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The LPCS ProblemThe LPCS (longest parameterized 
ommon subsequen
e) problem is ageneralization of a well known LCS problem, 
ontaining gap-
onstraints.De�nitionIn LPCS(X ,Y ,K1,K2,D) we look for su
h longest in
reasing sequen
es ofindi
es P [1, .., l ] and Q[1, .., l ], that:X [P [i ]] = Y [P [i ]]Common subsequen
e.K1 ≤ P [i + 1] − P [i ],Q[i + 1] − Q[i ] ≤ K2Gaps between 
onse
utive mat
hes are not shorter than K1 and notlonger than K2.
|(P [i + 1] − P [i ]) − (Q[i + 1] − Q[i ])| ≤ DThe 
orresponding gaps in both sequen
es 
annot di�er more than D.
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The LCS and LPCS ProblemsLCS
a x x c b d e

a b d c o o eLPCS , K1 = 1, K2 = 3, D = 1
a x x c b d e

a b d c o o e



The LCS and LPCS Problems
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LCS(i , j) = 1 + max{LCS(x , y) : 1 ≤ x < i , 1 ≤ y < j}
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PLCS(i , j) = 1 + max{PLCS(x , y) : K1 ≤ i − x , j − y ≤ K2,
|(i − x) − (j − y)| ≤ D }



The FIG , ELAG , RIFIG and RELAG problemsThe LPCS problem is a generalization of four problems introdu
ed byC. S. Iliopoulos and M. S. Rahman (ISAAC 2006):De�nitionFIG(X ,Y ,K ) = LPCS(X ,Y , 1,K , n)LCS problem with �xed gaps.ELAG (X ,Y ,K1,K2) = LPCS(X ,Y ,K1,K2, n)LCS problem with elasti
 gaps.RIFIG(X ,Y ,K ) = LPCS(X ,Y , 1,K , 0)LCS problem with rigid �xed gaps.RELAG(X ,Y ,K1,K2) = LPCS(X ,Y ,K1,K2, 0)LCS problem with rigid elasti
 gaps.
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Previous Results
Summary of previously known resultsPROBLEM Previous Results Our ResultsLPCS − O(min(n2, n + R log n))FIG O(n2 + R log log n)ELAG O(n2 + R log log n)RIFIG O(n2) O(n + R)RELAG O(n2 + R(K2 − K1))Where R is the total number of mat
hes.



Max-queue data stru
ture
The max-queue data stru
ture 
an be used to 
al
ulate maximum of last Lelements inserted into the queue.Operationsinit(Q, L) � initialize and set the history lengthinsert(Q, x)max(Q) � returns maximum of the last L inserted elements.All operations run in O(1) (amortized) time.



Max-queue data stru
ture example
ExampleFor the sequen
e (1, 7, 5, 2, 6, 3, 1) and L = 41 7 5 2 6 3 1 5

↑ MaxQueue = (1)



Max-queue data stru
ture example
ExampleFor the sequen
e (1, 7, 5, 2, 6, 3, 1) and L = 41 7 5 2 6 3 1 5

↑MaxQueue = (7)



Max-queue data stru
ture example
ExampleFor the sequen
e (1, 7, 5, 2, 6, 3, 1) and L = 41 7 5 2 6 3 1 5

↑MaxQueue = (7, 5)



Max-queue data stru
ture example
ExampleFor the sequen
e (1, 7, 5, 2, 6, 3, 1) and L = 41 7 5 2 6 3 1 5

↑MaxQueue = (7, 5, 2)



Max-queue data stru
ture example
ExampleFor the sequen
e (1, 7, 5, 2, 6, 3, 1) and L = 41 7 5 2 6 3 1 5

↑MaxQueue = (7, 6)



Max-queue data stru
ture example
ExampleFor the sequen
e (1, 7, 5, 2, 6, 3, 1) and L = 41 7 5 2 6 3 1 5

↑MaxQueue = (6, 3)



Max-queue data stru
ture example
ExampleFor the sequen
e (1, 7, 5, 2, 6, 3, 1) and L = 41 7 5 2 6 3 1 5

↑MaxQueue = (6, 3, 1)



Max-queue data stru
ture example
ExampleFor the sequen
e (1, 7, 5, 2, 6, 3, 1) and L = 41 7 5 2 6 3 1 5

↑MaxQueue = (6, 5)



The Algorithm for LPCSAlgorithm
X

Y

(i, j)
j

i Dynami
 programming.Three-level Max-queue.Time 
omplexity O(n2).



The Algorithm for FIG and ELAG
AlgorithmFor R = o(n2/ log n):Dynami
 programming.Using di
tionary data-stru
ture providing: insertion, removal andmax-range queries.O(R) steps (for mat
hes only), ea
h in O(log n) time.Time 
omplexity: O(n + R log n).Can be extended to solve LPCS in O(n + R · log n) time.



The Algorithm for RIFIG and RELAG .
AlgorithmDynami
 programming.Ea
h diagonal is pro
essed separately.O(R) steps (for mat
hes only).Ea
h step in O(1) amortised time (using max-queue).Time 
omplexity: O(n + R).



Con
lusions
Con
lusionsNew problem LPCS whi
h generalizes FIG , ELAG , RIFIG , RELAG .Simpli�ed and faster, the O(n2) algorithm for LPCS problem.The O(n + R log n) algorithm for ELAG and LPCS problem.The O(n + R) algorithm for RIFIG , RELAG .



The End
Thank you for your attention!


