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@ https://kubokovac.eu/ds/

@ jakub.kovac47@gmail.com
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Domace Ulohy a Hodnotenie

Vsetky terminy st do 8:00 rano, t.j. pred prednaskou. Odovzdavanie mailom.

Hodnotenie: 25 bodov za D.U. + 15 bodov zo skusky. Na znamku E a lepsie
je potrebnych 12.5 boda z D.U.

Body Hodnotenie
40 — 34.5 points A
34 — 30 points B
29.5 — 23 points C
22.5—17.5 points D
17 — 12.5 points E
<12 points Fx
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Transponovanie matice
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const int N = 1000;
int A[N][N];

void transpose() {
for (int i=0; i<N; ++i)
for (int j=i+1; j<N; ++j)
swap(A[i][j], A[j1[il);
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UniOn Find
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@ join(x,y): prepoji vrcholy x a y hranou,

@ connected(x,y): zisti, & medzi vrcholmi x a y existuje cesta.
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Vylepsenie #1: Union by Rank

@ rank - na zadiatku nula
@ ak spojime stromy s rovnakym rankom, korefiu zvySime o 1

.....

rankom
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Vylepsenie #1: Union by Rank

@ strom s rankom r ma vy$ku najviac r
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Vylepsenie #1: Union by Rank

@ strom s rankom r ma vy$ku najviac r

@ strom s rankom r ma aspoi 2" vrcholov
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Vylepsenie #1: Union by Rank

@ strom s rankom r ma vy$ku najviac r
@ strom s rankom r ma aspoi 2" vrcholov

e teda rank r mdZe mat najviac n/2" vrcholov
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Vylepsenie #1: Union by Rank

@ strom s rankom r ma vy$ku najviac r
@ strom s rankom r ma aspoi 2" vrcholov
e teda rank r mdZe mat najviac n/2" vrcholov

@ z toho vyplyva, Ze maximalny rank je Ign, ¢o je zarover
maximalna hlbka vrcholov a teda &asova zloZitost klesne na

O(lgn)
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Vylepsenie #2: Path Compression

Ked' find(x) ndjde korer, prejdeme cestu 2x a v3etky vrcholy
napojime priamo pod tento koreri.

— a h c d e
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Implementacia

int p[MAX]; // ak plx] > 0, p[x] je otec x
// ak plx] <= 0, tak -p[x] je rank(x)

int find(int x) {
if (plx] <= 0) {
return x; // koren
} else {
int root = find(p[x]); // rekurzivne
plx] = root;

¥
void union(int x, int y) { link(find(x), find(y)); }

void link(int rx, int ry) { // predpokladame, ze rx, ry su korene

if (rx == ry) return; // a)

if (plrx] == plryl) { plrxl=ry; plryl--; } // b)

else if (-plrx] < -plryl) plrx]=ry; // ¢)

else plryl = rx; // d)
}
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265535

Ak mdme najviac n < prvkov, potom [ubovolnd postupnost
m volani find vykond najviac 6m+2n skokov.

29/50



Ak mame najviac n < 2°933% prvkov, potom [ubovolnd postupnost
m volani find vykond najviac 6m+2n skokov.

Vo v&eobecnosti plati, e [ubovolnd postupnost m operdcii union a
find ma celkovi &asovii zloZitost O((m+ n)log™ n), kde log* je tzv.
iterovany logaritmus.
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@ vysoky rank je zriedkavy: iba n/2" vrcholov dosiahne rank r
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@ vysoky rank je zriedkavy: iba n/2" vrcholov dosiahne rank r

@ ranky na ceste ku korefiom stiipaji — rank(p(x)) > rank(x)
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vysoky rank je zriedkavy: iba n/2" vrcholov dosiahne rank r
ranky na ceste ku korefiom stipaji — rank(p(x)) > rank(x)

rank vrcholu méZe stiipat len kym je koreli; po napojeni pod
iny vrchol sa uz rank nemenf
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vysoky rank je zriedkavy: iba n/2" vrcholov dosiahne rank r
ranky na ceste ku korefiom stipaji — rank(p(x)) > rank(x)

rank vrcholu méZe stiipat len kym je koreli; po napojeni pod
iny vrchol sa uz rank nemenf

rank rodi¢a mdze dalej rdst (napr. pri kompresii cesty vrchol
napojime na vy33ieho predka)
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vysoky rank je zriedkavy: iba n/2" vrcholov dosiahne rank r
ranky na ceste ku korefiom stipaji — rank(p(x)) > rank(x)

rank vrcholu méZe stiipat len kym je koreli; po napojeni pod
iny vrchol sa uz rank nemenf

rank rodi¢a mdze dalej rdst (napr. pri kompresii cesty vrchol
napojime na vy33ieho predka)
def. A(x) = rank(p(x)) — rank(x)
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Level 2 17
ranks 16...65536
<«—— 1 final hop

Level 1

ranks 4...15 < 2 hops from one level to another

Level 0

ranks 0...3 at most 3 hops
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Transponovanie matice

Do
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const int N = 1000;
int A[N][N];

void transpose() {
for (int i=0; i<N; ++i)
for (int j=i+1; j<N; ++j)
swap(A[i][j], A[j1[il);
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COreq ] coreq || corez -COFGS

43 /50



L1 cache

Core }
l

Larger L2
’ cache |

Shared L3 Cack'\e_:_

44 /50



void transpose_block(vector<vector<int>> &A) {
int N = A.size();
int B = 64;
for (int k = 0; k < N; k += B) {
for (int 1 = k; i <k + B & i < N; ++i)
for (int j =k + 1; j <k + B && j < N; ++j)
swap(A[i][j1, A[J1[iD);
for (int 1 =k + B; 1 < N; 1 += B)
for (int 1 = k; i <k + B && i < N; ++i)
for (int j =1; j <1+ B & j<N; ++j)
swap(A[i] [j1, A[F10LiDD;
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void transpose_block2(vector<vector<int>> &A) {

int N = A.size();
int B = 1040;
int b = 4;

for (int x = 0; x < N; x += B) {
for (int k = x; k < x + B & k < N; k += b) {
for (int i = k; i <k + b & i < N; ++i)

for (int j =k + 1;

j<k+b&&j<N; ++j)

swap(A[i] (3], A[31[iD);

for (int 1 = k + b; 1
for (int i = k; i <
for (int j = 1; j

< X + B & 1<N; 1 += b)
k +b &k i < N; ++i)
<1+ Db&k j<N; ++j)

swap(A[i] [3], A[3][iD);

}
for (int y = x 5y <
for (int k = x; k < x
for (int 1 1<
for (int i i
for (int j
swap (A[i]

—

1;
i1,

N; y += B)

+ B && k<N; k += b)

y +B&& 1 <N; 1+=Db)
<k +Db& i< N; ++i)
j<1+b&&j<N; ++j)
ALGI0D);
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void transpose_rec(const int N, vector<vector<int>> &A,
int B, int i0, int jO, int i1, int j1) {
if (B <= 4) {
if (10 == jO) {
for (int i = i0; i < i0 + B && i < N; ++i)
for (int j =i + 1; j < 10 + B &k j < N; ++j)
swap(A[i] (31, A[3I0iD);
} else {
for (int i = i0, jj = j1; i < 30 + B && i < N && jj < N; ++i, ++jj)
for (int j = jO, ii = i1; j < jO + B && j < N &k ii < N; ++j, ++ii)
swap(A[il[j], A[ii][jj1);
}
} else {
int h = B / 2;
transpose_rec(N, A, h, i0, jO, i1, j1);
transpose_rec(N, A, B - h, i0 + h, jO + h, il + h, j1 + h);
transpose_rec(N, A, B - h, i0 + h, jO, i1, j1 + h);
}
}

transpose_rec(N, A, N, 0, 0, 0, 0);
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