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Vybrané partie z datovych Struktir
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o kompaktnd DS zabera O(OPT) bitov
e tsporna DS zabera OPT +o(OPT) bitov
o implicitnd DS zaberd OPT 4 O(1) bitov
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Rank a Select

Hae
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Rank a Select

@ Dané: string S

o Query:
o rank¢(S,7) = #znakov ¢ od zatiatku po i-tu poziciu
o select.(S,/) =pozicia j-teho znaku c v S
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Obr.: predpotitané ranky — nlgn bitov, O(1) rank
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Obr.: napad #1: rank iba kazdych t prvkov
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7 16

o
1001010011101 101111011100 01171

Obr.: vacsie t — menej pamate, viac asu
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@ jednoduché riegenia:
e predp. utriedené pozicie 1 — mlgn bitov, O(1) select, O(log m)
rank
o ranky pre blok dizky t: n+(n/t)lgn bitov, &as O(t)
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{[1 1 0J[0 1 0][A 0 0] 1 ui[o 110 1 11 1 o[ 1 11i[o 0 0J[f 1 11\

Obr.: ndpad #2: 2 drovne — superbloky (t1) a bloky (t2)
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{[1 1 0J[0 1 0][A 0 0] 1 ui[o 110 1 11 1 o[ 1 11i[o 0 0J[f 1 11\

Obr.: ndpad #2: 2 drovne — superbloky (t1) a bloky (t2)

@ finta: rank bloku pocitame len od zaciatku superbloku — sta&i
menej pamate
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0 2 3 4 0 2 4 6 0 0

{[1 1 0J[0 1 0][A 0 0] 1 ui[o 110 1 11 1 o[ 1 11i[o 0 0J[f 1 11\

Obr.: ndpad #2: 2 drovne — superbloky (t1) a bloky (t2)

@ finta: rank bloku pocitame len od zaciatku superbloku — sta&i
menej pamate
epreti=Ig’nat,= %Ign:
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0 2 3 4 0 2 4 6 0 0

{[1 1 0J[0 1 0][A 0 0] 1 ui[o 110 1 11 1 o[ 1 11i[o 0 0J[f 1 11\

Obr.: ndpad #2: 2 drovne — superbloky (t1) a bloky (t2)

@ finta: rank bloku pocitame len od zaciatku superbloku — sta&i
menej pamate
epreti=lg’nat,= %Ign:
e ranky pre superbloky: O(

n
Ig2 n

o ranky pre bloky: O(i; -lglgn) = o(n) bitov

-lgn) = o(n) bitov
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Ako spotitame rank v rdmci 1 Ign bitového bloku?
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i[l 1 0][0 1 00011 1]![0 1101 111011 1]![0 0 0l 1 1]‘

012
000 0 0 ©
001 0 0 1
010 0 1 1
011 0 1 2
100 1 1 1
101 1 1 2
110 1 2 2
111 1 2 3

Obr.: tabulka — pre vietky bitstringy a vietky pozicie
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i[l 1 0][0 1 00011 1]![0 1101 111011 1]![0 0 0l 1 1]‘

012
000 0 0 ©
001 0 0 1
010 0 1 1
011 0 1 2
100 1 1 1
101 1 1 2
110 1 2 2
111 1 2 3

Obr.: tabulka — pre vietky bitstringy a vietky pozicie

bitstringov dizky %Ignje len O(y/n)
= pamiat O(y/n-lgn-lglgn) = o(n)
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DS:
@ pdvodny bitstring S
@ R; — ranky pre superbloky
@ R — ranky pre bloky
@ R3; — tabulka rankov pre kratke bitstringy
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DS:
@ pdvodny bitstring S
@ R; — ranky pre superbloky
@ R — ranky pre bloky
@ R3; — tabulka rankov pre kratke bitstringy
ranky(S,i) = Ri[i/t1] + Ra[i/t2] + R3[S[i"...i" + t2],i mod t]
@ kde /' - i—i mod t, (zatiatok bloku)
ranko(S, i) = i —ranky(S, 1)
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praktické riesenie:
bloky dizky 7 x 64 = 448 bitov,

ktoré poprekladdme predpo&itanymi rankami (jeden 64-bitovy
int)

= rank+blok je jedna cache line

na ratanie pouZijeme popcnt (alebo vektorové instrukcie?)

iba 14% pamate navyse
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Select

Q>
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DS:
@ predpotitame nasobky t; = Ignlglgn (superbloky) —
O(n/t1-1gn) = O(n/Iglgn) = o(n)

@ v ramci superbloku. . .
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DS:
@ predpotitame nasobky t; = Ignlglgn (superbloky) —
O(n/lglgn) = o(n)
o pre dlhé (riedke) superbloky (dizky > t2) predpotitame vietky
pozicie — O(n/t?-t; -lgn) = o(n)
o ostdva vyriedit tie kratke, kde dizka je < t?, takZe na zapis
pozicie sta&i O(lglgn) bitov
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DS:
@ predpotitame nasobky t; = Ignlglgn (superbloky) —
O(n/lglgn) = o(n)
o pre dlhé (riedke) superbloky (dizky > t2) predpotitame vietky
pozicie — O(n/t?-t; -lgn) = o(n)
o ostdva vyriedit tie kratke, kde dizka je < t?, takZe na zapis
pozicie sta&i O(lglgn) bitov
e to isté pre t, = (Iglgn)?
o blokov velkosti < t3 je milo = tabulka
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Ospor"é stromy
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(
*

@ lavy syn <— prvy syn <— daldi znak (ak je ()

c o O oy oy > )
A B B DDGGACEE CF F

@ pravy syn «+— dal¥i sused <— znak za prisl. )

@ rodi¢ «— predch. sused alebo rodi¢ <— ak je predch. ), tak
prisl. (, inak predch.
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Vacsia abeceda?

Hae
34/53



DNA

o AC,G T

@ rozdelime na bloky, pre kazdy spoditame poclet polet
A/C/G/T po zatiatok bloku
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Wavelet strom

> ={..,AEMTU}

MAMA._MA_EMU._EMA_MA_MAMU.
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Wavelet strom

EO = {“7 '7A} E1 = {EaMaU}

MAMA_MA_EMU. _EMA._MA_MAMU.

Obr.: Rozdelime abecedu na dve &asti: ¥ =Y UZX;.
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Wavelet strom

So={,.,A} 3 ={EMU}

1010010011100110010010110

Obr.: Oznatime, ktoré pismeno patri kam: B =j <= S; € %;
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Wavelet strom

1010010011100110010010110

So = {., ., A} / \ S = {E.M,U}

Obr.: 5 =5\5, a 51 = S\5, a rekurzivne pokralujeme.
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Wavelet strom
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Wavelet strom
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Wavelet strom
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Wavelet strom
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Wavelet strom
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Wavelet strom
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Wavelet strom
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Wavelet str
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Wavelet strom
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Wavelet strom
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Wavelet strom
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Wavelet strom

rank1(S,11)=2 alabar_a _la_alabarda
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Wavelet strom

selecty(S,2)=16 alabar_a la_alabhrda
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selecty(B,12) = 16
/ \Ir

aaba_a_a_ aa lrllrd
MO1ooooooooﬂoo 010010
////' \<jfuam442 ////' \\\\
aaa_ _aaaa Iid
111010101111 1110

N TN

aAaaaaaaaa 1

52/53



Wavelet strom
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