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Naive Suffix Array Construction

GivenastringSe S

- Extract all the suffixes of S
- Sort them

- Return a suffix array, i.e, list of suffixes (and their
indexes)

Complexity: ~ O(|S|* log|S])



DC3 algorithm | Overview

DC3: Difference Cover size 3

- Recursive algorithm of suffix array construction
- Linear in time
- Relies on radix sort (efficient for lists of numbers)
- String characters should be converted in numbers
- Main steps:
1 Divide suffixes into two groups
Sort first group

2 Use first group to sort second one
3 Merge groups to find suffix array.



DC3 algorithm | Step 0

- Convert the string into a numeric sequence with
alphabet A ={0,1,...,A—1}, with A = | 4]
we assume that | A| is small.

- Example of mapping: ASCII code
- Append three sentinel numbers at the end (here 0)

S =abcabcacab —

T = (97,98,99,97,98,99,97,99,97,98,0, 0, 0)



DC3 algorithm | Step 1

Given T=(t[i]...,Vi€{0,...,|T| =1} | ti € A)
Po=(ie{0,...,]T|=1} | i%3=rkandi+2<|T|):

- Py : Positions multiples of 3.

- P, : Positions following those in Pgy

- P, : Positions following those in P,

* Py, = Py + P, (concatenation of P; and P,)
Goal: Sort recursively suffixes in indexes Py ,.

P, =(1,4,7,10,2,5,8)



DC3 algorithm | Step 1

Sequences of three numbers staring from indexes P ,:

Rip = ((TIpL, TIp + 1, TIP +2]) 5 ... , VP € P1y)

Ri, = ((98, 99, 97), (98, 99, 97), (99, 97, 98), (0, 0, 0), (99, 97,
98), (99, 97, 99), (97, 98, 0))

Apply Radix sort to Ry ,:

Rs9te = ((0, 0, 0), (97, 98, 0), (98, 99, 97), (98, 99, 97), (99, 97,
98), (99, 97,98) , (99, 97, 99)

Order=(1,2,3,3, 4, 4, 5)
Index = (10, 8, 1, 4, 7, 2, 5)



DC3 algorithm | Step 1

Make new sequence T by replacing each triplet of Ry, by
its corresponding order.

R, = ((98, 99, 97), (98, 99, 97), (99, 97, 98), (0, 0, 0), (99, 97,
98), (99, 97, 99), (97, 98, 0))

P, =(1,4,7,10,2,5,8)

Order; = (1,2,3,3,4,4,5)

Indexi, = (10,8,1,4,7,2,5)

T =(3,3,4,1,4,5,2)

Finding suffix array of T’ is equivalent of finding R, , order.

Apply recursively same operationsto T, 7, ... until no
repeated characters are in T" 6



DC3 algorithm | Step 1

Apply recursively same operationsto T, 77, ... until no
repeated characters are in T"

T =(3,3,4,1,4,5,2)

Py, =(1,4,7,2,5)

R,, = ((34)), (452),0,0,0),(4,14),5,2,0))
Riz9med = ((0,0,0),(3,4,1),(41,4),(4,5,2),(5,2,0))
Ordery, = (1,2,3,4,5)

Index’, = (7,1,2,4,5)



DC3 algorithm | Step 2

Find order associated to R; given order of R},
T'=(3,3,4,1,4,5,2) , Py = (0,3,6), Index;, = (7,1,2,4,5)

- Ry is built as pairs of the elements at index
Py, = (0,3, 6) and the rank of the next item
Ro = ((3,2),(1,4),(2,1))

- Sort Ry pairs using Radix:

Rgorted = ((1,4),(2,1),(3,2)), Indexg = (3,6,0)



DC3 algorithm | Step 3

Merge Index;, and Index, indexes

For a € Index; and b € Index; ,:

- If T'[a] < T'[b] or T'[b] < T'[a]: Add smaller
- If T'[a] = T'[b]: Compare T'[a+ 1] and T'[b + 1]
(knowing that (a +1)%3 = 1= a+1 € Index;, )
- 1fb%3 =1= (b+1)%3=2=(b+1) € Index;, :
Order known
- 1f b%3 = 2: (b +1)%3 = 0: Compare:
If Tla+1=T[b+1]: (b+2)%3=1and
(a+2)%3 =2 thus (b +1) € Index; , and
(a+2) € Index; ,: Order known



DC3 algorithm | Step 3

Merge Index;, and Index; indexes
Example:

T =(3,3,4,1,4,5,2)

Index’, = (7,1,2,4,5), Indexy = (3,6,0)
— Indexy,, = (7,3,6,0,1,2,4,5)

Remove index corresponding to centinel

— Indexq,, = (3,6,0,1,2,4,5)
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DC3 algorithm | Resume to higher order

Map indexes (Index( ,, — Index];")
PLZ = (17 47 77 107 2’ 5’ 8)
IndeX6,172 = (3, 67 O; 17 2? 47 5)

The indexes in T' correspond to the locations of the
indexes stored in Py,

Index;, = (10,8,1,4,7,2,5)
(Then run steps 2 and 3 and map to higher order ...)

n



DC3 algorithm | Step 2

Po = (0,3,6,9), Ro = ((97,3), (97, 4), (97,5), (98, 1))
Rsorted — ((97,3), (97, 4),(97,5), (98,1)), Index, = (0,3,6,9)
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DC3 algorithm | Step 3

Merge Indexo, = (0,3,6,9) and Index,, = (10, 8,1,4,7,2,5)
Indexo 1, = (10,8,0,3,6,9,1,4,7,2,5)
Remove index for sentinel triplet:

Indexoq12 =(8,0,3,6,9,1,4,7,2,5) < suffix array
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DC3 algorithm | Summary

DC3 (input: T)

- Append sentinelsto T
- Compute Ry, and P,
- Sort R : find Index;, and Order; ,
- If Order,; has repeated elements:
- T' < Replace triplets by their order
+ Indexq 1, « DC3(T')
* Indexi, <— Resume Indexq , , to higher order
- Compute Ry and Py
- Sort Ry : find Indexy, and Order,
- Indexo ., +— Merge Indexes Index, and Index; ,
- Remove index associated to sentinel

- Return Indexo »
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