Tutorial Week 7

Definition 1. The suffiz table SUF of a string y of length n gives us the
order of the suffizes of y, such that SUF[i] < SUF[i + 1]. The LCP array
corresponding to y gives us the lengths of the longest common prefizes of
consecutive elements in the suffiz table:

LCP[i] = [lep(y[SUF[i — 1]..n — 1], y[SUF[i]..n — 1])|.

Together the two form the suffiz array. If by Firsty(u) we denote the
prefiz of length k of u, when |u| > k, and u, otherwise, then by Ry[i] we
denote the rank of Firsty(y[i..n — 1]) inside the ordered list of all Firsty(u),
where u is a non-empty suffix of y.

Exercise 1. Consider the following list of sequences: ababa, abcacabb,
abcacababe, and abacabacab. For each of them, using the prefix doubling
technique find out the corresponding ranks. Next, find out their correspond-
ing suffix array consisting of the suffix table SUF and the corresponding LCP
table, respectively.

What is the complexity of the algorithm?

Solution:
ifr J0[1[2]3]4
yli] al|lblal|bl|a
Rl [0]1|0[1]0
Roli] |1]2]1]2]0
Rai] [2]4|1[3]0
SUF[] 42|03 |1
LCP[r] [0 ]1 3|02
ir 0[1]2[3|4|5|6]7
yli] al|lblclalc|lalb]|b
Rii] (0[1]2]02]0]1]1
Roli] |0|4]5[1]5]0]3]2
Rifi) 1|5 |7(2]6|0[4]3
SUF[] [ 510376142
LCP[r] [0 |2]1|0[1[1]0]2




iJr J0|1]2[3[4[5]6]7]8]9
yli] alblclalclalblalb]|c
Rili] |o|t1]2]0l2]0[1]0|1]2
Rofi] [0|3|5]1|5]0]2]0][3]4
Rai] [2]6|9[3[8|0[4|1[5]|7
SUF[] |5 |7|0]3|6[8|1]9]4]|2
LCP[] |0 |23 |1]0]1[2]0|1]2
i/r 0112345 |6]7|8]9
yli] alblalc|alblalc|alb
Rl |o]1lo]2]olt]o]z2|0]1
Roli] 0|31 |4]0[3]1]4]0]2
Rafi] [1]4(2]6]1(4]2(5]0]3
Rgli 21714191116 [{3|8]01]5
SUF[] |8 |4]0/6[2]9|5[1]7]3
LCP[] |0]26|1]4|0[1]5|0]3

The algorithm takes linear time to find the array SUF using the skew
algorithm and linear time to compute the array LCP. Please note that
when computing the SUF[r] we look at the positions of the ranks in the
word! Furthermore, when computing the LCP[r] we look at the r — 1 and r

positions in the array SUF and not in the word!

Exercise 2. Consider now the same list of sequences: ababa, abcacabb,
abcacababc, and abacabacab. For each of them, using the skew algorithm
find out the corresponding ranks, considering the t and s sequences. Next,
find out their corresponding suffix array consisting of the suffix table SUF
and the corresponding LCP table (obviously, these are the same as for the

previous exercise).

What is the complexity of the algorithm?

Solution: First we look at the string ababa.
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Rank ¢
0 a
1 aba
2 ba
3 bab

Rank ¢
0 abc
1 aca
2 b
3 bb
4 bca
5 cab

Rank s ¢ Suff(1230) Rank j
0 4 0 0 2
1 0 1230
2 3 230
3 1 30
i 0111234
y[i] alblal|b|a
r[i] 214111310
SUF[r] 42031
LCPlr]|0O[1[3]0]|2
Next we look at the string abcacabb.
i |01 3141567
yli] |a | b alclal|bl|d
Rank s ¢ Suff(013452) Rank j
0 0 013452 0 2
1 3 13452 1 5
2 7 2
3 6 3452
4 1 452
5 4 52
i 0112|345 |6]|7
yli] al|blclalc|lalb]|b
r[i] 115(712|6|0(4]3
SUF[r] [5(0|3|7[6]1]|4]|2
LCP[r]|0O|2]|1]0|1|1]0]2
Next we look at the string abcacababe.
i |01 3 5167|819
yli] blal|b




Rank ¢ Rank s ¢ Suff(0124350) Rank j (y[j],slj+1])
0 abc 0 70 0 5 (a,2)
1 aca 1 0 0124350 18 (b4)
2 bab 2 3 124350 2 2 (1)
3 bca 3 6 24350
4 c 4 1 350
5 cab ) 9 4350

6 4 50
1 0]1/2|3|4|5|6[7]|81]9
yli] alblclalclalblal|b]|c
il |2]6|9[3[8]0[4]1]5]7
SUF[r] |5|7|0[3[6[8[1]9]4]2
LCP[r] |02 [3|1]|0[1[2]0]1]2
Finally, we look at the string abacabacab.
1 |0]1]2]3[4]5|6|7|8]9
ylij la|b|lalcla|bla|lclalb

Rank ¢ Rank s i Suff(0412304) Rank 5 (y[j],slj + 1))
0 aba 0 4 04 0 8 (a,2)
1 aca 1 0 0412304 1 2 (a4
2 b 2 6 12304 2 5 (b1)
3 bac 3 9 2304
4 cab 4 1 304

) 7 4
) 3 412304
] 01234 |5|6|7|8]9
yli] alblalc|lalblalc|albd
r[i] 2171419(1]6|3[8|0]|5
SUF[r] (840629 |5[1]7]|3
LCP[] |0]2]6[1]4|0[1]5|0]3

The algorithm takes linear time to find the array SUF using the skew
algorithm and linear time to compute the array LCP. Please note that
when computing the SUF[r] we look at the positions of the ranks in the
word! Furthermore, when computing the LCP[r] we look at the r — 1 and r
positions in the array SUF and not in the word! |



