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Linear graph
De�nitionA linear graph of order n is a vertex-labeled graph where eah vertex islabeled by a distint label from {1, 2, . . . , n}.Example



From nRNA to linear graphsDe�nitionnuleotides are represented by verties,possible bonds between nuleotides are represented by edges,non�rossing subset of edges represent possible foldingExample
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Linear graph
De�nitionA linear graph is nested if no two edges ross.Example



The Max-NLS problemLet G = {G1,G2, . . . ,Gk} be a set of linear graphs.Find a maximum size ommon nested linear subgraph of Gi ∈ G.Example
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Flat linear graph
De�nitionA nested linear graph is �at if it ontains no branhing edges, i.e., it isomposed of an ordered set of staks.Example



Level linear graph
De�nitionA �at linear graph is level if it is omposed of an ordered set of staks ofthe same height.Example



Approximation of MAX-NLS with MAX-LLS
Theorem (Davydov, Batzoglou, 2004)The MAX-NLS problem is approximable within ratio O(log2mopt).Where mopt is the maximum number of edges of an optimal solution.CommentsMAX-NLS → MAX-FLS → MAX-LLS

× logmopt × logmopt
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TheoremThe MAX-NLS problem is approximable within ratio O(logmopt).Where mopt is the maximum number of edges of an optimal solution.Comments MAX-NLS → MAX-LLS

× logmoptThe O(logm) approximation bound is tight.



Level signatureDe�nitionLevel signature of G is a funtion suh, that:(i) s(h) is the maximum width of a level subgraph of G with height h;(ii) if G has no level subgraph of height h, then s(h) = 0.Example
Maximum level subgraphs of G with height 3 (on the left), and height 2 (on theright). The level signature of the graph is: s(1) = 5, s(2) = 4, s(3) = 3, s(4) = 0.



Approximation of MAX-NLS with MAX-LLSTheorem (Davydov, Batzoglou, 2004)The MAX-LLS problem is solvable in O(k · n5) time.TheoremThe MAX-LLS problem is solvable in O(k · n2) time.Outline1 ompute signatures of eah graph (dynami programming),2 ompute ommon signature,3 hoose best solution.
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A polynomial-time algorithm for �xed |G|
TheoremThe Max-NLS problem is solvable in O(m2k · logk−2 mk · log logmk) time,where k = |G| and m = max{|E(Gi )| : Gi ∈ G}.CommentsGeometri representation of linear graphs: d -trapezoidsMax weighted Independent Set in d -trapezoid graphs.Dynami programming



MAX-NLS and d�trapezoidsExample



Hardness results
Theorem (Davydov, Batzoglou. 2004)The Max-NLS problem is NP-omplete.TheoremThe Max-NLS problem for �at linear graphs of height at most 2 isNP-omplete.
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MAX-NLS Problem for nRNA Generated Linear Graphs
Restrited linear graphsGraphs produed from the sequenes using simple rules.

(i , j) ∈ E i� harater S [i ] mathes S [j ]ResultsFor any �nite �xed alphabet we an approximate MAX-NLS with O(1)approximation fator, in O(n · k) timeFor nRNA we an show that the approximation fator is not greaterthan 14 .



MAX-NLS Problem for nRNA Generated Linear Graphs
Restrited linear graphsGraphs produed from the sequenes using simple rules.

(i , j) ∈ E i� harater S [i ] mathes S [j ]ResultsFor any �nite �xed alphabet we an approximate MAX-NLS with O(1)approximation fator, in O(n · k) timeFor nRNA we an show that the approximation fator is not greaterthan 14 .



Conlusions
Faster MAX-NLS/MAX-LLS approximation algorithm O(k · n2)Better approximation ration proved O(logmopt)Exat algorithm for MAX-NLS running in
O(m2k · logk−2mk · log logmk) timeImproved hardness resultsO(1) MAX-NLS approximation algorithm for a �nite �xed alphabet ofnuleotides, running in O(n · k) time14 MAX-NLS approximation algorithm for nRNA derived linear graphs


