
Algorithms in Bioinformati
s I, WS2002/3Assignment sheet # 5Daniel HusonNovember 11, 2002In the le
ture we dis
ussed how a multiple alignment problem 
an be formulated as an integerlinear program ILP. The aim of this exer
ise sheet is to implement this approa
h in the 
ase of twosequen
es. First, we need a program that takes as input two sequen
es, a mat
h and mismat
hs
ore and formulates the ILP (Problem 1). Se
ondly, we need to run a program that solves the ILP(Problem 2). We will use the free software lp solve to attempt to solve the ILP. As dis
ussed inthe le
ture, ILPs are hard to solve and lp solve will only handle simple 
ases. On
e the ILP hasbeen solved, we need a third program that 
aptures the solution of the ILP, extra
ts the tra
e fromit and prints out the 
orresponding alignment (Problem 3).All three programs should be run on the following data sets:1. ex1.fa ex2.fa with mat
h s
ore=3 and mismat
h s
ore= 1,2. ex1.fa ex2.fa with mat
h s
ore=1 and mismat
h s
ore= -1,3. in1.fa ex2.fa with mat
h s
ore=3 and mismat
h s
ore= 1,4. in1.fa ex2.fa with mat
h s
ore=1 and mismat
h s
ore= -1,5. big1.fa big2.fa with mat
h s
ore=1 and mismat
h s
ore= -1, and6. big1.fa big2.fa with mat
h s
ore=5 and mismat
h s
ore= 1, if you have the time to wait. . .1 Setting up an ILP for a pairwise alignment (3 points)Write a program that takes as input two sequen
es x and y, a mat
h s
ore p and a mismat
h s
oreq. Output is an ILP whi
h 
an be read by the program lp solve.To do this, modify Program6.java, whi
h is available from:www-ab.informatik.uni-tuebingen.de/tea
hing/ws02/abi1/programs/program06.zip. This down-load also 
ontains data �les to run the algorithms on. Additionally, this 
ontains two exe
utableversions of lp solve, one for linux and one for solaris, in dire
tories linux and solaris, respe
-tively. (If you are interested, the 
omplete sour
es and do
umentation 
an be downloaded fromftp://ftp.es.ele.tue.nl/pub/lp solve)Command-line options of the program should be the names of two �les 
ontaining the two sequen
es(in fasta format, as usual) and two numbers s and m with the following interpretations:� s is the s
ore for a mat
h, and� m is the s
ore for a mismat
h.



For example, for input �les ex1.fa and ex2.fa, with mat
h- and mismat
h s
ores 3 and 1, respe
tively,run the program like this:java Program6 ex1.fa ex2.fa 3 1 >ex1_ex2_3_1.ilpusing the unix \>" 
ommand to pipe the output to a �le.2 Running lp solve to solve the ILP (2 points)For ea
h of the data sets, run the program lp solve on the output of Program6 to produ
e theinput for Program7. Continuing the above example, run lp solve like this:./solaris/lp_solve <ex1_ex2_3_1.ilp >ex1_ex2_3_1.
run
hThis produ
es a 
run
h �le, i.e. a �le produ
ed by number 
run
hing.3 Produ
ing an alignment from the ILP solution (4 points)Write a program that takes as input two sequen
es in fasta format and a 
orresponding 
run
h�le. The program should report the optimal s
ore obtained for the ILP, whi
h is 
ontained in the
run
h �le.To do so, please modify Program7 in the above mentioned download.More importantly, the program should 
apture the values of the di�erent edge variables, thusobtaining a tra
e for the optimal alignment.This tra
e should then be 
onverted into an a
tual alignment and the alignment is then printedout.Please �rst write down an algorithm for 
onverting a tra
e into an alignment. Then try to implementit! Continuing the above example, this program should be laun
hed like this:java Program7 ex1.fa ex2.fa ex1_ex2_3_1.
run
hThis should produ
e the following output:Program7: produ
es an alignment from the solution of an ILPRead ex1.fa: 5, ex2.fa: 5, ex1_ex2_3_1.
run
h: 25Optimal s
ore: 12Alignment:-AGGTTAAGGT-NoteFor debugging purposes, the download 
ontains the following �les:� ex1.fa and ex2.fa - two example input �les,� ex1 ex2 3 1.ilp - the ILP �le produ
ed by Program6,� ex1 ex2 3 1.
run
h - the solution to the ILP produ
ed by lp solve, and� ex1 ex2 3 1.align - the alignment produ
ed by Program7.2



A 
lean run of the examples looks something like this:[huson�tolaga℄$ java Program6 ex1.fa ex2.fa 3 1 >ex1_ex2_3_1.ilpProgram6: generates an ILP for the pairwise alignment problemRead ex1.fa: 5, ex2.fa: 5Mat
h s
ore: 3, mismat
h s
ore: 1[huson�tolaga℄$ ./solaris/lp_solve <ex1_ex2_3_1.ilp >ex1_ex2_3_1.
run
h[huson�tolaga℄$ java Program7 ex1.fa ex2.fa ex1_ex2_3_1.
run
hProgram7: produ
es an alignment from the solution of an ILPRead ex1.fa: 5, ex2.fa: 5, ex1_ex2_3_1.
run
h: 25Optimal s
ore: 12Alignment:-AGGTTAAGG-TThe template versions of Program6.java and Program7.java 
ontain 
ode for doing input andoutput and 
ontain hints on how to stru
ture your 
ode. Additionally, Program6.java 
ontainsa method String nodesToVariable(int i,int j) that takes two positions i and j in the twosequen
es x and y, respe
tively, and returns the name of the 
orresponding variable to be used inthe ILP. Conversely, Program7.java 
ontains two methods int xNode (String name) and intyNode (String name) that takes the name of a variable read from the 
run
h �le produ
ed bylp solve and returns the position in the x sequen
e, or y sequen
e, respe
tively.Additional useful a
tivitiesHow 
ould one speed up the 
omputation? Instead of 
onsidering the 
omplete alignment graph,one 
ould 
onsider subgraphs. For example, we 
ould restri
t the number of positions that we wanta base in x to be able to move in y. Experiment with this.Remove the last line in the input �le for lp solve. This statement starting with int tells lp solvethat the variables 
ontained in the statement must be assigned integer values. Without this state-ment the program runs mu
h, mu
h faster. But is the result obtained for the LP-relaxation anyuse?The slowness of a generi
 ILP solver and the uselessness of the LP-relaxation are the two reasons whyone needs to 
onsider elaborate bran
h-and-
ut algorithms to solve alignment using this approa
h.
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