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= Tsai (2003): 7The constrained longest common subseguence
problem — O(r¥n¥r)

= Chin et al. (2004) :A4 simple algorithm for constrained
sequence problems - O(nmr)
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i Preliminaries

Degenerate string xover an alphabet A
is a sequence of nonempty subsets of 4, X/JP(A)*
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i Preliminaries

Element of degenerate string x:
Element(x) ={ u Ju, x;, 1<is< [x], UTA", XOP(A) }
u [JElement(x) - ullx
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i Preliminaries

Set of all subsequences of string x:

Sub(x) ={u=u, U, ..U, [ Uy = Z;, XZV1Z}YoZs... Y12V s
UJA, ZOA y; 0A, 1sj<n-1, 1< isn}



i Preliminaries

Set of all subsequences of degenerate string x:

Sub(x) ={u=u, U, ..U, , | 4; 02, X=Y,Z}YsZs... ¥r1ZVns
UdA*, ZOPA), v; OPA), 1<jsn-1, 1< i<sn}

a |a a |a
cllallc| |allal cl|lallalc|allc
x=(al|9) ¢l 9)(c)lg)lc|]lg)g)lcllgc)g

u=9)(9)9)l9)g]

10



Preliminaries

Set of all constrained common subsequences for
degenerate strings x,y and z:

CCSub(x, vy, z) ={ u |/ u [J CommonSub(x,y) [J[Jv [Jz: v [J
Sub(u) }

Set of all constrained longest common
subsequences for degenerate strings x,y and z:

CLCSub(x, v, z) ={ u | u [0 CCSub(x,y,z) [T v [J
CCSub(x,y,z) : vl < Jul }
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Preliminaries

The CLCS problem for degenerate strings x, y, z Is
to compute the set CLCSub(x, y, z) .
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Preliminaries

Maximum Length function for finite language L :

Ful) ={ujuldL [OJOvOL:[v/<[ul}

F({abc, bbc, bc, a} ) = {abc, bbc}
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Preliminaries

Constrained Subsequence function
for finite language L for degenerate string z:

Fe(L, 2) ={ujulL [OOv[z:v[JSub(u)}

F-( {abc, aba, abd}, afca]) ={ abc, aba }
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Preliminaries

Set of all common subsequences of degenerate strings x, y:
CommonSub(x,y) ={ u [ u [7 Sub(x) [7u [7 Sub(y) }
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i Informal problem definition

= CLCS problem for Degenerate Strings

X = [a,e/bcdaaa z=bfcdld
y = [a,c/bacaa/d e/
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i Informal problem definition

= CLCS problem for Degenerate Strings

X = [a,e/bdaaaa z= blcd]d
y = [a,c/balc,d]aald,e]

CLCS(x,y,z) = abdd
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i Algorithm outline

CLCSub(x, y, z) =

Fu( CCSUb(x, y, z) ) =

F,( CommonSub(x, y) n F(A% 2) )=

Fu( (Sub(x) n Sub(y)) n F(A%, 2) )
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Algorithm outline

CLCSub(x, vy, z) = Fp( (Sub(x) n Sub(y)) n F(A%* z)) = L(M)

X y V4
M, L[(M,)=Sub(x) M, [(M,) = Sub(y)
\%
M, L(M,) = (Sub(x) n Sub(y)) My L(M;) = Fes(A% 2)

™

Ms L(Ms) = (Sub(x) n Sub(y)) n Fe(A%, 2)

!

M L(M;) = Fy( (Sub(x) n Sub(y)) n F-(A% z) )=
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Algorithm outline

CLCSub(x, vy, z) = Fp( (Sub(x) n Sub(y)) n F(A%* z)) = L(M)

X y z
i/Proc.l i/Proc.l
M, L[(M,)=Subx) M, L(M,) = Sub(y)
M, L(My) = (Sub(x) n Sub(y)) M; L(M;) = Fes(A%, 2)

Ms L(Ms) = (Sub(x) n Sub(y)) n Feo(A%, 2)

i/Proc.4

M L(M;) = Fy( (Sub(x) n Sub(y)) n F-(A% z) )=
CLCSub(x, y, z) 20



Procedure 1.

Construction of subsequence automaton
In: degenerate string x, /x/=n
Oout: M, L(M)=Sub(x)

= extension of DASG(x) algorithm — [ Tronicek et al:1998]
= time complexity: O(n/A/)
= automaton M

= acyclic

= N+1 states

= /1/A/ transitions
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i Procedure 1.




Construction of automaton for intersection of languages

In: determ. finite automata M,, M,, /M,/c =n, IM,/s =m
out: M, L(M)=L(M,)n L(M,)

= Standard algorithm — only accessible
= time complexity: O(nm/A/)
= automaton M properties

= deterministic

= at most 5m states

= at most nm/A/ transitions

= acyclic if M,or M, is acyclic

23



Construction of constrained subsequence automaton

In: finite language L, degenerate string x, [x/=n
Out: DFA M, L(M)= F(A*% Xx)

= time complexity: O(n/A/)
= automaton M properties
= deterministic
= +1 states
= (n+1)/A/ transitions
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Construction of constrained subsequence automaton

LM)= Feo(A%, Xy X ooe X1 X, )
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Procedure 4.

Construction of automaton accepting subset of maximal
length string for finite language

In: acyclic deterministic finite automaton M,
Out: deterministic finite automaton M,, L(M,)= F,,( L(M,) )

= modif. longest path alg. based on topological ordering of DAGs
= only transitions on longest paths to final states
= time complexity: O(/M,/-/A/)
= automaton M, properties
= deterministic
= at most /M,/, transitions
= at most /M, /. states
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i Example

X = abafc,b] Z=/[ac/a
y = abb/a,c/

CLCSub(x, y, z) = ?
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i Example

L(M,) = Sub(abalc b])
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i Example

L(M,) = Sub(abbla,c])
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i Example

L(M;) =L(M,) n L(M,) = CommonSub(x,y)

30



i Example

L(M,) = Fe(A%, [3,C/a)

ab,c

o
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i Example

L(Ms) = L(M3) n L(M,)= CCSub(X,y,Z2)
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i Example

M’s = M; without useless states
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i Example

L(M,) = Ff M’y) = CLCSub(x,y,2)

34



i Example

L(M,) = Ff M’y) = CLCSub(x,y,2)

CLCSub(abalc b], abbl/a,c], [a,c/a) ={aba}
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Algorithm complexity

CLCSub(x, vy, z) = Fp( (Sub(x) n Sub(y)) n F(A%* z)) = L(M)

X [x/=n y/y/=m Z [z[]=r
¢0(/A/n) ¢0(/A/m)
M, L(M,) = Sub(x) M, L(M,) = Sub(y) O(IAIr)
O(/A/nm)
M, L(M,) = (Sub(x) n Sub(y)) M; L(M;) = F (A% 2)
O(/A/nmr)

Ms L(M5) = (Sub(x) n Sub(y)) n Fe(A%, 2)
i/O(/A Inmr)

M L(M;) = Fy( (Sub(x) n Sub(y)) n F-(A% z) )=
CLCSub(x, y, z) 36



Conclusion

= introduced CLCS problem for DS — new problem
= proposed first algorithm
= automata based
s O(/A/nmr) time
= Uuseable also on CLCS for strings
= extensible on multiple DS - O(/A/ (11 n)) r) time
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