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Straight-Line Programs
• straight-line program (SLP) 

– Xi → c (c �A)
– Xi → Xl Xr (l, r < i)
– T[1..N] Xn

• 1 CFG SLP
• SLP (n ) NP

– O(log N) O(N) 
• n SLP O(n log N) 

O(log N) SLP
• SLP

– ( ) 4

• Claude, Navarro MFCS09
– m : O((m+h) log n) 
– : O((m(m+h)+h occ) log n) 
– (h: SLP , occ: )
– : O(n log n) + n log N bits

•
– m : O(m + log N) 
– : O(n log N) bits
– k O(n(min{mk, k4+m})+occ)
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Heavy Path Decomposition
[Harel, Tarjan 84]

• Heavy edge: 
• Heavy path: heavy edge
• heavy path
• O(log N) 

heavy path
• 2

→ O(log N � log n) time
•

→ O(n2 log N) bit space
TA

X2X1

G

X4

X3

X5

X6

X7

TA

X2X1

G

X4

X3

X5

TA

X2X1

X3

6
2

3 3

2 1

1 1

2 1

1 1 1 1

6

Interval-Biased Search
• i heavy path

2

• 2
→ O(log n) time

• Interval-Biased search
→ O(log N/x) time
(N )
(x )
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• : N
• 1 s1

– O(log N/s1) time
• 2 s2

– O(log s1/s2) time
• O(log N/s1 + log s1/s2 + log s2/s3 + �)

= O(log N) time
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Interval-Biased Search Trees
• 0 = l0 � l1 � l2 � � lm � lm+1 = U predecessor

2

• [li, li+1] 
(i (lm+1� l0)/2 � [li, li+1] )

• l0 � l1 � l1 � � li
li+1 � � lm � lm+1

• [li, li+1] x = li+1� li
j

→ O(log U/x)

0 Ul1 lmx

O(log U/x) time

jj
UxU
22 1 ���
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• ls � � � lt predecessor
x = lt � ls 1+ log x

(2 )
• 2 (lca)

(word RAM )
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•
• N → n
• O(log N) 
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Heavy path decomposition SLP
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Interval-Biased Search Tree
1   6    8     4    1    4    1    1    2    1    1    1    1    1    1
1   7   15   19  20  24  25  26  28  29  30  31  32  33  34
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Interval-Biased Search Tree

• Interval-Biased Search Tree

• : O(log N)
• fwd_excess : O(log N/x)

(x )

16

6,2
1,3,1

1,1
1,1,1

8,2
1,4,1

7,1
1,3,2

4,2
1,3,1

[1] [2,7]

[8,15]

[16,19]

15,1
1,4,3

1,2
2,2,1
[20] [21,24]

4,3
2,4,1

1,3
3,3,1

1,4
4,4,1

2,3
3,4,1

[25] [26]

7,2
2,4,2

2,5
4,5,1

[27,28]

1,5
5,5,1

1,4
4,4,1

1,3
3,3,1

3,5
3,5,1

[29] [30] [31]

1,0
0,0,1

1,1
1,1,1

[33] [34]

1,2
2,2,1
[32]

2,1
0,1,1

6,5
0,5,1

15,2
0,5,1

34,1
0,5,1 size, start

min, max, #min

((()())((()()))(())((())((()()))))
1232321234343212321234323454543210

 502


