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The Variable Length Gap Problem

Given some string T € =* and a variable length gap pattern

P =Py glay, b1} - Po-glaz, by} - - glax—1, bx—1} - Px .

Find the end positions for all occurrences of P in T.
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Find the end positions for all occurrences of P in T.

Example: P=A-g{6,7}-CC-g{2,6} -GT

T = ATCGGCTCCAGACCAGTACCCGTTCCGTGGT

Solution: {}



The Variable Length Gap Problem

Given some string T € =* and a variable length gap pattern

P =Py glar, b1} - Po-glaz, by} - - glax—1, by—1} - Px .
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Find the end positions for all occurrences of P in T.

Example: P=A-g{6,7}-CC-g{2,6} -GT
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endposin T

Solution: { 17}



The Variable Length Gap Problem

Given some string T € =* and a variable length gap pattern

P =Py glar, b1} - Po-glaz, by} - - glax—1, by—1} - Px .

Somex € X*s.t.a; <|x| <bh ‘

Find the end positions for all occurrences of P in T.

Example: P=A-g{6,7}-CC-g{2,6} -GT

T= AGACCAGTACCCGTTCCGT

Solution: {17} Not a valid match!



The Variable Length Gap Problem

Given some string T € =* and a variable length gap pattern

P =Py glar, b1} - Po-glaz, by} - - glax—1, by—1} - Px .

Somex € X*s.t.a; <|x| <bh ‘

Find the end positions for all occurrences of P in T.

Example: P=A-g{6,7}-CC-g{2,6} -GT

T= ACCAGTACCCGTTCCGT

endposin T

Solution: {17, 28}



The Variable Length Gap Problem

Given some string T € =* and a variable length gap pattern

P =Py glar, b1} - Po-glaz, by} - - glax—1, by—1} - Px .

Somex € X*s.t.a; <|x| <bh ‘

Find the end positions for all occurrences of P in T.

Example: P=A-g{6,7}-CC-g{2,6} -GT
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endposin T
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The Variable Length Gap Problem

Given some string T € =* and a variable length gap pattern

P =Py glar, b1} - Po-glaz, by} - - glax—1, by—1} - Px .

Somex € X*s.t.a; <|x| <bh ‘

Find the end positions for all occurrences of P in T.

Example: P=A-g{6,7}-CC-g{2,6} -GT

7

T= ACCCGT l CCGTGGT

end posin T

v
Solution: { 17,28, 31}



The Variable Length Gap Problem

Given some string T € =* and a variable length gap pattern

P =Py glar, b1} - Po-glaz, by} - - glax—1, by—1} - Px .

Somex € X*s.t.a; <|x| <bh ‘

Find the end positions for all occurrences of P in T.

Example: P=A-g{6,7}-CC-g{2,6} -GT

T = ATCGGCTCCAGACCAGTACCCGTTCCGTGGT

Solution: { 17,28, 31}



A Closer Look At The Problem
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A Closer Look At The Problem

Parameters
n=|T| a =#occ. of P,P,,...,PrinT
k k
m= Z |Pj A= Z a;
i=1 i=1
Known Upper Bounds
By ‘ Time Space
Bille & Thorup! | O (n(klo%w +logk) + mlogm + A) O(m+ A)
Morgante et al.? O((n + m)logk + a) O(m + )
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A Closer Look At The Problem

Parameters
n=|T| a =#occ. of P,P,,...,PrinT
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Known Upper Bounds
By ‘ Time Space

Bille & Thorup @) (n(klo%w +logk) + mlogm + A) O(m+ A)
Morgante et al. O((n + m)logk + a) O(m + )

Can you get the best of both?
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[llustrating the Algorithm
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[llustrating the Algorithm
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time is spent maintaining the lists.



Time and Space

Claim: The algorithm runs in O((n + m)logk + a) time and uses
O(m + A) space.

Time
» Processing T using AC automaton takes
O((n + m)logk + «) time.
» At most a ranges are added and removed, so O(a) extra
time is spent maintaining the lists.
Space

» AC automaton takes O(m) space.
» How much space is used by Ly, ..., Li?



Maximum Size of L;

X1

R(x1)

.

t P
x1 is reported and Position in T
R(x;) is added to L;



Maximum Size of L;

X1

R(x1)

.

| : >
x1 is reported and Last position where Position in T
R(x;) is added to L; R(x) is still alive



Maximum Size

X1

of Li

R(x1)

R(x)

x1 is reported and

R(x;) is added to L;

Last position where
R(x7) is still alive

.
>

Position in T



Maximum Size

X1

of Li

F—=4
R(x
RG) | FREE
+ — + >
x1 is reported and Last position where Position in T

R(x;) is added to L;

R(x) is still alive



Maximum Size of L;

X1

I d
fb— |P;| =1 + ai-1 te Ci1 >
: fe— bi,1 +1 =

F—=4
R(x2)
Rx) | + —
+ — + >
x1 is reported and 1 Last position where Position in T

R(x;) is added to L;

R(x) is still alive



Maximum Size of L;

I d
fb— |P;| =1 + ai-1 te Ci1 >
: fe— bi,1 +1 =

X1

F—=4
R(x
RG) | FREE
+ — + >
x1 is reported and 1 Last position where Position in T

R(x;) is added to L; R(x) is still alive

— = O(IPi| + a;_1) .
Ci—1+1 Ci—1+1 J (l 1| aj 1)

|L'| < \‘ d J +1= {2Ci_1 + |Pl'| + a1
i| < =



Maximum Size of L;

d

fb— |P;| =1 + ai-1

te= Cio1 1
F—bi,1+1 :

X1

F—=4
RG) | FREE

x1 is reported and 1 Last position where Position in T
R(x;) is added to L; R(x) is still alive

d 2Ci_1 + |Pl'| + Cli_lJ
Li| < +1= = O(|P;| + a;—1) .
| 1| = \‘Ci—l 1J { i1 1 (l 1| aj 1)

k k-1

QWP+ ) a

k
Total space: Z Ll = O

= O(m + A)
=2




