










4.1 Suffix arrays 73 

either a suffix starting at an LMS-position or an L—type suffix. By the in- 
duction hypothesis, Sj+1 has been placed. Consequently, when the scan 
reaches Sj+1, the L-type suffix Sj is placed. [:1 

Lemma 4.1.12 Step 3 of phase II correctly sorts all S-type suffixes of S . 

Proof The proof is very similar to the proof of the preceding lemma. First, 
we show that every S-type suffix is placed at its correct position. We 
proceed by induction on the number q of placed S-type suffixes. For the 
base case, note that all suffixes starting with the largest character ca must 
be L-type. That is, the S-type region of the ca-bucket is empty, and hence 
A[n + 1] corresponds to an L—type suffix. In the right-to-left scan of A, let 
2' be the first (rightmost) index so that 84,-1-1 = cSAm is an S-type suffix 
(clearly, c < co and it is not difficult to show that 2' belongs to the ca— 
bucket). The algorithm places the index A[i] — 1 at the very end of the 
c—bucket. This is correct because SAW—1 2 CSAli] is the lexicographically 
largest suffix that starts with the character c. As an inductive hypothesis, 
suppose that q S-type suffixes have been placed correctly. We have to 
show that the (q + 1)-th S-type suffix will be placed correctly. Suppose 
that in the right-to-left scan of the array A we are at index 2', and let 
A[z‘] = j + 1 for some j 2 1. That is, Sj+1 is either an L—type suffix or an 
S-type suffix that has already been placed, and suffix Sj is the (q+ 1)-th S- 
type suffix that has to be placed. Let c = S [ j]. For a proof by contradiction, 
suppose that when we move the start position j to the current end of the 
c-bucket in A, there is already an S—type suffix S], in the c-bucket that 
is lexicographically smaller than Sj. So in the c-bucket, k is right to j . 
This means that there must be an index 2" > i so that A[i’] = k + 1. In 
other words, in the right-to-left scan of A, k + 1 is encountered before 
j + 1. Because both Sj and 3;, are in the c-bucket, we have Sj = c+1 and 
5,, = cSk+1. Moreover, S}, < 53- has Sk+1 < Sj+1 as a consequence. If Sj+1 
(Shirl) is an L-type suffix, then it is at its correct position by Lemma 4.1.11. 
Otherwise, if Sj+1 (5H1) is an S—type suffix, then it is at its correct position 
by the inductive hypothesis. Therefore, in the right-to—left scan of A, j + 1 
must be encountered before k + 1, a contradiction to our assumption. We 
conclude that the (q + 1)-th S-type suffix Sj is placed correctly. 

Second, we prove that every S—type suffix will actually be placed dur- 
ing the scan. For an inductive proof, assume that the q lexicographically 
largest S-type suffixes have been placed, and let Sj be the (q + 1)-th lexi- 
cographically largest S-type suffix. We have to show that Sj will be placed 
during the scan. Clearly, Sj < Sj+1 because Sj is S-type (thus, if SH, ap- 
pears in the array A, then it must appear right to 8]). If Sj+1 is an L—type 
suffix, then it was placed correctly in step 2.  Otherwise, if Sj+1 is an S- 
type suffix, then it has also been placed by the induction hypothesis. In 
both cases, Sj+1 was encountered before and Sj is placed. El 














