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Preface

The seriesJava for the Study of Evolutiois directed to scientists that want to
manage a serious but not excessively expensive tool to swvalution by direct
experimentation under perfectly controlled conditionBe3e requirements cannot
be metin nature but only in simulations and mathematicaletsodn consequence,
the series has three main purposes:

1. To endow the community eésearchers in biology and evolutiorwith high
level programmingenabling an accurate study of models and simulations of
the most diverse nature.

2. To clearly show how this tool is used to study the fundamlespiestions of
evolution.

3. To suggest that the study of Java could/bey fruitful for undergraduates
in biological sciences even more than calculus alone.

This is the eleventh volume: More trees. We arm evolution wh varied
hints to attack the problem of fitting a tree to a distance matix. Its perfor-
mance is assessed.

Bogota, Colombia, Jos Rodiguez
December 2013
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Introduction

We challenged evolution in Volume X with an important prahleto find the per-
fect matching of a tree to a distance matrix. Our efforts wasalfficient to get
an algorithm with acceptable performance. This is no ssepbiecause our prior
experience have clearly showed us that evolution can begmmoged as bad as
desired and that most surely any current program competdeiiog the worst.

This terrible truth has the following implication: we havkempty of space to
search for powerful hints to help evolution to become a maungesolution to the
problem that worries us. We are departing, of course, fromwidgan evolution
and coming into the realm of Lamarckian or helped evolution.

Our first task to hint evolution is to solve the problem of hawntutate and
recombine tree topologies, a task that will allow us to imudat evolution to the
full. This is done in chapter I. Since we notice a very smalbiavement in per-
formance, we generate varied hints in chapter Il to helputmi. So long as we
perceived no important improvement, we examine in chaptehe cause of the
difficulty of the studied problem. We find that it is an extretegree opleitropy
that results when every gene affects every observable atrara\s a direct result
of our failure and in the light of the extreme complexity délithe idea that evolu-
tion could explain the origin of the generality of speciepegrs to be ridiculous.
Nevertheless, a better understanding shows that it is lgcgane to suggest that
evolution explains the origin of species: pleitropy in dsedegrees predicts a core
of invariant characters plus a variable part, whose compismaay evolve with di-
verse degrees of velocity. This is compatible with the life see. Nevertheless,
we state in chapter IV, our summary, that the Evolutionargdri of the origin of
species is obviously false: pleitropy predicts abundadtlang standing cases of
mediocrity as in the fossil record as in modern populatiamsniothing like that is
found in nature.
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Chapter 1

Evolution of tree topologies

Evolution to the full

1 Introduction. We learned in Volume X how to use various versions of Java
trees to simulate evolution. We definedree topologyas a string that contains
the information of how nodes are linked. If we add lengthshtolinks of a tree
topology, we get &ree

Our main aim in Volume X was to challenge evolution with anartgnt prob-
lem: to find the tree that best represents a distance matrige. ugé as test the
problem in which the distance matrix was derived from a tred we demanded
from the program to output the tree with which we began.

We tried out a solution by scanning all possible tree topi@sgone by one,
to find the best tree in within each chosen topology. Thesdléwi optimization
problems were solved by evolution. After certain numbereokgations the algo-
rithm was stopped and the best topology was declared to heniittathe optimal
tree. The problem of scanning all possible topologies entyad a combinatorial
explosion because of which that problem was classified aactatble and for a
desktop this happens rather early, when the tree have just®tleaves. Nev-
ertheless, it was found that the best topology could be sithglut by comparing
performances during, say, the first 150 generations. Santwave the algorithm
we included two phases. The first was to scan all possiblddgjes during some
100 generations to single out the best one. The second was the best topology
to find the best tree.

Conclusion: Our improved algorithm was good to solve theepgoproblem
with 3, 4 and 5 leaves. Running time was so long beyond thighleaalgorithm
was declared to be inappropriate for a desktop.
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2 Objective. The immediate explanation of our failure is that evoluticasvmot
used to its full power. In fact, mutation and recombinatic@reMmplemented inside
tree topologies and nothing else. So, our purpose in thipthas to test the power
of mutation and of recombination of topologies: instead bfiach of optimization
problems that must be solved separately, we have just ormepnothat explores
alternatives and recombines the best from partial soltidn that way we expect
to test the power of evolution to the full.

Our first step is to propose a frame to discuss our task.

1.1 Trees come in species

Although we have no universally accepted definition of speamost people con-
sider that that concept must be tied to reproduction andehemevolution. One
also might add the specification of sexual reproduction.o8ejmmediately would
say: the cat and the dog belong in different species bechegectin not produce
hybridize. Now, sexual reproduction means recombinatiogeaetic material. If
we accept this directive, we must be ready to recognize tbastcome in species.
Let us see that in detalil.

3 Viability of recombinants.

Our genetic or verbal representation of trees is by meanswofi¢k’s and link
notation:

L]

Figure 1.0. This tree can be represented as ( ((A,D),B),Xewick’s notation,
or as ((Al,DI)J,BJ),CJ) in link notation.

Let us consider now the recombinant products of the paieeftwith the same
set of leaves ((A,D),B),C) and ((A,B), (C,D)). To that aimewalign them and take
one part from the first tree and glue it to a second part fronother tree:
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((AD,B), O
((A.B),(CD)

Recombinants:

A B),(C D) : viable, clone of the second tree.
AD,(CD) : not viable for it has a repeated | eaf.
A, D),B),D) : not viable for it has a repeated | eaf.
AD,B),C) : not atree for the nunber of right

parent heses do not match that of |eft ones.

This simple example shows us that blind and random recortibimamong
tree topologies, i.e., recombination in the sense of Daamievolution, is in gen-
eral a lost of time because of so much inviability. But on tlieeo hand, let us
remember that we had no trouble to implement recombinatidengths of links
in within the same topology. Which is the lesson to be drawrtt®ach tree
topology is a species on its own.

4 Challenge. Develop a program to decide when a recombinant is viable, i.e
produces a string that can be interpreted as a binary tree wittout lost or rep-
etition of leaves. Use it to prove that recombination amoiffigetnt topologies is
in general very rich in inviability.

Let us pay attention to a possible way to implement recontioinahat always
produce viable recombinants.

5 The Tot distance

We saw in Vol X a recursive method to build all possible togus. The
output is a tree in which each node represents a topology lietaus refer to this
super-tree agot: the tree of trees

6 Definition. The Tot distance in within tree topologies S and i the the
number of steps from S to T that one must walk along the shaés in Tot.

7 Example. The Tot distance between
(((A,F).((B,E),D)),.C) and
((A,((B,E),D)),(C,F)) is 2 because one can transform thst tiopology to the
second in two steps. First, take away leaf F from the first lmgpoto get
((A,((B,E),D)),C) and second, reinsert it anew in the cotnelace.
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8 Example. The Tot distance between

(((((A,F),E),D),B),C) and

((A,B),(((C,D),E),F)) is 6 because to go along the tree ekfr from the first
topology to the second, one needs to take away leaves D, E timteinsert them
anew appropriately. The transforming sequence looks lile begin with

(((((A,F),E),D),B),C), take away leaf F

((((A,E),D),B),C), take away leaf E

(((A,D),B),C), take away leaf D

((A,B),C), reinsert leaf D

((A,B),(C,D)), reinsert leaf E

((A,B),((C,D),E)), reinsert leaf F

((A,B),(((C,D),E).F)).

9 Exercise. Run program J158 TreeOfTrees7 of Vol X to check whether or not

the assertions of the previous example make sense oveetheftirees.

Why we expect this distance to be important? We knew that &aehtopol-
ogy is a species and now we recognize that species grade bgrigym\We expect
that the probability of successful recombination dimieiskas the Tot distance in-
creases.

10 Challenge The Tot distance is based on transformations. It is an atbaric
distance. Such distances make sense only when the dis&fece to the shortest
series of transformations that connects the two given ¢hjéoes our Tot distance
comply with this specification? We will assume a positivenans

Aforementioned discussion serves us to make explicit sarreg
11 Darwinian evolution vs. Lamarckian evolution

The basic idea of Darwinism such as we see it today in relatitin mutation
and recombination is that they happen at random. On the bémet, the basic idea
of Lamarckism is that evolution can be helped by twistingd@nness to make
more probable those changes that lead to full adaptatidmeadtolving population
to their environment or selective procedure. This congasims to imply that ran-
domness in Darwinism must be defined as randomness accoodhmgdistribution
given by the direct encoding of (nude) evolution.

Tofix ideas, let us consider a Java simulation. The encodiagatution allows
here to interpret randomness as randomness according tfmenudistribution: it
is readily implemented and produces no twisting, no prefeeefor certain mu-
tations. So, in regard with our Java simulati@arwinism means that mutation
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happens at randomness according to a uniform distribuBeery sort of twisting
of randomness will be referred to as appliesimarckism. But if we turn to the
genome, we must take into account that mutation is drivenidghlysics and bio-
chemistry in rather complex operations and there is no nesdppose that, say,
all possible base substitutions happen with equal prababithe experimentally
observed distribution is what must be taken as the distabiuthat rules random-
ness in Darwinian evolution when the genome is referred ®al¢ady know how
to simulate in Java those cases.

And, what about recombination? In many cases it happenghbatncoding
of evolution naturally leads to recombination of homolog@equences, i.e., of
sequences that encode for the same functional subunits ihiso the case of
the genome. For those cases, Darwinism means that the siégearhbination is
chosen at random according to a uniform distribution. Anigtiwg is Lamarckian.

Let us discuss these ideas in regard with our problem of ditéintree to a
distance matrix. If mutation can change a char by anothen this perfectly
allowed that leaf C may be substituted by leaf D and so the mstaing has too
leaves D and no leaf C: the string does not encode for a trebeooriginal sets
of leaves. It is not viable and this is a generalized illneBy. the same token,
recombination is also plagued with generalized inviapilithus:

1. Itis useless to think that Darwinian mutation and recaration may rescue
us from our troubles with found combinatorial explosion.

2. To implement Lamarckian evolution we must twist randogse our favor.
Our choice is to refer mutation to the tree of trees. So, #e of trees is our
natural frame for implementing evolution among tree togas.

3. Mutation will be understood as a suitable walk along tke tf trees.

4. Recombination will be executed as the substitution of sutetopology (a
substring that is a tree topology on its own) by another ohlgoth are
subtopologies over the same subset of leaves.

1.2 Implementing mutation over tree topologies

We know how to recursively generate all possibles tree tapet using the tree
of trees. Now, this tree engenders a combinatorial exphos&n, we cannot keep
its representation in memory. Therefore, we can not usettbatto implement
mutation of tree topologies. Rather we will implement migtatas a random walk
over that tree but guided by rules not by the tree itself.
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12 The two fundamental operations

We need to know how to delete and how to reinsert a leaf in angivace to
generate a walk over Tot but without actually using of sedinghe rules to insert
a leaf into a tree topology were worked out in Vol X. They résdlto be simple

in our link notation. We might expect that the rules to dekeleaf are inverse to
those of inserting. So, let us look at rule 1 for insertingad ke into link Al:

Al — > (AN,FN)I

for leaf A, new internal node N and old internal node |. But & weed to insert
a leaf into a link that glue a subtree S, we apply rule 2

(S)l — > ((S)N, FN)I

where (S) is a subtree, N and I= internal nodes, F new leaf, &M grafted
branch. Rule 2 generalizes rule 1.

Antirule 1, the inverse of rule 1, is:

(AN,FN)I — > Al

Antirule 2, the inverse of rule 2 reads:

((S)N,FN)I— > (S)I

To implement these rules, we need to learn how to recognizbtaee even if
it consists in just one leaf. Moreover, we cannot delete arrimode because the
tree would get split. Other problem refers to parsing. Todeais, let us consider
the tree:

((Aa,Ba),(((Cb,Db)c,Ec)d,Fd)a)

Since the order of insertion is alphabetic, the last insddaf was F. Its inser-
tion generated the link Fd, so d was the last generated irothr. 1T his says that F
was glued to the subtree ((Cb,Db)c,Ec). Therefore, thenpéiree must be

((Aa,Ba),(((Cb,Db)c,Ec))a)

But if we look at the tree of trees, we see that the direct aoces
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((Aa,Ba),(((Cb,Db)c,Ec)d,Fd)a) is
((Aa,Ba),((Cb,Db)c,Ec)a)

We have an extra pair of parentheses. If we are not carefhlisrrégard, we
may deceive the tree parser. With all this in mind, let us cosehe corresponding
code:

13 The code for deleting a leaf followsOnly antiRulel is implemented:
(AN,FN)I— > Al

/I Program K13 Del et eLeaf
/1 This program generates a randomtree and
//deletes the last inserted | eaf.

/1 apply two del eting rules:

//antiRule 1:

[1(An,Fn)i -> Al

/lantiRule 2:

[1((S)n,Fn)i -> (9)i

//where A and F are leaves, n and i are inner nodes,
[1(S) is a conplex structure.

// These rules are inverse to inserting rules.

//Only antiRule 1 is inplenented.

i mport java.util.Random

public cl ass Del et eLeaf

{

/1Link’s notation for trees
private static String parent =
"((Aa, Ba), Ca)";

private static String | eaves =

" ABCDEFGHI JKLMNOPRSTUWKYZ" ;
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private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";

/I Next leaf to be grafted

private static int nextlLeaflndex = 2;

// Next internal node to be inserted
private static int nextlntNodel ndex = O;

private static Randomr = new Random();

private static boolean print = false;

// Detect internal nodes, different than | eaves
private static bool ean charl sl nternal Node(char c)
{

String s ="" + c;

i f (internal Nodes.contains(s)) return true;

el se return fal se;

}

[1Simplification fromLink notation to Newi ck’s notation
I (((AJ,D3)1,BI),C) -> (((AD,B),C

private static String sinplify(String newlree)

{

String tree = "";
//1ength of string newlree
int | = newlree.length();
for(int i =0; i <1I; i++)
{

/I newTree is scanned char by char
char ¢ = newlree.charAt(i);
/1ls ¢ an internal node to be deleted?
i f (charlslnternal Node(c));

el se //add char ¢ to out put

tree = tree + c;

}

return tree;

}

//Rule 2 is used to generate a new tree:
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I1(S)I -> ((S)N,FN) I .

/1S = subtree, | = internal node, F = new | eaf,

/'I'N = new i nternal node.

/IRule 2 grafts new branch FNto link (S)I

[11 is the position of char | in string parentTree

private static String useRul e2(String parentTree, int i,
char F, char N)

{

String newlree = "";

char | = parentTree.charAt(i);

if (print)

Systemout.printin("i =" +i1 +" 1 =" +1);
//Subtree S of link (S)lI nust be read

String S ="";

// Counter of left parenthesis

int counter = O;

String pl ="" +"'(";

String pr = "" + )"

//Position to be scanned

int position =i;

bool ean go = true;

[T Al'l right parentheses to the near left of | are captured
whil e (go)

{
position = position -1;
String a = "" + parentTree.charAt(position);
if (print)
Systemout.println("fa=" +a+" p=" + pr);
if (a.equal s(pr) )
{
count er ++;
S=a+S§s
}

el se go = fal se;
}/ 1 End of while
if (print)
Systemout.println("counter =" + counter);
/1 The conpl ete subtree is captured:
/ | Par ent heses nust bal anced
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while (counter > 0)

{
String a = "" + parentTree. char At (position);
if (a.equal s(pr)) count er ++;
if (a.equals(pl)) counter--;

S=a+ S5

if (print)
Systemout.println("Subtree =" + S);
position = position -1;

}

/I Repl acenent rule 2:

[1(S)I -> ((S)N,FN) 1. N= next | nt Node;

/I F = next Leaf

/] Target to be repl aced

String target = S +1;

String replacenment = "("+ S + N+ ", "
+ F+ N ")" +1;

//Rule 1 is executed

newlree = parent Tree.repl ace(target, replacenent);

/[11f 1 links to a conplex structure

return newlree;

}

[/ From parent Tree, a tree in Newick’s notation

/[la Child tree is generated by a generative gramar
/1 A randomel ection is made anong all possibilities.
private static String generateChild(String parentTree)

{

next Leaf | ndex++;

char next Leaf = | eaves. char At ( next Leaf | ndex) ;

/I Next internal node to be inserted

next | nt Nodel ndex++;

char nextl nt Node = i nternal Nodes. char At ( next | nt Nodel ndex) ;

/11ink to be replaced

String link ="";

/[1String link is replaced by what:
String replacenment = "";
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/I new tree generated by repl acenent
String newlree = "";

/llength of parent tree

int | = parentTree.length();

[/ counter of |links = 0;

int counter = O;

/1Links are counted

for(int i =0; i <1I; i++)
{
/I parentTree i s scanned char by char
char | = parentTree.charAt(i);

/1ls | an internal node that denotes a |ink?
i f (charlslnternal Node(l)) counter ++;

}

/1A link is chosen

int k = r.nextlnt(counter);

/1 System out. println("Random nunber =" + k);
/I new branch is grafted at k

counter = 0;

for(int i =0; i <1; i++)

{

/I parent Tree i s scanned char by char

char | = parentTree.charAt(i);
//1s 1 an internal node that denotes a replacenent?
i f (charlslnternal Node(l))

{

if (counter == k) //1s | the chosen |ink?

{
/] Check for the char before

char a = parentTree.charAt(i-1);

/[11f 1 links to a conplex structure
if (a==")") newlree = useRul e2(parentTree, i,
next Leaf, nextl nt Node);
else //if I links to a leaf, use rule 1
{
//Link to be repl aced
link ="" + a + |;
[/ Repl acenent rule 1:
/[lal -> (aN, FN)I; N= next | nt Node;

/I F = next Leaf

11



12 CHAPTER 1. EVOLUTION OF TREE TOPOLOGIES

repl acement = "(" + a + nextlntNode + ","

+ next Leaf + nextlntNode + ")" + I|;
//Rule 1 is executed
newTree = parent Tree.repl ace(link, replacenent);

Si/st emout.println(newlree + " ->"
+ sinmplify(newlree));

i =1y

}

count er ++;
}

}
return newlree;
}
//Leaf F and node n conform link Fn and are del eted.

[/We apply the antirul el:

[ (An, Fn)i -> A

private static String antiRulel(String tree,
int positionLeaf, int positionNode)

{
i nt begi nl ndex = positionLeaf - 4;
i nt endl ndex = positionNode + 3;
String AnFni = tree.substring(beginl ndex, endl ndex);
Systemout.println("Anfni =" + AnFni);
String Al = "" + tree.char At (begi nl ndex+1)
+ tree. char At (endl ndex-1);
Systemout.printin("A =" + Al);

tree = tree.replace(AnFni, A);
return tree;

}

[/ Leaf belongs in a conplex structure and is del eted
/1 W apply the antirul e2:

[1((S)n,Fn)i -> (9)i

private static String antiRule2(String tree,

int positionLeaf, int positionNode)



1.2. IMPLEMENTING MUTATION OVER TREE TOPOLOGIES 13

{ nn

return :

}

[/ The last inserted l|leaf is deleted fromtree.

private static String deletelLeaf (String tree)

{
[/ Leaf to be del eted
String leaf = "" + | eaves. char At (next Leaf | ndex) ;
Systemout.println("\nLeaf to be deleted =" + |eaf);

/| Acconpanyi ng i nner node
String i nnerNode = ""
+ i nternal Nodes. char At ( next | nt Nodel ndex) ;
System out. println("Acconpanying i nner node ="
+ i nner Node) ;
/I new tree = output

String newlree = :
//length of tree as string

int | =tree.length();
// Last positions are found
int positionLeaf = -1;

i nt positionNode = -1;
/[/tree is scanned char by char

for(int i =0; i <1; i++)
{
String ¢ ="" + tree.charAt(i);

if (c.equal s(leaf)) positionLeaf = i;
if (c.equal s(innerNode)) positionNode = i;

}

Systemout.println("Position of " + [eaf +

" =" + positionLeaf);
Systemout.println("Position of " + innerNode +
" =" + positionNode);

int firstPosition = tree.indexd (innerNode);
/1 Check for the char before firstPosition
char a = tree.charAt(firstPosition - 1);
/11f 1 links to a conplex structure

it (a==")")
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newlree = anti Rul e2(tree, positionLeaf, positionNode);
else //Apply anti Rul el for sinple cases

newlree = anti Rul el(tree, positionLeaf, positionNode);
return newlree;

public static void main(String[] args)
{
[lAtree is generated
Systemout.println("Parent tree = \n" + parent
+ " ->" + sinmplify(parent));
/I Number of | eaves
i nt nLeaves = 2;
for(int i = 0; i < nLeaves; i++)
parent = generateChil d(parent);
//1f antiRule 1 is applicable to |last inserted |eaf,
/11t is deleted.
String tree = del etelLeaf (parent);
Systemout.println("Qutput tree = \n" + tree);

}

}//End of main class K13 Del et eLeaf

14 Exercise. Run the program and play with the code. Verify that when aln¢iR
1is applicable, it deletes the last inserted leaf.

15 Exercise. Implement antiRule2: ((S)N,FN} > (S)I. Answer

We know now how to insert and how to delete a leaf. Since ttall ne needs
to walk over the tree of trees, we are ready to implement nautét the set of tree
topologies. One constraint must be observed: we must eridantitee topology
that must have the same set of leaves with which we began.

The mutation we speak about is not Darwinian: it is not at camaver the
strings that encode for trees. It is Lamarckian: it impleteaesm change that is
viable by construction. In that way, we twist randomnessuofavor, i.e., there is
no lost of time due to producing and trying out so huge amooitdanges that do
not encode for a tree. So, let us see how Lamarckian mutaiiomplemented.
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16 The code that implements mutation of tree topologies foltow

/I Program K16 TopoMuit ati on

/1 Thi s program generates a random bi nary tree topol ogy

/I and produces a nutation, whose output must be

/la binary tree topology with the sane set of |eaves.

/1A mutation results fromdeleting
/la given nunber of |eaves

//to reinsert themanew in

[l other places chosen at random

i mport java.util.Random

public class TopoMutation

{

/1Link’s notation for topol ogies
private static String parent =
"((Aa, Ba), Ca)";

private static String | eaves =

" ABCDEFGHI JKLMNOPRSTUWKYZ"

private static String internal Nodes =
"abcdef ghi j kIl mopgr st uvwxyz";

// Next leaf to be grafted

private static int nextlLeaflndex = 2;
/I Next internal node to be inserted
private static int nextlntNodel ndex = 0O;

private static Randomr = new Random();

private static boolean printl = fal se;
private static boolean print2 = fal se;

/1 This is the original topology:
private static String original ="";
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| | ============Sj ze of topol 0Qy ================
/I Number of |eaves to be inserted to parent
private static int nAdditional Leaves = 10;

// Nurmber of |eaves to be del eted and reinserted
//to create a nutation
private static int nUndoRedo = 0;

/! Detect internal nodes, different than | eaves
private static bool ean charl sl nternal Node(char c)
{

String s = "" + c;

i f (internal Nodes.contains(s)) return true;

el se return false;

}

[/ Sinplification fromLink notation to Newi ck’s notation
/1 (((AJ,D))1,Bl),d) -> (((AD,B), QO

private static String sinplify(String newTopo)

{

String topo = "";
/11 ength of string newlopo
int | = newTlopo.length();
for(int i =0; i <1I; i++)
{

/I newTopo is scanned char by char
char ¢ = newTopo. char At (i);
/l/ls ¢ an internal node to be del eted?
i f (charlslnternal Node(c));

el se //add char c to out put

topo = topo + c;
}

return topo;

}

//Rule 2 is used to generate a new topol ogy:
11(S)I -> ((S)N, FN) I
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/'S = subtopology, | = internal node, F = new | eaf,

/I'N = new internal node.

[/Rule 2 grafts new branch FNto link (S)I

/11 is the position of char | in string parentTopo

private static String useRul e2(String parentTopo, int i,
char F, char N)

{
String newlopo = "";
char | = parent Topo. charAt(i);
if (printl)
Systemout.printin("i =" +i +" | =" +1);
/1 Subt opology S of link (S)I nust be read
String S ="";

[/ Counter of |eft parenthesis
int counter = O;
String pl ="" +"(";
String pr ="" + )"
/'l Position to be scanned
int position =i;
bool ean go = true;
[1A'l right parentheses to the near left of | are captured
whil e (go)
{

position = position -1;

String a = "" + parent Topo. char At (position);
if (printl)
Systemout.printin("a="+a+" p=" +pr);
if (a.equal s(pr) )
{

count er ++;

S=a+ S
}

el se go = fal se;
}//End of while
if (printl)
Systemout.println("counter =" + counter);
/1 The conpl ete subtopol ogy is captured:
/ | Par ent heses nust bal anced
while (counter > 0)
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String a = "" + parent Topo. char At (position);
if (a.equal s(pr)) count er ++;
if (a.equals(pl)) counter--;

S=a+ S

if (printl)

Systemout. println("Subtopo =" + S);
position = position -1;

}

/I Repl acenent rule 2:

[1((S)n,Fn)i -> (9)i

/ I wher e F are leaves, n and i are inner nodes,

[1(S) is a conplex structure.

String SnFni = S +1;

String replacenent = "("+ S + N+ ", "
+ F+ N ")" + |

//Rule 1 is executed

newTopo = parent Topo. repl ace(SnFni, repl acenent);

[11f 1 links to a conplex structure

return newlopo,

}

/1 From par ent Topo, a topology in New ck’s notation,

/la Child topology is generated by a generative gramar.
/1A random el ection is made anong all possibilities.
private static String generateChild(String parent Topo)

{

next Leaf | ndex++;

char next Leaf = | eaves. char At ( next Leaf | ndex) ;

/I Next internal node to be inserted

next | nt Nodel ndex++;

char next | nt Node = internal Nodes. char At ( next | nt Nodel ndex) ;

/1link to be replaced
String link ="";
/1String link is replaced by what:

String replacenent = ;
/I new t opol ogy generated by repl acenent
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String newlopo = "";

/11 ength of parent topol ogy
int | = parentTopo.length();
//counter of |inks = 0;

int counter = O;

/I'Li nks are counted

for(int i =0; i <|1; i++)
{
[l parent Topo i s scanned char by char
char | = parent Topo. charAt(i);

//1s | an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter++;
}
[ITAlink is chosen
int kK = r.nextlnt(counter);
/1 System out. println("Random nunber =" + k);
/I new branch is grafted at k
counter = 0;
for(int i =0; i <1I; i++)
{
[ parent Topo i s scanned char by char
char | = parentTopo.charAt(i);
[11s 1 an internal node that denotes a repl acenent?
i f (charlslnternal Node(l))
{
if (counter == k) //1s | the chosen |ink?
{
[/ Check for the char before
char a = parent Topo. charAt (i-1);

/[11f 1 links to a conplex structure
if (a ==")") newlopo = useRul e2(parent Topo, i,
next Leaf, nextl nt Node);
else //if | links to a leaf, use rule 1
{
//Link to be replaced
link ="" +a + I;
/! Repl acenent rule 1:
[lal -> (aN, FN)I; N= next | nt Node;

/I F = next Leaf
repl acement = "(" + a + nextlntNode + ","

19
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+ nextLeaf + nextlntNode + ")" + I|;
//Rule 1 is executed
newlTopo = parent Topo. repl ace(link, replacenent);

}
if (print2)
System out. println(newlopo + " -> "
+ sinplify(newTopo));
=1
}
count er ++;
}
}
return newlopo;
}

[/ Leaf F and node n conform link Fn and are del eted.
/W apply the antirul el:
[ (An, Fn)i -> A
private static String antiRulel(String topo,
int positionLeaf, int positionNode)
{
if (print2)
Systemout.println("AntiRul el");
i nt begi nl ndex = positionLeaf - 4;
i nt endl ndex = positionNode + 3;
String AnFni = topo. substring(beginl ndex, endl ndex);
if (print2)
Systemout.printin("Anfni =" + AnFni);
String Al = "" + topo. char At (begi nl ndex+1)
+ t opo. char At (endl ndex-1);
if (print2)
Systemout.println("Al =" + Al);
topo = topo.replace( AnFni, A);
return topo;

}
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/I Leaf F appeared as an insertion into a conplex structure S.
/11t is deleted.

/I apply the antirul e2:

[1((S)n,Fn)i -> (9)i

/I positionNode refers to the | ast appearing of node n
private static String antiRule2(String topo,

int positionLeaf, int positionNode)

{

if (print2)

Systemout. println("Anti Rul e2");

/'l Leaf to be del eted

String leaf = "" + | eaves. char At (next Leaf | ndex) ;
if (print2)
Systemout.println("\nLeaf to be deleted =" + |eaf);

/I Acconpanyi ng i nner node
String i nnerNode = ""

+ i nternal Nodes. char At ( next I nt Nodel ndex) ;
int firstPosition = topo.indexX (innerNode);

un

String newlopo = ;

char i = topo. char At (positi onNode+2);

if (print2)

Systemout.println("FirstPosition =" +
firstPosition +" i =" +1i);

/1 Subt opology S of link (S)I nust be read

String S ="";

[/ Counter of |eft parenthesis
int counter = O;
String pl ="" +"(";
String pr ="" + )",
//Position to be scanned
int position = firstPosition;
bool ean go = true;
[1A'l right parentheses to the near left of | are captured
whil e (go)

{

position = position -1;

String as = + topo. char At (position);

if (print2)
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Systemout.printin("a=" +as + " p =" + pr);
if (as.equals(pr) )
{
count er ++;
S=as + S
}

el se go = fal se;
}//End of while
if (print2)
Systemout.println("counter =" + counter);
/1 The conpl ete subtopol ogy is captured:
/' Par ent heses nust bal anced
while (counter > 0)

{
String as = "" + topo.char At (position);
if (as.equal s(pr)) count er ++;
if (as.equals(pl)) counter--;
S=as + S
if (print2)
Systemout . println("Subtopo =" + S);
position = position -1;
}

String n = innerNode;

/ | Repl acenent anti Rul e 2:

I1((S)n,Fn)i -> (9)i

/Iwhere A and F are leaves, n and i are inner nodes,
[1(S) is a conplex structure.

String SnFni = "("+S +n+"," +leaf +n+ ")" +i ;
String Si =S + i;

if (print2)

Systemout.println("\nSnFni =" + SnFni + "\n Si =" + Si);

//Rule 1 is executed
newTopo = topo.replace(SnFni, Si);
return newlopo;

/1 The last inserted leaf is deleted fromtopol ogy.
private static String del eteLeaf (String topol ogy)
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{
[/ Leaf to be del eted
String leaf = "" + | eaves. char At (next Leaf | ndex) ;
if (print2)
Systemout. println("\nLeaf to be deleted = " + |eaf);

/| Acconpanyi ng i nner node
String i nner Node = ""
+ i nternal Nodes. char At ( next | nt Nodel ndex) ;
if (print2)
System out. printl n("Acconpanyi ng i nner node =
+ i nner Node) ;
/I new t opol ogy = out put
String newopology = "";
/1length of topology as string

int | = topol ogy.!length();
[/ Last positions are found
int positionLeaf = -1;

i nt positionNode = -1;
//topology is scanned char by char

for(int i =0; i <|I; i++)
{
String ¢c = "" + topology.charAt(i);

if (c.equals(leaf)) positionLeaf = i;

if (c.equal s(innerNode)) positionNode = i;
}
if (print2)
{

Systemout.println("Position of " + [eaf +

= + positionLeaf);
Systemout.println("Position of " + innerNode +
" =" + positionNode);
}
int firstPosition = topology.indexOf (i nnerNode);
/I Check for the char before firstPosition
char a = topol ogy.charAt(firstPosition - 1);
[11f 1 links to a conplex structure
if (a==")")
newt opol ogy = anti Rul e2(topol ogy, posi ti onLeaf, posi ti onNode);
else //Apply antiRulel for sinple cases
newt opol ogy = anti Rul el(topol ogy, posi ti onLeaf, positi onNode);
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next Leaf | ndex- -;
next | nt Nodel ndex- - ;
return newt opol ogy;

}
| **
* @aram args
*/
public static void main(String[] args)
{
/1 A topology is generated
if (print2)
System out. println("Parent topology = \n" + parent
+ " ->" + sinmplify(parent));

String topol ogy = parent;

for(int i = 0; i < nAdditional Leaves; i++ )
t opol ogy = generat eChi |l d(topol ogy);
/1 This original topology is next subject to nutation
origi nal = topol ogy;
if (print2)
System out. println("\nOiginal topol ogy = \n"
+ original );
/I Number of |eaves to be deleted and then reinserted
i f (nAdditional Leaves == 1) nUndoRedo = 1;
el se
nUndoRedo
/ I nUndoRedo

r.nextlnt(nAdditional Leaves-1) + 1;
13;

/I Mutation has two stages:
[l del etion of sone | eaves that undoes generating work +
//re-insertion in places chosen at random

if (print2)

System out. println("Nunber of | eaves to" +
" be deleted and then reinserted =" +
nUndoRedo) ;

/] Sonme | eaves are del et ed:
if (print2)
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Systemout. println("Sone | eaves are del eted");
for(int i = 0; i < nUndoRedo; i++ )
{

//Last inserted |leaf is deleted.

t opol ogy = del et eLeaf (t opol ogy);

if (print2)
System out. printl n(topol ogy);
}
/] Sonme | eaves are reinserted
if (print2)
Systemout.println("Deleted | eaves are reinserted");
for(int i = 0; i < nUndoRedo; i ++ )
{
t opol ogy = generat eChil d(t opol ogy);
}

/1 Original and nutant topol ogi es are conpar ed.
String mutant = topol ogy;
Systemout. println("\nOiginal and nmutant topologies = \n"
+ original + "\n" + nutant);
if (original.equals(mnmutant))
System out. println(
"Original and nutant topol ogi es coincide");
el se
System out . printl n(
"\nOiginal and mutant topol ogies are different");

}

}//End of main class K16 TopoMitation

17 Exercise. Run the program and play with the code.

18 Exercise. Previous program implements mutation over topologies. Add
lengths of links to get trees and implement mutation ovestte include the pos-
sibility of changing topology and/or lengths of linksnswer

We can now undertake the task of enabling recombination,panation that
will enable evolution to the full.
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1.3 Recombination of tree topologies.

Recombination is defined over pair of strings: it takes twimgs and outputs at
least one recombinant product that contains a part from tiestring and another
part from the second.

19 Darwinian recombination. Darwinian recombination is distinguished be-
cause everything happens at random with a uniform distibbut Say, all strings
have equal probabilities to be chosen for recombination #ugdplace of recombi-
nation is chosen at random with a uniform distribution ovipassible places.

Darwinian recombination of trees is a failure:

20 Exercise. Give examples that show that recombination of strings tbpta-
sent trees produces in general not viable products.

21 Lamarckian recombination. When Darwinian evolution leads to nothing,
Lamarckian evolution is the salvation table. Our Lamarckiacombination must
take two binary tree topologies with the same set of leavdgparduce a recombi-
nant that must be a well formed binary tree topology on theesaet of leaves. To
implement this type of recombination, one must look for@tgpologies in both
input tree topologies and if there is a pair of subtopologsexactly the same
set of leaves, one in the first topology and the other in therskcthen one can
interchange them.

22 Challenge. Imagine a better way of implementing Lamarckian recommmat
else prove that this is the best.

To go ahead in our purpose of implementing recombinationywst be able of
listing all possible subtopologies of a given topology. ustrecall that a topology
is just a tree whose links lack associated lengths. So, wédoaking after all
subtrees of a tree without worrying about lengths of links.

23 Example. Let us consider the tree topology
((((Ad,Fd)a,(Bc,Ec)a),(Cb,Db)a)
The complete set of subtopologies is conformed by:
(Ad,Fd)
(Bc,Ec)
(Cb,Db)
((Ad,Fd)a,(Bc,Ec)a)
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24 Exercise. List all subtopologies of
((Aa,Ba),((Cb,Db)c,((Ee,Ge)d,Fd)c)a)
Answer

25 Exercise. We have chosen our subtopologies to be unrooted. Deciddnarhet
or not this is correct and whether or not this question is liex&nt. Answer

26 The next code lists all subtopologies of a topology on a seh ¢éaves. We
restrict to subtopologies with a number of leaves in withan#l n-1. Subtopologies
are substrings with a balanced set of parentheses, as mghyparentheses as left
ones.

/1 Program K26 SubTopol

| *
* This programlist all possible subtopol ogi es
* of a given topol ogy.

* W begin with a left parenthesis "(" and cunul ate
* synbols until the nunber of
* right and | eft parentheses get bal anced.

* Al left parenthesis are investigated.

i mport java.util.Random

public class SubTopol
{

/1Link’s notation for trees
private static String parent =
"((Aa,Ba),Ca)";
private static String | eaves =
" ABCDEFGHI JKLMNOPQRSTUVWKYZ" ;
private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";
/I Next leaf to be grafted
private static int nextlLeaflndex = 2;
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// Next internal node to be inserted
private static int nextlntNodel ndex = O;

// Leaves that remain in the tree

private static String presentlLeaves = " ABC";
private static String present Nodes = "a";

private static Randomr = new Random();

private static boolean printl fal se;
private static boolean print2 = true;

// Detect internal nodes, different than | eaves

private static bool ean charl sl nternal Node(char c)

{
String s ="" + c;
i f (internal Nodes.contains(s)) return true;
el se return fal se;

}

[1Sinmplification fromLink notation to Newi ck’s notation

/1 (((AJ,D))I,Bl),C) -> (((A D,B), O
private static String sinmplify(String newlree)
{
String tree = "";
[llength of string newlree
int | = newlree.length();
for(int i =0; i <1I; i++)
{
/I newTree is scanned char by char
char ¢ = newlree.charAt(i);
/1ls ¢ an internal node to be deleted?
i f (charlslnternal Node(c));
el se //add char ¢ to out put
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tree

}

return tree;

}

tree + c;

//Rule 2 is used to generate a new 't

I1(S)I -> ((SYN, FN) I .
/1S = subtree, | = internal node, F
//N = new internal node.

/IRule 2 grafts new branch FNto lin

/11 is the position of char | in str
private static String useRul e2(String parentTree,
char F, char N)

{ nn

String newlree = :

29

ree:

= new | eaf,
k (S)I
i ng parentTree

int i,

char | = parentTree.charAt(i);

if (printl)

Systemout.println("i =" +i1 +" | =" +1);
[/ Subtree S of link (S)lI mnmust be read
String S ="";

[/ Counter of |eft parenthesis

int counter = O;

String pl ="" +"(";

String pr ="" + )"

[/ Position to be scanned

int position =i;

bool ean go = true;

/1A'l right parentheses to the near left of | are captured
whi | e (go)

{

position = position -1;

String a = "" + parentTree.charAt(position);
if (printl)

Systemout.println("a=" +a+" p=" + pr);

if (a.equals(pr) )
{

count er ++;

S=a+ S
}
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el se go = fal se;
}//End of while
if (printl)
Systemout.println("counter =" + counter);
/1 The conpl ete subtree i s captured:
/ | Par ent heses nust bal anced
while (counter > 0)
{
String a = "" + parentTree. char At (position);
if (a.equal s(pr)) count er ++;
if (a.equals(pl)) counter--;

S=a+§

if (printl)
Systemout.println("Subtree =" + S);
position = position -1;

}

/I Repl acenent rule 2:

I1((S)n,Fn)i -> (9

[ [ wher e F are |l eaves, n and i are inner nodes,

[1(S) is a conplex structure.

String SnFni = S + 1

String replacenent = "("+ S + N+ ", "
+ F+ N ")" + |

//Rule 1 is executed

newlree = parentTree. replace(SnFni, replacenent);

[11f 1 links to a conplex structure

return newlree;

/[/1nput: parentTree, a tree in Newick's notation

[/ Qutput : newlree = parent tree + a new link.

[/ The new link is added by a generative granmar

/1A random el ection is made anong all possibilities.
private static String generateChild(String parentTree)

{

next Leaf | ndex++;

char nextLeaf = | eaves. char At (next Leaf | ndex);
present Leaves = present Leaves + next Leaf;

/I Next internal node to be inserted
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next | nt Nodel ndex++;
char next | nt Node = internal Nodes. char At ( next | nt Nodel ndex) ;
present Nodes = present Nodes + next | nt Node;

/1link to be replaced

String link ="";

[1String link is replaced by what:
String replacenment = "";

/I new tree generated by repl acenment
String newlree = "";

//1ength of parent tree

int | = parentTree.length();

[/ counter of |inks = 0;

int counter = O;

/1 Li nks are counted

for(int i =0; i <|; i++)
{

/I parentTree i s scanned char by char
char | = parentTree.charAt(i);

/[/1s 1 an internal node that denotes a |link?
if (charlslnternal Node(l)) counter++;
}
I/Alink is chosen
int kK = r.nextlnt(counter);
[ System out. println("Random nunber =" + k);
/! new branch is grafted at k
counter = 0O;

for(int i =0; i <|I; i++)

{
/I parent Tree i s scanned char by char
char | = parentTree.charAt(i);

[11s |1 an internal node that denotes a repl acenent?
i f (charlslnternal Node(l))
{
if (counter == k) //Is | the chosen Iink?
{
/I Check for the char before
char a = parentTree.charAt(i-1);
/[11f 1 links to a conplex structure
if (a==")") newlree = useRul e2(parentTree, i,
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next Leaf, nextl nt Node);

else //if | links to a leaf, use rule 1
{
//Link to be replaced
link ="" +a + I;
/! Repl acenent rule 1:
/lal -> (aN, FN)I; N= next | nt Node;
/1 F = next Leaf
replacenent = "(" + a + nextlntNode + ","

+ nextLeaf + nextlntNode + ")" + I;
//Rule 1 is executed
newlree = parentTree. replace(link, replacenent);

Sistenlout.println(nemﬁree + " o>
+ sinmplify(newlree));
i =1
}
count er ++;
}
}
return newlree;
}
[ | ========== Subt opol ogi es are |isted ============

/ | Subt opol ogi es of topology are found
public static void subtopol ogi es(String topol ogy)
{
System out . println("Subt opol ogi es are found");
/] Counter of left parenthesis
int counter = O;
String pl ="" +"(";
String pr ="" +')";
/lLength of String t opol ogy
int m= topol ogy.length();
/1String topology is scanned char by char
for(int i =0; i <m i++)



1.3. RECOMBINATION OF TREE TOPOLOGIES. 33

{
String Sub = "";
String a ="" + topology.charAt(i);
int position = i+1;
if (a.equals(pl))
{
count er ++;

Sub = Sub + a;
/1 The conpl et e subt opol ogy i s captured:

/ | Par ent heses nust bal anced
while (counter > 0)
{
String b = "" + topol ogy. char At (position);

}

}
}

if (b.equals(pl)) count er ++;
if (b.equals(pr)) counter--;
Sub = Sub + b;

position++;
f (print2)

System out . printl n(Sub);
}

public static void main(String[] args)

{

Systemout. println("A randomtopol ogy is generated");
/| Seed

Systemout.println("\n" + parent

x>t + sinplify(parent));

/1A tree topology is generated

String topol ogy = parent;

[/ Nunber of |eaves to be inserted

int nLeavesToBel nserted = 6;

for(int i = 0; i < nLeavesToBelnserted; i++ )
t opol ogy = gener at eChi | d(t opol ogy);
/] Test

/ltopology =" ((Aa,Ba), ((Cb,Db)c, ((Ee, G)d,Fd)c)a)";
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/ 1 Subt opol ogi es are found
subt opol ogi es(t opol ogy) ;

}
}//End of main class K26 SubTopol

27 Exercise. Run the program and play with the code.

28 Exercise. The previous program just prints a list of all subtopologi€&ack
the list in some structure to be kept in memory, say an arragoonething. In that
way, that list will be reusable to implement recombinatiémswer

29 Recombination of topologies

Our task is to compose the code for the recombination of temstr Our plan
is to find the two topologies associated to the two trees arwhlmulate all their
subtopologies. If there are two subtopologies that havedinee set of leaves, we
authorize recombination but not of topologies but of tréesample:

From the topology ((((Ac,Ec)b,Db)a,Ba),Ca) we select titetgpology ((Ac,Ec)b,Db).
And from ((((Ab,Db)c,Ec)a,Ba),Ca), we select ((Ab,Db)c)EThe two subtopolo-
gies have the same set of leaves: A,D,E. We notice that, lyapip sets of inner
nodes of subtopologies is also equal: ¢, d. If we swap suligjes we end with
the following strings that indeed correspond with two v@ldorrectly described
topologies:

((((Ac,Ec)b,Db)a,Ba),Ca) > ((((Ab,Db)c,Ec)a,Ba),Ca)
((((Ab,Db)c,Ec)a,Ba),Ca) > ((((Ac,Ec)b,Db)a,Ba),Ca)

Now, we have a preoccupation in regard with subtopologiesshé equality
of the sets of leaves always transported to the set of inndeg® Actually, is
this question important? Does the inequality of the set:néi nodes implies
inviability of recombinants? To enlighten these questiehsis add to the previous
program the capability to show the set of leaves and the senef nodes of all
subtopologies.

/1 Program K29 SubTopol 3

| *

* This program generates two topol ogies on the sane
* set of |eaves.

* Al their subtopol ogies are cal cul at ed

* and packed in arrays.
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* Sets of |eaves and inner nodes of each subtopol ogy
* are found.

*

*/
i mport java.util.Random

public class SubTopol 3
{

/1Link’s notation for trees
private static String parent =
"((Aa, Ba), Ca)";
private static String | eaves =
" ABCDEFGHI JKLMNOPQRSTUVWKYZ" ;
private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";
/I Next leaf to be grafted
private static int nextlLeaflndex = 2;
/I Next internal node to be inserted
private static int nextlntNodel ndex

I
e

/'l Leaves that remain in the tree

private static String presentlLeaves "ABC';
private static String present Nodes = "a";
/I number of chars of master topol ogy
private static int m = O;

private static int n2 = O;

private static Randomr = new Random();

fal se;
fal se;

private static boolean printl
private static bool ean print2
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// Detect internal nodes, different than | eaves
private static bool ean charl sl nternal Node(char c)
{

String s = + c;

i f (internal Nodes.contains(s)) return true;

el se return fal se;

}

un

[ISimplification fromLink notation to Newi ck’s notation:
I (((AJ,D3)1,Bl),C) -> (((AD,B),C
private static String sinplify(String newlree)

{
String tree = "";
/11ength of string newlree
int I = newlree.length();
for(int i =0; i <1I; i++)
{

/I newTree is scanned char by char
char ¢ = newlree.charAt(i);
/1ls ¢ an internal node to be deleted?
i f (charlslnternal Node(c));

el se //add char ¢ to out put

tree = tree + c;

}

return tree;

}

/[/Rule 2 is used to generate a new tree:

I11(S)l -> ((S)N,FN) I .

/1S = subtree, | = internal node, F = new | eaf,
/'I'N = new i nternal node.

/IRule 2 grafts new branch FNto link (S)I

[1i is the position of char | in string parentTree
private static String useRul e2(String parentTree,
int i, char F, char N)

{

String newlree = "";

char | = parentTree.charAt(i);

if (printl)
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Systemout.printin("i =" +i1 +" | =" +1);
[/ Subtree S of link (S)lI must be read
String S ="";

/1 Counter of left parenthesis

int counter = O;

String pl ="" + " (";

String pr ="" +')";

[/ Position to be scanned

int position =i;

bool ean go = true;

/1A'l right parentheses to the near |eft
/[lof | are captured

whil e (go)
{
position = position -1;
String a = "" + parentTree. charAt(position);
if (printl)
Systemout.printin("a="+a+" p=" 4+ pr);
if (a.equal s(pr) )
{
count er ++;
S=a+ S
}

el se go = fal se;
}//End of while
if (printl)
Systemout.println("counter =" + counter);
/1 The conpl ete subtree is captured:
/| Par ent heses nust bal anced
while (counter > 0)
{
String a = "" + parentTree.charAt(position);
if (a.equal s(pr)) count er ++;
if (a.equals(pl)) counter--;
S=a+ S
if (printl)
Systemout.println("Subtree =" + S);
position = position -1;

}

37
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/| Repl acement rule 2:

[1((S)n,Fn)i -> (9)i

/ I wher e F are leaves, n and i are inner nodes,

/I1(S) is a conplex structure.

String SnFni = S +1;

String replacenent = "("+ S + N+ ","
+ F+ N ")" +1;

//Rule 1 is executed

newTree = parent Tree.repl ace(SnFni, replacenent);

[11f 1 links to a conplex structure

return newlree;

I nput: parentTree, a tree in Newick’s notation.
Qutput : newlree = parent tree + a new |ink.

The new | ink is added by a generative grammar.

A randomel ection is made anong all possibilities.
ivate static String generateChild(String parentTree)

next Leaf | ndex++;

char next Leaf = | eaves. char At (next Leaf | ndex);
present Leaves = presentLeaves + nextLeaf;

/I Next internal node to be inserted

next | nt Nodel ndex++;

char next | nt Node =

i nt er nal Nodes. char At ( next | nt Nodel ndex) ;
present Nodes = present Nodes + next| nt Node;

/11ink to be replaced

String link ="";

[1String link is replaced by what:
String replacenment = "";

/I new tree generated by repl acenent
String newlree = "";

[/l ength of parent tree

int | = parentTree.length();

/I counter of links = O;

int counter = O;

// Li nks are counted
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for(int i =0; i <|; i++)
{

[/ parentTree i s scanned char by char
char | = parentTree.charAt(i);

/[/1s 1 an internal node that denotes a |link?
if (charlslnternal Node(l)) counter++;

}

[/Alink is chosen

int k = r.nextlnt(counter);

[/ Systemout. println("Random nunber =" + k);

/! new branch is grafted at k

counter = 0;

for(int i =0; i <|; i++)

{
/I parent Tree i s scanned char by char
char | = parentTree.charAt(i);

/1ls | an internal node that denotes a repl acenent?
i f (charlslnternal Node(l))
{

if (counter == k) //Is | the chosen Iink?
{
/I Check for the char before
char a = parentTree.charAt(i-1);
/[11f 1 links to a conplex structure
if (a==")") newlree = useRul e2(parentTree, i,
next Leaf, nextl nt Node);
else //if | links to a leaf, use rule 1
{
/ILink to be repl aced
link ="" +a + |;
/| Repl acenent rule 1:
/[lal -> (aN FN)I; N= next | nt Node;
/1 F = next Leaf
replacenment = "(" + a + nextlntNode + ","
+ next Leaf + nextlIntNode + ")" + I|;
//Rule 1 is executed
newlree = parentTree.replace(link, replacenent);
}
if (printl)
System out. println(newlree + " ->"
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+ sinplify(newlree));
i =1;

count er ++;

}
}

return newlree;

/ 1 Subt opol ogi es of topology are found
public static String[] subtopol ogi es(String topol ogy)
{

System out. println("\nSubt opol ogi es are found");

// Counter of left parenthesis

int counter = O;

/I Count er of subtopol ogi es

i nt counterSubtop = 0;

String pl ="" + " (
String pr ="" + )
[/ Length of String t opol ogy

int m= topol ogy.length();

String[] subtopol ogies = new String[m;
/1String topology is scanned char by char

for(int i =0; i <nm i++)
{
String Sub = "";
String a ="" + topology.charAt(i);
int position =i +1;
if (a.equal s(pl))
{
count er ++;

Sub = Sub + a;
/1 The conpl et e subtopol ogy i s captured:
/| Par ent heses nmust bal anced
whil e (counter > 0)
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String b = "" + topol ogy. char At (position);
if (b.equal s(pl)) count er ++;
if (b.equals(pr)) counter--;
Sub = Sub + b;
positi on++;
}
if (print2)
System out. printl n(Sub);
subt opol ogi es[ count er Subt op] = Sub;
count er Subt op++;

}
}

return subtopol ogi es;

}

public static String generateTopol ogy()

{

Systemout. println("A randomtopol ogy is generated");
/| Seed

if (printl)
Systemout.println("\'n" + parent
+ " ->" + sinplify(parent));

/I Next leaf to be grafted

next Leaf | ndex = 2;

// Next internal node to be inserted

next | nt Nodel ndex = O;
/1A tree topology is generated
String topol ogy = parent;
// Nunber of |eaves to be inserted
i nt nLeavesToBel nserted = 5;
for(int i = 0; i < nLeavesToBelnserted; i++ )
t opol ogy = gener at eChi | d(t opol ogy);
return topol ogy;
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/| Leaves of subtopol ogies are found

public static String[]leaves(int m String[] subtop)
{

if (printl)

System out. println("Leaves are found");
String[] nyLeaves = new String[m;
for(int i =0; i < m i++)

{

String s = subtop[i];
if (s == null);
el se
{
myLeaves[i] = "";
int n=s.length();
for(int j =0; j <n; j++)
{
String ¢ = "" + subtop[i].charAt(j);
if (leaves.contains(c))
myLeaves[i] = nyLeaves[i] + c;
}

if (printl)

System out. println(subtop[i] + " "

+ nyLeaves[i] );

}

}

[l Chars of Leaves are rewritten in al phabet order
if (printl)
Systemout.println("Leaves are listed orderly" );

for(int i =0; i < m i++)
{
String s = subtop[i];
if (s == null);
el se
{
s = myLeaves|[i];
nmyLeaves[i] = "";
int n = 1leaves.|length();

for(int j =0; j < n; j++)

{
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String ¢ = + |l eaves. charAt (j);
if (s.contains(c))
myLeaves[i] = nyLeaves[i] + c;

}

if (printl)

Systemout. println(subtop[i] + " " + nylLeaves[i] );
}
}

return mylLeaves;

}

/1 nner nodes of subtopol ogies are found
public static String[] inner(int m String[] subtop)
{
if (printl)
System out. println("\nlnternal nodes are found");
String[] myNodes = new String[m;

for(int i =0; i < n i++)
{
String s = subtop[i];
if (s ==null);
el se
{
myNodes[i] = "";

int n =s.length();

for(int j =0; j < n; j++)

{
String ¢ = "" + subtop[i].charAt(j);
i f (internal Nodes. contains(c))
myNodes[i] = myNodes[i] + c;

}
if (printl)
Systemout.println(subtop[i] + " " + nyNodes[i] );
}
}
[/ Chars of Leaves are rewitten in al phabet order
if (printl)

System out. println("lInner nodes are listed orderly" );
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for(int i =0; i <m i++)
{

String s = subtop[i];

if (s == null);

el se
{
s = myNodes[i];
myNodes[i] = "";
int n = internal Nodes. | ength();
for(int j =0; | < n; jJ++)
{
String ¢ = "" + internal Nodes. charAt(j);

if (s.contains(c))
myNodes[i] = myNodes[i] + c;
}
if (printl)
Systemout.println(subtop[i] + " " + nyNodes[i] );
}
}
return nyNodes;

}

ublic static void recombi neTrees()

Systemout.println("Two trees are recomnbi ned");

ublic static void nmain(String[] args)

/1 A topology is generated

String topol = generateTopol ogy();

Systemout.println(topol + " ->"
+ sinmplify(topol));

//Length of String t opol ogy

mL = topol.length();

/1 Subt opol ogi es are found
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String[] subtopol ogiesl = new String[m];
subt opol ogi es1l = subt opol ogi es(topol);

| *
String[] Nodesl = new String[nl];
i nner Nodes( subt opol ogi esl); =x/

System out. println();
String[] Leavesl = new String[ml];

Leavesl = | eaves(mil, subt opol ogi esl);
String[] Innerl = new String[ml];
I nnerl = inner(mil, subt opol ogi esl);
[/ Chars of Leaves are rewritten in al phabet order
System out. printl n("\nSubt opol ogi es, Leaves, " +
"I nner nodes" );
for(int i =0; i < ml; i++)
{
i f (subtopologiesl[i] == null);
el se
{
Systemout.println(i + " " + subtopol ogi es1[i]
+ " " + Leavesl[i] + " " + Innerl[i]);
}
}

System out. println();
/1 A second topol ogy is generated

String topo2 = generateTopol ogy();
System out.println(topo2 + " ->"
+ sinplify(topo2));
//Length of String t opol ogy
nm2 = topo2.length();
/ 1 Subt opol ogi es are found
String[] subtopol ogi es2 = new String[ng];
subt opol ogi es2 = subt opol ogi es(t opo2);

| *
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String[] Nodesl = new String[nml];
i nner Nodes( subt opol ogi esl); =*/

Systemout. println();
String[] Leaves2 = new String[n2];

Leaves2 = | eaves(n®, subt opol ogi es2);
String[] Inner2 = new String[n2];
I nner2 = inner(nR, subt opol ogi es2);
[/ Chars of Leaves are rewitten in al phabet order
System out. println("\nSubt opol ogi es, Leaves, " +
"l nner nodes" );

for(int i =0; i < nR2; i++4)
{

i f (subtopologiesl[i] == null);

el se

{
Systemout.println(i + " " + subtopol ogi es2[i]
+ " " + Leaves2[i] + " "+ Inner2[i]);

}
}

}
}//End of main class K29 SubTopol 3

30 Exercise. Run the program and play with the code.

31 Exercise. Add to the previous program the capability to automaticakcide
when there are subtopologies whose set of leaves coindisesdme decision must
be done for inner nodes. Use the program to decide whetheottthe equality of
the sets of leaves is transported over the set of inner nddake an estimation of
the frequency with which possible recombinant subtopekgppearAnswer

32 Recombination of trees.The following code generates two topologies on the
same set of leaves and adds lengths to links to get two tress, &ll subtopologies
are found and they are compared by pairs, one from the firgilogyy and the other
from the second. If a pair of subtopologies happen to havesdinee set of leaves
and of inner nodes, recombination is authorized: the cgroegling subtrees are
swapped. The original topologies always have the same $edwds and of inner
nodes but they do not count. If there are more than one paiulofopologies that
allow recombination, the first found pair is selected.
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/I Program K32 SubTopol 5
| *

* Code for the

* reconbi nati on of tree topol ogi es:

* Thi s program generates two topol ogies on the sane
* set of |leaves and adds lengths to |inks

* to get two trees.

* Al their subtopol ogies are cal cul ated

* and packed in arrays.

* The sets of |eaves and of inner nodes

* of each subt opol ogy are found.

* Subt opol ogi es are conpared by pairs,

* one fromeach topol ogy.

* | f they happen to have the sanme set of | eaves

* and of inner nodes, reconbination is authorized:
* the subtrees that correspond with

* the subtopol ogi es are swapped.

* | f nmore than one pair of subtopol ogi es authorize

* reconbination, the last found pair is chosen

* Original topol ogi es serves as subtopol ogi es

* that authorize reconbination but they do not count.

*/
i mport java.util.Random

public class SubTopol 5
{

/1Link’s notation for trees
private static String parent =
"((Aa, Ba), Ca)";
private static String | eaves =
" ABCDEFGHI JKLMNOPQRSTUVWKYZ" ;
private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";
/I Next leaf to be grafted
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private static int nextlLeaflndex = 2;
/I Next internal node to be inserted
private static int nextlntNodel ndex = 0;

/I Number of |eaves to be inserted
private static int nLeavesToBel nserted = 3;
/ / s s s e e e ey
// Nunmber of |eaves that nust go in all trees > 3
private static int nunberOf Leaves =
3 + nLeavesToBel nsert ed;

//Length of the link that glues a leaf to the tree
private static int |engthsLeaves[] =
new i nt [ nunber Of Leaves] ;
/[l Length of the link that glues
//an inner node to anot her one
private static int |engthslnnerLinks[] =
new i nt [ nunber O Leaves] ;

/ / Count er of subtopol ogies

private static int counterSubtop

[/ Particul ar nunber of subtopol ogies
private static int mL = O;

//Leaves that remain in the tree
private static String presentlLeaves = " ABC";
private static String present Nodes = a";

private static Randomr = new Random();
[/ The control paraneter of the random generator for int
private static int maxLength = 10;

private static String[] subtreesl, subtrees2;
private static String treel, tree2
subTreel, subTree2,
treeRecl, treeRec2;
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private static boolean printl = fal se;
private static boolean print2 = fal se;
private static bool ean print3 true;

/] Detect internal nodes, different than | eaves
private static bool ean charl sl nternal Node(char c)
{

String s ="" + c;

if (internal Nodes.contains(s)) return true;

el se return fal se;

}

/1Sinmplification fromLink notation to Newi ck’s notation:
I (((AJ,D3)1,Bl),C) -> (((AD,B),C
private static String |inkToNew ck(String newlree)

{

String tree = "";

//1ength of string newlree
int | = newlree.length();
for(int i =0; i <|1; i++)
{

/I newTree is scanned char by char
char ¢ = newlree.charAt(i);
//1s ¢ an internal node to be del eted?
if (charlslnternal Node(c));

el se //add char ¢ to output

tree = tree + c;
}

return tree;

}

[/ Conpl ete sinplification of subtrees
/[/(L:5.0m3.0,06.0m3.0) -> (L,O
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[/ Qut put = subt opol ogy

private static String sinplify(String newlree)
{

String topology = "";

/1 The al phabet of topol ogies

String all owedChars = |l eaves + "(),";
/11 ength of string newlree
int | = newlree.length();
for(int i =0; i <1I; i++)
{
/I newTree i s scanned char by char
String ¢ = "" + newlree. charAt (i);

/[/1s ¢c is an allowed char, add it to output
if (allowedChars.contains(c))
t opol ogy = topol ogy + c;

}

[/ Systemout.println( newlree +

return topol ogy;

}

" n

sinplify: " + topol ogy);

//Rule 2 is used to generate a new tree:

I1(S)l -> ((S)N,FN) I .

/1S = subtree, | = internal node, F = new | eaf,
/I'N = new i nternal node.

/IRule 2 grafts new branch FNto link (S)I

/11 is the position of char | in string parentTree
private static String useRul e2(String parentTree,
int i, char F, char N)

{

String newlree = "";

char | = parentTree.charAt(i);

if (printl)

Systemout.printin("i =" +i +" | =" +1);
//Subtree S of link (S)lI nust be read

String S ="";

[/ Counter of left parenthesis
int counter = O;



1.3. RECOMBINATION OF TREE TOPOLOGIES. 51

String pl ="" +"(";

String pr ="" + "),

[/ Position to be scanned

int position =i;

bool ean go = true;

/1A'l right parentheses to the near |eft
/[lof | are captured

whil e (go)
{
position = position -1;
String a = "" + parentTree.charAt(position);
if (printl)
Systemout.println("fa=" +a+" p=" + pr);
if (a.equals(pr) )
{
count er ++;
S=a+ S
}

el se go = fal se;
}/ 1 End of while
if (printl)
Systemout.println("counter =" + counter);
/1 The conpl ete subtree is captured:
/| Par ent heses nust bal anced
while (counter > 0)

{
String a = "" + parentTree. charAt(position);
if (a.equals(pr)) count er ++;
if (a.equals(pl)) counter--;
S=a+ S
if (printl)
Systemout.println("Subtree =" + S);
position = position -1;
}

[/ Repl acenent rule 2:

[1((S)n,Fn)i -> (9

[ I wher e F are leaves, n and i are inner nodes,
[1(S) is a conmplex structure.

String SnFni = S +1;
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String replacenment = "("+ S + N+ ","
+ F+ N ")" +1;
//Rule 1 is executed
newTree = parent Tree.repl ace(SnFni, replacenent);
[11f 1 links to a conplex structure
return newlree;

[1l1nput: parentTree, a tree in Newi ck’s notation
[/ Qutput : newlree = parent tree + a new |ink.
[/ The new link is added by a generative gramar
/1A randomelection is made anong all possibilities.
private static String generateChild(String parentTree)
{
next Leaf | ndex++;
char next Leaf = | eaves. char At (next Leaf | ndex);
present Leaves = presentLeaves + nextLeaf;
// Next internal node to be inserted
next | nt Nodel ndex++;
char next| nt Node =
i nt er nal Nodes. char At ( next | nt Nodel ndex) ;
present Nodes = present Nodes + next| nt Node;

[1link to be replaced

String link ="";

[1String link is replaced by what:
String replacenment = "";

/I new tree generated by repl acenent
String newlree = "";

/11 ength of parent tree

int | = parentTree.length();
//counter of |inks = 0;

int counter = O;

[/ Li nks are counted

for(int i =0; i <1I; i++)
{

/I parentTree is scanned char by char
char | = parentTree.charAt(i);

//1s | an internal node that denotes a |ink?
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if (charlslnternal Node(l)) counter++;
}
[TAlink is chosen
int k = r.nextlnt(counter);
/1 System out. println("Random nunber =" + k);
/! new branch is grafted at k
counter = 0;

for(int i =0; i <|I; i++)

{
/I parent Tree i s scanned char by char
char | = parentTree.charAt(i);

/1ls | an internal node that denotes a repl acenent?
i f (charlslnternal Node(l))
{

if (counter == k) //Is | the chosen Iink?
{
/I Check for the char before
char a = parentTree.charAt(i-1);
[11f 1 links to a conplex structure
if (a==")") newlree = useRul e2(parentTree, i,
next Leaf, next| nt Node) ;
else //if | links to a leaf, use rule 1
{
//Link to be replaced
link ="" +a + I;
// Repl acenent rule 1:
/lal -> (aN, FN)I; N= next | nt Node;
/1 F = next Leaf
replacenent = "(" + a + nextlntNode + ","
+ next Leaf + nextlIntNode + ")" + I|;
//Rule 1 is executed
newlree = parentTree. repl ace(link, replacenent);
}
if (printl)
Systemout. println(newlree + " ->"
+ i nkToNewi ck( newTree));

count er ++;
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return newlree;

// Random | engths are added to a tree in Link notation
private static void nakeLengt hs()

{
//Lengths with digit values are generated
for(int i = 0; i < nunber O Leaves; i++)

{

/1l Zero |l engths are not all owed
| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);
| engt hsl nnerLinks[i] = 1 + r.nextlnt(maxLength - 1);

}
}

/I Random | engt hs are added to a tree in Link notation
private static String insertLengths(String treeLi nkN)

{
String thisChar = "";
String newlree = "";
//1ength of String tree
int m= treeLinkN. |l ength();
[/ Tree is scanned char by char
for(int i =0; i <m i++)
{
thisChar = "" + treeLinkN. charAt(i);
newlree = newlree + thisChar;
if (printl)
Systemout. println(newlree.length() + " " + newlree);
/I Lengt hs are appended
if (leaves.contains(thisChar))
{
int k = |l eaves.indexX(thisChar);
doubl e j = Il engt hsLeaves[K];
newlree = newlree + ":" + j;
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}

i f (internal Nodes. contai ns(thisChar))

{
int k = internal Nodes.indexOr (thisChar);
doubl e j = I engt hsl nnerLi nks[K];
newlree = newlree + ":" + j;

}
}

return newlree;

/1 Subtrees of topology are found

private static String[] subtopol ogi es(String topol ogy)
{

if (printl)

Systemout. println("\nSubtrees are found");
/I Counter of left parenthesis

int counter = O;

/I Counter of subtopol ogi es

count er Subtop = 0;

String pl ="" +"'(";

String pr ="" +')";

//Length of String topol ogy

int m= topol ogy. | ength();

String[] subtopol ogies = new String[m;
[1String topology is scanned char by char

for(int i =0; i <m i++)
{
String Sub = "";
String a = "" + topology.charAt(i);
int position = i+1;
if (a.equals(pl))
{
count er ++;

Sub = Sub + a;
/1 The conpl et e subtopol ogy is captured:
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/ | Par ent heses nust bal anced
while (counter > 0)
{
String b = "" + topol ogy.charAt(position);
if (b.equals(pl)) count er ++;
if (b.equals(pr)) counter--;
Sub = Sub + b;
positi on++;
}
if (print2)
System out. printl n(Sub);
subt opol ogi es[ count er Subt op] = Sub;
count er Subt op++;

}
}

return subtopol ogi es;

}

private static String generateTopol ogy()

{

Systemout. println("A randomtopol ogy is generated");
/| Seed

if (printl)
System out. println("\n" + parent
+ " o-> + | i nkToNewi ck(parent));

/I Next leaf to be grafted
next Leaf | ndex = 2;
/I Next internal node to be inserted
next | nt Nodel ndex = O;
/1A tree topology is generated
String topol ogy = parent;
for(int i = 0; i < nLeavesToBelnserted; i++ )
t opol ogy = generat eChil d(topol ogy);
return topol ogy;
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/| Leaves of subtopol ogies are found
private static String[]leaves(int m String[] subtop)
{

if (printl)

System out. println("Leaves are found");
String[] nyLeaves = new String[m;
for(int i =0; i < nm i++)

{

String s = subtop[i];
if (s == null);
el se
{
nyLeaves[i] = ""
int n = s.length();
for(int j =0; j < n; j++)
{
String c = "" + subtop[i].charAt(j);
if (leaves.contains(c))
myLeaves[i] = nyLeaves[i] + c;
}
if (printl)
Systemout. println(subtop[i] + " "
+ nyLeaves[i] );
}
}

[/ Chars of Leaves are rewritten in al phabet order
if (printl)
Systemout.println("Leaves are listed orderly" );

for(int i =0; i <m i++)
{
String s = subtop[i];
if (s == null);
el se
{
s = nyLeaves[i];
nmyLeaves[i] = "";
int n = 1leaves.length();

for(int j = 0; j < n; j++)

{



58 CHAPTER 1. EVOLUTION OF TREE TOPOLOGIES

String ¢ = + |l eaves. char At (j);
if (s.contains(c))
myLeaves[i] = nylLeaves[i] + c;

}
if (printl)
Systemout. println(subtop[i] + " " + nyLeaves[i] );
}
}

return nylLeaves;

}

/'l nner nodes of subtopol ogies are found
private static String[] inner(int m String[] subtop)
{
if (printl)
System out. println("\nlnternal nodes are found");
String[] myNodes = new String[ni;

for(int i =0; i < nm i++)
{
String s = subtop[i];
if (s == null);
el se
{
nyNodes[i] = "";

int n =s.length();

for(int j =0; j < n; j++)

{
String ¢c = "" + subtop[i].charAt(j);
i f (internal Nodes. contai ns(c))
myNodes[i] = myNodes[i] + c;

}
if (printl)
Systemout.println(subtop[i] + " " + nyNodes[i] );
}
}
[/ Chars of Leaves are rewitten in al phabet order
if (printl)

System out. println("Inner nodes are |isted orderly" );
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for(int i =0; i < n i++)
{
String s = subtop[i];
if (s == null);
el se
{
s = myNodes|[i];
myNodes[i] = "";
int n = internal Nodes. | ength();
for(int j =0; j < n; j++)
{
String ¢ = "" + internal Nodes.charAt(j);
if (s.contains(c))
myNodes[i] = myNodes[i] + c;
}
if (printl)
Systemout.println(subtop[i] + " " + nyNodes[i] );
}
}
return nyNodes;

}

/ | Subt opol ogi es are conpared to deci de whet her
[l or not they have the sane set of | eaves
/land the sane set of inner nodes.

private static bool ean conparison(String Leavesl[],
String Leaves2[],
String Innerlf[],
String Inner2[])

System out . println("\nConpari son of |eaves and nodes");
[ Print everything

Bool ean printAll = fal se;

Bool ean recAl l owed = fal se;

int m= Leavesl.|ength;

int n = Leaves2. Il ength;
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for(int i =1; i < nm 1++)
{
for(int j =1; j < n; j++)
{
if ( Leavesl[i].equal s(Leaves2[j]))

{

subTreel = subtreesl[i];
subTree2 = subtrees?2[j];
recAl |l owed = true;
System out . println(
"Sets of leaves are EQUAL " + i +
" " + Leavesl[i] +" " +j + " " + Leaves2[j] );
if ( Innerlf[i].equals(lnner2[j]))
System out. println(
"Sets of inner nodes are EQUAL " + i +
" " 4+ lnnerl[i] +" " 4+ +" " + Inner2[j] );
el se
System out. println(
"Sets of inner nodes are DI FFERENT " + i +
" " 4+ lnnerl[i] +" " +j +" " +Inner2[j] );
}
el se
if (printAll)
System out . printl n(
"Sets of |eaves are DIFFERENT " + i +
" " + Leavesl[i] +" " +j + " " + Leaves2[j] );

}
}

return recAl |l owed;

}

private static void reconbination()
{
treeRecl = treel.repl ace(subTreel, subTree?2);
treeRec2 = tree2.repl ace(subTree2, subTreel);
System out. println("\nReconbi nation is allowed:"
+ "\nOiginal trees \n"
+ treel + "\n" + tree2
+ "\ nSwappi ng subtrees \n"
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+
+

subTreel + "\ n" + subTree2
"\ nReconbi nant trees \n"

+ treeRecl + "\n" + treeRec2 );

public static void main(String[] args)

{

/1 A topology is generated

String topol = generateTopol ogy();

System out.println(topol + " ->"
+ | i nkToNewi ck(topol));

treel = insertLengths(topol);

makelLengt hs();

[/ Lengths of |inks are added to tree topol ogy

treel = insertlLengths(topol);

if (print3)

Systemout.println("\n Treel =" + treel);
[/ Length of String t opol ogy

mL. = topol.length();

subtreesl = new String[m];
subtreesl = subtopol ogi es(treel);
mL = count er Subt op;
/ | Subt opol ogi es are found
String[] subtopol ogiesl = new String[m];
for(int i =0; i < mL; i++)
subt opol ogies1[i] = sinplify(subtreesl[i]);

Systemout.println();
String[] Leavesl = new String[m];

Leavesl = | eaves(mil, subt opol ogi esl);
String[] Innerl = new String[ml];
Innerl = inner(ml, subtreesl);

[/ Chars of Leaves are rewitten in al phabet order
System out . println("\nSubtrees, subtopol ogi es, Leaves,
"I nner nodes" );

+
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for(int i =0; i < nml; i++4)

{
i f (subtopologiesl[i] == null);
el se
{

System out. println(i

+ " " + subtreesi[i]

+ " " + subt opol ogi es1[i]

+ " " + Leavesl[i] + " "+ Innerlf[i]);
}

}

Systemout. println();

/1 A second topol ogy is generated
String topo2 = generateTopol ogy();
Systemout.println(topol + " ->"
+ | i nkToNewi ck(topo2));
tree2 = insertlLengths(topo2);
makelLengt hs();
/ILengths of links are added to tree topol ogy
tree2 = insertlLengths(topo2);
if (print3)
Systemout.println("\n Tree2 = " + treel);
/! Length of String t opol ogy
mL. = topo2.length();

/ 1 Subt opol ogi es are found
subtrees2 = new String[ ml];
subtrees2 = subt opol ogi es(tree2);
mlL = count er Subt op;

String[] subtopol ogi es2 = new String[ml];

for(int i =0; i < nml; i++4)
subt opol ogi es2[i] = sinplify(subtrees2[i]);

System out . println();
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String[] Leaves2 = new String[ml];

Leaves2 = | eaves(ml, subt opol ogi es2);

String[] Inner2 = new String[nml];

I nner2 = inner(mlL, subtrees?);

[/ Chars of Leaves are rewitten in al phabet order

System out . printl n("\nSubt opol ogi es, Leaves, " +
"I nner nodes" );

for(int i =0; i < mL; i++)

{

i f (subtopologies2[i] == null);
el se

{

System out. println(i

+ " " + subtrees2[i]

+ " " + subtopol ogi es2[i]

+ " " + Leaves2[i] + " "+ Ilnner2[i]);

}

bool ean recAl |l owed =

conpari son(Leavesl, Leaves2, Innerl, | nner2);

if (recAllowed)

reconbi nation();

el se

System out. printl n("Reconbi nation is not all owed");

}
}//End of main class K32 SubTopol 5

33 Exercise. Run the program and play with the code. Make your best to make
sure that the program is correctly composed: it does whausinm

34 Exercise. When recombination is allowed by the previous program aedeth
are various pairs of subtrees that allow recombination, I found pair is cho-
sen. Modify the program in order that the selection of alldwepology be made
at random.Answer

35 Challenge. Add to the previous program the capability to see a depictibn
the trees that represent the products of recombinations Whil help to test that
recombination is correctly implemented.
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1.4 Evolution to the full

We learned in the previous volume how to implement mutatiwhr@combination

in within a tree topology. We have learned here how to implanmeutation and

recombination of topologies and trees in general that aiteupon the same set of
leaves. This means that we can now implement evolution etre the full to try

to solve the problem we battle with in Vol X:

36 Fitting a tree to a distance matrix

We are given a set of specieghat live together with us and whose genomes
have been sequenced or whose ethologies or anatomies @olpbies have been
described and appear in appropriate texts. Using thosge ¥extcompute a ma-
trix of pairwise distances between species. Our suggestdbat is the n-gram
technology, which abstracts the mode of operation of theumarsystem. So, the
n-grams distances in within pairs of texts is consigned itrima®_. Our problem
is to find the best fitting tre@ to D_. That tree is the solution to the following
optimization problemfind the tree T with associated distance matrix D such that
d(D,D,), the absolute distance between matrix D and the target m&i is a
minimum.

To make sure that our procedures are correct, we can run aediata test:
we must end with the same tree if we go forth from a tree to addst matrix and
back to the best fitting tree. Formally:

37 Requirement: The best fitting to b, the associated distance matrix to a tree
T with set of leaves L, must be T itself. By abuse of languageyilvsay the best
fitting to Dy must be T itself.

Now, evolutionary trees are iconic to evolution. Therefanel by our honor,
this problem must be solved by evolution, which is a generthad for solving op-
timization problems. We made a try in Vol X: a bundle of topgts was generated
and after some initial phase, the best was chosen to nexigtine best tree with
chosen topology which was found by means of evolution. Ttieck was found
to be highly inefficient. For instance, a problem with 6 leawas proposed. The
104 topologies were calculated and the best was pickedsaftee initial phase, 30
generations with 100 individuals. That topology hostedést fitting tree thus far
with a distance to target matrix of 27. The fine tunning of ksgvas a task given
to evolution (same parameters as before). By generatio@QDthe distance was
downed to 4, a situation that remained invariant until gatien 360000.
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We are ready now to try evolution, mutation and recombimatover trees with

the possibility to evolve also their topologies.

38 The next code includes evolution of topologies for propagia solution to
the problem of fitting a tree to a distance matrix.

/I Program K38 EvoFul |

| *

*

*

We i npl ement here

a full fledged evolutionary process

to propose a solution to the probl em of
fitting a tree to a distance matri x.

We generate a randomtree topol ogy

and attach randominteger lengths to |inks.

In that way we get the target tree, T.

Next, we find the associ ated di stance matrix D to T.
Qur problemis:

Find tree t such that the absol ute di stance between
matrix D and the associated matrix tot is a mninum
Absol ute di stance between Mand N = sum|Mj-Nj]|.
Thi s di stance defines the FITNESS of each tree.

It decreases as good perfornmance augnents.

The best possible fitness is zero.

We run the next test:
If we begin with a tree T, conpute D, and then t,
we expect to return with the initial tree: t = T.

To associate a distance natrix to a tree,

we calculate the distance in within

each pair of nodes (leaves + inner nodes).

To that aim we begin with the first node and
wal k over the tree until the second node

and add the lengths of all traversed |inks.
The resulting nunber is the distance.
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Formats = Link and Newi ck’s notations. And vari ants.

An automatic halting option has been added to be applied
if perfect matching is found.

The program accepts for input

a distance matrix with integer val ues.

A test for being a distance matrix is run.

To find the tree that best fit D
we use evolution as foll ows:

1) Initialization:

We generate N topol ogies on the sane

set of |eaves. By adding l engths to |inks,
every topol ogy gets represented by a tree.
The fitness of each tree

is calculated and the best is selected.

If the fitness of the best is zero,

the programhalts and the tree is reported.

2) Evolution is conposed of rounds of
cloning according to fitness,
random nut ati on and reconbi nati on
After each generation, fitness is checked
for acconplishnment.

Mut ati on i s Lamarckian
it always produces viable nutants.
Topol ogi es as well as |inks can nutate.

A nutation results fromdeleting
a gi ven nunber of | eaves

to reinsert themanew in

ot her pl aces chosen at random
This creates a nutant topol ogy.
To nutate |l ength of |inks:
Lengths are read fromtree and
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* mutated separately.
* Then, they are reinserted.

* Reconbination is lamarckian: it is authorized only
* when it produces viabl e reconbi nants.

* Al their subtopol ogi es are cal cul ated

* and packed in arrays.

* The sets of |eaves and of inner nodes

* of each subtopol ogy are found.

* Subt opol ogi es are conpared by pairs,

* one fromeach topol ogy.

* | f they happen to have the sane set of |eaves

* and of inner nodes, reconbination is authorized:
* the subtrees that correspond with

* the subtopol ogi es are swapped.

* | f nmore than one pair of subtopol ogi es authorize
* reconbi nati on, one is chosen at random

* A hashtable is used to nmenorize those pairs that do it.
* Original topol ogi es serves as subtopol ogi es

* that authorize reconbination but they do not count.

i nport java.awt. Border Layout;

i nport java. awt. Di mensi on;

i nport java.awt. G idLayout;

i nport java.awt.event. Acti onEvent;

i mport java.awt.event. ActionLi stener;

i mport java.util.Enumeration
i mport java.util.Hashtabl e;
i mport java.util.Random

i mport javax.sw ng. JButton;
i nport javax.sw ng. JFr ane;
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i nport javax.sw ng. JLabel ;

i nport j avax.sw ng. JPanel ;

i nport javax.sw ng. JScrol | Pane;

i nport javax.sw ng. JTree;

i nport javax.sw ng. event. Tr eeMbdel Event ;

i nport javax.sw ng. event. Tr eeMbdel Li st ener;

i nport javax.sw ng. tree. Def aul t Mut abl eTr eeNode;
i mport javax.sw ng.tree. Def aul t Tr eeModel

i nport javax.sw ng.tree. TreePat h;

i nport javax.sw ng.tree. TreeSel ecti onModel ;

i nport java.awt. *;

i nport javax.sw ng. JConponent ;

public class EvoFull extends JPanel
i mpl ement s Acti onLi st ener

private static final |long serial VersionUD = 1L;

/1 The program accepts a di stance matrix as i nput
//else

/[lit generates a randomtree, cal cul ates the distance
//matrix associated to | eaves and posits it

[las target matrix.

private static bool ean inputMatrix = fal se;

/11 nput distance matri x:
[l Exanpl e 5.4, pag 99, |saev (2001)
/llntroduction to Mathematical Methods in Bioinformatics
/] Springer
private static double targetMatrix[][]
= {{0,8, 3,14, 10, 12},
{8,0,9, 10, 6, 8},
{3,9,0, 15, 11, 13},
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{14, 10, 15, 0, 10, 8},
{10, 6, 11, 10, 0, 8},
{12, 8,13, 8, 8, 0}};

| *
private static double targetMatri x5[][]
= {{0, 8, 3,14, 10},

{8,0,9, 10,6},

{3,9,0, 15, 11},

{14, 10, 15, 0, 10},

{10, 6, 11, 10, 0} };

private static double targetMatrix4[]][]
= {{0, 8, 3, 14},

{8,0,9, 10},

{3,9,0, 15},

{14, 10, 15, 0} };

*/

/I Nunber of |eaves that nust go in all trees > 3
private static int nunber Of Leaves;

/I Everything is built by recursion over this tree
private static String seed =
"((Aa, Ba), Ca)";

/] The best distance found in initialization
private static int distance0;

private static String | eaves =

" ABCDEFGHI JKLIMNOPQRSTUVWKYZ" ;

private static String internal Nodes =
"abcdef ghi j kIl mopgr st uvwxyz";

/I Next leaf to be grafted

private static int nextlLeaflndex = 2;

/I Next internal node to be inserted
private static int nextlntNodel ndex = 0O;

69
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private static int maxNunmber Of Leaves = | eaves. | ength();

/I Nunber of |eaves to be del eted and reinserted
//to create a nmutation
private static int nUndoRedo = 0;

private static boolean printl = fal se;

/1 This is the original topology:
private static String original ="";

[/ Nunmber of |eaves to be inserted to seed:
//to get a tree with 4 | eaves, add one leaf to seed
private static int nAdditional Leaves = 3;

/I Number of topol ogi es = nunber of trees that
[/ conformthe evol ving popul ati on
private static int N = 50;

/I Max nunber of generations to run evol ution
static private int nunmber Of Generati ons = 50000001;
static private |long generation = O;

/I Mitation rate per site per generation
[lin the |l engths of |inks
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static private double m = 0. 5;

/I Report Best tree every | apse generations
static private int | apse = 1000;

/I Data for binary tree
private static String[] Record = new String[20*N];

private static int indexCOf Topol ogi es;

private static String topol ogies[] = new String[N;
private static String trees[] = new String[N];
private static String newlrees[] = new String[N;

/1 The distance to target of the best fitting tree
/1 of the given topol ogy
private static double[] bestFitting = new double[N;
private static String[] bestTreeO Topol ogy
= new String[N;

//Last filled position in Record[]
private static int |astUsedPosition;

un

private static String selectedTree = ;

/! Dynam cTree is an inner service class that cones
/lat the end of this file.

private static Dynam cTreel5 treePanel;

private static String VISUALI ZE COWAND = "Visual i ze";

//Length of the link that glues a leaf to the tree
private static int |lengthsLeaves[] =
new i nt [ maxNunber Of Leaves] ;
//Length of the link that glues
//an inner node to another one
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private static int |engthslnnerLinks[] =
new i nt [ maxNunber O Leaves] ;

private static Randomr = new Random();
/I The control paraneter of the random generator for int
private static int maxLength = 10;

/I Paths fromeach | eaf to node a
private static String[] Paths =
new Stri ng[ maxNunber O Leaves] ;

private static String targetTree;

static private double distance[] = new double[N];
static private double fitness[] = new doubl e[ N];

/11 ndex of the best
static private int best;
/1 The best tree for a given topol ogy

nn

static private String bestTree = ;

//:::::::::Debuggi ng hel p ===============
private static boolean print = false;
private static boolean print2 = fal se;
private static boolean print3 = fal se;
private static boolean print4 = fal se;

[/ Turn on print5 firstly
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private static boolean print5 = fal se;
private static boolean print6 = fal se;
private static boolean print7 = true;

private stati
private stati
private stati
private stati

String titleFrane = "";

String titlel = "";

String title2 ="";

EvoFul I newCont ent Pane = new EvoFul | ();

O o000

| | =======Constructor of main class: QU basics=====

public EvoFull ()
{
super (new Bor der Layout ());
JPanel instructionPanel = new JPanel (new Gri dLayout (0, 1));
JLabel instructionsl = new JLabel (
"Select a tree and click the Visualize button.");

i nstructi onPanel . set Focusabl e(true);
i nstructionPanel . add(i nstructionsl);

add(i nstructionPanel, BorderLayout.PAGE END);

/1 A new node i s added

JButton visualizeButton = new JButton("Visualize");
vi sual i zeButt on. set Act i onCommand( VI SUALI ZE_COMVAND) ;
vi sual i zeBut t on. addAct i onLi st ener (this);

/! Create the conponents.

treePanel = new Dynam cTreel5();

/1 Lay everything out.

treePanel . set PreferredSi ze( new Di nensi on( 700, 800));
i nstructionPanel . add(vi sual i zeButt on);
add(treePanel, BorderlLayout.CENTER);
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}//End of constructor

/] Response to selecting visualization
public void actionPerforned(Acti onEvent e)
{
String command = e. get Acti onCommand() ;
i f (VISUALI ZE_COVIVAND. equal s( comrand))
{
/] Sel ected t opol ogy nust be read
sel ectedTree = treePanel . unveil Tree();
Systemout. println("\nSel ected topology " +
"in Link notation after unveil Tree() = \n"
+ sel ectedTree);
/*Random | engt hs are added to topol ogy
gener at eLengt hs();
[/ Lengt hs are added

sel ectedTree = insertlLengths(sel ectedTree);
* [
int i = findTheBest(sel ectedTree);

sel ectedTree = best TreeO Topol ogy[i];
double d = bestFitting[i];
Systemout.printin( " Best fitting =\n " +
sel ectedTree);
Systemout.println( " Best distance = \n "
+ d);

decoder Lengt hs(sel ect edTr ee) ;
/I Transl ation fromone format into anot her
//output = a vector with binary addresses and contents
doubl e[][] M= associatedMatrix(sel ectedTree);
printMatrix(M "distance matri x associated to the " +
"best tree for this topol ogy");
/1 Selected tree is drawn
titlel = "Best tree for the topology ="
+ sinplify(sel ectedTree);
title2 = "Distance to target =" + d;
DrawBi Treel2 a = newCont ent Pane. new DrawBi Treel?2();
a. creat eAndShowGUl () ;
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public static void main(String[] args)

{
/1 Schedule a job for the event-dispatching thread:
/1 creating and showing this application's GU .
javax.sw ng. SwingUtilities.invokelLater(new Runnabl e()

{

public void run()
{
[11f input is a distance matri x:
i f (inputMatrix)
{
printMatrix(targetMatrix, "Input Matrix");
bool ean isD = isMatri xDi stanceMatri x(targetMatri x);
if (isD) Systemout.println("\nMatrix " +
"is a distance matrix");
el se
{
Systemout.printin("Matrix " +
"is NOT a distance matrix");
System exit (0);
}
nunmber O Leaves = targetMatri x. | engt h;
nAddi ti onal Leaves = nunber O Leaves- 3;

}
else//if a randomtree is generated -> Matrix
{

nunber & Leaves = 3 + nAddi ti onal Leaves;

String tree = randonifopol ogy();
gener at eLengt hs() ;
target Tree = insertlLengths(tree);



76 CHAPTER 1. EVOLUTION OF TREE TOPOLOGIES

Systemout.println("Target tree: each link " +
"has its own length = \n" + targetTree);
targetMatrix =

new doubl e[ nunmber O Leaves] [ nunber O Leaves] ;
target Matri x = associ atedMatri x(target Tree);
printMatrix(targetMatrix, "Target Matrix");

doubl e d = absDi st ance( nunber O Leaves,
target Matrix, targetMatrix);

Systemout.println( "\ nD stance fromtarget matrix " +
"to target =" + d);

[/ Draw Target tree: this mal functions.

| *

{
titleFrame = "Target tree =" + tree;
sel ectedTree = target Tree;
DrawBi Treel2 b = newCont ent Pane. new Dr awBi Treel2();
b. cr eat eAndShowGUl () ;
}
*/

}
cr eat eAndShowaUl () ;

Systemout. println("\nDefinition: \nbDistance to target ="
" Absol ute di stance between" +
" target matrix and \n" +
"the distance matri x associated to " +
"the tree with lengths of links that \n" +
"is the best fitting of the topology.\n" +
"Perfect fitting: distance = 0 \n");
System out. println("\nNunber of CGenerations =
+ nunber O Generati ons) ;
if (print?7)
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System out. println("Nunber of |eaves =
+ nunber Of Leaves +
"\nMutation rate =" + m+
"\ nPopul ation size =" + N);

initialization();
evol ution();

1),
}

/] Test for being a distance natri x.
/I MaxLenght = max val ue anmong entries is cal cul at ed.
private static bool ean
i sMatri xDi stanceMatri x(double[][] M
{
int | = MIength;
bool ean i sD = true;
/Ils Mu,u) = 0?
for(int u=0; u<I; u++

if (Mulfu] == 0) ;

el se

{
isD = fal se;
return isD;

}
[1ls Mu,v) = Mv,u)?
for(int u=20; u<l; u++)
for(int v = u+l; v < |; v++)
if (Mul[vl == Mv][u] ) ;

el se

{
isD = fal se;
return isD;
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}

[1ls Mu,v)>0 for u not v?
for(int u=0; u</I; u++
for(int v = u+l; v < |[|; v++)
if (Mu][v] > 0) ;

el se

{
isD = fal se;
return isbh;

}

[1ls Mu,v) < Mu,w) + Mw,Vv)?

for(int u=0; u</I; u++)
for(int v = 0; v <|; v++)
for(int w=0; w<|; w+t)

it (Mul[v] <= Mu][wW+MW [v] ) ;

el se

{
isD = fal se;
return isD;

}

double m= 0;

for(int u=0; u<Il; u++
for(int v = u+l; v < 1[|; v++)

if (Mul[v] >m) m= Mu][v];
maxLength = (int) m+ 1;
return true;

}

[1Simplification fromLink notation to Newi ck’s notation:
I (((AJ,D3)1,Bl),C) -> (((AD,B),Q
private static String Ii nkToNew ck(String newlree)

{ nn

String tree = ;
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[llength of string newlree

int | = newlree.length();
for(int i =0; i <|1; i++)
{

/I newTree is scanned char by char
char ¢ = newlree.charAt(i);
//1s c an internal node to be deleted?
if (charlslnternal Node(c));

el se //add char ¢ to output

tree = tree + c;
}

return tree;

}

private static String generateTopol ogy()
{
/! Next |leaf to be grafted
next Leaf | ndex = 2;
// Next internal node to be inserted
next | nt Nodel ndex = O;
/1A tree topology is generated
String topol ogy = seed;
for(int i = 0; i < nAdditional Leaves; i++ )
t opol ogy = gener at eChi | d(t opol ogy);
return topol ogy;

}

/I Random | engths are added to a tree in Link notation
private static void makelLengt hs()

{
//Lengths with digit values are generated
for(int i = 0; i < nunber O Leaves; i ++)

{

/'l Zero |l engths are not all owed
| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);
| engt hsl nnerLinks[i] =1 + r.nextlnt(maxLength - 1);

}
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}

/1 The population is initialized with nTop topol ogi es.
[/ Lengths are inserted to get nTop trees

[/ Fitness is assessed:

/! Has the solution been guessed?

private static void initialization()

{
Systemout. println("\n====" +"I N TI ALI ZATION : ");
if (printh)
Systemout.println("\nSeed = " + seed
+ " ->" + |linkToNew ck(seed));
if (print7)

Systemout.println( N
+ " randomtopol ogies " +
"and their trees are generated \n");

/InTop topol ogi es and trees are generat ed
for(int i =0; i <N 1i++)
{
String topol = generateTopol ogy();
topol ogi es[i] = topol
String tree = insertLengths(topol);
makelLengt hs();
/ILengths of links are added to tree topol ogy
tree = insertLengths(topol);
trees[i] = tree;
if (print6)
{
Systemout.println("\n" + i + " " + topol + " ->"
+ i nkToNewi ck(topol));
Systemout.println("Treel =" + tree);

}
}

assessFi tnesses();
scal eFi t nesses();

}
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[/ Fitness is calculated for each tree
[/ Fitness =
/I Di stance between target matrix and
//the associated distance matrix to tree is cal cul at ed.
[/ The m nimal distance is found:
//this renders the fittest tree.
// Has the solution been guessed?
private static doubl e assessFitnesses()
{
if (print6)
Systemout.println( "\n=====Fitnesses are assessed");
String tree = "";
double d = 0O;
for(int i 0; I <N i++4)

{

tree = trees[i];

decoder Lengt hs(tree);

double M][] = distanceMatrix(tree);

/] Absol ute di stance fromthe associ ated di stance matri x
/1of the tree

//to target matrix is eval uated

d = absDi stance(nunber Of Leaves, targetMatrix, M;

di stance[i] = d;

if (print6)

{
Systemout.println( "\nTree = \n" + trees[i]);
Systemout.println( "\nDi stance to target =" + d);

}
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if (printh)

{

printMatrix(M "Distance natrix associated to tree");
printMatrix(targetMatrix, "Target nmatrix");

}
//1f solution has been found, halt.
if (d == 0)

{

Systemout.println( "\'n \nSOLUTI ON HAS BEEN FOUND: \n"
"at generation " + generation);

Systemout.printin( " Distance to target =" + d
+ " \nSolution tree =" + tree

+ " \nTarget tree =" + targetTree

+ " \nlnitial distance = " + distance0);

printMatrix(M "Distance matri x associated to tree");
printMatrix(targetMatrix, "Target matrix");

if (d ==0) Systemexit(0);

if (printb5) print5 = fal se;

}

}//End of for(int i...

//The fittest individual mnimzes di stance function
doubl e m n = distance[0];

best = 0;
for(int i =1; i <N i++)
{
if (distance[i] < min)
{
mn = distance[i];
best = i;
}

}

/] Best tree
best Tree = trees[best];
if (generation == 0 ) distance0 = (int) mn;
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if (print7)

Systemout.println("\n BestTree = \n" + bestTree
+ "\nDistance =" + mn
+ "\ntarget tree = \n" + targetTree

+ "\nlnitial distance = + di stance0);
return mn;

}

/IFitness is rescaled to take val ues
[lin within O(the worst) and 1(the best)
private static void scal eFitnesses()

{
if (print6)

Systemout.println( "\n====Fitnesses are rescal ed:

"O(the worst) and 1(the best)");
doubl e maxD = di st ance[ 0] ;
doubl e mi nD = di stance[ 0] ;
double b =1 ;
[/ Mn and max di stances are found

for(int i = 1; i <N 1++)
{
if ( distance[i] > maxD ) maxD = distance[i];
if ( distance[i] < mnD) mnD = distance[i];
}
if (mnD == nmaxD) //All equal ly fit
{
for(int i =0; i <N i++)
fitness[i] = 1;
}
el se
{
/I Distance to target determ ne fitness:
[lfitness[maxD] = O; fitness[m nDl = 1;
for(int i =0; i <N 1i++)
{
b = 1;
b = b/(mnD - maxD);

83
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doubl e a = -b*maxD;
fitness[i] = a + b * distance[i];
}
}
if (print6)
for(int i =0; i <N 1++)
{

Systemout. println("Individual ="
+ i + " has distance " +
di stance[i] + " and fitness " + fitness[i]);

}
}

[/ Probability of cloning is proportional to fitness.
/' N new i ndividual s are forned.
private static void selectived oning()
{

if (print6)

Systemout.println( "\n====Sel ective cloning");
/! The best is cloned

newTlrees[ 0] = trees[best];

if (print6)

System out. println("Individual =

+ best + " with fitness " +

fitness[best] + "-> newindividual " + 0
+" =" + newlrees[0] );

[IN-1 children are sanpl ed

for(int i =1; i <N i++)

{

/1flag

bool ean go = true;

whil e (go)
{

/1 An individual is chosen at random

int k = r.nextlnt(N);

[/ Probability of cloning is proportional to fitness.
doubl e g = r. next Doubl e();

if ( qg<fitness[k]) //mke a copy of k

{

newlrees[i] = trees[Kk];
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if (print6)

Systemout. println("Individual =
+ k +" with fitness " +

fitness[k] + "-> new individual " + i

+ " =" + newlrees[i] );

"

go = false;//end task

}

}
}//End of for //N-1 children are sanpled
}
| | ============Mut at | on============

// Detect internal nodes, different than | eaves
private static bool ean charl sl nternal Node(char c)
{

String s ="" + c;

if (internal Nodes.contains(s)) return true;

el se return fal se;

}

/1Sinplification fromLink notation to Newi ck’s notation:
It (((AJ,D3)1,BlI),A) -> (((AD),B),Q
private static String sinplify(String newTopo)

{

String topo = "";

/11ength of string newlopo

int I = newlopo.length();

for(int i =0; i <1I; i++)
{

/ I newTopo i s scanned char by char
char ¢ = newTlopo. charAt (i);
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[lls ¢ an internal node to be del eted?
i f (charlslnternal Node(c));
el se //add char c to output
topo = topo + c;
}

return topo;

}

//Rule 2 is used to generate a new topol ogy:

[1(S)I -> ((SYN,FN) I .

/'S = subtopology, | = internal node, F = new | eaf,

/N = new internal node.

//Rule 2 grafts new branch FN to link (S)I

[1i is the position of char | in string parentTopo

private static String useRul e2(String parentTopo, int i,
char F, char N)

{

String newlopo = "";

char | = parent Topo.charAt(i);

if (printl)

Systemout.printin("i =" +i1 +" 1 =" +1);
/] Subt opol ogy S of link (S)I nust be read
String S ="";

I/ Counter of left parenthesis

int counter = O,

String pl ="" +'(";

String pr = "" +')";

/Il Position to be scanned

int position =i;

bool ean go = true;

[T Al'l right parentheses to the near left of | are captured
whil e (go)

{

position = position -1;

String a = "" + parent Topo. char At (position);
if (printl)

Systemout.printin("fa=" +a+" p =" + pr);

if (a.equal s(pr) )
{
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}

/
/
/

count er ++;
S=a+ S
}
el se go = fal se;
}//End of while
if (printl)
Systemout.println("counter =" + counter);
/1 The conpl et e subt opol ogy i s captured:
/ | Par ent heses nust bal anced
while (counter > 0)

{
String a = "" + parent Topo. char At (position);
if (a.equals(pr)) count er ++;
if (a.equals(pl)) counter--;
S=a+ S
if (printl)
Systemout. println("Subtopo =" + S);
position = position -1;
}

/| Repl acenment rule 2:
11((S)yn,Fn)i -> (S)
[ [ wher e F are leaves, n and i are inner nodes,
[1(S) is a conplex structure.
String SnFni = S +1
String replacenment = "("+ S + N+ ", "
+ F+ N ")" + 1
//Rule 1 is executed
newlopo = parent Topo. repl ace(SnFni, replacenent);
[11f 1 links to a conplex structure
return newlopo;

/ From par ent Topo, a topology in New ck’s notation
/a Child topology is generated by a generative grammar.
/' A random el ection is made anong all possibilities.

private static String generateChild(String parent Topo)

{

next Leaf | ndex++;
char next Leaf = | eaves. char At ( next Leaf | ndex) ;
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/I Next internal node to be inserted
next | nt Nodel ndex++;
char nextl nt Node = i nternal Nodes. char At ( next | nt Nodel ndex) ;

/1link to be replaced

String link ="";

/[1String link is replaced by what:
String replacenment = "";

/I new t opol ogy generated by repl acenent
String newlopo = "";

[/l ength of parent topol ogy

int | = parentTopo.length();

/I counter of links = 0;

int counter = O;

/'I'Li nks are counted

for(int i =0; i <1; i++)

{
[/ parent Topo i s scanned char by char
char | = parentTopo. charAt (i);

/[/1s | an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter ++;

}

/1A link is chosen

int k = r.nextlnt(counter);

/1 System out. println("Random nunber =" + k);

/I new branch is grafted at k

counter = 0O;

for(int i =0; i <|1; i++)
{

/| parent Topo i s scanned char by char
char | = parent Topo. charAt(i);

/11s 1 an internal node that denotes a replacenent?
if (charlslnternal Node(l))
{

if (counter == k) //1s | the chosen |ink?

{
/[ Check for the char before

char a = parentTopo. charAt(i-1);
/11T 1 links to a conplex structure
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if (a ==")") newlopo = useRul e2(parent Topo, i,
next Leaf, nextl nt Node);
else //if | links to a leaf, use rule 1
{
/[ILink to be repl aced
link ="" + a + |;
[/ Repl acenent rule 1:
/[lal -> (aN, FN)I; N= next | nt Node;
/I F = next Leaf
repl acement = "(" + a + nextlntNode + ","

+ next Leaf + nextlntNode + ")" + I|;
//Rule 1 is executed
newTopo = parent Topo.repl ace(link, replacenent);

}
if (print2)
System out. println(newlopo + " ->"

+ sinplify(newTopo));
i =1;
}
count er ++;

}

}
return newlopo;
}

//Leaf F and node n conform |ink Fn and are del eted.
/W apply the antirul el:
[1(An,Fn)i -> Al
private static String antiRulel(String topo,
int positionLeaf, int positionNode)
{
if (print2)
System out. println("Anti Rul el");
i nt beginl ndex = positionLeaf - 4;
i nt endl ndex = positionNode + 3;
String AnFni t opo. subst ri ng(begi nl ndex, endl ndex);
if (print2)
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Systemout.printIn("Anfni =" + AnFni);
String Al = "" + topo. char At (begi nl ndex+1)
+ topo. char At (endl ndex-1);
if (print2)
Systemout.printin("Ai =" + A);
topo = topo.replace(AnFni, A);
return topo;

}

/[l Leaf F appeared as an insertion into a conplex structure S.
[1it is deleted.

/W apply the antirul e2:

[1((S)n,Fn)i -> (9)i

[/ positionNode refers to the | ast appearing of node n
private static String antiRule2(String topo,

int positionLeaf, int positionNode)

{

if (print2)

Systemout. println("Anti Rul e2");

[/ Leaf to be del eted

String leaf = "" + | eaves. char At (next Leaf | ndex) ;
if (print2)
Systemout.printin("\nLeaf to be deleted =" + |eaf);

/| Acconpanyi ng i nner node
String i nnerNode = ""
+ i nternal Nodes. char At (next | nt Nodel ndex) ;
int firstPosition = topo.indexd(innerNode);
String newTopo = "";

char i = topo.char At (positionNode+2);

if (print2)

Systemout.printin("FirstPosition = " +
firstPosition + " i =" +1i);

/] Subt opol ogy S of link (S)I nust be read

String S ="";

// Counter of left parenthesis
int counter = O,

String pl ="" +"(";

String pr ="" + )",
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//Position to be scanned

int position = firstPosition,;

bool ean go = true;

/1A'l right parentheses to the near left of | are captured
whi l e (go)

{
position = position -1;
String as = "" + topo.charAt(position);
if (print2)
Systemout.println("a=" +as +" p =" + pr);
if (as.equal s(pr) )
{
count er ++;
S =as + S
}

el se go = fal se;
}//End of while
if (print2)
Systemout.println("counter =" + counter);
/1 The conpl ete subtopol ogy is captured:
/| Par ent heses nust bal anced
while (counter > 0)
{
String as = + topo. char At (position);
if (as.equal s(pr)) count er ++;
if (as.equals(pl)) counter--;

S = as + S

if (print2)

Systemout. println("Subtopo =" + S);
position = position -1;

}
String n = innerNode;
/| Repl acenent anti Rul e 2:
[1((S)n,Fn)i -> (9S)
//where A and F are leaves, n and i are inner nodes,
/[1(S) is a conplex structure.
String SnFni = "("+S +n+ "," +leaf + n+")" +1i ;
String Si =S + i;
if (print2)
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Systemout.println("\nSnFni =" + SnFni + "\n Si =" + Si);
//Rule 1 is executed

newlTopo = topo.replace(SnFni, Si);

return newlopo,

}

[/ The last inserted leaf is deleted fromtopol ogy.
private static String del eteLastLeaf (String topol ogy)

{

/'l Leaf to be del eted

String leaf = "" + | eaves. char At (next Leaf | ndex) ;

if (print2)

Systemout.println("\nLeaf to be deleted =" + |eaf);

/| Acconmpanyi ng i nner node
String i nnerNode = ""
+ i nt ernal Nodes. char At ( next I nt Nodel ndex) ;

if (print2)
System out . println("Acconpanying i nner node ="

+ i nner Node) ;
/I new t opol ogy = out put
String newtopology = "";
/1length of topology as string

int I = topol ogy.length();
// Last positions are found
int positionLeaf = -1;

i nt positionNode = -1;
//topology is scanned char by char

for(int i =0; i <1I; i++)
{
String ¢ = "" + topology.charAt(i);

if (c.equals(leaf)) positionLeaf = i;

if (c.equal s(innerNode)) positionNode = i;
}

if (print2)

{

Systemout.println("Position of " + [eaf +

n n

= + positionLeaf);
Systemout.println("Position of " + innerNode +
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= + positi onNode);
}
int firstPosition = topology.indexX (innerNode);
/I Check for the char before firstPosition
char a = topol ogy. charAt(firstPosition - 1);
[11f I links to a conplex structure
if (a==")")
newt opol ogy = anti Rul e2(topol ogy, positionLeaf, positi onNode);
else //Apply anti Rul el for sinple cases
newt opol ogy = anti Rul el(topol ogy, positi onLeaf, positi onNode);
next Leaf | ndex- -;
next | nt Nodel ndex- -;
return newt opol ogy;

/I Lengths are del eted from newlree
private static String del eteLengths(String newlree)

{
String tree = "";
String nuneric = ".:0123456789";
[l ength of string newlree
int | = newlree.length();
for(int i =0; i <1I; i++)
{

/I newTree i s scanned char by char

char ¢ = newTree. char At (i);

String s ="" + c;

/[/ls ¢ nuneric: delete it!

if (numeric.contains(s)); //add char c to output
el se tree = tree + c;

}

return tree;

}



94 CHAPTER 1. EVOLUTION OF TREE TOPOLOGIES

// Mut ati on:
//sone | eaves are del eted and then reinserted
//in random order.
/1 Del eting can happen in either of two ways:
/I Reversing the order of synthesis el se
//in random order.
public static String nutation(String topol ogy,
i nt nAddi ti onal Leaves)
{
[/ Mutati on has two stages:
[/ del etion of sonme | eaves that undoes generating work +
[lre-insertion in places chosen at random

/I Number of |eaves to be deleted and then reinserted
i f (nAdditional Leaves == 1) nUndoRedo = 1;
el se
nUndoRedo = r. nextInt(nAdditional Leaves-1) + 1;

if (print2)

System out. println("Nunber of | eaves to" +
" be deleted and then reinserted =" +
nUndoRedo) ;

/] Sore | eaves are del et ed:
/lreversed order to that of synthesis.

if (printl)
Systemout. println("Sone | eaves are del eted");
for(int i = 0; i < nUndoRedo; i++ )

{

//Last inserted | eaf is del eted.

t opol ogy = del et eLast Leaf (t opol ogy);

if (printl)

System out. printl n(topol ogy);
}
//del eted | eaves are reinserted
if (printl)
Systemout.println("Deleted | eaves are reinserted");
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for(int i = 0; i < nUndoRedo; i ++ )

{
t opol ogy = generat eChil d(topol ogy);

}

/I Qut put
String nutant = topol ogy;
if (printl)
Systemout. println("\nOiginal and nutant topol ogies = \n"
+ original + "\n" + nutant);
if (printl)
if (original.equals(rmutant))
System out. println("Mitation nmade not hi ng");
el se
System out . println("\nMutation worked");
return nutant;

}

public static String nutation(String topol ogy)

{

/1 This original topology is next subject to nutation
origi nal = topol ogy;

String nutant Topol ogy = topol ogy;

if (print2)

Systemout. println("\nOiginal topol ogy = \n"
+ original );
/I Nunmber of |eaves to be deleted and then reinserted
i f (nAdditional Leaves == 1) nUndoRedo = 1;
el se
nuUndoRedo = r. nextlnt(nAdditional Leaves-1) + 1;
/I nUndoRedo = 13;

[/ Mutati on has two stages:
//deletion of sonme | eaves that undoes generating work +

[lre-insertion in places chosen at random

if (print2)
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System out. println("Nunber of | eaves to" +

" be deleted and then reinserted =" +
nUndoRedo) ;
/] Sore | eaves are del et ed:
if (print2)
Systemout. println("Sone | eaves are del eted");
for(int i = 0; i < nUndoRedo; i++ )

{

//Last inserted |l eaf is deleted.
nmut ant Topol ogy = del et eLast Leaf ( mut ant Topol ogy) ;
if (print2)

System out . printl n(nut ant Topol ogy) ;

}
[/ Some | eaves are reinserted
if (print2)
Systemout.printin("Deleted | eaves are reinserted");
for(int i = 0; i < nUndoRedo; i++ )
{
t opol ogy = generat eChi |l d(t opol ogy);
}
return nutant Topol ogy;

}

/1 Random | engths are added to a tree in Link notation
public static String insertLengths(String treelLinkN)

{
String thisChar = "";
String newlree = "";
/[llength of String t reeLi nkN
int m= treeLinkN. I ength();
/1 TreeLi nkN i s scanned char by char
for(int i =0; i <m i++)
{
thisChar = "" + treeLinkN. charAt(i);
newlree = newlree + thisChar
if (printl)
System out. println(newlree.length() + " " + newlree);
[/ Lengt hs are appended
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if (leaves.contains(thisChar))
{
int k = leaves.indexO(thisChar);
double j = |l engt hsLeaves[K];
newlree = newlree + ":" + |;

}

i f (internal Nodes. contai ns(thisChar))

{
int k =
doubl e |
newlree =
}
}

return newlree;

}

= | engt hsl nner Li nks[ K] ;
newlree + ":" + j;

/11 nput:
[ 1 \Work:
[lare read fromtree.

97

i nt er nal Nodes. i ndexXf (thi sChar);

string tree with conplete informtion.
| engt hsLeaves[] and | engt hsl nner Li nks[]

private static void decoderlLengths(String tree)

{

if(print2)

System out . println(

"l nput tree at decoverlLengths = \n "
/I Delete :

tree = tree.replaceA |l (":", "");
i f(print?2)
System out. println(
"Input tree without : =\n" + tree
int n =tree.length();
String thisChar = "";
String nextChar = "";
String nunmbers = ".0123456789";

bool ean | eaf = fal se;
bool ean node = fal se;
String Leaf = "";
String nunber Leaf "
String nunmber Node = "";
String

Node = "";

+ tree );
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int j ;
doubl e f;

[/Al chars in tree are scanned

for(int i=0; i < n; i++)
{

thisChar = "" + tree.charAt(i);

if (i <n-1) nextChar = "" + tree.charAt(i+l);

/1 Do we have a | eaf?
if (leaves.contains(thisChar))

{

| eaf = true;

Leaf = "" + thisChar;
}

// Do we have an internal node?
i f (internal Nodes. contai ns(thisChar))

{

node = true;

Node = "" + thisChar
}

/1 Do we have a nunber that belongs in a | eaf?
if ( (leaf) & (nunbers.contains(thisChar)))
{

nunber Leaf = nunber Leaf + thi sChar;

}

/1 Do we have a nunber that belongs in a | eaf?
if ( (node) & (nunbers.contains(thisChar)))

{
nunber Node = nunber Node + thi sChar

}

// Must we end accunul ati on of nunbers of a | eaf?
if ( (leaf) & (internal Nodes. contains(nextChar)))
{

| eaf = fal se;

j = leaves.indexOf(Leaf);

if (printl)
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Systemout.println("Leaf = " + Leaf +

" nunberLeaf =" + nunberlLeaf);

f = new Doubl e( nunber Leaf);

| engt hsLeaves[j] = (int) Math.floor(f);
nunber Leaf = "";

// Must we end accunul ati on of nunbers of a node?
if ( (node) & (!(nunbers.contains(nextChar))))
{

node = fal se;

j = internal Nodes. i ndexOf ( Node) ;

if (printl)

System out. println("Node = " + Node);

f = new Doubl e( nunber Node) ;

| engthsl nnerLinks[j] = (int) Math.floor(f);
number Node = "";

}

}
}

// Random | engt hs are added to a tree in Link notation
public static void generatelLengths()

{
//Lengths with digit values are generated
for(int i = 0; i < nunmberOf Leaves; i ++)
{

/1 Zero |l engths are not all owed
| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);
| engt hsl nnerLinks[i] =1 + r.nextlnt(maxLength - 1);
}
}

/I Lengt hs undergo nutation
private static void nutatelLengths()

{

//Mutation in |links that connect | eaves
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for(int k = 0; k < nunber O Leaves; k++)
{

doubl e g = r. next Doubl e();

if (gq<m //nmutate

| engt hsLeaves[ k] = r.nextlnt(mxLength);

}

[/ Mutation in links that connect inner nodes
for(int k = 0; k < nunber O Leaves-2; k++)
{
doubl e g = r. next Doubl e();
if (g <m //nmutate
| engt hsl nner Li nks[ k] = r.nextlnt(nmaxLength);

}

[/ Type of nutation is decided and execut ed:
[/ mutation of |engths of links
[lelse full nmutation (topology and | engths of |inks).
private static String nmutateTree(String tree)
{
/] Topology is read fromtree
String topology = del eteLengths(tree);
/lLengths are read fromtree and recorded in vectors
/1l engt hsLeaves[] and | engt hsl nnerLi nks[]
decoder Lengt hs(tree);
nut at eLengt hs() ;
String nmutantTree = "";
/I Muitate lengths el se topology ( + new | engths)?
doubl e s = r. next Doubl e();
if (s <0
{
if (printl)
System out. println("\n====Mutation of |engths");
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nmut ant Tree = insertLengths(topol ogy);
if (printl)
{
Systemout.println("lnput tree = " + tree);
Systemout. println("Topology = " + topol ogy);
Systemout.println("Qutput tree= " + nmutantTree);
}

}

el se

{

if (printl)

System out. println("\n====Mut ati on of topol ogy");

/I Mutation of topol ogy
String mutant Topol ogy = nutati on(topol ogy,
nAddi t i onal Leaves);
[/ Mutant lengths are reinserted
nmut ant Tree = insertLengt hs(nut ant Topol ogy);

}

return nmutant Tr ee;

}

/ /1 ndividual s are nut at ed
private static void mutation()

{
if (printé6)

{

Systemout. println("\n====Mutation \n");

Systemout.printin("Trees to be nutated");

}
for(int i =0; i <N, i++)
{

trees[i]

newlrees[i];
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if (print6)
Systemout.printin(trees[i]);
}
[/ The old best, i =0, is conserved intact

newlrees[ 0] = trees[0];
/1 OQther N1 individuals suffer nmutation
for(int i =1; i <N 1++)

newTrees[i] = nutateTree(trees[i]);

if (printé6)
Systemout.println("Mitant trees");
for(int i =0; i <N 1++)
{
trees[i] = newlrees[i];
if (print6)
Systemout.printlin(trees[i]);

/ / Count er of subtopol ogies

private static int counterSubtop

[/ Particul ar nunber of subtopol ogies
private static int mlL = O;

private static String[] subtreesl, subtrees2;
private static String subTreel, subTree2,
treeRecl, treeRec?;

/] Structure of hashtable : integer + {stringl, string2}
private static Hashtabl e<integer, String[]> hashtable =
new Hashtabl e<Integer, String[]>();
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/] Subtrees of topology are found

private static String[] subtopol ogies(String topol ogy)
{

if (printl)

System out. println("\nSubtrees are found");
/I Counter of left parenthesis

int counter = O;

/I Count er of subtopol ogi es

count er Subt op = 0;

String pl ="" + " (";

String pr = "" + )",

//Length of String t opol ogy

int m= topol ogy.length();

String[] subtopol ogies = new String[m;
[1String topology is scanned char by char

for(int i =0; i <m i++)

{

String Sub = "";

String a ="" + topology.charAt(i);
int position = i+1;

if (a.equals(pl))

{
count er ++;

Sub = Sub + a;
/1 The conpl et e subt opol ogy i s captured:
/ | Par ent heses nust bal anced
whil e (counter > 0)
{
String b = "" + topol ogy. char At (position);
if (b.equals(pl)) count er ++;
if (b.equals(pr)) counter--;
Sub = Sub + b;
posi ti on++;
}
if (print2)
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System out. printl n(Sub);
subt opol ogi es[ count er Subt op] = Sub;
count er Subt op++;

}
}

return subtopol ogi es;

}

[/ Leaves of subtopol ogies are found
private static String[]leaves(int m String[] subtop)
{
if (printl)
Systemout. println("Leaves are found");
String[] myLeaves = new String[nm;
for(int i =0; i < n i++)
{
String s = subtop[i];
if (s == null);
el se
{
nmyLeaves[i] = "";
int n =s.length();
for(int j =0; j < n; j++)
{
String c ="" + subtop[i].charAt(j);
if (leaves.contains(c))
nmyLeaves[i] = nyLeaves[i] + c;
}
if (printl)
Systemout. println(subtop[i] +
+ nmylLeaves[i] );

1] n

}
}
|/ Chars of Leaves are rewitten in al phabet order
if (printl)
Systemout.println("Leaves are |listed orderly" );
for(int i =0; i < n i++)
{

String s = subtop[i];
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if (s ==null);
el se
{
s = nmyLeaves[i];
myLeaves[i] = ""
int n = 1leaves.length();
for(int j =0; j < n; j++)
{
String ¢ ="" + | eaves.charAt(j);

if (s.contains(c))
myLeaves[i] = nyLeaves[i] + c;
}
if (printl)
Systemout. println(subtop[i] + " " + nyLeaves[i] );
}
}

return nylLeaves;

}

/'l nner nodes of subtopol ogies are found
private static String[] inner(int m String[] subtop)
{
if (printl)
Systemout . println("\nlnternal nodes are found");
String[] myNodes = new String[n];
for(int i =0; i < m i++)
{
String s = subtop[i];
if (s == null);
el se
{
myNodes[i] = "";
int n =s.length();
for(int | =0; j < n; j++)
{
String ¢ = "" + subtop[i].charAt(j);
i f (internal Nodes. contains(c))
myNodes[i] = myNodes[i] + c;
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}
if (printl)
Systemout.println(subtop[i] + " " + nyNodes[i] );
}
}

/] Chars of Leaves are rewitten in al phabet order

if (printl)

Systemout.println("Inner nodes are |listed orderly" );
for(int i =0; i < n i++)

{
String s = subtop[i];
if (s == null);
el se
{
s = nmyNodes[i];
myNodes[i] = "";
int n = internal Nodes. | ength();
for(int j =0; j <n; j++)
{
String ¢c = "" + internal Nodes. charAt(j);
if (s.contains(c))
myNodes[i] = myNodes[i] + c;
}
if (printl)
Systemout. println(subtop[i] + " " + nyNodes[i] );
}
}
return nyNodes;
}

/1 Subt opol ogi es are conpared to deci de whet her
[/ or not they have the same set of |eaves
/land the same set of inner nodes.
[/ Al'l pairs that authorize reconbination
/1 are kept in a hastable (= a table for pairing)
private static bool ean conparison(String Leavesl[],
String Leaves2[],
String Innerl[],
String Inner2[])
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{
if (print6)
System out. println("\nConparison of | eaves and nodes");
Bool ean recAl |l owed = fal se;
int m= Leavesl. | ength;
int n = Leaves2.1ength;
I nteger counter = O;

for(int i =1; i <m i++)
{for(int i =1, <n; j+)
{if ( Leavesl[i].equal s(Leaves2[j]))
{subTreel = subtreesl[i];

subTree2 = subtrees?2[j];

recAl |l owed = true;

if (print6)

System out. println(

"Sets of |leaves are EQUAL " + i +

" + Leavesl[i] +" " + ] + " " + Leaves2[j] );
String val[] = {subTreel, subTree2};

n

/I Reconmbi nant subtrees are kept in a hashtable
hasht abl e. put (counter, val);
count er ++;
if ( Innerl[i].equals(lnner2[j]))
{
if (printé6)
System out . println(
"Sets of inner nodes are EQUAL " + i +
" " 4+ lnnerl[i] +" " +j +" " + Inner2[j] );

}

el se
{
if (printé6)
System out . printl n(
"Sets of inner nodes are DI FFERENT " + i +
" " + lnnerl[i] +" " +j +" " +1Inner2[j] );

}
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el se
if (print6)
System out . println(
"Sets of |eaves are DIFFERENT " + i +
" " + Leavesl[i] +" " +j +" " + Leaves2[j] );

}
}

return recAl |l owed;

}

/1A pair of subtrees that authorize reconbi nation
/lis chosen at random fromthe hashtabl e and
[/ reconbination i s executed.
private static String reconbinationTrees(String treel
String tree2)
{
[/ Possi bl e pairs of reconbi nant subtrees are recovered
//1fromthe hashtable and put into an enuneration<>
Enuner ati on<l nt eger> enunKey = hasht abl e. keys();
int counter = O;
whi | e( enunKey. hashbr eEl erent s())
{
I nt eger key = enunKey. next El enent () ;
String[] val = hashtabl e. get (key);
if (print3)
System out. println("Hasthtable " + key + "\n"
+ val[0] + "\n"+ wval[l]);
count er ++;

}

[l A pair of reconbi nant subtrees is chosen at random
Integer election = r.nextlnt(counter);
if (print6)
Systemout.println("Selected pair =" + election);
String[] val = hashtable.get(el ection);
subTreel = val [0];
subTree2 = val [1];
if (print6)
System out. println("Reconbi nant subtrees \n" +
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subTreel + "\n" + subTree2);

/I Reconmbi nation i s executed

treeRecl = treel.repl ace(subTreel, subTree2);
treeRec2 = tree2.repl ace(subTree2, subTreel);
if (printé6)

System out. println("\nRecombination is all owed:"
+ "\nOriginal trees \n"

+ treel + "\n" + tree2

+ "\ nSwappi ng subtrees \n"

+ subTreel + "\n" + subTree2

+ "\ nReconbi nant trees \n"

+ treeRecl + "\n" + treeRec2 );

return treeRecl;

// Reconbi nation of treel and tree2 is tried out
public static String reconbinati onMaster(String treel,
String tree2)
{
/1 First topol ogy
String topol = del eteLengths(treel);
if (print6)
{
Systemout.println(topol + " ->"
+ linkToNew ck(topol));
Systemout.println("\n Treel =" + treel +
"\n Topol = " + topol);
}

//Length of String t opol ogy
mL = topol.length();

subtreesl new String[ml];

subtreesl = subtopol ogi es(topol);

mL = count er Subt op;

/ | Subt opol ogi es are found

String[] subtopol ogiesl = new String[nl];
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for(int i =0; i < ml; i++)
subt opol ogi esl[i] = sinplify(subtreesl[i]);
if (print6)

Systemout.printlin();
String[] Leavesl = new String[ml];
Leavesl = | eaves(ml, subt opol ogi esl);
String[] Innerl = new String[ml];
Innerl = inner(ml, subtreesl);
/] Chars of Leaves are rewitten in al phabet order
if (printh)
System out. println("\nSubtrees, subtopol ogi es, Leaves, " +
"l nner nodes" );
for(int i =0; i < mL; i++)
{
if (subtopologiesl[i] == null);
el se
{
if (printh)
System out. println(i
+ " " + subtreesl[i]
+ " " + subtopol ogi esl[i]
+ " " + Leavesl[i] + " "+ Ilnnerl[i]);
}
}

if (print6)
Systemout . println();

/1 Second t opol ogy
String topo2 = del eteLengths(tree2);
if (print6)
{
System out. println(topol +
+ |li nkToNew ck(topo2));

n -> n

Systemout.printin("\n Tree2 = + tree2 +
"\'n Topo2 =" + topo2);

}

[/ Length of String t opol ogy

mL. = topo2.length();
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subtrees2 = new String[m];
subtrees2 = subt opol ogi es(topo2);
nmL = count er Subt op;
/ | Subt opol ogi es are found
String[] subtopol ogi es2 = new String[nml];
for(int i =0; i < ml; i++)
subt opol ogies2[i] = sinplify(subtrees2[i]);

if (print6)
Systemout. println();
String[] Leaves2 = new String[nml];

Leaves2 = | eaves(mil, subt opol ogi es2);
String[] Inner2 = new String[ m];
I nner2 = inner(ml, subtrees?);

/] Chars of Leaves are rewitten in al phabet order
if (printh)
System out . println("\nSubt opol ogi es, Leaves, " +
"I nner nodes" );
for(int i =0; i < ml; i++)
{
i f (subtopologies2[i] == null);
el se
{
if (printh)
System out . println(i
+ " " + subtrees2[i]
+ " " + subtopol ogi es2[i]
+ " " + Leaves2?[i] + " "+ Ilnner2[i]);
}
}

bool ean recAl | owed =

conpari son(Leavesl, Leaves2, Innerl, | nner2);
String recombinant = "";
if (recAll owed)

reconbi nant = reconbi nati onTrees(treel, tree2);
el se

{

recombi nant = treel;
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if (print6)
System out. println("Reconbination is not allowed");
}
return recomnbi nant;

}

/| Reconbi nati on met hods may produce an out put

//with various and different assignment of lengths to
/linner node a. One is chosen

public static void correction()

{
String topo;
for(int i =1; i <N i+4+)
{

decoder Lengt hs(newTrees[i]);

topo = del eteLengt hs(newTrees[i]);

newlrees[i] = insertLengths(topo);
}

}

// Each one of the Nindividuals are tried out
[/ for reconbination: a partner is chosen at random
/land if reconbinationis allowed, it is executed.
//Oherwse, it is cloned.
public static void reconbination()
{
if (print6)
System out. println( "\ n====RECOVBI NATI ON \ n") ;
[/ Best individual is excluded fromreconbi nation
newlrees[ 0] = trees[O0];

for(int i =1; i <N 1++)
{
[l A partner for i is chosen
int j =i;
String t1 ="";
String t2 = "";

while (i ==j)
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j = r.nextint(N)
if (printé6)
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System out. println( "\ n==RECOVBI NATI ON OF | NDI VI DUALS "

+i +" and " + j);
tl =treesf[i];
t2 = trees[j];
newlrees[i] = reconbinati onMaster(tl,t2);
correction();

}
if (print6)
System out . printl n("Reconbi nati on out put");
for(int i =0; i <N 1++)
{
trees[i] = newlrees[i];
if (print6)
Systemout.printin(trees[i]);
}

}

/1 Evol ution of trees involving

[/ reconbi nati on and nutation of topologies,
/1in within and between.

private static void evol ution()

{

for(int i =1; i < nunber O Generations; 1 ++)
{ . .
generation i;

if ( (i %Ilapse) == 0)

print7 = true;

else print7 = fal se;

if (print7)

Systemout.println( "\n===CGENERATION =" + i);
sel ectived oni ng();

mut ation();

reconbi nation();

assessFi tnesses();

scal eFi t nesses();



114 CHAPTER 1. EVOLUTION OF TREE TOPOLOGIES

/1A tree topology is generated at random
public static String randonilopol ogy()
{
if (print2)
Systemout.println("Parent tree = \n" + seed
+ "> + sinplify(seed));
String tree = seed,;
int limt = nunber O Leaves-3; //less than 11.
for(int i =0; i <limt; i++)
tree = generateChild(tree);
Systemout. println("Target topology = \n" + tree);
return tree;

/1 The best fitting tree for chosen topology is found
public static int findTheBest(String tree)

{
String sel ectedTopology = sinplify(tree);

String thisTopology = "";

String thisTree = ;
int bestPosition = -1;

for(int i = 0; i < indexOf Topol ogi es; i++)
{
thi sTree = best TreeOf Topol ogy[i];
t hi sTopol ogy = sinplify(thisTree);
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if (selectedTopol ogy. equal s(thisTopol ogy))
{

best Position = i;
return bestPosition;

}
}
return bestPosition;
}
| *
//Lengths with real values are generated
doubl e | engt hsLeaves[] = new double[l];
//Last two entries are redundant
doubl e I engt hsl nnerLinks[] = new double[l];
for(int i = 0; i < nunber O Leaves; 1 ++)
{
| engt hsLeaves[i] = r.next Doubl e();
| engt hsl nnerLinks[i] = r.nextDouble();
}
*/

// Data about the tree is printed to the console
public void report()
{
Systemout.println("The root has " +
treePanel . root Node. get Chi | dCount() + " children");
Systemout.println("The tree’'s depth is " +
t reePanel . r oot Node. get Dept h());
Systemout.printin("The tree has " +
t reePanel . r oot Node. get Leaf Count () + " | eaves");
Systemout.println("" Root’ is really a root? " +
treePanel . r oot Node. i sRoot ());
Systemout.println("Root’s userCbject: " +
treePanel . root Node.toString());

}
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[ **
* Create the GQUI and show it. For thread safety,
* this nmethod shoul d be
* invoked fromthe event-dispatching thread.
*/
private static void createAndShowGJ ()
{
/'l Create and set up the w ndow.
JFranme frane =
new JFranme(" Tree of tree topologies.");
frame. set Defaul t G oseCperati on(JFrame. EXIT_ON CLOSE) ;
/[l Create and set up the content pane.

/1 content panes nust be opaque
newCont ent Pane. set Opaque(true);
f rame. set Cont ent Pane( newCont ent Pane) ;

/1 Display the w ndow.
frane. pack();
frame. set Visible(true);

[/ bTree in (nodified) Newick’s notation
/lis used to generate Record[]

//with addresses and contents.

public static void makelnput(String bTree)

{
if (print)
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Systemout.println("bTree at makelnput ////// " + bTree);
int counter = O;
/[/length of String tree
int | = bTree.length();
String thisChar = "";
String address = "";
String binNunbers = "01";
[/ Tree is scanned char by char
for(int i =0; i <1I; i++)
{
thisChar = "" + bTree.charAt(i);
i f (binNunbers. contains(thisChar))
address = address + thisChar;
if (leaves.contains(thisChar))
{
Recor d[ count er ]
count er ++;
Record[ counter] = thisChar

addr ess;

count er ++;

address = :

}
}

if (print)
for(int i =0; i < counter; i =i+2)
System out. println(Record[i] +
" bbbb " + Record[i+1]);

| ast UsedPosi tion = counter;

if (print)

Systemout. println("l astUsedPosition ====
+ | ast UsedPosi tion);

}

[/ Qutputs a word in reversed order
private static String reverser(String word)

{
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return new StringBuilder(word).reverse().toString();

}

private static String cleanTree(String tree)
{
if (print2)
Systemout.println("lnput tree at cleanTree = \n "
+ tree);
String treeClean = "";
String nunmeric = ".:0123456789";
String plusMnus = "+-";
String thisChar = "";
bool ean | eaf = fal se;
/I Nurerics are washed
[/length of String tree
int | =tree.length();
[/ Tree i s scanned char by char
for(int i =0; i <1I; i++)
{
thisChar = "" + tree.charAt(i);
if (nureric.contains(thisChar));
el se treeCl ean = treeC ean + thisChar;
}
if (print2)
Systemout.println("Tree wi thout nunerics = \n
+ treeC ean);
/1 +/- are deleted frominner nodes that acconpany |eaves
| = treed ean.length();
String treeQut = "";
I/ Tree is scanned char by char

n

for(int i =0; i <|1; i++)

{

thisChar = "" + treeC ean.charAt(i);
if (leaves.contains(thisChar))

| eaf = true;

if ((leaf) & (plusM nus.contains(thisChar)));
el se treeQut = treeCQut + thisChar,;

i f (internal Nodes. contains(thisChar))

| eaf = fal se;
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if (print2)

Systemout.println("Tree at output of cleanTree = \n"
+ treeQut);

return treeCut;

}

/1 The path fromeach leaf to node a is found.

/1 The i nput contains branch’s indicator, say:

/1 ((++tAa, +-Ba), (-+Cb, ((--++Dd, --+-Fd)--c, ---Ec)-b) +a)
//Qutput for |leaf A Aa+.

[/ Qutput for leaf C Cha-

//Qutput for |eaf D: Ddcba-

private static void findPaths(String tree)

{

if (print2)

Systemout.println("lnput tree at findPaths = \n" + tree);
/llength of String tree

int | =tree.length();
String plusMnus = "+-";

String thisChar;

String next Char;

String path = "";

/I Branch indicative with respect to root, + else -
String branch;

String address ;

/1 The nunber of links of a path to root

int level = 0;

String treeReversed = reverser(tree);

if (print2)

Systemout.println("Reversed tree = " + treeReversed);

// Each | eaf has a path to a
for(int k= 0; k < nunberOf Leaves; k++)

{
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String leaf = "" + | eaves. char At (k);
/I Candi dat e nodes to be part of the path to node a
[l must have sign +/- as prefix.
/1O as suffix in the reversed tree.
int position = treeReversed.indexOh (| eaf);
if (position > -1) // if leaf is in tree
{
if (print2)
Systemout.println("\nLeaf =" + leaf );
address = "";
bool ean go = true;
/I branchl ndi cator and | evel are found
for(int i = position+l ; ((i <1) & (go)); i++)
{
thisChar = "" + treeReversed. char At (i);
if (pl usM nus. contai ns(thisChar) )
address = thi sChar + address;
el se go = fal se;
}
| evel = address.|length();
if (print2)
System out. printl n("Leaf AddressLevel =" + |eaf
+ address + | evel);
branch = "" + address. char At (0);

[/ Path fromleaf to node a is found in (not reversed) tree
position = tree.indexO (Il eaf);

thisChar = "" + tree.charAt(position);

next Char = "" + tree.charAt(position + 1);

/ 1 Qut put

path = "" + | eaf + nextChar

go = true;

if (nextChar.contentEquals("a") ) //leaf is neighbor of a
{

path = path + branch

if (print)

Systemout.println("Path short =" + path);
}

else //level > 1
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{
/1 Tree is scanned char by char to get path
String i Char = "";
for(int i = position + 2; ((i <1) & (go)); i++)
{

i Char = "" + tree.charAt(i);

int newLevel = 0;

i f (internal Nodes.contains(iChar))//Internal Nodes

i f (i Char.content Equal s("a") )
{

path = path + i Char;

go = false; //end

}

el se //Internal node different than a

{
if (print)
Systemout.println("Internal node not a) =" + iChar );
int rP=1 -i-1; //index of iChar in treeReversed
String nextNewChar = "" + treeReversed. char At (rP+1);

if ( plusM nus. contai ns(next NewChar )) //candi date node
{
if (print)
Systemout. println("next candidate =" + i Char);

String addressNew = ;

/11 evel of candidate node i Char is inquired
String thatChar = "";

bool ean go2 = true;

for(int j =rP+1 ; ((j <1I) & (go2)); j++)
{

thatChar = "" + treeReversed.charAt(j);

i f (pl usM nus. contai ns(t hat Char) )

addressNew = that Char + addressNew;
el se go2 = fal se;

}
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if (print)
System out . println("AddressNew " +
i Char + addressNew);
newLevel = addressNew. | ength();
/1A path |inks a node with another in a | ower |evel
if ( (newLevel < level) &
(! (next Char. content Equal s(i Char))))

{

path = path + i Char;

| evel = newlLevel;

if (print)

System out. println("Path newLevel =" + path);
}

} //End of if candi date node
}//End of else Internal node different than a
}//End of if Internal Nodes
}//End of Tree is scanned char by char

path = path + branch;

}//End of else level > 1

}//End of if leaf is in tree

if (print2)

Systemout.println("Path conpleted =" + path);
Pat hs[ k] = pat h;

}/ 1 End of each | eaf

}

//Paths froml eaves to node a are found

/I Reverse paths are al so cal cul at ed.

[/l nput tree in quasibinary notation
/Iwith addresses and | engths

private static void pathFinder(String tree)
{

[/ Useless information is del eted

String tree2 = cleanTree(tree);

/1 Find the path to node a from each | eaf.
[/ Add an indicator of the branch
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[Iwith respect to the root: up(+) else down(-)
fi ndPat hs(tree2);

}

/[llnput: a long raw string with path fromleaf to node a
/Iplus path fromnode a to | eaf.

[lEditing is done to get true paths.

private static String granmar (String path)

{

int n = path.length();

String thisChar = "";

String nextChar = "";

String oldPath = path;

String plusMnus = "a+-a";
String mnusPlus = "a-+a";
String two = "";

int N = path.length();
/[/Rule 1. two equal synbols produce nothing
for(int j=1; j < N, j++)

{
for(int i=1; i <n-1;)
{
thisChar = "" + path.charAt(i);
next Char = "" + path.charAt(i+1);
two = "" + thisChar + nextChar;
i f (thisChar.contentEqual s(next Char))
{
i =i + 2
path = path.replace(two, "");
}
el se
{
i = i+1;
}
n = path.length();
}
}

/[/Rule 2: a+-a -> a
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if (path.contains(plusM nus))
path = path.replace(plusM nus, "a");
i f (pat h. cont ai ns(m nusPl us))
path = path.replace(m nusPlus, "a");
if (print2)
Systemout.println("input =" + oldPath +
" output =" + path);
return path;

}

/1 The di stance matri x anong | eaves is cal cul ated
private static double[][] matrixBuil der()
{

double M][] =

new doubl e[ nunber O Leaves] [ nunber O Leaves] ;
[/ Path to node a from| eaf

String pathLeaf Toa = "";

[/ Path to | eaf fromnode a

String pathaToLeaf = "";

[/ Path fromleaf to | ead

String pathLeafi ToLeafj = "";

String i nnerNode = "";

doubl e di st ance;

for(int i = 0; i < nunber O Leaves; i ++)
for(int j = 0; J < nunber O Leaves; | ++)
{

pat hLeaf Toa = Pat hs[i];

pat haToLeaf = reverser( Paths[j] );

/| Raw pat hs

pat hLeafi ToLeafj = pat hLeaf Toa + pat haTolLeaf;
/1l An editing grammar to get true paths

pat hLeafi ToLeafj = grammar( pat hLeafi ToLeaf) );

it (i ==1j) Milli]l =0;

el se
{
String leaf = "" + pathLeafi ToLeafj.charAt(0);
int p =1eaves.indexO(leaf);
di stance = | engt hsLeaves[p];

int n = pathLeafi ToLeafj .l ength();
for(int k = 1; k < n-1; k++)
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{
i nnerNode = "" + pathLeafi ToLeafj.charAt (Kk);
p = i nternal Nodes. i ndexOf (i nner Node) ;
di stance = di stance + | engthslnnerLinks[p];
}
leaf = "" + pathLeafi ToLeafj.charAt(n-1);
p = | eaves. i ndexX (| eaf);
di stance = di stance + | engt hsLeaves[p];
Millijl di st ance;
}
}
return M

}

/I Transl ation from New ck’s to quasi-binary notation:
// addresses are attached to tree in New ck’'s notation
/'l nner nodes are conserved. Lengths are conserved.
private static String toQuasi Binarylnner(String tree)
{
if (print2)
Systemout.println("lnput tree at toQuasi Bi naryl nner " +
"= \n" + tree);
/| Qut put
String treeToBi = "";

String nunmeric = ".:0123456789";
/I The binary address of |eaf
String address = "";

[/ The nane or content of the tree
String content = "";

String thisChar = "";

String nextChar = "";

String previousChar = "";

/1length of String tree

int I =tree.length();

[/ Tree is scanned char by char
for(int i =0; i <|1; i++)

{

thisChar = "" + tree.charAt(i);
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if (i <I-1) nextChar = "" + tree.charAt(i+1);
el se next Char = "end";

if (i >0) previousChar = "" + tree.charAt(i-1);
el se previousChar = "start";

/1 This char = (
if (thisChar.contentEquals("("))
{
content = content + thisChar
address = address + '+';
if (print)
Systemout.println("Address = " + address);

}

[11f this char is a | eaf
if (leaves.contains(thisChar))

{
[l Systemout.println("leaf");
treeToBi = treeToBi + content + address + thisChar;
content = "";

}

i f (numeric.contains(thisChar))
treeToBi = treeToBi + thisChar

[11f this char is an inner node
i f (internal Nodes. contai ns(thisChar))
{
int m= address.|length();
[ldelete last bit fromthe right
if (nm»0) address = address.substring(0, m1) ;
if (address.contentEqual s("")) address = "+";
treeToBi = treeToBi + address + thisChar;

/1 This char =, and goes after an inner node
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if (thisChar.contentEqual s(","))

[/ Systemout.println

/[/("comma : " + previousChar + thisChar );
treeToBi = treeToBi + thisChar ;
if (print)
Systemout. println("Address at ,1 = " + address);
if (nuneric. contai ns(previousChar))
address = address + '-";//Add a - to the right
if (print)
System out. println("Address at , 2 = " + address);
}

if (thisChar.contentEqual s(")"))
{
treeToBi = treeToBi + thisChar
/I Di pht honge ),
i f (next Char. cont ent Equal s(","))
{
int m= address.|length();
[ldelete last bit fromthe right
if (m>0) address = address.substring(0, m1) + "-";
}
}

}//End of for(int i...
return treeToBi;

}

/I bTree (in links with |engths notation)
/lis used to generate Record[]
//with addresses and contents.
/I Narmmes of inner nodes are visible
public static void makel nputlnner(String bTree)
{

int counter = O;

[/length of String tree
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int | = bTree.length();
String thisChar = "";

String address = :
String binNunbers = "+-";

String nunmeric = ".:0123456789";
/1String tree is scanned char by char
for(int i =0; i <1I; i++)

{

thisChar = "" + bTree.charAt(i);

i f (binNunbers. contains(thisChar))
address = address + thisChar;

if ( (leaves.contains(thisChar)) ||
(i nt ernal Nodes. cont ai ns(thisChar)))
{

Record[ counter] = address;

count er ++;
Record[ counter] = thisChar;

count er ++;

nn

address = ;

}

if (nunmeric.contains(thisChar))

{

Record[ counter-1] = Record[counter-1] + thisChar;

}

}
if (print)
for(int i =0; i < counter; i =1i+2)

Systemout. println(Record[i] +
" bbbb " + Record[i+1]);

| ast UsedPosition = counter;
if (print)
System out. println("lastUsedPosition ====
+ | ast UsedPosi tion);
}//End of method
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[/Prints a matrix and its title
private static void printMatrix(double Matrix[][],
String title)
{
Systemout.println( "\n" + title );
int m= Matrix. | ength;
Systemout.print( "\t");
for (int j =0; j] <m j++)
Systemout.print( | eaves.charAt(j)+ "\t");
Systemout.printlin();
for (int i =0; i <m i++)
{
Systemout.print(leaves.charAt(i ) + "\t");
for (int j =0; j <m j++)
Systemout.print( Matrix[ i J[j]+ "\t");
System out. println();
}
}

/'l Tree is transl ated
/1fromlink notation to binary.
[/ Qutput in Record[]: even entries= addresses, odd = nanes.
/l Associated matrix is al so cal cul ated
public static double [][] associatedMatrix(String tree)
{
| *
Systemout.println("Tree at translate =" + tree);
[1String NwTree = sinmplify(tree);
String bTree = toBinary(tree);
/1A vector with addresses and names i s conposed
makel nput (bTr ee);
*/
[1String NwWTree = sinplify(tree);
String bTree = toQuasi Bi naryl nner(tree);

if (print2)
{
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Systemout.println("Input tree at translate =" + tree);
Systemout.println("Selected tree in " +
"pseudo- Newi ck’s notation = \n" + sinplify(tree));
Systemout.println("Tree in quasi-binary notation: \n"
+ bTree);
}

/1A vector with addresses and other with nanes are conposed
makel nput | nner (bTree) ;

|/ Paths fromleaves to node a are found.

/I Reverse paths are also |isted.

pat hFi nder (bTree) ;

/1 The di stance matrix anmong | eaves i s cal cul at ed

double M][] = matrixBuilder();

return M

/1 The absol ute di stance among two nmatrices is cal cul at ed.
[1Only triangular part of nmatrices are conpared.
private static doubl e absDi stance(int n

doubl e[][] ML, double[][] M)

{

doubl e abs = 0;

for(int i =0; i < n; i++)
for(int j =1i+1; | < n; jJ++)

abs = abs + Math.abs(ML[i][j]-M[i]l[j]);
return abs;

}

/[llnput : tree in link notation

/1 Qut put :

//distance matri x associated to the | eaves of the tree.
private static double[][] distanceMatrix(String tree)

{

String s = toQuasi Bi naryl nner(tree) ;
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if (print4)

Systemout.println("\n Tree =" + s);

/'l Paths fromleaves to node a are found.

/I Reverse paths are also |isted.

pat hFi nder (s) ;

/1 The di stance matrix anong | eaves is cal cul ated
double M][] = matrixBuilder();

return M

}

cl ass Dynani cTreel5 extends JPanel

{

private static final |ong serial VersionU D = 1L;
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pr ot ect ed Def aul t Mut abl eTr eeNode r oot Node;
prot ect ed Defaul t TreeMddel treeModel;
protected JTree tree;

/I Next leaf to be grafted

char nextLeaf = | eaves.charAt(3);

/I Next internal node to be inserted

char nextl nt Node = internal Nodes. charAt(1);
/I counter of generations

int counterGen = O;

/I Construct or
public Dynam cTreel5()

{
super(new GridLayout (1, 0));
r oot Node = new Def aul t Mut abl eTr eeNode( seed) ;
treeModel = new Defaul t Tr eeivbdel (r oot Node) ;
tree = new JTree(treeMdel);
tree. set Edi tabl e(true);
tree. get Sel ecti onModel (). set Sel ecti onMbde(
TreeSel ecti onMbdel . SI NGLE_TREE_SELECTI ON) ;
tree. set ShowsRoot Handl es(true);
JScrol | Pane scrol | Pane = new JScrol | Pane(tree);
add(scrol | Pane) ;
}

[+xx Selected tree is unveiled */
public String unveil Tree()

{
Def aul t Mut abl eTr eeNode sel ect edNode = nul | ;

TreePath sel ectedPath = tree. get Sel ecti onPat h();

if (selectedPath == null) {
sel ect edNode = r oot Node;
} else {
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sel ect edNode = ( Def aul t Mut abl eTr eeNode)
(sel ect edPat h. get Last Pat hConponent ()) ;

}

String tree = sel ectedNode.toString();

if (print)

Systemout.printin("\nSelected tree at unveil Tree() ="

+ tree);
return tree;

/1 Add a node
publ i ¢ Def aul t Mut abl eTr eeNode
addbj ect ( Def aul t Mut abl eTr eeNode seed,
Obj ect child, bool ean shoul dBeVi si bl e) {
Def aul t Mut abl eTr eeNode chi | dNode =
new Def aul t Mut abl eTr eeNode(chi | d);

if (seed == null) {
seed = root Node;

}

/1 It is key to invoke this on the TreeModel
/1 and NOT Def aul t Mut abl eTr eeNode
t reeMbdel . i nsert Nodel nto
(chil dNode, seed, seed.get ChildCount());

/1 Make sure the user can see the | ovely new node.
i f (shoul dBeVi sible) {
tree.scroll Pat hToVi si bl e
(new TreePat h(chi | dNode. getPath()));

}
return chil dNode;
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/I Li st ener

cl ass MyTreeMdel Li stener inplenments TreelMdel Li stener

{

public void treeNodesChanged( Tr eeMbdel Event e)

{

}

Def aul t Mut abl eTr eeNode node;
node = (Def aul t Mut abl eTr eeNode)
(e. get TreePat h() . get Last Pat hConponent () ) ;

| *

* |f the event lists children,

* then the changed node is the child of the
* node we’' ve al ready gotten.

* Ot herwi se, the changed node and the

* specified node are the sane.

*/

nt index = e.getChildlndices()[0];
node = (Def aul t Mut abl eTr eeNode)
(node. get Chi | dAt (i ndex));

System out. println(
"The user has finished editing the node.");
System out. println("New val ue: " +
node. get User Cbj ect ());

public void treeNodesl nserted(TreeMdel Event e)

{
}

public void treeNodesRenoved( Tr eeMbdel Event e)

{
}

public void treeStructureChanged(TreeMdel Event

{
}

e)
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}//End of Dynam cTreel5

[/ This programtranslates a string that

//denotes a tree in Newick’s notation

/[/to our binary notation

/l(assign a zero to the left, a one to the right).

/1 A generator of randomtrees in New ck’s notation
/1is included.

// Resultant trees are drawn.

cl ass DrawBi Treel2 ext ends JPanel

{

private static final |ong serial VersionUD = 1L;
private JPanel draw ngPane32;
JScrol | Pane scroller;

[/ Vertical size of the panel
int vertical Si ze;
int horizontal Si ze;
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/] Scal e must be a power of 2
int scale = 1;

/1 Symbolic horizontal |ength of each stroke
i nt horizontal Length = 30;

int vertical Length = 10;

String Nwlree = "";

bool ean print = fal se;

/1 This is our encoding for a tree in our binary notation:
[/ W use a vector of strings:

[/ Even entries are the paths in the tree of the nodes,
/1 odd ones are the strings, nanmes or contents.

/1 Y-coordi nates of points where strings are drawn
int[] yCoordi nate = new int[1000];

/1 Set up the instructions.
JLabel instructl;
JLabel instruct?2;

public DrawBi Treel2()
{

super (new Border Layout ());
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JPanel instructionPanel = new JPanel (new Gri dLayout (0, 1));

/] Set up the instructions.
instructl = new JLabel (titlel);
instruct2 = new JLabel (title2);

i nstructionPanel . set Focusabl e(true);
i nstructionPanel . add(i nstructl);
i nstructionPanel . add(i nstruct?2);

/1 Set up the draw ng area.
dr awi ngPane32 = new dr awi ngPane32();
dr awi ngPane32. set Backgr ound( Col or.white);

[/ Put the drawing area in a scroll pane.

JScrol | Pane scroller = new JScrol | Pane(draw ngPane32);
scrol |l er. setPreferredSi ze(new Di nensi on(500, 900));
scroller.revalidate();

//Lay out this deno.
add(i nstructi onPanel, BorderLayout.PAGE END);
add(scrol | er, BorderlLayout.CENTER);

/*+ The conponent inside the scroll pane. =/
cl ass drawi ngPane32 ext ends JPanel

{

private static final |ong serial VersionU D = 1L;

/[/1nitialization of coordinates
int centerX = 1;

int centerY = 1;

/I Coordi nates of the origin
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i nt x00;

int yo0oO;

/| Tar get coordi nates

int x11 ;

int yl1i;

[/ Horizontal and basic vertical strokes
int H

int V;

/I Addresses are interpreted as paths
String path = "";

char direction

//Calculate the size of a box to hold the tree
//Scrolling controls are managed

private void sizeO Tree( G aphi cs2D g2d)

{

/] Cal cul ate the di mension of the strings

[ Al strings have equal size.

/1 Cet font in use
Font font = g2d.getFont();
/[l get nmetrics fromthe graphics
Font Metrics metrics = g2d. get Font Metrics(font);
/1 get the advance of my text in this font
/I and render context
int lengthText = metrics.stringWdth("Aa") + 2;
/1get the height of a line of text in this
//font and render context (sone padding is included)
int hgt = netrics.getHeight() + 8;
if (print)
Systemout. println("height of letters =" + hgt);

[/l Horizontal and basic vertical strokes
H = scale * horizontal Length;
V = scal e * vertical Length;

hori zontal Si ze = | engt hText +
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(int) (H+* nunberOLeaves);
vertical Si ze =
(int) (hgt = nunber Of Leaves) ;

/larea = size of the graphic (w dth, height)
Di mension area =

new Di mensi on(hori zontal Si ze, 12+xvertical Si ze);
/larea is set as the preferred size of the graphic
dr awi ngPane32. set Pref erredSi ze(area) ;

/1 The graphi c demands a space for itself:

/1if the alloted space is not enough,

/[/turn on scrolling bars.

drawi ngPane32.reval i date();

vertical Length = 2xvertical Si ze;

/I Coordi nates of the origin

x00 = scal excenter X;

y00 = scalex centerY + vertical Size - 600;
/| Target coordi nates

x11 = x00 + (int) ( scalexhorizontal Length);
y1l = vy0O0;

/[l Tree is drawn
private void Drawlree3( G aphi cs2D g2d)
{
[/ The tree is drawn:
/1A path fromthe origin of the tree to
/l each |l eaf is drawn
if (print)
System out. println("LastUsedPositoon at Drawlree3=
+ | ast UsedPosi tion);

for(int i =0; i < lastUsedPosition; i = i+2)
{
/1 Addresses will be used as paths to be drawn

path = Record[i];
if (print)

139
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Systemout.printin( i +" Path =" + path);
[/ Reinitialization

Di mensi on center = new Di nension(x11,y1l);
V = scale * vertical Length;

[/ Path is interpreted

for(int j =0; j < path.length(); j++)

{
direction = path.charAt(j);
int xO = center.w dth;
int yO = center. height;
int x1 = x0;
int yi,;
if (direction =="+") //go up
{
yl = y0 + Vv
center. height = center. height + V,
}
else // if direction =="-" = go down
{

yl = yo -V

center. height = center. height - V,

} //End of if + else

[/ Draw vertical stroke

g2d. drawli ne(x0, vertical Size -y0, x1,

vertical Si ze- yl);

[/ Draw hori zontal stroke

g2d. drawli ne(x1, vertical Size - y1,
x1 + H, vertical Size - yl);

// Move center

center.width = center.width + H ;

//Vertical stroke is divided in two

V = V/2;

}//End of for j

} //End of for: number Of Leaves

}

[1Strings are drawn
private void drawStrings(G aphi cs2D g2d)
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int counter = O;
/1 Seed is not drawn: we |ack one
/1 g2d. drawSt ri ng(seed, x00, vertical Si ze - y00);
yCoordi nat e[ counter] = vertical Size - y00;
/'l count er ++;
/1Strings are drawn:
for(int i =0; i < lastUsedPosition; i =i+2)
{

/1 Addresses will be used as paths to the places
[/ where strings nmust be drawn

path = Record[i];

String s = Record[i+1];

/I Reinitialization

Di mrensi on center = new Di nensi on(x00, y00);

Di mension target = center;

V = scal e * vertical Length;

/[/Path is interpreted

for(int j = 0; j < path.length(); j++)
{

direction = path.charAt(j);

if (direction =="+") //go up

target. hei ght = target. height + V;
else // if direction =="-" = go down

target. hei ght = target. height - V;
target.width = target.width + H;
V = V/2;
}/1End of for j
[1String is drawn
g2d.drawsString(s, target.width + 1,
vertical Size - target. height-1);
[ ly-coordi nates are recorded
yCoordi nat e[ counter] = vertical Size - target. height-4;
count er ++;

}
}

/I Basic routine of the drawi ng procedure
private voi d drawBasi c( G aphi cs2D g2d)
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g2d. set Col or (Col or. red);
[/Stemis drawn: our trees is artificially rooted.
g2d. drawLi ne(x00, vertical Size - y00,
x11, vertical Size - yl1);
sizeOf Tree(g2d);
Dr awTr ee3(g2d) ;
drawstrings(g2d);
}

/1 Graphical master : it is called automatically
/lat starting and by repaint()
protected voi d pai nt Conponent (G aphi cs g)
{
super . pai nt Conponent (g) ;
Graphi cs2D g2d = (G aphics2D)g;
/I Font to draw strings
Font font = new Font("Arial", Font.PLAIN, 12);
g2d. set Font (font);
g2d. set Renderi ngHi nt (Renderi ngHi nt s. KEY_ANTI ALI ASI NG,
Renderi ngH nts. VALUE_ANTI ALI AS_ON) ;
dr awBasi c(g2d);

}//End of double inner class draw ngPane32

[ **
* Create the QU and showit. For thread safety,
* this method shoul d be invoked fromthe
* event - di spat ching t hread.
*/
voi d creat eAndShowGUI ()
{
// Create and set up the wi ndow.
JFrame franme =
new JFranme(titl eFrane);
frame. set Def aul t Cl oseQper ati on(JFrane. DI SPOSE_ON_CLOSE) ;
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/] Create and set up the content pane.

/] Constructor of the main application is used.
JConponent newCont ent Pane = new DrawBi Treel2();
// content panes nust be opaque

newCont ent Pane. set Opaque(true);

frame. set Cont ent Pane( newCont ent Pane) ;

/1 Di splay the w ndow.
frame. pack();
frame. set Visible(true);

}

}//End of inner class DrawBi Treel2

}//End of main class K38 EvoFul |

39 Exercise. Run the program and play with the code. Choose a populati&® of
individuals. Verify that it can solve a tree with 4 leaves ealesToBelnserted =
1;) and most problems with 5 leaves (nLeavesToBelnsertellin ss than 50000
generations and some instances of 6 leaves in less than QQfdterations. But
to solve a problem with 7 or 8 leaves, one needs to wait for amgy.

40 Exercise. Experiment enough with the previous program to agree else di
agree with the conclusions of the Author: The program is ectr In regard with
finding the exact solution, the program is pretty uselesabse of its very slow
convergence. Nevertheless, performance is much bettar thegpopulation size
is 50 than with 5. Anyway, the program is good to somehow iwgpam initial
solution proposed by randomness.

41 Exercise. Add to the previous program the capability of reporting tlemera-
tion at which the target topology is recovered. Decide wletr not its efficiency
is sufficient to find the correct topologgnswer

Answer

41, pagel43 The main modification that allowed the report of the generati
at which the target topology was recovered was the insedfidine following lines
of code in the method assessFitnesses(). The Author foatavith a population
of 50 individuals 1000 generations were enough to recovetatget topology in
the cases with 7 leaves or less. Problems with 8, 9 or 10 laaeed more than
50000 generations.
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/1 Program K41 EvoFul | 2

private static doubl e assessFitnesses()

{

/| Target topol ogy has been found?
topo = del et eLengt hs(best Tree);
topo = sinplify(topo);
i f (target Topol ogy. cont ent Equal s(t opo))
{
Systemout.printin( "\'n \nTOPOLOGY HAS BEEN FOUND: \n"
"at generation " + generation
+ "\ nFound topology = \n" + topo
+ "\ nTarget Topol ogy \'n" + target Topol ogy);
System exit(0);
if (print5) print5s
}

fal se;

42 Challenge. Prove that the previous program is much better than rand@sne
This means that if randomness is provided with the same anmodumemory and
time as those given to our program to solve the problem, remuss would end
with a worst solution. So, a reason exists for many peopleject randomness as
an explanation of complexity of life and our existence andearesort to evolution
to try to appease their minds.

43 Challenge. In Darwinism if something happened at random, it was favored
with a probability of the same value as that of those caseswlese not chosen.
Prove that the previous program is much better than a progtiaan relies on pure
Darwinism. This means that if such a simulation were pradiggth the same
amount of memory and time as those given to our Lamarckiagraino to solve the
problem, Darwinian evolution would end with a worst solatianost mutations
would produce no viable strings and most recombinants wbaldhviable. Our
program is more successful because it twists randomneastexchanges are more
probably and in some cases they turn into a necessity.

We consider that we are making decisive judgments whicha@oted on the
supposition that our code is correct, i.e., that it does wi@bmises: to simulate



1.4. EVOLUTION TO THE FULL 145

evolution making viable mutations and recombinations lyigihobable even a ne-
cessity. Thus, it is our responsibility to help ourselvemtzke sure that the code is
correct:

44 Exercise. Provide the previous program with the possibility to see pictéon
as of the best tree provided by the simulation together viniéhdistance matrices
associated as to the best approximation as to the target Treis facility will ease
the task of checking output for correctness. The previoagrem was developed
beginning from program J173 EvoTree4 of Vol X. The desirdi@fAuthor was to
rely on reuse. The result was a program that has a lot of notl tisegs, say, the
machinery to deal with the tree of trees. That not used machiwas deleted. This
prompts a comment: One tends to imagine that evolution pagby a process that
begins with simplicity and adds complexity. Neverthelesthe software business
it is also normal to reuse very complex programs to end withp#r ones. So,
evolution also can proceed from complexity to simplicitige Tmplications of this
idea in regard with the origin of life has been beautifullyt munrealistically in
important points developed by Kauffman in his renown b&iokHonme i n t he
Uni ver se. Also, a game in which strings are simplified and then enlduggems
to be a real evolutionary phenomenon in the evolution of laggs. Strings are
simplified when they are frequently used and they may begmdaio diminish
recognizing errorsAnswer

Experimentation with the program composed in the previowesoise leads
us to appreciate graphics very much as a tool for the oveeatfisation of the
correctness of programs. We can add a further detail:

45 The following code proposes an approximated solution to theblem of
fitting a tree to a distance matrix by use of evolution that indes mutation and
recombination of tree topologies. We test the code by bemigrwith a target
tree that must be recovered were the correct solution foufithis is possible for
trees with 4 and 5 leaves. Otherwise, the program runs durtertain number
of generations and outputs an approximated solution. Ddma of target tree
and of best approximation tree after the termination of thé@railation is also
provided.

[/ Program K45 EvoFul | 4

| *

* W i npl ement here

* a full fledged evol utionary process

* to propose an approxi mate solution to the probl em of
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* fitting atree to a distance matri x.

* The programruns a certain nunber of generations,

* reports the tree that best approximtes the solution,
* draws the best approximation tree together with

* the target tree and halts.

* \Wb generate a randomtree topol ogy

* and attach randominteger |engths to |inks.

* | n that way we get the target tree, T.

* Next, we find the associ ated di stance matrix D to T.
* Qur problemis

* Find tree t such that the absol ute di stance between
* matrix D and the associated matrix tot is a mni num
* Absol ute distance between Mand N=sum|Mj-Nij]|.

* This distance defines the FI TNESS of each tree.

* |t decreases as good performnce augnents.

* The best possible fitness is zero.

* W& run the next test:
* |f we begin with a tree T, conpute D, and then t,
* We expect to return with the initial tree: t = T.

* To associate a distance matrix to a tree,

* we cal culate the distance in within

* each pair of nodes (leaves + inner nodes).

* To that aim we begin with the first node and
* wal k over the tree until the second node

* and add the lengths of all traversed |inks.

* The resulting nunber is the distance.

* Formats = Link and New ck’s notations. And vari ants.

* An automatic halting option has been added to be applied
* i f perfect matching i s found.

* The program accepts for input

* a distance matrix with integer val ues.
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*

A test for being a distance matrix i s run.

To find the tree that best fit D
we use evolution as foll ows:

1) Initialization:

We generate N topol ogies on the sane

set of |eaves. By adding I engths to |inks,
every topol ogy gets represented by a tree.
The fitness of each tree

is calculated and the best is sel ected.

If the fitness of the best is zero,

the programhalts and the tree is reported.

2) Evolution is conmposed of rounds of
cloning according to fitness,
random nut ati on and reconbi nati on

After each generation, fitness is checked

for acconplishnent.

Mut ati on i s Lanmarcki an:
it always produces viable nmutants.
Topol ogi es as well as links can mutate.

A nutation results fromdel eting
a given nunber of |eaves

to reinsert themanewin

ot her places chosen at random
This creates a nutant topol ogy.
To mutate | ength of |inks:
Lengths are read fromtree and
nmut at ed separately.

Then, they are reinserted.

147

Recombi nation is lamarckian: it is authorized only

when it produces viable reconbi nants.
Al l their subtopol ogies are cal cul ated
and packed in arrays.
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* The sets of | eaves and of inner nodes

* of each subtopol ogy are found.

* Subt opol ogi es are conpared by pairs,

* one from each topol ogy.

* | f they happen to have the sane set of | eaves

* and of inner nodes, reconbination is authorized:
* the subtrees that correspond with

* the subtopol ogi es are swapped.

* | f nmore than one pair of subtopol ogi es authorize
* reconbi nation, one is chosen at random

* A hashtable is used to nenorize those pairs that do it.
* Original topol ogi es serves as subtopol ogi es

* that authorize reconbi nati on but they do not count.

i nport java. awt. Border Layout;
i nport java.awt. Di mensi on;
i nport java.awt. G idLayout;

i nport java.util.Enuneration;

i nport java.util.Hashtabl e;

i nport java.util.Random

i nport javax.sw ng. JFr ane;

i nport javax.sw ng. JLabel ;

i nport javax.sw ng. JPanel ;

i nport | avax.sw ng. JScrol | Pane;

i nport java.awt. *;

i nport javax.sw ng. JConponent ;

public class EvoFull 4 extends JPanel
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private static final long serial VersionUD = 1L

/1 The program accepts a distance matri x as i nput

/el se

/[lit generates a randomtree, calcul ates the distance
//matrix associated to | eaves and posits it

/las target matriXx.

private static boolean inputMatrix = fal se;

/11 nput distance matri x:
/I Exanpl e 5.4, pag 99, |saev (2001)
/1l ntroduction to Mathematical Methods in Bioinformatics
/] Spri nger
private static double targetMatrix[]][]
= {{0,8, 3,14, 10, 12},

{8,0,9, 10,6, 8},

{3,9,0, 15, 11, 13},

{14, 10, 15, 0, 10, 8},

{10, 6, 11, 10, O, 8},

{12, 8,13, 8, 8,0} };

| *
private static double targetMatri x5[][]
= {{0,8, 3, 14, 10},

{8,0,9, 10,6},

{3,9,0, 15, 11},

{14, 10, 15, 0, 10},

{10, 6, 11, 10, 0} };

private static double targetMatri x4[]][]
= {{0, 8, 3, 14},

{8,0,9, 10},

{3,9,0, 15},

{14, 10, 15, 0} };

*/
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/I Number of |eaves that nmust go in all trees > 3
private static int nunber Of Leaves;

/1 Everything is built by recursion over this tree
private static String seed =
"((Aa, Ba), Ca)";

/1 The best distance found in initialization
private static int distance0;

private static String | eaves =

" ABCDEFGHI JKLMNOPQRSTUWKYZ" ;

private static String internal Nodes =
"abcdef ghi j kI mopgr st uvwxyz";

/I Next leaf to be grafted
private static int nextlLeaflndex = 2;
/I Next internal node to be inserted

private static int nextlntNodel ndex

0;

private static int maxNunmber Of Leaves = | eaves. |l ength();

/I Nunber of |eaves to be del eted and reinserted
//to create a nutation
private static int nUndoRedo = O;

private static boolean printl = fal se;

/1 This is the original topol ogy:
private static String original ="";
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| | ===========N\Dst i nportant parameters ===========

// Number of |eaves to be inserted to seed:
/1to get a tree with 4 | eaves, add one |eaf to seed
private static int nAdditional Leaves = 1;

/I Number of topol ogi es = nunber of trees that
/I conformthe evol ving popul ati on
private static int N = 50;

/I Max number of generations to run evol ution
static private int nunmber Of Generations = 101;
static private long generation = 0;

/I Mutation rate per site per generation
[1in the lengths of |inks
static private double m= 0.5;

/I Report Best tree every | apse generations
static private int | apse = 100;

/I Data for binary tree
private static String[] Record = new String[20*N];

private static int indexCOf Topol ogi es;

private static String topologies[] = new String[N];
private static String trees[] = new String[N];
private static String newlrees[] = new String[N;
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private static String[] bestTreeO Topol ogy
= new String[N;

//Last filled position in Record[]
private static int |astUsedPosition;

//Length of the link that glues a leaf to the tree
private static int |engthsLeaves[] =
new i nt [ maxNunmber Of Leaves] ;
/[l Length of the link that glues
//an inner node to anot her one
private static int |engthslnnerLinks[] =
new i nt [ maxNunber O Leaves] ;

private static Randomr = new Random();
/1 The control paraneter of the random generator for int
private static int maxLength = 10;

/I Paths fromeach | eaf to node a
private static String[] Paths =
new Stri ng[ maxNunber O Leaves] ;

private static String targetTree;
private static String targetTopol ogy;
private static String best Topol ogy;

static private double distance[] = new double[N];
static private double fitness[] = new doubl e[ N;
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/'l ndex of the best

static private int best;

/1 The best tree for a given topol ogy
static private String bestTree = "";

/1 Di stance from bestTree to target
static private doubl e bestDi stance ;

/I Bool ean flag for termination of job
static private bool ean workDone = true;

private static boolean print = false;

private static boolean print2 = fal se;
private static boolean print3 = fal se;
private static boolean print4 = fal se;
[/ Turn on printb5 firstly

private static boolean print5 = fal se;
private static boolean print6 = fal se;
private static boolean print7 = true;

private stati
private stati
private stati
private stati

String titleFrane = "";
String titlel
String title2
String title3 ="";

O 000

private static EvoFul |l 4 newCont ent Pane = new EvoFul | 4();

private static DrawBi Treel5 a;

| | =======Constructor of main class
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public EvoFull 4()
{

}//End of constructor

public static void main(String[] args)

{
/1 Schedule a job for the event-dispatching thread:

/! creating and showing this application’s GU .
javax.sw ng. SwingUtilities.invokelLater(new Runnabl e()

{

public void run()

{

[11f input is a distance matri x:
if (inputMatrix)
{
printMatrix(targetMatrix, "Input Matrix");
bool ean isD = isMatri xDi stanceMatri x(targetMatrix);
if (isD) Systemout.println("\nMatrix " +
"is a distance matrix");
el se
{
Systemout.printin("Matrix " +
"is NOT a distance nmatrix");
System exit (0);
}
nunber Of Leaves = targetMatri x. | engt h;
nAddi ti onal Leaves = nunber O Leaves- 3;

}
else//if a randomtree is generated -> Matrix
{

nunber Of Leaves = 3 + nAddi tional Leaves;

String topology = randonmflopol ogy();
target Topol ogy = sinplify(topol ogy);
gener at eLengt hs();

target Tree = insertLengt hs(topol ogy);
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Systemout.println("Target tree: each link " +
"has its own length = \n" + targetTree);
targetMatrix =

new doubl e[ nunber O Leaves] [ nunber O Leaves] ;
target Matri x = associ atedMatri x(targetTree);
printMatrix(targetMatrix, "Target Matrix");

doubl e d = absDi st ance( nunber O Leaves,
target Matrix, targetMatrix);

Systemout.println( "\ nD stance fromtarget matrix " +
"to target =" + d);

}

Systemout.println("\nDefinition: \nDistance to target = " +
" Absol ute di stance between" +
" target matrix and \n" +
"the di stance matrix associated to " +
"the tree with lengths of links that \n" +
"is the best fitting of the topology.\n" +
"Perfect fitting: distance = 0 \n");
System out. println("\nNunber of CGenerations =
+ nunber O Gener ati ons);
if (print7)

n

n

System out. println("Nunber of |eaves =
+ nunber Of Leaves +
"\nMutation rate =" + m+
"\ nPopul ation size =" + N);

initialization();
evol ution();

1),
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[/ Test for being a distance nmatri Xx.
/I MaxLenght = max val ue anmong entries is cal cul at ed.
private static bool ean
i sMatri xDi stanceMatri x(double[][] M

{

int | = MIength;

bool ean i sD = true;

[lls Mu,u) = 07?

for(int u=0; u<Il; u++

it (Mul[u] == 0) ;

el se

{
isD = fal se;
return isD

}

[1ls Mu,v) = Mv,u)?
for(int u=0; u<Il; u++)
for(int v = u+l; v < |[|; v++)
if (Mul[v] == Mv][u] ) ;

el se

{
isD = fal se;
return isbh;

}
/1ls Mu,v)>0 for u not v?
for(int u=0; u</I1; u++
for(int v = u+l; v < |[|; v++)
if (Mul[vl > 0) ;
el se
{

isD = fal se;
return isD

}
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[1ls Mu,v) < Mu,w) + Mw,vVv)?

for(int u=0; u<I; u++)
for(int v = 0; v < 1; v++)
for(int w=20; w<|1l; w+)

if (Mullv] <= Mul[W+MW[v] ) ;

el se

{
isD = fal se;
return isD;

}

double m= 0O;

for(int u=20; u<l; u++)
for(int v = u+l; v < 1|; v++)

if (MuJ[v] >m) m= MuJ[v];
maxLength = (int) m+ 1;
return true;

}

/1Simplification fromLink notation to Newi ck’s notati on:
I (((AJ,D3)1,Bl),C) -> (((AD,B),Q
private static String |inkToNew ck(String newTree)

{

String tree = "";

[llength of string newlree
int | = newlree.length();
for(int i =0; i <1; i++)
{

/I newTree is scanned char by char
char ¢ = newlree.charAt(i);
//ls ¢ an internal node to be del eted?
if (charlslnternal Node(c));

el se //add char ¢ to output

tree = tree + c;

}

return tree;

}
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private static String generateTopol ogy()
{

/I Next leaf to be grafted

next Leaf | ndex = 2;

/I Next internal node to be inserted

next | nt Nodel ndex = O;

/1A tree topology is generated

String topology = seed;

for(int i = 0; i < nAdditional Leaves; i++ )
t opol ogy = generat eChil d(t opol ogy);

return topol ogy;

}

/I Random | engt hs are added to a tree in Link notation
private static void nmakeLengt hs()

{
/lLengths with digit values are generated
for(int i = 0; i < nunber O Leaves; i++)

{

/'l Zero |l engths are not all owed
| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);
| engt hsl nnerLinks[i] =1 + r.nextlnt(maxLength - 1);

}
}

/1 The population is initialized with nTop topol ogi es.
//Lengths are inserted to get nTop trees
[/ Fitness is assessed:
/! Has the solution been guessed?
private static void initialization()
{
Systemout. println("\n====" +"I NI TI ALI ZATION : ");
if (printh)
Systemout. println("\nSeed = + seed
+ " ->" + |l inkToNew ck(seed));
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if (print7)
Systemout.printin( N
+ " randomtopol ogies " +
"and their trees are generated \n");

/I nTop topol ogi es and trees are generated
for(int i =0; i <N 1++)
{

String topol = generateTopol ogy();

t opol ogi es[i] = topol;

String tree = insertlLengths(topol);

mekelLengt hs();

//Lengths of links are added to tree topol ogy

tree = insertlLengths(topol);
trees[i] = tree;
if (print6)
{
Systemout.println("\n" + i + " " + topol + "

+ i nkToNewi ck(topol));
Systemout.printin("Treel =" + tree);

}
}

assessFitnesses();
scal eFi t nesses();

//Fitness is calculated for each tree
[/ Fitness =
/1 Di stance between target nmatrix and

->

159

//the associ ated distance matrix to tree i s cal cul at ed.

[/ The m ninmal distance is found:
/[/this renders the fittest tree.
[/ Has the sol ution been guessed?
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private static doubl e assessFitnesses()
{

if (print6)

Systemout.println( "\n=====Fitnesses are assessed");
String tree = "";

[lString topo = "";

double d = 0O;
for(int i =0; i <N i+4+)
{

tree = trees[i];

decoder Lengt hs(tree);
double M][] = distanceMatrix(tree);

Il
11
Il
d

di

i f
{

}

i f
{

Absol ute di stance fromthe associ ated di stance matri x
of the tree

to target matrix is eval uated

= absDi st ance( nunber O Leaves, targetMatri x, M;
stance[i] = d;

(print6)

Systemout.println( "\nTree = \n" + trees[i]);
Systemout.println( "\ nDi stance to target =" + d);
(printh)

printMatrix(M "Distance matri x associated to tree");
printMatrix(targetMatrix, "Target nmatrix");

}

| *

/| Target topol ogy has been found?
topo = del et eLengt hs(best Tree);

topo = sinplify(topo);

i f

(target Topol ogy. cont ent Equal s(t opo))
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{
Systemout.println( "\'n \nTOPOLOGY HAS BEEN FOUND: \n" +

"at generation " + generation

+ "\ nFound t opol ogy \n" + topo

+ "\ nTarget Topol ogy \'n" + target Topol ogy);
/] Systemexit(0);

if (print5) print5 = fal se;

}

*/

/1 End work if solution has been found.

if (d == 0)

{

Systemout.printin("\n BestTree = \n" + bestTree
+ "\ nDi stance = " + bestDi stance
+ "\ntarget tree = \n" + targetTree
+ "\nlnitial distance = " + distance0);

wor kDone = fal se;

}
}//End of for(int i...

/1 The fittest individual mnimzes di stance function
best Di stance = di stance[0];

best = 0;

for(int i =1; i <N 1++)

{

if (distance[i] < bestDistance )
{
best Di stance = di stance[i];
best = i;

}

}

/] Best tree
best Tree = trees[best];
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if (generation == 0 ) distance0 = (int) bestD stance;
if (print?7)
{
Systemout.printin("\n BestTree = \n" + bestTree
+ "\ nDistance = " + bestDi stance
+ "\'ntarget tree = \n" + targetTree
+ "\nlnitial distance =" + distance0);
}
return bestDi stance;

}

//Fitness is rescaled to take val ues
/1in within O(the worst) and 1(the best)

private static void scal eFitnesses()
{

if (print6)

Systemout.println( "\n====Fitnesses are rescaled: " +

"O(the worst) and 1(the best)");

doubl e maxD = di st ance[ 0] ;

doubl e m nD = di stance[ 0] ;

double b =1 ;
//Mn and max di stances are found
for(int i =1; i <N 1++)

{

if ( distance[i] > maxD ) maxD
if ( distance[i] < mnD) mnD

}

di stance[i];
di stance[i];

if (mnD == maxD) //AlI equal ly fit
{

for(int i =0; i <N, i++)
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fitness[i] = 1;

}

el se

{

/1 Distance to target determ ne fitness:
/1fitness[maxD = O; fitness[mnD =1
for(int i =0; i <N 1++)

{

b = 1;

b =b/(mnD - nmaxD);

doubl e a = -b*maxD;

fitness[i] = a + b » distance[i];
}

}

if (print6)

for(int i =0; i <N, i++)

{
System out. println("Individual =
+ i + " has distance " +
distance[i] + " and fitness " + fitness[i]);

}

/I Probability of cloning is proportional to fitness.
/'I'N new i ndividual s are forned.
private static void selectived oning()
{

if (print6)

Systemout.println( "\n====Sel ective cloning");
/I The best is cloned

newTrees[ 0] = trees[best];

if (print6)

Systemout. println("lndividual =

+ best + " with fitness " +

n

fitness[best] + "-> newindividual " + O
+ " =" + newlrees[0] );
/I N-1 children are sanpl ed
for(int i =1; i <N 1++)

{
[1flag
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bool ean go = true;

whil e (go)

{

/1 An individual is chosen at random

int k = r.nextInt(N)

/I Probability of cloning is proportional to fitness.

doubl e g = r. next Doubl e();

if ( g<fitness[k]) //make a copy of k

{

newlrees[i] = trees[k];

if (print6)

System out. println("Individual =
+ k +" with fitness " +

fitness[k] + "-> new individual " + i

+" =" + newlrees[i] );

go = false;//end task

}

}
}//End of for //N-1 children are sanpl ed
}
| | ============Mut at | on============

// Detect internal nodes, different than | eaves
private static bool ean charl sl nternal Node(char c)
{

String s = "" + c;

if (internal Nodes. contains(s)) return true;

el se return fal se;

}

[1Sinmplification fromLink notation to Newi ck’s notation
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/1 (((AJ,D))1,Bl),d) -> (((AD,B), O
private static String sinplify(String newTopo)
{

String topo = "";

/1l ength of string newlopo
int | = newTopo.length();

for(int i =0; i <I; i++)
{

/I newTopo i s scanned char by char
char ¢ = newflopo. char At (i);
//1s ¢ an internal node to be del eted?
if (charlslnternal Node(c));

el se //add char c to out put

topo = topo + c;
}

return topo;

}

//Rule 2 is used to generate a new topol ogy:

I11(S)l -> ((S)N,FN) I .

/'S = subtopology, | = internal node, F = new | eaf,

/I'N = new internal node.

[/Rule 2 grafts new branch FNto link (S)I

/11 is the position of char I in string parent Topo

private static String useRul e2(String parentTopo, int i,
char F, char N)

{

String newTopo = "";

char | = parent Topo. charAt(i);

if (printl)

Systemout.println("i =" +i +" 1 =" +1);

/1 Subt opol ogy S of link (S)I nust be read

String S ="";

[/ Counter of |eft parenthesis

int counter = O;

String pl ="" +"(";

String pr ="" + )",

/'l Position to be scanned

int position =i;

bool ean go = true;
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[1A'l right parentheses to the near left of | are captured
whil e (go)

{
position = position -1;
String a = "" + parent Topo. char At (position);
if (printl)
Systemout.printin("a=" +a+" p=" + pr);
if (a.equals(pr) )
{
count er ++;
S=a+ S
}

el se go = fal se;
}//End of while
if (printl)
Systemout.println("counter =" + counter);
/1 The compl ete subtopol ogy is captured:
/ I Par ent heses nust bal anced
while (counter > 0)

{
String a = "" + parent Topo. char At (position);
if (a.equal s(pr)) count er ++;
if (a.equals(pl)) counter--;
S=a+§
if (printl)
System out. println("Subtopo =" + S);
position = position -1;
}

/| Repl acenment rule 2:
[1((S)n,Fn)i -> (9)i
/ I wher e F are leaves, n and i are inner nodes,
/I1(S) is a conplex structure.
String SnFni = S +1I;
String replacenent = "("+ S + N+ ","
+ F+ N ")" + 1
//Rule 1 is executed
newlTopo = parent Topo. repl ace( SnFni, replacenent);
/[11f 1 links to a conplex structure
return newlopo;
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}

/I Fr om par ent Topo, a topology in New ck's notation,

/la Child topology is generated by a generative gramar.
/1A randomel ection is made anong all possibilities.
private static String generateChild(String parent Topo)

{

next Leaf | ndex++;

char nextLeaf = | eaves. char At ( next Leaf | ndex) ;

/I Next internal node to be inserted

next | nt Nodel ndex++;

char next|nt Node = internal Nodes. char At ( next | nt Nodel ndex) ;

[1link to be replaced

String link ="";

[1String link is replaced by what:
String replacenment = "";

/I new t opol ogy generated by repl acenent
String newlopo = "";

/11ength of parent topol ogy

int | = parentTopo.length();

//counter of |inks = 0;

int counter = O;

[/ Li nks are counted

for(int i =0; i <|1; i++)
{
[/ parent Topo i s scanned char by char
char | = parentTopo. charAt (i);

//1s | an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter ++;

}

[/Alink is chosen

int kK = r.nextlnt(counter);

/1 System out. println("Random nunber =" + k);

/I new branch is grafted at k

counter = 0;

for(int i =0; i <1I; i++)

{
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/I parent Topo i s scanned char by char
char | = parent Topo.charAt(i);
/[11s | an internal node that denotes a replacenent?
if (charlslnternal Node(l))
{

if (counter == k) //Is | the chosen |ink?

{
// Check for the char before

char a = parent Topo.charAt(i-1);

[11f 1 links to a conplex structure
if (a ==")") newlopo = useRul e2(parentTopo, i,
next Leaf, nextl| nt Node);
else //if | links to a leaf, use rule 1
{
/1Link to be replaced
link ="" +a + I;
/I Repl acenent rule 1:
[lal -> (aN, FN)I; N= next | nt Node;
/I F = next Leaf
replacenment = "(" + a + nextlntNode + ","

+ nextLeaf + nextlntNode + ")" + I|;
//Rule 1 is executed
newlTopo = parent Topo. repl ace(link, replacenent);

}

if (print2)
System out. printl n(newlopo + " -> "
+ sinplify(newTopo));
i =1;
}

count er ++;
}

}
return newlopo;
}
//Leaf F and node n conform link Fn and are del eted.

[/ We apply the antirul el:
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[ (An, Fn)i -> Al
private static String antiRulel(String topo,
int positionLeaf, int positionNode)
{
if (print2)
Systemout. println("Anti Rul el");
i nt begi nl ndex = positionLeaf - 4;
i nt endl ndex = positionNode + 3;
String AnFni = topo. substring(beginl ndex, endl ndex);
if (print2)
Systemout.printin("Anfni =" + AnFni);
String Al = "" + topo. char At (begi nl ndex+1)
+ topo. char At (endl ndex-1);
if (print2)
Systemout.printin("Al =" + A);
topo = topo.replace( AnFni, A);
return topo;

}

/I Leaf F appeared as an insertion into a conplex structure S.
/11t is deleted.

/W apply the antirul e2:

[1((S)n,Fn)i -> (9)i

/ / positionNode refers to the | ast appearing of node n
private static String antiRule2(String topo,

int positionLeaf, int positionNode)

{

if (print2)

Systemout. println("Anti Rul e2");

/'l Leaf to be del eted

String leaf = "" + | eaves. char At (next Leaf | ndex) ;
if (print2)
Systemout.println("\nLeaf to be deleted =" + |eaf);

/| Acconmpanyi ng i nner node
String i nner Node = ""

+ i nternal Nodes. char At ( next I nt Nodel ndex) ;
int firstPosition = topo.indexd (i nnerNode);

String newlopo = ;
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char i = topo.char At (positionNode+2);
if (print2)
Systemout.println("FirstPosition =" +
firstPosition + " i =" +1i);
/1 Subtopology S of Iink (S)I rnust be read
String S ="";

[/ Counter of |eft parenthesis

int counter = O;

String pl ="" +"(";

String pr ="" + )",

//Position to be scanned

int position = firstPosition;

bool ean go = true;

[1A'l right parentheses to the near left of | are captured
whil e (go)

{
position = position -1;
String as = "" + topo.charAt(position);
if (print2)
Systemout.println("a=" +as +" p =" + pr);
if (as.equals(pr) )
{
count er ++;
S =as + S
}
el se go = fal se;
}//End of while
if (print2)
Systemout.println("counter =" + counter);

/1 The conpl ete subtopol ogy i s captured:
/ | Par ent heses nust bal anced
while (counter > 0)

{
String as = "" + topo.char At (position);
if (as.equal s(pr)) count er ++;
if (as.equals(pl)) counter--;
S=as + S

if (print2)
System out. println("Subtopo =" + S);
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position = position -1,
}
String n = innerNode;
/I Repl acenent anti Rule 2:
11((S)yn,Fn)i -> (S)
//where A and F are leaves, n and i are inner nodes,
[1(S) is a conplex structure.

String SnFni = "("+S +n+"," +leaf + n+")" +1i ;
String Si =S + i;

if (print2)

Systemout.println("\nSnFni =" + SnFni + "\n Si =" + Si);

//Rule 1 is executed
newTopo = topo.replace(SnFni, Si);
return newlopo;

/1 The last inserted leaf is deleted fromtopol ogy.
private static String del etelLastLeaf (String topol ogy)

{

/'l Leaf to be del eted

String leaf = "" + | eaves. char At (next Leaf | ndex) ;

if (print2)

Systemout.printin("\nLeaf to be deleted =" + |eaf);

/| Acconpanyi ng i nner node
String i nnerNode = ""
+ i nternal Nodes. char At (next | nt Nodel ndex) ;
if (print2)
System out. printl n("Acconpanyi ng i nner node =
+ i nner Node) ;
/I new t opol ogy = out put
String newtopology = "";
//length of topology as string

n

int | = topology.length();
[/ Last positions are found
int positionLeaf = -1;

i nt positionNode = -1;
//topol ogy is scanned char by char
for(int i =0; i <|I; i++)
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{
String ¢ = "" + topol ogy.charAt(i);
if (c.equals(leaf)) positionLeaf = i;
if (c.equal s(innerNode)) positionNode = i;
}
if (print2)
{
Systemout.println("Position of " + [eaf +
" =" + positionLeaf);
Systemout.println("Position of " + innerNode +
" =" + positionNode);
}
int firstPosition = topology.indexX (innerNode);
|/ Check for the char before firstPosition
char a = topol ogy.charAt(firstPosition - 1);
[11f I links to a conplex structure
if (a==")")
newt opol ogy = anti Rul e2(topol ogy, positi onLeaf, posi ti onNode);
else //Apply anti Rul el for sinple cases
newt opol ogy = anti Rul el(topol ogy, positionLeaf, positionNode);
next Leaf | ndex- - ;
next | nt Nodel ndex- - ;
return newt opol ogy;

[/ Lengths are del eted from newlree
private static String del eteLengths(String newlree)

{

String tree = "";

String nuneric = ".:0123456789";
/11ength of string newlree

int | = newlree.length();
for(int i =0; i <|I; i++)

{

/I newTree is scanned char by char
char ¢ = newTree. charAt(i);
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String s = + ¢c;

[/ls ¢ nuneric: delete it!

if (nunmeric.contains(s)); //add char ¢ to output
else tree = tree + c;

}

return tree;

}

[/ Mut ati on:
//some | eaves are del eted and then reinserted
//in random order.
/1 Del eting can happen in either of two ways:
/I Reversing the order of synthesis el se
//in random order
public static String nutation(String topol ogy,
i nt nAdditional Leaves)
{
[/ Mut ati on has two stages:
/1 del etion of sone | eaves that undoes generating work +
[l/re-insertion in places chosen at random

/I Number of |eaves to be deleted and then reinserted
i f (nAdditional Leaves == 1) nUndoRedo = 1;
el se
nUndoRedo = r.nextlnt (nAdditional Leaves-1) + 1;

if (print2)

System out. println("Nunber of |eaves to" +
" be deleted and then reinserted = " +
nUndoRedo) ;

/] Sore | eaves are del et ed:
//reversed order to that of synthesis.
if (printl)
Systemout. println("Some | eaves are del eted");
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for(int i = 0; i < nUndoRedo; i++ )
{
//Last inserted | eaf is deleted.
t opol ogy = del et eLast Leaf (t opol ogy);
if (printl)
System out. printl n(topol ogy);

}

//del eted | eaves are reinserted

if (printl)
Systemout.println("Deleted | eaves are reinserted");

for(int i = 0; i < nUndoRedo; i++ )
{
t opol ogy = generat eChil d(topol ogy);
}

/1 Qut put

String mutant = topol ogy;

if (printl)

Systemout. println("\nOiginal and nmutant topologies = \n"
+ original + "\n" + nmutant);
if (printl)
if (original.equal s(nutant))
System out. println("Mitation nmade not hi ng");
el se
System out. println("\nMitation worked");
return nutant;

}

public static String nutation(String topol ogy)
{
/1 This original topology is next subject to nutation
original = topol ogy;
String nut ant Topol ogy = t opol ogy;
if (print2)
System out. println("\nOi gi nal topol ogy = \n"
+ original );
/I Number of |eaves to be deleted and then reinserted
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if (nAdditional Leaves == 1) nUndoRedo = 1;
el se

nUndoRedo = r.
/I nUndoRedo =

next | nt (nAddi ti onal Leaves-1) + 1;
13;

//Mutation has two stages:
/1 del etion of sone | eaves that undoes generating work +
/lre-insertion in places chosen at random

if (print2)
System out. println("Nunber of |eaves to" +
" be deleted and then reinserted = " +
nUndoRedo) ;
/] Some | eaves are del et ed:
if (print2)
Systemout. println("Sone | eaves are del eted");
for(int i = 0; i < nUndoRedo; i++ )
{

/lLast inserted |l eaf is deleted.
nmut ant Topol ogy = del et eLast Leaf (mut ant Topol ogy) ;
if (print2)

System out. pri ntl n( mut ant Topol ogy) ;

}
/] Sore | eaves are reinserted
if (print2)
Systemout.println("Del eted | eaves are reinserted");
for(int i = 0; i < nUndoRedo; i ++ )
{
t opol ogy = generat eChil d(topol ogy);
}
return mutant Topol ogy;

}

// Random | engt hs are added to a tree in Link notation
public static String insertLengths(String treeLinkN)

{
String thisChar = "";

String newlree = "";
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[/length of String treeLi nkN
int m= treeLi nkN.length();
[l TreeLinkN i s scanned char by char
for(int i =0; i <m i++)
{
thisChar = "" + treeLinkN. charAt(i);
newlree = newlree + thisChar;
if (printl)
System out. println(newlree.length() + " " + newlree);
/1 Lengths are appended
if (leaves.contains(thisChar))

{
int k = | eaves.indexO(thisChar);
doubl e j = Il engthsLeaves[K];
newlree = newlree + ":" + j;
}
i f (internal Nodes. contai ns(thisChar))
{
int k = internal Nodes. i ndexO (thisChar);
doubl e j = | engthsl nner Li nks[ K] ;
newlree = newlree + ":" + j;
}
}
return newlree;

}

/1l nput: string tree with conplete information.
[ Work: |engthsLeaves[] and | engthsl nnerLi nks[]
/[lare read fromtree.

private static void decoderLengths(String tree)
{

i f(print?2)

System out. println(

"Input tree at decoverLengths =\n " + tree );
/I Delete :

tree = tree.replaceA I (":", "");

if(print2)

System out . println(
"lInput tree without : =\n " + tree );
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int n =tree.length();
String thisChar = "";
String nextChar = "";
String nunmbers = ".0123456789";
bool ean | eaf = fal se;
bool ean node = fal se;
String Leaf = "";
String nunber Leaf .
String nunmber Node = "";
String Node = "";

int j ;

doubl e f;

/[I/All chars in tree are scanned

for(int i=0; i < n; i++)
{
thisChar = "" + tree.charAt(i);
if (i <n-1) nextChar = "" + tree.charAt(i+1);

// Do we have a | eaf?
if (leaves.contains(thisChar))

{

| eaf = true;

Leaf = "" + thisChar;
}

// Do we have an internal node?
i f (internal Nodes. contai ns(thisChar))

{
node = true;
Node = "" + thisChar;
}

// Do we have a nunber that belongs in a leaf?
if ( (leaf) & (nunbers.contains(thisChar)))

{

nunber Leaf = nunberLeaf + thisChar;

}

// Do we have a nunber that belongs in a leaf?
if ( (node) & (nunbers.contains(thisChar)))
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{
nunber Node = nunber Node + thi sChar

}

/I Must we end accunul ati on of nunbers of a | eaf?
if ( (leaf) & (internal Nodes. contai ns(nextChar)))

{

| eaf = fal se;

j = leaves.indexOf(Leaf);

if (printl)

Systemout.println("Leaf = " + Leaf +
" nunberLeaf =" + nunberlLeaf);

f = new Doubl e( nunber Leaf);

| engt hsLeaves[j] = (int) Math.floor(f);
nunber Leaf = "";

/I Must we end accunul ati on of nunbers of a node?
if ( (node) & (!(nunbers.contains(nextChar))))
{

node = fal se;

j = internal Nodes. i ndextf ( Node) ;
if (printl)
Systemout. println("Node =" + Node);

f = new Doubl e( nunber Node) ;
| engt hsl nnerLinks[j] = (int) Math.floor(f);
nunber Node = "";

}

}
}

// Random | engths are added to a tree in Link notation
public static void generatelLengths()

{
/[/Lengths with digit values are generated
for(int i = 0; i < nunber O Leaves; i ++)
{

/'l Zero |l engths are not all owed
| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);
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| engt hsl nnerLinks[i] =1 + r.nextlnt(maxLength - 1);

}
}

/I Lengt hs undergo mutation
private static void nutatelLengths()

{

[/ Mutation in links that connect |eaves
for(int k = 0; k < nunber O Leaves; k++)
{
doubl e g = r. next Doubl e();
if (q <m //nutate
| engt hsLeaves[ k] = r.nextlnt(maxLength);

}

/I Mutation in links that connect inner nodes
for(int k = 0; k < nunber O Leaves-2; k++)
{
doubl e g = r. next Doubl e();
if (q<m //nutate
| engt hsl nner Li nks[ k] = r. nextlnt(maxLength);

}

[/ Type of nutation is decided and execut ed:
/I mutation of lengths of Iinks
[lelse full mutation (topol ogy and | engths of |inks).
private static String nutateTree(String tree)
{

/1 Topology is read fromtree

String topology = del eteLengths(tree);

/[l Lengths are read fromtree and recorded in vectors
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/1l engt hsLeaves[] and | engt hsl nnerLi nks|[]

decoder Lengt hs(tree);

mut at eLengt hs() ;

String mutantTree = "";

/I Mutate | engths el se topology ( + new | engths)?
doubl e s = r. next Doubl e();

if (s <0)
{
if (printl)
System out. println("\n====Mutation of |engths");
nmut ant Tree = insertlLengths(topol ogy);
if (printl)
{
Systemout.printin("Input tree = " + tree);

n

System out . println("Topol ogy =
System out. println("Qutput tree=
}

}

el se

{

if (printl)
System out. println("\n====Mutati on of topology");

+ topol ogy);
+ nut ant Tree) ;

/I Mut ati on of topol ogy
String mut ant Topol ogy = mut ati on(topol ogy,
nAddi ti onal Leaves);
/I Mutant lengths are reinserted
mut ant Tree = insertLengt hs(mut ant Topol ogy) ;

}

return nutantTree;

}

/11 ndividual s are nut at ed
private static void nutation()
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{
if (print6)

{
Systemout. println("\n====Mutation \n");

Systemout.printin("Trees to be mutated");
}
for(int i =0; i <N 1i++)
{
trees[i] = newlrees[i];
if (print6)
Systemout.printin(trees[i]);
}
[/ The old best, i = 0, is conserved intact
newTrees[ 0] = trees[0];
[/ Oher N1 individuals suffer nutation
for(int i =1; i <N 1++)
newlrees[i] = nutateTree(trees[i]);

if (print6)
Systemout.println("Mitant trees");
for(int i =0; i <N 1++)
{
trees[i] = newlrees[i];
if (print6)
Systemout.printin(trees[i]);

/I Counter of subtopol ogi es

private static int counter Subtop;

[/ Particular nunber of subtopol ogies
private static int ml = O;
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private static String[] subtreesl, subtrees?2;
private static String subTreel, subTree?2,
treeRecl, treeRec2;

[l Structure of hashtable : integer + {stringl, string2}
private static Hashtabl e<integer, String[]> hashtable =
new Hashtabl e<Integer, String[]>();

/! Subtrees of topology are found
private static String[] subtopol ogies(String topol ogy)
{
if (printl)
Systemout. println("\nSubtrees are found");
[/ Counter of |eft parenthesis
int counter = O;
/I Count er of subtopol ogi es
count er Subtop = 0;
String pl ="" +"'(";
String pr ="" + )",
/1Length of String t opol ogy
int m= topol ogy. |l ength();
String[] subtopol ogies = new String[m;
/1String topology is scanned char by char

for(int i =0; i <m i++)
{
String Sub = "";
String a = "" + topology.charAt(i);
int position = i+1;
if (a.equals(pl))
{
count er ++;

Sub = Sub + a;
/1 The conpl ete subtopol ogy i s captured:
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/ | Par ent heses nust bal anced
while (counter > 0)
{
String b = "" + topol ogy.charAt(position);
if (b.equals(pl)) count er ++;
if (b.equals(pr)) counter--;
Sub = Sub + b;
positi on++;
}
if (print2)
System out. printl n(Sub);
subt opol ogi es[ count er Subt op] = Sub;
count er Subt op++

}
}

return subtopol ogi es;

}

/| Leaves of subtopol ogies are found
private static String[]leaves(int m String[] subtop)
{

if (printl)

System out. println("Leaves are found");
String[] nyLeaves = new String[m;
for(int i =0; i < m i++)

{

String s = subtop[i];
if (s ==null);
el se
{
myLeaves[i] = "";
int n =s.length();
for(int j =0; | < n; j++)
{
String ¢c = "" + subtop[i].charAt(j);
if (leaves.contains(c))
myLeaves[i] = nyLeaves[i] + c;
}
if (printl)
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Systemout. println(subtop[i] +
+ nyLeaves[i] );
}
}

[/ Chars of Leaves are rewritten in al phabet order
if (printl)
Systemout.println("Leaves are listed orderly" );
for(int i =0; i < n i++)
{

String s = subtop[i];

if (s == null);

el se

{
s = myLeaves[i];
nmyLeaves[i] = "";
int n = 1leaves.length();
for(int j =0; j < n; j++)
{
String ¢c = "" + leaves.charAt(j);
if (s.contains(c))
myLeaves[i] = nylLeaves[i] + c;
}
if (printl)
System out . println(subtop[i] +
}
}

return mylLeaves;

}

n "

+ nmyLeaves[i] );

/1 nner nodes of subtopol ogies are found
private static String[] inner(int m String[] subtop)
{

if (printl)

Systemout. println("\nlnternal nodes are found");
String[] nmyNodes = new String[n;

for(int i =0; i < ny i++)

{

String s = subtop[i];
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if (s ==null);
el se
{
myNodes[i] = "";
int n =s.length();
for(int j =0; j < n; j++)
{
String ¢c = "" + subtop[i].charAt(j);
i f (internal Nodes. contains(c))
nyNodes[i] = myNodes[i] + c;

}
if (printl)
Systemout.println(subtop[i] + " " + nyNodes[i] );
}
}

[/ Chars of Leaves are rewitten in al phabet order
if (printl)
Systemout. println("Inner nodes are |isted orderly" );
for(int i =0; i < m i++)
{
String s = subtop[i];
if (s == null);

el se
{
s = myNodes[i];
nyNodes[i] = "";

int n = internal Nodes. | ength();
for(int j =0; j < n; j++)
{
String ¢ = "" + internal Nodes.charAt(j);
if (s.contains(c))
myNodes[i] = myNodes[i] + c;
}
if (printl)
System out. println(subtop[i] + " " + nyNodes[i] );
}
}
return nyNodes;

}
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/1 Subt opol ogi es are conpared to deci de whet her

/1l or not they have the sane set of

//and the sane set of
/1Al

/1 are kept

pairs that authorize reconbination
in a hastable (=

if (print6)

System out. println("\nConparison of

i nner nodes.

String Leaves?[],
String Innerl[],
String Inner2[])

Bool ean recAl |l owed = fal se;
int m= Leavesl.|ength;
int n = Leaves2. | ength;

| nt eger counter

for(int i = 1;

{

for(int j = 1;

{

:O,
<m

j <

i ++)

n; j++)

if ( Leavesl[i].equal s(Leaves2[j]))

{

subTreel
subTr ee2

subt
subt

reesifi];
rees?[j];

recAl |l owed = true
if (print6)
System out . printl n(

"Sets of

| eaves are EQUAL " +
" " + Leavesl[i] + "
String val []

n +J +n

/I Recombi nant subtrees are kept
hasht abl e. put (counter, val );

count er ++;
if ( Innerlf[i].equals(Inner2[j]))

{

if (print6)
System out . println(

"Sets of

i nner

nodes are EQUAL "

| eaves

in a hashtabl e

+

+

" + Leaves2[j]
{subTreel, subTree?2};

a table for pairing)
private static bool ean conparison(String Leavesl[],

| eaves and nodes");

+

)
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" " 4+ lnpnerlfi] +" " +j +" " + Inner2[j] );
}
el se
{
if (print6)
System out. println(
"Sets of inner nodes are DI FFERENT " + i +

" " + lnpnerl[i] +" " +j +" " + lnner2[j] );
}
}
el se
if (print6)

System out. println(
"Sets of |leaves are DIFFERENT " + i +
" " 4+ Leavesl[i] +" " +j + " " + Leaves2[j] );

}
}

return recAl |l owed;

}

/1A pair of subtrees that authorize reconbination
//is chosen at randomfromthe hashtabl e and
[/ reconbi nation i s executed.
private static String reconbinationTrees(String treel
String tree2)
{
/ | Possi bl e pairs of reconbi nant subtrees are recovered
[lfromthe hashtabl e and put into an enuneration<>
Enumer at i on<l nt eger > enunKey = hasht abl e. keys();
int counter = O;
whi | e( enunKey. hasMor eEl erent s())
{
I nt eger key = enunKey. next El enent () ;
String[] val = hashtabl e. get(key);
if (print3)
Systemout.println("Hasthtable " + key + "\n"
+val[0] + "\n"+ wval[l]);
count er ++;

}
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/1A pair of reconbinant subtrees is chosen at random
Integer election = r.nextlnt(counter);
if (print6)
Systemout.println("Selected pair =" + election);
String[] val = hashtable.get(election);
subTreel = val [0];
subTree2 = val [1];
if (print6)
System out. printl n("Reconbi nant subtrees \n" +
subTreel + "\n" + subTree2);

/I Reconbi nati on i s executed
treeRecl = treel.replace(subTreel, subTree?2);
treeRec2 = tree2.repl ace(subTree2, subTreel);
if (print6)
System out. println("\nReconbi nation is all owed:"
+ "\nOriginal trees \n"
+ treel + "\n" + tree2
+ "\ nSwappi ng subtrees \n"
+ subTreel + "\n" + subTree2
+ "\ nReconbi nant trees \n"
+ treeRecl + "\n" + treeRec2 );
return treeRecl;

// Reconbi nation of treel and tree2 is tried out
public static String reconbinati onMaster(String treel,
String tree2)
{
/1 First topol ogy
String topol = del eteLengths(treel);
if (print6)
{
Systemout.println(topol + " ->"
+ |i nkToNewi ck(topol));
Systemout.printin("\n Treel = " + treel +
"\'n Topol =" + topol);
}
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//Length of String topol ogy
mL = topol.length();

subtreesl = new String[m];

subtreesl = subt opol ogi es(topol);

nmL = count er Subt op

/ I Subt opol ogi es are found

String[] subtopol ogiesl = new String[nl];

for(int i =0; i < ml; i++)
subt opol ogi esl[i] = sinplify(subtreesl[i]);
if (print6)

Systemout.printlin();
String[] Leavesl = new String[nml];

Leavesl = | eaves(nil, subt opol ogi esl);
String[] Innerl = new String[ml];
Innerl = inner(ml, subtreesl);

/] Chars of Leaves are rewitten in al phabet order
if (printh)
System out. println("\nSubtrees, subtopol ogi es, Leaves, " +
"I nner nodes" );
for(int i =0; i <ml; i++)
{
if (subtopologiesl[i] == null);
el se
{
if (printh)
System out. println(i
+ " " + subtreesi[i]
+ " " + subtopol ogi esl[i]
+ " " + Leavesl[i] + " " + Innerl[i]);

if (print6)
Systemout. println();

/' Second t opol ogy
String topo2 = del eteLengths(tree2);
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i f (print6)
{
System out. println(topol + " ->"
+ i nkToNewi ck(topo2));

Systemout.printin("\n Tree2 =" + tree2 +
"\n Topo2 = " + topo2);
}

//Length of String t opol ogy
mL. = topo2.length();

subtrees2 = new String[ml];
subtrees2 subt opol ogi es(topo2);
mL = count er Subt op;
/ 1 Subt opol ogi es are found
String[] subtopol ogies2 = new String[nl];
for(int i =0; i < mL; i++)
subt opol ogies2[i] = sinplify(subtrees2[i]);

if (print6)
Systemout.println();
String[] Leaves2 = new String[ml];
Leaves2 = | eaves(ml, subt opol ogi es?2);
String[] Inner2 = new String[ml];
I nner2 = inner(ml, subtrees?);
[l Chars of Leaves are rewitten in al phabet order
if (printh)
System out . println("\nSubt opol ogi es, Leaves, " +
"l nner nodes" );
for(int i =0; i < mL; i++)
{
i f (subtopologies2[i] == null);
el se
{
if (printh)
System out. println(i
+ " " + subtrees2[i]
+ " " + subtopol ogi es2[i]
+ " " + Leaves2[i] + " "+ Inner2[i]);
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}
}

bool ean recAl | owed =

conpari son(Leavesl, Leaves2, |Innerl, | nner2);
String reconmbinant = "";
if (recAllowed)

reconmbi nant = reconbi nati onTrees(treel,tree2);
el se

{

recombi nant = treel

if (print6)
System out. println("Reconbination is not allowed");
}
return reconbi nant;

}

/ I Reconbi nati on met hods may produce an out put

/Iwith various and different assignment of lengths to
/1inner node a. One is chosen.

public static void correction()

{
String topo;
for(int i =1; i <N 1++)
{

decoder Lengt hs(newTrees[i]);

topo = del eteLengt hs(newTrees[i]);

newlrees[i] = insertlLengths(topo);
}

}

// Each one of the Nindividuals are tried out
[/for reconbination: a partner is chosen at random
//and if reconbinationis allowed, it is executed.
[/ Oherwise, it is cloned.

public static void reconbination()
{

if (print6)

System out. println( "\ n====RECOVBI NATI ON \ n") ;
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/] Best indivi

newTr ees[ 0]

for(int i =1

{

j

/1A partner
int j =i;
String t1 =
String t2 =
while (i ==

CHAPTER 1. EVOLUTION OF TREE TOPOLOGIES

dual is excluded fromreconbi nati on
= trees[0];

;<N i)

for i is chosen

nwono,
’
nwono,

i)

= r.nextint(N);

if (printé6)

System out. println( "\ n==RECOVBI NATI ON OF | NDI VI DUALS "
+ " and " + j);

+ i

}

tl
t2
newTlrees[i]

trees[i];
trees[j];

= reconbi nati onMaster(tl,t2);

correction();

if (print6)
System out . println("Reconbi nati on out put”);
for(int i = 0;

{

i < N i+4)

trees[i] = newlrees[i];
if (print6)
Systemout.println(trees[i]);

}
}

/[ Evol ution of trees involving

[/ reconmbi nati on and nutation of topol ogies,
[1in within and between.

private static void evol ution()

{

for(int i = 1;

((i

{

< number O

Cenerations) & (workDone)); i++)
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generation = i;
if ( (i %Ilapse) == 0)

{
print7 = true;

/1 a.setEnabl ed(false);
}
else print7 = fal se;
if (print7)
Systemout.println( "\ n===GENERATION =" + i);
sel ectived oning();
mut ati on();

reconbi nati on();
assessFi t nesses();
scal eFi t nesses();

best Topol ogy = sinplify(del eteLengths(bestTree));

titlel = "Target tree =" + targetTree;
title2 = "Best tree = " + best Tree;
title3 = "Distance to target = " + bestDi stance;

decoder Lengt hs(best Tr ee) ;

/] Absol ute di stance fromthe associ ated di stance matri x
/lof the tree

//to target matrix is eval uated

/1d = absDi st ance( nunber Of Leaves, targetMatrix, M;

doubl e[][] M = associ at edMat ri x(best Tree);

a = newCont ent Pane. new DrawBi Tr eel5();
a. cr eat eAndShowGUl () ;
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a. set Locati on(500, 100);

if (!(workDone))
Systemout.println( "\'n \nSOLUTI ON HAS BEEN FOUND: \n" +
"at generation " + generation);

Systemout. println("\nSummary at generation " + generation +

"\ nTarget tree =\n" + targetTree
+ " \nBest tree = \n" + bestTree
+ " \nDistance to target = " + bestD stance
+ " \nBest distance at initialization ="
+ di stance0
+ "\ nTarget topology = \n" + targetTopol ogy

+ "\ nBest topology = \n" + bestTopol ogy);
printMatrix(M "Di stance matri x associated to best tree");
printMatrix(targetMatrix,
"Distance matri x associated to target tree");

/1A tree topology is generated at random
public static String randomropol ogy()

{

if (print2)

Systemout.println("Parent tree = \n" + seed
+ " - + sinplify(seed));

String tree = seed,;

int limt = nunber O Leaves-3; //less than 11.
for(int i =0; i <limt; i++)

tree = generateChild(tree);

Systemout. println("Target topology = \n" + tree);
return tree;
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/I The best fitting tree for chosen topology is found
public static int findTheBest(String tree)

{
String sel ectedTopol ogy = sinplify(tree);

String thisTopology = "";
String thisTree = "";

int bestPosition = -1;

for(int i = 0; i < indexOfTopol ogi es; i ++)
{
thi sTree = best TreeO Topol ogy[i];
t hi sTopology = sinplify(thisTree);
i f (selectedTopol ogy. equal s(thi sTopol ogy))
{
best Position = i;
return bestPosition;

}
}
return bestPosition;
}
| *
//Lengths with real values are generated
doubl e | engt hsLeaves[] = new double[l];
//Last two entries are redundant
doubl e I engt hsl nnerLinks[] = new double[l];
for(int i = 0; i < nunberOf Leaves; i++)
{
| engt hsLeaves[i] = r.next Doubl e();
| engt hsl nnerLinks[i] = r.nextDouble();
}

«/
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[/ bTree in (nodified) Newi ck’s notation
/lis used to generate Record[]
//wi th addresses and contents.
public static void makel nput (String bTree)
{

if (print)

Systemout.printin("bTree at makelnput ////// " + bTree);

int counter = O;

[/length of String tree

int | = bTree.length();

String thisChar = "";

String address = "";

String bi nNunbers = "01";

[/ Tree i s scanned char by char

for(int i =0; i <1I; i++)

{

thisChar = "" + bTree.charAt(i);
i f (binNunbers. contains(thisChar))
address = address + thisChar;

if (leaves.contains(thisChar))
{

Record[ counter] = address;

count er ++;
Record[ counter] = thisChar

count er ++;

address = :

}
}

if (print)
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for(int i =0; i < counter; i =1i+2)
Systemout.println(Record[i] +
" bbbb " + Record[i+1]);

| ast UsedPosition = counter;
if (print)
Systemout. println("lastUsedPosition ====
+ | ast UsedPosi tion);

}

//Qutputs a word in reversed order.
private static String reverser(String word)

{

return new StringBuil der(word).reverse().toString();

}

private static String cleanTree(String tree)
{
if (print2)
Systemout.printin("Input tree at cleanTree = \n
+ tree);
String treeClean = "";
String nunmeric = ".:0123456789";
String plusMnus = "+-";
String thisChar = "";
bool ean | eaf = fal se;
/I Nurreri cs are washed
/1length of String tree
int | =tree.length();
I/ Tree is scanned char by char
for(int i =0; i <1I; i++)
{
thisChar = "" + tree.charAt(i);
if (nunmeric.contains(thisChar));
el se treeCl ean = treeC ean + thisChar;

}
if (print2)
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Systemout.println("Tree without nunmerics = \n
+ treed ean);

[1+/- are deleted frominner nodes that acconpany | eaves
| = treed ean.length();

String treeQut ="";

//Tree is scanned char by char

for(int i =0; i <1I; i++)

{

thisChar = "" + treeC ean.charAt(i);
if (leaves.contains(thisChar))

| eaf = true;

if ((leaf) & (plusM nus.contains(thisChar)));
el se treeQut = treeQut + thisChar;

i f (internal Nodes. contai ns(thisChar))

| eaf = fal se;

if (print2)

Systemout.println("Tree at output of cleanTree = \n
+ treeCut);

return treeQut;

}

/1 The path fromeach |eaf to node a is found.

[/ The input contains branch’s indicator, say:

/1 ((++Aa, +-Ba), (-+Cb, ((--++Dd, --+-Fd)--c, ---Ec)-b) +a)
[/ Qutput for leaf Al Aa+.

[/ Qutput for |leaf C Cba-

[/ Qutput for |eaf D Ddcba-

private static void findPaths(String tree)

{

if (print2)

Systemout.println("lnput tree at findPaths = \n" + tree);
/1length of String tree

int | =tree.length();

String plusMnus = "+-";
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String thisChar;

String next Char;

String path = "";

[/ Branch indicative with respect to root, + else -
String branch;

String address

[/ The nunmber of links of a path to root

int level = 0;

String treeReversed = reverser(tree);

if (print2)

Systemout.println("Reversed tree = " + treeReversed);

|/ Each | eaf has a path to a
for(int k= 0; k < nunberOf Leaves; k++)
{
String leaf = + | eaves. char At (k) ;
/ / Candi dat e nodes to be part of the path to node a
[l must have sign +/- as prefix.
/1O as suffix in the reversed tree.
int position = treeReversed. i ndexOf (Il eaf);
if (position > -1) // if leaf isin tree
{
if (print2)
Systemout . println("\nLeaf =" + leaf );
address = "";
bool ean go = true;
/! branchl ndi cator and | evel are found
for(int i = position+l ; ((i <1) & (go)); i++)
{
thisChar = "" + treeReversed.charAt(i);
if (plusM nus. contai ns(thisChar) )
address = thisChar + address;
el se go = fal se;

}

| evel = address.length();

if (print2)

System out . println("Leaf AddressLevel =" + |eaf

+ address + |evel);
branch = "" + address. charAt (0);
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//Path fromleaf to node a is found in (not reversed) tree
position = tree.indext (Il eaf);

thisChar = "" + tree.charAt(position);
next Char = "" + tree.charAt(position + 1);
/| Qut put
path = "" + | eaf + nextChar
go = true;
if (nextChar.contentEquals("a") ) //leaf is neighbor of a
{
path = path + branch
if (print)
Systemout.println("Path short = " + path);
}
else /[/level > 1
{
/1 Tree is scanned char by char to get path
String i Char = "";
for(int i = position + 2; ((i <1) & (go)); i++)
{
i Char = "" + tree.charAt(i);
int newLevel = 0;

i f (internal Nodes. contains(iChar))//Internal Nodes

i f (i Char.content Equal s("a") )
{

path = path + i Char;

go = false; //end

}

el se //Internal node different than a

{
if (print)
Systemout.println("lInternal node not a) =" + iChar );
int rP=1 -i-1; //index of iChar in treeReversed
String nextNewChar = "" + treeReversed. char At (rP+1);

if ( plusM nus. contai ns(next NewChar )) //candi date node
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{
if (print)

System out. println("next candidate = " + i Char);
String addressNew = "";

/1l1evel of candidate node i Char is inquired
String thatChar = "";
bool ean go2 = true;
for(int j =rP+1; ((j <1) & (go2)); j++)
{
thatChar = "" + treeReversed.charAt(j);
i f (pl usM nus. contai ns(that Char) )
addr essNew = t hat Char + addr essNew;
el se go2 = fal se;
}
if (print)
System out. println("AddressNew " +
i Char + addressNew);
newLevel = addressNew. | ength();
/1A path links a node with another in a | ower |evel
if ( (newLevel < level) &
(! (next Char. cont ent Equal s(i Char))))

{

path = path + i Char;

| evel = newlLevel;

if (print)

Systemout. println("Path newLevel =" + path);
}

} //End of if candi date node
}//End of else Internal node different than a
}//End of if Internal Nodes
}//End of Tree is scanned char by char

path = path + branch;

}//End of else level > 1

}//End of if leaf is in tree

if (print2)

Systemout.println("Path conpleted =" + path);
Pat hs[ k] = pat h;
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}//End of each | eaf
}

[/ Paths fromleaves to node a are found

/1 Reverse paths are al so cal cul at ed.

[/l nput tree in quasibinary notation

//with addresses and | engths

private static void pathFinder(String tree)

{

/1 Usel ess information is del eted

String tree2 = cleanTree(tree);

[l Find the path to node a fromeach |eaf.
/1 Add an indicator of the branch

[Iwith respect to the root: up(+) el se down(-)
findPat hs(tree2);

}

[/lnput: a long raw string with path fromleaf to node a
/I plus path fromnode a to |eaf.

/[/Editing is done to get true paths.

private static String granmar (String path)

{

int n = path.length();

String thisChar = "";

String next Char = ;
String ol dPath = pat h;

String plusMnus = "a+-a";
String mnusPlus = "a-+a";
String two = "";

int N= path.length();
//Rule 1: two equal synbols produce nothing
for(int j=1; | < N j++)
{
for(int i=1; i < n-1;)
{
t hi sChar "" + path.charAt(i);
next Char = "" + path.charAt(i+1);
two = "" t hi sChar + next Char;

+
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i f (thisChar.content Equal s( next Char))
{

i =i + 2
path = path.replace(two, "");
}

{
i = i+1;
}
n = path.length();

}
}

el se

//Rule 2: a+-a -> a

if (path.contains(plusM nus))
path = path.replace(plusM nus, "a");
i f (pat h. contai ns(m nusPl us))
path = path.replace(m nusPlus, "a");
if (print2)
Systemout.printIn("input =" + oldPath +
" output =" + path);
return path;

}

/1 The di stance natri x anong | eaves is cal cul ated

private static double[][] matrixBuil der()

{

double M][] =

new doubl e[ nunmber O Leaves] [ nunber O Leaves] ;
[/ Path to node a froml eaf

String pathLeaf Toa = "";

[/ Path to | eaf from node a

String pathaToLeaf = "";

[/ Path fromleaf to | ead

String pathLeafi ToLeafj = "";

String innerNode = "";

doubl e di st ance;

for(int i = 0; i < nunber O Leaves; i ++)
for(int j = 0; j < nunberO Leaves; | ++)
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pat hLeaf Toa
pat haTolLeaf
/| Raw pat hs
pat hLeafi ToLeaf] = pathLeaf Toa + pat haToLeaf;
[/ An editing grammar to get true paths

pat hLeafi ToLeafj = grammar( pat hLeafi ToLeafj );

it (i ==1j) Milli]l =0;

Pat hs[i];
reverser( Paths[j] );

el se
{
String leaf = "" + pathLeafi ToLeafj.charAt(0);
int p = 1eaves.indexO(leaf);
di stance = | engt hsLeaves[p];

int n = pathLeafi ToLeafj .l ength();
for(int k =1; k < n-1; k++)
{
i nnerNode = "" + pathLeafi ToLeafj.charAt (Kk);
p = internal Nodes. i ndexX (i nner Node) ;
di stance = di stance + | engthsl nnerLi nks[p];
}
leaf = "" + pathLeafi ToLeafj.charAt(n-1);
p = |l eaves.indexOf (| eaf);
di stance = di stance + | engthsLeaves[p];
Mi][j] = distance;
}
}

return M

}

[l Transl ation fromNew ck’s to quasi-binary notation:
// addresses are attached to tree in New ck’'s notation
/'l nner nodes are conserved. Lengths are conserved.
private static String toQuasiBinarylnner(String tree)
{

if (print2)

Systemout.println("lnput tree at toQuasi Bi naryl nner " +
"= \n" + tree);
/| Qut put
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String treeToBi = ;
String nuneric = ".:0123456789";
[/ The binary address of | eaf
String address = "";
/1 The name or content of the tree
String content = "";
String thisChar = "";
String nextChar = "";
String previousChar = "";
/[/length of String tree
int | =tree.length();
[/ Tree is scanned char by char
for(int i =0; i <1I; i++)
{
thisChar = "" + tree.charAt(i);
if (i <I-1) nextChar = "" + tree.charAt(i+1);
el se next Char = "end";
if (i >0) previousChar = "" + tree.charAt(i-1);

el se previousChar = "start";

[/ This char = (
if (thisChar.contentEqual s("("))
{
content = content + thisChar
address = address + '+';
if (print)
Systemout. println("Address = " + address);

}

[11f this char is a | eaf
if (leaves.contains(thisChar))

{
[l Systemout.println("leaf");
treeToBi = treeToBi + content + address + thi sChar
content = "";

}

i f (nuneric.contains(thisChar))
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treeToBi = treeToBi + thisChar

[11f this char is an inner node
i f (internal Nodes. contai ns(thisChar))
{
int m= address.|ength();
/ldelete last bit fromthe right
if (m»0) address = address.substring(0, m1)

i f (address.contentEqual s("")) address = "+";
treeToBi = treeToBi + address + thisChar
}
/1 This char =, and goes after an inner node
if (thisChar.contentEqual s(","))
{
[/ Systemout.println
//("comma : " + previousChar + thisChar );
treeToBi = treeToBi + thisChar ;
if (print)
Systemout.println("Address at ,1 =" + address);
if (nuneri c. cont ai ns( previ ousChar))
address = address + '-";//Add a - to the right
if (print)
System out. println("Address at , 2 =" + address);
}

i f (thisChar.contentEqual s(")"))
{
treeToBi = treeToBi + thisChar ;
/ | Di pht honge ),
if (next Char. cont ent Equal s(","))
{
int m= address.|length();
[ldelete last bit fromthe right
if (m>0) address = address.substring(0, m1) + "-"

}
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}

}//End of for(int i...
return treeToBi;

}

/I bTree (in links with |engths notation)

/1is used to generate Record[]
//with addresses and contents.
// Names of inner nodes are visible

public static void makel nputlnner(String bTree)

{

int counter = O;

/11ength of String tree
int | = bTree.length();
String thisChar = "";

String address = ;
String bi nNunbers = "+-";

String nuneric = ".:0123456789";
[1String tree is scanned char by char
for(int i =0; i <1I; i++)

{

thisChar = "" + bTree.charAt(i);

i f (binNunmbers. contains(thisChar))
address = address + thisChar;

if ( (leaves.contains(thisChar)) ||

(i nt ernal Nodes. cont ai ns(thisChar)))

{

Record[ counter] = address;
count er ++;
Record[ counter] = thisChar;
count er ++;
address = "";
}

i f (numeric.contains(thisChar))

{

Record[ counter-1] = Record[counter-1] + thisChar;

207
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}

}

if (print)

for(int i =0; i < counter; i = i+2)

Systemout. println(Record[i] +
" bbbb " + Record[i+1]);

| ast UsedPositi on = counter;
if (print)
Systemout.println("l ast UsedPosition ===="
+ |l ast UsedPosi tion);
}//End of nethod

[/Prints a matrix and its title
private static void printiMatrix(double Matrix[][],
String title)

{

Systemout.printin( "\n" + title );

int m= Matrix. | engt h;

Systemout.print( "\t");

for (int j =0; j <m j++)
Systemout.print( |leaves.charAt(j)+ "\t");
Systemout.println();

for (int i =0; i <m i++)

{
System out. print(leaves.charAt(i ) + "\t");
for (int j =0, j <m j++)
Systemout.print( Matrix[ i J[j]+ "\t");
Systemout.println();

}

}

[/ Tree is translated
[/fromlink notation to binary.
[/ Qutput in Record[]: even entries= addresses, odd = nanes.
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/'l Associated matrix is al so cal cul ated

public static double [][] associatedMatrix(String tree)
{

| *

Systemout.println("Tree at translate =" + tree);
[1String NwTree = sinplify(tree);

String bTree = toBinary(tree);

/1A vector with addresses and names i s conposed
nmakel nput (bTr ee);

* [
[1String NwTree = sinmplify(tree);

String bTree = toQuasi Bi naryl nner(tree);

if (print2)
{
Systemout.printin("Input tree at translate =" + tree);
Systemout.println("Selected tree in " +
"pseudo- Newi ck’s notation = \n" + sinplify(tree));
Systemout.println("Tree in quasi-binary notation: \n"
+ bTree);

}

/1A vector with addresses and other with names are conposed
makel nput | nner (bTr ee) ;

//Paths fromleaves to node a are found.

/I Reverse paths are also listed.

pat hFi nder (bTree) ;

// The di stance matrix anong | eaves is cal cul at ed

double M][] = matrixBuilder();

return M

/1 The absol ute di stance anong two matrices i s cal cul at ed.
/1 Only triangular part of matrices are conpared.
private static doubl e absDi stance(int n,

doubl e[][] ML, double[][] M)

{
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doubl e abs = 0;
for(int i =0; i < n; i++)
for(int j =1i+1; ] < n; j++)
abs = abs + Math.abs(ML[i][j]-M[i][j]);
return abs;

}

[/lnput : tree in link notation
/1 Qut put :
//distance matri x associated to the | eaves of the tree.
private static double[][] distanceMatrix(String tree)
{
String s = toQuasi Bi naryl nner(tree) ;
if (print4)
Systemout.printin("\n Tree =" + s);
//Paths froml eaves to node a are found.
/I Reverse paths are also listed.
pat hFi nder (s);
/1 The di stance matrix anong | eaves is cal cul at ed
double M][] = matrixBuilder();

return M

}

// s s s s s s s e
/[l ==Inner class for drawing selected tree ==
// s s s s s s s e

[/ This programtranslates a string that

//denotes a tree in New ck’s notation

/[/to our binary notation

[/l (assign a zero to the left, a one to the right).

/1 A generator of randomtrees in New ck’s notation
/1is included.

// Resultant trees are drawn.
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cl ass DrawBi Treel5 ext ends JPane

{

private static final |long serial VersionU D = 1L
private JPanel draw ngPane35;

JScrol | Pane scroller;

/lVertical size of the pane
int vertical Size;
int horizontal Si ze;

/] Scal e nust be a power of 2
int scale = 1;

/1 Symbolic horizontal |ength of each stroke
int horizontal Length = 30;

int vertical Length = 10;

String Nwlree = "";

bool ean print = fal se;
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/1 This is our encoding for a tree in our binary notation:
/W use a vector of strings:

[/ Even entries are the paths in the tree of the nodes,
/1 odd ones are the strings, names or contents.

/1 Y-coordi nates of points where strings are drawn
int[] yCoordinate = new int[1000];

/1 Set up the instructions.
JLabel instructl;
JLabel instruct?2;
JLabel instruct3;

public DrawBi Treel5()
{

super (new Bor der Layout ());
JPanel instructionPanel = new JPanel (new Gi dLayout(0,1));

/1 Set up the instructions.

instructl = new JLabel (titlel);
nstruct2 = new JLabel (title2);
nstruct3 new JLabel (title3);

nstructi onPanel . set Focusabl e(true);
nstructionPanel . add(instructl);
nstructi onPanel . add(i nstruct?2);
nstructionPanel . add(instruct3);

/] Set up the draw ng area.
dr awi ngPane35 = new dr awi ngPane35() ;
dr awi ngPane35. set Backgr ound( Col or.white);
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[/ Put the drawing area in a scroll pane.

JScrol | Pane scroller = new JScrol | Pane(draw ngPane35);
scrol l er.setPreferredSi ze(new Di mensi on(500, 900)) ;
scroller.revalidate();

//Lay out this deno.
add(i nstructionPanel, BorderLayout.PAGE END);
add(scrol | er, BorderLayout.CENTER);

/ =+ The conponent inside the scroll pane. =/
cl ass draw ngPane35 extends JPane

{

private static final |long serial VersionU D = 1L

/llnitialization of coordinates

int centerX = 1,

int centerY = 1;

D mensi on center = new Di nensi on(center X, centerY);
/I Coordi nates of the origin

i nt x00;

int yo0oO;

/| Tar get coordi nates

int x11 ;

int yl1;

/I Horizontal and basic vertical strokes

int H

int V,

/| Addresses are interpreted as paths

String path = "";

char direction;

int xMax = O;

/ I Repai nti ng cause sonme coordi nates to change:
[/work with the first ones
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bool ean first = true;

[/ Calculate the size of a box to hold the tree
/1Scrolling controls are managed
private void sizeO Tree( G aphi cs2D g2d)
{
/] Cal cul ate the di mension of the strings
/1A'l strings have equal size.

/1 Cet font in use
Font font = g2d. getFont();
/1get metrics fromthe graphics
Font Metrics netrics = g2d. get Font Metrics(font);
/1 get the advance of my text in this font
/ /and render context
int lengthText = nmetrics.stringWdth("Aa") + 2;
/1get the height of a line of text in this
[/ font and render context (sone padding is included)
int hgt = nmetrics.getHeight() + 8;
if (print)
Systemout. println("height of letters =" + hgt);

[/ Horizontal and basic vertical strokes

H = scal e * horizontal Lengt h;
V = scal e * vertical Length;
hori zontal Si ze = | engt hText +

(int) (H=+* nunberOLeaves);
vertical Si ze =
(int) (hgt = nunber Of Leaves) ;

/larea = size of the graphic (w dth, height)

Di nensi on area =

new Di mensi on(hori zontal Si ze, 13*vertical Si ze);
/larea is set as the preferred size of the graphic
dr awi ngPane35. set PreferredSi ze(area);

/1 The graphic demands a space for itself:

/1if the alloted space is not enough,
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[/turn on scrolling bars.

dr awi ngPane35. reval i dat e();
vertical Length = 2xvertical Si ze;
/] Coordi nates of the origin

x00 = scal excenter X

y00 = scal ex centerY + vertical Size - 600;
/| Tar get coordi nates

x11 = x00 + (int) ( scalexhorizontal Length);
y1l = yO0O0;

[/ Tree is drawn

private voi d Drawlree3( G aphi cs2D g2d, Di nensi on center)

{

[/ The tree is drawn:

/1A path fromthe origin of the tree to

[/ each leaf is drawn

if (print)

System out. println("LastUsedPosition at Drawlree3=
+ | ast UsedPosi tion);

for(int i =0; i < lastUsedPosition; i = i+2)
{

// Addresses will be used as paths to be drawn

path = Record[i];

if (print)

Systemout.printin( i + " Path =" + path);

//Reinitialization
Di mensi on newCenter =
new Di mensi on(center.w dth, center. hei ght);
V = scal e * vertical Length;
[/ Path is interpreted
for(int j =0; j < path.length(); j++)
{
direction = path.charAt(j);
int X0 = newCenter .w dth;
int yO = newCenter . height;
int x1 = x0;
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int yi;
if (direction =="+") //go up
{

yl = y0 +V,
newCent er . hei ght = newCenter. hei ght + V,
}
else // if direction =="-" = go down
{
yl = yo -V
newCent er . hei ght = newCent er. hei ght - V,
} //End of if + else
/1 Draw vertical stroke
g2d. drawLi ne(x0, vertical Size -y0, x1,
vertical Si ze- yl);
/I Draw horizontal stroke
g2d. drawLi ne(x1, vertical Size - y1,
x1 + H, vertical Size - yl);
/I Move center
newCenter.w dth = newCenter.width + H ;
[/ Vertical stroke is divided in two
V = V/2;
/I xMax = left extrenme of the graphic
if (first)
if (xMax < x1 + H) xMax = x1 + H;

}/1End of for j
} [//End of for: nunberf Leaves

[1Systemout.println("xMax = " + xMax);
}

[1/Strings are drawn
private void drawStrings(G aphi cs2D g2d, Di nension center)
{

int counter = O;

//Seed is not drawn: we | ack one

/1g2d. drawSt ri ng(seed, x00, vertical Si ze - y00);

yCoordi nate[ counter] = vertical Size - y00;
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/'l count er ++;

/1Strings are drawn:

for(int i =0; i < lastUsedPosition; i =i+2)
{

/] Addresses wi ||l be used as paths to the pl aces
[/ where strings nmust be drawn

path = Record[i];

String s = Record[i +1];

//Reinitialization

Di mensi on target =

new Di mensi on(center.w dt h, center. hei ght);

V = scal e * vertical Length;

//Path is interpreted

for(int | =0; j < path.length(); j++)

{

direction = path.charAt(j);

if (direction =="+") //go up
target. hei ght = target. height + V;

else // if direction =="-" = go down

target. height = target. height - V;
target.width = target.width + H;
V = V/2;
}//End of for |
/[1String is drawn
g2d.drawString(s, target.width + 1,
vertical Size - target. height-1);
[ ly-coordi nates are recorded
yCoordi nat e[ counter] = vertical Size - target. height-4;
count er ++;

}
}

[/ Basic routine of the drawi ng procedure
private void drawBasi c( G aphi cs2D g2d)
{
g2d. set Col or (Col or.red);
| *
//Stemis drawn: our trees is artificially rooted.
g2d. drawLi ne(x00, vertical Si ze - yO00,
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x11, vertical Size - yll);
*/
sizeOF Tree(g2d);

[/target Tree i s drawn
decoder Lengt hs(target Tree) ;

[/ Absol ut e di stance fromthe associ ated di stance nmatri x
//of the tree

[/to target matrix i s eval uated

/1d = absDi stance( nunber O Leaves, targetMatri x, M;

associ atedMatri x(target Tree);

center = new Di nensi on(x11,y1l);
Dr awTr ee3(g2d, center);

center = new Di nensi on(x00, y00);
drawStrings(g2d, center);

first = fal se;

[/ best Tree i s drawn

decoder Lengt hs(target Tree) ;

/] Absol ute di stance fromthe associ ated di stance natri x
//of the tree

[/to target matrix i s eval uated

/1d = absDi stance( nunber O Leaves, targetMatrix, M;

associ atedMatri x( best Tree) ;
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center = new Di nensi on(xMax + 30,y11);

Dr awTr ee3(g2d, center);

center = new Di nensi on(

xMax - (int) ( scal exhorizontal Length) + 30, y00);
drawstrings(g2d, center);

}

/1 Graphical master : it is called automatically
[lat starting and by repaint()
prot ected voi d pai nt Conponent (G aphi cs g)
{
super . pai nt Component (g) ;
Gr aphi ¢s2D g2d = (G aphi cs2D) g;
[/ Font to draw strings
Font font = new Font("Arial", Font.PLAIN, 12);
g2d. set Font (font);
g2d. set Render i ngHi nt (Render i ngH nts. KEY_ANTI ALI ASI NG,
Renderi ngHi nts. VALUE_ANTI ALI AS_ON) ;
drawBasi c(g2d);

}

}//End of double inner class draw ngPane35

[ **
* Create the GUI and showit. For thread safety,
* this method should be invoked fromthe
* event - di spat chi ng thread.
*/

voi d creat eAndShowGU ()
{

[/ Create and set up the w ndow.

JFranme franme =

new JFrane(titl eFramne);
frame. set Def aul t Cl oseQper ati on(JFr ane. DI SPOSE_ON_CLOSE) ;
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/[l Create and set up the content pane.

/I Constructor of the main application is used.
JConponent newCont ent Pane = new DrawBi Treel5();
// content panes must be opaque

newCont ent Pane. set Opaque(true);

f rame. set Cont ent Pane( hewCont ent Pane) ;

/1 Di splay the w ndow.
frame. pack();
frame. setVisible(true);

}

}//End of inner class DrawBi Treelb

}//End of mmin class K45 EvoFul | 4
46 Exercise. Run the program and play with the code.

47 Exercise. Carefully verify the consistence of the output of the previpro-
gram. Ifitis not right, everything said here is garbage. Biittis right, our claims
gain confidence. To that aim take into account how to caleuthé distance to
target, which is the measure of error: perfect fitting implizero distance to tar-
get, and as the distance increases, the error increases.dEt@nce to target of
a tree is calculated as follows: each tree generates a digtanatrix from leaf to
leaf by adding up the lengths of links across the (shorteath from one leaf to
the other. So, we get two matrices(iTj) = the distance matrix associated to the
target tree, and B, j), the matrix associated to the best tree produced by the sim-
ulation. The distance from the best tree to target is the hitsalistance between
these two matrices Z|T(i, j) — B(i, j)|. Your task is to take the drawings of the
trees to reproduce T and B and the distance to target.

1.5 Conclusion

We are very proud of presenting at last a program that simsil@tolution to the
full to propose an approximate solution to the problem dhfite tree to a distance
matrix. Implemented evolution classifies as Lamarckiarabse it twists random-
ness to accelerate evolution: it artificially fabricatestation and recombination
methods whose products are viable with certainty.



Chapter 2

The Lamarck recursion

Systematically tw sting randommess to our profit

48 Introduction and purpose. We have composed in the previous chapter a
program that simulates evolution to the full to propose apragimate solution
to the problem of fitting a tree to a distance matrix. The immated type of
evolution is by its very conception Lamarckian: it twistedamness to make sure
the viability of mutants and of recombinants. In that waynitreases the rate
of evolution in comparison with Darwinian simulation of &umn that would be
plagued with inviability of the products of evolution (in avinian simulation of
evolution mutation and recombination happen directly omecoding strings and
they are at random according to a uniform distribution andtse great majority of
products would not encode for a tree). The program is needgts too inefficient
to be of interest. The causes of this are the following: ore leend, we face to
a combinatorial explosion and on the other the methods teig#a Lamarckian
mutations and recombinations together with those to adgasss are cumbersome
and lengthy. Now, we ask: is that all to evolution and coredyeto Lamarckian
evolution? To give a good battle against this question isparpose in this chapter.

2.1 Step one: selfexamination

When one finds that a Lamarckain simulation of evolution éfinient and wants
to improve its performance, the first step is to look in higtsi

Since Lamarckism is all about twisting of randomness, onstrine aware that
any twisting favors some specific line of future and disfavalt the others: is the
overall output positive or is it a hindrance? In this regar present and resolve
an important complaint against the form as we implementeddrakism in the
previous program.

221
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49 Redundancies vs. vacuums

The idea of mutation is to explore the world. In our case, thdahis the set of
topologies. When one faces to a combinatorial explosias nitandatory to visit as
many states as possible in the least possible time. Thisamilat all states must
have the same probability of being visited. What happenifisiting distribution
is not uniform? A bias is created that favor some problemsdisfdvor other ones.
More to the point, some problems may not be solved in any flajtee of time.
Because we want to create a tool to deal with every kind oflprob, no bias is
allowed.

Which is our case?

The mutation we have implemented causes faster mutaties cdtsubtrees
with recently added leaves. To see that, let us consider @gsoof generating a
tree: we begin with the tree ((A,B),C) and insert in ordevé=aD,E, and F. Once
the tree is formed, we generate a number between 1 and 3 pomndiag to the
number of leaves that must be deleted. The corresponditripdison is uniform.
But it is wrong to imagine that this means that leaves D,E andllFbe deleted
with equal probabilities. Instead, if 1 is generated, leafilF be deleted. If 2 is
generated, leaves F and E will be deleted. If 3 is generadasies F,E and D will
be deleted. So, leaf F will be deleted with certainty but [Eafill be deleted with
probability 2/3 and D with probability 1/3. Leaves A, B and €ver are removed.

We have proved that our procedure to mutate trees is loadddaniias due
to the order of listing leaves. Therefore, the algorithmfgnentially explores the
zone around the last added leaf. This is clearly a bonus whenvants to explore
states around that leaf. But it is an ache if we want to makemgsplorations.

At these considerations a possible solution springs: tdelgves in reverse or-
der or to permute them. While this is indeed a solution to ias problem another
trouble is created dealing with the redundant represemntat trees. Redundancy
refers to the following fact: the string ((A,B),C) repretethe very same tree than
(A,(B,C)) and ((B,A),C) and ((B,C),A). And the more leava® added the more
possible representations exist. Our procedure to generatation is free from
redundancies but creates a bias. Now, we suspect that @ragdy against afore-
mentioned bias gets prey of redundancies. Hence it wouldooe @ we have
various remedies to test. The next proposal looks intengsti

50 Deleting a leaf at random.
To fix ideas, let us consider the tree

(((Ab,Db)a,(Bc,Ec)a),Ca)
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This tree was created by adding to tree ((Aa,Ba), Ca) leavaadE in that
order. We know how to delete leaf E because it is the last we@dd'he same
procedure would work fine to directly delete leaf D. But olesuare not addressed
to delete leaf B. The reason is that our rules insert a newditdr the place of
insertion and their inverse also delete links after thatgl@ut leaf B has no other
leaf to its left. This means that we must devise new deletihest If we delete leaf
B, we must end with (((Ab,Db)a,Ea),Ca).

Our new rules are:
AntiRule 3 to delete leaf F
(FN,AN)I — > Al

AntiRule 4 to delete leaf F
(FN,(S)N)I — > (9)I.

We can include these new AntiRules for deleting random keawdehe new
programs.

51 The next code improves mutation: it allows to work with givetphabetic
order or with a reversed one, or with a permuted one. It alsdoals to delete
leaves in reversed order to that of insertion at the time oh#yesis else to delete
leaves in random order. Deleted leaves are then reinsertechadom.

[/ Program K51 TopoMut ati on3.

/1 This program generates a random bi nary tree topol ogy
/land produces a nutation, whose out put nust be

/la binary tree topol ogy over the sane set of |eaves.

/1At the beginning it is decided with which order to work:
/I normal, reversed or permuted.

[/ Next, a tree is synthesized

/land a nutation is nade.

Il

/1A mutation results fromdeleting

[la given nunber of | eaves

//to reinsert themanew in

[l other places chosen at random

/| Leaves can be deleted in reversed order of insertion
/lor at random
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//Seed tree, with three | eaves, is conserved.
[/l Exanmpl e in ordinary order ((Aa,Ba), Ca).

i mport java.util.Random

public class TopoMitation3
{

/1Link’s notation for topol ogies
private static String seed =
"((Aa, Ba), Ca)";

private static String | eaves =

" ABCDEFGHI J KL MNOPQRSTUWW\KYZ"

private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";

/I Next leaf to be grafted

private static int nextLeaflndex = 2;
/I Next internal node to be inserted
private static int nextlntNodel ndex = O;

// Nurmber of |eaves to be inserted to seed:
//to get a tree with 4 | eaves, add one leaf to seed
private static int nAdditional Leaves = 3;

[/ Nunber of | eaves to be deleted and reinserted
/[/to create a nutation

[/ mustbe | ess than nAdditi onal Leaves

private static int nUndoRedo = O;

[/ Leaves that remain in the topol ogy
private static String presentlLeaves = "ABC';
private static String present Nodes = "a";
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/I Founder | eaves ABC or equival ent cannot be renoved
private static String del etabl eLeaves = "";

/1 Del eted | eaves are then reinserted

private static String reinsertingLeaves = "";
private static String reinsertingNodes = "";

private static Randomr = new Random();

private static boolean printl = fal se;
private static boolean anti Rule4 = fal se;

[/ This is the original topol ogy:
private static String original ="";

[1String s ( a char) is deleted from not her

public static String delete(String s, String nother)
{

String output = "";

int | = nother.indexOf(s);

out put = not her. substring(0, 1)

+ not her. substring(l +1) ;

return output;

}

/1String |l eaves is reversed
public static String reverse(String | eaves)

{ nn

String reversed = :

int | =1leaves.length();

for(int i =1-1; i >=0; i--)

{

String c ="" + |eaves.charAt(i);
reversed = reversed + c;

}
if (printl)
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System out. println("Reverse order =" + reversed);
seed = "((Za,Ya), Xa)";

if (printl)

Systemout.println("seed = " + seed);

present Leaves = "ZYX";

return reversed;

}

[1String | eaves i s permuted
public static String pernmuteOrder(String | eaves)

{

if (printl)

System out.println("original and permuted order = \n"
+ | eaves);

String pernuted = "";

int | = leaves.length();

int m=1;

for(int i =0; i <1; i++)

{

int d =r.nextlnt(m ;

String ¢ = "" + | eaves.charAt(d);

| eaves = del ete(c, | eaves);

m=m1l;

pernuted = pernuted + c;

}

if (printl)

System out . printl n( permnut ed);

String first = "" + permnuted. charAt(0);

String second = "" + pernuted. charAt(1);

String third = "" + pernuted. charAt(2);

seed = "((" +first + "a," +second + "a)," +third + "a)";

if (printl)

Systemout.println("seed = " + seed);

presentLeaves = first + second + third,

return pernuted;

}

// Detect internal nodes, different than | eaves
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private static bool ean charl sl nternal Node(char c)
{

String s = + C;

i f (internal Nodes.contains(s)) return true;

el se return fal se;

}

/1 Sinmplification fromLink notation to Newi ck’s notati on:
I (((AJ,D3)1,Bl),C) -> (((AD,B),C

private static String sinplify(String newlree)

{

String tree = "";

/11ength of string newlree
int I = newlree.length();
for(int i =0; i <1I; i++)
{

/I newTree is scanned char by char
char ¢ = newlree.charAt(i);
/lls ¢ an internal node to be del eted?
i f (charlslnternal Node(c));

el se //add char ¢ to out put

tree = tree + c;
}

return tree;

}

/[/Rule 2 is used to generate a new tree:

I11(S)l -> ((S)N,FN) I .

/'S = subtree, I = internal node, F = new | eaf,

/I'N = new internal node.

/IRule 2 grafts new branch FNto link (S)I

{11 is the position of char | in string seedTree

private static String useRul e2(String seedTree, int i,
char F, char N)

{

String newlree = "";

char | = seedTree.charAt(i);

if (printl)

Systemout.printin("i =" +i +" 1 =" +1);

[/ Subtree S of link (S)I nust be read
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String S ="";

/] Counter of |eft seedhesis
int counter = O;

String pl ="" +"(";
String pr ="" + "),
//Position to be scanned
int position =i;

bool ean go = true;

/1A'l right seedheses to the near left of

whi | e (go)
{

position position -1;

| are captured

String a = "" + seedTree.charAt(position);

if (printl)
Systemout.printin("a=" +a + "
if (a.equal s(pr) )
{

count er ++;

S=a+ S
}
el se go = fal se;

}//End of while

if (printl)

p:

+ pr);

System out.println("counter = + counter);

/1 The conpl ete subtree is captured:
/| seedheses nust bal anced
while (counter > 0)

{

String a = "" + seedTree.charAt(position);

if (a.equal s(pr)) count er ++;
if (a.equals(pl)) counter--;
S=a+ S
if (printl)
Systemout.println("Subtree =" +
position = position -1;
}

[/ Repl acenent rule 2:

[1((S)n,Fn)i -> (9)

[ I where F are leaves, n and i are

S);

i nner

nodes,
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[1(S) is a conplex structure.
String SnFni = S +1;
String replacenent = (

+ F+ N ")" +1;
//Rule 1 is executed
newTree = seedTree.replace(SnFni, replacenent);

[11f 1 links to a conplex structure
return newlree;
}

[/l nput: seedTree, a tree in Newick’s notation.

[/ Qutput : newlree = seed tree + a new |link.

/1 The new link is added by a generative granmar.
/1A randomel ection is made anong all possibilities.
private static String generateChild(String seedTree)

{

next Leaf | ndex++;

char nextLeaf = | eaves. char At (nextLeafl ndex);

present Leaves = present Leaves + nextLeaf;

/I Next internal node to be inserted

next | nt Nodel ndex++;

char nextl nt Node = i nternal Nodes. char At ( next | nt Nodel ndex) ;
present Nodes = present Nodes + next | nt Node;

/1link to be replaced

String link ="";

/[1String link is replaced by what:
String replacenment = "";

/I new tree generated by repl acenent
String newlree = "";

/[/length of seed tree

int | = seedTree.length();

/I counter of links = 0;

int counter = O;

/'I'Li nks are counted

for(int i =0; i <1I; i++)

{

[/ seedTree is scanned char by char
char I = seedTree.charAt(i);
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//1s 1 an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter++;
}
[/Alink is chosen
int k = r.nextlnt(counter);
/1 System out. println("Random nunber =" + k);
/I new branch is grafted at k
counter = 0;

for(int i =0; i <1I; i++)
{

[/ seedTree is scanned char by char
char I = seedTree.charAt(i);

//1s | an internal node that denotes a replacenment?
if (charlslnternal Node(l))
{

if (counter == k) //1s | the chosen |ink?

{
/[ Check for the char before

char a = seedTree.charAt(i-1);

/11f 1 links to a conplex structure
if (a==")") newlree = useRul e2(seedTree, i,
next Leaf, nextl nt Node);
else //if I links to a leaf, use rule 1
{
[/Link to be repl aced
l[ink ="" + a + |;
/| Repl acement rule 1:
[lal -> (aN, FN)I; N= next | nt Node;
/| F = next Leaf
repl acenment = "(" + a + nextlntNode + ","

+ next Leaf + nextlntNode + ")" + I|;
//Rule 1 is executed
newlree = seedTree.replace(link, replacenent);
}
if (printl)
System out. println(newlree + " -> "
+ sinplify(newTree));
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}
count er ++;
}
}

return newlree;

}

[/1nput: seedTree, a tree in Newick’s notation.

[/ Qutput : newlree = seed tree + a new |link.

/1 The new link is added by a generative granmar.

/1A randomel ection is made anmong all possibilities.
private static String reinsertlLeaf (String seedTree)

{

next Leaf | ndex++;

char nextlLeaf = reinsertingLeaves. charAt(nextLeafl ndex);
present Leaves = present Leaves + nextLeaf;

/I Next internal node to be inserted

next | nt Nodel ndex++;

char nextlnt Node = reinsertingNodes. char At (next | nt Nodel ndex) ;
present Nodes = present Nodes + next | nt Node;

[1link to be replaced

String link ="";

[1String link is replaced by what:
String replacenent = "";

/I new tree generated by repl acenent
String newlree = "";

/[llength of seed tree

int | = seedTree.length();
//counter of links = 0;

int counter = O,

[/ Li nks are count ed

for(int i =0; i <|1; i++)

{
// seedTree i s scanned char by char
char | = seedTree.charAt(i);

//1s | an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter++;

}
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/1A link is chosen

int k = r.nextlnt(counter);

[ System out. println("Random nunber =" + Kk);
/! new branch is grafted at k

counter = O;

for(int i =0; i <|I; i++)
{

[/ seedTree is scanned char by char
char | = seedTree.charAt(i);

/11s | an internal node that denotes a replacenent?
if (charlslnternal Node(l))
{

if (counter == k) //Is | the chosen |ink?

{
// Check for the char before

char a = seedTree.charAt(i-1);

/11f 1 links to a conplex structure
if (a==")") newlree = useRul e2(seedTree, i,
next Leaf, nextl nt Node);
else //if | links to a leaf, use rule 1
{
//Link to be replaced
link ="" +a + I;
/| Repl acenment rule 1:
[lal -> (aN, FN)I; N= next | nt Node;
/I F = next Leaf
repl acement = "(" + a + nextlntNode + ","

+ next Leaf + nextlntNode + ")" + I|;
//Rule 1 is executed
newlree = seedTree.replace(link, replacenent);
}
if (printl)
System out. println(newlree + " ->"
+ sinmplify(newlree));

count er ++;
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}

return newlree;

}

/I Leaf F and node n conform |ink Fn and are del eted.
/I\We apply the antirul el:
[1(An,Fn)i -> Al
private static String antiRulel(String tree,
i nt positionLeaf, int positionNode)
{
if (printl)
Systemout.println("Anti Rul el");
i nt begi nl ndex = positionLeaf - 4;
i nt endl ndex = positionNode + 3;

String AnFni = tree.substring(beginl ndex, endl ndex);
if (printl)
Systemout.printin("Anfni =" + AnFni);
String Al = "" + tree.char At (begi nl ndex+1)
+ tree. char At (endl ndex-1);
if (printl)
Systemout.printin("A =" + A);
tree = tree.replace(AnFni, A);
if (printl)

Systemout.println("Qutput tree =\n" + tree);
return tree;

}

/I Leaf F appeared as an insertion into a conplex structure S.
/11t is deleted.

/I \We apply the antirul e2:

I1((S)n,Fn)i -> ()i

/I positionNode refers to the | ast appearing of node n
private static String antiRule2(String tree,

int positionLeaf, int positionNode)

{

if (printl)
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Systemout. println("Anti Rul e2");
[/ Leaf to be del eted

String leaf = "" + tree.charAt(positionLeaf);
if (printl)
Systemout.println("\nDeletion =" + | eaf);

/| Acconpanyi ng i nner node
String i nner Node = ""
+ tree. char At (positi onNode);

int firstPosition = tree.indexX (innerNode);
String newlree = "";
String i =""; //BUG?????
if (positionNode +2 < tree.length())

i = ""+ tree.char At (positionNode+2);

if (printl)

Systemout.println("FirstPosition =" +
firstPosition + " i =" +1i);

[/ Subtree S of link (S)lI must be read

String S="";

/! Counter of |eft seedhesis

int counter = 0;

String pl ="" + (",

String pr ="" + )",

[/l Position to be scanned

int position = firstPosition;

bool ean go = true;

/1A'l right seedheses to the near left of | are captured

whil e (go)
{
position = position -1;
String as = "" + tree.charAt(position);
if (printl)
Systemout.printin("a=" +as +" p =" + pr);
if (as.equals(pr) )
{
count er ++;
S =as + S
}

el se go = fal se;
}//End of while
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if (printl)

Systemout.println("counter =" + counter);

/1 The conpl ete subtree is captured:

/| seedheses nust bal anced

while (counter > 0)

{
String as = "" + tree.charAt(position);
if (as.equal s(pr)) count er ++;
if (as.equals(pl)) counter--;

S=as + S

if (printl)
Systemout.println("Subtree =" + S);
position = position -1;

}

String n = innerNode;

/| Repl acenent anti Rul e 2:

[1((S)n,Fn)i -> (9)i

//where A and F are leaves, n and i are inner nodes,
/[1(S) is a conplex structure.

String SnFni = "("+S +n+"," +leaf +n + ")" +i ;
String Si =S + i;

if (printl)

Systemout.println("\nSnFni =" + SnFni + "\n Si =" + Si);

//Rule 1 is executed

newlree = tree.replace(SnFni, Si);

if (printl)

Systemout.println("Qutput tree = \n" + newlree);
return newlr ee;

}

//Leaf F and node n conform |ink Fn and are del eted.
1\ apply antirul e3:
[1(Fn, An)i -> Al
private static String antiRule3(String topo,
int positionLeaf, int positionNode)
{
if (printl)
Systemout. println("Anti Rul e3"
+ "\'nlnput topology = \n" + topo);
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i nt begi nl ndex = positionLeaf - 1;

i nt endl ndex = positionNode + 6;

String FnAni = topo. substring(begi nl ndex, endl ndex);
if (printl)

Systemout. println("FnAni =" + FnAni);

String Al = "" + topo. char At (begi nl ndex+4)
+ topo. char At (endl ndex-1);

if (printl)

Systemout.printin("Ai =" + A);

topo = topo.replace(FnAni, A);

if (printl)

System out. println("Qutput topology = \n
return topo;

}

+ topo);

/'l Leaf F appeared as an insertion into a conplex structure S.
[lit is deleted.

[IWe apply antirul e4:

[T(Fn, (S)n)i -> ()i

private static String antiRule4(String tree,

int positionLeaf, int positionNode)

{

//Leaf to be del eted

nn

String leaf = + tree. char At (positionLeaf);

/| Acconpanyi ng i nner node
String i nner Node = ""
+ tree. char At (posi ti onNode);

if (printl)

System out. println("\nAnti Rul e4"

+ "\'nLeaf to be deleted =" + |eaf

+ " at position " + positionLeaf

+ "\ nAcconpanyi ng node = " + innerNode

+ " at first position " + positionNode);
/ I Second position of acconpanyi ng node
i nt positionNode2 = 0;
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int | =tree.length();
bool ean go = true;
[/tree is scanned char by char

for(int i = positionNode + 1; i < 1I; i++)
{

String c ="" + tree.charAt(i);

if (go)

{

if (c.equal s(innerNode))

{
posi ti onNode2 = i;

go = fal se;

if (printl)
System out . println(
"Second position of acconpanying node =" +
positionNode2 + " i =" +1i);
}
}
}

i nt begi nl ndex = positionLeaf - 1;
i nt endl ndex = positionNode2+2;
String i ="";
if (endlndex < tree.length())
i = ""+ tree.char At (endl ndex);

if (printl)
System out . println("Endl ndex = " +
endlndex + " i =" +1i);
String FnSni = tree.substring(beginl ndex, endl ndex) + i;
if (printl)
Systemout.println("FnSni =" + FnSni);
String S = tree. substring(begi nl ndex+4, endl ndex-2);
if (printl)

Systemout.printIn("S=" +9);
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String Si =S+ i;
if (printl)
Systemout.printin("Si =" + Si);

String newlree = tree.replace(FnSni, Si);
if (printl)
Systemout.printin("Qutput tree = \n

/] System exit(0);

return newlree;

}

+ newlr ee) ;

//The |l ast inserted l|leaf is deleted fromtree.
private static String del eteLastLeaf (String tree)

{

[/ Leaf to be del eted

String leaf = "" + | eaves. char At (next Leaf | ndex) ;

if (printl)

Systemout.println("\nLeaf to be deleted =" + |eaf);

/I Acconpanyi ng i nner node
String i nner Node = ""
+ i nt ernal Nodes. char At ( next I nt Nodel ndex) ;
if (printl)
System out. println("Acconmpanyi ng i nner node =
+ i nner Node) ;
/I new tree = output

String newlree = :
/[/length of tree as string

int | =tree.length();
//Last positions are found
int positionLeaf = -1;

i nt positionNode = -1;
/[/tree is scanned char by char

for(int i =0; i <|I; i++)
{
String ¢c ="" + tree.charAt(i);

if (c.equal s(leaf)) positionLeaf = i;
if (c.equal s(innerNode)) positionNode = i;
}
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if (printl)
Systemout.println("Position of " + |eaf +

= + positionLeaf);
if (printl)
Systemout.printin("Position of " + innerNode +
" =" + positionNode);

int firstPosition = tree.indexO (i nnerNode);
/I Check for the char before firstPosition
char a = tree.charAt(firstPosition - 1);
[11f 1 links to a conplex structure
if (a==")")

newlree = anti Rul e2(tree, positionLeaf, positionNode);

else //Apply anti Rul el for sinple cases

newlree = anti Rul el(tree, positionLeaf, positionNode);
next Leaf | ndex- - ;
next | nt Nodel ndex- -;
return newlree;

}

/1A randomleaf is deleted fromtree.

private static String del eteRandonieaf (String tree)
{

if (printl)

{
System out. println("\nMet hod del et eRandonieaf”
+ "\ntree =" + tree
+ "\ ndel et abl eLeaves = " + del et abl eLeaves);
}
int | = del etabl eLeaves. | ength();
int position =r.nextIint(l);
/I Leaf to be del eted
String leaf = "" + del et abl eLeaves. char At (position);
i nt nodel ndex = tree.indexO (leaf) + 1;
/| Acconmpanyi ng i nner node
String i nnerNode = ""

+ tree. char At (nodel ndex) ;

del et abl eLeaves = del et e(| eaf, del et abl eLeaves);
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present Leaves = del ete(l eaf, present Leaves);
reinsertingLeaves = reinsertingLeaves + | eaf;
rei nserti ngNodes = reinserti ngNodes + inner Node;

if (printl)
Systemout.println("\nLeaf to be deleted =" + |eaf
+ "\nReinserting |l eaves = " + reinsertingLeaves
+ "\ nAcconpanyi ng i nner node =" + i nner Node
+ "\ nRei nserting nodes = " + reinsertingNodes);

/! new tree = out put

String newlree = "";

/[/1ength of tree as string

| = tree.length();

[/ Last positions are found

int positionLeaf = tree.indexO(leaf);

i nt positionNode = positionLeaf + 1;

if (printl)
Systemout. println("Position of + leaf +
" =" + positionLeaf);

if (printl)
Systemout.println("Position of " + innerNode +
" =" + positionNode);

/1'Which set of deleting rules to apply:
/11 and 2 else 3 and 4?
String previousChar = "" + tree.charAt(positionLeaf-1);
if (previousChar.equals(",")) //Apply antiRules 1 and 2
{
if (printl)
Systemout.println("Apply antiRules 1 and 2");
int firstPosition = tree.indexX (innerNode);
[/ Check for the char before firstPosition
char a = tree.charAt(firstPosition - 1);
/11T 1 links to a conplex structure
if (a==")")
newlree = anti Rul e2(tree, positionLeaf, positionNode);
else //Apply antiRulel for sinple cases

newlree = anti Rul el(tree, positionLeaf, positionNode);
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next Leaf | ndex- - ;
next | nt Nodel ndex- - ;

}

else //Apply anti Rules 3 and 4
{

if (printl)

Systemout.printin("Apply anti Rules 3 and 4");

int firstPosition = tree.indexX (innerNode);

[/ Check for the char before firstPosition

char a = tree.charAt(firstPosition + 2);

/[11f 1 links to a conplex structure

if (a=="(")

newlree = anti Rul e4(tree, positionLeaf, positionNode);
else //Apply anti Rul e3 for sinple cases

newlree = anti Rul e3(tree, positionLeaf, positionNode);

next Leaf | ndex- - ;

next | nt Nodel ndex- - ;

}

if (printl)
Systemout.println("Tree after deletion" + newlree);
return newlree;

}

/I Mitation =
/I Random del eti ons are reinserted.
public static String mutationRandonDel eti on(
String tree, int nAdditional Leaves)
{
/] Somre | eaves are del eted: random order
if (printl)
Systemout. println("Sone | eaves are del eted AT RANDOM');
for(int i = 0; i < nUndoRedo; i++ )
{
[/ Last inserted | eaf is deleted.
tree = del et eRandonlieaf (tree);

}
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// Del eted | eaves are reinserted

next Leaf I ndex = -1;
next | nt Nodel ndex = -1;
if (printl)
Systemout.println("Deleted | eaves are reinserted");
for(int i = 0; i < nUndoRedo; i++ )
{
tree = reinsertlLeaf(tree);
}
return tree;
}
[/ Mut ati on:

//some | eaves are del eted and then reinserted
//in random order
/1 Del eting can happen in either of two ways:
/! Reversing the order of synthesis el se
//in random order
public static void nmutation(String topol ogy,
i nt nAddi ti onal Leaves)
{
|/ seedal 3 | eaves are not renoved
del et abl eLeaves = present Leaves. substring(3);
/I Number of |eaves to be deleted and then reinserted
i f (nAdditional Leaves == 1) nUndoRedo = 1;
el se
nUndoRedo = r. nextInt(nAdditional Leaves-1) + 1,
System out. println("\nNunber of |eaves to delete =
+ nUndoRedo) ;

n

[/ choose: random order el se reverse to that of synthesis
doubl e pReverseSynth = 0;
doubl e s = r. next Doubl e();
if (s < pReverseSynth)//Choose deletion in reversed order
{

/1 Some | eaves are del et ed:

/[l reversed order to that of synthesis.
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System out. println("Leaves are deleted " +
"in reverse order");
for(int i = 0; i < nUndoRedo; i++ )
{
//Last inserted | eaf is deleted.
t opol ogy = del et eLast Leaf (t opol ogy);
System out. println(topol ogy);
}
//del eted | eaves are reinserted
Systemout. println("\nDel eted | eaves are reinserted");

for(int i = 0; i < nUndoRedo; i++ )
{
t opol ogy = generat eChi |l d(t opol ogy);
}
}
el se

t opol ogy = nut ati onRandonDel eti on(t opol ogy, nUndoRedo);
/1 Qut put
String nutant = topol ogy;
Systemout. println("\nOriginal and nutant topol ogies = \n"
+ original + "\n" + mutant);
if (original.equals(mtant))
System out. println("Mitation made not hi ng");
el se
System out. println("\nMitation worked");

}

public static void main(String[] args)

{

/1 Are you going to work with the given order,
/la reverse one, or with a permutation?
doubl e pG venOrder = 0;

doubl e pReverseOrder = 0;

double a = pG venOrder + pReverseO der;
[l1nplicit: probability of permutation =

/11 - (pd venOder +pReverseOrder).

/1 Election is nade

doubl e s = r. next Doubl e();

if ( s < pGvenOder); //Do nothing = order is not changed
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elseif (s <a) | eaves = reverse(l eaves);

el se | eaves = permuteOrder (|l eaves);//pernute if s > a
/| Change of fornat

Systemout. println("seed topology = \n" + seed

+ " - + sinplify(seed));

/1 A topol ogy topol ogy is generated

String topology = seed;

for(int i = 0; i < nAdditional Leaves; i++ )
t opol ogy = generat eChi |l d(t opol ogy);
/1 This original topol ogy topology is next subject to nutation
origi nal = topol ogy;
nmut at i on(t opol ogy, nAdditi onal Leaves);
if (anti Rul e4)
System out. println("ANTI RULE 4");

}
}//End of main class K51 TopoMutation3

52 Exercise. Run the program and play with the code. Check the program for
correctness.

53 Challenge. Simplify the previous program. This is possible becausg, sa
two methods are almost identicagener at eChi l d(String seedTr ee)
andr ei nsertLeaf (String seedTree).

54 Exercise. The previous program generates a mutation in within the $et o
topologies. Convert it into a generator of mutations in witthe set of trees.
Answer

55 Exercise. The previous program generates a mutation by deleting kave
random to next reinserting them at a random place. Insed ptogram into a
new version of EvoFull. Try your new program out to see whethaot it has
improved performance in relation with the program in whickleting of leaves
was in reversed order to that of construction of trees. Thiéhdwuexpects that the
new program results as useless as the previous version.rieless, an expectant
doubt stings his mindAnswer

We have corrected a bias created by our procedure to gemaudiéat topolo-
gies. We feel that our soul rests in peace and moreover wersawgiovement in
performance. But the new program is as useless as its prsdecéVhat can we
do?
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2.2 Step two: examination of traps

Making our best, our program uses to get stagnated in an éippate solution
and cannot leave this trap to produce something better. UBecae are dealing
with optimization problems, we say that the program has lesgped in a local
optimum.

Now, every chaser examines what his trap captured. By the $aken, the
second and recurrent step of a Lamarckian program for spitimization prob-
lems is to study local optima to catch a regularity in ordelottk for the ensuing
solution. Let us illustrate with our problem how this furoets:

56 Example.

The next is a situation of a trapping in a local optimum fromeation 10000
to generation 60000, with 7 leaves and population size = 50:

BestTree =
((A:3.0a:5.0,((((B:1.0c:3.0,E:4.0c:3.0)e:6.0,G:6608)d:7.0,F:3.0d:7.0)b:9.0, D:6.0b:9.0)a:5.0),Ca8500)

target tree =
((A:3.0a:9.0,((((B:3.0c:1.0,E:6.0c:1.0)e:6.0,G:6608)d:8.0,F:3.0d:8.0)b:8.0, D:5.0h:8.0)a:9.0),Ca4900)

One immediately sees that the difference can be somehowiegdl by cou-
pling errors. To convince oneself of this, let us consider filllowing pairs of
lengths of links, the first pair from the best tree and the sédoom the target:

B:1.0c:3.0 and B:3.0c:1.0
E:4.0c:3.0 and E:6.0c:1.0
C:8.0a:5.0 and C:4.0a:9.0

In all cases we observe a very simple pattern: a leaf andagest inner node
are accompanied with lengths of links whose errors have sifgsign:

B:-c:+ and B:3.0c:1.0
E:-c:+ and E:6.0c:1.0
C:+a:- and C:4.0a:9.0

What is then the natural solution to get away from trapping?
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We fear that there is no natural solution. Instead, manygquoes may come
to the mind and only experimentation will say how good is each of them. Our
immediate proposal is to generate mutations in which a kersyaugmented or
diminished by one (if only that is possible: our lengths takedigit values, i.e. O,
1,...,9). These mutations are called tiny. By mere randesinerrelated mutations
might appear and solve the problem. So, we expect from tlisgolure to be of
great profit.

57 Implementation. The most important change to the code to implement tiny
mutations, which adds or subtracts one to the length of g fimilows.

/I Program K57 EvoFul | 6

| *

* W& i npl ement here

* a full fledged evol utionary process

* {0 propose an approximte solution to the probl em of
* fitting atree to a distance matri x.

* As a renedy against getting trapped in |ocal optim
* in program EvoFul | 5,

* we inplenment tiny nmutations,

* which consist in adding or subtracting

* one to the length of a link.

*/

/1 The Iength of a |ink can decrease or increase
/1 by one
private static void tinyMitations()
{
/I Mutation in length of links that connect |eaves
for(int k = 0; k < nunber O Leaves; k++)
{
doubl e g = r. next Doubl e();
if (q<m //mutate
{
doubl e f = r. next Doubl e();
if (f <m //mutate
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| engt hsLeaves[ k] = lengthsLeaves[k] + 1
el se
| engt hsLeaves[ k] = |l engt hsLeaves[k] - 1
if (lengthsLeaves[k] > 9) |engthsLeaves[k] = 9;
if (lengthsLeaves[k] < 0) |engthsLeaves[k] = 0;
}
}

[/ Mutation in length of |inks that connect inner nodes
for(int k = 0; k < nunber O Leaves-2; k++)
{
doubl e g = r. next Doubl e();
if (q<m //nmutate
{
doubl e f = r. next Doubl e();
if (f <m //mutate

| engt hsl nner Li nks[ k] = |l engt hslnnerLinks[k] + 1
el se
| engt hsl nner Li nks[ k] = |l engt hslnnerLinks[k] - 1
if (lengthslnnerLinks[k] > 9) |engthslnnerLinks[k] = 9;
i f (lengthslnnerLinks[k] < 0) IengthslnnerlLinks[k] = 0;
}
}
}

/I Lengt hs undergo mnutati on:
/] Choose tiny mutation (+/-1) el se
[/the old procedure.
private static void nutatelLengths()
{
doubl e f = r. next Doubl e();
if ( f < pTinyMutations ) //new procedure
{
tinyMiutations();
}

else //Ad procedure
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[/ Mutation in length of |inks that connect |eaves
for(int k = 0; k < nunber O Leaves; k++)
{
doubl e g = r. next Doubl e();
if (g <m //mutate
| engt hsLeaves[ k] = r.nextlnt(mxLength);

}

[/ Mutation in length of |inks that connect inner nodes
for(int k = 0; k < nunber O Leaves-2; k++)
{
doubl e g = r. next Doubl e();
if (q<m //nmutate
| engt hsl nner Li nks[ k] = r. nextlnt(nmaxLength);

}
}

58 Exercise. Run the previous program and play with the code. Play enough
to verify else reject the appreciation of the Author: the iidd of tiny mutations
causes an amazing improvement of performance: after 1066@rgtions under

50 individuals the original program diminishes the initiatror 5 times while the
program that includes tiny mutations diminishes it 10 timfssyway, for a problem
with 20 leaves the program behaves rather humbly: it canmecdly diminish the
error but needs too much time to advance.

59 Exercise. Study the next spontaneous claim: The beautiful resulttthgt
mutations remedy the problem of the previous program oifggtitapped into local
optima shows that the gradualism of Darwin is the very reasbaur existence.
Answer

60 Testing pure Darwinism plus tiny mutationsWe found that tiny mutations
accelerate our Lamarckian evolutionary simulation in itgegt for the optimum. It
seems now that it is a must to investigate what pure Darwimigimtiny mutations
can give of itself.
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The next program simulates pure Darwinian evolution toedhe problem of
fitting a tree to a distance matrix. The program relies onttimyations which must
be understood as changes of one char by another. The progchrdas a method
for testing whether or not a string correctly encodes forea.trA string that fails
is understood as an abort. The cost in aborts of each viainlg & reported. The
program halts when the first viable mutant is found. The maadifications are
included in the following exert:

[/ Program K60 EvoFul | 7

| *

* W i npl ement here

* a purely Darw nian nmutational process

* to propose an approxi mate solution to the probl em of
* fitting a tree to a distance matri x.

* Mutations are tiny and by this we understand
* random nut ati ons of a single char.

* |t is found that

* the usual output of nutation is an inviable string.
* The programfinds the first viable string and halts.
* The price ininviability is reported.

* The nethod that check for the viability of strings+

* was devel oped by trial and error.
* So, it may lack sonme rules to be discovered.

public class EvoFul | 7 extends JPanel
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[1/1nput = string s.
[/ Qutput = an al phabetically ordered Iist of the chars of s
/laccording to the given al phabet. Repetitions are forgotten.
[/ Exanpl e : BACDA -> ABCD
private static String reorder(String s, String al phabet)
{
String nmyLeaves = "";
int n = al phabet.length();
for(int j = 0; j < n; j++)
{
String ¢ = "" + al phabet.charAt(j);
if (s.contains(c))
nyLeaves = nylLeaves + c;
}
if (printh)
Systemout.println("Reorder " + s + " " + mylLeaves);
return nylLeaves;

}

/I Does string s encode for a tree?
private static boolean isTree(String s)
{
if (printh)
Systemout.println("String s =\n"+ s);
bool ean i sTree = true;
String numbers = "0123456789";

un

String actual Leaves = :

String actual Nodes = "";

String | eftParenthesis = "(";
String rightParenthesis = ")";

int counterParlLeft = O;

int counterParRi ght = 0;

int I =s.length();

String c ="";

[1String s is scanned char by char
//to get data

for(int i =0; i <||; 1++)
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{

c ="" + s.charAt(i);

if (leaves.contains(c))

act ual Leaves = actual Leaves + c;

i f (internal Nodes. contains(c))

act ual Nodes = actual Nodes + c;

if (leftParenthesis.contains(c) ) counterParLeft++;
if (rightParenthesis.contains(c) ) counterParRi ght++;

if (printh)
{
Systemout. println("Before reordering");
System out. println("presentLeaves |l ength ="
+ present Leaves. length());
System out. println("actual Leaves |ength "
+ actual Leaves.length());
System out. println("presentNodes length =
+ present Nodes. |l ength());
System out. println("actual Nodes |ength
+ actual Nodes. l ength());
System out. println("present Leaves =
+ present Leaves);
Systemout. println("actual Leaves with Rep ="
+ actual Leaves);
System out. printl n("present Nodes =" +
""+ present Nodes) ;
System out. println("actual Nodes with Rep ="
+ act ual Nodes);
System out. println("counterParLeft = "+ counterParlLeft);
System out. printl n("counter Par Ri ght ="
+ count er Par Ri ght);
ntl n(" nRi ght Par ent heses = "
+ nRi ght Par ent heses) ;

System out. pr
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actual Leaves = reorder(actual Leaves, |eaves);
act ual Nodes= reorder (act ual Nodes, internal Nodes);

if (presentlLeaves.|length() == actual Leaves.length());
el se isTree = fal se;
if (printh)
Systemout.println("isTree a = "+ isTree);

i f (present Nodes.|ength() == actual Nodes. | ength());
el se isTree = fal se;

if (printh)
Systemout.println("isTree b = "+ isTree);

if (printh)
{

Systemout.printin("After reordering");
System out. println("presentlLeaves | ength =
+ present Leaves. |l ength());

System out. println("actual Leaves |ength
+ actual Leaves.length());

Systemout. println("present Nodes |length =
+ present Nodes. I ength());

System out . println("actual Nodes |ength "
+ actual Nodes. | engt h());

System out. println("presentlLeaves = "+ presentLeaves);
System out. println("actual Leaves = "+ actual Leaves);
System out. println("present Nodes = "+ present Nodes);
System out . println("actual Nodes = "+ actual Nodes);

System out. println("counterParlLeft = "+ counterParlLeft);
Systemout. println("counterParR ght = "+ counterParRi ght);

System out . printl n("nRi ght Parent heses =
+ nRi ght Par ent heses) ;

/I Check for |eaves
if (actual Leaves. cont ent Equal s(present Leaves));
else isTree = fal se;
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if (printhb)
Systemout.printin("isTree 1 = "+ isTree);

/I Check for nodes

i f (actual Nodes. cont ai ns( present Nodes)) ;
el se isTree = fal se;

if (printh)

Systemout.printin("isTree 2 = "+ isTree);

/I Check for parentheses
i f (counterParR ght == nRi ght Par ent heses) ;
else isTree = fal se

if (printhb)
Systemout.printin("isTree 3 = "+ isTree);
i f (counterParlLeft == nRi ght Parent heses);

el se isTree = fal se;

if (printhb)
Systemout.printin("isTree 4 = "+ isTree);

/] Check for patterns

[1String s is scanned char by char
String colon = ":";
String dot =".";
String beforeLeaf = "(,";

/1A leaf cannot be the initial char
if (presentlLeaves.contains("" + s.charAt(0)))
isTree = fal se;

[/ Test for subpattern A:6.0a
for(int i =1; i <1-6; i++)
{

if (presentlLeaves.contains("" + s.charAt(i)))

{
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if ( beforeLeaf.contains("" + s.charAt(i-1)));
else isTree = fal se;
if ( colon.contentEqual s("" + s.charAt(i+1)));
else isTree = fal se

if (nunbers.contains("" + s.charAt(i+2)));
el se isTree = fal se;

if ((dot).contentEqual s("" + s.charAt(i+3)));

el se isTree = fal se;

if (("0").contentEqual s("" + s.charAt(i+4)));

el se isTree = fal se;

if (presentNodes.contains("" + s.charAt(i+5)));
el se isTree = fal se;

String node = "" + s.charAt(i+5);
if (printh)
Systemout.printin("leaf = "+ s.charAt(i)
+ " " + s.substring(i, i+6) +
" node = " + node
+ "\n isTree 5 = "+ isTree);
}
}

/1 A node cannot be the initial char
if (presentNodes.contains("" + s.charAt(0)))
isTree = fal se;

String beforeNode = "0)";

/] Test for subpattern a:7.0
for(int i =1; i <1-5; i++4)
{

if (presentNodes.contains("" + s.charAt(i)))

if ( beforeNode.contains("" + s.charAt(i-1)));
else isTree = fal se;
if ( colon.contentEqual s("" + s.charAt(i+1)));
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el se isTree = fal se;

i f (nunbers.contains("" + s.charAt(i+2)));

el se isTree = fal se;

if ((dot).contentEqual s("" + s.charAt(i+3)));
el se isTree = fal se;

if (("0").contentEqual s("" + s.charAt(i+4)));
el se isTree = fal se;

if ((",)").contains("" + s.charAt(i+5)));

el se isTree = fal se;

if (printh)
Systemout.printin("isTree 6 = "+ isTree);

[lif pattern )v( appears, a must be equal to ,

String target ="),(";

for(int i =0; i <1-3; i++4)

{
String thisChar = "" + s.charAt(i);
String thatChar = "" + s.charAt(i+2);
String u = s.substring(i, i+3);

if ( (thisChar.contentEquals(")") )
& (thatChar.contentEquals("(") ) )

{

if ( target.contentEqual s(u));
el se isTree = fal se;
if (printh)
Systemout.printin("u ="+ u);
}
}

if (printhb)
Systemout.printin("isTree 7 = "+ isTree);
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/I Node a nust appear tree tinmes but others only tw ce
for(int j = 0; j < presentNodes.|length(); j++)

{

String node = "" + present Nodes. charAt(j);
int counter = O;

for(int i =0; i < 1; i++)

if ( node.contentEqual s("" + s.charAt(i))) counter++;
i nt nust Have;
i f (node. cont ent Equal s("a") ) nust Have = 3;

el se nust Have = 2;
if (counter == nustHave );

el se isTree = fal se;

if (printhb)
Systemout.println(" node =" + node
+ "\n counter =" + counter
+ "\n nustHave = "+ nust Have);
}
if (printh)
Systemout.println("isTree 8 = "+ isTree);

return i sTree;

}

/I Char newChar replaces the synbol of tree
/lin the position given by place.
private static String replace(String tree,
int place, String newChar)
{
String mutant = tree.substring(0, place)
+ newChar + tree.substring(place+l);
return nutant;

}

[/ Tiny mutation = changes of a single char.
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/I Each place of tree can undergo nutation

/I Mutants are checked for correct encoding of a tree.
/1l nviable strings = aborts. The nunber of aborts is
/Ireported before a viable string appears.

private static String nmutateTree(String tree)

{

String nutantTree = tree;

/1test
| *
if (isTree(targetTree))
{
Systemout.printin("targetTree is tree");
System exit(0);
}
el se
{
Systemout.println("targetTree = \n" + targetTree +
" is not tree");
System exit (0);
}
*/

i nt nunber & Aborts = 0O;

bool ean inviable = true;

int | =tree.length();

String conpl et eAl phabet = present Leaves + present Nodes +
"0123456789" + "():,";

int n = conpl et eAl phabet.length();

int i =0;

[/ This loop finds a viable nmutant string,
//one that encodes for a tree.

while ( inviable)

{
mut ant Tree = tree;
/[l Each place in s may undergo nutation
for(int place = 0; place < |; place++)
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/I Repl acenent char from conpl et eAl phabet
i = r.nextlnt(n);

String newChar = "" + conpl et eAl phabet. charAt (i);
double t = r.next Doubl e();
if (t <m
nmut ant Tree = repl ace(nut ant Tree, pl ace, newChar);
}
if (print6)

Systemout.printin( " Oiginal tree =\n" + tree
+ "\'nMutant Tree = \n" + nutant Tree);

[/ mutant Tree = targetTree; //test

[l 1f a mutant string is found that correctly
/lrepresents a tree, the program
if ( (isTree(mutantTree)) & (! (nutantTree.contentEqual s(tree)) ) )
{
i nviable = fal se;
if (printé6)
Systemout.println("A VI ABLE MUTANT HAS BEEN FOUND \ n"
+ " Oiginal tree = \n" + tree
+ "\nMutant Tree = \n" + nmutant Tree);
System exit (0);

}

el se

{
nunber & Abor t s++;

}

if (print6)
System out. println("Nunber of aborts =
+ nunber O Aborts);

"

}//End of while
return nmutant Tr ee;

}
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61 Exercise. Run the program and play with the code. Play enough to agree
else disagree with the appreciation of the Author: Darwimimy mutations can
produce a change in lengths of links and nothing else, inipaler no change of
topology.

62 Exercise. Add to the previous program the appropriate methods to enabl
Darwinian recombination, i.e., recombination of stringstheut worries about
meanings. Use the resulting program to study the propesitiDarwinism is a
reliable approach for attacking the program of fitting a treea distance matrix.
Answer

63 Exercise. The previous program simulates almost pure Darwinism tachtt
the problem of fitting a tree to a distance matrix. Much ase&hrwinism, this
program assumes that evolution goes on top of a highly dpedidorm of pre-
existing life. So, the program initializes with the synthes of a population of
strings that perfectly encodes for a tree. How this is done ingplemented by the
Author using a grammar and with no recursion to Darwinian letion. By con-
trast, every scientist in modern days believes that therapian of pre-existent
life can be dispensed because protolife can spontaneopgigaa because of the
tendency of matter to get organized when it is allowed toldntself under ap-
propriate conditions. This includes in every case the ®sithof original strings
with a lot of information. To check the spontaneous appegoithat information
by mere randomness, add to previous previous program thahplity to synthe-
size the string that encodes for a tree by mere randomnegsrRae cost of that
operation as a function of the number of leavAsswer

64 Challenge. The idea of evolution is that a complex object might be thaltres
of gathering (possibly small) random modifications of a badiject that appeared
by mere randomness. Adapt the previous program to testdleat itake as basic
object a tree with 3 leaves, say, ((Aa,Ba),Ca) and then addaan modifications
to next check whether or not the resultant string is a treé witeaves. And so on.
One can consider various setting for selection. For instarane can reward only
perfect outputs else one can define tree-ness as a gradeityqoiah string. For
instance, one may define that string ((Aa,Ba),)Ca) is alradgte. And so on for
ever and ever.
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2.3 Step three: examination of new traps...

Our problem is to fit a tree to a distance matrix. We have witedghat as Dar-
winian as Lamarckian evolutions fall short of power to sobte problem over a
desktop. In regard with Lamarckism, this is not a verdict duthallenge: find
suitable hints that could help evolution to faster produsdividuals better fitted
to the environment or target function. Curiously enougle itdtea of gathering
small change, fundamental in Darwinism, functioned as athiat enlivened our
research. Nevertheless, our efforts also were insuffit@ebattle the complexity
of the problem and the program falls in stagnation.
Concretely, we have found two types of regularities of lamatima at which

program K57 EvoFull6 that incorporates tiny mutations géaginated. The firstis
evidenced here:

Best topology =
(((AQ,(((B,H,F),E)),(CD)
Tar get Topol ogy =
(((AQ,.(((B,F).,H,.E)).(CD)

The remedy is just to incorporate random swapping of leafasther case is
represented by the following output:

Best topology =
(((AF),B),((CH,((DE),Q))
Tar get Topol ogy =
(((AF),B),(C(((DE),G,H))

Let us notice that the subtopology ((A,F),B) is correct thattsubtopology
(C,(((D,E),G),H)) is wrong. Swapping leaves helps nothilmgtead, two types of
mutations might help: re-structuring of randomly chosdntepologies and recon-
struction of a complete topology around a conserved suligpoWe restructure
small subtopologies but reconstruct the complement oélatdtopologies.

Now, in regard with lengths the next case shows a local optimu

Best Tree =
((B:5.0b:7.0,D:0.0b:7.0)...)
target tree =
((B:6.0b:6.0,D:1.0b:6.0)...)

Comparing the substrings B:5.0b:7.0 of the best tree andB:®.0 of the tar-
get tree we decided to incorporate in one previous prognaymtutations, changes
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by +1. Target tree would be recovered if by mere randomness triorfate mu-
tations compensate one another. This is plainly possildesarwe found that tiny
mutations accelerated evolution. Nevertheless, we campocate as a Lamarck-
ian hint the possibility to make correlated mutations inia pelengths of the form
(+1,+£1).

65 Code with various Lamarckian hints. The program incorporates into
program K57 EvoFull6 the following operations: swappingleaves, restruc-
turing of the complement to subtopologies, and correlatey tutations of the
form (+1,4+1). The next exert shows how the restructuring of the compienfe
subtopologies was composed:

/I Program K65 Evol Ful | 10

| *

* W& inpl ement here

a full fledged evolutionary process

* {0 propose an approximate solution to the probl em of
* fitting atree to a distance matri x.

*

* This code incorporates into

* program K57 EvoFull 6 the foll ow ng operations:

* swappi ng of |eaves, restructuring of subtopol ogies
* and correlated tiny double nutations of the form
* (+/-1, +/-1).

/I The conpl enent of a chosen at random subt opol ogy
/[/is restructured
public static String
t opConpl enent Reestructuring(String topol ogy)

{

if (print?7)
System out. println( "\ nMvet hod subt opReestructuring”
+ "\'nTopol ogy = \n" + topol ogy);

/| Dat a about topol ogy

[/ Leaves and nodes in topol ogy

int | Top = topology.length();
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String | eavesOf Topol =
String nodesOf Topol = "";
String ¢c = "";
/I Number of right parenthesis
nRi ght Par ent heses = 0;
String rightPar = ")";
for(int j =0; j < |Top; j++)
{
c = + topol ogy.charAt (j);
if (leaves.contains(c))
| eavesOf Topol = | eavesOf Topol + c;
i f (internal Nodes. contains(c))
nodesOf Topol = nodesOf Topol + c;
if ( c.contentEqual s(rightPar)) nRi ght Parent heses++;

}

un

/1 A subtopol ogy i s chosen
/11t will remain untouched while its
// conpl ement is restructured
String newTopology = "";
String[] subtop = new String[counter Subtop];
subt op = subt opol ogi es(t opol ogy);
int i;
if (counterSubtop > 1)
i = r.nextlnt(counterSubtop-1) + 1;
i =1;
String subTop = subtop[i];
if (print?7)
System out. println("\nChosen subtopol ogy = \n" + subTop);

int | = subTop.length();

nn

String | eavesOf SubTop = ;
String nodesOf SubTop = "";
bool ean hasA= f al se;

bool ean hasB = fal se;

bool ean hasC fal se;

//String subTop is scanned char by char
[/to get information
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for(int j =0; j <|,; j++)
{
c = "" + subTop.charAt(j);
if (leaves.contains(c))
| eavesOX SubTop = | eavesOf SubTop + c;
i f (internal Nodes. contains(c))
nodesOf SubTop = nodesOf SubTop + c;
if (c.contentEqual s("A")) hasA = true;
if (c.contentEquals("B")) hasB = true;
if (c.contentEquals("C')) hasC = true;
}
[/ How many tines does a appear in nodesOf SubTop?
i nt howvanya = 0;
for(int j = 0; j < nodesOf SubTop.length(); j++)
{
c ="" + nodesOf SubTop. char At (j);
if (c.contentEqual s("a"))
howivanya++;
}

int nl eavesOf SubTop = | eavesOF SubTop. | engt h() ;
/1A'l 1arge subtopologies are marked with 4
if (nleavesO SubTop > 3) nl eavesO SubTop = 4;

if (print7)
System out. println("\nnl eavesOf SubTop = "
+ nl eavesO SubTop) ;
String newSubTop = "";
/I Restruc. of conplenent of |arge subtopol ogies

/I Lacki ng | eaves and nodes of subTop

String | acki ngLeaves = | eavesOf Topol ;
| = leavesOf Topol . I engt h();
for(int j =0; j <1; j++)
{
c ="" + leavesO Topol . charAt(j);

i f (subTop. contains(c))
| acki ngLeaves = | acki ngLeaves.replace(c, "");
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String | acki ngNodes = nodesOf Topol ;
| = nodesOf Topol . I engt h();

for(int | =0; j <1; j++)

{

c = + nodesOf Topol . char At (j);
if (subTop.contains(c))
| acki ngNodes = | acki ngNodes. repl ace(c, "");
}
| acki ngLeaves = reorder (Il acki ngLeaves, |eaves);
| acki ngNodes = reorder (| acki ngNodes, i nternal Nodes);

if (print?7)
System out. println("Case | arge subTop”
+ "\ nl eavesOf SubTop =" + | eavesO SubTop
+ "\ nnodesOf SubTop = " + nodesOf SubTop
+ "\'nl eavesO Topol = " + | eavesOf Topo
+ "\'nlacking |l eaves in order = " + |ackinglLeaves
+ "\'nl acki ng nodes in order=" + | acki ngNodes);

/1 Qur restructuring nmethod needs nore than
/12 lacking | eaves
if ((lackingLeaves.length() < 2)
|| (lackingNodes.|length() < 1))
{
newSubTop = subTop; // Do not hi ng
newTopol ogy = topol ogy;
}

el se // Rearrange the conpl enent of subTop
{
/| Conpose a topology with
/ /'l acki ngLeaves and subTop
[ /but touch not subtop. To that aim
/lreplace it by the synbol ?
/[land | ater restore it back to subtop:

[l Step 1. a basic topology is built.
//Begin with ((A B),C and
[lreplace A or Bor Chby ? appropriately.
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String basicTopology = "";

/11f subTop has A
i f (hasA)
{
if (( (hasA) & (!(hasB))) & (!(hasC))) //Has only A
{
if (howvanya == 0) //Has no a
basi cTopol ogy = "((?a,Ba), Ca)";
if (howManya == 1) //Has one a
basi cTopology = "((?, Ba),Ca)";

}
if ((hasB) & (!(hasC))) //has A and B
{
basi cTopology = "(?,Ca)";
}

}
[11f subTop has only B

if (( (hasB) & (!(hasA))) & (!(hasQ)))
{
if (howManya == 0) //Has no a
basi cTopol ogy = "((Aa, ?a),Ca)";
if (howvanya == 1) //has A and B
basi cTopol ogy = "((Aa,?),Ca)";
}

/11f subTop has only C
if (( (hasC) & (!(hasA))) & (!(hasB)))
{
if (howManya == 0) //Has no a
basi cTopol ogy = "((Aa, Ba), ?a)";
if (howvanya == 1) //has a
basi cTopol ogy = "((Aa,Ba),?)";
}

/11f subtop has no A, no B, no C
if (( ('(hasQ) & (!(hasA))) & (!(hasB)))
{

[/ Add ? as a new "l eaf"
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| acki ngLeaves = | acki ngLeaves + "7?";
}
| acki ngLeaves = | acki ngLeaves.replace("A", "");
| acki ngLeaves = | acki ngLeaves.replace("B", "");
| acki ngLeaves = | acki ngLeaves.replace("C', "");

| acki ngNodes = | acki ngNodes. repl ace("a","");

/I Basi c topol ogy i s done. Now.

/llnsert |acking | eaves (but do not touch subTop)

newSubTop = basi cTopol ogy;

whil e(! (I acki ngLeaves. content Equal s("")))

{
if (print7)
System out. println("\nnewSubTop e = " + newSubTop
+ "\ nlacking leaves =" + | ackinglLeaves
+ "\'nl acki ng nodes = " + | acki ngNodes);

String leaf = "" + | acki ngLeaves. char At (0);
String node = "" + | acki ngNodes. char At (0);
newSubTop = insertLink(newSubTop, |eaf, node );
| acki ngLeaves = | acki ngLeaves. substring(1l);
| acki ngNodes = | acki ngNodes. substring(1);

}

/| Restore subTop
newTopol ogy = newSubTop. repl ace("?", subTop);

if (print7)
Systemout. println("\nnewSubTop f =" + newSubTop);
}

if (print7)
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{
Systemout.println("\n Topol ogy = " + topol ogy
+ " \'nCounter of SubTops = " + counter Subtop
+ " \ni =" 4+
+ "\ nChosen subtopology = " + subTop
+ "\'nl eavesOf SubTop = " + | eavesOf SubTop
+ "\ nnodesOF SubTop = " + nodesOF SubTop
+ "\'n NewSubTopol ogy = " + newSubTop
+ "\'n New topology = " + newlopol ogy);
}

/] System exit(0);
return newflopol ogy;

}

}//End of mamin class K65 Evol Ful | 10

66 Exercise. Run the program and play with the code. Play enough to accept
else refute the appreciation of the Author: this progranresents no improvement
over its predecessors. On the other hand, code is heapingreipamd over and
this causes that the capability to judge about its correstnis weakened if not lost.
So, carefully revise final drawings with 5 leaves to test thattually solves the
problem.

2.4 Step four: examination of new traps...

We have battled with complexity and we have shown that oneysdwan gain
some terrain. But no one knows how hard is that battle unless Ishe comes to
the battlefield:

67 Challenge. Give a new round to the the Lamarckian recursion to hint evolu
tion. You must look directly into the structure of local omi to propose a method
to exit them. Additionally, you might investigate the dftéintroducing restructur-
ing of subtopologies. We already have incorporated restmireg of whole topolo-
gies and restructuring of the complement of topologies but we wonder at the
possible benefits of restructuring of subtopologies. Towtt
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68 Challenge. The three rounds just given by the Author to the Lamarckian
recursion caused him to suffer a lot. Why? That was becausal@ new modifi-
cations became harder and harder. This is a generalizegsbnof software devel-
opment for complex problems and it is the blind alley of nonhable software.
Experts consider that that alley is the final state of ineigpand only of inexperts.

If you accept their dictum as a challenge, reorganize theipres code to make it
more evolvable, modifiable. You might, say, notice thatetiea lot of repeated
code in various methods. So, large pieces of code might lodrated in such

a way as to minimize repetitions and to gain combinatorialvpp which is a key
point of evolution.

69 Challenge. Show else refute the next suspicion of the Author in regatitutive
problem of fitting a tree to a distance matrix: there is a chafrhints of evolution
that produces an increasing improvement in performancesbah that any finite
subset is useless to attacking a problem with a number oéteanfficiently large.
An example of that chain is the ordered set of correlated timgom mutations of
the lengths of links given by

+1
(£1,+1)
(£1,+1,41)

(£1,+1,...,%1,...).

We have seen that the single mutatianl) together with double correlated
mutation(£1,+1) are very good accelerators. But the problem is that if one-aug
ments the number of leaves, these hints are of no help.

70 Challenge. Refine program K6 EvolFull10 that it could accept trees with
thousand of leaves and improve the drawing facility that cere visualize so large
trees. The program must run with trees with 30 leaves or sgeciLeaves were
denoted in our previous programs with upper case letterdenihner nodes with
lower case letters. Think of the corresponding notationaurtis new setting. On
the other hand, one letter notation is good for simulatiolgt for the study of
data of natural populations, leaves correspond with spetiat come with their
own names. How would you deal with that? In regard with sirtioig the next
program reminds us that Java have letters by thousands.
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71 The chars of Java

/I Program K71 al phabets

[/ This programprints the chars of Java
/I correspondi ng to many al phabets
public class al phabets

{
public static void main(String[] args)
{
for(int i=0;i<=5000;i++)
Systemout.printin(i +" " + (char)i);
}
}

72 Challenge. We have too many parameters: population size, recombimatio
rate, and we have various mechanisms for mutation that catobgolled by spe-
cific mutation rates, not all of which have been explicitlgldeed. By giving dif-
ferent assignations to these parameters, prove that thimeance is variable as
a function of their values. This means that we have anotheémigation problem:
to finely tune the dynamic setting of parameters. This newl@no might also be
solved by evolution. Would someone give a try? A questienthils suggest that
supercomputing is the ordinary world for the study of eviolut This is one more
reason to think of the EvolJava grid. Nevertheless, supaprding may refer not
to machines but to brains: because developing problems ateassh, we need
great expertise in programming. So, it is not excluded tlmat, Yfollowing your
intuition, could render assignations of parameters in sactvay as to produce
marvelous results.

2.5 Conclusion

By working over the problem of fitting a tree to a distance matve have illus-
trated a methodology to improve the performance of genddimrithms which are
simulations of evolution to solve optimization problemsheTmethod consists in
recursive rounds of studying the structure of local optimarbpose hints to pass
to a better local optimum. In general, hints twist randorsni@g making more
probable those changes that enable and/or acceleratdiemoltihis is our vision
of Lamarckism. The next is an example of a hint that is spetifiour problem:
correlated mutations of the form (+/-1, +/-1). This mearet the choose at ran-
dom a link, add one to its lengths and subtract one from thgtteof the link of the
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accompanying node. According to our experience, the tasintihg evolution is
extremely cumbersome while improvements might be poor.



Chapter 3

Why is the tree problem so
difficult?

So much work to get so feeble results

73 Introduction. We have been using evolution to propose an approximate so-
lution to the problem of fitting a tree to a distance matrix. i@aian evolution
seems very ineffective to deal with this problem. Neverfiselwe have armed
evolution with what we thought were powerful hints and weedndith program
K65 EvolFull10 that exemplifies Lamarckian evolution. Thangof our work and
the misery of evolution are revealed by a typical experiméné program was
launched 4 times with an input matrix with six entries to bedity a tree with 6
leaves. After five hours of running in a desktop at 4 Gigahentk 150000 genera-
tions of evolution, two launches ended with an approximatetiosn with an error
of two and with the correct topology, another with an error8aéind another with
an error of 12. The last two launches were not able of findirgdbrrect topology.
The error of the initial population that was synthesizedaidom was in all cases
around 180. If one rises the number of leaves to 20, the progran lower the
initial error to a half after running an hour but the best fadimopology just has
tiny coincidences with the target one.

This experience has been highly traumatic to me: | expectad from evolu-
tion. The trauma is the following: A year ago | imagined Eviolo as an automatic
procedure to perfect an incipient good idea. So, | was opered to the possibil-
ity that evolution could build thousands of species begigrifom, say, a protobird
that was created by God. But now, | know that evolution carigegigood ideas
that solve complex problems to the level of mediocrity orbeayp to acceptable
solutions but not to the perfection | see in living beings, ISom now completely
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reticent against cheap evolutionism: if someone wants nredpect his or her
ideas in regard with the evolution of species, he or she nusbit as field obser-
vations as laboratory work that shows the nature of sexualiéa together with

the probability of retro-mutation that erases those basieExample in that direc-
tion: Grand and Grant (2014). Information of this sort withew that the notion
of species based on sexual barriers is futile, just enoughadke believe that the
Evolutionary Theory has scientific confirmation.

We see that the Author has converted a personal experietaca world vision
that allows him to deprecate the work of thousands of s@Entiuring 160 years.
Is that right?

74 Objective. We will propose a characterization of the type of complepig-
sessed by the problem of fitting a tree to a distance matrixexb argue that extant
life is pervaded in that type of complexity. Hence, we feth@ized to claim that
as evolution is powerless to attack our fitting problem, de fitowerless to cause
deep changes in the genetics of life. Nevertheless, ewolain modify superfi-
cial characters, such as those that are responsible for tiwra of some types of
sexual barriers and speciation.

3.1 Our proposal

Why is the problem of fitting a tree to a distance matrix so ditfi for evolution
even when this has been powerfully hinted? The explanat®offer is very sim-
ple:

75 Every change has many side effects, some good other bad.

Let us consider that we have found the correct topology aativile are busy
trying to finely tune lengths of links and that we got trappedilocal minimum.
The great frustration is that seemingly there is nothingdalbne because every
modification of the length of anyone link causes that evesyatice between every
pair of leaves is automatically changed and the error als@@ses.

76 Example. Let us consider that we are trying to find the best fitting tiee t
the target matrix given below and that we already have folmedcbrrect topology
(((A,D),B),(C,E)). Our present situation is given by:



3.1. OUR PROPOSAL 273

Figure 3.0. Our tree:
(((A:6.0c:3.0,D:1.0c:3.0)a:2.0,B:7.0a:2.0),(C:8.@0,E.0.0b:8.0)a:2.0).

It happens that this tree differs from the optimal solutignjisst one change:
the link associated to C has length 8 but it must be 10. Ourrproglescribes the
situation as follows:

Target tree =
(((A:6.0b:3.0,D:1.0b:3.0)a:7.0,B:7.0a:7.0),(C.9.0c:2.0,E1.0c:2.0)a:7.0)
Best tree =
(((A:6.0c:3.0,D:1.0c:3.0)a:2.0,B:7.0a:2.0),(C.8.0b:8.0,E:0.0b:8.0)a: 2. 0)
Di stance to target = 2.0

Best distance at initialization = 36

)

Di stance matri x associ ated to best tree
A B C D E

A 0.0 16.0 27.0 7.0 19.0
B16.0 0.0 25.0 11.0 17.0
C27.0 25.0 0.0 22.0 8.0
D 7.0 11.0 22.0 0.0 14.0
E 19.0 17.0 8.0 14.0 0.0

Target distance matrix

B C D E
0 16.0 27.0 7.0 19.0
0 0.0 25.0 11.0 17.0
0 25.0 0.0 22.0 10.0
0 11.0 22.0 0.0 14.0
0 17.0 10.0 14.0 0.0
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One might naively think that the obvious solution is to chattte length of link
C from 8 to 10. This will indeed remedy the problem with theaige between C
and E. But the price we must pay is that all other distancelscivdnge. Say, the
distance between A and C will change from 27 to 29. And so oanyetlistance
will suffer a change. This implies that every single charig, as it could be, will
cause the error to increase.

3.2 Relation with genetics

The observed phenomenon in which anyone change has mangffadeis also
present in genetics where it has been well studied:

Pleiotropy = pleio (more) + tropos (turn) is the effect of a single gene on
more than one characteristic. We see that, in the problenttoigfia tree to a
distance matrix, lengths of links function as genes andgdcgs in within pair of
leaves as characters: a change in any gene produces a chawggyicharacter. An
example in genetics is the "frizzle-trait” in chickens: thgene is directly respon-
sible for the observed curled feathers that give fouls a werg appearance. But
besides, this gene also caused the fowl to have abnormalteogheratures, higher
metabolic and blood flow rates, and greater digestive cgpasb, we see that a
change in this gene causes both good and bad side effectvemnsedicharacters
(Lobo, 2008).

77 Example in medical genetics: PKU = phenylketonuria. Thisaxple and
others below were documented mainly from Wikipedia.

If phenylalanine is found in the urine, one suffers from PKWiis is a terri-
ble disease for children, whose mechanisms is as follows. Haalthy organism,
phenylalanine is converted into tyrosine by the enzyme ylaganine hydroxylase.
If a mutation in the corresponding gene causes a defectizyne: phenylalanine
accumulates in the bloodstream and attacks directly theonersystem. So, a
child that suffers from PKU has mental retardation. Moreptlee nervous sys-
tems marshals part of the ontogeny, the development of getwre. So, if the
developing nervous system is defective, most surely theocal development will
be also defective. This might explain why the ill child suff@bnormalities in the
articulations, and so gait and posture are not the normal.d@e the other hand,
tyrosine is used by the body to make melanin, the pigmentgivas a obscure
brown color to the skin. If tyrosine is lacked, skin and haindack pigmentation.
Tyrosine has various roles in the organism: it is used as@pser of thyroxine,
dopamine and norepinephrine. Thus, a child with PKU alsaehdscrine troubles.
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If a child with PKU survives, the mutation in the enzyme pHafgnine hy-
droxylase is not that severe and so it produces some levglasfibhe. The problem
is then how to avoid an excess of phenylalanine. It happeatsthis amino acid
comes in the food and one can observe specialized diet arttegkthy children.
The ill child cannot take milk, cheese or peanuts.

78 Exercise. Make your best to prove that life is pervaded in extreme pigy
and that therefore evolution is impotent to cause severagdsto the structure of
extant life. Relate pleitropy with the would-be evolutighappearing of species
and with their ecstasy. You can compare your answer with thatsappears in the
next chapter.

3.3 Conclusion

We have armed evolution with a varied series of hints but ayy#was incapable
of dealing with the problem of fitting a tree to a distance iwator a number
of leaves beyond 5. Upon examination, our problem resulbeldet difficult for
evolution because it is an extreme case of pleitropy thatiteesvhen every gene
affects every observable character. The lengths of linkstiee functions as genes
and the distances between pair of leaves as characterstopjeimeans that if
one changes the length of whatever link, all distances ahaRtgitropy has been
abundantly documented in genetics, so the failure of elriub attack pleitropy
has anti-evolutionary implications.
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Chapter 4

Evolution vs. pleitropy

We have witnessed in this volume that as a child that plays avitlastic shovel

to attack a basalt mountain, so is evolution trying to sole problem of fitting

a tree to a distance matrix. It is argued that this fitting perin and that of the
evolutionary origin of species must solve the very samediffi massive and
pervasive pleitropy that happens when products use to have moles. In spite of
our failure, we found that it is sound to suggest that the iariaf species could be
linked to evolution. Nevertheless, the Evolutionary Theadrthe origin of species
is obviously false: evolution under pleiotropy predictsuyd amount of mediocre
solutions as in the fossil record as in extant populations rmthing like that is

found in nature. In fact, extant life is filled in perfectiaorh the Precambrian to
our days.

4.1 Introduction and purpose

Our aim in these last two volumes has been to challenge emolwith the problem
of fitting a tree to a distance matrix. Of all possible probdethis is the one and
only that for our honor we must solve with the exclusive usewiution: this is
the problem that best incarnates evolution. In fact, eimuand the tree of life
associated to a matrix of some sort of genetic distancesmseparable.

We used as test a distance matrix that was derived from aricee@demanded
from the program to output the tree with which we began.

We tried out in Volume X a solution by scanning all possibkettopologies
(just the graph of the tree), one by one, to find the best tresplg+ lengths of
links) in within each chosen topology. These bundle of oation problems
were solved by evolution. After certain number of generatithe algorithm was
stopped and the best topology was declared to be that witbgtmal tree. The
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inefficiency of this approach awoke the need to look for a new. 0So, it was
found that for 6 leaves or less the best topology could bdesingut by comparing
performances rather early, after say, 150 generationsaopepulation of 50. So,
to improve the algorithm we included two phases. The firsttwasan all possible
topologies during some 100 generations to single out thiednes The second was
to find by evolution the best tree associated to the chosexdgp

We found that our improved algorithm was good to solve theeggsoblem
with 5 leaves. Beyond 5 leaves the running time was so lorgttkeaalgorithm was
declared to be inappropriate for a desktop.

The immediate explanation of our failure is that evolutioaswnot used to
its full power. In fact, mutation and recombination were lemented inside tree
topologies and nothing else. So, our first purpose for thisme was to test the
power of mutation and of recombination of topologies: iagtef a bunch of opti-
mization problems to be solved separately, we have just mot#gm that explores
alternatives and recombines them to find the best. Foundleswvith the imple-
mentation are worth a comment in regard with two types ofuiah.

4.2 Darwinian evolution vs. Lamarckian evolution

The basic idea of Darwinism such as we see it today in relatiith mutation
and recombination is that they happen at random. On the bined, the basic
idea of Lamarckism, such as we understand it, is that ewslutan be helped
by twisting randomness to make more probable those chahgédetad to full
adaptation of the evolving population to their environmenselective procedure.
This contrast seems to imply that randomness in Darwinisratrne defined as
randomness according to the distribution given by the tieecoding of (nude)
evolution. What does this mean?

To fix ideas, let us consider a Java simulation. The encodirgyaution al-
lows here to interpret randomness as randomness accoadagriform distribu-
tion: it is readily implemented and produces no twisting pneference for certain
mutations. So, in regard with our Java simulati@arwinism means that muta-
tion happens at random according to a uniform distributEewvery sort of twisting
of randomness will be referred to as applieamarckism. But if we turn to the
genome, we must take into account that mutation is drivenidghlysics and bio-
chemistry in rather complex operations and there is no nesdppose that, say,
all possible base substitutions happen with equal prababithe experimentally
observed distribution is what must be taken as the distabuhat rules random-
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ness in Darwinian evolution when the genome is referred ®al¢ady know how
to simulate in Java those cases.

We always have been in the real of Lamarckian evolution:

Darwinian evolution is prey of sampling effects and so onealaserve that the
fittest individual of a given generation may be less fittentttee best individual of
the previous one. One finds this feature very disappointieyertheless, a Lamar-
ckian solution to this problem is to clone the best individofaa given generation
and in this form the best solution never will be worst tharsthof the past. We did
this rather early but anyway results were very poor to be wh@st: the program
gets stagnated at mediocre solutions and cannot leave tingmove. Because we
are dealing with optimization problems, we say that the @oghas been trapped
in a local optimum.

For complex problems, Darwinian evolution is prey of geheraability. To
fix ideas, let us think of our problem of fitting a tree to a digta matrix. If mu-
tation can change a char by another, then it is perfectlyakbthat leaf C may
be substituted by leaf D and so the mutant string has too $e@vand no leaf C:
the string does not encode for a tree on the original setsaweke It is not viable
and this is a generalized iliness. And, what about recontibin2 In many cases it
happens that the encoding of evolution naturally leadsdomdination of homol-
ogous sequences, i.e., of sequences that encode for thefwartienal subunits.
This is also the case of the genome. For those cases, Damwinéans that the site
of recombination is chosen at random according to a unifastmildution. Now, it
is readily seen that Darwinian recombination of stringsoelireg for trees lead to
general inviability.

So, our situation can be described as follows:

1. Itis useless to think that Darwinian mutation and recoration of topolo-
gies may rescue us from our troubles with found combindtexplosion.

2. To implement Lamarckian evolution we must twist randogse our favor.
Since our problem is general inviability, we must find a mdthmfabricate
viable mutations and recombinations. Our choice was ta retgation to
the tree of trees. Let us recall that the tree of trees is aliaaesults in the
recursive generation of all possible trees. It is initiedlzwith a tree with 3
leaves and all possible trees are built by successive insart other leaves.
So, the tree of trees is our natural frame for implementirgwion among
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tree topologies. Mutation was and will be understood as talsigi walk
along the tree of trees.

3. Recombination will be executed as the substitution of sutetree (a sub-
string that is a tree on its own) by another only if both detigebtopologies
(a substring that is a tree topology on its own) have the sailmees of leaves.

In that way we implemented the power of evolution to the fAlh, what did we
get? We make an improvement but without leaving the classeless programs
because of its exaggerated waste of time.

Our next purpose was to find others ways to somehow help éwolut

4.3 The Lamarck recursion

When one finds that a Lamarckian simulation of evolution &ffinient and wants
to improve its performance, the first step is to look in higtsi

Since Lamarckism is all about twisting of randomness, onstrne aware that
any twisting favors some specific line of future and disfavalt the others: is the
overall output positive or is it a hindrance? In this regam present and resolve
an important complaint against the form as we implementeddrakism.

The idea of mutation is to explore the world. In our case, tbdahis the set of
topologies. When one faces to a combinatorial explosiosnitandatory to visit as
many states as possible in the least possible time. Thisamlat all states must
have the same probability of being visited. What happenifisiting distribution
is not uniform? A bias is created that favor the exploratibsame parts of state
space and disfavor others. More to the point, some probleaysnot be solved in
any finite lapse of time. Because we want to create a tool tbwddaevery kind
of problems, no bias is allowed.

Which is our case?

The mutation we implemented at the beginning caused fasitation rates of
subtrees with recently added leaves. To see that, let usdesresprocess of gen-
erating a tree: we begin with the tree ((A,B),C) and insedriter leaves D,E, and
F. Once the tree is formed, we generate a number between 1 @rde3ponding
to the number of leaves that must be deleted. The correspgpmtistribution is
uniform. But it is wrong to imagine that this means that leaizgE and F will be
deleted with equal probabilities. Instead, if 1 is genatateaf F will be deleted.
If 2 is generated, leaves F and E will be deleted. If 3 is gardrdeaves F,E
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and D will be deleted. So, leaf F will be deleted with certaibtit leaf E will be
deleted with probability 2/3 and D with probability 1/3. e A, B and C never
are removed.

We have proved that our procedure to mutate trees is loadddviias due to
the recursion we use to built trees. Therefore, the algorjpheferentially explores
the zone around the last added leaf. This is clearly a bonghwhe wants to
explore states around that leaf. But it is an ache if we wanta&e wider explo-
rations.

So, the next task was to implement deletion of a leaf at randsfter imple-
mentation an improvement was found but again without lepthe class of useless
programs: we irremediably fell trapped into local optimaresenting mediocre
solutions.

Now, every chaser examines what his trap has captured. Bgatine token,
a recurrent step of a Lamarckian methodology for solvingnoightion problems
is to study local optima to catch a regularity in order to Idoka hint that causes
the program to scape out of them. We tried out various hintw. iltstance, we
discovered that tiny mutations, in agreement with gradualiaccelerated evolu-
tion and so they functioned as a hint. This positive resiggared our curiosity:
what can be the role of tiny mutations alone? We found that lila@e no power at
all. Another example of a hint that is specific to our problenoi cause correlated
mutations of the form (+/-1, +/-1). This means that we chaatseindom a leave,
add one to the length of its link and subtract one from thetteo§the link of the
accompanying node. This hint has a not bounded chain of wepnents denoted
as (+/-1,..., +/-1).

4.4 Our problem is very difficult

After so much work, we declare the problem of fitting a tree thistance matrix to

be intractable for evolution: it is not good to find the petfealution for a problem

with a number of leaves higher than 6, although it can proppgeoximated rough
solutions for a number of leaves as high as 20. But, morethismproject has been
extremely difficult for the developer.

Developing software is difficult in general but to work inghiask has been
particularly challenging while improvements resulted ® dmor or nil. In fact,
pattern recognition of strings that indicate a charactepbees too tedious because
of too many iff's that cumulate over and over. Besides, onsgsvamong tiny
details that call for reuse of extant code. Our solution leelio duplicate the code
to modify it apart. It seems that duplication is the first stewards intelligence
driven evolution of code development. Many of these dupbces were made to
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fix bugs. Because one corrects bugs as they appear, the fipat @ia mountain of
code whose existence cannot be explained anyhow becausa®ne intelligence
to see the explaining pattern, if any. Moreover, some bugsecanalfunction far in
the future after their action and backtracking is always lsereome. The remedy
is always the same: to divide great troubles in small onestaudint the output
of any suspicious line of code to compare it with what one etgeAutomatic
detection of wrong outputs also was included. This has begnhelpful.

From all this suffering, goods news emerge: since to hiniugiam is extremely
difficult for very difficult problems, there is plenty of wofkr developers that love
to cultivate intelligence and endurance.

4.5 Why is our problem so difficult?

Let us explain why this problem is so difficult for evolution.

To fix ideas, let us consider that we are trying to find the besnditree to
the target matrix given below and that we already have fohedcbrrect topology
(((A,D),B),(C,E)). Our best approximated solution is depd by:

A DB C E
s G
7

3|c
b (8
ajl2

Figure 4.0. Our tree:
(((A:6.0c:3.0,D:1.0c:3.0)a:2.0,B:7.0a:2.0),(C:8.@0,E:0.0b:8.0)a:2.0).

It happens that this tree differs from the optimal solutignjusst one change:
the link associated to C has length 8 but it must be 10. Ourrproglescribes the
situation as follows:

Target tree =
(((A:6.0b:3.0,D:1.0b:3.0)a:7.0,B:7.0a:7.0),(C.9.0c:2.0,E1.0c:2.0)a: 7.
Best tree =
(((A:6.0c:3.0,D:1.0c:3.0)a:2.0,B:7.0a:2.0),(C.8.0hn:8.0,E:0.0b:8.0)a: 2.
Di stance to target = 2.0
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Best distance at initialization = 36

)

Di stance matri x associ ated to best tree
A B C D E

A 0.0 16.0 27.0 7.0 19.0
B 16.0 0.0 25.0 11.0 17.0
C27.0 25.0 0.0 22.0 8.0
D 7.0 11.0 22.0 0.0 14.0
E 19.0 17.0 8.0 14.0 0.0

Target distance matri x

A B C D E
A 0.016.0 27.0 7.0 19.0
B 16.0 0.0 25.0 11.0 17.0
C27.0 25.0 0.0 22.0 10.0
D 7.0 11.0 22.0 0.0 14.0
E 19.0 17.0 10.0 14.0 0.0

One might naively think that the obvious solution is to chatite length of link
C from 8 to 10. This will indeed remedy the problem with thetaise between C
and E. But the price we must pay is that all other distancelscivinge. Say, the
distance between A and C will change from 27 to 29. And so oenetlistance
will suffer a change.

In short, the difficulty of the problem resides in that eveingge change in a
basic parameter will cause changes in every observed ¢barac

4.6 Relation with genetics

We see that, in the problem of fitting a tree to a distance mdengths of links

function as genes and distance in within pair of leaves asact&xs: a change
in any gene produces a change in every character. This &isituis known as
pleitropy and our problem gives rise to its maximum degree: a punctuahge

directed to solve a local problem always causes troubleywhere around.

Pleitropy was discovered in genetics because some inbdoasses with many
symptoms were found to be caused by just one single mutafidre classical
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example is PKU = phenylketonuria. This example and othelsbwere docu-
mented mainly from Wikipedia.

If phenylalanine is found in the urine, one suffers from PKWis is a terri-
ble disease for children, whose mechanisms is as follows. Haalthy organism,
phenylalanine is converted into tyrosine by the enzyme ylaganine hydroxylase.
If a mutation in the corresponding gene causes a defectiyne: phenylalanine
accumulates in the bloodstream and attacks directly theonersystem. So, a
child that suffers from PKU has mental retardation. Moraptlee nervous sys-
tems marshals part of the ontogeny, the development of getwre. So, if the
developing nervous system is defective, most surely theoral development will
be also defective. This might explain why the ill child suff@bnormalities in the
articulations, and so gait and posture are not the normal.d@e the other hand,
tyrosine is used by the body to make melanin, the pigmentgivas a obscure
brown color to the skin. If tyrosine is lacked, skin and haindack pigmentation.
Tyrosine has various roles in the organism: it is used as@pser of thyroxine,
dopamine and norepinephrine. Thus, a child with PKU alsaehdscrine troubles.

If a child with PKU survives, the mutation in the enzyme pHafanine hy-
droxylase is not that severe and so it produces some lewalasibe. The problem
is then how to avoid an excess of phenylalanine. It happeatsthiis amino acid
comes in the food and the child can observe specialized datecover health.
The child cannot take milk, cheese or peanuts.

Now, we content that extreme pleiotropy pervades extamt Why?

Enzymes work in ensemble lines processing the productshefr @nzymes.
Because the expression of the genes encoding for enzymies fram organ to or-
gan, the same input molecules may be involved in differegduas to built different
products.

Example: tyrosine is processed by the thyroid gland intadkipe, by the
brain in dopamine, by the medulla into norepinephrine, alted noradrenaline,
by the adrenal gland into epinephrine, also known as adrenand by the skin
into melanin.

Or consider glutamate. It is an amino acid that appears igé¢hetic code and
so may form part of a great majority of proteins. So, it hay, sae thousand of
different roles. Besides, it on its own is used as neuroindttey, it is the precursor
for the synthesis of the inhibitory GABA as in the cerebellamin the pancreas.

Think of cholesterol. This molecule is feared because iseawwardiovascular
disease when its blood levels are high. But, behold, ctereists a fundamen-
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tal component of cell membranes, it is necessary both tal lanid to maintain
them. Moreover, it also serves in cell signaling and nenralaction. In the liver,
cholesterol is converted to bile, whose accompanying asdtmecessary to solubi-
lize fats and fat-soluble vitamin A to enable its absorptiGholesterol is converted
by the skin into vitamin D. By the adrenal gland into hormooesdisol and aldos-
terone. In sexual glands cholesterol is used to synthesogepterone, estrogens,
and testosterone.

Adenosine is also multipurpose. It is used in every cell thesize adenosine
triphosphate (ATP), the molecular recargable battery efdéll. In the form of
cyclic adenosine mononophosphate, it echoes to the plasththe signal given
by glucagon that cannot pass though the cell membrane. Isasaa inhibitory
neurotransmitter. It also causes vasodilation in variggars.

Riboflavin or vitamin B2 is a pleitropy champion, as all vitasido, because
it is the central component of the cofactors FAD and FMN thatraquired by all
flavoproteins. These proteins exhibit a wide range of redugmiial and therefore
can play a wide variety of roles in intermediary metabolistome of these roles
are:

1. Flavoproteins play important roles in the electron tpamschain.
2. Decarboxylation of pyruvate arad-ketoglutarate requires FAD.
3. Fatty acyl CoA dehydrogenase requires FAD in fatty acidation.

4. FAD is required to the production of pyridoxic acid fronrigpxal (vitamin
B6).

5. The primary coenzyme form of vitamin B6 (pyridoxal phoag) is FMN
dependent.

6. FAD is required to convert retinol (vitamin A) to retinacid.
7. Synthesis of an active form of folate (5-methyl THF) is FADdependent.
8. FAD is required to convert tryptophan to niacin (vitami8)B

9. Reduction of the oxidized form of glutathione (GSSG) toriédduced form
(GSH) is also FAD dependent.
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Genetic combinatorial bases are also sources of rich exangjlpleiotropy.
A combinatorial basis is a set of genes whose products ardioeoh to create
varied full functional units. Example: the immune system mecognize thousands
of antigens thanks to immunoglobulins that result from tbmbinatorics of the
products of a number of exons. The same happens with thetoesep light
that can distinguish among hundreds of colors by regigidtie intensity of the
stimulation of tree receptors, yellow, red and blue. Thatls® the case with the
perception of odors: a human nose has around 400 types df remmptors that
report type and quantity of excitation. Additionally, wevkasome 50 types of
gustatory receptor cells. The richness of these last twizsys helps to explain
why some trained persons can distinguish so great varietyireds. Now, these
cases of pleitropy have different selective importanceilevbome humans that
lack the possibility to perceive odors can go around havifig@apy life, special
care is needed by those with defective immune system. Welterecan example
of pleitropy of maximal importance and another of low one.

We can conclude that pleitropy is a politics of design of thechemistry net-
work of life. The reason is that it saves code. On the othed lzamil according to
our work in this volume, pleiotropy is the anti-evolutiopagent per excellence.

So, what is the meaning of pleiotropy for the average Joe?

It means that everything is intertwined with everything aodif he has been
born healthy, his health will be highly stable. But if his dynical status quo is
shifted by whatever reason, and that always will happennéwe situation could
be harmful and he gets ill. To recover health many correlaiedi finely tunned
changes would be necessary: the iliness is chronic. Rigitreeans at this moment
that troubles multiply and he irremediably worsens. Reppwaight turn to be so
complex a task that he dies.

4.7 Relation with evolution

Immediately one would exclaim: if a species is modified, teevrithing will be
doomed to die, to extinction because the most probable m#af a modification
of a complex pleitropy unit would be a genetic failure. Whtihés is expected to
be a general truth, exceptions are not excluded. To motwatiscussion about
their existence, let us bring forth the case of the genetitecd his is a table that
associates genetic codons with the amino acids that wilkked to synthesize pro-
teins and enzymes. If you make a change in the genetic cadesthll proteins
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will suffer a change and, given the extreme selectivity ostrenzymes, inviabil-
ity would be the most probably output. Nevertheless, it heenbexperimentally
proved that the genetic code is modifiable and many indlistxemples exist, say,
an artificial genetic system has been tailored that workhk wibases per codon
instead of 3. Apart from this, there are more than 10 diffegametic codes in
nature and plausible evolutionary explanations that haem laccepted by science
have been put forward.

The variability of the genetic code is spectacular becatisdoy its very nature
at the deepest level of pleitropic influence. This contragsgywings to the idea
that exceptions against pleitropy might add through hutglad millions of years
to an explanation of the existence of species. Is that realbgible?

Were life conformed by a whole pleitropic unit, there wereerolution at all.
But reality is more complex than that and the stagnatingefofgleitropy in nature
is graded from zero to infinite. In fact, very small pleitropinits are fully modi-
fiable, say, to fit a tree to a distance matrix for two speciespsoblem that shall
offer to evolution no trouble. Our suffering began with 6Mes. And the com-
plexity increases with the number of additional leaves. Nide has characters
that conform whole, indivisible pleitropic units, say, thgstem responsible for the
basal metabolism of the cell. It is reused in circa 280 d#fieitypes of cells in our
organism. This does not mean that all involved genes, mare4b0, are responsi-
ble for products that conform pleitropic units but that mtiran 20 are. This core
is, of course, evolution-proof invariant. Other subsystenay experience weaker
pleiotropic interactions, like the system responsibletfar synthesis of the nalils:
some people lack a nail but this causes no great affectioh.otflers characters
may be almost completely free, as those related with sonditiess of the color
of the hair.

Now, you can define species in terms of pleitropic-free oroainpleiotropic-
free characters and your definition will count with many makgonfirmations. By
the way, the evolutionary definition of species is of thaunat the spermatozoon
needs to recognize a receptor in the ovule to fecundatethislifecognition task is
interdicted, by a mutation, infertility results. But anettcompatible change in the
ovule may restore pattern recognition and we have the birsthnew evolutionary
branch: we predict speciation according to the evolutipmifinition whose field
confirmation has been reported in sea urchin. This defindfspeciation is very
cheap because speciation and hybridization are not arnfdigorerms: compare
(Grant and Grant, 2014).

We get a picture of evolution in which a core remains invdriamaybe in-
cluded as part of a more complex structure, while other sibgys with shallow
pleiotropy may suffer strong changes. Is that the type eftlifat we see in this
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planet? Yes, it seems to me that life is just like that. S #aund to suggest that
life is linked to evolution. But, does this mean that evalatis the cause of our ex-
istence? The answer is: it is obvious that evolution is nettuse of our existence.
If life or species had arisen by evolution, the Earth wouldilted in long standing
mediocre solutions that arouse by evolution towards coxitglevhen pleitropy
was weak. It would also exist some excursions into accepimlity systems and
some exceptional cases of high quality products. But, hahasvorld I live in?

1. ltis plenty of pervading and overwhelming perfectiomfrbacteria to whales.
To understand what is perfection, just consider your bladtlis elastic (you
can keep there more than you ever have thought), extrenrelygs{no fear
at all that it will break and pour out urine inside your bodwypat allows to
be perfectly voided.

2. There is no trace of an evolution from imperfection to eetibn: there is no
registered inelastic bladders.

3. We lack evidence of the many troubles that one encounteenrying to
modify a non trivial pleitropic unit: bladders are part ofygs®m that causes
too much trouble to old people. But nobody is thinking of ganengineer-
ing to change things. Why? It is because we lack both comguimver and
knowledge to rule out the myriads of false but convincingigohs.

4.8 Conclusion

We have armed evolution with a varied series of hints but aymwhas been inca-
pable of dealing with the problem of fitting a tree to a distantatrix for a number
of leaves beyond 5. Upon examination, our problem resutidzbtso difficult for
evolution because it is an extreme case of pleitropy thatlteesvhen every gene
affects every observable character. In fact, the lengthimkd in a tree functions
as genes and the distances between pair of leaves as chargdsitropy means
that if one changes the length of whatever link, all distandgange. It has been
argued that pleitropy pervades life. Thus, the idea thaugen could explain the
origin of the generality of species appears to be ridiculdusvertheless, a better
understanding shows that it is actually sane to suggesetiwdation explains the
origin of species: pleitropy in diverse degrees predictsra of invariant charac-
ters, such as the basal metabolism that is shared by circly3€9 of different cells
in our organism, plus a variable, evolvable part, such asahality of the color of
the hair. So, it is sound to suggest that life is linked to ettoh and no doubt the
appearing of some species will readily be explained by itvédbeless, the Evo-
lutionary Theory of the origin of species is obviously falsegeneral: pleitropy



4.8. CONCLUSION 289

predicts abundant and long standing cases of mediocrity #eeifossil record as
in modern populations but nothing like that is found in natur
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Answers to exercises

Problems of Chapter1
15, pagel4. The code that implements antiRule2 follows:

/| Program K15 Del et eLeaf 2
/1 This program generates a randomtree and
//del etes the |l ast inserted | eaf.

/W apply two deleting rules:

/[lantiRule 1:

[l (An, Fn)i -> A

/[l anti Rule 2:

I1((S)n,Fn)i -> (9)

//where A and F are |leaves, n and i are inner nodes,
/1 (S) is a conplex structure.

/'l These rules are inverse to inserting rules.

//Both rules are inplenented.

i mport java.util.Random

public class Del eteLeaf 2

{

//Link’s notation for trees

291
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private static String parent =

"((Aa, Ba), Ca)";

private static String | eaves =

" ABCDEFGHI JKLIMNOPRSTUVWKYZ" ;

private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";

/I Next leaf to be grafted

private static int nextlLeaflndex = 2;

/I Next internal node to be inserted
private static int nextlntNodel ndex = 0;

private static Randomr = new Randon();

fal se;
true;

private static boolean printl =
private static boolean print2 =
/I After deleting the last inserted |eaf,
/1this must result:

private static String expected = "";

// Detect internal nodes, different than | eaves
private static bool ean charl sl nternal Node(char c)
{

String s ="" + c;

i f (internal Nodes.contains(s)) return true;

el se return fal se

}

[1Sinplification fromLink notation to Newick’s notation:
/1 (((AJ,D)I,Bl),Cl) -> (((AD,B), O

private static String sinplify(String newlree)

{

String tree = "";
/1l ength of string newlree
int I = newlree.length();
for(int i =0; i <1; i++)
{

/I newTree i s scanned char by char
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char ¢ = newlree.charAt(i);
/lls ¢ an internal node to be del et ed?
i f (charlslnternal Node(c));
el se //add char c to output
tree = tree + c;
}

return tree;

}

//Rule 2 is used to generate a new tree:

I1(S)l -> ((S)N,FN) I .

/'S = subtree, | = internal node, F = new | eaf,

/I'N = new i nternal node.

/IRule 2 grafts new branch FN to link (S)

/i is the position of char | in string parentTree

private static String useRule2(String parentTree, int i,
char F, char N)

{

String newlree = "";

char | = parentTree.charAt(i);

if (printl)

Systemout.println("i =" +i +" 1 =" +1);
//Subtree S of link (S)I nust be read

String S ="",;

/| Counter of left parenthesis

int counter = O;

String pl ="" +"'(’;

String pr ="" + )",

//Position to be scanned

int position = i;

bool ean go = true;

/1A'l right parentheses to the near left of | are captured
whil e (go)

position
String a

position -1;
"" + parentTree. char At (position);

if (printl)



294 ANSWERS TO EXERCISES

Systemout.println("a=" +a+ " p = + pr);
if (a.equals(pr) )
{
count er ++;
S=a+S§S
}
el se go = fal se;
}/ /1 End of while
if (printl)
Systemout.println("counter =" + counter);
/1 The conplete subtree is captured:
/ | Par ent heses nust bal anced
while (counter > 0)
{
String a = "" + parentTree. char At (position);
if (a.equals(pr)) count er ++;
if (a.equals(pl)) counter--;
S=a+ §
if (printl)
Systemout.println("Subtree =" + S);
position = position -1;
}
/ | Repl acenent rule 2:
[1((S)n,Fn)i -> (9
/ | wher e F are leaves, n and i are inner nodes,
/[1(S) is a conplex structure.
String SnFni = S +1;
String replacenment = "("+ S + N+ ", "
+ F+ N ")" + |
//Rule 1 is executed
newlree = parent Tree.repl ace(SnFni, replacenent);
[11f 1 links to a conplex structure
return newlree;

}

/'l From parent Tree, a tree in New ck’s notation,
/[la Child tree is generated by a generative granmar.
/1A random el ection is made anong all possibilities.
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private static String generateChild(String parentTree)
{

next Leaf | ndex++;

char nextLeaf = | eaves. char At ( next Leaf | ndex) ;

/I Next internal node to be inserted

next | nt Nodel ndex++;

char nextl| nt Node = i nternal Nodes. char At (next | nt Nodel ndex) ;

/1link to be repl aced

String link = "";

/1String link is replaced by what:
String replacenent = "";

/I new tree generated by repl acenent
String newlree = "",;

/1l ength of parent tree

int | = parentTree.length();

/I counter of l|inks = O;

int counter = O;

/' Li nks are counted

for(int i =0; I <1; i++)

{
/I parent Tree i s scanned char by char
char | = parentTree.charAt(i);

//1s | an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter++;

}

/1A link is chosen

int k = r.nextlnt(counter);

/1 System out. println("Random nunber =" + k);
/I new branch is grafted at k

counter = 0;

for(int i =0; i <1; i++)

{
/I parent Tree i s scanned char by char
char | = parentTree.charAt(i);
/1ls 1 an internal node that denotes a repl acenent?
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if (charlslnternal Node(l))
{

if (counter == k) //Is | the chosen |ink?

{
[/ Check for the char before

char a = parentTree.charAt(i-1);

[11f 1 links to a conpl ex structure
if (a==")") newlree = useRul e2(parentTree, i,
next Leaf, next| nt Node);

else //if | links to a leaf, use rule 1

{

//Link to be repl aced

link ="" + a + 1|;

/I Repl acenent rule 1:

/[lal -> (aN, FN)I; N= next | nt Node;

/'l F = next Leaf

repl acenent = "(" + a + nextlntNode + ","

+ next Leaf + nextlntNode + ")" + I|;
//Rule 1 is executed
newlree = parent Tree.repl ace(link, replacenent);

Sisten1out.println(nemﬂree + " o>
+ sinplify(newlree));
i=1;
}

count er ++;
}

}

return newlree;
}
// Leaf F and node n conform link Fn and are del et ed.

[IWe apply the antirul el:
[l (An, Fn)i -> Al
private static String antiRulel(String tree,
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i nt positionLeaf, int positionNode)
{
Systemout.println("Anti Rul el");
I nt beginlndex = positionLeaf - 4,
i nt endl ndex = positionNode + 3;
String AnFni = tree.substring(begi nl ndex, endl ndex);
Systemout.println("Anfni =" + AnFni);
String Al = "" + tree.char At (begi nl ndex+1)
+ tree. char At (endl ndex-1);
Systemout.println("Al =" + A);
tree = tree.replace(AnFni, A);
return tree;

}

/| Leaf F appeared as an insertion into a conplex structure S.
/11t is deleted.
/I\W apply the antirul e2:
I1((S)n,Fn)i -> (9
/I positionNode refers to the | ast appearing of node n
private static String antiRule2(String tree,

int positionLeaf, int positionNode)
{

Systemout.println("Anti Rul e2");

//Leaf to be del eted

String leaf = "" + | eaves. char At (next Leaf | ndex) ;
Systemout.println("\nLeaf to be deleted =" + |eaf);
/ | Acconpanyi ng i nner node

String i nner Node = ""

+ i nt ernal Nodes. char At ( next | nt Nodel ndex) ;

int firstPosition = tree.indexO (i nnerNode);

String newlree = "";

char i = tree.char At (positionNode+2);

if (print2)

Systemout.println("FirstPosition =" +

firstPosition + " i =" +1);

//Subtree S of link (S)I nust be read
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String S="";

[/ Counter of |eft parenthesis

int counter = O;

String pl ="" +"(;

String pr ="" + )",

//Position to be scanned

int position = firstPosition;

bool ean go = true;

/1A'l right parentheses to the near left of | are captured
whil e (go)

{
position = position -1;
String as = "" + tree.charAt(position);
if (print2)
Systemout.println("a=" +as +" p =" + pr);
if (as.equal s(pr) )
{
count er ++;
S =as + S
}

el se go = fal se;
}//End of while
if (print2)
Systemout.println("counter =" + counter);
/1 The conplete subtree i s captured:
/ | Par ent heses nust bal anced
while (counter > 0)
{
String as = "" + tree.charAt(position);
if (as.equal s(pr)) count er ++;
if (as.equals(pl)) counter--;

S =as + S

if (print2)
Systemout.println("Subtree =" + S);
position = position -1;

}

String n = innerNode;
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/ I Repl acenent anti Rul e 2:

I1((S)n,Fn)i -> (9)

//where A and F are | eaves, n and i are inner nodes,
/1 (S) is a conplex structure.

String SnFni = "("+ S +n+ "," +leaf + n + ")" + i
String Si =S + i;

if (print2)

Systemout.println("\nSnFni =" + SnFni + "\n Si =" + Si);

//Rule 1 is executed
newlree = tree.replace(SnFni, Si);

return newlree;

}

[/ The last inserted leaf is deleted fromtree.

private static String deleteLeaf (String tree)

{
/'l Leaf to be del eted
String leaf = "" + | eaves. char At (next Leaf | ndex) ;
Systemout.println("\nLeaf to be deleted =" + |eaf);

/ | Acconpanyi ng i nner node
String innerNode = ""
+ i nt ernal Nodes. char At ( next | nt Nodel ndex) ;
System out. println("Acconpanying i nner node ="
+ i nner Node) ;
/I new tree = output
String newlree = "";
//length of tree as string
int | =tree.length();
[/ Last positions are found
i nt positionLeaf - 1;
i nt positionNode -1;
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}

/l/tree is scanned char by char

for(int i =0; i <|1; i++)
{
String ¢c ="" + tree.charAt(i);

if (c.equals(leaf)) positionLeaf = i;
if (c.equal s(innerNode)) positionNode = i;
}
Systemout.println("Position of " + |eaf +
" =" + positionLeaf);
Systemout.println("Position of " + innerNode +
" =" + positionNode);
int firstPosition = tree.indexOr (i nnerNode);
/| Check for the char before firstPosition
char a = tree.charAt(firstPosition - 1);
[11f 1 links to a conplex structure
if (a==")")
newlree = anti Rul e2(tree, positionLeaf, positionNode);
else //Apply anti Rulel for sinple cases
newlree = anti Rul el(tree, positionLeaf, positionNode);
return newlree;

public static void main(String[] args)

{

/'l A tree is generated
Systemout.println("Parent tree
+ " > + sinplify(parent));
/I Nunmber of | eaves

i nt nLeaves = 13;

\'n" + parent

for(int i = 0; i < nLeaves; i++)
{

parent = generateChil d(parent);

if (i == nLeaves -2) expected = parent;
}

/lLast inserted | eaf is deleted.
String answer = del et eLeaf (parent);
Systemout. println("\nExpected and actual answer = \n"
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+ expected + "\n" + answer);

i f (answer. equal s(expected))
Systemout.println("Answer is correct.");
el se
Systemout.println("\nAnswer is wong!");

}

}//End of main class K15 Del et eLeaf 2

18, page25. The next code implements mutation over trees with the
possibility of changing topology and/or lengths of links.

/ I Program K18 TopoMut ati on2.

/1 Thi s program generates a random binary tree
/land produces a nutation, whose output nust be
/la binary tree with the sane set of |eaves.

/'l Tree = topol ogy (graph) + lengths of |inks

/1A mutation results fromdeleting

/la given nunber of | eaves

//to reinsert them anew in

/ I ot her pl aces chosen at random

/1 This creates a nutant topol ogy that

/lincludes mutation of |engths of Iinks.

/I Lengt hs of links can also be nutated separately.

i mport java.util.Random

public class TopoMitation2

{

/1Link’s notation for topologies
private static String parent =
"((Aa,Ba),Ca)";
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private static String | eaves =

" ABCDEFGHI JKLMNOPRSTUVWKYZ" ;

private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";

/I Next leaf to be grafted

private static int nextlLeaflndex = 2;

/I Next internal node to be inserted
private static int nextlntNodel ndex = 0;

// Number of | eaves to be deleted and reinserted
//to create a nmutation
private static int nUndoRedo = O;

private static Randomr = new Randon{);
/1 The control paranmeter of the random generator for int
private static int nmaxLength = 10;

[/ Mutation rate in length of |ink per link
/| per generation
static private double m = 0. 5;

fal se;
fal se;

private static boolean printl =
private static boolean print2 =
/1 This is the original topol ogy:

private static String original ="";

[ | ============§j ze of topol ogy ================
/I Nunber of |eaves to be inserted to parent
private static int nAdditional Leaves = 1;

// - - ———T———_c——CT

//Total number of leaves in all trees
private static int nunber O Leaves =
3 + nAdditional Leaves;



303

/| Detect internal nodes, different than | eaves
private static bool ean charl sl nt ernal Node(char c)
{

String s ="" + c;

i f (internal Nodes.contains(s)) return true;

el se return fal se;

}

//Length of the link that glues a leaf to the tree
private static int |engthsLeaves[] =
new i nt[ 10];
/I Length of the |link that glues
//an inner node to another one
private static int |engthslnnerLinks[] =
new i nt[ 10];

/1Sinplification fromLink notation to New ck’ s notation:
Il (((AJ,D))I1,Bl),Cl) -> (((AD,B), 0O

private static String sinplify(String newlTopo)

{

String topo = "";
/1l ength of string newlopo
int | = newlopo.!|length();
for(int i =0; i <1; i++)
{

/I newTopo i s scanned char by char
char ¢ = newTopo. char At (i);
/[lls ¢ an internal node to be del eted?
i f (charlslnternal Node(c));

el se //add char ¢ to output

topo = topo + c;
}

return topo;

}
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//Rule 2 is used to generate a new topol ogy:

11(S)l -> ((S)N, FN) I.

/'S = subtopology, | = internal node, F = new | eaf,

/I'N = new internal node.

//Rule 2 grafts new branch FNto |link (S)

/1P is the position of char | in string parentTopo

private static String useRul e2(String parentTopo, int i,
char F, char N)

{
String newlTopo = "";
char | = parentTopo. charAt(i);
if (printl)
Systemout.println("i =" +i +" | =" +1);
/1 Subt opol ogy S of link (S)I nust be read
String S="";

[/ Counter of left parenthesis

int counter = O;

String pl ="" +"(’;

String pr ="" + )",

//Position to be scanned

int position = i;

bool ean go = true;

/1A'l right parentheses to the near left of | are captured
whil e (go)

position = position -1;
String a = "" + parent Topo. char At (position);
if (printl)
Systemout.println("a=" +a+" p =" + pr);
if (a.equals(pr) )
{
count er ++;
S=a+ S
}

el se go = fal se;
}//End of while
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if (printl)

Systemout.println("counter =" + counter);
/'l The conpl ete subt opol ogy i s captured:

/ | Par ent heses nust bal anced

while (counter > 0)

{
String a = "" + parent Topo. char At (position);
if (a.equals(pr)) count er ++;
if (a.equals(pl)) counter--;
S=a+ S
if (printl)
Systemout.println("Subtopo =" + S);
position = position -1;
}

/ | Repl acenent rul e 2:

[1T((S)n,Fn)i -> (9S)
/ I wher e F are |l eaves, n and i are inner nodes,
/1(S) is a conplex structure.

String SnFni = S +1;

String replacenment = "("+ S + N+ ","

+ F+ N ")" + |

//Rule 1 is executed

newlopo = parent Topo. repl ace(SnFni, replacenent);
/[11f 1 links to a conplex structure

return newlopo;

}

/ | Fr om par ent Topo, a topology in New ck’s notation,

/la Child topology is generated by a generative granmar.
/'l A random el ection is made anong all possibilities.
private static String generateChild(String parent Topo)

{

next Leaf | ndex++;

char next Leaf = | eaves. char At ( next Leaf | ndex) ;

/I Next internal node to be inserted

next | nt Nodel ndex++;

char nextl nt Node = internal Nodes. char At ( next | nt Nodel ndex) ;
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/[1link to be repl aced

String link = "";

[1String link is replaced by what:
String replacenent = "";

/I new t opol ogy generated by repl acenent
String newlopo = "";

/1l ength of parent topol ogy

int | = parent Topo. | ength();

[/ counter of links = O;

int counter = O;

/I'Links are counted

for(int i =0; I <|; i++)

{
/| parent Topo i s scanned char by char
char | = parent Topo. charAt (i);

//1s | an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter++;

}

/1A link is chosen

int k = r.nextlnt(counter);

/1 System out. println("Random nunber =" + k);
/I new branch is grafted at k

counter = 0;

for(int i =0; i <1I; i++)
{
/ | parent Topo i s scanned char by char
char | = parentTopo. charAt (i);

/11s 1 an internal node that denotes a repl acenent?
if (charlslnternal Node(l))
{

if (counter == k) //Is | the chosen |ink?
{
/| Check for the char before
char a = parent Topo. charAt (i-1);
[11f 1 links to a conplex structure
if (a ==")") newlopo = useRul e2( parent Topo, i,
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next Leaf, next| nt Node);

else //if | links to a leaf, use rule 1
{
/[l1Link to be repl aced
link ="" + a + |
/I Repl acenent rule 1:
/lal -> (aN, FN)I; N= next | nt Node;
/'l F = next Leaf
repl acenent = "(" + a + nextlntNode + ","

+ next Leaf + nextlntNode + ")" + |;
//Rule 1 is executed
newlopo = parent Topo. repl ace(link, replacenent);

}

if (print2)
System out. println(newlopo + " ->"
+ sinplify(newlopo));
=1
}

count er ++;
}

}

return newlopo;
}
/'l Leaf F and node n conform link Fn and are del et ed.
/W apply the antirul el:
/1 (AN, Fn)i -> Al

private static String antiRulel(String topo,
I nt positionLeaf, int positionNode)

if (print2)

Systemout.println("Anti Rulel");

i nt beginlndex = positionLeaf - 4,

i nt endl ndex posi ti onNode + 3;

String AnFni t opo. substri ng(begi nl ndex, endl ndex);
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if (print2)

Systemout.println("Anfni =" + AnFni);
String At = "" + topo.charAt(begi nl ndex+1)

+ t opo. char At (endl ndex-1);

if (print2)

Systemout.println("Al =" + A);

topo = topo.replace(AnFni, Ai);
return topo;

}

/'l Leaf F appeared as an insertion into a conplex structure S.
/[1it is deleted.
[1We apply the antirul e2:
[1((S)n,Fn)i -> (9
[l positionNode refers to the | ast appearing of node n
private static String antiRule2(String topo,
int positionLeaf, int positionNode)
{
if (print2)
Systemout.println("Anti Rul e2");
//Leaf to be deleted

String leaf = "" + | eaves. char At (next Leaf | ndex);
if (print2)
Systemout.println("\nLeaf to be deleted =" + |eaf);

/| Acconpanyi ng i nner node
String innerNode = ""
+ i nternal Nodes. char At ( next | nt Nodel ndex) ;
int firstPosition = topo.indexO (i nnerNode);
String newlopo = "";

char i = topo.charAt (positionNode+2);

if (print2)

Systemout.println("FirstPosition = " +
firstPosition + " i =" +1i);

/1 Subt opol ogy S of link (S)I nust be read

String S="";

[/ Counter of left parenthesis
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int counter = O;

String pl ="" +"'(’;

String pr = "" + ')’";

/I Position to be scanned

int position = firstPosition;

bool ean go = true;

/1A'l right parentheses to the near left of | are captured
whil e (go)

{
position = position -1;
String as = "" + topo.charAt(position);
if (print2)
Systemout.println("a=" +as +" p =" + pr);
if (as.equal s(pr) )
{
count er ++;
S =as + S
}

el se go = fal se;
}//End of while
if (print2)
Systemout.println("counter =" + counter);
/| The conpl et e subt opol ogy i s captured:
/ | Par ent heses nust bal anced
while (counter > 0)

{
String as = "" + topo.charAt(position);
if (as.equal s(pr)) count er ++;
if (as.equals(pl)) counter--;
S =as + S
if (print2)
Systemout.println("Subtopo =" + S);
position = position -1;
}

String n = innerNode;
/| Repl acenent anti Rule 2:
I1((S)n,Fn)i -> (9
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//where A and F are leaves, n and i are inner nodes,
/[1(S) is a conplex structure.

String SnFni = "("+S +n+"," +leaf +n +")" +1 ;
String Si =S + i;

if (print2)

Systemout.println("\nSnFni =" + SnFni + "\n Si =" + Si);

//Rule 1 is executed
newTopo = topo.replace(SnFni, Si);
return newlopo;

/1 The last inserted leaf is deleted fromtopol ogy.
private static String del etelLastLeaf (String topol ogy)

{
/'l Leaf to be deleted
String leaf = "" + | eaves. char At (next Leaf | ndex) ;
if (print2)
Systemout.println("\nLeaf to be deleted = " + leaf);

/| Acconpanyi ng i nner node
String innerNode = ""
+ i nternal Nodes. char At ( next | nt Nodel ndex) ;
if (print2)
System out. println("Acconpanyi ng i nner node =
+ i nner Node) ;
/I new t opol ogy = out put
String newtopology = "";
//length of topology as string

int I = topology.length();
/] Last positions are found
int positionLeaf = -1;

i nt positionNode = -1;
//topol ogy is scanned char by char

for(int i =0; i <|I; i++)
{
String ¢c = "" + topol ogy.charAt(i);

if (c.equal s(leaf)) positionLeaf = 1i;
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f (c.equal s(innerNode)) positionNode = i;
}
if (print2)
{
Systemout.println("Position of " + |eaf +
" =" + positionLeaf);
Systemout.println("Position of " + innerNode +
" = " + positionNode);
}

int firstPosition = topol ogy.indexO (i nnerNode);

/| Check for the char before firstPosition

char a = topol ogy.charAt(firstPosition - 1);

[11f 1 links to a conplex structure

if (a==")")

newt opol ogy = anti Rul e2(topol ogy, posi ti onLeaf, positi onNode);
else //Apply anti Rulel for sinple cases

newt opol ogy = anti Rul el(topol ogy, positionLeaf, positi onNode);
next Leaf | ndex- - ;

next | nt Nodel ndex- - ;

return newt opol ogy;

Lengt hs are del eted from newlree
ivate static String del eteLengths(String newlree)

String tree = "";
String nuneric = ".:0123456789";

/
i
f
{

/1 ength of string newlree
nt | = newlree.length();
or(int i =0; i <|1; i++)

/I newTree is scanned char by char
char ¢ = newlree.charAt(i);
String s ="" + ¢;
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//1s ¢ numeric: delete it!
if (nuneric.contains(s)); //add char c to output
else tree = tree + c;

}

return tree;

}

/I Mut ation:
/I some | eaves are del eted and then reinserted
/1in random order.
/1 Del eting can happen in either of two ways:
/| Reversing the order of synthesis el se
/1in random order.
public static String nutation(String topol ogy,
i nt nLeavesToBel nsert ed)
{

/I Mutation has two stages:
//del etion of sone | eaves that undoes generating work +
/lre-insertion in places chosen at random

/] Nunber of |eaves to be deleted and then reinserted
i f (nAdditional Leaves == 1) nUndoRedo = 1;
el se
nUndoRedo
/ / nundoRedo

r.nextlnt(nAdditional Leaves-1) + 1;
13;

if (print2)

System out. println("Nunber of |eaves to" +
" be deleted and then reinserted = " +
nUndoRedo) ;

[/ Some | eaves are del et ed:
/lreversed order to that of synthesis.
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if (printl)

Systemout.println("Some | eaves are del eted");
for(int i = 0; i < nUndoRedo; i++ )
{

//Last inserted | eaf is deleted.

t opol ogy = del et elLast Leaf (t opol ogy);
if (printl)

System out. println(topol ogy);

//del eted | eaves are reinserted

if (printl)

Systemout.println("Deleted | eaves are reinserted");
for(int i = 0; i < nUndoRedo; i++ )

{

t opol ogy = generateChil d(topol ogy);

}

/ | Qut put

String nutant = topol ogy;

if (printl)
Systemout.println("\nOriginal and nutant topol ogies = \n"
+ original + "\n" + nutant);

if (printl)

if (original.equal s(nutant))

System out. println("Mitation made not hi ng");
el se

Systemout. println("\nMitation worked");

return nmutant;

}

public static String nutation(String topol ogy)
{

/1 This original topology is next subject to nutation
ori ginal = topol ogy;

String nutant Topol ogy = topol ogy;
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if (print2)
Systemout. println("\nGOiginal t opol ogy = \n"
+ original );

/I Nunber of |eaves to be deleted and then reinserted
i f (nAdditional Leaves == 1) nUndoRedo = 1;
el se

nUndoRedo = r. nextlnt(nAdditional Leaves-1) + 1

/I nUndoRedo = 13;

/I Mutation has two stages:
//del etion of sone | eaves that undoes generating work +
/lre-insertion in places chosen at random

if (print2)
System out. println("Nunber of |eaves to" +
" be deleted and then reinserted =" +
nUndoRedo) ;
/1 Some | eaves are del eted:
if (print2)
Systemout.println("Sone | eaves are del eted");
for(int i = 0; i < nUndoRedo; i++ )
{

/lLast inserted | eaf is deleted.
nmut ant Topol ogy = del et eLast Leaf ( mut ant Topol ogy) ;
if (print2)

System out . printl n(mut ant Topol ogy) ;

}
/1 Some | eaves are reinserted
if (print2)
Systemout.println("Del eted | eaves are reinserted");
for(int i = 0; i < nUndoRedo; i++ )
{

t opol ogy = generat eChil d(topol ogy);

return nutant Topol ogy,

}
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/I Random | engt hs are added to a tree in Link notation
public static String insertLengths(String treeLi nkN)

{
String thisChar = "";

String newlree = "",;
/1'length of String tree
int m= treeLinkN. |l ength();
/| TreeLi nkN i s scanned char by char
for(int i =0; i <m i++)
{
thisChar = "" + treeLinkN. charAt(i);
newlree = newlree + thisChar;
if (printl)
Systemout. println(newlree.length() + " " + newlree);
/'l Lengt hs are appended
if (leaves.contains(thisChar))

{
int k = leaves.indexO(thisChar);
double j = | engt hsLeaves|k];
newlree = newlree + ":" + j;
}
i f (internal Nodes. contai ns(thisChar))
{
int k = internal Nodes.indexOf (thisChar);
doubl e j = I engt hsl nnerLi nks[K];
newlree = newlree + ":" + j;
}
}
return newlree;
}

/llnput: string tree with conplete informtion.
/I IWbrk: | engthsLeaves[] and | engthslnnerLi nks[]
/lare read fromtree.

private static void decoderLengths(String tree)

{
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if(print2)

System out . printl n(
"I nput tree at decoverLengths = \n " + tree );
/1 Delete

tree = tree.replaceAll (":", "");

i f(print2)

System out . printl n(
"Input tree without : =\n" + tree );
int n =tree.length();

String thisChar = "";

String nextChar = "";

String nunbers = ".0123456789";

bool ean | eaf = fal se;

bool ean node = fal se;

String Leaf ="";

String nunberlLeaf = "";

String nunberNode = "";

String Node = "";

int j ;

doubl e f;

/1A'l chars in tree are scanned

for(int 1=0; i < n; i++)

{

thisChar = "" + tree.charAt(i);
if (i <n-1) nextChar = "" + tree.charAt(i+1);

/1 Do we have a | eaf?
if (leaves.contains(thisChar))

{

| eaf = true;

Leaf = "" + thisChar;
}

/1 Do we have an internal node?
i f (internal Nodes. contai ns(thisChar))

{
node = true;
Node = "" + thisChar
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}

// Do we have a nunber that belongs in a |eaf?
if ( (leaf) & (nunbers.contains(thisChar)))
{

nunber Leaf = nunber Leaf + thisChar;

}

/1 Do we have a nunber that belongs in a |leaf?
if ( (node) & (nunbers.contains(thisChar)))
{
nunber Node = nunber Node + thi sChar;
}

// Must we end accumul ati on of nunbers of a |eaf?
if ( (leaf) & (internal Nodes. contai ns(next Char)))
{

| eaf = fal se;

] = leaves.indexOf (Leaf);

if (printl)

Systemout.println("Leaf =" + Leaf +
nunber Leaf = " + nunber Leaf);

f = new Doubl e( nunber Leaf);

| engt hsLeaves[j] = (int) Math.floor(f);

nunber Leaf = "";

}
/1 Must we end accumul ati on of nunbers of a node?
if ( (node) & (! (nunbers.contains(nextChar))))

{

node = fal se;

j = internal Nodes. i ndexOf ( Node) ;

if (printl)

Systemout.println("Node =" + Node);

f = new Doubl e( nunber Node) ;
| engt hsl nnerLinks[j] = (int) Math.floor(f);
nunber Node = "";
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}
}

/'l Random | engt hs are added to a tree in Link notation
public static void generatelLengths()

{
//Lengths with digit values are generated
for(int i = 0; i < nunberOf Leaves; i ++)
{

/'l Zero | engths are not all owed

| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);

| engt hsl nnerLinks[i] =1 + r.nextlnt(maxLength - 1);
}

}

/I Lengt hs undergo nutation
private static void nutatelLengths()

{

[/ Mutation in links that connect | eaves
for(int Kk = 0; k < nunber O Leaves; k++)
{
doubl e g = r. next Doubl e();
if (g<m //nmutate
| engt hsLeaves[ k] = r.nextlnt(maxLength);

}

[/ Mutation in |inks that connect inner nodes
for(int k = 0; k < nunber O Leaves-2; k++)
{
doubl e g = r. next Doubl e();
if (g<m //nmutate
| engt hsl nner Li nks[ k] = r.nextlnt(maxLength);

}
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/'l Type of mutation is decided and execut ed:
/I mutation of |engths of |inks
/lelse full nmutation (topology and | engths of 1inks).
private static String nutateTree(String tree)
{
/| Topology is read fromtree
String topol ogy = del eteLengths(tree);
//Lengths are read fromtree and recorded in vectors
/'l engt hsLeaves[] and | engt hsl nner Li nks[]
decoder Lengt hs(tree);
nmut at eLengt hs() ;
String mutantTree = "";
/I Mutate | engths el se topology ( + new | engths)?
doubl e s = r. next Doubl e();

if (s <0)
{
if (printl)
System out. println("\n====Mutation of |engths");
nmut ant Tree = insertLengt hs(topol ogy);
if (printl)
{
Systemout.println("lnput tree = " + tree);
Systemout.println("Topology = " + topol ogy);
Systemout.println("Qutput tree= " + nutantTree);
}
}
el se
{
if (printl)

Systemout. println("\n====Mutation of topology");
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/I Mutation of topology
String nut ant Topol ogy = nut ati on(topol ogy,
nAddi ti onal Leaves) ;
/I Mutant |lengths are reinserted

nmut ant Tree = i nsertLengt hs(nut ant Topol ogy) ;

}

return nutantTree,
}
| **

* @ar am ar gs

*/

public static void main(String[] args)
{

/1 A topol ogy is generated

if (print2)

Systemout. println("Parent topology = \n" + parent
+ " - + sinplify(parent));

String topol ogy = parent;

for(int i = 0; i < nAdditional Leaves; i++ )

t opol ogy = generat eChil d(topol ogy);
/1 This original topology is next subject to nutation
original = topol ogy;

[/ Lengths are added to |inks.

/1 They are recorded in vectors

/'l engt hsLeaves[] and | engt hsl nnerLi nksJ[]

gener at eLengt hs();

String original Tree = insertlLengths(original);

if (print2)

Systemout.println("\nOiginal topol ogy = \n"
+ original +
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"\nOriginal tree =\n"
+ original Tree );
/I Mutation is executed
String nutant Tree = nutateTree(original Tree);

/1 Original and nmutant trees are conpared.
Systemout.println("\nOiginal and nutant trees = \n"
+ original Tree + "\n" + nutantTree);
i f (original Tree. equal s(nutant Tree))
System out . printl n(
"Original and nutant trees coincide");
el se
System out . printl n(
"\nOiginal and nutant trees are different");

}

}//End of main class K18 TopoMiutation2

24, page27. List all subtopologies of
((Aa,Ba),((Cb,Db)c,((Ee,Ge)d,Fd)c)a):

(Aa,Ba)

(Cb,Db)

(Ee,Ge)

((Ee,Ge)d,Fd)
((Cb,Db)c,((Ee,Ge)d,Fd)c)

25, page27. The Author does not know. We will proceed by instinct to
next see whether or not one can go further without troubles.

28, page34. The next code generates all subtopologies of a given
topology and pack them in an array.

/'l Program K28 SubTopol 2

| *
* This programlist all possible subtopol ogies
* of a given topol ogy.



322 ANSWERS TO EXERCISES

We begin with a | eft parenthesis "(" and cumul ate
synbol s until the nunber of

right and | eft parentheses get bal anced.

Al left parenthesis are investigated.

Subt opol ogi es are packed for future use.

E T T R R

/
inport java.util.Random

public class SubTopol 2
{

/1Link’s notation for trees
private static String parent =
"((Aa, Ba), Ca)";
private static String |eaves =
" ABCDEFGHI JKLIMNOPQRSTUVWKYZ" ;
private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";
/I Next leaf to be grafted
private static int nextlLeaflndex = 2;
/I Next internal node to be inserted
private static int nextlntNodel ndex = 0;

// Leaves that remain in the tree
private static String presentlLeaves = " ABC'
private static String presentNodes = "a";

private static Randomr = new Randon{);

private static boolean printl = fal se;
private static boolean print2 = fal se;
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/| | ====== A random t opol ogy i s generated =============

/| Detect internal nodes, different than | eaves
private static bool ean charl sl nt ernal Node(char c)
{

String s ="" + c;

i f (internal Nodes.contains(s)) return true;

el se return fal se

}

/1Sinplification fromLink notation to New ck’ s notation:
Il (((AJ,D))I1,Bl),Cl) -> (((AD,B), 0O

private static String sinplify(String newlree)

{

String tree = "";

/1l ength of string newlree
int I = newlree.length();
for(int i =0; I <1; i++)
{

/I newTree i s scanned char by char
char ¢ = newlree.charAt(i);
/lls ¢ an internal node to be del eted?
i f (charlslnternal Node(c));

el se //add char ¢ to output

tree = tree + c;
}

return tree;

}

//Rule 2 is used to generate a new tree:
I1(S)l -> ((SYN,FN) I .

/'S = subtree, | = internal node, F = new | eaf,
/I'N = new i nternal node.

/IRule 2 grafts new branch FN to |ink (S)

/i is the position of char | in string parentTree
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private static String useRule2(String parentTree, int i,

{

char F, char N)

String newlree = "";

char | = parentTree.charAt(i);

if (printl)
Systemout.println("i =
/1 Subtree S of link (9)I
String S="";

[/ Counter of left parenthesis

int counter = 0;

String pl "0
String pr ")
//Position to be scanned
int position = i;

bool ean go = true;

+

=),

must be read

/1A'l right parentheses to the near left of | are captured

whil e (go)
{
position
String a

position -1;

if (printl)
Systemout.println("a =
if (a.equals(pr) )

count er ++;

S

System out. println("counter

= a+ S

}

el se go = fal se;
}//End of while
if (printl)

=+

a

"" + parentTree. char At (position);

+" p="+pr);

+ counter);

/1 The conpl ete subtree is captured:

/ / Par ent heses nust bal anced

while (counter > 0)

{

String a = "" + parentTree. char At (position);
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if (a.equals(pr)) count er ++;
if (a.equals(pl)) counter--;

S=a+S§S

if (printl)
Systemout.println("Subtree =" + S);
position = position -1;

}

/ | Repl acenent rule 2:
[1((S)n,Fn)i -> (9
/ | wher e F are leaves, n and i are inner nodes,
[1(S) is a conplex structure.
String SnFni = S +1;
String replacenent = "("+ S + N+ ","
+ F+ N ")" + |
//Rule 1 is executed
newlree = parent Tree.replace(SnFni, replacenent);
[11f 1 links to a conpl ex structure
return newlr ee;

/1 nput: parentTree, a tree in New ck’ s notation.
[/ Qutput : newlree = parent tree + a new |ink.
/1 The new |l ink is added by a generative grammar.
/'l A random el ection is made anong all possibilities.
private static String generateChild(String parentTree)
{
next Leaf | ndex++;
char nextLeaf = | eaves. char At (nextLeafl ndex);
present Leaves = present Leaves + next Leaf;
/I Next internal node to be inserted
next | nt Nodel ndex++;

char nextlnt Node = internal Nodes. char At (next | nt Nodel ndex) ;

present Nodes = present Nodes + nextl nt Node;

/1link to be repl aced
String link ="";
[1String link is replaced by what:
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String replacenent = ;

/I new tree generated by repl acenent
String newlree = "";

/1l ength of parent tree

int | = parentTree.length();

[/ counter of links = O;

int counter = O;

/'I'Links are counted

for(int i =0; i <1I; i++)
{

/I parent Tree i s scanned char by char
char | = parentTree.charAt(i);

/[/1s 1 an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter++;
}
[IAlink is chosen
int k = r.nextlnt(counter);
/1 System out. println("Random nunber =" + k);
/I new branch is grafted at k
counter = 0;

for(int i =0; i <1; i++)

{
[l parent Tree is scanned char by char
char | = parentTree.charAt(i);

/1ls 1 an internal node that denotes a repl acenent?
if (charlslnternal Node(l))

{

if (counter == k) //lIs | the chosen |ink?

{
/] Check for the char before

char a = parentTree.charAt(i-1);

[11f 1 links to a conplex structure
if (a==")") newlree = useRul e2(parentTree, i,
next Leaf, next| nt Node);
else //if | links to a leaf, use rule 1
{

/[1Link to be repl aced
link ="" + a + |
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/| Repl acenment rule 1

/lal -> (aN, FN)I; N= next | nt Node;
/'l F = next Leaf
repl acenent = "(" + a + nextlntNode + ","

+ nextLeaf + nextlntNode + ")" + I|;
//Rule 1 is executed
newlree = parent Tree.repl ace(link, replacenent);

if}(printl)
Systemout. println(newlree + " ->"
+ sinplify(newlree));
=1,
}
count er ++;
}
}
return newlree;
}
| | ========== Subt opol ogi es are |listed ============

/ I Subt opol ogi es of topology are found

public static String[] subtopol ogies(String topol ogy)
{

System out . printl n("Subt opol ogi es are found");

/| Counter of |eft parenthesis

int counter = O;

/ | Count er of subtopol ogi es

i nt counterSubtop = O;

String pl ="" + " (";

String pr ="" + )",

/I Length of String t opol ogy

int m= topol ogy.|ength();

String[] subtopol ogies = new String[ni;
/1String topology is scanned char by char
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for(int i =0; i <m i++)
{
String Sub = "";
String a = "" + topol ogy.charAt(i);
int position = i+1;
if (a.equals(pl))
{
count er ++;

Sub = Sub + a;
/1 The conpl et e subt opol ogy i s captured:
/ | Par ent heses nust bal anced
while (counter > 0)
{
String b = "" + topol ogy. char At (position);
if (b.equals(pl)) count er ++;
if (b.equals(pr)) counter--;
Sub = Sub + b;

posi ti on++;
}
if (print2)
System out . printl n(Sub);
subt opol ogi es[ count er Subt op] = Sub;
count er Subt op++;

}
}

return subt opol ogi es;

}

public static void main(String[] args)
{
Systemout.println("A randomtopol ogy is generated");
/| Seed
if (printl)
Systemout.println("\n" + parent
+ "> + sinplify(parent));
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/'l A tree topology is generated
String topol ogy = parent;
/I Nunber of |eaves to be inserted
i nt nLeavesToBel nserted = 6;
for(int i = 0; i < nLeavesToBelnserted; i++ )
t opol ogy = generateChil d(topol ogy);
Systemout.println(topology + " ->"
+ sinplify(topol ogy));
//Length of String t opol ogy
int m= topol ogy.|length();
String[] subtopologies = new String[m;
/ 1 Subt opol ogi es are found
subt opol ogi es = subt opol ogi es(t opol ogy) ;

for(int i =0; i <m i++)

{

if (subtopologies[i] == null);

el se

Systemout.println(i + " " + subtopol ogies[i]);
}

}
}//End of main class K28 SubTopol 2

31, page46. The next code generates two topologies and automati-
cally decides when there are subtopologies whose set oédeznincide.
The same decision is taken for the corresponding sets of moues. Play-
ing with the program allowed us to conclude that apart fromdhiginal,
complete topologies, rarely other subtopologies havedheesset of leaves
but when that happened the set of inner nodes were also eBealdes,
the probability of finding possible recombinant subtopasgdiminishes
with the number of leaves of the topology. Therefore, we ekpet too
much from recombination: topologies come in species thgeineral are
not recombination-prone. Nevertheless, only experimant &ssess how
important is the role of recombination of topologies to dee the rate of
evolution.

/I Program K31 SubTopol 4
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| *
* This program generates two topol ogies on the sane
* set of |eaves.
* Al their subtopol ogies are cal cul ated
* and packed in arrays.
* Sets of |eaves and inner nodes of each subtopol ogy
* are found.
*
*
* [

import java.util.Random

public class SubTopol 4
{

/1Link’s notation for trees
private static String parent =
"((Aa, Ba), Ca)";
private static String | eaves =
" ABCDEFGHI JKLIMNOPQRSTUVWKYZ" ;
private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";
/I Next leaf to be grafted
private static int nextlLeaflndex = 2;
/I Next internal node to be inserted
private static int nextlntNodel ndex = 0;

/I Nunber of |eaves to be inserted
private static int nLeavesToBel nserted = 20;
//:::::::::::::::::::::::::::::::::::::

/| Count er of subtopol ogi es

private static int counter Subtop;
[/ Particular nunber of subtopol ogies
private static int nml = O;
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private static int n2 = 0;

|/ Leaves that remain in the tree
private static String presentlLeaves = " ABC"
private static String presentNodes = "a";

private static Randomr = new Random();

private static boolean printl = fal se;
private static boolean print2 = fal se;

/| ====== A random t opol ogy i s generated =============

// Detect internal nodes, different than | eaves
private static bool ean charl sl nternal Node(char c)
{

String s ="" + c;

i f (internal Nodes.contains(s)) return true;

el se return fal se

}

/1Sinplification fromLink notation to New ck’s notation:
Il (((AJ,DJ)I,BlI),C) -> (((A D, B), O
private static String sinplify(String newlree)
{

String tree = "";

/1l ength of string newlree

int I = newlree.length();

for(int i =0; i <1; i++)

{

/I newTree i s scanned char by char

char ¢ = newlree.charAt(i);

/[lls ¢ an internal node to be del eted?

i f (charlslnternal Node(c));
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el se //add char c¢ to output
tree = tree + c;
}

return tree;

}

//Rule 2 is used to generate a new tree:
I1(S)l -> ((S)N, FN) I.

/1S = subtree, | = internal node, F = new | eaf,
/I'N = new i nternal node.

//Rule 2 grafts new branch FN to [ink (9S)

/[1i is the position of char | in string parentTree
private static String useRul e2(String parentTree,
int i, char F, char N)

{

String newlree = "";

char | = parentTree.charAt(i);

if (printl)

Systemout.printIn("i =" +i +" 1 =" +1);
//Subtree S of link (S)I nust be read

String S="";

[/ Counter of l|left parenthesis

int counter = O;

String pl ="" +"'(’;

String pr ="" + )",

//Position to be scanned

int position = i;

bool ean go = true;

/1A'l right parentheses to the near |eft
[lof | are captured

whil e (go)
{
position = position -1;
String a = "" + parentTree. char At (position);
if (printl)
Systemout.println("a=" +a+" p =" + pr);

if (a.equals(pr) )
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{
count er ++;
S=a+ S

}

el se go = fal se;
}//End of while
if (printl)
Systemout.println("counter =" + counter);
/1 The conplete subtree i s captured:
/ | Par ent heses nust bal anced
while (counter > 0)
{
String a ="" + parentTree. char At (position);
if (a.equal s(pr)) count er ++;
if (a.equals(pl)) counter--;

S=a+ S

if (printl)
Systemout.println("Subtree =" + S);
position = position -1;

}

/I Repl acenent rule 2:
[1((S)n,Fn)i -> (S)
/ I wher e F are |l eaves, n and i are inner nodes,
/[1(S) is a conplex structure.
String SnFni = S +1;
String replacenent = "("+ S + N+ ", "
+ F+ N ") + 1
//Rule 1 is executed
newlree = parent Tree.replace(SnFni, replacenent);
[11f 1 links to a conplex structure
return newlree;

/1l nput: parentTree, a tree in New ck’s notation.

// Qutput : newlree = parent tree + a new |ink.

/1 The new | ink is added by a generative granmmar.
/'l A random el ection is made anong all possibilities.
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private static String generateChild(String parentTree)
{

next Leaf | ndex++;

char nextLeaf = | eaves. char At (nextLeafl ndex);

present Leaves = present Leaves + next Leaf;

/] Next internal node to be inserted

next | nt Nodel ndex++;

char nextl nt Node =

i nt er nal Nodes. char At ( next | nt Nodel ndex) ;

present Nodes = present Nodes + next | nt Node;

[1link to be repl aced

String link = "";

[1String link is replaced by what:
String replacenent = "";

/I new tree generated by repl acenent
String newlree = "";

/1l ength of parent tree

int | = parentTree.length();

/I counter of |inks = O;

int counter = O;

//Links are counted

for(int i =0; i <1; i++)
{

/I parent Tree i s scanned char by char
char | = parentTree.charAt(i);

/11s 1 an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter++;
}
/1A link is chosen
int k = r.nextlnt(counter);
/1 System out. println("Random nunber =" + k);
/I new branch is grafted at k
counter = 0;
for(int i =0; i <|I; i++)
{
/I parent Tree i s scanned char by char
char | = parentTree.charAt(i);
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/1ls 1 an internal node that denotes a repl acenent?
i f (charlslnternal Node(l))
{
if (counter == k) //Is | the chosen |ink?
{
/| Check for the char before
char a = parentTree.charAt(i-1);
/[11f 1 links to a conplex structure
if (a==")") newlree = useRul e2(parentTree, i,
next Leaf, next| nt Node);
else //if | links to a leaf, use rule 1
{
/l/Link to be repl aced
link ="" + a + |
/I Repl acenent rule 1:
/lal -> (aN, FN)I; N= next | nt Node;
/'l F = next Leaf
repl acenent = "(" + a + nextlntNode + ","
+ next Leaf + nextlntNode + ")" + |;
//Rule 1 is executed
newlree = parent Tree.replace(link, replacenent);

}

if (printl)

Systemout. println(newlree + " ->"

+ sinmplify(newlree));
=1
}
count er ++;
}
}

return newlree;
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/ | Subt opol ogi es of topology are found

public static String[] subtopol ogi es(String topol ogy)
{

if (printl)

System out. println("\nSubt opol ogi es are found");
/] Counter of left parenthesis

int counter = O;

/| Count er of subtopol ogi es

count er Subtop = 0;

String pl ="" +"(’;

String pr ="" +")’";

//Length of String t opol ogy

int m= topol ogy.|length();

String[] subtopol ogies = new String[n;
/[1String topology is scanned char by char

for(int i =0; i <m i++)
{
String Sub = "";
String a = "" + topol ogy.charAt(i);
int position = i+1;
if (a.equals(pl))
{
count er ++;

Sub = Sub + a;
/1 The conpl et e subt opol ogy i s captured:
/ | Par ent heses nust bal anced
while (counter > 0)
{
String b = "" + topol ogy. char At (position);
if (b.equals(pl)) count er ++;
if (b.equals(pr)) counter--;
Sub = Sub + b;
posi ti on++;
}
if (print2)
System out . printl n(Sub);
subt opol ogi es[ count er Subt op] = Sub;
count er Subt op++;
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}
}

return subtopol ogi es;

}

public static String generateTopol ogy()
{

Systemout. println("A random topol ogy is generated");
/| Seed

if (printl)
Systemout.println("\n" + parent
+ " ->" + sinplify(parent));

/I Next | eaf to be grafted
next Leaf | ndex = 2;
/I Next internal node to be inserted
next | nt Nodel ndex = O0;
/1A tree topology is generated
String topol ogy = parent;
for(int i = 0; i < nLeavesToBelnserted; i++ )
t opol ogy = generateChil d(topol ogy);
return topol ogy;

/| Leaves of subtopol ogies are found
public static String[]leaves(int m String[] subtop)
{
if (printl)
Systemout.println("Leaves are found");
String[] nyLeaves = new String[n;
for(int i =0; i <m i++)
{
String s = subtop[i];
if (s == null);
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el se
{
nmyLeaves[i] = "";
int n =s.length();
for(int j =0; j < n; j++4)
{
String ¢ = "" + subtop[i].charAt(j);
if (leaves.contains(c))
nyLeaves[i] = myLeaves[i] + c;
}
if (printl)
Systemout.println(subtop[i] + " "
+ nylLeaves[i] );
}

}

/'l Chars of Leaves are rewitten in al phabet order
if (printl)
Systemout.println("Leaves are listed orderly" );

for(int i =0; i <m i++)
{
String s = subtop[i];
if (s == null);
el se
{
s = nmyLeaves[i];
nyLeaves[i] = "";
int n = leaves.length();
for(int j =0; j < n; j++)
{
String c ="" + |leaves.charAt(j);

if (s.contains(c))
nmyLeaves[i] = nyLeaves[i] + c;
}
if (printl)
Systemout.println(subtop[i] + " " + nyLeaves[i] );
}
}

return nylLeaves;
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/1 nner nodes of subtopologies are found
public static String[] inner(int m String[] subtop)
{
if (printl)
Systemout.println("\nlnternal nodes are found");
String[] nyNodes = new String[n];

for(int i =0; i <m i++)
{
String s = subtop[i];
if (s == null);
el se
{
nyNodes[i] = "";

int n =s.length();

for(int j =0; j < n; j++)

{
String ¢c = "" + subtop[i].charAt(j);
i f (internal Nodes. contains(c))
myNodes[i] = nyNodes[i] + c;

}
if (printl)
Systemout.println(subtop[i] + " " + nyNodes[i] );
}
}
[/ Chars of Leaves are rewitten in al phabet order
if (printl)

Systemout.println("lInner nodes are listed orderly" );
for(int i =0; i <m i++)

{
String s = subtop[i];
if (s == null);

el se

{

s = myNodes|[i ];
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myNodes[i] = "";
int n = internal Nodes. | ength();
for(int j =0; j <n; j++)
{
String ¢ = "" + internal Nodes. charAt(j);
if (s.contains(c))
myNodes[i] = nyNodes[i] + c;
}
if (printl)
Systemout.println(subtop[i] + " " + nyNodes[i] );
}
}
return nyNodes;

}

/' Subt opol ogi es are conpared to deci de whet her
/1l or not they have the sane set of | eaves
/land the same set of inner nodes.

public static void conparison(String[] Leavesl,
String[] Leaves2,
String[] Innerl,
String[] Inner?2)

Systemout. println("\nConpari son of | eaves and nodes");
/I Print everything

Bool ean printAll = fal se;

int m= Leavesl.|ength;

int n = Leaves2.|ength;

for(int i =0; i <m i++)
{
for(int j =0; j < n; j++)
{

if ( Leavesl[i].equal s(Leaves2[j]))
{

System out . printl n(

"Sets of |eaves are EQUAL " + i +
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" + Leavesl[i] + " " + ] + " " + Leaves2[j] );
if ( Innerl[i].equals(lnner2[j]))

System out . printl n(

"Sets of inner nodes are EQUAL " + i +

+ lnnerl[i] +" " +j) +" " + Inner2[j] );
el se

System out . printl n(

"Sets of inner nodes are DIFFERENT " + i +
" " 4+ Innerl[i] +" " +j] +" " 4+ 1lnner2[j] );
}
el se
if (printAll)
System out . println(

"Sets of |eaves are DIFFERENT " + i +

' + Leavesl[i] + " " + ] + " " + Leaves2[j] );

public static void main(String[] args)
{
/1 A topol ogy is generated
String topol = generateTopol ogy();
Systemout.println(topol + " ->"
+ sinmplify(topol));
//Length of String t opol ogy
mL. = topol.length();
/ 1 Subt opol ogi es are found
String[] subtopol ogiesl = new String[nl];
subt opol ogi es1l = subt opol ogi es(topol);
mL = count er Subt op
| *
String[] Nodesl = new String[ml];
i nner Nodes( subt opol ogi esl); =*/

Systemout. println();
String[] Leavesl = new String[nil];
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Leavesl = | eaves(ni, subt opol ogi esl);
String[] Innerl = new String[ml];
| nner1 = i nner(nil, subt opol ogi esl);
/|l Chars of Leaves are rewitten in al phabet order
System out. println("\nSubtopol ogi es, Leaves, " +
"I nner nodes" );
for(int i =0; i <m; i++)
{
if (subtopologiesl[i] == null);
el se
{
Systemout.println(i + " " + subtopol ogi es1i]
+ " " + Leavesl[i] + " "+ lnnerlf[i]);
}
}

Systemout.println();
/1 A second topol ogy is generated

String topo2 = generateTopol ogy();
Systemout.println(topo2 + " ->"

+ sinmplify(topo2));
//Length of String t opol ogy
n2 = topo2.length();
/' Subt opol ogi es are found
String[] subtopol ogies2 = new String[n2];
subt opol ogi es2 = subt opol ogi es(topo2);
nm2 = count er Subt op
Systemout.println();
String[] Leaves2 = new String[n2];

Leaves2 = | eaves(n2, subt opol ogi es?2);

String[] Inner2 = new String[n2];

| nner2 = i nner (nR, subt opol ogi es?2);

/'l Chars of Leaves are rewitten in al phabet order
System out. println("\nSubtopol ogi es, Leaves, " +

"I nner nodes" );
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for(int i =0; i < nR; i++)
{
i f (subtopologiesl[i] == null);
el se
{
Systemout.println(i + " " + subt opol ogi es2[i]
+ " " + Leaves2[i] + " "+ lnner2[i]);
}
}
conpari son(Leavesl, Leaves2, |nnerl,|nner2);

}
}//End of main class K31 SubTopol 4

34, page63. The next code selects at random a pair of subtrees that
allow recombination and implements it.

/| Program K34 SubTopol 6
| *

*

Code for the
reconbi nation of tree topol ogies:

Thi s program generates two topol ogies on the sane
set of |eaves and adds |engths to |links

to get two trees.

Al'l their subtopol ogies are cal cul at ed

and packed in arrays.

The sets of | eaves and of inner nodes

of each subt opol ogy are found.

Subt opol ogi es are conpared by pairs,

one from each topol ogy.

| f they happen to have the sane set of | eaves
and of inner nodes, reconbination is authorized:
the subtrees that correspond with

t he subt opol ogi es are swapped.

L I I T T G R T B S N R

| f nmore than one pair of subtopol ogi es authorize
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* reconbi nation, one is chosen at random

* A hashtable is used to nenorize those pairs that do it.
* Original topol ogi es serves as subtopol ogi es

* that authorize reconbination but they do not count.

*

*/

i mport java.util.Enuneration;
i mport java.util.Hashtabl e;
i nport java.util.Random

public class SubTopol 6
{

//Link’s notation for trees

private static String parent =
"((Aa, Ba), Ca)";

private static String | eaves =

" ABCDEFGHI JKLIMNOPQRSTUVWKYZ" ;

private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";

/I Next leaf to be grafted

private static int nextlLeaflndex = 2;
/I Next internal node to be inserted
private static int nextlntNodel ndex = 0;

/I Nunber of |eaves to be inserted
private static int nLeavesToBelnserted = 3;
//:::::::::::::::::::::::::::::::::::::
/I Nunber of |eaves that nust go in all trees > 3
private static int nunberOf Leaves =

3 + nLeavesToBel nsert ed;

//Length of the link that glues a leaf to the tree
private static int |engthsLeaves[] =
new i nt [ nunber O Leaves] ;
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/I Length of the |link that glues

//an inner node to another one

private static int |engthslnnerLinks[] =
new i nt [ nunber O Leaves] ;

/ | Count er of subtopol ogi es

private static int counterSubtop;
/I Particul ar nunber of subtopol ogies
private static int ml = O;

/|l Leaves that remain in the tree
private static String presentlLeaves = " ABC"
private static String presentNodes = "a";

private static Randomr = new Random();
/'l The control paraneter of the random generator for int
private static int maxLength = 10;

private static String[] subtreesl, subtrees2;
private static String treel, tree2,
subTreel, subTree2,
treeRecl, treeRec2;

/'l Structure of hashtable : integer + {stringl, string2}
private static Hashtabl e<integer, String[]> hashtable =
new Hashtabl e<I nteger, String[]>();

private static boolean printl = fal se;
private static boolean print2 = fal se;
private static boolean print3 = true;
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/I Detect internal nodes, different than | eaves
private static bool ean charl sl nternal Node(char c)
{

String s ="" + c;

i f (internal Nodes.contains(s)) return true;

el se return fal se;
}

[1Sinplification fromLink notation to New ck’s notation:
Il (((AJ,D))1,Bl),C) -> (((AD,B), O
private static String |inkToNew ck(String newlree)
{

String tree = "";

[/l ength of string newlree

int I = newlree.length();

for(int i =0; i <I; i++)

{

/I newTree i s scanned char by char

char ¢ = newlree.charAt(i);

/l/ls ¢ an internal node to be del eted?

i f (charlslnternal Node(c));

el se //add char ¢ to output

tree = tree + c;
}

return tree;

}

[/ Conplete sinplification of subtrees

/1 (L:5.0m3.0,06.0m3.0) -> (L,O

/1 Qut put = subt opol ogy

private static String sinplify(String newlree)
{

String topology = "";

/'l The al phabet of topol ogies

String all owedChars = leaves + "(),";

/1l ength of string newlree
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nt | = newlree.|length();
or(int i =0; i <|1; i++)
{
/I newTree i s scanned char by char
String ¢c = "" + newlree.charAt(i);

/lls c is an allowed char, add it to output
if (all owedChars.contains(c))
t opol ogy = topol ogy + c;

}

/| System out. println( newlree +

et urn topol ogy;

sinmplify:

/IRule 2 is used to generate a new tree:
I1(S)l -> ((SYN,FN) I .

/'S = subtree, | = internal node, F = new | eaf,
/I'N = new i nternal node.

/IRule 2 grafts new branch FN to |ink (S)

/i is the position of char | in string parentTree
private static String useRul e2(String parentTree,
int i, char F, char N)
{

String newlree = "";

char | = parentTree.charAt(i);

if (printl)

Systemout.println("i =" +i +" 1 =" +1);

//Subtree S of link (S)I nust be read
String S="";

[/ Counter of left parenthesis

int counter = O;

String pl H T O

String pr "+ )

//Position to be scanned

int position = i;

bool ean go = true;

+ topol ogy) ;
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/1A'l right parentheses to the near |eft
/lof | are captured
while (go)
{
position = position -1;
String a = "" + parentTree. char At (position);
if (printl)
Systemout.println("a=" +a+" p =" + pr);
if (a.equals(pr) )
{
count er ++;
S=a+S§S
}

el se go = fal se;

}/ 1 End of while

if (printl)
Systemout.println("counter =" + counter);
/1 The conpl ete subtree is captured:

/

/ Par ent heses nust bal anced

while (counter > 0)

{

String a = "" + parentTree. char At (position);
if (a.equals(pr)) count er ++;
if (a.equals(pl)) counter--;

S=a+ §
if (printl)
Systemout.println("Subtree =" + S);
position = position -1;
}
/ | Repl acenent rule 2:
[1T((S)n,Fn)i -> (9
/ I wher e F are |l eaves, n and i are inner nodes,
/1(S) is a conplex structure.
String SnFni = S +1;

String replacenent = "("+ S + N+ "

+ F+ N ")" + |

//Rule 1 is executed
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newlree = parent Tree.replace(SnFni, replacenent);
[11f 1 links to a conpl ex structure
return newlree;

}

/1l nput: parentTree, a tree in New ck’s notation.
/'l Qutput : newlree = parent tree + a new link.
/1 The new |l ink is added by a generative gramar.
/'l A random el ection is made anong all possibilities.
private static String generateChild(String parentTree)
{

next Leaf | ndex++;

char nextLeaf = | eaves. char At (nextLeafl ndex);

present Leaves = present Leaves + nextLeaf;

// Next internal node to be inserted

next | nt Nodel ndex++;

char nextl nt Node =

i nt er nal Nodes. char At ( next | nt Nodel ndex) ;

present Nodes = present Nodes + next| nt Node;

/[1link to be repl aced

String link ="";

/[1String link is replaced by what:
String replacenent = "";

/I new tree generated by repl acenent
String newlree = "";

/1l ength of parent tree

int | = parentTree.length();

/I counter of |inks = O;

int counter = O;

//Links are count ed

for(int i =0; i <1; i++)
{

/I parent Tree i s scanned char by char
char | = parentTree.charAt(i);

/[/1s | an internal node that denotes a |ink?
i f (charlslnternal Node(l)) counter++;
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}

/1A link is chosen

int k = r.nextlnt(counter);

/1 System out. println("Random nunber =" + k);
/I new branch is grafted at k

counter = 0O;

for(int i =0; i <|1; i++)

{
/I parent Tree i s scanned char by char
char | = parentTree.charAt(i);

/11s 1 an internal node that denotes a repl acenent?
if (charlslnternal Node(l))
{
if (counter == k) //Is | the chosen |ink?
{
/| Check for the char before
char a = parentTree.charAt(i-1);
[11f 1 links to a conpl ex structure
if (a==")") newlree = useRul e2(parentTree, i,
next Leaf, next!| nt Node);
else //if | links to a leaf, use rule 1
{
/[1Link to be repl aced
link ="" + a + I|;
/| Repl acenent rule 1:
/lal -> (aN, FN)I; N= next | nt Node;
/'l F = next Leaf
repl acenent = "(" + a + nextlntNode + ","
+ nextLeaf + nextlntNode + ")" + |;
//Rule 1 is executed
newlree = parentTree.repl ace(link, replacenent);
}
if (printl)
Systemout. println(newlree + " ->"
+ i nkToNewi ck( newTree));
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count er ++;

return newlree;

/I Random | engt hs are added to a tree in Link notation
private static void nakeLengt hs()

{
//Lengths with digit values are generated
for(int i = 0; I < nunber O Leaves; i ++)

{

/'l Zero | engths are not all owed

| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);

| engt hsl nnerLinks[i] =1 + r.nextlnt(maxLength - 1);
}
}

/' / Random | engt hs are added to a tree in Link notation
private static String insertLengths(String treeLi nkN)

{

String thisChar = "";

String newlree = "";

/1'length of String tree

int m= treeLinkN. |length();

I/ Tree is scanned char by char

for(int i =0; i <m i++)

{
thisChar = "" + treeLinkN. charAt(i);
newlree = newlree + thisChar;
if (printl)
Systemout. println(newlree.length() + " " + newlree);
/'l Lengt hs are appended

if (leaves.contains(thisChar))

{
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int k = leaves.indexO(thisChar);

doubl e j = | engt hsLeaves| k] ;
newlree = newlree + ":" + j;
}
i f (internal Nodes. contains(thisChar))
{
int k = internal Nodes.indexOf (thisChar);
doubl e j = | engt hsl nnerLi nks[ K] ;
newlree = newlree + ":" + j;
}
}
return newlree;
}
| | ========== Subtrees are |isted ============

/I Subtrees of topology are found

private static String[] subtopol ogies(String topol ogy)
{

if (printl)

Systemout. println("\nSubtrees are found");
[/ Counter of left parenthesis

int counter = O;

/| Count er of subtopol ogi es

count er Subtop = 0;

String pl ="" +"(";

String pr ="" +")’";

//Length of String t opol ogy

int m= topol ogy.|length();

String[] subtopol ogies = new String[n;
/1String topology is scanned char by char

for(int i =0; i <m i++)
{
String Sub = "";
String a = "" + topol ogy.charAt(i);

int position = i+1;
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if (a.equals(pl))

count er ++;
Sub = Sub + a;
/1 The conpl ete subtopol ogy is captured:
/ | Par ent heses nust bal anced
while (counter > 0)
{
String b = "" + topol ogy. char At (position);
if (b.equals(pl)) count er ++;
if (b.equals(pr)) counter--;
Sub = Sub + b;
posi ti on++;
}
if (print2)
System out . printl n(Sub);
subt opol ogi es[ count er Subt op] = Sub;
count er Subt op++;

}
}

return subtopol ogi es;

}

private static String generateTopol ogy()

{

Systemout. println("A random topol ogy is generated");
/| Seed

if (printl)
Systemout.println("\n" + parent
+ " ->" + linkToNew ck(parent));

/I Next | eaf to be grafted
next Leaf | ndex = 2;
/] Next internal node to be inserted
next | nt Nodel ndex = O;

/1A tree topology is generated
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String topol ogy = parent;

for(int i = 0; i < nLeavesToBel nserted; i++ )
t opol ogy = generateChil d(topol ogy);

return topol ogy;

/| Leaves of subtopol ogies are found

private static String[]leaves(int m String[] subtop)
{

if (printl)

Systemout. println("Leaves are found");
String[] myLeaves = new String[m;
for(int i =0; I < nm 1++)

{

String s = subtop[i];
if (s == null);
el se
{
nmyLeaves[i] = "";
int n =s.length();
for(int j =0; j < n; j++4)
{
String ¢ ="" + subtop[i].charAt(j);
if (leaves.contains(c))
nyLeaves[i] = myLeaves[i] + c;
}
if (printl)
Systemout. println(subtop[i] + " "
+ nylLeaves[i] );
}

[l Chars of Leaves are rewitten in al phabet order
if (printl)

Systemout.println("Leaves are listed orderly" );
for(int i =0; i <m i++)

{
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String s = subtop[i];
if (s == null);

el se
{
S = myLeaves|[i];
myLeaves[i] = "";
int n = leaves.length();
for(int j =0; j < n; j++)
{
String ¢c ="" + |leaves.charAt(j);

if (s.contains(c))
myLeaves[i] = nyLeaves[i] + c;
}
if (printl)
Systemout.println(subtop[i] + " " + nyLeaves[i] );
}
}

return nylLeaves;

}

/1 nner nodes of subtopol ogies are found
private static String[] inner(int m String[] subtop)
{
if (printl)
Systemout.println("\nlnternal nodes are found");
String[] nyNodes = new String[n];

for(int i =0; i <m i++)
{
String s = subtop[i];
if (s == null);
el se
{
nyNodes[i] = "";

int n =s.length();
for(int | =0; j < n; j++4)

{
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String ¢ ="" + subtop[i].charAt(j);

i f (internal Nodes. contains(c))

myNodes[i] = nyNodes[i] + c;

}
if (printl)
Systemout. println(subtop[i] + " " + nmyNodes[i] );

}
}

/l Chars of Leaves are rewitten in al phabet order
if (printl)
Systemout.println("lInner nodes are listed orderly" );
for(int i =0; I < m i++)
{
String s = subtop[i];
if (s == null);
el se
{
s = nmyNodes|[i];
nyNodes[i] = "";
int n = internal Nodes. | ength();
for(int j =0; jJ < n; j++4)
{
String ¢ = "" + internal Nodes. charAt(j);
if (s.contains(c))
myNodes[i] = nyNodes[i] + c;
}
if (printl)
Systemout.println(subtop[i] + " " + nyNodes[i] );
}
}
return nyNodes;

}

/' Subt opol ogi es are conpared to deci de whet her
/1 or not they have the sane set of | eaves
/land the sane set of inner nodes.

/1A'l pairs that authorize reconbination
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/1l are kept in a hastable (= a table for pairing)
private static bool ean conparison(String Leavesl|[],
String Leaves2[],
String Innerl[],
String Inner2[])

Systemout. println("\nConparison of | eaves and nodes");
[/ Print everything

Bool ean printAll = fal se;

Bool ean recAl |l owed = fal se;

int m= Leavesl.|ength;

int n = Leaves2.|ength;

| nt eger counter = O;

for(int i =1; I < nm 1++)
{
for(int j =1; j < n; j++4)
{

if ( Leavesl[i].equal s(Leaves2[j]))

{

subTreel = subtreesl[i];

subTree2 = subtrees2[j];

recAl l owed = true;

System out . printl n(

"Sets of |eaves are EQUAL " + i +

" " + Leavesl[i] +" " 4+ 4+ " " + Leaves2[j] );
String val[] = {subTreel, subTree?2};

/ | Reconbi nant subtrees are kept in a hashtable
hasht abl e. put (count er, val ) ;
count er ++;
if ( Innerl[i].equals(lnner2[j]))
System out . printl n(
"Sets of inner nodes are EQUAL " + i +
" " + lnnerl[i] +" " +j] +" " +1lnner2[j] );
el se
System out . printl n(
"Sets of inner nodes are DIFFERENT " + i +
" " + Innerl[i] +" " + )] +" " 4+ lnner2[j] );
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}

el se
if (printAll)
System out. printl n(
"Sets of |eaves are DIFFERENT " + i +
" " + Leavesl[i] +" " 4+ + " " + Leaves2?2[j] );

}
}

return recAl | owed;

}

/'l Lengths are del eted from newlree
private static String del eteLengths(String newlree)

{
String tree = "";
String nuneric = ".:0123456789";
/1l ength of string newlree
int I = newlree.length();
for(int i =0; i <1; i++)
{

/I newTree i s scanned char by char

char ¢ = newlree.charAt(i);

String s ="" + c;

/1ls ¢ nunmeric: delete it!

if (nuneric.contains(s)); //add char c to output
else tree = tree + c;

}

return tree;

}

[/1nput: string tree with conplete information.
/1 Wbrk: | engthsLeaves[] and | engthslnnerLinks[]
/lare read fromtree.

private static void decoderlLengths(String tree)
{

i f(print2)

System out . printl n(
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"I nput tree at decoverLengths = \n
/1 Delete :

tree = tree.replaceAl (":", "");

i f(print2)

System out . println(

"Input tree without : =\n " + tree );
int n =tree.length();

String thisChar = "";

String nextChar = "";

String nunbers = ".0123456789";

bool ean | eaf = fal se;

bool ean node = fal se;

String Leaf ="";

String nunber Leaf "y

String nunber Node "

String Node = "";

int | ;

doubl e f;

+ tree );

/1A'l chars in tree are scanned

for(int i=0; i < n; i++)

{

thisChar = "" + tree.charAt(i);

if (i <n-1) nextChar = "" + tree.charAt(i+1);
/1 Do we have a | eaf?

i f (leaves.contains(thisChar))

{

| eaf = true;

Leaf = "" + thisChar;
}

/1 Do we have an internal node?
i f (internal Nodes. contai ns(thisChar))

{
node = true;
Node = "" + thisChar;

}
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/ Do we have a nunber that belongs in a | eaf?
f ( (leaf) & (nunbers.contains(thisChar)))

/
i
{
nunber Leaf = nunberLeaf + thisChar;
}

/1 Do we have a nunber that belongs in a |leaf?
if ( (node) & (nunbers.contains(thisChar)))

{
nunber Node = nunber Node + thi sChar;

}

[/l Must we end accumul ati on of nunbers of a |eaf?
if ( (leaf) & (internal Nodes. contai ns(nextChar)))
{
| eaf = fal se;
] = leaves.indexOf(Leaf);
if (printl)
Systemout.println("Leaf =" + Leaf +
nunber Leaf = " + nunberLeaf);
f = new Doubl e( nunber Leaf);
| engt hsLeaves[j] = (int) Math.floor(f);
nunber Leaf = "";

}

// Must we end accunul ati on of nunmbers of a node?
if ( (node) & (! (nunbers.contains(nextChar))))

{

node = fal se;

j = internal Nodes. i ndexOf ( Node) ;

if (printl)

Systemout.println("Node = " + Node);

f = new Doubl e( nunber Node) ;
| engt hsl nnerLinks[j] = (int) Math.floor(f);
nunber Node = "";
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/ | Reconbi nati on net hods may produce an out put
//with various and different assignnent of lengths to
/linner node a. One is chosen.

public static String correction(String tree)
{

String topo;

String newlree = "",;

decoder Lengt hs(tree);

topo = del eteLengths(tree);

newlree = insertlLengths(topo);

return newlree;

}

/'l A pair of subtrees that authorize reconbination
/lis chosen at random fromthe hashtabl e and
/I reconmbi nation i s execut ed.

private static void reconbination()
{

/ | Possi bl e pairs of reconbi nant subtrees are recovered
/1 fromthe hashtable and put into an enunerati on<>
Enuner at i on<l nt eger > enunKey = hasht abl e. keys();

int counter = O;

whi | e( enunKey. hasMor eEl enent s())

I nt eger key = enunKey. next El enent () ;

String[] val = hashtabl e. get(key);

i f (print3)

Systemout.println("Hasthtable " + key + "\n"
+val[0] + "\n"+ wval[l]);

count er ++;

}

/'l A pair of reconbinant subtrees is chosen at random
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| nteger election = r.nextlInt(counter);

Systemout.println("Selected pair =" + election);

String[] val = hashtabl e.get(el ection);

subTreel = val [0];

subTree2 = val [1];

System out. printl n("Reconbi nant subtrees \n" +
subTreel + "\n" + subTree2);

/| Reconbi nation is executed and cl eaned
treeRecl = treel.repl ace(subTreel, subTree?2);
/ | Housekeepi ng

treeRecl = correction(treeRecl);
treeRec2 = tree2.replace(subTree2, subTreel);
treeRec2 = correction(treeRec2);

Systemout. println("\nReconbination is allowed:"
+ "\nOriginal trees \n"

+ treel + "\n" + tree2

+ "\ nSwappi ng subtrees \n"

+ subTreel + "\n" + subTree2

+ "\ nReconbi nant trees \n"

+ treeRecl + "\n" + treeRec2 );

public static void main(String[] args)
{
/'l A topol ogy is generated
String topol = generateTopol ogy();
Systemout.println(topol + " ->"
+ i nkToNew ck(topol));
treel = insertlLengths(topol);
makelLengt hs() ;
/'l Lengths of links are added to tree topol ogy
treel = insertlLengths(topol);
if (print3)
Systemout.println("\n Treel =" + treel);
//Length of String t opol ogy
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mL. = topol. |l ength();

subtreesl = new String[ml];
subtreesl = subtopol ogies(treel);
mL = count er Subt op
/ 1 Subt opol ogi es are found
String[] subtopol ogiesl = new String[ml];
for(int i =0; i <ml; i++)
subt opol ogi es1[i] = sinplify(subtreesli[i]);

Systemout.println();
String[] Leavesl = new String[nil];

Leavesl = | eaves(nl, subt opol ogi esl);
String[] Innerl = new String[ml];
| nner1 = i nner(mlL, subtreesl);

/| Chars of Leaves are rewitten in al phabet order
Systemout. println("\nSubtrees, subtopol ogi es, Leaves,
"I nner nodes" );

for(int i =0; I < nl; i++)

{
I f (subtopologiesl[i] == null);
el se
{

Systemout. println(i

+ " " + subtreesi[i]

+ " " + subtopol ogi esli]

+ " " + Leavesl[i] + " "+ Innerl[i]);
}

}

System out. println();

/'l A second topol ogy is generated
String topo2 = generateTopol ogy();
Systemout.println(topol + " ->"
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+ i nkToNewi ck(topo2));
tree2 = insertlLengths(topo2);
makeLengt hs() ;
[/ Lengths of links are added to tree topol ogy
tree2 = insertlLengths(topo2);
if (print3)
Systemout.println("\n Tree2 =" + treel);
//Length of String t opol ogy
mL. = topo2.length();

subtrees2 = new String[m];

subtrees? subt opol ogi es(tree2);

mL = count er Subt op

/ 1 Subt opol ogi es are found

String[] subtopol ogies2 = new String[nl];
for(int i =0; i <m; i++)

subt opol ogi es2[i] = sinplify(subtrees2[i]);

Systemout.println();
String[] Leaves2 = new String[ml];
Leaves2 = | eaves(nil, subt opol ogi es2);
String[] Inner2 = new String[nml];
| nner2 = i nner(ml, subtrees?2);
/'l Chars of Leaves are rewitten in al phabet order
System out. println("\nSubt opol ogi es, Leaves, " +
"I nner nodes” );
for(int i = 0; i < nml; i++)
{
if (subtopologies2[i] == null);
el se

{

Systemout. println(i

+ " " + subtrees2[i]

+ " " + subt opol ogi es2[i]

+ " " + Leaves2[i] + " "+ lnner2[i]);
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}

bool ean recAl |l owed =

conpari son(Leavesl, Leaves2, |nnerl,|nner2);

if (recAll owed)

reconbi nation();

el se

System out. println("Reconbination is not allowed");

}
}//End of main class K34 SubTopol 6

44, page 145 The following code allows to see drawings as of the

target tree as of the best tree by current generation.

/ | Program K44 EvoFul | 3

| *

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

W i npl enent here

a full fledged evol utionary process

to propose an approximte solution to the probl em of
fitting a tree to a distance matri x.

The programruns a certain nunber of generations,
reports the tree that best approxi mates the solution,
draws the best approximtion tree

and halts.

W generate a randomtree topol ogy

and attach randominteger |lengths to |inks.

In that way we get the target tree, T.

Next, we find the associated distance matrix D to T.
Qur problemis

Find tree t such that the absol ute di stance between
matrix D and the associated matrix to t is a mninmm
Absol ute di stance between Mand N = sum|Mj-Nj]|.
Thi s di stance defines the FI TNESS of each tree.

It decreases as good perfornmance augnents.

The best possible fitness is zero.
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We run the next test:
If we begin with a tree T, conpute D, and then t,
we expect to return with the initial tree: t = T.

To associate a distance matrix to a tree,

we cal culate the distance in within

each pair of nodes (leaves + inner nodes).

To that aim we begin with the first node and
wal k over the tree until the second node

and add the lengths of all traversed |inks.
The resulting nunber is the distance.

Formats = Link and Newi ck’s notations. And vari ants.

An automatic halting option has been added to be applied
if perfect matching is found.

The program accepts for input

a distance matrix with integer val ues.

A test for being a distance matrix is run.

To find the tree that best fit D,
we use evolution as foll ows:

1) Initialization:

We generate N topol ogies on the sane

set of |eaves. By adding | engths to |inks,
every topology gets represented by a tree.
The fitness of each tree

is calculated and the best is sel ected.

If the fitness of the best is zero,

the programhalts and the tree is reported.

2) Evolution is conposed of rounds of
cl oni ng according to fitness,
random nut ati on and reconbi nati on.

E o I B R S R . S R S B R S R T R B B . N S B T R T S I R O .
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After each generation, fitness is checked
for acconplishment.

Mut ation is Lamarckian:
it always produces viable nmutants.
Topol ogi es as well as |inks can mutate.

A nutation results fromdeleting
a given nunber of |eaves

to reinsert themanew in

ot her places chosen at random
This creates a nmutant topol ogy.
To nutate | ength of |inks:
Lengths are read fromtree and
mut at ed separately.

Then, they are reinserted.

Reconbi nation is lamarckian: it is authorized only
when it produces viable reconbi nants.

Al'l their subtopol ogies are cal cul at ed

and packed in arrays.

The sets of |eaves and of inner nodes

of each subt opol ogy are found.

Subt opol ogi es are conpared by pairs,

one from each topol ogy.

| f they happen to have the sane set of | eaves
and of inner nodes, reconbination is authorized:
the subtrees that correspond with

t he subt opol ogi es are swapped.

| f nore than one pair of subtopol ogi es authorize
reconbi nati on, one is chosen at random

A hashtable is used to nenorize those pairs that do it.
Original topol ogi es serves as subtopol ogi es

t hat authorize reconbinati on but they do not count.
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i nport java. awt. Border Layout;
i mport java.awt . Di nensi on;
i nport java.awt. G i dLayout;

i mport java.util.Enuneration;
i nport java.util.Hashtabl e;
i nport java.util.Random

i nport javax.sw ng. JFrane;
i nport javax.sw ng. JLabel ;
i mport javax. swi ng. JPanel ;
i mport javax.swi ng. JScrol | Pane;

i mport java.awt. *;

i nport javax.sw ng. JConponent;

public class EvoFul |l 3 extends JPanel

{

private static final |ong serial VersionU D = 1L

/1 The program accepts a distance nmatrix as i nput

/el se

/lit generates a randomtree, calcul ates the distance
/I matrix associated to | eaves and posits it

/las target matri x.

private static boolean inputMatrix = false;
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/'l nput distance matri Xx:
/| Exanpl e 5.4, pag 99, |saev (2001)
/llntroduction to Mathematical Methods in Bioinformatics
/'] Spri nger
private static double targetMatrix[]][]
= {{0,8, 3, 14,10, 12},

{8,0,9, 10,6, 8},

{3,9,0, 15,11, 13},

{14, 10, 15, 0, 10, 8},

{10, 6, 11, 10, O, 8},

{12, 8, 13, 8, 8, 0}};

| *
private static double targetMatri x5[][]
= {{0,8, 3,14, 10},

{8,0,9, 10, 6},

{3,9,0,15, 11},

{14, 10, 15, 0, 10},

{10, 6, 11, 10, 0} };

private static double targetMatrix4[][]
= {{0, 8, 3, 14},

{8,0,9, 10},

{3,9,0, 15},

{14, 10, 15, 0} };

*/

/I Number of | eaves that nust go in all trees > 3
private static int nunber O Leaves;

/I Everything is built by recursion over this tree
private static String seed =
"((Aa, Ba), Ca)";

// The best distance found in initialization
private static int distanceO;
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private static String | eaves =

" ABCDEFGHI JKLIMNOPQRSTUVWKYZ" ;

private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";

/I Next leaf to be grafted
private static int nextlLeaflndex = 2;
/I Next internal node to be inserted
private static int nextlntNodel ndex

0;

| eaves. | engt h();

private static int maxNunber O Leaves

/ / Number of | eaves to be del eted and reinserted
//to create a nmutation
private static int nUndoRedo = O;

private static boolean printl = fal se;

/1 This is the original topology:
private static String original ="";

| | ===========N\DsSt i nportant paraneters ===========

/I Nurmber of |eaves to be inserted to seed:
//to get a tree with 4 | eaves, add one |eaf to seed
private static int nAdditional Leaves = 1;
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/ I Nunmber of topol ogi es = nunber of trees that
/I conformthe evol ving popul ati on
private static int N = 50;

/I Max nunber of generations to run evol ution
static private int nunmber Of Generations = 2001;
static private | ong generation = 0;

/I Mutation rate per site per generation
/1in the I engths of |inks
static private double m = 0. 5;

/| Report Best tree every | apse generations
static private int |apse = 1000;

/I Data for binary tree
private static String[] Record = new String[20+xN];

private static int indexOf Topol ogi es;

private static String topologies[] = new String[N;
private static String trees[] = new String[N;
private static String newlrees[] = new String[N];

private static String[] bestTreeCO Topol ogy
= new String[N;

//Last filled position in Record[]
private static int |astUsedPosition;
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private static String selectedTree =

//Length of the Iink that glues a leaf to the tree
private static int |engthsLeaves[] =
new i nt [ maxNunber Of Leaves] ;
//Length of the link that glues
/lan inner node to another one
private static int |engthslnnerLinks[] =
new i nt [ maxNunber Of Leaves] ;

private static Randomr = new Random();
/1 The control paranmeter of the random generator for
private static int maxLength = 10;

/I Paths fromeach | eaf to node a
private static String[] Paths =
new String[ maxNunmber O Leaves] ;

private static String targetTree;
private static String targetTopol ogy;
private static String best Topol ogy;

static private double distance[] = new double[N;
static private double fitness[] = new double[N;

/I ndex of the best
static private int best;
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/'l The best tree for a given topol ogy
static private String bestTree = "";
/I D stance frombestTree to target
static private doubl e bestD stance

/I Bool ean flag for term nation of job

static private bool ean conti nueWrk = true;

//:::::::::Debuggi ng hel p ===============
private static boolean print = false;
private static boolean print2 = fal se;
private static boolean print3 = fal se;
private static boolean print4 = fal se;

[/ Turn on print5 firstly

private static boolean print5 = fal se;
private static boolean print6é = fal se;
private static boolean print7 = true;

String titleFrame = ;

String titlel ="";

String title2 ="";

EvoFul | 3 newCont ent Pane = new EvoFul | 3();

private stati
private stati
private stati
private stati

O o000

private static DrawBi Treeld a;

[ [ =======Constructor of nmain class: GUJ basics=====

publ i c EvoFul | 3()

}//End of constructor
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public static void main(String[] args)

{
/'l Schedule a job for the event-dispatching thread:
/'l creating and showing this application s GJ
j avax. swi ng. Swi ngUtilities.invokeLater(new Runnabl e()

{

public void run()
{
[11f input is a distance matri x:
i f (inputMtrix)
{
printMatrix(targetMatrix, "lnput Matrix");
bool ean i sD = i sMatri xDi stanceMatri x(targetMatri x);
if (isD) Systemout.printin("\nMatrix " +
"is a distance matrix");
el se
{
Systemout.println("Matrix " +
"is NOT a distance matrix");
System exit(0);
}
nunber Of Leaves = target Matri x. | engt h;
nAddi ti onal Leaves = nunber O Leaves- 3;

}
else//if a randomtree is generated -> Matrix
{

nunmber & Leaves = 3 + nAdditional Leaves;

String topol ogy = randomrlopol ogy();

t arget Topol ogy = sinplify(topol ogy);

gener at eLengt hs();

target Tree = insertLengt hs(topol ogy);
Systemout.println("Target tree: each link " +
"has its own length = \n" + targetTree);
targetMatrix =
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new doubl e[ nunber Of Leaves] [ nunber O Leaves] ;
target Matri x = associ atedMatri x(targetTree);
printMatrix(targetMatrix, "Target Mtrix");

doubl e d = absDi st ance( nunber O Leaves,
targetMatrix, targetMatrix);

Systemout.println( "\nDi stance fromtarget matrix " +
"to target = " + d);

}

Systemout.println("\nDefinition: \nD stance to target =" +
" Absol ute di stance between" +
target matrix and \n" +

"the distance matrix associated to " +

"the tree with lengths of links that \n" +

"is the best fitting of the topology.\n" +

"Perfect fitting: distance = 0 \n");
Systemout. println("\nNunber of Generations ="

+ nunber O Gener ati ons) ;

if (print7)

System out. println("Nunber of |eaves ="
+ nunber O Leaves +
"\nMutation rate =" + m+
"\ nPopul ation size =" + N);

initialization();
evol ution();

1),
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/| Test for being a distance matri X.
[/ MaxLenght = max val ue anong entries is cal cul at ed.
private static bool ean
i sMatri xDi stanceMatri x(double[][] M
{

int I = MIength;

bool ean i sD = true;

[1ls Mu,u) = 0?

for(int u=20; u<1/1; ut+t)

if (Mu][u] == 0) ;

el se

{
isD = fal se;
return isD;

}
[1ls Mu,v) = Mv,u)?
for(int u=20; u<1/1; ut+)
for(int v = u+l; v < |1; v++)
if (Mul[v] == Mv][u] ) ;

el se

{
isD = fal se;
return isbD

}

[1ls Mu,v)>0 for u not v?

for(int u=20; u<1/1; ut+)
for(int v = u+l; v < |1; v++)
if (Mu]ll[v] > 0)

el se

{

isD = fal se;
return isbD

}
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/1ls Mu,v) < Mu,w + MwvV)?
for(int u=20; u<1; ut+t)
for(int v =0; v <1; v++)
for(int w=20; w<1; wt+)

if (Mullv]l <= Mul[W+MwW [v] ) ;
el se
{

i sD = fal se;

return isDh;
}

double m = 0;

for(int u=20; u<1/1; ut+t)
for(int v = u+l; v < 1; v++)

if (Mul[v] >m) m= Mu][V];
maxLength = (int) m+ 1;
return true;

}

/1Sinplification fromLink notation to New ck’s notation:
I (((AJ,DJ)1,B1),a) ->(((AD),B), QO
private static String |linkToNew ck(String newlree)

{
String tree = "";
/1l ength of string newlree
int | = newlree.length();
for(int i =0; i <1; i++)
{

/I newTree is scanned char by char
char ¢ = newlree.charAt(i);
/lls ¢ an internal node to be del eted?
i f (charlslnternal Node(c));

el se //add char c to output

tree = tree + c;
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}

return tree;

}

private static String generateTopol ogy()
{

/I Next leaf to be grafted

next Leaf | ndex = 2;

/I Next internal node to be inserted

next | nt Nodel ndex = O;

/1A tree topology is generated

String topol ogy = seed;

for(int i = 0; i < nAdditional Leaves; i++ )
t opol ogy = generat eChil d(topol ogy);

return topol ogy;

}

/'l Random | engt hs are added to a tree in Link notation
private static void makeLengt hs()

{
//Lengths with digit values are generated
for(int i = 0; i < nunberOf Leaves; i ++)

{

/'l Zero Il engths are not all owed
| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);
| engt hsl nnerLinks[i] =1 + r.nextlnt(maxLength - 1);

}
}

/1 The population is initialized with nTop topol ogi es.
/'l Lengths are inserted to get nTop trees

/'l Fitness is assessed:

// Has the solution been guessed?

private static void initialization()

{



Systemout.println("\n====" +"| N TI ALI ZATI ON :
if (printh)

Systemout.println("\nSeed = " + seed

+ " > + linkToNewi ck(seed));

if (print?7)

Systemout.println( N
+ " randomtopol ogies " +
"and their trees are generated \n");

/I nTop topol ogi es and trees are generated
for(int i =0; i <N i++)
{

String topol = generateTopol ogy();

t opol ogi es[i] = topol,

String tree = insertlLengths(topol);
makelLengt hs() ;

/'l Lengths of links are added to tree topol ogy

tree = insertlLengths(topol);
trees[i] = tree;

if (print6)
{
Systemout.println("\n" + i + " " + topol + "
+ i nkToNew ck(topol));
Systemout.println("Treel =" + tree);
}
}

assessFi t nesses();
scal eFi t nesses();

379
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//Fitness is calculated for each tree
//Fitness =
/1 Di stance between target matrix and
//the associated distance natrix to tree is cal cul at ed.
// The mnimal distance is found:
//this renders the fittest tree.
/'l Has the solution been guessed?
private static doubl e assessFitnesses()
{
if (print6)
Systemout.println( "\n=====Fitnesses are assessed");

String tree = "";
/[1String topo = "";
double d 0;
for(int i O; i <N i++)

{

tree = trees[i];

decoder Lengt hs(tree);

double M][] = distanceMatrix(tree);

/| Absol ute distance fromthe associ ated di stance matrix
/lof the tree

//to target matrix is eval uated

d = absDi stance(nunber O Leaves, targetMatrix, M;

di stance[i] = d;

if (print6)
{
Systemout.println( "\nTree = \n" + trees[i]);
Systemout.println( "\nDi stance to target =" + d);
}
if (printh)
{

printMatrix(M "Di stance matrix associated to tree");
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printMatrix(targetMatrix, "Target matrix");
}

| *

/| Target topol ogy has been found?
topo = del etelLengt hs(best Tree);
topo = sinplify(topo);
i f (target Topol ogy. cont ent Equal s(topo))
{
Systemout.println( "\'n \nTOPOLOGY HAS BEEN FOUND
"at generation " + generation
+ "\ nFound topology = \n" + topo
+ "\ nTarget Topology = \n" + targetTopol ogy);
/] System exit(0);
if (printb5) print5 = fal se;
}

*/

/1 End work if solution has been found.
if (d == 0)
{

Systemout.println("\n BestTree = \n" + bestTree
+ "\'nDi stance = " + bestDi stance
+ "\'ntarget tree = \n" + targetTree

+ "\'nlnitial distance = " + distance0);

conti nueWwrk = fal se;

}
}//End of for(int i...

[/ The fittest individual m nimzes distance function
best Di stance = di stance[0];
best = 0;
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for(int i =1; i <N, i++)
{
if (distance[i] < bestDi stance )
{
best Di stance = di stance[i];
best = i;
}
}

/] Best tree
best Tree = trees[best];

if (generation == 0 ) distance0 = (int) bestD stance;
if (print?7)
{
Systemout.println("\n BestTree = \n" + DbestTree
+ "\ nDi stance = " + bestDi stance
+ "\'ntarget tree = \n" + targetTree
+ "\nlnitial distance =" + distance0);
}
return bestD stance;
}

//Fitness is rescaled to take val ues

/[lin within O(the worst) and 1(the best)

private static void scal eFitnesses()

{
if (print6)
Systemout.println( "\n====Fitnesses are rescaled: " +
"O(the worst) and 1(the best)");
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doubl e maxD
doubl e m nD
double b =1 ;

[/ Mn and max di stances are found
for(int i =1; I <N i++4)

{

if ( distance[i] > maxD ) maxD
if ( distance[i] < mnD) mnD

}

if (mnD == mxD) //AI equal ly fit
{
for(int i =0; i <N, i++)
fitness[i] = 1;
}
el se
{
/I Di stance to target determ ne fitness:
/1fitness[maxD] = O; fitness[m nD = 1;
for(int i =0; i <N i++)
{
b = 1;
b = b/(mnD - maxD);
doubl e a = -b*maxD;
fitness[i] = a + b » distance[i];
}
}
if (print6)
for(int i =0; i <N, i++)
{
Systemout.println("Individual ="
+ 1 + " has distance " +
di stance[i] + " and fitness " + fitness[i]);

di st ance[ 0] ;
di st ance[ 0] ;

di stance[i];
di stance[i];

}

/I Probability of cloning is proportional to fitness.
/' I'N new individual s are forned.
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private static void selectived oning()
{

if (print6)

Systemout.println( "\n====Sel ective cloning");
/'l The best is cloned

newlrees[ 0] = trees[best];

if (print6)

Systemout. println("Individual ="

+ best + " with fitness " +

fitness[best] + "-> new individual " + 0
+ " =" + newlrees[0] );
[IN-1 children are sanpl ed
for(int i =1; I <N, 1++)
{
/11l ag
bool ean go = true;
whil e (go)
{

/1 An individual is chosen at random

int k = r.nextlInt(N);
[/ Probability of cloning is proportional to fitness.
doubl e g = r. next Doubl e();

if ( g <fitness[k]) //make a copy of k

{

newlrees[i] = trees[K];

if (print6)

Systemout. println("Individual ="

+ k +" with fitness " +

fitness[k] + "-> new individual " + i

+ " =" + newlrees[i] );

go = false;//end task

}
}

}//End of for //N1 children are sanpl ed
}
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/| Detect internal nodes, different than | eaves
private static bool ean charl sl nternal Node(char c)
{

String s ="" + c;

i f (internal Nodes. contains(s)) return true;

el se return fal se;

}

/1Sinplification fromLink notation to New ck’s notation:
It (((AJ,D3)1,B1),C) -> (((AD,B),Q
private static String sinplify(String newlTopo)

{
String topo = "";
/1l ength of string newlopo
int | = newlopo.!|length();
for(int i =0; i <1; i++)
{

/I newTopo i s scanned char by char
char ¢ = newTopo. charAt (i);
/lls ¢ an internal node to be del et ed?
i f (charlslnternal Node(c));

el se //add char c to output

topo = topo + c;
}

return topo;

}

//Rule 2 is used to generate a new topol ogy:
I11(S)I -> ((S)N, FN) I .
/'S = subtopol ogy, | = internal node, F = new | eaf,
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/I'N = new i nternal node.

/lRule 2 grafts new branch FNto link (S)

/[1i is the position of char | in string parentTopo

private static String useRul e2(String parentTopo, int i,
char F, char N

{
String newlopo = "";
char | = parent Topo. charAt (i);
if (printl)
Systemout.printIn("i =" +i +" 1 =" +1);
/1 Subt opol ogy S of link (S)I nust be read
String S="";

[/ Counter of l|left parenthesis

int counter = O;

String pl ="" +"'(";

String pr ="" +")’;

/'l Position to be scanned

int position = i;

bool ean go = true;

/1A'l right parentheses to the near left of | are captured

whil e (go)
{
position = position -1;
String a = "" + parent Topo. char At (position);
if (printl)
Systemout.println("a=" +a+" p =" + pr);
if (a.equals(pr) )
{
count er ++;
S=a+S§S
}
el se go = fal se;
}/ 1 End of while
if (printl)
Systemout.println("counter =" + counter);

/1 The conpl ete subtopol ogy i s captured:
/| Par ent heses nust bal anced
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while (counter > 0)

{
String a = "" + parent Topo. char At (position);
if (a.equal s(pr)) count er ++;
if (a.equals(pl)) counter--;

S=a+S§S

if (printl)
Systemout.println("Subtopo =" + S);
position = position -1;

}

/ | Repl acenent rul e 2:
I1((S)n,Fn)i -> (9
/ I wher e F are leaves, n and i are inner nodes,
/1 (S) is a conplex structure.
String SnFni = S +1;
String replacenment = "("+ S + N+ ", "
+ F+ N ")" + 1
//Rule 1 is executed
newTopo = parent Topo. repl ace( SnFni, replacenent);
/[11f I links to a conplex structure
return newlopo;

}

/ | Fr om par ent Topo, a topology in New ck’s notation,

/la Child topology is generated by a generative granmar.
/'l A random el ection is made anong all possibilities.
private static String generateChild(String parent Topo)

{

next Leaf | ndex++;

char nextLeaf = | eaves. char At ( next Leaf | ndex) ;

/I Next internal node to be inserted

next | nt Nodel ndex++;

char nextl| nt Node = internal Nodes. char At (next | nt Nodel ndex) ;

/1link to be repl aced
String link ="";
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/[1String link is replaced by what:
String replacenent = "";

/I new t opol ogy generated by repl acenent
String newlopo = "";

/1l ength of parent topol ogy

int | = parentTopo. | ength();

/'l counter of links = O;

int counter = O;

// Li nks are counted

for(int i =0; i <|1; i++)

{
/I parent Topo i s scanned char by char
char | = parentTopo. charAt (i);

//1s | an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter ++

}

/1A link is chosen

int k = r.nextlnt(counter);

/1 System out. println("Random nunber =" + Kk);

/I new branch is grafted at k

counter = 0;

for(int i =0; I <|; 1++)

{
/ | parent Topo i s scanned char by char
char | = parent Topo.charAt (i);
/11s 1 an internal node that denotes a repl acenent?
if (charlslnternal Node(l))
{

if (counter == k) //Is | the chosen |ink?

{
[/ Check for the char before

char a = parent Topo. charAt (i-1);

[11f 1 links to a conpl ex structure
if (a==")") newlopo = useRul e2( parent Topo, i,
next Leaf, next| nt Node);
else //if | links to a leaf, use rule 1
{

/[ILink to be repl aced
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link ="" + a + |

/| Repl acenment rule 1

/lal -> (aN, FN)I; N= next | nt Node;

/'l F = next Leaf

replacenent = "(" + a + nextlntNode + ","

+ nextLeaf + nextlntNode + ")" + |;
//Rule 1 is executed
newTopo = parent Topo. repl ace(link, replacenent);

i% (print2)
System out. printl n(newlTopo + " ->"
+ sinplify(newlopo));
i =1;
}

count er ++;
}

}
return newlopo;
}
// Leaf F and node n conform |link Fn and are del et ed.

/I W apply the antirul el:
[1(An, Fn)i -> Al
private static String antiRulel(String topo,
i nt positionLeaf, int positionNode)
{
i f (print2)
Systemout.println("Anti Rul el");
I nt beginlndex = positionLeaf - 4,
i nt endl ndex posi ti onNode + 3;

String AnFni t opo. substri ng(begi nl ndex, endl ndex);
if (print2)

Systemout.println("Anfni =" + AnFni);

String Al = "" + topo.charAt (begi nl ndex+1)

+ topo. char At (endl ndex-1);
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if (print2)

Systemout.println("Al =" + A);
topo = topo.replace(AnFni, A);
return topo;

}

/'l Leaf F appeared as an insertion into a conplex structure S.
/[1it is deleted.
[IWe apply the antirul e2:
[1((S)n,Fn)i -> (S)
[/ positionNode refers to the | ast appearing of node n
private static String antiRule2(String topo,

int positionLeaf, int positionNode)
{

if (print2)
Systemout.println("Anti Rul e2");

/'l Leaf to be deleted

String leaf = "" + | eaves. char At (next Leaf | ndex);
if (print2)
Systemout.println("\nLeaf to be deleted =" + |eaf);

/| Acconpanyi ng i nner node
String innerNode = ""

+ i nternal Nodes. char At (next | nt Nodel ndex) ;
int firstPosition = topo.indexO (innerNode);

String newlTopo = ;

char i = topo.charAt(positionNode+2);
if (print2)
Systemout.printIn("FirstPosition = " +
firstPosition + " i =" +1i);
/1 Subt opol ogy S of link (S)I nust be read
String S="";

[/ Counter of left parenthesis
int counter = O;

String pl ="" +"(’;

String pr ="" +)’;
//Position to be scanned



391

int position = firstPosition;
bool ean go = true;
/1A'l right parentheses to the near left of | are captured

whi | e (go)
{
position = position -1;
String as = "" + topo.charAt(position);
if (print2)
Systemout.println("a=" +as +" p =" + pr);
if (as.equal s(pr) )
{
count er ++;
S =as + S
}
el se go = fal se;
}/ 1 End of while
if (print2)
Systemout.println("counter =" + counter);

/1 The conpl ete subt opol ogy i s captured:
/ | Par ent heses nust bal anced
while (counter > 0)

{
String as = "" + topo.charAt(position);
if (as.equal s(pr)) count er ++;
if (as.equals(pl)) counter--;
S =as + S
if (print2)

Systemout.println("Subtopo =" + S);

position = position -1;

}

String n = innerNode;

/ | Repl acenent anti Rul e 2:

I1T((S)n,Fn)i -> (9S)

//where A and F are leaves, n and i are inner nodes,
/1(S) is a conplex structure.

String SnFni = "("+S +n+ "," +leaf + n + ")" + i
String Si =S + i;
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if (print2)

Systemout.println("\nSnFni =" + SnFni + "\n S ="

//Rule 1 is executed
newTopo = topo.replace(SnFni, Si);
return newlopo;

}

/1 The last inserted leaf is deleted fromtopol ogy.
private static String del etelLastLeaf (String topol ogy)

{

/'l Leaf to be del eted

String leaf = "" + | eaves. char At (next Leaf | ndex);

if (print2)

Systemout.println("\nLeaf to be deleted =" + |eaf);

/| Acconpanyi ng i nner node
String innerNode = ""
+ i nternal Nodes. char At (next | nt Nodel ndex) ;

if (print2)
System out. println("Acconpanyi ng i nner node ="

+ i nner Node) ;
/I new t opol ogy = out put
String newtopology = "";
/1length of topology as string

int | = topology.length();
[/ Last positions are found
int positionLeaf = -1;

i nt positionNode = -1;
//topology is scanned char by char

for(int i =0; I <|; i++)
{
String ¢c = "" + topol ogy.charAt(i);

if (c.equals(leaf)) positionLeaf = i;

if (c.equal s(innerNode)) positionNode = i;
}

if (print2)

{

+ Si);
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Systemout.println("Position of " + |eaf +
" = " + positionLeaf);
Systemout.println("Position of " + innerNode +
" = " + positionNode);
}

int firstPosition = topol ogy.indexd (innerNode);
/| Check for the char before firstPosition
char a = topol ogy. charAt(firstPosition - 1);
/[11f 1 links to a conplex structure
if (a==")")
newt opol ogy = anti Rul e2(topol ogy, posi ti onLeaf, positi onNode);
else //Apply antiRulel for sinple cases
newt opol ogy = anti Rul el(topol ogy, posi tionLeaf, positi onNode);
next Leaf | ndex- -;
next | nt Nodel ndex- - ;
return newt opol ogy;

/'l Lengths are del eted from newlree
private static String del eteLengths(String newlree)

{
String tree = "",;
String nuneric = ".:0123456789";
/1l ength of string newlree
int | = newlree.length();
for(int i =0; I <1; i++)
{

/I newTree i s scanned char by char

char ¢ = newlree.charAt(i);

String s ="" + c;

/[1ls ¢ nunmeric: delete it!

if (nuneric.contains(s)); //add char c to output
else tree = tree + c;

}
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return tree;

}

/I Mut ati on:

|/ sone | eaves are del eted and then reinserted

/1in random order.

/1 Del eting can happen in either of two ways:

/| Reversing the order of synthesis el se

/1in random order.

public static String nmutation(String topol ogy,
i nt nAddi tional Leaves)

{

/I Mutation has two stages:
//del etion of sone | eaves that undoes generating work +
/lre-insertion in places chosen at random

/I Nunber of |eaves to be deleted and then reinserted
i f (nAdditional Leaves == 1) nUndoRedo = 1;
el se
nUndoRedo = r.nextlnt(nAdditional Leaves-1) + 1;

if (print2)

System out. println("Nunber of |eaves to" +
" be deleted and then reinserted =" +
nUndoRedo) ;

/| Some | eaves are del et ed:
/lreversed order to that of synthesis.

if (printl)

Systemout.println("Some | eaves are del eted");
for(int i = 0; i < nUndoRedo; i++ )
{

//Last inserted |l eaf is deleted.
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t opol ogy = del et eLast Leaf (t opol ogy) ;
if (printl)
System out. println(topol ogy);

}

//del eted | eaves are reinserted

if (printl)
Systemout.println("Del eted | eaves are reinserted");

for(int i = 0; i < nUndoRedo; i++ )
{

t opol ogy = generateChil d(topol ogy);
}

/ | Qut put

String nutant = topol ogy;

if (printl)

Systemout.println("\nOriginal and nmutant topol ogies = \n"
+ original + "\n" + nutant);

if (printl)

if (original.equal s(nutant))

System out. println("Mitation made not hi ng");
el se

Systemout. println("\nMitation worked");

return nmutant;

}

public static String nutation(String topol ogy)
{

/1 This original topology is next subject to nutation
origi nal = topol ogy;

String nutant Topol ogy = topol ogy;

if (print2)

Systemout. println("\nOiginal topol ogy = \n"

+ original );

/I Nunber of |eaves to be deleted and then reinserted
i f (nAdditional Leaves == 1) nUndoRedo =1
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el se
nUndoRedo = r. nextlnt(nAdditional Leaves-1) + 1
/ I nUndoRedo = 13;

[/ Mutation has two stages:
//del etion of sonme | eaves that undoes generating work +
/lre-insertion in places chosen at random

if (print2)
System out. println("Nunber of |eaves to" +
" be deleted and then reinserted =" +
nUndoRedo) ;
/] Some | eaves are del et ed:
if (print2)
Systemout.println("Sone | eaves are del eted");
for(int i = 0; i < nUndoRedo; i++ )
{

/lLast inserted | eaf is deleted.
nmut ant Topol ogy = del et eLast Leaf ( mut ant Topol ogy) ;
if (print2)

System out . pri nt| n( nut ant Topol ogy) ;

}
//Some | eaves are reinserted
if (print2)
Systemout.println("Del eted | eaves are reinserted");
for(int i = 0; i < nUndoRedo; i++ )
{
t opol ogy = generat eChil d(topol ogy);
}
return nmutant Topol ogy;

}

/1 Random | engt hs are added to a tree in Link notation
public static String insertLengths(String treeLi nkN)

{
String thisChar = "";
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String newlree = ;
/1'length of String treeLi nkN
int m= treeLinkN. |l ength();
/| TreeLi nkN i s scanned char by char
for(int i =0; I <m i++)
{
thisChar = "" + treeLinkN. charAt(i);
newlree = newlree + thisChar;
if (printl)
Systemout. println(newlree.length() + " " + newlree);
/'l Lengt hs are appended
if (leaves.contains(thisChar))

{
int kK = leaves.indexO(thisChar);
double j = | engt hsLeaves| k] ;
newlree = newlree + ":" + j;
}
i f (internal Nodes. contai ns(thisChar))
{
int k = internal Nodes.indexO (thisChar);
doubl e j = I engthsl nnerLi nks[K];
newlree = newlree + ":" + j;
}
}
return newlr ee;

}

/[/1nput: string tree with conplete informtion.
/[ IWork: | engthsLeaves[] and | engthslnnerLinks[]
/lare read fromtree.

private static void decoderlLengths(String tree)
{

i f(print2)

System out . printl n(

"I nput tree at decoverLengths = \n
/1 Del ete :

tree = tree.replaceA |l (":", "");

+ tree );
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if(print2)
System out . printl n(
"Input tree without : =\n" + tree );

int n =tree.length();

String thisChar = "";

String nextChar = "";

String nunbers = ".0123456789";
bool ean | eaf fal se;

bool ean node fal se;

String Leaf ="";

String nunber Leaf "

String nunber Node "

String Node = "";

int j ;

doubl e f;
/[/Al chars in tree are scanned
for(int 1=0; i < n; i++)
{

thisChar = "" + tree.charAt(i);

if (i <n-1) nextChar ="" + tree.charAt(i+1);

/1 Do we have a |eaf?
if (leaves.contains(thisChar))

{

| eaf = true;

Leaf = "" + thisChar;
}

/1 Do we have an internal node?
if (internal Nodes. contains(thisChar))

{

node = true;

Node = "" + thisChar
}

/1 Do we have a nunber that belongs in a |leaf?
if ( (leaf) & (nunbers.contains(thisChar)))

{
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nunmber Leaf = nunber Leaf + thi sChar;

}
// Do we have a nunber that belongs in a |eaf?
if ( (node) & (nunbers.contains(thisChar)))
{
nunber Node = nunber Node + thi sChar;
}

// Must we end accunul ati on of nunmbers of a | eaf?

if ( (leaf) & (internal Nodes. contai ns(nextChar)))
{

| eaf = fal se;

] = leaves.indexOh(Leaf);

if (printl)

Systemout.println("Leaf =" + Leaf +
nunber Leaf = " + nunber Leaf);

f = new Doubl e( nunber Leaf);

| engt hsLeaves[j] = (int) Math.floor(f);
nunber Leaf = "";

// Must we end accunul ati on of nunmbers of a node?
if ( (node) & (! (nunbers.contains(nextChar))))
{

node = fal se;

j = internal Nodes. i ndexCOf (Node) ;
if (printl)
Systemout.println("Node =" + Node);

f = new Doubl e( nunber Node) ;

| engt hsl nnerLinks[j] = (int) Math.floor(f);
nunber Node = "";

}

}
}

/' / Random | engt hs are added to a tree in Link notation
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public static void generatelLengths()

{
//Lengths with digit values are generated
for(int i = 0; I < nunber O Leaves; i ++)
{

/'l Zero |l engths are not all owed

| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);

| engt hsl nnerLinks[i] =1 + r.nextlnt(maxLength - 1);
}

}

/| Lengt hs undergo nutation
private static void nutatelLengths()

{

//Mutation in links that connect |eaves
for(int k = 0; k < nunber O Leaves; k++)
{

doubl e g = r. next Doubl e();

if (g <m //nutate

| engt hsLeaves[ k] = r.nextlnt(maxLength);

}

/IMutation in links that connect inner nodes
for(int k = 0; k < nunber O Leaves-2; k++)
{
doubl e g = r. next Doubl e();
if (g <m //nutate
| engt hsl nner Li nks[ k] = r.nextlnt(nmaxLength);

}
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/'l Type of mutation is decided and execut ed:
/I mutation of |engths of |inks
/lelse full nmutation (topology and | engths of |inks).
private static String nutateTree(String tree)
{

/| Topology is read fromtree

String topol ogy = del eteLengths(tree);

/'l Lengths are read fromtree and recorded in vectors
/'l engt hsLeaves[] and | engt hsl nner Li nks[]
decoder Lengt hs(tree);

mut at eLengt hs() ;

String mutantTree = ""

/I Mutate | engths el se topology ( + new | engths)?
doubl e s = r. next Doubl e();

if (s <0

{

if (printl)

Systemout. println("\n====Mutation of |engths");
mut ant Tree = insertlLengths(topol ogy);
if (printl)
{
Systemout.println("lnput tree = " + tree);
Systemout. println("Topology = " + topology);
Systemout.println("Qutput tree= " + nutantTree);
}

}

el se

{

if (printl)

Systemout. println("\n====Mutation of topology");

/I Mut ati on of topol ogy
String nutant Topol ogy = nutation(topol ogy,
nAddi ti onal Leaves);
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/I Mutant |lengths are reinserted
nmut ant Tree = i nsertLengt hs(nut ant Topol ogy) ;

}

return nutantTree;

}

/11 ndividual s are nut at ed
private static void nutation()

{
if (print6)
{
Systemout.println("\n====Mutation \n");
Systemout.println("Trees to be nutated");
}
for(int i =0; i <N i+4)
{
trees[i] = newlrees[i];
if (print6)
Systemout.println(trees[i]);
}
/1 The old best, i = 0, is conserved intact

newlrees[0] = trees[O0];
/1 Qher N-1 individuals suffer nutation
for(int i =1; i <N, i++)

newlrees[i] = nmutateTree(trees[i]);

if (print6)
Systemout.println("Mitant trees");
for(int i =0; i <N, |i++)
{
trees[i] = newlrees[i];
if (print6)
Systemout.println(trees[i]);
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/ | Count er of subtopol ogi es

private static int counterSubtop;
/I Particul ar nunmber of subtopol ogies
private static int ml = O;

private static String[] subtreesl, subtrees2;
private static String subTreel, subTree2,
treeRecl, treeRec2;

/] Structure of hashtable : integer + {stringl, string2}
private static Hashtabl e<lnteger, String[]> hashtable =
new Hashtabl e<Integer, String[]>();

/I Subtrees of topology are found
private static String[] subtopol ogies(String topol ogy)

if (printl)
Systemout.println("\nSubtrees are found");
/| Counter of left parenthesis
int counter = O;
/ | Count er of subt opol ogi es
count er Subt op = 0;
String pl ="" + "(";
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String pr ="" + )",

//Length of String t opol ogy

int m= topol ogy.length();

String[] subtopologies = new String[n;
/[1String topology is scanned char by char

for(int i =0; i <m i++)
{
String Sub = "";
String a = "" + topol ogy.charAt(i);
int position = i+1;
if (a.equals(pl))
{
count er ++;

Sub = Sub + a;
/| The conpl ete subtopol ogy i s captured:
/ | Par ent heses nust bal anced
while (counter > 0)
{
String b = "" + topol ogy. char At (position);
if (b.equal s(pl)) count er ++;
if (b.equals(pr)) counter--;
Sub = Sub + b;
posi ti on++;
}
if (print2)
System out . printl n(Sub);
subt opol ogi es[ count er Subt op] = Sub;
count er Subt op++;

}
}

return subtopol ogi es;

}

/'l Leaves of subtopol ogies are found
private static String[]leaves(int m String[] subtop)

{
if (printl)
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Systemout.println("Leaves are found");
String[] nyLeaves = new String[m;
for(int i =0; I <m i++)

{

String s = subtop[i];
if (s == null);
el se
{
nmyLeaves[i] ="";
int n =s.length();
for(int j = 0; jJ < n; J++)
{
String ¢c = "" + subtop[i].charAt(j);
i f (leaves.contains(c))
nyLeaves[i] = myLeaves[i] + c;
}
if (printl)
Systemout. println(subtop[i] + " "
+ myLeaves[i] );
}

}

/'l Chars of Leaves are rewitten in al phabet order
if (printl)
Systemout.println("Leaves are listed orderly" );

for(int i =0; i <m i++)
{
String s = subtop[i];
if (s == null);
el se
{
s = myLeaves|[i];
myLeaves[i] = "";
int n = leaves.length();
for(int j =0; j < n; j++)
{
String ¢c ="" + |leaves.charAt(j);

if (s.contains(c))
myLeaves[i] = nyLeaves[i] + c;
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}
if (printl)
Systemout.println(subtop[i] + " " + nyLeaves[i] );
}
}

return nylLeaves;

}

/11 nner nodes of subtopol ogies are found
private static String[] inner(int m String[] subtop)
{
if (printl)
Systemout.println("\nlnternal nodes are found");
String[] nyNodes = new String[n];
for(int i =0; i <m i++)
{
String s = subtop[i];
if (s == null);
el se
{
nmyNodes[i] = "";
int n =s.length();
for(int j =0; j < n; j++)
{
String ¢ ="" + subtop[i].charAt(j);
i f (internal Nodes. contains(c))
myNodes[i] = nyNodes[i] + c;

}
if (printl)
Systemout.println(subtop[i] + " " + nmyNodes[i] );
}
}
/l Chars of Leaves are rewitten in al phabet order
if (printl)

Systemout.println("lInner nodes are listed orderly" );
for(int i =0; i <m i++)
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+ internal Nodes. charAt(j);

'+ nyNodes[i] );

{
String s = subtop[i];
if (s == null);
el se
{
S = myNodes|[i ];
nyNodes[i] = "";
int n = internal Nodes. | ength();
for(int j =0; j < n; j++)
{
Stringc =""
i f (s.contains(c))
myNodes[i] = nyNodes[i] + c;
}
if (printl)
Systemout. println(subtop[i] + "
}
}
return nyNodes;
}

/ | Subt opol ogi es are conpared to deci de whet her

/'l or not they have the sane set of

| eaves

//and the sanme set of

i nner nodes.

[1A'l

pai rs that authorize reconbi nation

/'l are kept

in a hastable (=

a table for pairing)

private static bool ean conparison(String Leavesl|[],

if (print6)

String Leaves2[],
String Innerl[],
String Inner2[])

System out. println("\nConpari son of
Bool ean recAl | owed = fal se;

int m= Leavesl.|ength;

int n = Leaves2.|ength;

I nt eger counter = O;

| eaves and nodes");
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for(int i =1; i <m i++)
{
for(int j =1; j < n; j+4)
{

if ( Leavesl[i].equal s(Leaves2[j]))

{

subTreel = subtreesi[i];

subTree2 = subtrees2[j];
recAl |l owed = true;
if (print6)

System out. printl n(

"Sets of |eaves are EQUAL " + i +
" " + Leavesl[i] +" " 4+ 4+ " " + Leaves2[j] );
String val[] = {subTreel, subTree2},;

/ | Reconbi nant subtrees are kept in a hashtable
hasht abl e. put (count er, val ) ;
count er ++;
if ( Innerl[i].equals(lnner2[j]))
{
if (print6)
System out . printl n(
"Sets of inner nodes are EQUAL " + i +
" " + lnnerl[i] +" " +j] +" " +1lnner2[j] );

el se
{
if (print6)
System out. printl n(
"Sets of inner nodes are DIFFERENT " + | +

" " 4+ lnnerl[i] +" " +j +" " 4+ Inner2[j] );
}
}
el se
if (print6)

System out . printl n(
"Sets of |eaves are DIFFERENT " + i +
" " + Leavesl[i] +" " 4+ 4+ " " + Leaves2[j] );
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}
}

return recAl |l owed;

}

/'l A pair of subtrees that authorize reconbination

/1is chosen at random fromthe hashtabl e and

/'l reconbi nation i s execut ed.

private static String reconbinationTrees(String treel,
String tree2)

{

/| Possi bl e pairs of reconbi nant subtrees are recovered
/1fromthe hashtable and put into an enunerati on<>
Enuner ati on<l nt eger > enunKey = hasht abl e. keys();
int counter = O;
whi | e( enunKey. hasMor eEl enent s())
{

| nt eger key = enunKey. next El enent () ;

String[] val = hashtabl e. get(key);

if (print3)

Systemout.println("Hasthtable " + key + "\n"
+val[0] + "\n"+ wval[l]);

count er ++;

}

/'l A pair of reconbinant subtrees is chosen at random
Integer election = r.nextlInt(counter);

if (print6)
Systemout.println("Sel ected pair =" + election);
String[] val = hashtabl e.get(el ection);

subTreel = val [0];
subTree2 = val[1];
if (print6)
System out. println("Reconbi nant subtrees \n" +
subTreel + "\n" + subTree2);

/| Reconbi nation i s executed
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treeRecl = treel.repl ace(subTreel, subTree?2);
treeRec2 = tree2.repl ace(subTree2, subTreel);
if (print6)
Systemout. println("\nReconbination is allowed:"
+ "\nOriginal trees \n"
+ treel + "\n" + tree2
+ "\ nSwappi ng subtrees \n"
+ subTreel + "\n" + subTree2
+
+
r

"\ nReconbi nant trees \n"
treeRecl + "\n" + treeRec2 );
eturn treeRecl;

/| Reconbi nation of treel and tree2 is tried out

public static String reconbi nati onMaster(String treel
String tree2)

{

/1 First topol ogy
String topol = del eteLengths(treel);
if (print6)
{
Systemout.println(topol + " ->"
+ i nkToNew ck(topol));
Systemout.println("\n Treel =" + treel +
"\'n Topol =" + topol);
}

//Length of String t opol ogy
mL. = topol.length();

subtreesl new String[nml];

subtreesl subt opol ogi es(t opol);

mL = count er Subt op

/' Subt opol ogi es are found

String[] subtopol ogiesl = new String[nl];
for(int i =0; I < nl; i++)



411

subt opol ogi es1[i] = sinplify(subtreesl[i]);
if (print6)
Systemout.println();
String[] Leavesl = new String[nl];
Leavesl = | eaves(ni, subt opol ogi esl);
String[] Innerl = new String[m];
Innerl = inner(nl, subtreesl);
/| Chars of Leaves are rewitten in al phabet order
if (printh)
Systemout. println("\nSubtrees, subtopol ogi es, Leaves,
"I nner nodes" );

for(int i =0; i <ml; i++)
{
if (subtopologiesl[i] == null);
el se
{
if (printh)
Systemout. println(i
+ " " + subtreesi[i]
+ " " + subtopol ogi es1[i]
+ " " + Leavesl[i] + " "+ lnnerl[i]);
}
}
if (print6)

System out. println();

/ | Second t opol ogy
String topo2 = del eteLengt hs(topo2);
if (print6)
{
Systemout.println(topol + " ->"
+ linkToNew ck(topo2));

Systemout.println("\n Tree2 =" + tree2 +
"\'n Topo2 =" + topo2);
}

//Length of String t opol ogy
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mL. = topo2.length();

subtrees2 = new String[m];
subtrees2 = subtopol ogi es(tree2);
mL = count er Subt op
/ 1 Subt opol ogi es are found
String[] subtopol ogies2 = new String[ml];
for(int i =0; i <ml; i++)
subt opol ogi es2[i] = sinplify(subtrees2[i]);

if (print6)
Systemout.println();
String[] Leaves2 = new String[m];
Leaves2 = | eaves(nl, subt opol ogi es2);
String[] Inner2 = new String[ml];
| nner2 = i nner(mlL, subtrees?2);
/'l Chars of Leaves are rewitten in al phabet order
if (printh)
System out. println("\nSubtopol ogi es, Leaves, " +
"I nner nodes" );
for(int i =0; I < nl; i++)
{
if (subtopologies2[i] == null);
el se
{
if (printh)
Systemout. println(i
+ " " + subtrees2?[i]
+ " " + subt opol ogi es2[i]
+ " " + Leaves2[i] + " "+ lnner2[i]);

}

bool ean recAl |l owed =

conpari son(Leavesl, Leaves2, |Innerl, | nner?2);
String reconbi nant = "";
if (recAll owed)

reconbi nant = reconbi nati onTrees(treel, tree2);
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el se
{
reconmbi nant = treel
if (print6)
System out. println("Reconbination is not allowed");
}
return reconbi nant;

}

/ | Reconbi nati on net hods may produce an out put

//with various and different assignnent of lengths to
/linner node a. One is chosen.

public static void correction()

{
String topo;
for(int i =1; i <N i++)
{

decoder Lengt hs(newTrees[i]);

topo = del eteLengt hs(newlrees[i]);

newlrees[i] = insertLengths(topo);
}

}

// Each one of the Nindividuals are tried out
//for reconbination: a partner is chosen at random
/land if reconbination is allowed, it is executed.
/[l herwise, it is cloned.
public static void reconbination()
{
if (print6)
Systemout. println( "\ n====RECOVBI NATION \ n") ;
/1 Best individual is excluded fromreconbination
newlrees[0] = trees[O0];

for(int i =1; i <N i++)

{
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/1A partner for i is chosen
int j =i;
String t1 ="";
String t2 = "",;
while (i ==7j)
] = r.nextlnt(N);
if (print6)
System out. println( "\ n==RECOVBI NATI ON OF | NDI VI DUALS "
+i +" and " + j);
tl =trees[i];
t2 =trees[j];
newlrees[i] = reconbi nati onMaster(t1,t2);
correction();

}
if (print6)
System out. println("Reconbi nati on out put");
for(int i =0; i <N, |i++)
{
trees[i] = newlrees[i];
if (print6)
Systemout.println(trees[i]);
}

}

/I Evol ution of trees involving

/I reconbi nati on and mutati on of topol ogies,
/[1in within and between.

private static void evolution()

{
for(int i = 1;
((i < number O Generations) & (continueWrk)); i++)
{

generation = i;
if ( (i %lapse) == 0)
{
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print7 = true;
/'l a.set Enabl ed(fal se);

}

el se print7 = fal se;

if (print?7)

Systemout.println( "\n===GENERATION =" + i);

sel ectived oni ng();
mut ati on();

reconbi nation();
assessFi tnesses();
scal eFi t nesses();

}

sel ectedTree = best Tree;
best Topol ogy = sinplify(del eteLengths(bestTree));
/] Selected tree i s drawn
titlel = "Best tree ="
+ sel ect edTr eg;

decoder Lengt hs(sel ect edTr ee);

/| Absol ute di stance fromthe associ ated di stance nmatri x
/'l of the tree

//to target matrix is eval uated

/1d = absDi st ance( nunber O Leaves, targetMatrix, M;

doubl e[][] M = associ atedMatri x(sel ectedTree);
title2 = "Distance to target = " + bestDi stance;
a = newCont ent Pane. new DrawBi Treel4();

a. cr eat eAndShowGUl () ;

a. set Location(500, 100);
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if (!(continueWwrk))

Systemout.println( "\'n \nSCLUTI ON HAS BEEN FOUND: \n" +
"at generation " + generation);
Systemout.println("\nSummary at generation " + generation +
"\ nTarget tree =\n" + targetTree

+ " \nBest tree = \n" + bestTree
" \nDistance to target = + best Di st ance
\ nBest distance at initialization ="
di st ance0
"\ nTarget topology = \n" + target Topol ogy
+ "\ nBest topology = \n" + bestTopol ogy);
printMatrix(M "Distance matrix associated to best tree");
printMtrix(targetMatrix,
"Distance matri x associated to target tree");

+ + + +

/1A tree topology is generated at random
public static String randomrlopol ogy()

{
if (print2)
Systemout.println("Parent tree = \n" + seed
+ " > + sinmplify(seed));

String tree = seed;

int limt = nunber O Leaves-3; //less than 11
for(int i =0; i <limt; i++)

tree = generateChild(tree);
Systemout.println("Target topology = \n" + tree);
return tree;
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/'l The best fitting tree for chosen topology is found
public static int findTheBest(String tree)
{

String sel ectedTopol ogy = sinplify(tree);

String thisTopology = "";

String thisTree = "";

int bestPosition = -1;

for(int i = 0; i < indexOf Topol ogi es; i ++)
{
thi sTree = best TreeO Topol ogy[i];
t hi sTopol ogy = sinplify(thisTree);
i f (sel ectedTopol ogy. equal s(thi sTopol ogy))
{
best Position = i;
return bestPosition;

}
}
return bestPosition;
}
| *
//Lengths with real val ues are generated
doubl e | engt hsLeaves[] = new double[l];
//Last two entries are redundant
doubl e | engt hsl nnerLinks[] = new double[l];
for(int i = 0; i < nunberOf Leaves; i ++)
{
| engt hsLeaves[i] = r.next Doubl e();
| engt hslnnerLinks[i] = r.nextDouble();
}

*/
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/I bTree in (nodified) New ck’s notation
/lis used to generate Record[]
//wi th addresses and contents.

public static void makelnput(String bTree)
{

if (print)

Systemout.println("bTree at makelnput /////] " + bTree);

int counter = O;

//length of String tree

int | = DbTree.length();

String thisChar = "";

String address = "";

String bi nNunmbers = "01"

/'l Tree i s scanned char by char

for(int i =0; i <1; i++)

{
thisChar = "" + bTree.charAt(i);
i f (bi nNunbers. contai ns(thisChar))
address = address + thisChar;
if (leaves.contains(thisChar))

{
Record[ counter] = address;
count er ++;
Record[ counter] = thisChar;

count er ++;
address = "":
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}
}

if (print)

for(int i =0; I < counter; i =1+2)
Systemout.println(Record[i] +
" bbbb " + Record[i+1]);

| ast UsedPosi ti on = counter;

if (print)

Systemout. println("lastUsedPosition ====
+ | ast UsedPosi ti on);

}

// Qutputs a word in reversed order.
private static String reverser(String word)

{

return new StringBuil der(word).reverse().toString();

}

private static String cleanTree(String tree)
{

if (print2)

Systemout.println("lInput tree at cleanTree = \n

+ tree);

String treeC ean = ;
String nuneric = ".:0123456789";
String plusM nus = "+-";
String thisChar = "";

bool ean | eaf = fal se;

/I Numerics are washed
/1length of String tree

int | =tree.length();

/'l Tree i s scanned char by char
for(int i =0; I <1; i++)
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{
thisChar = "" + tree.charAt(i);

if (nuneric.contains(thisChar));
el se treeCl ean = treeC ean + thisChar;
}
if (print2)
Systemout.println("Tree without nunerics = \n
+ treed ean);
/1+/- are deleted frominner nodes that acconpany | eaves
| =treeCean.length();
String treeQut = "";
[/ Tree i s scanned char by char

for(int i =0; I <|; i++)
{

thisChar = "" + treeC ean.charAt(i);
if (leaves.contains(thisChar))

| eaf = true;

if ((leaf) & (plusM nus.contains(thisChar)));
el se treeQut = treeQut + thisChar

i f (internal Nodes. contains(thisChar))

| eaf = false;

}

if (print2)

Systemout.println("Tree at output of cleanTree = \n
+ treeCut);

return treeCut;

}

/1 The path fromeach | eaf to node a is found.

/1 The input contains branch’s indicator, say:

/1 ((++Aa, +-Ba), (-+Ch, ((--++Dd,--+-Fd)--c, ---EC)-b) +a)
[/ Qutput for leaf A Aa+.

[/ Qutput for |eaf C Cbha-



// Qutput for |leaf D. Ddcba-
private static void findPaths(String tree)

{
if (print2)
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Systemout.println("lInput tree at findPaths = \n" + tree);

/1length of String tree
int | =tree.length();
String plusMnus = "+-";
String thisChar;

String nextChar;

String path = "";

/I Branch indicative with respect to root, + else -
String branch;

String address ;

/I The nunber of links of a path to root

int level = 0;

String treeReversed = reverser(tree);

if (print2)

Systemout.println("Reversed tree =" + treeReversed);

/I Each | eaf has a path to a
for(int k= 0; k < nunberf Leaves; k++)

{

String leaf = "" + | eaves. char At (k) ;

/ | Candi date nodes to be part of the path to node a

/I must have sign +/- as prefix.
[/ Or as suffix in the reversed tree.
int position =
if (position > -1) // if leaf is in tree
{

if (print2)

Systemout.println("\nLeaf =" + leaf );
address = "";

bool ean go = true;

[/ branchl ndi cat or and | evel are found

treeReversed. i ndexOf (| eaf);

for(int i = position+l ; ((i <1) & (go)); i++)

{

thisChar = "" + treeReversed. charAt(i);
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if (pl usM nus. cont ai ns(thisChar) )
address = thisChar + address;
el se go = fal se;
}
| evel = address.|length();
if (print2)
Systemout. println("Leaf AddressLevel =" + |eaf
+ address + level);
branch = "" + address. char At (0);

[/ Path fromleaf to node a is found in (not reversed) tree

position = tree.indexO (| eaf);
t hi sChar = + tree. char At (position);
next Char = + tree.charAt(position + 1);
/1 Qut put
path = "" + | eaf + nextChar;
go = true;
if (nextChar.contentEquals("a") ) //leaf is neighbor of a
{
path = path + branch
if (print)
Systemout.println("Path short =" + path);
}
else //level > 1
{
/'l Tree is scanned char by char to get path
String i Char = ""
for(int i = position + 2; ((i <1I1) & (go)); i++)
{
iChar = "" + tree.charAt(i);
i nt newLevel = O;

i f (internal Nodes. contains(iChar))//Internal Nodes

i f (i Char.content Equal s("a") )
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{
path = path + i Char
go = false; //end

}
el se //Internal node different than a
{
if (print)
Systemout.println("Internal node not a) =" + iChar );
int rP=1 -i-1; //index of iChar in treeReversed
String nextNewChar = "" + treeReversed. charAt(rP+1);
if ( plusM nus. contai ns(next NewChar )) //candi date node
{
if (print)
Systemout. println("next candidate =" + iChar);

String addressNew = "";

/Il evel of candidate node i Char is inquired
String thatChar = "";
bool ean go2 = true;
for(int j =rP+l; ((j <1I) & (g02)); j++)
{
that Char = "" + treeReversed. charAt(j);
i f (pl usM nus. cont ai ns(t hat Char) )
addressNew = t hat Char + addr essNew,
el se go2 = fal se;
}
if (print)
Systemout. println("AddressNew " +
i Char + addressNew);
newLevel = addressNew. | ength();
/A path links a node with another in a | ower |evel
if ( (newLevel < level) &
(! (next Char. cont ent Equal s(i Char))))

{
path = path + i Char;
| evel = newLevel;

if (print)
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Systemout.println("Path newLevel =" + path);
}
} //End of if candi date node
}//End of else Internal node different than a
}//End of if Internal Nodes
}//End of Tree is scanned char by char

path = path + branch

}//End of else level > 1

}//End of if leaf is in tree

if (print2)

Systemout.println("Path conpleted =" + path);
Pat hs[ k] = path;
}//End of each | eaf
}

//Paths fromleaves to node a are found

/I Reverse paths are al so cal cul at ed.

[/l nput tree in quasibinary notation

//wi th addresses and | engths

private static void pathFinder(String tree)

{

/' Usel ess information is del eted

String tree2 = cleanTree(tree);

/1 Find the path to node a from each | eaf.
/1 Add an indicator of the branch

//with respect to the root: up(+) else down(-)
findPat hs(tree2);

}

/[llnput: a long raw string with path fromleaf to node a
/1 plus path fromnode a to | eaf.

/Il Editing is done to get true paths.

private static String grammar (String path)

{



425

int n = path.length();
String thisChar = "";
String nextChar = ""
String ol dPath = path;
String plusM nus
String m nusPl us
String two = "";
int N= path.length();

//Rule 1: two equal synbols produce nothing
for(int j=1; j < N, j++)

{
for(int i=1; i < n-1;)
{
thisChar = "" + path.charAt(i);
next Char = "" + path.charAt(i+1);
two = "" + thisChar + nextChar;
i f (thisChar.content Equal s(next Char))
{
i =1+ 2;
path = path.replace(two, "");
}
el se
{
o= 0+1;
}
n = path.length();
}
}

//Rule 2: a+-a -> a

if (path.contains(plusM nus))
path = path. replace(pl usM nus, "a");
i f (pat h. cont ai ns(m nusPl us))
path = path.replace(m nusPlus, "a");
if (print2)
Systemout.println("input =" + oldPath +
"output =" + path);
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return path;

}

/1 The di stance matri x anong | eaves is cal cul ated
private static double[][] matrixBuil der()
{

double M][] =

new doubl e[ nunber Of Leaves] [ nunber O Leaves] ;
//Path to node a from| eaf

String pathLeaf Toa = "";

//Path to |l eaf fromnode a

String pathaToLeaf = ""

[/ Path fromleaf to | ead

String pathLeafi ToLeafj = ""

String innerNode = "";

doubl e di st ance;

for(int i = 0; i < nunberOf Leaves; i ++)
for(int j = 0; j < nunmberOf Leaves; | ++)
{

pat hLeaf Toa
pat haToLeaf
/ | Raw pat hs
pat hLeaf i ToLeaf] = pat hLeaf Toa + pat haTolLeaf;
/1 An editing grammar to get true paths

pat hLeaf i ToLeafj = grammar( pat hLeafi ToLeafj );

it (io==1j) Mil[il = 0;

Pat hs[i];
reverser( Paths[j] );

el se

{
String leaf = "" + pathLeafi ToLeafj.charAt(0);
int p = leaves.indexO(leaf);
di stance = | engt hsLeaves| p];

int n = pathLeafi ToLeafj.|ength();

for(int kK =1; k < n-1; k++)

{
i nnerNode = "" + pathLeafi ToLeafj.charAt (k);
p = internal Nodes. i ndexX (i nner Node) ;

di stance = di stance + | engthsl nnerLi nks[p];

}
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leaf = "" + pathLeafi ToLeafj.charAt(n-1);
p = | eaves. i ndexOf (| eaf);
di st ance di stance + | engthsLeaves|p];
Millj] di st ance;
}
}

return M

}

[/ Translation from Newi ck’s to quasi-binary notation:
/ / addresses are attached to tree in New ck’s notation
/Il nner nodes are conserved. Lengths are conserved.
private static String toQuasiBinarylnner(String tree)
{
if (print2)
Systemout.println("lnput tree at toQuasi Bi narylnner " +
"= \n" + tree);
/ | Qut put
String treeToBi = "";
String nuneric = ".:0123456789";
/I The binary address of | eaf
String address = "";
/'l The nane or content of the tree
String content = "";

String thisChar = "";

String nextChar = "";
String previousChar = "";
/1length of String tree
int | =tree.length();
/'l Tree is scanned char by char
for(int i =0; i <1; i++)
{
thisChar = "" + tree.charAt(i);
if (1 <1-1) nextChar = "" + tree.charAt(i+1);
el se next Char = "end";

if (i >0) previousChar = "" + tree.charAt(i-1);
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el se previousChar = "start";

/1 This char = (
i f (thisChar.contentEqual s("("))
{
content = content + thisChar;
address = address + '+ ;
if (print)
Systemout.println("Address = " + address);

}

[/1f this char is a |eaf
if (leaves.contains(thisChar))
{
/1l Systemout.println("leaf");
treeToBi = treeToBi + content + address + thisChar;

content = ;

}

if (numeric.contains(thisChar))
treeToBi = treeToBi + thisChar;

/[11f this char is an i nner node
i f (internal Nodes. contains(thisChar))
{
int m= address. |l ength();
//delete last bit fromthe right
if (nmp0) address = address.substring(0, m1l) ;

i f (address.content Equal s("")) address = "+";
treeToBi = treeToBi + address + thisChar;
}
/1 This char =, and goes after an inner node

if (thisChar.contentEquals(","))
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{
/1 Systemout.println
[/ ("comma : " + previousChar + thisChar );
treeToBi = treeToBi + thisChar
if (print)
Systemout.println("Address at ,1 =" + address);
if (nuneri c. contai ns(previousChar))
address = address + '-';//Add a - to the right
if (print)
Systemout.println("Address at ,2 =" + address);
}
i f (thisChar.contentEquals(")"))
{
treeToBi = treeToBi + thisChar

/1 Di pht honge ),
i f (next Char. cont ent Equal s(","))

{
int m= address. | ength();
//delete last bit fromthe right
i f (m>0) address = address.substring(0, m1) + "-"

}
}

}//End of for(int i...
return treeToBi;

}

/I bTree (in links with | engths notation)

/lis used to generate Record[]

//with addresses and contents.

/I Names of inner nodes are visible

public static void nmakel nputlnner(String bTree)

{

int counter = O;
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/1length of String tree
int | = bTree.length();
String thisChar = "";
String address = "";
String binNunbers = "+-";

String nuneric = ".:0123456789";
/1String tree is scanned char by char
for(int i =0; i <1; i++)

{

thisChar = "" + bTree.charAt(i);

i f (bi nNunbers. contai ns(thisChar))
address = address + thisChar;

if ( (leaves.contains(thisChar)) |

(1 nternal Nodes. contai ns(thisChar)))

{
Recor d[ count er]

count er ++;

Record[ counter] = thisChar;

addr ess;

count er ++;
address = "":

}

i f (numeric.contains(thisChar))

{

Record[ counter-1] = Record[counter-1] + thisChar

}

}
if (print)
for(int i =0; i < counter; i =1i+2)

Systemout. println(Record[i] +
" bbbb " + Record[i+1]);

| ast UsedPosi ti on = counter;
if (print)
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Systemout.println("lastUsedPosition ====
+ | ast UsedPosi tion);
}/ /1 End of nethod

/[IPrints a matrix and its title

private static void printMatrix(double Matrix[]][],
String title)

{

Systemout.println( "\n" + title );
int m= Matrix. | ength,;
Systemout.print( "\t");
for (int j =0; J <m j++)
Systemout.print( |leaves.charAt(j)+ "\t");
Systemout.println();
for (int i =0; 1 <m i++)
{
Systemout.print(leaves.charAt(i ) + "\t");
for (int j =0; ] <m j++)
Systemout.print( Matrix[ i J[j]+ "\t");
Systemout.println();
}
}

/1 Tree is transl ated
/1fromlink notation to binary.
/1 Qutput in Record[]: even entries= addresses, odd = names.
/I Associ ated matrix is al so cal cul at ed
public static double [][] associatedMatrix(String tree)
{
| *
Systemout.println("Tree at translate =" + tree);
/1String Nwlree = sinplify(tree);
String bTree = toBinary(tree);
/'l A vector with addresses and names i s conposed
makel nput (bTr ee) ;
*/
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[1String Nwlree = sinplify(tree);
String bTree = toQuasi Bi naryl nner(tree);

if (print2)

{

Systemout.println("lInput tree at translate =" + tree);
Systemout.println("Selected tree in " +

"pseudo- Newi ck’s notation = \n" + sinplify(tree));
Systemout.println("Tree in quasi-binary notation: \n"
+ bTree);
}

/1 A vector with addresses and other with nanes are conposed
makel nput | nner (bTree) ;

//Paths fromleaves to node a are found.

/| Reverse paths are also |isted.

pat hFi nder (bTr ee) ;

/1 The di stance matri x anong | eaves is cal cul at ed

double M ][] = matri xBuil der();

return M

/'l The absol ute distance anbng two matrices is cal cul at ed.
/1 Only triangular part of matrices are conpared.
private static doubl e absD stance(int n,

doubl e[][] ML, double[][] M)

{

doubl e abs = 0;

for(int i =0; i <n; i++)
for(int j =1i+41; j < n; j++)

abs = abs + Math.abs(ML[i][j]-M[i][j]);
return abs;

}
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/llnput : tree in link notation.
/| Qut put :
/] di stance matri x associated to the | eaves of the tree.
private static double[][] distanceMatrix(String tree)
{
String s = toQuasi Bi naryl nner(tree) ;
if (print4)
Systemout.println("\n Tree =" + s);
/I Paths fromleaves to node a are found.
/| | Reverse paths are also |listed.
pat hFi nder (s);
/'l The di stance matri x anong | eaves is cal cul ated
double M ][] = matrixBuilder();
return M

/'l ==Inner class for drawing selected tree ==

/1 This programtranslates a string that

//denotes a tree in Newi ck’s notation

//to our binary notation

/'l (assign a zero to the left, a one to the right).

/'l A generator of randomtrees in Newi ck’s notation
/1is included.

// Resultant trees are drawn.

cl ass DrawBi Treeld ext ends JPane
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{

private static final |ong serial VersionU D = 1L
private JPanel draw ngPane34;
JScrol | Pane scroller;

//Vertical size of the pane
int vertical Size;
int horizontal Si ze;
/] Scal e nust be a power of 2
int scale = 1;

/1 Synbolic horizontal [ength of each stroke
int horizontal Length = 30;

int vertical Length = 10;

String Nwlree = "";

bool ean print = fal se;

/1 This is our encoding for a tree in our binary notation:
/[l W use a vector of strings:
/'l Even entries are the paths in the tree of the nodes,



435

/1 odd ones are the strings, nanes or contents.

/1 Y-coordi nates of points where strings are drawn
int[] yCoordinate = new int[1000];

/1 Set up the instructions.
JLabel instructi,
JLabel instruct?2;

public DrawBi Treeld()
{

super (new Border Layout ());
JPanel instructionPanel = new JPanel (new GridLayout (0, 1));

/1 Set up the instructions.
instructl = new JLabel (titlel);
instruct2 = new JLabel (title2);

i nstructi onPanel . set Focusabl e(true);
i nstructi onPanel . add(i nstructl);
i nstructi onPanel . add(i nstruct 2);

/1 Set up the draw ng area.
dr awi ngPane34 = new drawi ngPane34() ;
dr awi ngPane34. set Backgr ound( Col or. white);

/I Put the drawing area in a scroll pane.

JScrol | Pane scroller = new JScrol | Pane(draw ngPane34);
scrol l er.setPreferredSi ze(new D nensi on(500, 900) ) ;
scroller.revalidate();
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//Lay out this deno.
add(i nstructi onPanel, BorderLayout.PAGE END);
add(scrol l er, BorderLayout.CENTER);

[ *x The conponent inside the scroll pane. */
cl ass draw ngPane34 extends JPanel

{

private static final |ong serial VersionU D = 1L

/[/1lnitialization of coordinates

int centerX = 1;

int centerY = 1;

/] Coordinates of the origin

i nt x00;

int yO0O;

/| Target coordi nates

int x11 ;

int yl1;

// Hori zontal and basic vertical strokes
int H

int V;

/| Addresses are interpreted as paths
String path ="";

char direction;

//Calculate the size of a box to hold the tree
/1Scrolling controls are nanaged
private void sizeO Tree( G aphi cs2D g2d)
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/| Cal cul ate the di nension of the strings
/1A'l strings have equal size.

/] Cet font in use

Font font = g2d.getFont();

/lget metrics fromthe graphics

Font Metrics netrics = g2d. get Font Metrics(font);

/I get the advance of ny text in this font

/ /' and render context

int lengthText = netrics.stringWdth("Aa") + 2;
//get the height of a line of text in this

//font and render context (sonme padding is included)
int hgt = netrics.getHeight() + 8;

if (print)

Systemout.println("height of letters =" + hgt);

/I Hori zontal and basic vertical strokes
H = scale * horizontal Lengt h;
V = scale » vertical Length

hori zontal Si ze = | engt hText +

(int) (H=* nunber O Leaves);
vertical Si ze =
(int) (hgt = nunber O Leaves) ;

/|l area = size of the graphic (w dth, height)
Di nensi on area =

new Di mensi on(hori zontal Si ze, 12xverti cal Si ze) ;
/larea is set as the preferred size of the graphic
dr awi ngPane34. set PreferredSi ze(area);

/'l The graphi c denands a space for itself:

/1if the alloted space is not enough,

//turn on scrolling bars.

drawi ngPane34. reval i dat e();

vertical Length = 2+vertical Si ze;

/| Coordi nates of the origin
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x00 = scal excent er X;

y00 = scal ex centerY + vertical Size - 600;
/| Target coordi nates

x11 x00 + (int) ( scalexhorizontal Length);
yll y00;

[/ Tree is drawn
private void Drawlree3( G aphi cs2D g2d)
{
[/ The tree is drawn:
/1A path fromthe origin of the tree to
[l each leaf is drawn
if (print)
System out. println("LastUsedPositoon at Drawlree3=
+ | ast UsedPosi tion);
for(int i =0; i < lastUsedPosition; i = i+2)
{
/1 Addresses will be used as paths to be drawn
path = Record[i];
if (print)
Systemout.println( i + " Path =" + path);
//Reinitialization
D nensi on center = new Di nension(x11,yl11);
V = scale * vertical Lengt h;
[/ Path is interpreted
for(int j =0; j < path.length(); j++)
{
direction = path.charAt(j);

int xO = center.w dth;

int yO = center. hei ght;

int x1 = x0;

int yl,;

if (direction =="+") //go up

{
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yl = y0 + V;
center. height = center. height + V,

}

else // if direction =="'-" = go down
{
yl = y0 -V,
center. height = center. height -V,
} //End of if + else
/1 Draw vertical stroke
g2d. dr awLi ne(x0, vertical Size -y0, x1
vertical Si ze- y1);
/I Draw hori zontal stroke
g2d. drawLi ne(x1, vertical Size - y1,
x1 + H vertical Size - yl);
/| Move center
center.width = center.width + H;
/lVertical stroke is divided in two
V = V/2;
}//End of for j
} //End of for: nunber O Leaves

/1Strings are drawn
private void drawStrings(G aphi cs2D g2d)
{
int counter = O;
//Seed is not drawn: we | ack one
/1 g2d. drawsStri ng(seed, x00, vertical Si ze - y00);
yCoor di nat e[ counter] = vertical Size - yO00;
[ | count er ++;
/1Strings are drawn:
for(int i =0; i < lastUsedPosition; i =i+2)
{
/1 Addresses will be used as paths to the places
[/ where strings nust be drawn
path = Record[i];
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String s = Record[i+1];

/I Reinitialization

Di mensi on center = new Di nensi on(x00, y00);
D nension target = center;

V = scale » vertical Lengt h;

[/ Path is interpreted

for(int j =0; j < path.length(); j++)

{

direction = path.charAt(j);

if (direction =="'+") //go up

target. height = target. height + V;

else // if direction =="'-" = go down

target. height = target. height - V;
target.wdth = target.width + H;
vV = V/ 2
}//End of for j
[1String is drawn
g2d.drawsString(s, target.width + 1,
vertical Size - target. height-1);
/ly-coordi nates are recorded
yCoordi nate[ counter] = vertical Size - target. hei ght-4;
count er ++;
}
}

//Basic routine of the drawi ng procedure

private void drawBasi c( G aphi cs2D g2d)
{

g2d. set Col or (Col or. red);

//Stemis drawn: our trees is artificially rooted.
g2d. dr awLi ne(x00, vertical Size - y00,

x11, vertical Size - yll);

si zeOf Tree(g2d);

Dr awTr ee3( g2d) ;

drawSt ri ngs(g2d);
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/'l Gaphical master : it is called automatically
/lat starting and by repaint()
protected voi d pai nt Conponent (G aphi cs g)
{
super . pai nt Conponent (g) ;
G aphi ¢cs2D g2d = (G aphi cs2D) g;
/'l Font to draw strings
Font font = new Font("Arial", Font.PLAIN, 12);
g2d. set Font (font);
g2d. set Render i ngHi nt (Renderi ngHi nt s. KEY_ANTI ALI ASI NG,
Render i ngHi nts. VALUE_ANTI ALI AS_ON) ;
dr awBasi c(g2d) ;

}// End of double inner class draw ngPane34

[ **
* Create the GU and showit. For thread safety,
* this method should be invoked fromthe
* event -di spat ching thread.
* [

voi d creat eAndShowGUl ()
{

/| Create and set up the w ndow.

JFrane frane =

new JFrame(titl eFrane);
frame. set Def aul t C oseQper ati on(JFrane. DI SPOSE_ON_CLCSE) ;

/I Create and set up the content pane.

/I Constructor of the main application is used.
JConmponent newCont ent Pane = new DrawBi Treel4();
/|l content panes nust be opaque

newCont ent Pane. set Cpaque(true);

franme. set Cont ent Pane( newCont ent Pane) ;
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/1 Display the w ndow.
frame. pack();
frame. set Visi bl e(true);

}

}//End of inner class DrawBi Treel4

}//End of main class K44 EvoFul | 3

54, page244. The next code generates a mutation in a tree by deleting
leaves at random and by reinserted them also at a random pliaaéso
cause mutations in the lengths of links.

/| Program K54 TopoMit ati on4.

/1 This program generates a random bi nary tree
//and produces a nutation, whose output nust be
/la binary tree over the sane set of |eaves.

/1At the beginning it is decided with which order
/1 of insertion of |eaves to work:

/I normal , reversed or pernuted.

/I Next, a tree is synthesized

/land a nutation is made.

I

/1A nmutation results fromdeleting

//a given nunber of |eaves

//to reinsert themanew in

/'l ot her places chosen at random

/| Leaves can be deleted in reversed order of insertion
[/l or at random

/'l Lengt hs of links are al so mutated.

//Seed tree, with three | eaves, i s conserved.
/| Exanpl e in ordinary order ((Aa,Ba), Ca).
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i mport java.util.Random

public class TopoMuitati on4

{

/1Link’s notation for topol ogies
private static String seed =
"((Aa, Ba), Ca)";

private static String | eaves =

" ABCDEFGHI JKLIMNOPQRSTUVWKYZ" ;

private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";

/I Next | eaf to be grafted

private static int nextLeaflndex = 2;
/I Next internal node to be inserted
private static int nextlntNodel ndex = O;

/I Nunber of |eaves to be inserted to seed:

//to get a tree with 4 | eaves, add one |eaf to seed
private static int nAdditional Leaves = 8§;

/| Total nunber of | eaves

private static int nunber O Leaves;

/I Nunber of |eaves to be deleted and reinserted
//to create a nmutation.

[/l must be | ess than nAdditional Leaves

private static int nUndoRedo = O;

// Leaves that renmain in the topol ogy

private static String presentlLeaves = " ABC"
private static String presentNodes = "a";

/ | Founder | eaves ABC or equival ent cannot be renoved
private static String del etabl eLeaves = "";

/I Del eted | eaves are then reinserted

private static String reinsertingLeaves = "";
private static String reinsertingNodes = "";
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private static int nmaxNunber O Leaves = | eaves. | ength();

//Length of the link that glues a leaf to the tree
private static int |engthsLeaves[] =
new i nt [ maxNunber Of Leaves] ;
//Length of the |ink that glues
/lan inner node to another one
private static int |engthslnnerLinks[] =
new i nt [ maxNunber Of Leaves] ;

private static Randomr = new Random();
/1 The control paranmeter of the random generator for int
private static int maxLength = 10;

fal se;
true;

private static boolean printl
private static bool ean print2

/1 This is the original topology:
private static String original ="";

/I MUTATI ON PARAMETERS===========

/1 Are you going to work with the given order

/1 of the al phabet of | eaves

/la reverse one, or with a permutation?

private static double pGvenOrder = 1;

private static double pReverseOrder = 0O;

/la must be less than 1

[llnplicit: probability of pernmutation = a =

/11 - (pd venOrder+pReverseOrder).

private static double a = pG venOrder + pReverseOrder;

/I Mutation of topol ogy=
/1 deleting | eaves + reinsertion at random
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/ | Choose one of two forms of deleting:

/lreverse order to that of synthesis el se random
//One is given, the other is the conplenment to 1
private static double pReverseSynth = 0;

/1 You can nutate only | engths el se
/' topol ogy + | engths
private static doubl e pMutateOnl yLengths = 0.5;

/1lf lengths of |inks are nutated

/I Mutation rate per |ink per generation
static private double m = 0. 5;

/1 End of nutation paraneters

/1String s ( a char) is deleted from not her

public static String delete(String s, String nother)
{

String output ="";

int | = nother.indexO(s);

out put = nother.substring(0, 1)

+ not her. substring(l +1) ;

return output;

}

/1String | eaves is reversed
public static String reverse(String | eaves)

{
String reversed = "";
int | = leaves.length();
for(int i =1-1; i >=0; i--)
{
String ¢c ="" + leaves.charAt(i);
reversed = reversed + c;
}

if (printl)
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Systemout.println("Reverse order =" + reversed);
seed = "((Za,Ya),Xa)";
if (printl)
Systemout.println("seed =" + seed);
present Leaves = "ZYX"
return reversed,
}

/1String | eaves is permuted
public static String pernmuteOrder(String | eaves)

{

if (printl)
Systemout.println("original and pernmuted order = \n"
+ | eaves);
String pernmuted = "";
int I = leaves.length();
int m=1I;
for(int i =0; i < 1; i++4)
{
int d=r.nextlnt(m ;
String ¢c = "" + | eaves.charAt(d);
| eaves = del ete(c, | eaves);
m=ml
permuted = pernuted + c;
}
if (printl)
System out . printl n(pernuted);
String first = "" + pernuted. charAt (0);
String second = "" + pernuted.charAt(1);
String third = "" + pernuted. charAt (2);
seed = "((" +first + "a," +second + "a)," +third + "a)";
if (printl)
Systemout.println("seed =" + seed);
present Leaves = first + second + third;

return permuted;
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// Detect internal nodes, different than | eaves
private static bool ean charl sl nt ernal Node(char c)
{

String s ="" + ¢;

i f (internal Nodes.contains(s)) return true;

el se return fal se;

}

/1Sinplification fromLink notation to New ck’s notation:
Il (((AJ,DJ)I,BI),d) -> (((A D,B), O

private static String sinplify(String newlree)

{

String tree = "";

/1l ength of string newlree

int | = newlree.|length();
for(int i =0; i <|1; i++)
{

/I newTree is scanned char by char
char ¢ = newlree.charAt(i);
/[lls ¢ an internal node to be del eted?
i f (charlslnternal Node(c));

el se //add char c to output

tree = tree + c;
}

return tree;

}

//Rule 2 is used to generate a new tree:

I1(S)l -> ((S)N,FN) I .

/'S = subtree, | = internal node, F = new | eaf,

/I'N = new i nternal node.

/IRule 2 grafts new branch FNto link (S)I

/11 is the position of char | in string seedTree

private static String useRule2(String seedTree, int i,
char F, char N)

{

String newlree = "";
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char | = seedTree.charAt(i);

if (printl)

Systemout.println("i =" +i +" | =" +1);
[/ Subtree S of link (S)I nust be read

String S="";

[/ Counter of l|left seedhesis

int counter = O;

String pl "+ (7

String pr "+ )

//Position to be scanned

int position = i;

bool ean go = true;

/1A'l right seedheses to the near left of | are captured

while (go)
{
position = position -1;
String a = "" + seedTree. char At (position);
if (printl)
Systemout.println("a=" +a+" p =" + pr);
if (a.equal s(pr) )
{
count er ++;
S=a+ S
}

el se go = fal se;
}//End of while
if (printl)
Systemout.println("counter =" + counter);
/1 The conplete subtree is captured:
/| seedheses nust bal anced
while (counter > 0)
{
String a = "" + seedTree. char At (position);
if (a.equals(pr)) count er ++;
if (a.equals(pl)) counter--;
S=a+ S
if (printl)
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Systemout.println("Subtree =" + S);
position = position -1;
}

/ | Repl acenent rul e 2:

I1((S)n,Fn)i -> (9
/ I wher e F are |l eaves, n and i are inner nodes,
/1(S) is a conplex structure.

String SnFni = S +1;

String replacenment = "("+ S + N+ ", "

+ F+ N ")" + 1
//Rule 1 is executed
newlree = seedTree.repl ace(SnFni, replacenent);

/[11f I links to a conplex structure

return newlree;
}
/'l nput: seedTree, a tree in New ck’s notation.
/1 Qutput : newlree = seed tree + a new link.

/1 The new |l ink is added by a generative grammar.
/'l A random el ection is made anong all possibilities.
private static String generateChild(String seedTree)

{

next Leaf | ndex++;

char nextLeaf = |eaves. char At (nextLeafl ndex);
present Leaves = presentLeaves + next Leaf;

/I Next internal node to be inserted

next | nt Nodel ndex++;

char nextl nt Node = internal Nodes. char At ( next | nt Nodel ndex) ;

present Nodes = present Nodes + next | nt Node;

/1link to be repl aced

String link ="";

/1String link is replaced by what:
String replacenent = "";

/I new tree generated by repl acenent
String newlree = "";

/'l ength of seed tree
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int | = seedTree.length();
[/ counter of |links = O;
int counter = O;

// Links are counted

for(int i =0; I <1; i++)

{
/'l seedTree i s scanned char by char
char | = seedTree.charAt(i);

//1s | an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter++;

}

/1A link is chosen

int k = r.nextlnt(counter);

/1 System out. println("Random nunber =" + Kk);
/I new branch is grafted at k

counter = 0;

for(int i =0; i <1; i++)
{
/| seedTree i s scanned char by char
char I = seedTree.charAt(i);

/[11s 1 an internal node that denotes a repl acenent?
if (charlslnternal Node(l))

{

if (counter == k) //Is | the chosen |ink?

{
/| Check for the char before
char a = seedTree.charAt(i-1);

[11f 1 links to a conpl ex structure
if (a==")") newlree = useRul e2(seedTree, i,
next Leaf, nextl nt Node);
else //if | links to a leaf, use rule 1
{
/1Link to be repl aced
link ="" + a + 1|;
/ | Repl acenent rule 1:
/lal -> (aN, FN)I; N= next | nt Node;

/I F = next Leaf
replacement = "(" + a + nextintNode + ","
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+ next Leaf + nextlntNode + ")" + |;
//Rule 1 is executed
newlree = seedTree.replace(link, replacenent);

}
if (printl)
Systemout. println(newlree + " ->"
+ sinplify(newlree));
=1
}
count er ++;
}
}
return newlree;
}

/'l nput: seedTree, a tree in New ck’s notation.
/1 Qutput : newlree = seed tree + a new link.
/1 The new | ink is added by a generative grammar.
/'l A random el ection is made anong all possibilities.
private static String reinsertLeaf (String seedTree)
{
next Leaf | ndex++;
char nextLeaf = reinsertinglLeaves. char At (nextLeafl ndex);
present Leaves = presentLeaves + next Leaf;
/I Next internal node to be inserted
next | nt Nodel ndex++;
char nextlnt Node = reinsertingNodes. char At (next | nt Nodel ndex) ;
present Nodes = present Nodes + next | nt Node;

/1link to be repl aced

String link = ;
/1String link is replaced by what:

String replacenent = ;
/I new tree generated by repl acenent

String newlree = ;
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/1length of seed tree

int | = seedTree.length();
[/ counter of links = O;
int counter = O;

/I Li nks are counted

for(int i =0; I <|1; i++)

{
/'l seedTree i s scanned char by char
char | = seedTree.charAt(i);

/11s 1 an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter ++;

}
/1A link is chosen

int k = r.nextlnt(counter);
/1 System out. println("Random nunber =" + Kk);
/I new branch is grafted at k

counter = 0;

for(int i =0; i <1I; i++)
{
/| seedTree i s scanned char by char
char | = seedTree.charAt(i);

/11s 1 an internal node that denotes a repl acenent?
if (charlslnternal Node(l))
{

if (counter == k) //Is | the chosen |ink?

{
[/ Check for the char before

char a = seedTree.charAt(i-1);

[11f 1 links to a conplex structure

if (a==")") newlree = useRul e2(seedTree, i,
next Leaf, nextl| nt Node);

else //if I links to a leaf, use rule 1

/1Link to be repl aced

link ="" +a + 1|,
/| Repl acenent rule 1:
/[lal -> (aN, FN)I; N= next | nt Node;

[/l F = next Leaf
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repl acenent = "(" + a + nextlntNode + ","

+ next Leaf + nextlntNode + ")" + |;
//Rule 1 is executed
newlree = seedTree.replace(link, replacenent);

}
if (printl)
Systemout. println(newlree + " ->"
+ sinplify(newlree));
i =1,
}
count er ++;
}
}
return newlr ee;
}

/'l Leaf F and node n conform link Fn and are del et ed.
/W apply the antirul el:
/1 (AN, Fn)i -> Al
private static String antiRulel(String tree,
i nt positionLeaf, int positionNode)
{
if (printl)
Systemout.println("Anti Rul el");
i nt beginlndex = positionLeaf - 4,
i nt endl ndex posi ti onNode + 3;
t

String AnFni ree. substring(begi nl ndex, endl ndex);
if (printl)
Systemout.println("Anfni =" + AnFni);
String Al = "" + tree.char At (begi nl ndex+1)
+ tree. char At (endl ndex-1);
if (printl)
Systemout.println("Al =" + A);

tree = tree.replace(AnFni, A);
if (printl)
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Systemout.println("Qutput tree = \n" + tree);
return tree;

}

/'l Leaf F appeared as an insertion into a conplex structure S.
/it is deleted.

[1\We apply the antirul e2:

[1((S)n,Fn)i -> (9

[/ positionNode refers to the | ast appearing of node n
private static String antiRule2(String tree,

int positionLeaf, int positionNode)

{

if (printl)
Systemout.println("Anti Rul e2");
/'l Leaf to be del eted

String leaf = "" + tree.charAt(positionLeaf);
if (printl)
Systemout.println("\nDeletion =" + |eaf);

/| Acconpanyi ng i nner node
String innerNode = ""
+ tree. char At (positionNode);

int firstPosition = tree.indexO (i nnerNode);
String newlree = "";
String i =""; [/BUG?????
if (positionNode +2 < tree.length())

i = ""+ tree.charAt(positionNode+2);

if (printl)

Systemout.printIn("FirstPosition = " +
firstPosition + " i =" +1i);

/1 Subtree S of link (S)I nust be read

String S="";

/] Counter of |eft seedhesis
int counter = 0;

String pl "
String pr ")

+
~
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/I Position to be scanned

int position = firstPosition;

bool ean go = true;

/1A'l right seedheses to the near left of | are captured

while (go)
{

position = position -1;
String as = "" + tree.charAt(position);
if (printl)
Systemout.println("a=" +as +" p =" + pr);
if (as.equal s(pr) )
{

count er ++;

S =as + S
}

el se go = fal se;
}//End of while
if (printl)
Systemout.println("counter =" + counter);
/| The conpl ete subtree is captured:
/ | seedheses nust bal anced
while (counter > 0)

{
String as = "" + tree.charAt(position);
if (as.equal s(pr)) count er ++;
if (as.equals(pl)) counter--;
S =as + S
if (printl)
Systemout.println("Subtree =" + S);
position = position -1;
}

String n = innerNode;
/ | Repl acenent anti Rul e 2:
I1((S)n,Fn)i -> (9
/Iwhere A and F are |eaves, n and i are inner nodes,
/1(S) is a conplex structure.
String SnFni = "("+S +n+ "," +leaf + n + ")" + i
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String Si =S + i;
if (printl)
Systemout.println("\nSnFni =" + SnFni + "\n Si =" + Si);
//Rule 1 is executed

newlree = tree.replace(SnFni, Si);

if (printl)

Systemout.println("Qutput tree = \n" + newlree);
return newlree;

// Leaf F and node n conform |ink Fn and are del et ed.
[1\We apply antirul e3:

[1(Fn, An)i -> Al

private static String antiRule3(String topo,

int positionLeaf, int positionNode)

if (printl)
Systemout. println("Anti Rul e3"
+ "\ nlnput topology = \n" + topo);
i nt beginlndex = positionLeaf - 1,
i nt endl ndex posi ti onNode + 6;

String FnAni t opo. substri ng(begi nl ndex, endl ndex);
if (printl)
Systemout.println("FnAni =" + FnAni);
String Al = "" + topo.charAt (begi nl ndex+4)
+ topo. char At (endl ndex-1);
if (printl)
Systemout.println("Al =" + A);
topo = topo.replace(FnAni, A);
if (printl)

Systemout. println("Qutput topology = \n" + topo);
return topo;

}
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/| Leaf F appeared as an insertion into a conplex structure S.
/11t is deleted.

/W& apply antirul e4:

[T(Fn,(S)n)i -> (9S)

private static String antiRule4(String tree,

I nt positionLeaf, int positionNode)

{
//Leaf to be del eted
String leaf = "" + tree.charAt(positionLeaf);

/ | Acconpanyi ng i nner node
String i nnerNode = ""
+ tree. char At (positionNode);

if (printl)

System out. println("\nAnti Rul e4”

+ "\ nLeaf to be deleted = " + |eaf

+ " at position " + positionLeaf

+ "\ nAcconpanyi ng node = " + inner Node

+ " at first position " + positionNode);
/I Second position of acconpanyi ng node
I nt positionNode2 = 0;
int | =tree.length();
bool ean go = true;
/ltree is scanned char by char

for(int i = positionNode + 1; i < |I; i++)
{
String c ="" + tree.charAt(i);
if (go)
{
if (c.equal s(innerNode))
{

positi onNode2 = i;

go = fal se;
if (printl)
System out . printl n(
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"Second position of acconpanyi ng node = " +
positionNode2 + " i =" + i);

i nt begi nl ndex = positionLeaf - 1;
i nt endl ndex = positionNode2+2;
Stringi ="";
if (endlndex < tree.length())
i = ""+ tree. char At (endl ndex);

if (printl)
Systemout. println("Endl ndex =" +
endlndex + " i =" +1i);
String FnSni = tree.substring(beginl ndex, endlndex) + i;
if (printl)
Systemout.println("FnSni =" + FnSni);

String S = tree. substring(begi nl ndex+4, endl ndex-2);
if (printl)

Systemout.printIn("S=" +95);
String Si =S + i;

if (printl)

Systemout.println("Si =" + Si);

String newlree = tree.replace(FnSni, Si);
if (printl)
Systemout.println("Qutput tree = \n" + newlree);
/1 System exit(0);
return newlree;

}

[/ The |l ast inserted leaf is deleted fromtree.
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private static String del eteLastLeaf (String tree)

{

//Leaf to be del eted

String leaf = "" + | eaves. char At (next Leaf | ndex);
if (printl)
Systemout.println("\nLeaf to be deleted =" + |eaf);

/ | Acconpanyi ng i nner node

String i nnerNode =

+ i nternal Nodes. char At (next | nt Nodel ndex) ;
if (printl)
System out. println("Acconpanying i nner node ="

+ i nner Node) ;

/I new tree = output
String newlree = "";
/1l ength of
int | =tree.length();
/|l Last positions are found
int positionLeaf = -1;

i nt positionNode

tree as string

_1'

//tree is scanned char by char

for(int i =0; i <|I; i++)
{
String ¢c = "" + tree.charAt(i);

if (c.equal s(leaf)) positionLeaf = i;
if (c.equal s(innerNode)) positionNode = i;

}

if (printl)

Systemout. println("Position of

if (printl)
Systemout.println("Position of " + innerNode +

+ leaf +
=" + positionLeaf);

" + positionNode);

int firstPosition = tree.indexO (i nnerNode);
/| Check for the char before firstPosition

char a = tree.charAt(firstPosition - 1);
/[11f 1 links to a conplex structure
if (a==")")
newlree = anti Rul e2(tree, positionLeaf, positionNode);
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else //Apply anti Rulel for sinple cases

newlree = anti Rul el(tree, positionLeaf, positionNode);
next Leaf | ndex- -;

next | nt Nodel ndex- - ;

return newlree;

}

/1A random leaf is deleted fromtree.

private static String del eteRandomieaf (String tree)
{

if (printl)

{
Systemout. println("\nMet hod del et eRandonieaf”
+ "\ntree =" + tree
+ "\ ndel et abl eLeaves = " + del et abl eLeaves);
}
int | = del etabl eLeaves. | ength();
int position = r.nextlnt(l);
//Leaf to be del eted
String leaf = "" + del et abl eLeaves. char At (position);
i nt nodelndex = tree.indexO(leaf) + 1
/| Acconpanyi ng i nner node
String innerNode = ""
+ tree. char At (nodel ndex) ;

del et abl eLeaves = del et e(| eaf, del et abl eLeaves);
present Leaves = del et e(l eaf, present Leaves);
reinsertingLeaves = reinsertingLeaves + | eaf;
rei nserti ngNodes = reinsertingNodes + innerNode;

if (printl)
Systemout.println("\nLeaf to be deleted = " + | eaf
+ "\nReinserting | eaves = " + reinsertinglLeaves

+ "\ nAcconpanyi ng i nner node =" + i nner Node

+ "\ nReinserting nodes =" + reinsertingNodes);
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/I new tree = output

String newlree = "";

//length of tree as string

| = tree.length();

// Last positions are found

i nt positionLeaf tree.indext (| eaf);

i nt positionNode positionLeaf + 1;

if (printl)
Systemout.println("Position of " + |eaf +
" = " + positionLeaf);
if (printl)
Systemout.println("Position of " + innerNode +
" =" + positionNode);
/I Wi ch set of deleting rules to apply:
/11 and 2 el se 3 and 47
String previousChar = "" + tree.charAt(positionLeaf-1);
if (previousChar.equals(",")) //Apply antiRules 1 and 2
{
if (printl)
Systemout.println("Apply anti Rules 1 and 2");
int firstPosition = tree.indexO (i nnerNode);
/| Check for the char before firstPosition
char a = tree.charAt(firstPosition - 1);
/11f 1 links to a conplex structure
if (a==")")
newlree = anti Rul e2(tree, positionLeaf, positionNode);
else //Apply antiRulel for sinple cases
newlree = anti Rul el(tree, positionLeaf, positionNode);
next Leaf | ndex- -;
next | nt Nodel ndex- - ;

}

else //Apply antiRules 3 and 4

{

if (printl)

Systemout.println("Apply anti Rules 3 and 4");
int firstPosition = tree.indexO (i nnerNode);
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/| Check for the char before firstPosition
char a = tree.charAt(firstPosition + 2);
[11f 1 links to a conplex structure
if (a=="(")
newlree = anti Rul e4(tree, positionLeaf, positionNode);
else //Apply anti Rule3 for sinple cases
newlree = anti Rul e3(tree, positionLeaf, positionNode);
next Leaf | ndex- - ;
next | nt Nodel ndex- - ;

}

if (printl)
Systemout.println("Tree after del etion"” + newlree);
return newlr ee;

}

/I Mutation =

// Random del eti ons are reinserted.

public static String mnutati onRandonDel eti on(
String tree, int nAdditional Leaves)

{

/1 Sore | eaves are del eted: random order

if (printl)

Systemout.println("Some | eaves are del eted AT RANDOM') ;
for(int i = 0; i < nUndoRedo; i++ )

{

[/ Last inserted |eaf is deleted.

tree = del et eRandonlLeaf (tree);
}
/1 Deleted | eaves are reinserted

next Leaf | ndex = -1;

next | nt Nodel ndex = -1;

if (printl)

Systemout.println("Del eted | eaves are reinserted");
for(int i = 0; i < nUndoRedo; i++ )
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tree = reinsertlLeaf(tree);

}

return tree;

}

/I Mut ati on:

/'l some | eaves are deleted and then reinserted

/1in random order

/I Del eting can happen in either of two ways:

/I Reversing the order of synthesis else

/1in random order

public static String nutationO Top(String topol ogy,
i nt nAddi ti onal Leaves)

{

ori ginal = topol ogy;
if (printl)
{
Systemout. println("\nMethod nmutationO Top" +
"\ nPresent Leaves = "
+ present Leaves);
}

/| Seed | eaves are not renoved

del et abl eLeaves = present Leaves. substring(3);

/I Number of |eaves to be deleted and then reinserted

i f (nAdditional Leaves == 1) nUndoRedo =1

el se

nUndoRedo = r.nextlnt(nAdditional Leaves-1) + 1;

if (printl)

Systemout. println("\nNunber of |eaves to delete = "
+ nUndoRedo) ;

doubl e s = r. next Doubl e();
iIf (s < pReverseSynth)//Choose deletion in reversed order

{
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/'l Sone | eaves are del et ed:
/lreversed order to that of synthesis.
if (printl)
Systemout.println("Leaves are deleted " +
"in reverse order");
for(int i = 0; i < nUndoRedo; i++ )
{
/lLast inserted |eaf is deleted.
t opol ogy = del et eLast Leaf (t opol ogy);
System out. println(topol ogy);

}
//del eted | eaves are reinserted
if (printl)
Systemout.println("\nDeleted | eaves are reinserted");
for(int i = 0; i < nUndoRedo; i++ )
{

t opol ogy = generat eChil d(topol ogy);

}
}

el se // Choose at random | eaves to be del eted

t opol ogy = nut ati onRandonDel eti on(t opol ogy, nuUndoRedo);

/| Qut put

String nutant = topol ogy;

if (printl)

Systemout.println("\nOriginal and nutant topologies = \n
+ original + "\n" + nutant);

if (printl)

{

if (original.equals(nutant))

Systemout. println("Mitation made not hi ng");
el se
Systemout. println("\nMitation worked");
}

return nutant;

}
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/I Random | engt hs are added to a tree in Link notation
public static void generatelLengths()

{
//Lengths with digit values are generated
for(int i = 0; I < nunber O Leaves; i ++)
{

/'l Zero | engths are not all owed
| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);
| engt hslnnerLinks[i] =1 + r.nextlnt(maxLength - 1);

}
}

/I Random | engt hs are added to a tree in Link notation
public static String insertLengths(String treeLi nkN)
{
String thisChar = "";
String newlree = "",;
/1length of String treeLi nkN
int m= treeLinkN. |l ength();
/| TreeLi nkN i s scanned char by char
for(int i =0; i <m i++)
{
thisChar = "" + treeLinkN. charAt(i);
newlree = newlree + thisChar;
if (printl)
Systemout. println(newlree.length() + " " + newlree);
[/ Lengt hs are appended
if (leaves.contains(thisChar))

{
int k = |eaves.indexO(thisChar);
double j = | engt hsLeaves| k] ;
newlree = newlree + ":" + j;

}

f (internal Nodes. contai ns(thisChar))

i
{
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int k = internal Nodes.indexOf (thisChar);

doubl e j = | engt hsl nnerLi nks[ K] ;
newlree = newlree + ":" + j;

}

}

return newlree;

}

/'l Lengt hs are del eted from newlree
private static String del eteLengths(String newlree)

{
String tree = "";
String nuneric = ".:0123456789";
/1l ength of string newlree
int I = newlree.length();
for(int i =0; i <1; i++)
{

/I newTree i s scanned char by char

char ¢ = newlree.charAt(i);

String s ="" + c;

/[1ls ¢ nuneric: delete it!

if (nuneric.contains(s)); //add char c to output
else tree = tree + c;

}

return tree;

}

[/1nput: string tree with conplete information.
[ 1Wbrk: | engthsLeaves[] and | engthslnnerLinks[]
/lare read fromtree.

private static void decoderlLengths(String tree)

{
if(printl)
System out . printl n(
"I nput tree at decoderLengths = \n " + tree );

/1 Del ete
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tree = tree.replaceAll (":", "");
if(printl)
System out . printl n(

"Input tree without : =\n " + tree );

int n =tree.length();

String thisChar = "";

String nextChar = "";

String nunbers = ".0123456789";
bool ean | eaf fal se;

bool ean node = fal se;

String Leaf ="";

String nunber Leaf "y

Stri ng nunber Node "

String Node = "";
int j ;
doubl e f;
/1A'l chars in tree are scanned
for(int i=0; i < n; i++)
{
thisChar = "" + tree.charAt(i);
if (i <n-1) nextChar ="" + tree.charAt(i+1);

// Do we have a | eaf?
if (leaves.contains(thisChar))

{

| eaf = true;

Leaf = "" + thisChar;
}

// Do we have an internal node?
i f (internal Nodes. contains(thisChar))

{

node = true;

Node = "" + thisChar;
}

// Do we have a nunber that belongs in a |eaf?
if ( (leaf) & (nunbers.contains(thisChar)))



468 ANSWERS TO EXERCISES

{
nunber Leaf = nunber Leaf + thisChar;
}
/1 Do we have a nunber that belongs in a |leaf?
if ( (node) & (nunbers.contains(thisChar)))
{
nunber Node = nunber Node + thi sChar;
}
// Must we end accunul ation of nunmbers of a |eaf?
if ( (leaf) & (internal Nodes. contains(nextChar)))
{
| eaf = fal se;
] = leaves.indexOh(Leaf);
if (printl)
Systemout.println("Leaf =" + Leaf +
nunber Leaf = " + nunberLeaf);
f = new Doubl e( nunber Leaf);
| engt hsLeaves[j] = (int) Math.floor(f);
nunber Leaf = "";
}
// Must we end accunul ati on of nunmbers of a node?
if ( (node) & (! (nunbers.contains(nextChar))))
{
node = fal se;
j = internal Nodes. i ndexCOf (Node) ;
if (printl)
Systemout.println("Node = " + Node);
f = new Doubl e( nunmber Node)
| engt hsl nnerLinks[j] = (int) Math.floor(f);
nunber Node = "";
}
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/ I Lengt hs undergo nutation
private static void nutatelLengths()
{
/I Mutation in |inks that connect | eaves
for(int k = 0; k < nunber O Leaves; k++)
{
doubl e q = r. next Doubl e();
if (g<m //mutate
| engt hsLeaves[ k] = r.nextlnt(maxLength);

}

/I Mutation in |inks that connect inner nodes
for(int k = 0; k < nunber Of Leaves-2; k++)
{
doubl e q = r. next Doubl e();
if (g<m //mutate
| engt hsl nner Li nks[ k] = r.nextlnt(maxLength);

}
}

/'l Type of mutation is decided and execut ed:
/I mutation of |engths of |inks
/lelse full nmutation (topology and | engths of 1inks).
private static String nutateTree(String tree)
{

/| Topology is read fromtree

String topol ogy = del eteLengths(tree);

//Lengths are read fromtree and recorded in vectors
/'l engt hsLeaves[] and | engt hsl nner Li nks[]
decoder Lengt hs(tree);

nmut at eLengt hs() ;

String mutantTree = "";

/I Mutate |l engths else topology ( + nutated | engths)?
doubl e s = r. next Doubl e();
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if (s < pMitateOnlyLengths) //only |engths are nutated
{

if (printl)
Systemout. println("\n====Mutation of |engths");
mut ant Tree = insertlLengt hs(topol ogy);
if (printl)
{
Systemout.println("lnput tree = " + tree);
Systemout. println("Topology = " + topol ogy);
Systemout.println("Qutput tree=" + nutantTree);
}
}
el se //topol ogy + | engths are nutated
{
if (printl)

Systemout. println("\n====Mutation of topology");

/I Mut ati on of topol ogy
String nutant Topol ogy = nutati onO Top(topol ogy,
nAddi ti onal Leaves) ;
/I Mutant |lengths are reinserted
nmut ant Tree = i nsertLengt hs(nut ant Topol ogy) ;

}

return nutantTree;

}

public static void main(String[] args)

{

/[l Election is nmade

doubl e s = r. next Doubl e();

if ( s < pGvenOder); //Do nothing = order is not changed
elseif (s <a) | eaves = reverse(l eaves);

el se |l eaves = pernmuteOrder (|l eaves);//pernute if s > a
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/ | Change of format

if (printl)
Systemout. println("seed topology = \n" + seed
+ " ->" + sinplify(seed));

/'l A topol ogy i's generated
String topol ogy = seed;
for(int i = 0; i < nAdditional Leaves; i++ )
t opol ogy = generateChil d(topol ogy);
/1 This original topology 1is next subject to nutation
origi nal = topol ogy;

/'l Lengths are added to topology to get a tree

nunber O Leaves = 3 + nAddi tional Leaves;

gener at eLengt hs();

String original Tree = insertLengths(original);

/| Tree undergoes nutati on

String nutant Tree = nutateTree(original Tree);

String nutant Topol ogy = sinplify(del et eLengt hs(nmutant Tree));

if (print2)

{

Systemout.println( "\nOiginal topology = \n" +
sinplify(original)

+ "\ nMut ant topology = \n" + nutant Topol ogy);

Systemout.println( "\nOiginal tree =\n" + original Tree

+ "\nMutant tree = \n" + nutantTree);

}

}
}//End of main class K54 TopoMut ati on4

55, page244. The next code uses evolution to propose an approximated
solution to the problem of fitting a tree to a distance matitixs Lamarck-
ian because mutation and recombination are programmeddupe viable
outputs. All possible outputs have equal probability ofuocence. In the
realm of useless programs, this is an improvement over édqmessor.

/| Program K55 EvoFul | 5
| *
* W i npl enment here
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a full fledged evol utionary process
to propose an approximate solution to the probl em of
fitting a tree to a distance matri x.

The programruns a certain nunber of generations,
reports the tree that best approxi mates the sol ution,
draws the best approximtion tree together with

the target tree and halts.

We generate a randomtree topol ogy

and attach randominteger |lengths to |inks.

In that way we get the target tree, T.

Next, we find the associated distance matrix D to T.
Qur problemis:

Find tree t such that the absol ute di stance between
matri x D and the associated matrix tot is a mninum
Absol ut e di stance between Mand N =sum|M|-Nj]|.
Thi s di stance defines the FI TNESS of each tree.

It decreases as good perfornance augnents.

The best possible fitness is zero.

We run the next test:
If we begin with a tree T, conpute D, and then t,
we expect to return with the initial tree: t = T.

To associate a distance matrix to a tree,

we cal culate the distance in within

each pair of nodes (leaves + inner nodes).

To that aim we begin with the first node and
wal k over the tree until the second node

and add the lengths of all traversed |inks.
The resulting nunber is the distance.

Formats = Link and Newi ck’s notations. And vari ants.

E o I R B T . S B S R S R S S A A R T B . N S B S N T S . B S S
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An automatic halting option has been added to be applied
if perfect matching is found.

The program accepts for input

a distance matrix with integer val ues.

A test for being a distance matrix is run.

To find the tree that best fit D,
we use evolution as foll ows:

1) Initialization:

We generate N topologies on the sane

set of |eaves. By adding | engths to |inks,
every topol ogy gets represented by a tree.
The fitness of each tree

is calculated and the best is selected.

If the fitness of the best is zero,

the programhalts and the tree is reported.

2) Evolution is conposed of rounds of
cl oning according to fitness,
random nut ati on and reconbi nati on.
After each generation, fitness is checked
for acconplishnent.

Mut ation i s Lanmarcki an:
it always produces viable nmutants.
Topol ogi es as well as |inks can mutate.

A nutation results fromdeleting
a given nunber of |eaves

chosen at random

to reinsert them anew in

ot her places chosen at random
This creates a mutant topol ogy.
To nutate | ength of |inks:
Lengths are read fromtree and
nmut at ed separately.
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Then, they are reinserted.

Reconbi nation is Lamarckian: it is authorized only
when it produces viabl e reconbi nants.

Al'l their subtopol ogies are cal cul at ed

and packed in arrays.

The sets of |eaves and of inner nodes

of each subt opol ogy are found.

Subt opol ogi es are conpared by pairs,

one from each topol ogy.

| f they happen to have the sane set of | eaves
and of inner nodes, reconbination is authorized:
the subtrees that correspond with

t he subt opol ogi es are swapped.

| f nmore than one pair of subtopol ogi es authorize
reconbi nation, one is chosen at random

A hashtable is used to nenorize those pairs that do it.
Original topol ogies serves as subtopol ogi es

t hat aut horize reconbinati on but they do not count.

E I T R S T R S I B N T I T R A A T T

i mport java.awt . BorderLayout;
i nport java.awt. Di nensi on;
i nport java.awt. G i dLayout;

i nport java.util.Enuneration;
i mport java.util.Hashtabl e;
i mport java.util.Random

i mport javax. swi ng. JFrane;
i nport javax.sw ng. JLabel ;
i nport javax.sw ng. JPanel ;
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i nport javax.sw ng. JScrol | Pane;
I mport java.awt. *;

I nport javax.sw ng. JConponent;

public class EvoFul |5 extends JPanel

{

private static final |long serial VersionU D = 1L

| | ===========Nbst i rrport ant par aneters ===========

/I Max nunber of generations to run evol ution
static private int nunmber Of Generations = 1000000;
/| Report Best tree every | apse generations

static private int |apse = 1000;

/I Nunmber of |eaves to be inserted to seed:
//to get a tree with 4 | eaves, add one |eaf to seed
private static int nAdditional Leaves = 5;

/ I Number of topol ogi es = nunber of trees that
/I conformthe evol ving popul ati on
private static int N = 50;
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[ I MUTATI ON PARAMETERS===========

/I Mutati on of topology=

/1 del eting | eaves + reinsertion at random
/| Choose one of two forns of deleting:

/lreverse order to that of synthesis el se random

/1 One is given, the other is the conplenent to 1
private static double pReverseSynth = 0;

/1 You can nutate only | engths el se
//topol ogy + | engths
private static double pMitateOnlyLengths = 0.5;

/11f lengths of Iinks are mnutated

/I Mutation rate per |ink per generation
static private double m = 0. 5;

/1 End of nutation paraneters

/1 The program accepts a distance nmatrix as i nput

/el se

/lit generates a randomtree, calcul ates the distance
/I matrix associated to | eaves and posits it

/las target matri x.

private static boolean inputMatrix = false;
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/'l nput distance matri Xx:
/| Exanpl e 5.4, pag 99, |saev (2001)
/llntroduction to Mathematical Methods in Bioinformatics
/'] Spri nger
private static double targetMatrix[]][]
= {{0,8, 3, 14,10, 12},

{8,0,9, 10,6, 8},

{3,9,0, 15,11, 13},

{14, 10, 15, 0, 10, 8},

{10, 6, 11, 10, O, 8},

{12, 8, 13, 8, 8, 0}};

| *
private static double targetMatri x5[][]
= {{0,8, 3,14, 10},

{8,0,9, 10, 6},

{3,9,0,15, 11},

{14, 10, 15, 0, 10},

{10, 6, 11, 10, 0} };

private static double targetMatrix4[][]
= {{0, 8, 3, 14},

{8,0,9, 10},

{3,9,0, 15},

{14, 10, 15, 0} };

*/

/I Number of | eaves that nust go in all trees > 3
private static int nunber O Leaves;

/I Everything is built by recursion over this tree
private static String seed =
"((Aa, Ba), Ca)";

// The best distance found in initialization
private static int distanceO;
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private static String | eaves =

" ABCDEFGHI JKLIMNOPQRSTUVWKYZ" ;

private static String internal Nodes =
"abcdef ghi j kl mopqr st uvwxyz";

/I Next leaf to be grafted
private static int nextlLeaflndex = 2;
/I Next internal node to be inserted
private static int nextlntNodel ndex

0;

private static int maxNunber O Leaves | eaves. | engt h();

/1 Nunber of | eaves to be deleted and reinserted
//to create a nutation

private static int nUndoRedo = O;

// Basi ¢ set of non renovabl e | eaves

private static String basiclLeaves = " ABC';
/| Leaves al ready present in the topol ogy
private static String presentlLeaves = basi cLeaves;

/1 Full set of |eaves that conformthe topol ogy
private static String allLeaves;

private static String presentNodes = "a";

/I Founder | eaves ABC or equival ent cannot be renoved
private static String del etabl eLeaves = "";

//Del eted | eaves are then reinserted

private static String reinsertingLeaves = "";

private static String reinserti ngNodes = ;
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/1 This is the original topology:
private static String original ="";

/I Data for binary tree
private static String[] Record = new String[20+N];

private static int indexO Topol ogi es;
private static String topologies[] = new String[N];
private static String trees[] = new String[N;

private static String newlrees[] = new String[N];

private static String[] bestTreeO Topol ogy
= new String[N;

//Last filled position in Record[]
private static int |astUsedPosition;

//Length of the Iink that glues a leaf to the tree

private static int |engthsLeaves[] =
new i nt [ maxNunber Of Leaves] ;
//Length of the link that glues
/lan inner node to another one
private static int |engthslnnerLinks[] =
new i nt [ maxNunber O Leaves] ;

private static Randomr = new Random();

/1 The control paranmeter of the random generator for int

private static int maxLength = 10;
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[/l Paths fromeach | eaf to node a
private static String[] Paths =
new String[ maxNunber O Leaves] ;

private static String targetTree;
private static String targetTopol ogy;
private static String best Topol ogy;

static private double distance[] = new double[N;
static private double fitness[] = new double[N];

/'l ndex of the best

static private int best;

/1 The best tree for a given topol ogy
static private String bestTree = "";
/1D stance frombestTree to target
static private doubl e bestD stance

/1 Bool ean flag for term nation of job
static private bool ean workDone = true;

[ | =========Debuggi ng hel p ===============
private static boolean print = false;
private static boolean printl = fal se;
private static boolean print2 = fal se;
private static boolean print3 = fal se;
private static boolean print4 = fal se;

[/ Turn on print5 firstly

private static boolean print5 = fal se;
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private static bool ean print6
private static boolean print7

true;
true;

String titleFrame = ;
String titlel
String title2
String title3 ;

private stati
private stati
private stati
private stati

O o000

private static EvoFul |5 newCont ent Pane = new EvoFul | 5();

private static DrawBi Treel6 draw

[ | =======Constructor of main class

publ i c EvoFul | 5()

}//End of constructor

public static void main(String[] args)

{
/'l Schedule a job for the event-dispatching thread:
/'l creating and showing this application’s GU .
j avax. swi ng. Swi ngUtilities.invokelLater(new Runnabl e()

{

public void run()

{

/11f input is a distance matri x:
i f (inputMtrix)
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printMatrix(targetMatrix, "lnput Matrix");
bool ean isD = isMatri xDi stanceMatri x(targetMatri x);

if (isD) Systemout.printin("\nMatrix " +
"is a distance matrix");

el se

{
Systemout.println("Matrix " +

"is NOT a distance matrix");
System exit (0);
}
nunber Of Leaves = target Matri x. | engt h;
nAddi ti onal Leaves = nunber O Leaves- 3;

}
else//if a randomtree is generated -> Matrix
{
nunber O Leaves = 3 + nAdditi onal Leaves;
String topol ogy = generateTopol ogy();
al | Leaves =
| eaves. substring(0, 3 + nAdditional Leaves);
i f (printh)
Systemout.println( "\nAll leaves =" + alllLeaves);

t arget Topol ogy = sinplify(topol ogy);
gener at eLengt hs();
target Tree = insertLengt hs(topol ogy);
Systemout.println("Target tree: each link " +
"has its own length = \n" + targetTree);
targetMatrix =

new doubl e[ nunber O Leaves] [ nunber O Leaves] ;
targetMatri x = associ atedMatri x(targetTree);
printMatrix(targetMatrix, "Target Matrix");

doubl e d = absDi st ance( nunber O Leaves,
targetMatrix, targetMatrix);

Systemout.println( "\nDi stance fromtarget matrix " +
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"to target =" + d);
}

Systemout.println("\nDefinition: \nD stance to target =" +
" Absol ute di stance between" +
target matrix and \n" +

"the distance matrix associated to " +

"the tree with lengths of links that \n" +

"is the best fitting of the topology.\n" +

"Perfect fitting: distance = 0 \n");
Systemout. println("\nNunber of Generations ="

+ nunber O Gener ati ons) ;

if (print7)

System out. println("Nunber of |eaves ="
+ nunber O Leaves +
"\nMutation rate =" + m+
"\ nPopul ation size =" + N);

initialization();
evol ution();

1)

/| Test for being a distance matri X.
/ I MaxLenght = max val ue anong entries is cal cul at ed.
private static bool ean
i sMatri xDi stanceMatri x(double[][] M
{

int | = MIength;
bool ean i sD = true;
/1ls Mu,u) = 0?
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for(int u=0; u<1; u+t)

it (Mul[u] == 0)

el se

{
isD = fal se;
return isD;

}
[1ls Mu,v) = Mv,u)?
for(int u=20; u<1/1; ut+)
for(int v = u+l; v < |1; v++)
if (Mul[v] == Mv][u] ) ;
el se
{

isD = fal se;
return isbD

}

[1ls Mu,v)>0 for u not v?

for(int u=20; u<1/1; ut+)
for(int v = u+l; v < |1; v++)
if (Mull[v] > 0)

el se

{

isD = fal se;
return isD

}

[1ls Mu,v) < Mu,w) + Mw,V)?
for(int u=20; u<1/1; u++t)
for(int v =0; v <1; v++)
for(int w=20; w<1; w+)

it (Mullv] <= Mul[wW+MWwW[v] )

el se



485

{
isD = fal se;
return isbD;

}

double m = 0;

for(int u=0; u<1/1; u++)
for(int v = u+l; v < 1; v++)

if (Mul[v] >m) m= Mu][V];
maxLength = (int) m+ 1;
return true;

/1Sinplification fromLink notation to New ck’ s notation:
I (((AJ,D))1,B1),a) -> (((AD),B), QO
private static String |inkToNew ck(String newlree)

{
String tree = "",;
/1l ength of string newlree
int | = newlree.length();
for(int i =0; i <1; i++)
{

/I newTree i s scanned char by char
char ¢ = newlree.charAt(i);
/lls ¢ an internal node to be del eted?
i f (charlslnternal Node(c));

el se //add char ¢ to output

tree = tree + c;
}

return tree;

}

/I'Reinitialize and generate a random t opol ogy:
/| Leaves are added recursively to

/'l seed = ((Aa, Ba), Ca)

private static String generateTopol ogy()
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/I Next leaf to be grafted

next Leaf | ndex = 2;

/I Next internal node to be inserted
next | nt Nodel ndex = O;

/1A tree topology is generated
String topol ogy = seed;

present Nodes = "a";

for(int i = 0; i < nAdditional Leaves; i++ )
t opol ogy = generat eChil d(topol ogy);

return topol ogy;

}

// Random | engths are added to a tree in Link notation
private static void makelLengt hs()

{
//Lengths with digit values are generated
for(int i = 0; i < nunberOf Leaves; i ++)

{

/'l Zero | engths are not all owed
| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);
| engt hsl nnerLinks[i] =1 + r.nextlnt(maxLength - 1);

}
}

/1 The population is initialized with nTop topol ogi es.
/'l Lengths are inserted to get nTop trees

/'l Fitness is assessed:

/I Has the solution been guessed?

private static void initialization()

{
Systemout. println("\n====" +"INTIALI ZATION : ");
if (printb)
Systemout.println("\nSeed = " + seed
+ 0> + i nkToNewi ck(seed));

if (print7)
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Systemout.println( N
+ " randomtopol ogies " +
"and their trees are generated \n");

/I nTop topol ogi es and trees are generated
for(int i =0; i <N i++)
{
present Leaves = basi cLeaves;
String topol = generateTopol ogy();
t opol ogi es[i] = topol;
String tree = insertLengths(topol);
makelLengt hs() ;
[l Lengths of links are added to tree topol ogy
tree = insertlLengths(topol);
trees[i] = tree;
if (printh)
{
Systemout.println("\n" + i + " " + topol + " ->"
+ IinkToNew ck(topol));
Systemout.println("Treel =" + tree);

}
}

assessFi t nesses();
scal eFi t nesses();

//Fitness is calculated for each tree

/[l Fitness =

/I Di stance between target matri x and

//the associated distance nmatrix to tree i s cal cul at ed.
[/ The mi nimal distance is found:
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//this renders the fittest tree.
/'l Has the solution been guessed?
private static doubl e assessFitnesses()
{
if (printh)
Systemout.println( "\n=====Fitnesses are assessed");

String tree = "";
/1String topo = "";
double d = 0;
for(int i =0; i <N, i++)

{

tree = trees[i];

decoder Lengt hs(tree);

double M ][] = distanceMatrix(tree);

/1 Absol ute distance fromthe associ ated di stance matri x
/1l of the tree

//to target matrix is eval uated

d = absDi stance(nunber Of Leaves, targetMatrix, M;

di stance[i] = d;

if (printh)
{
Systemout.println( "\nTree = \n" + trees[i]);
Systemout.println( "\nDi stance to target =" + d);
}
if (printh)
{

printMatrix(M "Distance nmatrix associated to tree");
printMatrix(targetMatrix, "Target matrix");

}
| *
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/| Target topol ogy has been found?
topo = del eteLengt hs(best Tree);
topo = sinmplify(topo);
i f (targetTopol ogy. cont ent Equal s(topo))
{
Systemout.println( "\'n \nTOPOLOGY HAS BEEN FOUND: \n"
"at generation " + generation
+ "\ nFound t opol ogy \n" + topo
+ "\ nTarget Topology = \n" + targetTopol ogy);
/] Systemexit(0);
if (print5) print5 = fal se;
}

*/

/1 End work if solution has been found.

if (d == 0)

{

Systemout.println("\n BestTree = \n" + bestTree
+ "\'nDi stance = " + bestDi stance
+ "\'ntarget tree = \n" + targetTree
+ "\'nlnitial distance =" + distance0);

wor kDone = fal se

}
}//End of for(int i...

[/ The fittest individual mnimzes distance function
best Di stance = di stance[0];

best = 0;

for(int i =1; i <N i++)

{

if (distance[i] < bestDistance )

{

best Di stance = di stance[i];
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best = i;
}
}

/] Best tree
best Tree = trees[best];

if (generation == 0 ) distance0 = (int) bestDi stance;
if (print7)
{
Systemout.println("\n BestTree = \n" + DbestTree
+ "\ nDistance = " + bestD stance
+ "\ntarget tree = \n" + targetTree
+ "\'nlnitial distance =" + distance0);

/| Target topol ogy has been found?
String topo = del et eLengt hs(best Tree);
topo = sinmplify(topo);

Systemout.println( "\nBest topology = \n" + topo
+ "\ nTarget Topology = \n" + target Topol ogy);
i f (targetTopol ogy. cont ent Equal s(topo))

{
Systemout.println( "\'n \nTOPOLOGY HAS BEEN FOUND! \n");

/1 Systemexit(0);
if (print5) print5 = fal se;
}

}

return bestD stance;

}

//Fitness is rescaled to take val ues
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/1in within O(the worst) and 1(the best)
private static void scal eFitnesses()
{
if (printh)
Systemout.println( "\n====Fitnesses are rescal ed:
"O(the worst) and 1(the best)");
doubl e maxD = di st ance[ 0] ;
doubl e m nD = di stance[ 0] ;

double b = 1 ;

//Mn and max di stances are found
for(int i =1; I <N i++4)

{

di stance[i];
di stance[i];

if ( distance[i] > maxD ) maxD
if ( distance[i] < mnD) mnD

}

if (mnD == maxD) //All equal ly fit
{
for(int i =0; i <N, |i++)
fitness[i] = 1;
}
el se
{
/I Di stance to target determ ne fitness:
/1fitness[maxD] = O; fitness[m nD = 1;
for(int i =0; i <N i++)
{
b 1;
b b/ (m nD - maxD);
doubl e a = -b*maxD;
fitness[i] = a + b + distance[i];
}
}
if (printh)
for(int i =0; i <N, |i++)
{
Systemout.println("Individual ="
+ 1 + " has distance " +
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di stance[i] + " and fitness " + fitness[i]);

}

[/ Probability of cloning is proportional to fitness.
/'I'N new i ndividual s are forned.
private static void selectived oning()
{

if (printh)

Systemout.println( "\n====Sel ective cloning");
/'l The best is cloned

newlrees[ 0] = trees[best];

if (printh)

Systemout.println("Individual ="

+ best + " with fitness " +

fitness[best] + "-> new individual " + 0
+ " =" + newlrees[0] );
[I'N-1 children are sanpl ed
for(int i =1; i <N, i++)
{
/11l ag
bool ean go = true;
while (go)
{

/1 An individual is chosen at random

int k =r.nextInt(N);
/I Probability of cloning is proportional to fitness.
doubl e g = r. next Doubl e();

if ( q<fitness[k]) //make a copy of k

{

newlrees[i] = trees[K];

if (printh)

Systemout. println("Individual ="

+ k +" with fitness " +

fitness[k] + "-> new individual " + i

+ " =" + newlrees[i] );

go = false;//end task
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}//End of for //N-1 children are sanpl ed

/1String s ( a char) is deleted from not her

public static String delete(String s, String nother)
{

String output ="";

int | = nother.indexO(s);

out put = not her.substring(0, 1)

+ not her. substring(l +1) ;

return output;

}

//String |l eaves is reversed
public static String reverse(String | eaves)

{
String reversed = "";
int | = leaves.length();
for(int i =1-1; i >=0; i--)
{
String ¢c = "" + leaves.charAt(i);
reversed = reversed + c;
}
if (printl)
Systemout.println("Reverse order =" + reversed);
seed = "((Za,Ya), Xa)";
if (printl)
Systemout.println("seed = " + seed);
basi cLeaves = "ZYX";

present Leaves = basi cLeaves;
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return reversed;

}

/1String | eaves is permuted
public static String pernmuteOrder(String | eaves)

{
if (printl)
Systemout.println("original and pernmuted order = \n"
+ | eaves);
String pernmuted = "";
int | = leaves.length();
int m=1[;
for(int i =0; i <|1; i++)
{
int d=r.nextlnt(m ;
String ¢c = "" + | eaves. charAt (d);
| eaves = del ete(c, | eaves);
m=ml
pernmuted = pernuted + c;
}
if (printl)
System out. printl| n(pernuted);
String first = "" + permnuted. charAt (0);
String second = "" + pernuted.charAt(1);
String third = "" + pernuted. charAt(2);
seed = "((" +first + "a," +second + "a)," +third + "a)";
if (printl)
Systemout.println("seed =" + seed);
basi cLeaves = first + second + third,
present Leaves = basi cLeaves;

return permuted;

}

// Detect internal nodes, different than | eaves
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private static bool ean charl sl nternal Node(char c)
{

Strings ="" + c;

i f (internal Nodes. contains(s)) return true;

el se return fal se;
}

/1Sinplification fromLink notation to New ck’s notation:
It (((AJ,D3)1,B),C) -> (((AD,B), O

private static String sinplify(String newlree)

{

String tree = "";

/1l ength of string newlree

int | = newlree.length();
for(int i =0; i <|I; i++)
{

/I newTree is scanned char by char
char ¢ = newlree.charAt(i);
/1ls ¢ an internal node to be del eted?
i f (charlslnternal Node(c));
el se //add char c to output
tree = tree + c;
}

return tree;

}

/IRule 2 is used to generate a new tree:

I1(S)l -> ((S)N,FN) I .

/'S = subtree, | = internal node, F = new |eaf,

/I'N = new i nternal node.

/IRule 2 grafts new branch FNto link (S)I

/11 is the position of char | in string seedTree

private static String useRule2(String seedTree, int i,
char F, char N)

{

String newlree = ;
char | = seedTree.charAt(i);
if (printl)
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Systemout.printIn("i =" +i +" 1 =" +1);
/1 Subtree S of link (S)I nust be read
String S="";

/] Counter of |eft seedhesis

int counter = O;

String pl ="" +"'(";

String pr ="" +")’;

//Position to be scanned

int position = i;

bool ean go = true;

/1A'l right seedheses to the near left of | are captured

whi l e (go)
{
position
String a

= position -1;
= "" + seedTree. charAt(position);
if (printl)
Systemout.println("a=" +a+" p ="+ pr);
if (a.equals(pr) )
{
count er ++;
S=a+ S5
}
el se go = fal se;
}//End of while
if (printl)
Systemout.println("counter =" + counter);
/1 The conplete subtree i s captured:
/| seedheses nust bal anced
while (counter > 0)
{
String a = "" + seedTree. char At (position);
if (a.equals(pr)) count er ++;
if (a.equals(pl)) counter--;
S=a+ S
if (printl)
Systemout.println("Subtree =" + S);
position = position -1;
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}

/ | Repl acenent rule 2:
I1((S)n,Fn)i -> (9
/ I wher e F are leaves, n and i are inner nodes,
/1 (S) is a conplex structure.
String SnFni = S +1;
String replacenment = "("+ S + N+ ", "
+ F+ N ")" + 1
//Rule 1 is executed
newlree = seedTree.replace(SnFni, replacenent);

/11T I links to a conplex structure

return newlree;
}
/1 nput: seedTree, a tree in New ck’s notation.
/'l Qutput : newlree = seed tree + a new link.

/1 The new |l ink is added by a generative grammar.
/'l A random el ection is made anong all possibilities.
private static String generateChild(String seedTree)

{

next Leaf | ndex++;
char nextLeaf = | eaves. char At (nextLeafl ndex);

present Leaves = presentLeaves + next Leaf;

if (printh)
Systemout. println("Method generateChild \n " +
"Present | eaves = " + presentlLeaves);

/I Next internal node to be inserted

next | nt Nodel ndex++;

char nextl nt Node = i nternal Nodes. char At ( next | nt Nodel ndex) ;
present Nodes = present Nodes + next | nt Node;

/1link to be repl aced

String link ="";

/1String link is replaced by what:
String replacenent = "";

/I new tree generated by repl acenent
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String newlree = ;

/1l ength of seed tree

int | = seedTree.length();
[/ counter of links = O;
int counter = O;

/I Li nks are counted

for(int i =0; i <1I; i++)

{
/'l seedTree i s scanned char by char
char | = seedTree.charAt(i);

/[/1s 1 an internal node that denotes a |ink?
if (charlslnternal Node(l)) counter ++;
}
[IAlink is chosen
int k = r.nextlnt(counter);
/1 System out. println("Random nunber =" + Kk);
/I new branch is grafted at k
counter = 0;
for(int i =0; i <1; i++)
{
/| seedTree i s scanned char by char
char I = seedTree.charAt(i);
/11s 1 an internal node that denotes a repl acenent?
if (charlslnternal Node(l))
{

if (counter == k) //lIs | the chosen |ink?

{
[/ Check for the char before

char a = seedTree.charAt(i-1);

[11f 1 links to a conplex structure
if (a==")") newlree = useRul e2(seedTree, i,
next Leaf, nextl nt Node);
else //if I links to a leaf, use rule 1
{
/1Link to be repl aced
link ="" + a + 1|;

/I Repl acenent rule 1:
/[lal -> (aN, FN)I; N= next | nt Node;
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/'l F = next Leaf

repl acenent = "(" + a + nextlntNode + "
+ nextLeaf + nextlntNode + ")" + |;

//Rule 1 is executed

newlree = seedTree.replace(link, replacenent);

}
if (printl)
Systemout. println(newlree + " ->"
+ sinplify(newlree));
=1,
}
count er ++;
}
}
return newlree;
}

/1 nput: seedTree, a tree in New ck’s notation.
//Qutput : newlree = seed tree + a new link.
/1 The new |l ink is added by a generative granmmar.
/'l A random el ection is made anong all possibilities.
private static String reinsertLeaf (String seedTree)
{
next Leaf | ndex++;
char nextLeaf = reinsertinglLeaves. char At (nextLeafl ndex);
present Leaves = present Leaves + next Leaf;

i f (printh)
Systemout. println("Method reinsertLeaf \n " +
"Present | eaves = " + presentlLeaves);

/I Next internal node to be inserted

next | nt Nodel ndex++;

char nextlnt Node = reinsertingNodes. char At (next | nt Nodel ndex) ;
present Nodes = present Nodes + next| nt Node;

/1link to be repl aced
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String link = ;

[1String link is replaced by what:
String replacenent = "";

/I new tree generated by repl acenent
String newlree = "";

[/l ength of seed tree

int | = seedTree.length();

/'l counter of links = O;

int counter = O;

/1 Links are counted

for(int i =0; i <1; i++)
{

/| seedTree i s scanned char by char
char I = seedTree.charAt(i);

/[/1s 1 an internal node that denotes a |ink?

if (charlslnternal Node(l)) counter ++;

}

/1A link is chosen

int k = r.nextlnt(counter);

/1 System out. println("Random nunber =" + k);
/I new branch is grafted at k

counter = O;

for(int i =0; I <1; i++)

{

/'l seedTree i s scanned char by char
char | = seedTree.charAt(i);
/1ls 1 an internal node that denotes a repl acenent?
if (charlslnternal Node(l))

{

if (counter == k) //Is | the chosen |ink?

{
[/ Check for the char before

char a = seedTree.charAt(i-1);

[11f 1 links to a conpl ex structure

if (a==")") newlree = useRul e2(seedTree, i,
next Leaf, next| nt Node);

else //if | links to a leaf, use rule 1

{
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/1Link to be repl aced

link ="" + a + |

/I Repl acenent rule 1:

/lal -> (aN, FN)I; N= next | nt Node;

/1 F = next Leaf

replacenent = "(" + a + nextlntNode + ","

+ next Leaf + nextlntNode + ")" + |;
//Rule 1 is executed
newlree = seedTree.replace(link, replacenent);

%f (printl)

Systemout. printl n(newlree + " ->"
+ sinplify(newlree));
=1,
}

count er ++;
}

}
return newlree;
}
/'l Leaf F and node n conform link Fn and are del et ed.

/I\We apply the antirul el:

[/ (An, Fn)i -> A

private static String antiRulel(String tree,
int positionLeaf, int positionNode)

{
if (printl)
Systemout.println("Anti Rul el");
i nt beginlndex = positionLeaf - 4,
i nt endl ndex = positionNode + 3;
String AnFni = tree.substring(beginl ndex, endlndex);
if (printl)
Systemout.println("Anfni =" + AnFni);

String Al = "" + tree.char At (begi nl ndex+1)
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+ tree. char At (endl ndex-1);

if (printl)
Systemout.println("Al =" + A);
tree = tree.replace(AnFni, A);
if (printl)

Systemout.println("Qutput tree = \n" + tree);
return tree;

}

/'l Leaf F appeared as an insertion into a conplex structure S.
/[1it is deleted.
[1We apply the antirul e2:
[1((S)n,Fn)i -> (S)
[l positionNode refers to the | ast appearing of node n
private static String antiRule2(String tree,

int positionLeaf, int positionNode)
{

if (printl)

Systemout.println("Anti Rul e2");

/'l Leaf to be deleted

String leaf = "" + tree.charAt(positionLeaf);
if (printl)
Systemout.println("\nDeletion =" + |eaf);

/| Acconpanyi ng i nner node
String innerNode = ""
+ tree. char At (positionNode);
int firstPosition = tree.indexO (i nnerNode);
String newlree = "";
String i =""; [/BUG?????
if (positionNode +2 < tree.length())
i = ""+ tree.charAt(positionNode+2);
if (printl)
Systemout.println("FirstPosition = " +
firstPosition + " i =" +1i);
[/ Subtree S of link (S)I nust be read
String S="";
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/I Counter of |eft seedhesis

int counter = O;

String pl ="" +"(";

String pr ="" + "),

//Position to be scanned

int position = firstPosition;

bool ean go = true;

/1A'l right seedheses to the near left of | are captured
whil e (go)

position = position -1;

String as = "" + tree.charAt(position);
if (printl)
Systemout.println("a=" +as +" p =" + pr);
if (as.equal s(pr) )
{
count er ++;
S =as + S
}

el se go = fal se;
}//End of while
if (printl)
Systemout.println("counter = " + counter);
/| The conpl ete subtree is captured:
/ | seedheses mnust bal anced
while (counter > 0)

{
String as = "" + tree.charAt(position);
if (as.equal s(pr)) count er ++;
if (as.equals(pl)) counter--;
S =as + S
if (printl)

Systemout.println("Subtree =" + S);

position = position -1;

}

String n = innerNode;
/| Repl acenent anti Rule 2:
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[1((S)n,Fn)i -> (S
//where A and F are leaves, n and i are inner nodes
[1(S) is a conplex structure.

+

S

String SnFni = "("+S +n+"," +leaf + n + ")"
String Si =S + i;
if (printl)
Systemout.println("\nSnFni =" + SnFni + "\n Si =
//Rule 1 is executed
newlree = tree.replace(SnFni, Si);
if (printl)
Systemout.println("Qutput tree = \n" + newlree);
return newlree;
}
/'l Leaf F and node n conform link Fn and are del et ed.

1\ apply antirul e3:
/1 (Fn, An)i -> A
private static String antiRule3(String topo,
int positionLeaf, int positionNode)
{
if (printl)
Systemout. println("Anti Rul e3"
+ "\'nlnput topology = \n" + topo);
i nt begi nl ndex = positionLeaf - 1;
i nt endl ndex posi ti onNode + 6;

String FnAni t opo. substri ng(begi nl ndex, endl ndex);
if (printl)

Systemout.println("FnAni =" + FnAni);

String At = "" + topo.charAt(begi nl ndex+4)

+ topo. char At (endl ndex-1);

if (printl)

Systemout.println("Al =" + A);
topo = topo.replace(FnAni, A);

if (printl)

Systemout. println("Qutput topology = \n" + topo);
return topo;
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/'l Leaf F appeared as an insertion into a conplex structure S.
/it is deleted.

/W apply antirul e4:

[1T(Fn,(S)n)i -> (9)

private static String antiRule4(String tree,

i nt positionLeaf, int positionNode)

{

|/ Leaf to be del eted
String leaf = "" + tree.charAt(positionLeaf);

/ | Acconpanyi ng i nner node
String i nnerNode = ""
+ tree. char At (positi onNode);

if (printh)
Systemout. println("\nAnti Rul e4"
+ "\nLeaf to be deleted =" + |eaf
+ " at position " + positionLeaf
+ "\ nAcconpanyi ng node = " + innerNode

+ " at first position " + positionNode);
/ | Second position of acconpanyi ng node

i nt positionNode2 = 0;

int | =tree.length();

bool ean go = true;

//tree is scanned char by char

for(int i = positionNode + 1; i < |; i++)
{

String ¢c = "" + tree.charAt(i);

if (go)

{

if (c.equal s(innerNode))

{
posi ti onNode2 = i;
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go = fal se;

if (printh)
System out. printl n(
"Second position of acconpanying node = " +
positionNode2 + " i =" + 1i);
}
}
}

i nt beginlndex = positionLeaf - 1,
i nt endl ndex = positionNode2+2;
Stringi ="";
if (endlndex < tree.length())
i = ""+ tree.char At (endl ndex);

if (printh)
Systemout. println("Endl ndex =" +
endlndex + " i =" +1i);
String FnSni = tree.substring(begi nl ndex, endlndex) + i;
if (printh)
Systemout.println("FnSni =" + FnSni);
String S = tree. substring(begi nl ndex+4, endl ndex-2);
if (printh)
Systemout.printIn("S=" +95);
String Si =S + i;
if (printh)
Systemout.println("S =" + Si);

String newlree = tree.replace(FnSni, Si);
if (printh)
Systemout.println("Qutput tree = \n
/] Systemexit(0);

return newlree;

+ newlree);
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/'l The last inserted leaf is deleted fromtree.
private static String del eteLastLeaf(String tree)

{

//Leaf to be del eted

String leaf = "" + | eaves. char At (next Leaf | ndex) ;

if (printl)

Systemout.println("\nLeaf to be deleted =" + |eaf);

/ | Acconpanyi ng i nner node
String i nnerNode = ""
+ i nternal Nodes. char At ( next | nt Nodel ndex) ;
if (printl)
System out. println("Acconpanying i nner node ="
+ i nner Node) ;
/I new tree = output

String newlree = ;
//length of tree as string

int | =tree.length();
// Last positions are found
I nt positionLeaf = -1;

I nt positionNode = -1;
//tree is scanned char by char

for(int i =0; i < 1; i++)
{
String c ="" + tree.charAt(i);

if (c.equals(leaf)) positionLeaf = i;
if (c.equal s(innerNode)) positionNode = i;
}
if (printl)
Systemout.println("Position of " + |eaf +
" =" + positionLeaf);
if (printl)
Systemout.println("Position of " + innerNode +
" =" + positionNode);
int firstPosition = tree.indexO (i nnerNode);
/| Check for the char before firstPosition
char a = tree.charAt(firstPosition - 1);
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[11f 1 links to a conpl ex structure

if (a==")")

newlree = anti Rul e2(tree, positionLeaf, positionNode);
else //Apply antiRulel for sinple cases

newlree = anti Rul el(tree, positionLeaf, positionNode);
next Leaf | ndex- -;

next | nt Nodel ndex- - ;

return newlree;

/1A randoml|eaf is deleted fromtree.
private static String del eteRandonmieaf (String tree)
{

if (printh)
{
System out. println("\nMet hod del et eRandoniLeaf "
+ "\ntree =" + tree
+ "\ ndel et abl eLeaves = " + del et abl eLeaves);
}
int | = del etabl eLeaves. | ength();

int position = r.nextlnt(l);
/I Leaf to be del eted
String leaf = "" + del etabl eLeaves. char At (position);
i nt nodelndex = tree.indexO(leaf) + 1
/| Acconpanyi ng i nner node
String innerNode = ""
+ tree. char At (nodel ndex) ;

del et abl eLeaves = del et e(| eaf, del et abl eLeaves);
present Leaves = del et e(l| eaf, present Leaves);
reinsertingLeaves = reinserti ngLeaves + | eaf;
rei nserti ngNodes = reinsertingNodes + inner Node;

if (printh)
Systemout.println("\nLeaf to be deleted =" + |eaf
+ "\nReinserting |l eaves = " + reinsertinglLeaves
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+ "\ nAcconpanyi ng i nner node =" + i nner Node
+ "\ nReinserting nodes = " + reinsertingNodes);

/I new tree = output

String newlree = "";

/llength of tree as string

| = tree.length();

/|l Last positions are found

i nt positionLeaf tree.i ndexd (|l eaf);

i nt positionNode positionLeaf + 1;

i f (printh)
Systemout.println("Position of " + |eaf
+ " =" + positionLeaf
+ "\nPosition of " + innerNode

+ " =" + positionNode);
/I Wi ch set of deleting rules to apply:
/1 1 and 2 else 3 and 4?
String previousChar = "" + tree.charAt(positionLeaf-1);
if (previousChar.equals(",")) //Apply antiRules 1 and 2
{
if (printh)
Systemout.println("Apply anti Rules 1 and 2");
int firstPosition = tree.indexO (i nnerNode);
/' Check for the char before firstPosition
char a = tree.charAt(firstPosition - 1);
[11f 1 links to a conpl ex structure
if (a==")")
newlree = anti Rul e2(tree, positionLeaf, positionNode);
else //Apply antiRulel for sinple cases
newlree = anti Rul el(tree, positionLeaf, positionNode);
next Leaf | ndex- -;
next | nt Nodel ndex- -;

}
else //Apply antiRules 3 and 4

{
i f (printh)
Systemout.println("Apply anti Rules 3 and 4");
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int firstPosition = tree.indexO (i nnerNode);

/I Check for the char before firstPosition

char a = tree.charAt(firstPosition + 2);

[11f I links to a conplex structure

if (a=="(")

newlree = anti Rul e4(tree, positionLeaf, positionNode);

else //Apply anti Rul e3 for sinple cases

newlree = anti Rul e3(tree, positionLeaf, positionNode);
next Leaf | ndex- -;

next I nt Nodel ndex- - ;

}

if (printh)
Systemout.println("Tree after deletion” + newlree);
return newlree;

}

/I Mutation =

/1 Random del eti ons are reinserted.

public static String mnutati onRandonDel eti on(
String topo, int nAdditional Leaves)

{

//Reinitialization

rei nsertingLeaves = "";

rei nsertingNodes = "";

/1 Some | eaves are del eted: random order

if (printl)

Systemout.println("Sone | eaves are del eted AT RANDOM') ;
for(int i = 0; i < nUndoRedo; i++ )

/I Random | eaf is del et ed.
t opo = del et eRandonieaf (t opo);

}
//Del eted | eaves are reinserted
next Leaf | ndex = -1;

next | nt Nodel ndex = -1;
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if (printl)
Systemout.println("Del eted | eaves are reinserted");
for(int i = 0; i < nUndoRedo; i++ )
{
topo = reinsertLeaf (topo);
}
return topo;
}
/I Mut ati on:

/I sonme | eaves are deleted and then reinserted

/1in random order

/I Del eting can happen in either of two ways:

/I Reversing the order of synthesis else

/1in random order.

public static String nutationO Top(String topol ogy,
i nt nAddi ti onal Leaves)

{

ori ginal = topol ogy;
i f (printh)
{
System out. println("\nMet hod nutati onOf Top" +
"\ nPresent Leaves = "
+ present Leaves);
}

/| Seed | eaves are not renpved

del et abl eLeaves = present Leaves. substring(3);
/I Nunber of |eaves to be deleted and then reinserted

i f (nAdditional Leaves == 1) nUndoRedo =1

el se

nUndoRedo = r. nextlnt(nAdditional Leaves-1) + 1

if (printl)

Systemout. println("\nNunber of |eaves to delete = "

+ nUndoRedo) ;

doubl e s = r. next Doubl e();
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if (s < pReverseSynth)//Choose deletion in reversed order
{
/] Some | eaves are del et ed:
/lreversed order to that of synthesis.
if (printl)
Systemout. println("Leaves are deleted " +
"in reverse order");
for(int i = 0; i < nUndoRedo; i++ )
{
/lLast inserted |eaf is deleted.
t opol ogy = del et eLast Leaf (t opol ogy);
System out. println(topol ogy);

}
//del eted | eaves are reinserted
if (printl)
Systemout.println("\nDel eted | eaves are reinserted");
for(int i = 0; i < nUndoRedo; i++ )
{
t opol ogy = generat eChil d(topol ogy);
}
}

el se //Choose at random | eaves to be deleted

t opol ogy = mnut ati onRandonDel eti on(topol ogy, nUndoRedo) ;

/1 Qut put

String nutant = topol ogy;

if (printh)
Systemout.println("\nOiginal and nutant topologies = \n
+ original + "\n" + nutant);

if (printl)
{

if (original.equal s(nmutant))

Systemout. println("Mitation made not hi ng");
el se

Systemout. println("\nMitation worked");

}

return nutant;
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/' / Random | engt hs are added to a tree in Link notation
public static void generatelLengths()

{
/'l Lengths with digit values are generated
for(int i = 0; i < nunberOf Leaves; i ++)
{

/'l Zero | engths are not all owed
| engt hsLeaves[i] = 1 + r.nextlnt(maxLength - 1);
| engt hsl nnerLinks[i] =1 + r.nextlnt(mxLength - 1);
}
}

/I Random | engt hs are added to a tree in Link notation
public static String insertLengths(String treeLi nkN)
{
String thisChar = "";
String newlree = "";
/1length of String t reeLi nkN
int m= treeLinkN. length();
/| TreeLi nkN i s scanned char by char
for(int i =0; i <m i++)
{
thisChar = "" + treeLinkN. charAt(i);
newlree = newlree + thisChar;
if (printl)
Systemout.println(newlree.length() + " " + newlree);
/'l Lengt hs are appended
if (leaves.contains(thisChar))

{
int k = | eaves.indexO(thisChar);
double j = | engt hsLeaves| k] ;
newlree = newlree + ":" + j;

}
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i f (internal Nodes. contains(thisChar))

{
int k = internal Nodes.indexO (thisChar);
doubl e j = | engthslnnerLinks[K];
newlree = newlree + ":" + j;

}

}

return newlree;

}

/'l Lengths are del eted from newlree
private static String del eteLengths(String newlree)

{

String tree = "";

String nuneric = ".:0123456789";
/1l ength of string newlree

int I = newlree.length();
for(int i =0; i <1; i++)

{

/I newTree i s scanned char by char

char ¢ = newlree.charAt(i);

String s ="" + c;

/[1ls ¢ nunmeric: delete it!

if (nuneric.contains(s)); //add char c to output
else tree = tree + c;

}

return tree;

}

[/1nput: string tree with conplete information.
[ 1Wbrk: | engthsLeaves[] and | engthslnnerLinks[]
/lare read fromtree.
private static void decoderlLengths(String tree)
{

if(printl)

System out . printl n(
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"I nput tree at decoderLengths = \n " + tree );
/1 Delete :

tree

= tree.replaceAl Il (":", "");

i f(printl)
System out . printl n(
"Input tree without : =\n " + tree );

int n

= tree.length();

String thisChar "

String next Char

String nunbers = ".0123456789";
bool ean | eaf = fal se;

bool ean node

fal se;

String Leaf ="";
String nunber Leaf "y

Stri ng nunber Node ;

String Node = "";

int j ;

doubl e f;
/1A'l chars in tree are scanned
for(int i=0; i < n; i++)
{

thisChar = "" + tree.charAt(i);

if (i <n-1) nextChar = "" + tree.charAt(i+1);
/1 Do we have a | eaf?

if (I
{

| eaf

Leaf

}

/1 Do
if (i
{

node
Node

}

eaves. cont ai ns(thi sChar))

true;
"" + thisChar;

we have an internal node?
nt er nal Nodes. cont ai ns(t hi sChar))

true;
"" + thisChar;
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{
}

// Must we end accunul ati on of nunbers of a |eaf?

{

{

/1 Do we have a nunber that belongs in a |leaf?

{
}

if ( (leaf) & (nunbers.contains(thisChar)))

nunber Leaf = nunberLeaf + thisChar;
/1 Do we have a nunber that belongs in a |leaf?
if ( (node) & (nunbers.contains(thisChar)))

nunber Node = nunber Node + thi sChar;

if ( (leaf) & (internal Nodes. contai ns(nextChar)))

| eaf = fal se;

] = leaves.indexOf (Leaf);

if (printl)

Systemout.println("Leaf =" + Leaf +
nunber Leaf = " + nunberLeaf);

f = new Doubl e( nunber Leaf);
| engt hsLeaves[j] = (int) Math.floor(f);
nunber Leaf = "";

// Must we end accunul ati on of nunmbers of a node?

if ( (node) & (! (nunbers.contains(nextChar))))

node = fal se;

j = internal Nodes. i ndexOf ( Node) ;

if (printl)

Systemout.println("Node = " + Node);

f = new Doubl e( nunber Node) ;
| engt hsl nnerLinks[j] = (int) Math.floor(f);
nunber Node = "";
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/ I Lengt hs undergo nutation

private static void nmutatelLengths()

{

//Mutation in |inks that connect | eaves
for(int kK = 0; k < nunber O Leaves; k++)

doubl e q = r. next Doubl e();
if (g<m //mutate
| engt hsLeaves[ k] = r.nextlnt(maxLength);

}

[/ Mutation in links that connect inner nodes
for(int k = 0; k < nunber O Leaves-2; k++)

doubl e q = r. next Doubl e();
if (g<m //mutate
| engt hsl nner Li nks[ k] = r.nextlnt(maxLength);

}
}

/'l Type of mutation is decided and execut ed:
/I mutation of |engths of |inks
/lelse full nmutation (topology and | engths of 1inks).
private static String nutateTree(String tree)
{

present Leaves = al | Leaves;

/| Topology is read fromtree

String topol ogy = del eteLengths(tree);

/'l Lengths are read fromtree and recorded in vectors
/'l engt hsLeaves[] and | engt hsl nner Li nks[]
decoder Lengt hs(tree);

mut at eLengt hs() ;
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String nmutantTree = ;

/I Mutate lengths else topology ( + nutated | engths)?
doubl e s = r. next Doubl e();

if (s < pMitateOnlyLengths) //only |engths are nutated

{
if (printl)
Systemout. println("\n====Mutation of |engths");
nmut ant Tree = insertLengt hs(topol ogy);
if (printl)
{
Systemout.printIn("lnput tree = " + tree);
Systemout.println("Topology = " + topol ogy);
Systemout.println("Qutput tree=" + nutantTree);
}
el se //topology + | engths are nutated
{
if (printl)
Systemout. println("\n====Mutation of topology");

/I Mut ation of topol ogy
String nutant Topol ogy = nutati onOf Top(topol ogy,
nAddi ti onal Leaves) ;

/I Mutant |lengths are reinserted
mut ant Tree = insertLengt hs(nutant Topol ogy);

}

return nutantTree;

}
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/1l ndividual s are nut at ed
private static void mutation()

{
if (printh)
{
Systemout.println("\n====Mutation \n");
Systemout.println("Trees to be nutated");
}
for(int i =0; i <N i+4)
{
trees[i] = newlrees[i];
if (printh)
Systemout.println(trees[i]);
}
/1 The old best, i = 0, is conserved intact

newlrees[ 0] = trees[0];
/1 Gther N1 individuals suffer nutation
for(int i =1; i <N i++)

newlrees[i] = nmutateTree(trees[i]);

i f (printh)
Systemout.println("Mitant trees");
for(int i =0; i <N i++)
{
trees[i] = newlrees[i];
if (printh)
Systemout.println(trees[i]);

/ | Count er of subt opol ogi es
private static int counter Subtop;
[/ Particular nunber of subtopol ogies
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private static int ml = O;

private static String[] subtreesl, subtrees2;
private static String subTreel, subTree2,
treeRecl, treeRec2;

/1 Structure of hashtable : integer + {stringl, string2}
private static Hashtabl e<Integer, String[]> hashtable =
new Hashtabl e<linteger, String[]>();

/| Subtrees of topology are found
private static String[] subtopol ogies(String topol ogy)
{
if (printl)
System out. println("\nSubt opol ogi es are found");
[/ Counter of |eft parenthesis
int counter = O;
/| Count er of subtopol ogi es
count er Subt op = 0;

String pl ="" +"(;

String pr ="" + )",
//Length of String t opol ogy
int I = topology.length();

String[] subtopologies = new String[l];
/1String topology is scanned char by char
for(int i =0; i <1-1; i++)

{

String Sub = "";

String a = "" + topol ogy.charAt(i);
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int position = i+1;
if (a.equals(pl))
{

count er ++;

Sub = Sub + a;
/1 The conpl ete subtopol ogy i s captured:
/ | Par ent heses nust bal anced
while (counter > 0)
{
String b = "" + topol ogy. char At (position);
if (b.equals(pl)) count er ++;
if (b.equals(pr)) counter--;
Sub = Sub + b;
posi ti on++;
}
if (print2)
System out . printl n(Sub);
subt opol ogi es[ count er Subt op] = Sub;
count er Subt op++;

}
}

return subtopol ogi es;

}

/| Leaves of subtopol ogies are found
private static String[]leaves(int m String[] subtop)
{

if (printl)

Systemout.println("Leaves are found");

String[] nyLeaves = new String[m;

for(int i =0; i <m i++)
{

String s = subtop[i];

if (s == null);

el se

{

myLeaves[i] = ""
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int n =s.length();
for(int j =0; j < n; j++)
{
String ¢c = "" + subtop[i].charAt(j);
if (leaves.contains(c))
nyLeaves[i] = myLeaves[i] + c;
}
if (printl)
Systemout.println(subtop[i] + " "
+ myLeaves[i] );
}
}

[/ Chars of Leaves are rewitten in al phabet order
if (printl)
Systemout.println("Leaves are listed orderly"” );
for(int i =0; i <m i++)
{
String s = subtop[i];
if (s == null);
el se
{
s = nmyLeaves|i];
nmyLeaves[i] = "";
int n = leaves.length();
for(int j =0; j < n; j++)
{
String ¢c ="" + leaves.charAt(j);
if (s.contains(c))
myLeaves[i] = nyLeaves[i] + c;
}
if (printl)
Systemout.println(subtop[i] + " " + nmyLeaves[i] );
}
}

return nylLeaves;

}
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/'l nner nodes of subtopol ogies are found
private static String[] inner(int m String[] subtop)
{
if (printl)
Systemout.println("\nlnternal nodes are found");
String[] nyNodes = new String[n];
for(int i =0; i <m i++)
{
String s = subtop[i];
if (s == null);
el se
{
myNodes[i] = "";
int n = s.length();
for(int j =0; j < n; j++)
{
String ¢ = "" + subtop[i].charAt(j);
i f (internal Nodes. contains(c))
myNodes[i] = nyNodes[i] + c;

}
if (printl)
Systemout. println(subtop[i] + " " + nyNodes[i] );
}
}

/| Chars of Leaves are rewitten in al phabet order
if (printl)
Systemout.println("lnner nodes are |isted orderly" );
for(int i =0; i <m i++)
{
String s = subtop[i];
if (s == null);
el se
{
s = myNodes[i];
nyNodes[i] = "";
int n = internal Nodes. | ength();
for(int | =0; j < n; j++4)
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{
String ¢ = "" + internal Nodes. charAt(j);

if (s.contains(c))
myNodes[i] = nyNodes[i] + c;
}
if (printl)
Systemout.println(subtop[i] + " " + nyNodes[i] );
}
}
return nyNodes;

}

/1 Subt opol ogi es are conpared to deci de whet her
/[1or not they have the sane set of |eaves
/land the sane set of inner nodes.
/1A'l pairs that authorize reconbination
/1l are kept in a hastable (= a table for pairing)
private static bool ean conparison(String Leavesl|[],
String Leaves2?[],
String Innerl[],
String Inner2[])

if (printh)

Systemout. println("\nConparison of |eaves and nodes");
Bool ean recAl |l owed = fal se;

int m= Leavesl.|ength;

int n = Leaves2.|ength;

| nt eger counter = 0O;

for(int i =1; i < nm i++)
{for(int j =1, ] <n; j++)
{if ( Leavesl[i].equal s(Leaves2[j]))
{subTreel ubtreesl[i];

subTr ee2

= s
= subtrees2[j];
recAl |l owed =

true;
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if (printh)
System out . printl n(
"Sets of |eaves are EQUAL " + i +
" " + Leavesl[i] +" " 4+ 4+ " " + Leaves2[j] );
String val[] = {subTreel, subTree2};

/ | Reconbi nant subtrees are kept in a hashtable
hasht abl e. put (counter, val);
count er ++;
if ( Innerl[i].equals(lnner2[j]))
{
if (printh)
System out . printl n(
"Sets of inner nodes are EQUAL " + i +
" " + Innerl[i] +" " + )] +" " 4+ lnner2[j] );

el se
{
if (printh)
System out. printl n(
"Sets of inner nodes are DIFFERENT " + i +

" " 4+ lnnerl[i] +" " +j +" " 4+ 1Inner2[j] );
}
}
el se
if (printh)

System out . printl n(
"Sets of |eaves are DIFFERENT " + i +
" " + Leavesl[i] +" " + ) 4+ " " + Leaves2[j] );
}
}

return recAl |l owed;

}

/'l A pair of subtrees that authorize reconbination
//is chosen at random from the hasht abl e and
//reconbination i s executed.
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private static String reconbinationTrees(String treel,
String tree2)
{

/1 Possi bl e pairs of reconbi nant subtrees are recovered
//fromthe hashtable and put into an enunerati on<>
Enuner ati on<l nt eger > enunKey = hasht abl e. keys();
int counter = O;
whi | e( enunKey. hasMor eEl enent s())
{
| nt eger key = enunKey. next El enent () ;
String[] val = hashtabl e. get(key);
if (print3)
Systemout. println("Hasthtable " + key + "\n"
+ val[0] + "\n"+ wval[1]);
count er ++;

}

/1 A pair of reconbi nant subtrees is chosen at random
| nteger election = r.nextlInt(counter);
if (printh)
Systemout.println("Sel ected pair =" + election);
String[] val = hashtabl e.get(el ection);
subTreel = val [0];
subTree2 = val[1];
if (printh)
System out . printl n("Reconbi nant subtrees \n" +
subTreel + "\n" + subTree2);

/| Reconbi nation i s executed

treeRecl = treel.replace(subTreel, subTree2);

treeRec2 = tree2.replace(subTree2, subTreel);

if (printh)

Systemout. println("\nReconbination is allowed:"
"\nOriginal trees \n"

treel + "\n" + tree2

"\ nSwappi ng subtrees \n"
subTreel + "\n" + subTree2

"\ nReconbi nant trees \n"

+ + + + +
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+ treeRecl + "\n" + treeRec2 );
return treeRecl

}

/ I Reconbi nation of treel and tree2 is tried out

public static String reconbinati onMaster(String treel,
String tree2)

{

/I First topol ogy
String topol = del eteLengths(treel);
if (printh)
{
Systemout.println(topol + " ->"
+ |l i nkToNewi ck(topol));
Systemout.println("\n Treel =" + treel +
"\'n Topol =" + topol);
}

/I Length of String t opol ogy
mL = topol. |l ength();

/ | Subt opol ogi es are found

subtreesl = new String[ml];

subtreesl = subt opol ogi es(topol);

nmlL = count er Subt op

String[] subtopol ogiesl = new String[nl];

for(int i =0; I < nl; i++)
subt opol ogiesl[i] = sinplify(subtreesl[i]);
if (printh)

Systemout.println();
String[] Leavesl = new String[nl];

Leavesl = | eaves(ml, subt opol ogi esl);
String[] Innerl = new String[m];
Innerl = inner(nl, subtreesl);

/'l Chars of Leaves are rewitten in al phabet order
if (printh)
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Systemout. println("\nSubtrees, subtopol ogi es, Leaves,
"I nner nodes" );

for(int i =0; i < ml; i++)
{
if (subtopologiesl[i] == null);
el se
{
if (printh)
Systemout. println(i
+ " " + subtreesl[i]
+ " " + subtopol ogi es1]i]
+ " " + Leavesl[i] + " "+ lnnerlf[i]);
}
}
if (printb)

System out. println();

/| Second t opol ogy
String topo2 = del eteLengths(tree2);
if (printh)
{
Systemout.println(topo2 + " ->"
+ | i nkToNew ck(topo2));

Systemout.println("\n Tree2 =" + tree2 +
"\'n Topo2 =" + topo2);
}

//Length of String t opol ogy
int n2 = topo2.length();

subtrees2 = new String[n2];
subt rees2 = subt opol ogi es(topo2);
n2 = count er Subt op
/' Subt opol ogi es are found
String[] subtopol ogies2 = new String[ n2];
for(int i =0; I < nR; i++)
subt opol ogies2[i] = sinplify(subtrees2[i]);
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i f (printh)
Systemout.println();
String[] Leaves2 = new String[n2];
Leaves2 = | eaves(n2, subt opol ogi es2);
String[] Inner2 = new String[ng];
I nner2 = inner(nk, subtrees?);
/| Chars of Leaves are rewitten in al phabet order
if (printh)
System out. println("\nSubtopol ogi es, Leaves, " +
"I nner nodes" );
for(int i =0; I < nR; i++)
{
if (subtopologies2[i] == null);
el se
{
if (printh)
Systemout. println(i
+ " " + subtrees?[i]
+ " " + subtopol ogi es2[i]
+ " " + Leaves2[i] + " "+ lnner2[i]);

bool ean recAl | owed =
conpari son(Leavesl, Leaves2, |Innerl, | nner2);
String reconbinant = "";
if (recAl |l owed)
{
reconbi nant = reconbi nati onTrees(treel, tree2);
if (printh)
System out. println("Reconbinant tree ="
+ reconbi nant );

}

el se

{

reconbi nant = treel
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if (printh)
System out. println("Reconbination is not allowed");
}
return reconbinant;

}

/ | Reconbi nati on nmet hods may produce an out put

//with various and different assignnent of lengths to
/linner node a. One is chosen.

public static void correction()

{
String topo;
for(int i =1; I <N, 1++)
{

decoder Lengt hs(newTrees[i]);

topo = del eteLengt hs(newlrees[i]);

newlrees[i] = insertLengths(topo);
}

}

// Each one of the Nindividuals are tried out
[l for reconbination: a partner is chosen at random
//and if reconbination is allowed, it is executed.
[/ Otherwise, it is cloned.

public static void reconbination()
{

if (printh)

Systemout. println( "\ n====RECOVBI NATION \ n") ;

// Best individual is excluded fromreconbination

newlrees[0] = trees[0];

for(int i =1; i <N, i++)

{
/1A partner for i is chosen
int j =i;

String t1 ="";
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String t2 ="";
while (i ==7j)

j = r.nextlnt(N);
if (printh)

System out. println( "\ n==RECOVBI NATI ON CF | NDI VI DUALS "
+i +" and " + j);
tl =trees[i];
t2 = trees[j];
newlrees[i] = reconbinati onMaster(tl,t?2);
correction();

}
i f (printh)
System out. println("Reconbi nati on out put");
for(int i =0; i <N i++)
{
trees[i] = newlrees[i];
if (printh)
Systemout.println(trees[i]);
}

}

/I Evol ution of trees involving

/ I reconbi nati on and nutation of topologies,
/1in within and between.

private static void evolution()

{
for(int i = 1;
((i < number Of Generations) & (workDone)): i+4+)
{

generation = i;
if ( (i %Ilapse) == 0)
{
print7 = true;
/'l a.set Enabl ed(fal se);
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el se print7 = fal se;

if (print7)

Systemout.println( "\n===GENERATION =" + i);
sel ectived oni ng();

mut ati on();

reconbi nation();

assessFi tnesses();

scal eFi t nesses();

best Topol ogy = sinplify(del eteLengths(bestTree));

titlel = "Target tree =" + targetTree;
title2 = "Best tree =" + best Tr ee;
title3 = "Distance to target = " + bestDi stance;

decoder Lengt hs(best Tree) ;

/| Absol ute distance fromthe associ ated di stance matrix
/1 of the tree

//to target matrix is eval uated

/1d = absDi st ance( nunber O Leaves, targetMatrix, M;

doubl e[][] M = associ atedMatri x(best Tree);
draw = newCont ent Pane. new Dr awBi Treel6() ;

dr aw. cr eat eAndShowGUl () ;
draw. set Locati on(500, 100);

if (!(workDone))
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Systemout.println( "\'n \nSOLUTI ON HAS BEEN FOUND: \n" +
"at generation " + generation);

Systemout.println("\nSummary at generation " + generation +
"\ nTarget tree =\n" + targetTree

+ " \nBest tree = \n" + bestTree
" \nDistance to target = " + bestDi stance
" \nBest distance at initialization ="
di st ance0O
"\ nTarget topology = \n" + target Topol ogy

+ "\ nBest topology = \n" + bestTopol ogy);
printMatrix(M "D stance matrix associated to best tree");
printMtrix(targetMtrix,

"Distance matri x associated to target tree");

+ + + +

/'l The best fitting tree for chosen topology is found
public static int findTheBest(String tree)
{
String sel ectedTopol ogy = sinplify(tree);
String thisTopology = "";
String thisTree = ;
int bestPosition = -1;

for(int i = 0; i < indexO Topol ogi es; i++)
{

t hi sTree = best TreeO Topol ogy[i];

t hi sTopol ogy = sinplify(thisTree);
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i f (sel ectedTopol ogy. equal s(thi sTopol ogy))
{

best Position = i;
return bestPosition;

}

}

return bestPosition;

}
| *
//Lengths with real val ues are generated
doubl e | engt hsLeaves[] = new double[l];
//Last two entries are redundant
doubl e | engt hsl nnerLinks[] = new double[l];
for(int i = 0; i < nunmber O Leaves; i ++)

| engt hsLeaves[i] = r.nextDoubl e();

| engt hsl nnerLi nks[i] = r.nextDouble();
}
* [
[ | ========= Translation in within formats ==========

/1 bTree in (nodified) New ck’s notation
/lis used to generate Record[]

//with addresses and contents.

public static void makelnput(String bTree)



if (print)
Systemout. println("bTree at makelnput //////
int counter = O;
/1length of String tree
int | = bTree.length();
String thisChar = "";
String address = "";
String bi nNunbers = "01";
/'l Tree i s scanned char by char
for(int i =0; I <1; i++)
{
thisChar = "" + bTree.charAt(i);
I f (bi nNunbers. contains(thisChar))
address = address + thisChar;
if (leaves.contains(thisChar))
{
Recor d[ count er]
count er ++;
Recor d[ count er ]

addr ess;

t hi sChar ;

count er ++;
address = ""

}
}

if (print)
for(int i = 0; i < counter; i =i+2)
Systemout.println(Record[i] +

bbbb " + Record[i+1]);

| ast UsedPosi ti on = counter;
if (print)

+ | ast UsedPosi tion);

}
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" + bTree);
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/1l Qutputs a word in reversed order.
private static String reverser(String word)

{

return new StringBuil der(word).reverse().toString();

}

private static String cleanTree(String tree)
{
if (print2)
Systemout.println("lnput tree at cleanTree = \n "
+ tree);
String treeCean = "",;
String nuneric = ".:0123456789";
String plusMnus = "+-";
String thisChar = "";
bool ean | eaf = fal se;
/I Nurerics are washed
//length of String tree
int | =tree.length();
[/ Tree i s scanned char by char
for(int i =0; I <|1; i++)
{
thisChar = "" + tree.charAt(i);
if (numeric.contains(thisChar));
el se treeC ean = treeC ean + thisChar;
}
if (print2)
Systemout.println("Tree wthout nunerics = \n"
+ treed ean);
/1+/- are deleted frominner nodes that acconpany | eaves
| =treeCean.length();
String treeQut = "";
/1l Tree is scanned char by char
for(int i =0; i <1; i++)
{

thisChar = "" + treeC ean.charAt(i);
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if (leaves.contains(thisChar))

| eaf = true;

if ((leaf) & (plusM nus.contains(thisChar)));
el se treeQut = treeQut + thisChar;

i f (internal Nodes. contains(thisChar))

| eaf = false;

}

if (print2)

Systemout.println("Tree at output of cleanTree = \n
+ treeCut);

return treeCut;

}

/'l The path fromeach leaf to node a is found.

/I The input contains branch’s indicator, say:

I/ ((++Aa, +-Ba), (-+Cb, ((--++Dd, --+-Fd)--c, --- Ec) - b) +a)
[/ Qutput for leaf A Aa+.

[/ Qutput for |eaf C Cha-

/1 Qutput for |eaf D. Ddcba-

private static void findPaths(String tree)

{

if (print2)

Systemout.println("Input tree at findPaths = \n" + tree);
/1length of String tree

int | =tree.length();

String plusM nus = "+-";

String thisChar;

String nextChar;

String path ="";

/I Branch indicative with respect to root, + else -
String branch;

String address ;

/I The nunber of links of a path to root
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int level = 0;

String treeReversed = reverser(tree);

if (print2)

Systemout.println("Reversed tree = " + treeReversed);

// Each |l eaf has a path to a
for(int k= 0; k < nunberOf Leaves; k++)
{
String leaf = "" + | eaves. char At (k);
/| Candi date nodes to be part of the path to node a
[/ must have sign +/- as prefix.
/1O as suffix in the reversed tree.
int position = treeReversed. i ndexO (| eaf);
if (position > -1) // if leaf is in tree
{
if (print2)
Systemout.println("\nLeaf =" + leaf );
address = "";
bool ean go = true;
[/ branchl ndi cator and | evel are found
for(int i = positiontl ; ((i <1) & (go)); i++)
{
thisChar = "" + treeReversed. charAt(i);
if (plusM nus. cont ai ns(thisChar) )
address = thi sChar + address;
el se go = fal se;
}
| evel = address.|length();
if (print2)
Systemout. println("Leaf AddressLevel =" + |eaf
+ address + level);
branch = "" + address. charAt(0);

[/ Path fromleaf to node a is found in (not reversed) tree
position = tree.indexO (| eaf);

t hi sChar + tree. char At (position);

next Char + tree.charAt(position + 1);
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/1 Qut put
path = "" + | eaf + nextChar;
go = true;
if (nextChar.contentEquals("a") ) //leaf is neighbor of a
{
path = path + branch;
if (print)
Systemout.println("Path short =" + path);
}
else //level > 1
{
// Tree is scanned char by char to get path
String i Char = ""
for(int i = position + 2; ((i <1) & (go)); i++)
{
iChar = "" + tree.charAt(i);
int newLevel = O;

i f (internal Nodes. contai ns(i Char))//Internal Nodes

i f (i Char.content Equal s("a") )
{
path = path + i Char
go = false; //end
}
el se //Internal node different than a
{
if (print)
Systemout.println("Internal node not a) =" + iChar );
int rP =1 -i-1; //index of iChar in treeReversed
String nextNewChar = "" + treeReversed. charAt(rP+1);
if ( plusM nus. contai ns(next NewChar )) //candi date node
{
if (print)

Systemout. println("next candidate =" + iChar);
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String addressNew = "";

/1l evel of candidate node i Char is inquired
String thatChar = ""
bool ean go2 = true;
for(int j =rP+l; ((j <1I) & (go2)); j++)
{
that Char = "" + treeReversed. charAt(j);
i f (pl usM nus. cont ai ns(t hat Char) )
addressNew = t hat Char + addressNew,
el se go2 = fal se;
}
if (print)
Systemout. println("AddressNew " +
i Char + addressNew);
newLevel = addressNew. | ength();
/1A path links a node with another in a | ower |evel
if ( (newLevel < level) &
(! (next Char. cont ent Equal s(i Char))))
{
path = path + i Char;
| evel = newlLevel;
if (print)
Systemout.println("Path newLevel =" + path);

} //End of if candi date node
}//End of else Internal node different than a
}//End of if Internal Nodes
}//End of Tree is scanned char by char

path = path + branch

}//End of else level > 1
}//End of if leaf is in tree
if (print2)
Systemout.println("Path conpleted =" + path);
Pat hs[ k] = path;
}//End of each | eaf
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/'l Paths fromleaves to node a are found
/| Reverse paths are al so cal cul at ed.
/'l nput tree in quasibinary notation
/Iwith addresses and | engths
private static void pathFinder(String tree)
{
/' Usel ess information is del eted
String tree2 = cleanTree(tree);
//Find the path to node a from each | eaf.
/1 Add an i ndicator of the branch
/Iwith respect to the root: up(+) else down(-)
fi ndPat hs(tree2);

}

/llnput: along raw string with path fromleaf to node a
/I plus path fromnode a to | eaf.
/IEditing is done to get true paths.
private static String grammar (String path)
{
int n = path.length();
String thisChar "
String next Char "
String ol dPath = path;

String plusMnus = "a+-a";
String mnusPlus = "a-+a";
String two = "";

int N= path.length();
//Rule 1: two equal synbols produce nothing
for(int j=1; j < N, j++)

{

for(int i=1; i <n-1;)

{
thisChar = "" + path.charAt(i);
next Char = "" + path.charAt(i+1);
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two = "" + thisChar + nextChar;
i f (thisChar.content Equal s(next Char))
{
i =1 + 2
path = path.replace(two, "");
}

el se

{

o= 0+1;

}

n = path.length();
}

}

[/Rule 2: a+-a -> a

if (path.contains(plusM nus))
path = path.replace(plusM nus, "a");
if (pat h. cont ai ns(m nusPl us))
path = path.replace(m nusPlus, "a");
if (print2)
Systemout.println("input =" + oldPath +
"output =" + path);
return path;

}

/1 The di stance matri x anong | eaves is cal cul at ed
private static double[][] matrixBuilder()

{

double M][] =

new doubl e[ nunber O Leaves] [ nunber O Leaves] ;
//Path to node a from| eaf

String pathLeaf Toa = "";

//Path to |l eaf fromnode a

String pathaToLeaf = "";

[/ Path fromleaf to | ead

String pathLeafi ToLeafj = ""

String innerNode = "";
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doubl e di st ance;

for(int i = 0; i < nunberOf Leaves; i ++)
for(int j = 0; j < nunber O Leaves; | ++)
{

pat hLeaf Toa
pat haToLeaf
/| Raw pat hs
pat hLeaf i ToLeafj = pat hLeaf Toa + pat haTolLeaf;
/1 An editing grammar to get true paths

pat hLeaf i ToLeafj = gramrar( pat hLeafi ToLeafj );

it (i =17j) Mil[j] =0;

Pat hs[i];
reverser( Paths[j] );:

el se

{
String leaf = "" + pathLeafi ToLeafj.charAt(0);
int p = leaves.indexO(leaf);
di stance = | engt hsLeaves| p];

int n = pathLeafi ToLeafj.length();
for(int k =1; k < n-1; k++)
{
i nnerNode = "" + pathLeafi ToLeafj.char At (k);
p = internal Nodes. i ndexOr (i nner Node) ;
di stance = di stance + | engthsl nnerLinks[p];
}
|l eaf = "" + pathLeafi ToLeafj.charAt(n-1);
p = | eaves. i ndexOf (| eaf);
di stance = di stance + | engthsLeaves[p];
Milljl di st ance
}
}

return M

}

/'l Transl ation from Newi ck’s to quasi-binary notation:
/|l addresses are attached to tree in New ck’s notation
/'l nner nodes are conserved. Lengths are conserved.

private static String toQuasiBinarylnner(String tree)
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{
if (print2)
Systemout.println("lInput tree at toQuasi Bi naryl nner
"= \n" + tree);
/1 Qut put
String treeToBi = "";
String nuneric = ".:0123456789";
/1 The binary address of |eaf
String address = "";
/I The nane or content of the tree
String content = "";
String thisChar "
String next Char "
String previousChar = "";
//length of String tree
int | =tree.length();
/'l Tree is scanned char by char
for(int i =0; i <1; i++)
{
thisChar = "" + tree.charAt(i);
if (1 <1-1) nextChar = "" + tree.charAt(i+1);
el se next Char = "end";
if (1 >0) previousChar = "" + tree.charAt(i-1);
el se previousChar = "start";

/1 This char = (
i f (thisChar.contentEqual s("("))
{

content = content + thisChar;
address = address + '+
if (print)
Systemout.println("Address = " + address);

}

[11f this char is a | eaf
if (leaves.contains(thisChar))
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{
/[l Systemout.println("leaf");

treeToBi = treeToBi + content + address + thi sChar;

content = ""

}

i f (numeric.contains(thisChar))
treeToBi = treeToBi + thisChar;

/11f this char is an inner node
i f (internal Nodes. contai ns(thisChar))
{
int m= address.|ength();
//delete last bit fromthe right
if (np0) address = address.substring(0, m1l)

i f (address.contentEqual s("")) address = "+";
treeToBi = treeToBi + address + thisChar
}
/1 This char =, and goes after an inner node
if (thisChar.contentEqual s(","))
{
/1 Systemout.println
/1 ("conma : " + previousChar + thisChar );
treeToBi = treeToBi + thisChar ;
if (print)
Systemout.println("Address at ,1 =" + address);
i f (nuneric. contai ns(previousChar))
address = address + '-';//Add a - to the right
if (print)
Systemout. println("Address at ,2 = " + address);
}

i f (thisChar.contentEquals(")"))
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{
treeToBi = treeToBi + thisChar ;

/ | Di pht honge ),
i f (next Char. cont ent Equal s(","))

{
int m= address.length();
/ldelete last bit fromthe right
if (m>0) address = address.substring(0, m1) + "-";

}
}

}//End of for(int i...
return treeToBi;

}

/I bTree (in links with I engths notation)
/lis used to generate Record[]
//with addresses and contents.
/I Names of inner nodes are visible
public static void makel nputlnner(String bTree)
{

int counter = O;

/1length of String tree

int | = bTree.length();

String thisChar = "";

String address = "";

String binNunmbers = "+-";

String nuneric = ".:0123456789";
[1String tree is scanned char by char
for(int i =0; I <|; i++)

{

thisChar = "" + bTree.charAt(i);

i f (bi nNunbers. cont ai ns(thisChar))
address = address + thisChar;

if ( (leaves.contains(thisChar)) |

(i nternal Nodes. contai ns(thisChar)))

{



Record[ counter] = address;
count er ++;
Record[ counter] = thisChar;
count er ++;
address = "";
}
i f (numeric.contains(thisChar))
{

Record[ counter-1] = Record[counter-1] + thisChar

}

}
if (print)
for(int i = 0; i < counter; i =i+2)

Systemout. println(Record[i] +
" bbbb " + Record[i+1]);

| ast UsedPosi ti on = counter;
if (print)
Systemout.println("lastUsedPosition ====
+ | ast UsedPosi ti on);
}// End of nethod

/[IPrints a matrix and its title
private static void printiMatrix(double Matrix[]]
String title)
{
Systemout.println( "\n" + title );
int m= Matrix. | ength,;
Systemout.print( "\t");
for (int j =0; j <m j++)
Systemout.print( |eaves.charAt(j)+ "\t");
Systemout.println();
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1.
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for (int i =0; 1 <m i++)
{
Systemout. print(leaves.charAt(i ) + "\t");
for (int j =0; j <nm j++)
Systemout.print( Matrix[ i J[j]+ "\t");
Systemout.println();
}
}

//Tree is transl ated
/[/fromlink notation to binary.
[/ Qutput in Record[]: even entries= addresses, odd = nanes.
// Associ ated matrix is also cal cul ated

public static double [][] associatedMatri x(String tree)
{

| *

Systemout.println("Tree at translate =" + tree);
[1String Nwlree = sinplify(tree);

String bTree = toBinary(tree);

/1 A vector with addresses and nanes i s conposed
makel nput (bTr ee);

* [
[1String Nwlree = sinplify(tree);

String bTree = toQuasi Bi naryl nner(tree);

if (print2)

{

Systemout.println("lInput tree at translate =" + tree);
Systemout.println("Selected tree in " +

"pseudo- Newi ck’s notation = \n" + sinplify(tree));
Systemout.println("Tree in quasi-binary notation: \n"

+ bTree);
}

/1A vector with addresses and other with names are conposed
makel nput | nner (bTr ee) ;
//Paths fromleaves to node a are found.
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/| Reverse paths are also |listed.

pat hFi nder (bTree) ;

/1 The di stance matri x anong | eaves is cal cul ated
double M ][] = matrixBuilder();

return M

/| The absol ute di stance anobng two matrices i s cal cul at ed.
//Only triangular part of matrices are conpared.
private static doubl e absD stance(int n,

doubl e[][] ML, double[][] M)

{

doubl e abs = 0;

for(int i =0; i < n; i+4)
for(int j = i+1; j < n; j++)

abs = abs + Math.abs(ML[i][j]-M[i][j]);
return abs;

}

/llnput : tree in link notation.
/I Qut put :
/1 di stance matri x associated to the | eaves of the tree.
private static double[][] distanceMatrix(String tree)
{
String s = toQuasi Binaryl nner(tree)
if (print4)
Systemout.println("\n Tree =" + s);
/I Paths fromleaves to node a are found.
/| Reverse paths are also |listed.
pat hFi nder (s);
/| The di stance matri x anong | eaves is cal cul at ed
double M ][] = matrixBuilder();
return M

}
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/[l ==Inner class for drawi ng selected tree ==

/1 This programtranslates a string that

//denotes a tree in Newick’s notation

//to our binary notation

/l(assign a zero to the left, a one to the right).

/1 A generator of randomtrees in New ck’s notation
[1is included.

// Resultant trees are drawn.

cl ass DrawBi Treel6 ext ends JPanel

{

private static final |ong serial VersionU D = 1L
private JPanel draw ngPane36;
JScrol | Pane scroller;

//Vertical size of the pane
int vertical Si ze;
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int horizontal Si ze;
/|l Scal e nust be a power of 2
int scale = 1;

/I Synbolic horizontal |ength of each stroke
i nt horizontal Length = 30;

int vertical Length = 10;

String Nwlree = "";

bool ean print = fal se;

/1 This is our encoding for a tree in our binary notation:
/W use a vector of strings:

/'l Even entries are the paths in the tree of the nodes,
/1 odd ones are the strings, nanes or contents.

/1 Y-coordi nates of points where strings are drawn
int[] yCoordinate = new int[1000];

i nt maxVal uedX'yY = 0;

int mnValueGY = 100000;

/1 Set up the instructions.
JLabel instructi;
JLabel instruct?2;
JLabel instruct3;
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public DrawBi Treel6()
{

super (new Bor der Layout ());
JPanel instructionPanel = new JPanel (new GidLayout (0, 1));

/1 Set up the instructions.

instructl = new JLabel (titlel);
instruct2 = new JLabel (title2);
instruct3 = new JLabel (title3);

i nstructi onPanel . set Focusabl e(true);

i nstructionPanel . add(instructl);

i nstructionPanel . add(i nstruct?2);

i nstructionPanel . add(i nstruct3);

/1 Set up the draw ng area.

dr awi ngPane36 = new dr awi ngPane36() ;

dr awi ngPane36. set Backgr ound( Col or. white);

[/ Put the drawing area in a scroll pane.

JScrol | Pane scroller = new JScrol | Pane(draw ngPane36) ;
scrol l er.setPreferredSi ze(new Di nensi on(500, 900));
scroller.revalidate();

//Lay out this deno.
add(i nstructi onPanel, BorderLayout.PAGE_END) ;
add(scrol | er, BorderLayout.CENTER);
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/| *x The conponent inside the scroll pane. =*/
cl ass draw ngPane36 extends JPanel

{

private static final |long serial VersionU D = 1L

/l1nitialization of coordinates

int centerX = 1;

int centerY = 1;

Di nensi on center = new Di nension(centerX centerY);
/| Coordi nates of the origin

i nt x00;

i nt y0O;

/ | Target coordi nates

int x11 ;

int yll1;

/I Hori zontal and basic vertical strokes

int H

int V,

/I Addresses are interpreted as paths
String path ="";

char direction;

int xMax = O;

/| Repai nting cause sone coordi nates to change:
//work with the first ones

bool ean first = true;

//Calculate the size of a box to hold the tree
/1 Scrolling controls are managed
private void sizeO Tree( G aphi cs2D g2d)
{
/'l Cal cul ate the dinension of the strings
/1A'l strings have equal size.

/] Cet font in use

Font font = g2d.getFont();

/1 get nmetrics fromthe graphics

Font Metrics netrics = g2d. get Font Metrics(font);
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/1 get the advance of ny text in this font
/I and render cont ext
int lengthText = netrics.stringWdth("Aa") + 2;
/1get the height of a line of text in this
[/ font and render context (sone padding is included)
int hgt = nmetrics.getHeight() + 8;
if (print)
Systemout. println("height of letters =" + hgt);

//Horizontal and basic vertical strokes
H = scal e * horizontal Lengt h;
V = scale * vertical Lengt h;

hori zontal Si ze = | engt hText +

(int) (H=* nunberO Leaves);
vertical Si ze =
(int) (hgt = nunber Of Leaves) ;

/larea = size of the graphic (w dth, height)
D nension area =

new Di mensi on(hori zontal Si ze, 20xverti cal Si ze) ;
/larea is set as the preferred size of the graphic
dr awi ngPane36. set Pref erredSi ze(area);

/1 The graphic demands a space for itself:

/1if the alloted space is not enough,

[/turn on scrolling bars.

dr awi ngPane36. reval i dat e() ;

vertical Length = 2+vertical Si ze;

/| Coordinates of the origin

x00 = scal excent er X;

y00 = scalex centerY + vertical Size - 600;
/| Target coordi nates

x11 x00 + (int) ( scalexhorizontal Length);
yll y00;
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[/ Tree i s drawn

private void Drawlree3( G aphi cs2D g2d, D nension center)
{
[/ The tree is drawn:
/1A path fromthe origin of the tree to
[/ each | eaf is drawn

if (print)

Systemout. println("LastUsedPosition at Drawlree3=

+ | ast UsedPosi tion);

for(int i = 0; i < lastUsedPosition; i =i+2)

{
/| Addresses will be used as paths to be drawn
path = Record[i];

if (print)

Systemout.println( i +" Path =" + path);
[/ Reinitialization

D mensi on newCenter =

new Di mensi on(center.w dt h, center. hei ght);

V = scale » vertical Length

//Path is interpreted

for(int j =0; j < path.length(); j++)

{

direction = path.charAt(j);

int X0 = newCenter .w dth;
int yO = newCenter . height;
int x1 = x0;

int yl;

if (direction =="+") //go up
{

yl = y0 +V,
newCent er. hei ght = newCenter. hei ght + V,
}
else // if direction =="-" = go down
{
yl = y0 -V
newCent er . hei ght = newCenter. hei ght - V,
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} //End of if + else
/I Draw vertical stroke
g2d. dr awLi ne(x0, vertical Size -y0, x1
vertical Si ze- y1);
/I Draw hori zontal stroke
g2d. dr awLi ne(x1, vertical Size - y1,
x1 + H vertical Size - yl);
if (vertical Size - yl1 > maxVal uegY)
maxVal uedX'Y = vertical Size - y1,
if (vertical Size - yl1 < m nVal uedY)
m nVal uedX'Y = vertical Size - y1,
/I Move center
newCenter.w dth = newCenter.wdth + H ;
[/ Vertical stroke is divided in two
vV = V/ 2
/I xMax = left extrene of the graphic
if (first)
if (xMax < x1 + H xMax = x1 + H

}//End of for j
} [//End of for: nunber O Leaves

/] Systemout.println("xMax = " + xMax);
}

/1Strings are drawn

private void drawStrings(G aphi cs2D g2d, Di nensi on center)
{

int counter = O;

//Seed is not drawn: we | ack one

/1 g2d. drawstri ng(seed, x00, vertical Size - y00);

yCoor di nat e[ counter] = vertical Si ze - y0O0;

/| count er ++;

/1 Strings are drawn:

for(int i = 0; i < lastUsedPosition; i = i+2)

{
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/1 Addresses will be used as paths to the places
/I where strings nust be drawn

path = Record[i];

String s = Record[i +1];

//Reinitialization

D nensi on target =

new Di mensi on(center.w dth, center. hei ght);

V = scale * vertical Lengt h;

/[l Path is interpreted

for(int j = 0; j < path.length(); j++)

{

direction = path.charAt(j);

if (direction =="+") //go up

target. height = target. height + V;

else // if direction =="-" = go down

target. height = target. height - V;
target.width = target.width + H;
V = V/ 2
}//End of for |j
[/String is drawn
g2d.drawsString(s, target.wdth + 1,
vertical Si ze - target. height-1);
/l'y-coordinates are recorded
yCoor di nate[ counter] = vertical Size - target. hei ght-4;
count er ++;

}
}

/I Basic routine of the drawi ng procedure

private void drawBasi c(G aphi cs2D g2d)
{

g2d. set Col or (Col or. red);

| *

//Stemis drawn: our trees is artificially rooted.
g2d. dr awLi ne(x00, vertical Size - yO00,

x11l, vertical Size - yl1);

*/
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si zeOf Tree(g2d);

/[/targetTree is drawn
decoder Lengt hs(target Tree);

/| Absol ute distance fromthe associ ated di stance matrix
/1l of the tree

//to target matrix is eval uated

/1d = absDi st ance( nunber O Leaves, target Matri x, M;

associ atedvatri x(target Tree);

center = new Dinension(x11,y1l);
Dr awTr ee3(g2d, center);

center = new Di nensi on(x00, y00);
drawSt ri ngs(g2d, center);

first = fal se

//bestTree i s drawn

decoder Lengt hs(target Tr ee) ;

/| Absol ute distance fromthe associ ated di stance matrix
/lof the tree

//to target matrix is eval uated

/1d = absDi st ance( nunber O Leaves, targetMatri x, M;

associ at edvat ri x( best Tr ee) ;
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center = new Di nension(xMax + 30,y11);

Dr awTr ee3(g2d, center);

center = new Di nensi on(

xMax - (int) ( scalexhorizontal Length) + 30,y00);
drawStri ngs(g2d, center);

}

/1 Gaphical master : it is called automatically
/lat starting and by repaint()
protected voi d pai nt Conponent (G aphi cs g)
{
super . pai nt Conponent (g) ;
G aphi cs2D g2d = (G aphi cs2D)g;
/'l Font to draw strings
Font font = new Font("Arial", Font.PLAIN, 12);
g2d. set Font (font);
g2d. set Render i ngHi nt (Renderi ngHi nt s. KEY_ANTI ALI ASI NG,
Render i ngHi nts. VALUE_ANTI ALI AS_ON) ;
drawBasi c(g2d);

}

}// End of double inner class draw ngPane36

[ **
* Create the GU and showit. For thread safety,
* this method should be invoked fromthe
* event -di spat ching thread.
* [
voi d creat eAndShowGUl ()
{
/| Create and set up the w ndow.
JFranme frane =
new JFrame(titl eFrane);
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frame. set Def aul t Cl oseQper ati on(JFrame. DI SPOSE_ON _CLCSE) ;

// Create and set up the content pane.

[/ Constructor of the main application is used.
JConmponent newCont ent Pane = new DrawBi Treel6();
[/ content panes nust be opaque

newCont ent Pane. set Opaque(true);

f rame. set Cont ent Pane( newCont ent Pane) ;

/1 Display the wi ndow.
frame. pack();
frame. set Visi ble(true);

}

}//End of inner class DrawBi Treel6

}//End of main class K55 EvoFull5

59, page248 Tiny mutations were shown to tremendously accelerate
the approaching to zero error for the case with 8 leaves. Why?

Gradualism helps near the optimum because before evegytise the
concept of function is in this case graded: the error is smedr the opti-
mum and the error is proportional to the error in lengths.réfoge, changes
must be tiny. By contrast, large changes near the optimunidvase a
falling into regions dominated by extremes less optimat tha achieved
one.

Now, can we say that this is the gradualism of Darwin? The lprabs
that Darwin did not have a mechanistic theory but only a phesmlogical
one. The possibility of a mechanistic science was providedendel and
molecular biology. In this context gradualism is softly defi when tiny
changes in the genome cause tiny changes in function andéssit But to
be accurate, we must demand from changes to be at randomesjibat to
encoding. Butit happens that our tiny mutations were accodated on top
of a machinery that causes a twisting of randomness by emplutations
that will be viable with certainty. So, we are as far from Danam as the
day is from night. Nevertheless, an intrigue arises: whéthaippen if we
deprive our program from all that Lamarckian machinery aglg on tiny
mutation along pure Darwinism?
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62, page259 Program K62 EvoFull 8 simulates almost pure Dar-
winian evolution to solve the problem of fitting a tree to at@mce matrix.
The program relies on tiny mutations which must be undetsaspunc-
tual mutations, changes of one char by another. The prognaldes a
method for testing whether or not a string correctly encddes tree. A
string that fails is understood as an abort. The cost in alafreach vi-
able string is reported. If viable mutants are produced; tia@ recombine.
If recombination produces an inviable mutant, it is not\ad otherwise
the fist recombining string is cloned. This measure is nowaan, it is
Lamarckian. Whether or not recombination was possiblepsnted. This
program shows that almost pure Darwinism that rely on tinyations is a
no-go methodology for attacking the problem of fitting a ttea distance
matrix for a number of leaves pass 5. The piece of code reggerfer
recombination follows:

/| Program K62 EvoFul | 8

| *

* W& inplenent here

a purely Darwi nian nutational process

to propose an approximte solution to the probl em of
fitting a tree to a distance matri Xx.

Mut ations are tiny and by this we understand
random nut ati ons of a single char.

It is found that

t he usual output of nutation over a viable string
is an inviable string.

Nevert hel ess, a viable nutant always can be found
if only a price in aborts is paid.

That price is reported.

The nethod that checks for the viability of strings
was devel oped by intuition but

refined by trial and error.

So, sone rules mght renmain to be di scovered.

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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* Reconbi nation is enabled and al |l owed when
* the reconbi nant product is viable.
* Otherwi se, the first reconbining individual is cloned.

“l

public class EvoFul | 8 extends JPanel

{

/1Strings s and t reconbine if the output is viable.
[l Ot herwise, string s is cloned.

private static String rec(String s, String t)

{

String t2 ="";
String sl=s;

String reconbinant = "";
int m= s.length();
if (nm2)
{
int ML = r.nextint(m1l)+1
sl= s.substring(0, nl);
t2=t.substring( m);
}
/ / Reconbi nati on
reconbi nant = sl.concat(t2);
[/ return reconbi nant;

if (isTree(reconbinant))

if (print6)

System out . printl n(

"\ nRECOMVBI NATI ON was possible \n");
return reconbi nant;

}
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el se
{
if (print6)
System out . printl n(
"\ nRECOVBI NATI ON was NOT possible \n");
return s;

}

63, page259. Program K63 EvoFull9 studies the cost of synthesizing
by mere randomness a string that encodes for a tree. One oasecthe
number of leaves beginning from 4. The responsible partfersynthesis
of strings is the following:

/ | Program K63 EvoFul | 9
| *

*

This program studies the cost in trials
of the synthesis by nere randommess of
a string that encodes for a tree.

The nethod that checks a string

to deci de whether or not it encodes for a tree
was devel oped by intuition but

refined by trial and error.

So, sone rules mght renmain to be di scovered.

| f eventually an initial popul ation of strings
that encode for trees is synthesized by nere
randomess, it is subject to

al nost Darwi ni an evol uti on.

LR R . D R . T R B R
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public class EvoFull 9 extends JPanel

{

/'l Return a character chosen randomy from al phabet.
private static char randonChar(String al phabet)

{
int k = r.nextlnt(al phabet.length());

return al phabet. char At (k) ;
}

// Return a randomy generated string of the given | ength.
private static String findTree(int |en,
String al phabet)
{

String s = ;
bool ean go = true;
int counter = O;

while (go)

{

s ="";

for (int i =0; i < len; ++i)
s = s + randontChar (al phabet);

if (print?7)

Systemout.println("\nTrial nunber =" + counter

+ "\n" +s);

if (isTree(s))
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{
go = fal se;
counter = 0,
if (print7)

Systemout.println("\nTrial nunmber =" + counter
+ " Tree found");

System exit(0);

}

el se

{

count er ++;

/[l if (counter == 10) go = fal se;
}

return s;

}

/1 The population is initialized with n trees.
/I Fitness i s assessed:
/I Has the sol ution been guessed?
private static void initialization()
{
Systemout.println("\n====" +"I NI TI ALI ZATION : ");
/I Nunber of right parenthesis
String rightPar = ")";

for(int i = 0; i < targetTree.length(); i++)
{
String ¢c = "" + targetTree.charAt(i);

if ( c.contentEqual s(rightPar)) nRi ght Parent heses++;
}
if (print7)
Systemout.println("Nrandomtrees are generated \n");
String nunbers = "0123456789";
String al phabet = presentlLeaves + present Nodes + nunbers
+ (),

/I'N trees are generated by nere randommess
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for(int i =0; i <N |i++)
{
int length = targetTree.|length();
trees[i] = findTree(l ength, al phabet);
if (print7)
Systemout.println("\n" + i + " "+ trees[i] );
}

assessFi t nesses();
scal eFi t nesses();

}

4.9 nothing
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