ( ... )
int jl[2] = {0, 0};
for (int 1 = 0; i < a.size(); i++)
if ( j[1] >= b[1].size() ||
(jl[e] < bl[e]l.size() && b[O][jle]] < b[1]1[j[1]1]1) )
ali] = b[O][j[o]++];
else
ali] = b[1][j[1]++];

TUD::Z-T(g)—%C-n



MergeSort - zlozitost
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StoogeSort

using It = std::vector<int>::iterator;

void stoogesort(It a, It b) {

int n=b -a, m=n/ 3;

b--;
if (*a > *b) std::swap(*a, *b);
if (m == 0) return;

stoogesort(a, a + (n - m));
stoogesort(a + m, a + n);
stoogesort(a, a + (n - m));

T(n):3-T<%n)+c



StoogeSort - zlozitost

ll‘l\ﬂ

ﬂ‘l\l |

i

ﬂ ll‘lbﬂ |

i

ll‘lbﬂ |

.4&

ﬂ‘ﬂ\l |

i

ll‘lbﬂ |

i

ﬂ‘l\l |

i

ﬂ ll‘lbﬂ |

i

ll‘lbﬂ |

i

ll‘ﬂ\ﬂ

TxC

3XC

9 xc




Master Theorem: T(n) =a-T (3) + n°
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Master Theorem

T(n):a-T(

Oznacme q := 4.

1. ak g < 1, potom T(n) = © (n°)
2. ak g =1, potom T(n) = © (n° - log n)
3. akg > 1, potom T(n) =© (n'ogb 0)

n
b

)+

~acotakT(n) =T (g) +T (%) + n?

.. a pripadne

int f(int a, int b) {

int i, ¢ = 0;
if (a == b) return 1;
'FOI‘(i =a; | < b; i++)
c=c+ f(a, i)+ f(i + 1, b);

return ¢ / (b - a);



