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_
- DSA
Ruzné algoritmy
Y 4
ruznou slozitost
Algoritmus a program neni totéz

Algoritmus a program neni totéz
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[ R

DSA

Dynamicke

programovani

Algoritmus a program neni totéz
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e B

MySslenka dynamického programovani

- )
[ Definice } 1 (x=0) Il (y=0)
f(x,y) = 2f(x, y-1) +f(x-1,y) (x>0) &&(y>0)
Y J
Otazka f(10,10) = ? )
- ) 4 N
Program int £(int x, int y) {
\ y if (((x==0) || (y==0))
return 1;
return (2* f(x, y-1) + £(x-1,y));
)
print( £(10,10) );
\_ /
[Odpovéd’J [ £(10,10) = 127 574 017 () J
L J

Algoritmus a program neni totéz
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MySslenka dynamického programovani

Jednoducha
analyza

Vysledek
analyzy

|

~

int count = 0;

public static int f(int x, int y) {
count++;
if (((x==0) || (y ==0))
return 1;
return (2* £(x, y-1) + £(x-1,y));

}

xyz = £(10,10);

print (count) ;

count=369511 ()

Algoritmus a program neni totéz
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s R

Myslenka dynamického programovani

Detailnéjsi analyza — strom rekurzivniho volani \
4 N
(1(10.9)3 (109,10
Grog)  Creo)  Cregy (@10
DB I 68 9 &
- J
L J

Algoritmus a program neni totéz
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3
MySslenka dynamického programovani
Detailnéjsi analyza pokracuje — efektivita rekurzivniho volani
%
pocet: volani hodnot
P f(10,10) < ......................................... 1 ....... 1
""" (9,10) ) rorerererernrnrnnnnnnnnnnes 2 wenenen 2
‘f(g,g) £(9,9) f(8,10) ) .eveeeiiinnnnn 4 ... 3
/7 \ / \ / \
f(9,8)) ((8,9) f(9,8)) (1(8,9)) (£(8,9)) (f(7,10)) ............ 8 ....... 4
/N 7\ /\ /\ /\ /\
9,7 8,838,879 9,78838,879 8,879 79 16,10) ....... 16 ....... 5
512 (<) 10
- o

Algoritmus a program neni totéz
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4 N
MySslenka dynamického programovani
4 N\
f(xy)={ 1 (x=0) Il (y=0)

’ 2f(x, y-1)[+ |f(x-1,y) (x>0) && (y > 0)
\_ J
e )
0 1 2 3 9 10 ...-.. >
0 f(0,0) f(1,0) f(2,0) --------------------------------------------- f(10,0)
o e ™+
» Mo
N
- 108
9 : T £(9,9) | £(10,9)
10[70A0)| e 18,10) [ 79,10) [(10,10)
-y
\_ k M / J

Algoritmus a program neni totéz
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s R
MySslenka dynamického programovani
4 N
foy) | = 1 (x=0) || (y=0)
Y 2. [f(x, y-1)| + | f(x-1,y)| (x>0) && (y>0)
o J
e 7 Y
0 1 2 3 4 9 10 ...... >
0 1 1 1 1 1 --------- 1
1 1 3 5 7 9
2 1 7 17 31
3 1 15 49
4 1 31 | x2
....... T G
9 ! 16807935 32078945
10 1 ------------------------------ 28000257 61616127 127574017
vy J
L %

Algoritmus a program neni totéz
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&

MySslenka dynamického programovani

Vsechny hodnoty se predpocitaji

-

static int dynArr [N+1] [N+1];

void £illDynArr() {
int xy, X, y’
for (xy = 0; xy <= N; xy++)
dynArr[0] [xy] = dynArr[xy] [0] = 1;

for (y = 1; y <=N; y++)
for (x = 1; x <= N; x++)
dynArr|[y] [x] = 2*dynArr([y-1][x] + dynArr|[y][x-1];

int £(int x,int y) {
return dynArr[y] [x];
}

[Voléni funkce }

Algoritmus a program neni totéz
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vyhledavaci strom
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Optimalni binarni vyhledavaci strom

Vyvazeny, ale ne optimalni

0.04
Hugo

0.01 0.09

0.08

CAnn) (Cole) (Edna) (Gene) (rma) (Ken) (Mari) (Orrig;

Ben

Dana Lea

0.05 0.05
Fred Jack

0.03

Nick

0.03 0.12 0.04 0.22 0.06 0.15 0.02 0.01
o /
Pravdépodobnost dotazu
( Kli¢ )
& J =

Algoritmus a program neni totéz
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s R

Optimalni binarni vyhledavaci strom

4 )
L Cena jednotlivych uzlii v BVS )
4 )

cena uzlu =
pravdépodobnost | x hloubka

_____ 1 ______. 0.04-1=0.04
____________________ 2 ______ 001-2=0.02
_____________ 3 _____. 005-3=0.15
_________ 4 ______. 022-4=0.88
0.22 hloubka
cena uzlu = priamérny pocet testil na nalezeni uzlu
Fi jednom dotazu (Find
N pri | (Find) y

Algoritmus a program neni totéz
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Cena vyvazeného stromu

klic pravdep. p, hloubka dy Py - di

Ann 0.03 4 0.03-4=0.12
Ben 0.08 3 0.08 -3=0.24
Cole 0.12 4 0.12 .4=0.48
Dana 0.01 2 0.01-2=0.02
Edna 0.04 4 0.04-4=0.16
Fred 0.05 3 0.05-3=0.15
Gene 0.22 4 0.22 -.4=0.88
Hugo 0.04 1 0.04-1=0.04
Irma 0.06 4 0.06-4=0.24
Jack 0.05 3 0.05-3=0.15
Ken 0.15 4 0.15-4=0.60
Lea 0.09 2 0.09-2=0.18
Mark 0.02 4 0.02-4=0.08
Nick 0.03 3 0.03 -3=0.09
Orrie 0.01 4 0.01-4=0.04

Cena celkem: 3.47

Cena celkem = prim. poc. testu na jednu operaci Find.

Algoritmus a program neni totéz
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4 0
Optimalni BVS
4 N\
L Struktura optimalniho BVS s danymi pravdépodobnostmi )
e B\
0.22
0.12 0.15
Cole Ken
0.08 0.05 0.06 0.09
Ben Fred Irma Lea
0.04 0.03
0.03 0.04 0.05
0.01 0.02 0.01
N Y,
J

Algoritmus a program neni totéz
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Cena optimalniho BVS

kli¢ pravdeép. p, hloubka d; Py - di

Ann 0.03 4 0.03-4=0.12
Ben 0.08 3 0.08 -3=0.24
Cole 0.12 2 0.12.2=0.24
Dana 0.01 5 0.01-5=0.05
Edna 0.04 4 0.04-4=0.16
Fred 0.05 3 0.05-3=0.15
Gene 0.22 1 0.22 .- 1=0.22
Hugo 0.04 4 0.04-4=0.16
Irma 0.06 3 0.06-3=0.18
Jack 0.05 4 0.05-4=0.20
Ken 0.15 2 0.15-2=0.30
Lea 0.09 3 0.09 - 3=0.27
Mark 0.02 5 0.02.-5=0.10
Nick 0.03 4 0.03-4=0.12
Orrie 0.01 5 0.01.5=0.05

Cena celkem 2.56

Zrychleni

3.47 :2.56 = 1:0.74

Algoritmus a program neni totéz
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Vypocet ceny optimalniho BVS

Cqk --.-- CENA levého podstromu uzlu k
Cok veees Cena pravého podstromu uzlu k

/
- B
_ A A Py
Rekurzivni A
myslenka R /"F /‘A? N
Cena = Cqi +2p; +Co*+ 2 pi *+ Py
i=L i=k+
N J

Algoritmus a program neni totéz
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- b

Vypocet ceny optimalniho BVS

s i N PR S
Male /,’ SO
optimalni L7 S
podstromy e .
~ Y, /// K \\\
_::_______ﬁi____-__ﬁ_______________:bg
1 2 cooooooo L cceveeeees R ccciverrcssssnsnnnnss N
QO O -’ - -’
Nad prvky s indexy od L do R
\_ Ize jisté vytvorit jeden optimalni podstrom. -
e N . . . .
) Mame N optimalnich podstromu velikosti 1
Velikost stromu N-1 2
= po¢. uzll
N-2
= R-L+1 . 3
. J - -
1 podstrom N
Celkem mame N * (N+1)/2 rdaznych optimalnich podstromu.

Algoritmus a program neni totéz
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- D

Minimalizace ceny BVS
Idea rekurzivniho reseni: |

-----------------------------

-----------

1. Predpoklad : Vsechny mensi optlmalnl stromy jSOU znamy.

2.Zkus: k =L,L+1,L+2,..,R

k_L k= L+1 k= L+2 k'R
IS
,Q\ <§; A /Q\ /Q\ ,q ,Q\ % ;:\
\
/ Vi ’ ‘ \
\ /
1 ~' K 1 / .............. \ \ \ \
0 .\ \ - / / o /, a /

1___"-_--_--_---_--_-3. 1___'::-;-::- 1____4...-..-.:-- l_____-;"_":l _________ \ ..:"_" _______ \ Ldseasar f_____\ -‘_"_";"_" _____ \ ..i"_"-_"_" _____ \

3. Zaregistruj index Kk, ktery minimalizuje cenu, tj. zaregistruj
hodnotu:

Cik * ZP. +C2k+ZP.+Pk
i=k

4. Kli¢ s indexem k je korenem optimalniho stromu.

Algoritmus a program neni totéz
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& R
Minimalizace ceny BVS
C(L,R) ...... Cena optimalniho podstromu obsahujiciho klice
s indexy L, L+1,L+2, ..., R1,R
4 N
C(L,LR) = min{ C(L, k-1) + Zp, + C(k+1,R) + Zp, +p} =
L<k<R i=L i=k+1
= min{ C(L, k-1) + C(k+1, R)+Z p; }
L<k<R
* = min{ C(L, k-1) + C(k+1,R) } + Zp,
L<k<R
o /
Hodnota k minimalizujici (*) je indexem korenu optim. podstromu.
\ J

Algoritmus a program neni totéz
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Datové struktury pro vypocet optimalniho BVS
4 ) a N
Ceny optimalnich podstromii Kofeny optimalnich podstromu
pole C[L][R] (L =R) pole roots [L][R] (L =R)
- J - J
4 A 4 R
R R ......................... >
1234 -=evereeee » N
L 1 1
2 L 2
3 : 3
: L<R P L<R
10 0
N+1 N+1
diagonala ... L=R diagonala ... L= R
o y € Y
J
Algoritmus a program neni totéz
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s R

Vypocet optimalniho BVS

[ Cena konkrétniho optimalniho podstromu j

1
' s L=3. R= ’

P3la | b| c|[d |e —_—
P4 C(L,R) =

/ min { C(L, k-1) + C(k+1,R) } +Zp|
k L<k<R i=L
\

C(L,R) = min{ 0+x, p3+y, a+z, b+t,R

Pg \ cH+w, d+pg, e+0 } +) p.
0 i=L

(nuly na diagonale a pod ni) % ~

Algoritmus a program neni totéz
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s R

Vypocet optimalniho BVS

: _ e D
Strategie dynamického programovani
— nejprve se zpracuji nejmensi podstromy, pak vetsi, atd...
J
e N
\_ ~ / /

Algoritmus a program neni totéz
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Vypocet optimalniho BVS

-

(&

Vypocet poli cen a korenu

N

-

void optimalTree () ({

int L, R, k, size; double min;

// size =1
for (int i=0; i<=N; i++) {

C[i] [1] = pravdépodobnost[i]; R[i][i] = i,
}
// size > 1
for (size = 2; size <= N; size++) {

L=1; R = size;

while (R <= N) {

CIL][R] = min(C[L] [k-1]+C[k+1][R], k = L. .R);

roots[L] [R] = ‘k minimalizujici predch. radek’;

C[L] [R] += sum(C[i][i], 1 = L..R);
L++; R++;
bl

Algoritmus a program neni totéz
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Vypocet optimalniho BVS
[ Vybudovani optimalniho stromu pomoci pole koirenli J
e )
void buildTree(int L, int R) {
int key;
if (R < L) return;
key = roots[L] [R];
insert (root, key); // standard BST insert
buildTree( L, key-1);
buildTree( key+l, R);
}
Volani funkce buildTree vybuduje optimalni strom:
buildTree (1,N) ;
o J
N J

Algoritmus a program neni totéz
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Vypocet optimalniho BVS

( Kofeny optimalnich podstromu )
4 )
-

om@ 7 7 7 7 7 m

0/ 0 2|3 3 3 3 7 7 7 7 7 7 7 7

o[ 0 0 3 7 7 7 7 7 7 7 7

ol 0 0 o E4§i:§26j 77 7 7 7 7 7 7

ol 0 0 o 7 7 7 7 7 7 7 7 17

oLo o olo o 617 7 7 7 7 1 11

0O 0000 0 0 7_17 7 1

o 0 0o 0o o o o of(8)9(9)p

0O 0000 0O 0 0[O0 9 B

0 0000 O 0 0|0 o@

0 0000 0 0 0[O0 U 011

0 0000 OO 0/O 0 0 O

0 0000 O O 0/O 0 0 O

0O 0000 O O 0/]O 0 0 0

0O 0000 O O 0/]O 0 0 O

0 00 0OOO 0 000 0 O
N J

Algoritmus a program neni totéz
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Initho BVS

Korespondence stromu

r

1ma

t opt

ypoce

r

Vv

11 11 11 11
11 11 11 11

111 11 11

Algoritmus a program neni totéz
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y
Vypocet optimalniho BVS

[ Ceny optimalnich podstromu J

4 )
1-A 2-B 3-C 4-D 5-E 6-F 7-G 8-H 9-I 10-J 11-K 12-L 13-M 14-N 15-0
1-A 0.03 0.14 0.37 0.39 0.48 0.63 1.17 1.26 1.42 1.57 2.02 2.29 2.37 2.51 2.56
2-B O 0.08 0.28 0.30 0.39 0.54 1.06 1.14 1.30 1.45 1.90 2.17 2.25 2.39 2.44
3-C 0 0 0.12 0.14 0.23 0.38 0.82 0.90 1.06 1.21 1.66 1.93 2.01 2.15 2.20
4-D 0 0 O 0.01 0.06 0.16 0.48 0.56 0.72 0.87 1.32 1.59 1.67 1.81 1.86
5-E 0 0 0 O 0.04 0.13 0.44 0.52 0.68 0.83 1.28 1.55 1.63 1.77 1.82
6-F 0 0 0 0 O 0.050.32 0.40 0.56 0.71 1.16 1.43 1.51 1.63 1.67
71-G 0 0 0 0 0 0 0.22 0.30 0.46 0.61 1.06 1.31 1.37 1.48 1.52
8-H 0 0 0 0 0 0 O 0.04 0.14 0.24 0.54 0.72 0.78 0.89 0.93
9-I 0 0 0 0 0 0 0 0O 0.06 0.16 0.42 0.60 0.66 0.77 0.81
10-J 0 0 0 0 0 0 0 0 O 0.05 0.25 0.43 0.49 0.60 0.64
11-K 0 0 0 0 0 0 0 0 0 0 0.15 0.33 0.39 0.50 0.54
12-1L 0 0 0 0 0 0 0 0 0 0 0O 0.09 0.13 0.21 0.24
13-M 0 0 0 0 0 0 0 0 0 0 0 0O 0.02 0.07 0.09
14-N 0 0 0 0 0 0 0 0 0 0 0 0 0O 0.03 0.05
15-0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.01

C\ J

Algoritmus a program neni totéz
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Nejdelsi spolecnha
podposloupnost
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&

Nejdelsi spolecna podposloupnost

Dveé
posloupnosti

S

Spole€¢na
podposloupnost

J

" Nejdelsi
spolecna
podposloupnost
(NSP)

4 N\
A: CBEADDEA IA| =8
B: DECDBRBDA IB| =7
_ J
- N
A: CBEADDEA A
DECDBRBDA
C: CDA |IC] =3
N y
- N
A: CBEADDEA A
DECDBDA
EDDA IC| =4
N y

Algoritmus a program neni totéz
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2
Nejdelsi spolecna podposloupnost
.
N
B, (bq, by, ..., b)) 8
Cy: (¢4, Cp -y Cy) B,: | DECDBDA
Ck=LCS(An,Bm) ¢, [EpDa
)
Rekurzivni pravidla: |
(a,=b,) => (c,=a,=b,) & (C,.1=LCS (A1 Bn.1)) )
12345678 1 23 45678
Ag: |[CBEADDEA A: |[CBEADDE®R
B: |[DECDBDA B |[DECDBDGA
Cys |[EDDA Cy |EDDZA
- %

Algoritmus a program neni totéz
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(- )
Nejdelsi spolecna podposloupnost
4 )
{ (a,!=b ) & (¢ !=a,) ==> (C,=LCS (A, 4,B,)) )
§
f 1234567 8 123456738
A: [CBEADDE A;: |[CBEADDE
Bg: |[DECDBD Bg: |[DECDBD
- J
\ (a,!=b,) & (¢, !=b,) ==> (C,=LCS (A, B,.1)) )
i 1234567 8 123456738
A |[CBEAD A |[CBEAD
Bi: ([DECDB B [DECDB
Cy |ED Cy |ED
\_ - f /

Algoritmus a program neni totéz
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s R

Nejdelsi spolecna podposloupnost

i Rekurzivni funkce — délka NSP j
4 I
0 n=0orm=0
C(n,m) = C(n-1, m-1) +1 n>0,m>0,a,=b,,
max{ C(n-1, m),C(n,m-1)} n>0,m>0,a,#b,,
- J
( Strategie dynamického programovani \
CIn]im] |
: for (a=l1l; a<=n; a++)
g for (b=1; b<=m; b++)
Clal[b] = ....
> ),

Algoritmus a program neni totéz
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Nejdelsi spolecna podposloupnost

Konstrukce pole pro NSP ]

)

void £indLCS () {
int a, b;
for (a=1l; a<=n; a++)
for (b=1; b <= m; b++)
if (A[a] == B[b]) {
C[a]l][b] = C[a-1][b-1]+1;
arrows[a] [b] = DIAG; N\
}
else
if (C[a-1l][b] > C[a]l[b-1]) {
C[a] [b] = C[a-1][b]’
arrows[a] [b] = UP; 4
}
else {
C[a] [b] = C[a] [b-1]~
arrows|[a] [b] = LEFT,; <«

} }

Algoritmus a program neni totéz
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s R

Nejdelsi spolecna podposloupnost

a N\
= 0 1 2 3 4 5 6 7
B: D E C D B D A
f Pole )
hees 0 ololo|lolo|lo|lo]o
pro 1 [C || 0 [*o* 0[N 2|
a 3 |E[]|0|*oN1 21t 22>
| “DECDBDA” | w4 2] AT e P TS
5 | D[|0|{X1T2 TN 2R3 T3
6 | D[]0 |Nq 7 T2 N N3 S
-— | — |« -
7 | (|0 |t 1X 3 T S It 3l 3
-— | — |+
8 [A|[0 |4 1t2 2 2 2/t 3Na
L J

Algoritmus a program neni totéz
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s N
Nejdelsi spolecna podposloupnost
Vypis NSP -- rekurzivne :)
N
void outLCS (int a, int b) {
if ((a==0) || (b == 0)) return;
if (arrows[a][b] == DIAG) {
outLCS (a-1, b-1); // recursion
print(A[a]) ; //... reverses the sequence!
}
else
if (arrows[a] [b] == UP)
outLCS (a-1,b) ;
else
outLCS(a,b-1) ;
}
Y,
J

Algoritmus a program neni totéz
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