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Vybrané partie z dátových štruktúr
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LCP

1 h = 0;

2 for (i=0; i <=n; i++) {

3 if (rank[i] < n) {

4 j = next(i); // SA[rank[i] + 1];

5 // compare suffixes S[i..] and S[j..]

6 h = 0;

7 while (S[i+h] == S[j+h]) ++h;

8 // we have found first mismatch

9 L[i] = h;

10 }

11 }
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LCP

1 h = 0;

2 for (i=0; i <=n; i++) {

3 if (rank[i] < n) {

4 j = next(i); // SA[rank[i] + 1];

5 // compare suffixes S[i..] and S[j..]

6 h = 0;

7 while (S[i+h] == S[j+h]) ++h;

8 // we have found first mismatch

9 L[i] = h;

10 }

11 }
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LCP

1 h = 0;

2 for (i=0; i <=n; i++) {

3 if (rank[i] < n) {

4 j = next(i); // SA[rank[i] + 1];

5 // compare suffixes S[i..] and S[j..]

6 // assume they have >= h characters in common

7 while (S[i+h] == S[j+h]) ++h;

8 // we have found first mismatch

9 L[i] = h;

10 if (h > 0) --h;

11 }

12 }
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Vyhl’adávanie
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Vyhl’adávanie

jednoduché binárne vyhl’adávanie: O(m logn)

ak poznáme lcp(si ,sj) pre l’ubovol’né dva sufixy, vieme zrýchlit’

na O(m+ logn)
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Vyhl’adávanie

Invarianty: ` < x ≤ r, x` = lcp(x, `), xr = lcp(x, r)

r

`

x

x`

...

...

Obr.: Potial’to sa x a ` rovnajú.
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Vyhl’adávanie

Invarianty: ` < x ≤ r, x` = lcp(x, `), xr = lcp(x, r)

r

`

x

x`

...

...

Obr.: `[x`] < x [x`].
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Vyhl’adávanie

Invarianty: ` < x ≤ r, x` = lcp(x, `), xr = lcp(x, r)

r

`

x

x`

...

...

xr

Obr.: Potial’to sa x a r rovnajú. (Predpokladajme x` ≥ xr )
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Vyhl’adávanie

Invarianty: ` < x ≤ r, x` = lcp(x, `), xr = lcp(x, r)

r
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xr

m

Obr.: r [xr ] > x [xr ].
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Vyhl’adávanie

Invarianty: ` < x ≤ r, x` = lcp(x, `), xr = lcp(x, r)

r
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x`
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xr

m

Obr.: Pozrime sa na prostredný sufix; aký je p = lcp(`,m)?
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Vyhl’adávanie

Invarianty: ` < x ≤ r, x` = lcp(x, `), xr = lcp(x, r)

r

`

x
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xr

m

Obr.: Pŕıpad 1: Ak p < x`. . .
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Vyhl’adávanie

Invarianty: ` < x ≤ r, x` = lcp(x, `), xr = lcp(x, r)

r

`
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xr

m

Obr.: Pŕıpad 1: . . . tak m[p] > `[p] = x [p], teda m > x .
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Vyhl’adávanie

Invarianty: ` < x ≤ r, x` = lcp(x, `), xr = lcp(x, r)
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m

Obr.: Pŕıpad 2: Ak p > x`,. . .
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Vyhl’adávanie

Invarianty: ` < x ≤ r, x` = lcp(x, `), xr = lcp(x, r)

r
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xr

m

Obr.: Pŕıpad 2: . . . tak m[x`] = `[x`] < x [x`], teda m < x .
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Vyhl’adávanie

Invarianty: ` < x ≤ r, x` = lcp(x, `), xr = lcp(x, r)
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Obr.: Pŕıpad 3: Ak p = x`, začneme porovnávat’ ṕısmená.
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Vyhl’adávanie

Invarianty:

` < x ≤ r

x` = lcp(x , `)

xr = lcp(x , r)

Algoritmus:

Ak x` ≥ xr :

nech m je prostredný sufix a p = lcp(`,m)
ak p < x`: r ←m, xr ← p
ak p > x`: `←m
ak p = x`:

začneme porovnávat’ ṕısmená x a m od poźıcie x`
podl’a výsledku nastav́ıme `,x` alebo r ,xr

Ak x` ≤ xr – symetricky
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Konštrukcia SA

27 / 60



Konštrukcia SA

qsort – O(n2 logn)

radix-sort / trie – O(n2)

lepšie?

28 / 60



Manberov algoritmus

Myšlienka:

sufix sufixu je sufix

ak máme pole utriedené podl’a prvých K ṕısmen, vieme ho
l’ahko zotriedit’ podl’a prvých 2K ṕısmen

budeme mat’ logn fáz; v k-tej fáze triedime podl’a prvých 2k

ṕısmen
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Manberov algoritmus

Myšlienka:

sufix sufixu je sufix

ak máme pole utriedené podl’a prvých K ṕısmen, vieme ho
l’ahko zotriedit’ podl’a prvých 2K ṕısmen

budeme mat’ logn fáz; v k-tej fáze triedime podl’a prvých 2k

ṕısmen
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Manberov algoritmus

Obr.: Triedime podl’a prvých 1,2,4,8,16,32,. . . ṕısmen. 31 / 60



Manberov algoritmus

nech rank[i ] = j , ak je sufix si v abecednom porad́ı j-ty (podl’a
prvých 2k ṕısmen; ak majú dva sufixy rovnakých prvých 2k

ṕısmen, ranky budú rovnaké)

1 fáza:

zotriedime trojice (rank[i ], rank[i + 2k ], i)
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Konštrukcia SA

qsort – O(n2 logn)

radix-sort / trie – O(n2)

Manberov algoritmus – O(n logn)

lepšie?
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Konštrukcia SA
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0. S10 = A$$$
1. S5 = ABABBA$$$
2. S7 = ABBA$$$
3. S2 = BABABABBA$$$
4. S4 = BABABBA$$$
5. S8 = BBA$$$
6. S1 = BBABABABBA$$$
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Obr.: Rozdeĺıme na sufixy na poźıciach nedelitel’ných vs. delitel’ných 3.
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Konštrukcia SA
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Obr.: Rekurźıvne utriedime poźıcie ≡ 1,2 (mod 3).
Čo poźıcie ≡ 0 (mod 3)?
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Konštrukcia SA
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0. S3 = AS4

1. S0 = AS1

2. S9 = BS10

3. S6 = BS7

Obr.: Odrolujeme jedno ṕısmeno; zvyšok je poz. ≡ 1 (mod 3).
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Konštrukcia SA
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0. S3

1. S0

2. S9

3. S6

Obr.: Ako tieto dve utriedené polia zmerge-ujeme?
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Konštrukcia SA
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0. S10 = AS11

1. S5 = ABS7

2. S7 = AS8

3. S2 = BAS4

4. S4 = BS5

5. S8 = BBS10

6. S1 = BS2
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0. S3 = AS4 = ABS5

1. S0 = AS1 = ABS2

2. S9 = BS10 = BAS11

3. S6 = BS7 = BAS8

Obr.: Odrolujeme jedno alebo dve ṕısmená.
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Konštrukcia SA

Zložitost’:

T (n) =

T ( 2
3n) – rekurźıvne volanie

+O(n) – triedenie ≡ 0 (mod 3)

+O(n) – merge

Moment: ale aké rekurźıvne volanie? Je to tá istá úloha?
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Konštrukcia SA

Zložitost’:

T (n) =

T ( 2
3n) – rekurźıvne volanie

+O(n) – triedenie ≡ 0 (mod 3)

+O(n) – merge

Moment: ale aké rekurźıvne volanie? Je to tá istá úloha?
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Konštrukcia SA

A B B A B A B A B B A $ $ $
Obr.: Začneme s pôvodným stringom.

41 / 60



Konštrukcia SA
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Obr.: Vezmeme jednu kópiu od poźıcie 1. . .
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Konštrukcia SA
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Obr.: . . . a pridáme kópiu od poźıcie 2. . .

Ak budeme každú trojicu znakov považovat’ za 1 ṕısmeno, tak
sufixy tohto stringu zodpovedajú sufixom na poz. ≡ 0,1 (mod 3) v
pôvodnom stringu.
Problém: Vel’ká abeceda – bude porovnávanie znakov v O(1)?
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Konštrukcia SA

A B
1

B
2

A B
4

A
5

B A
7

B
8

B A
10

$
11

$ $
13

B
1

B A B
4

A B A
7

B B A
10

$ $ B
2

A B A
5

B A B
8

B A

Obr.: . . . a pridáme kópiu od poźıcie 2. . .

Ak budeme každú trojicu znakov považovat’ za 1 ṕısmeno, tak
sufixy tohto stringu zodpovedajú sufixom na poz. ≡ 0,1 (mod 3) v
pôvodnom stringu.
Problém: Vel’ká abeceda – bude porovnávanie znakov v O(1)?
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Konštrukcia SA
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Obr.: . . . a pridáme kópiu od poźıcie 2. . .

Ak budeme každú trojicu znakov považovat’ za 1 ṕısmeno, tak
sufixy tohto stringu zodpovedajú sufixom na poz. ≡ 0,1 (mod 3) v
pôvodnom stringu.
Problém: Vel’ká abeceda – bude porovnávanie znakov v O(1)?

45 / 60



Konštrukcia SA
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A$$ → a
ABA → b
ABB → c
BAB → d
BBA → e

Obr.: Riešenie: troj́ıc je málo, takže si ich môžeme preč́ıslovat’.
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Konštrukcia SA
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A$$ → a
ABA → b
ABB → c
BAB → d
BBA → e

e d c a d b e

Obr.: Takto ostane abeceda malá. Rekurźıvne sa zavoláme na string
edcadbe. Výsledné sufixové pole muśıme následne preč́ıslovat’: sufixy
0,1,2,3 zodpovedajú poźıciam 1,4,7,10 a sufixy za polovicou: 4,5,6
zodpovedajú poźıciam 2,5,8.
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Konštrukcia SA
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Konštrukcia SA

Algoritmus:

SA1,2 – zotriedime poźıcie ≡ 1,2 (mod 3):

vytvoŕıme string s ′ d́lžky n′ = 2
3n:

vytvoŕıme s1,2 tak, že zret’aźıme s[1 . . .] a s[2 . . .]
zredukujeme abecedu: radix-sortom utriedime všetky trojice
znakov v s1,2 a preṕı̌seme ich na znaky 1, . . . ,k

rekurźıvne zavoláme SA(s ′)
vo výsledku preč́ıslujeme indexy:

ak i < dn′/2e −→ 3i + 1
ak i ≥ dn′/2e −→ 3(i −dn′/2e) + 2

SA0 – zotriedime poźıcie ≡ 0 (mod 3):

radix-sortom podl’a prvého ṕısmena a poźıcie v SA1,2

zmergujeme SA1,2 a SA0

podl’a prvého alebo prvých dvoch ṕısmen a poźıcie v SA1,2
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