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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 seventh volume: The purpose of this volume is to dcuss Dar-
winism (evolution is a natural phenomenon fueled by randommss) by contrast
to Lamarckism (natural evolution might be helped by twisting randomness).
We discover that all successful applications of evolution@nehow twist ran-
domness and that the Evolutionary Theory of the Scientific Iternational Lit-
erature is neither one or the other but a misconception. Thisyolume can be
worked out after vol | or vol V.

Bogota, Colombia, Jos Rodiguez
2/XI11/ 2011
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Introduction

Evolution is a process in which objects might change, reproduce witialviity
and/or be selected for. The idea of evolution is inborn tayeteman being. So,
one can findevolution everywheresuch as it is discussed in the first chapter. An
evolutionary theoryaims at explaining facts by means of evolution. In ordinary
life one is used to formulate, study, accept or reject eimhatry theories including
those in which evolution is dominated bglection as a driving forgehapter two.

When human beings are engaged in an evolutionary processuiually try
to make changes specially targeted to improve good qualifibis is the very idea
of Lamarck Contrary to thisParwinism shows that mutations at random, which
are blindly executed and without any intention whateves,Gpable of producing
marvels if only the fruits of mutation are selected for theidkd qualities.We con-
trast them in chapter thrdeamarck and Darwin Lamarckism is the way we use
to experience evolution in ordinary life while Darwinismagheorem of science.
Darwinian evolution is very difficult to teach because eveng tends to believe
that evolution is by its very nature Lamarckian and that thatations might be
guided to swiftly achieve results.

In biology, evolutionism teaches that all living beings on Earth are linked by
descend to a common ancestor that appeared by randomnessifasrdanization.
The Darwinian Evolutionary Theory claims thatrandom mutation + selection
compose the underlying mechanism of evolution. To dischespower of this
mechanism, we need to be endowed with a fair insight givenrbpwthorized
referee. Our election is to choosemplexity as the judge whose insight is that
the genome is software and evolution is a software develapepter four. We
conclude that everything is possible for evolution if onlyhas enough time and
resources to commit as many bugs as desired.

In regard withthe origin of specieschapter five, Modern International Litera-
ture shows how well the fossil record and taxonomic data at®/fa genetic tree
dominated by a trend towards complexity and hominizatioth #fwen teaches that
life is obviously explained by evolution. Nevertheless #nvisaged type of evo-
lution cannot be Darwinian since it provides no cue in regaittd the mandatory
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price that Darwinian evolution must pay: bugs followed byreotions that create
more bugs. The evolution of the Modern International Litera cannot be Lamar-
ckian either because there is no mention to external agefasoes that could help
evolution to defeat complexity. So, the Evolutionary Theof the Modern Sci-
entific Literature is a contradiction: it is evolution (ofrfo and function) without
evolution (from imperfection towards perfection along mveort of malfunctions
and malformations).

The inertia created by the International Scientific Literatis so great that
scientists need special formation to remove their blindn&¢e provide in chapter
six a motivation to begin withevolution without evolvabilitys the common form
of implementing evolution but the evolution that we find intura makes of it a
great project that marvels every expert. In general, eveigntist must seriously
examine his or helheart and mind to see whether or not his or her beliefs fill in
the vacuum for eternity that is in his or her heart. This migata very nice but
extremely difficult work, as we show in the last chapter, vehele examine the
history of evolution paying attention to the authors théitdetrack over it.



Chapter 1

Evolution everywhere

Evolution is part of our ordinary life

1 Purpose. To study over toy models the way as we concoct and test $icienti
evolutionary theories in our ordinary life.

1.1 Elementary definitions

Evolution is a process in which objects might change, reproduce witiality
and/or be selected for.

An evolutionary environment is a world, real, artificial or gedanken (imag-
ined), that enables evolution.

A proposition is a given affirmation that can be either false else true iangg
with the universal setor set of reference. Aheory is a set of propositions about
a given universal sefAn evolutionary theory is one that proposes an explanation
to given facts using an evolutionary environment as the rhasis. We will pre-
fer scientific theoriesthat are those that can be studied statistically to det&rmin
whether they are to be accepted or rejected. This first chaptsvs how concepts
are intertwined by resorting toy theories which are those that can be computed
at once, maybe by inspection or with the help of very simptgpms in Java. In
the second chapter we deal with more complex theories thathare difficult to
simulate.

The genetic material of living beings is composed of DNA, ethcan be de-
scribed as a string of the form ATTCGGCTA.... Thus, we defimalphabetas a
set of symbols ofetters. For DNA, the alphabet i$A, T,C,G}. A string is a lin-
ear array without gaps of letters of the given alphabet, SayCGGCTA. Strings
can be ordered by a partial order relatian< s, if and only if s; is a substring

1



2 CHAPTER 1. EVOLUTION EVERYWHERE

of s, i.e., if coincides with a part af,. A maximal element in this relation is a
chromosome i.e., a string that is not substring of another string.

A genomeis a set of chromosomes that encodes for the information rte co
struct anorganism given that living organisms already exists. Organisms farm
population.

The members of a population can reproduce, live and dierdiifally in re-
sponse to genetic composition, to the interaction with othembers (lions chase
in group and this enhance their probability of surviving getting offspring) and
to the interaction with the environment that might includiees over long pe-
riods of time. All this is generically calledatural selection or selection. Our
evolutionary theories deal with abstractions of theseaufest

1.2 Basic examples

Evolution is an everyday phenomenon and biological evatuis just one particu-
lar case. So, let us extract from ordinary life some examijgesee what are they
compound of.

2 The grand father with cellular phone.

Old people might be reluctant to accept and use new techieslogay, it is
a strike when some grandfather that is used to wired telegghbnys and uses a
cellular one.

We rewrite this story that describes a usual behavior thddesnly changes to
a new one as follows:

T>T—->T..T—=>C

We see that our alphabet is composed of just two elementatédiehaviors,
to use telephoneT() and to use use a cellular phor@) ( We register the chosen
behavior every day and we noticed that during a long peridava, day after day,
T was the rule. But some day in the recent past we obsermaatation, a change,
from T to C. This change caused a great surprise among the family adifriof
the grandfather. Why?

From our point of view, everyone believed that the behavighe grandfather
can be explained by the theory:

T—>T—>T..T—>T..

which expressed the conviction of the grandfather of besggply with the old
technology. This theory wadeterministic because the present creates the future
in a single way according to its state.

But the experimental finding @ brought the theory to a collapse. We say that
this theory wadalsified by C, so it declared inadequate to explain observed facts.
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The proposedalsification suggests that the new behavior cannot be explained
by the state of mind that explained the old behavior of ggtstuck to the old
technology but that rather a new vision enlightened thesttmtiof the grandfather
of adopting the new tech, say, he must not move from his ptaeaswer a call.

This evolutionary theory relies on avolutionary environment that consists
in:

e An alphabet{T}. There is only one chromosome with just one letier,
This chromosome is an organism, the only one member of italptipn.

e A set of rules for evolution, for the construction of the future from the
present, that consist in just one element: ithentity. This rule builds the
future as an exact image of the present. This function geeseeadetermin-
istic evolution.

e A scoring function measures the degree of fitting of each organism by as-
signing a real number (say, 0.23) to each organism of thelatpu. In this
case, the theory says that behavlors optimal, with score, say, 100. The
scoring function represents an explanation of the obsdrebdvior and is a
synonymous ogelection

e An observableis a function that measures something, so it assigns numbers
to the elements of some set. We enable in that way statistigdies. In this
case, we have the observable that reports the proportidrsofAccording
to the theory, it is always one with full certainty. Therefpany other value
will falsify the theory. In fact, the theory was falsified anthe value 0 was
registered whef appeared.

3 Reproduction and recombination

By looking at the sequence of events about telephone caks diy

T>T—->T..T—>T..

one might wonder and exclaim: where are recombination, tiontereproduc-
tion and selection that are so important in biology?

Our answer is as follows:

e We can interpret the given sequence as the evolution of atigru of indi-
viduals in whichT is at the same time a chromosome, a genome, an individ-
ual and a population.

e Recombination takes two chromosomes and produces a third one taking
some substrings from the first and some others from the sedédfiebn T
recombines withl', taken as chromosomeg,is produced.
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e Mutation is turn off until the last event in which is changed inte.
e The individualT begetsT.

¢ Individual T is adapted to its milieu during all that time previous to the-m
tation of T into C. But due to a change of mind of the grandfather, from that
moment on,T andC working in ensemble do it better thdnhalone. This is
so because the grandfather is supposed to be now happidvefae when
he was bound to the wired telephone alone.

We are proposing that the characteristics of biologicalwian that are im-
portant for accepting or rejecting the Evolutionary Theofyhe origin of species
can be found all around, everywhere in ordinary life. Therefordinary life is a
great and extremely rich lab of evolution

4 Individuals vs groups

Let us consider the proposition found at the end of the lastTi andC work-
ing in ensemble do it better than alone. We are clearly declaring that we con-
sider group effects as elementary descriptions of natuldtaat therefore are very
important, fundamental for our general theories. Nevégtdse we will be able
to prove in some few cases that a group description can beeddo a sum of
individual events. Let us refer to this reduction asitidividual vs group conun-
drum.

5 A non-deterministic variation

With a slight modification of the previous example, we cauide non-determinism
in the evolutionary process, as it follows:

Once the grandfather learned to use his cellular phone, dvéAmoptions, the
old technology,T, and the new on€. It happens that after achieving equilibrium,
the corresponding proportions were 60 and 40 respectiaignated weekly. But
one of his granddaughters recently became engaged andhg ¢ her husband
is composed of a great majority of young women, all used, twith the addendum
of having no grand father with them. So, all those ladiestikeall the grandfather
and that is why he is very happy now. His happiness corregptmthefalsifica-
tion of the Evolutionary Theory that relies on the next evoludignenvironment
that describes the life of the grandfather before the ngaria

e An alphabet ={T,C}. The strings describing the actual behavior of the
grandfather over a week look something like tRISTCTCT TCCT These
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are our chromosomes. The population consists in one chiamasf length
10 and with a proportion of 6 T's against 4 C's. So the grarmfais called
10 times per week because he receives calls twice a week frem ene of
the five persons that like to call him. The order of calls fdfedent persons
can vary but not the numbers for each person. We do not knowenergl
what will come next to al or to aC, thus we have a non deterministic
evolution, but we do know the proportion @fs per week: it is 4. Say, if
the present week is described B CTCTTCCT the next one might be
TTTCCTTCCTTTCTCTTCT®r one among many others of its kindred.

e A set of rules for evolution that builds the future from thegent: the only
chromosome of the future is just a permutation of that desugithe present.
The permutation is made at random, so the evolution is netéistic.

e A scoring function that measures the degree of fitting of tleekly behav-
ior. In this case, the theory says that the weekly behavid ©f against
4 C’s is optimal, with score, say, 100. Thus, the behavioeoled at equi-
librium defines an optimum. The fine structure of the scorimgcfion is
not known and might be very complex as it was the evolutiofiarge that
moved frequencies to its equilibrium values.

e An observable that reports the proportion of T's. Accordiaghe theory, it
is 0.6 without uncertainty.

The proposal ofalsification of this theory arises from the fact that the ob-
served frequencies after the marriage and over the past Ksvgeee a stable es-
timate of 4T’s against 6C's over strings of length 20. This new state of affairs
reflects the fact that the grand father receives now more fralin cellular phones
because of the various young women of the family of the hustwdrhis grand-
daughter. They are five and each one calls him religiouslyn2gia week.

We see that the value of the observable that reports the gimpaf T's
changed from 0.6 to 0.4 and that difference includes no tmiogy. It is pre-
cisely the lack of uncertainty that allows us to claim tha ttrew findings falsify
the theory. Therefore, we have devised an evolutionarydveonk that models the
life of the grandfather and explains why he is so happy now evere than before.

6 A probabilistic variation

Let us venture now on a probabilistic version of the storyulioe grandfather.
We deal with behaviors of real people and will try to captureirt way of living
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into a theory. This is in general a very difficult task and wesirue ready to make
some few attempts before a satisfactory theory might besgeti Our first attempt
follows:

Since the marriage of his granddaughter three years haseghyg. People still
calls him but, it is painful to say it, not so much as it was lbefd' he grandfather is
fading into oblivion even so he is still alive. From the 20s#hat he received every
week three years ago, he received in the last time 4, 5 or 6emiial probability.
And people behave in a week trying to fit probabilitiesToandC that happened
in the previous week. Initial frequency @fis 0.4. To worsen things, the family
has recently discovered that they can have fun in a near latesa they have
been very busy. In consequence, the total numbers of calisgdthe last three
weeks has been 13. So, the grandfather proclaimed the neatigit as one of
national disaster. His feeling was corroborated later beean the next two weeks
he received just 8 calls, so that in the last five week he rededl calls at all.

The frustration of the grandfather seems to correspondlddatsification
of the Evolutionary Theory that relies on the next evoluignenvironment that
describes the life of the grandfather before the discogesirthe lake:

e An alphabet ={T,C}. The strings describing the actual behavior of the
grandfather over a week look something like thisSTCTC These are our
chromosomes. The population consists in one chromosonengti 4,5,6
with equal probabilities. The length represents the tatahiber of calls that
he receives per week. People calls rather disorderly buesww trying to
resemble the behavior of the previous week.

e A set of rules for evolution to build the future from the prasethe only
chromosome of the future is composed of a random sampletefdethat
describes the present.

e A scoring function that measures the degree of fitting of teekly behav-
ior. Since the grandfather worries about the number of cadpod measure
of the fitting of each chromosome is just its length divided20y the max-
imal numbers of calls that he has received. Let us remarktiigascoring
function is intended to be the driving force of evolution. Vidgheless, the
crude reality is that apart from the continuous quarrelfefgrandfather to
achieve more calls there are other forces with contrary gighalso exert
their influence over the dynamics, say, the lack of time, dad s why the
observed behavior is hot a maximum of the scoring function.

e A suitable observable is just the length of each chromosome.
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The proposal ofalsification of this theory arises from the fact that the number
of calls during the last three weeks should have been grésterl2 and less than
18 but it was just 13 while over 5 weeks together the numbealid evas 21 when
it should have been at around 25.

Can we agree with the grandfather and accept that the thevisaged by the
previous evolutionary environment has been falsified? pipleas that in scientific
studies and under the presence of noise and random outcambsye a protocol
for deciding when a null hypothesis or theory must be acckepteejected. Let us
recall it (after vol V of this series).

7 The scientific method in a nut shell.

Scienceis basically a contrast between what one sees and what omefel
For simple models, we can measure the discrepancy betwetndad ideas. If
this discrepancy is in within certain bounds that define whatormally expected,
one usually prefers to remain quietly assuming that whathmigves is the truth.
But if the discrepancy is too large, one is invited to invemd gest new explanations
for observed facts. More operationally:

1. We characterize the output of a system as a random vaneititea given dis-
tribution. We formulate a proposition about its mean or aauite or shape.
This is the null hypothesis: it is about the global behavibthe system.

2. Over the background of the formulated distribution, oimas to contrast
the null hypothesis with a specific distinguished event bosevents that
possibly came from observation or experiment.

3. Tothat aim, we built an artificial, virtual world, with treame characteristics
as those proposed by the null hypotheses.

4. One runs many times the virtual world under the same ciomditas those
declared by the null hypothesis. Mathematicians runs tistesy infinitely
many times but in simulations, we run the system 1000, 10000eomillion
times.

5. For each run in the virtual world one measures, always gisire same pro-
tocol, the discrepancy between each event and that valudgigbee by the
null hypothesis. One registers the distribution of thosscdipancies and
decides what events are normal and which are outliers. To dma, one
previously defines which is the fraction of events that onst wansider as
outliers, which is the level of significance. This allows &icalate barriers



CHAPTER 1. EVOLUTION EVERYWHERE

that divide the normal events or region of acceptance of thiehypothesis
from the region of outliers or region of rejection of the nimjlpothesis.

. One employs the very same protocol used in the last poimetasure the

discrepancy between the distinguished event, that pgssdhe from an
experiment of from an observation, and that value preditigthe null hy-
pothesis.

. If the discrepancy originated by the distinguished eigah outlier with re-

spect to the distribution of the virtual world, one declatieat the experiment
does not support the null hypotheses. Otherwise, one desctaat the null
hypothesis explains the distinguished event or, more oiggly, one should
say: our data or distinguished event was unable to rejechtiiehypothesis.

8 The code for calculating the theory

Let us apply now this protocol to decide the probabilistiedty about the

grandfather. The first thing to do is to simulate the evohaiy environment de-
scribed by the theory to see how it looks.

The theory that describes the world of the grandfather bettoe discovering

of the lake by his family is simple, and might be mentally cé¢ed but only if
one have training in mathematics. Nevertheless, we havénmpto worry because
we can resort to a program in Java.

The theory represents the usual behavior before the discofdhe lake. It

has two main elements. First: received number of calls pekwe the last time
was 4, 5 or 6 and with equal probability. Second: people tngpeat the behavior
of the last week, i.e., the observed frequencie§ &ndC that happened in the
previous week served as probabilities to design the fututbe following week.

Initial frequency ofT is 0.4. Observed facts that must be contrasted with theyheor

and that presumably falsify it: the total number of callsidgrthe last three weeks
has been 13 while in the last five he received just 21 calls.

The code follows:

/1 Program G8 grandFat her
/1 Cal cul ati on of an evol utionary theory.

| *

*

*
*
*
*

The theory represents the usual behavior
of calls fromwred tel ephones (T) or cell phones (C
to the grandfather by his fanmily and rel atives
before the discovery of the |lake. It has

two main elenents. First: received nunber

of calls per week in the last tine was 4, 5 or 6



1.2. BASIC EXAMPLES 9

* and with equal probability. Second: people
* try to repeat the behavior of the | ast week,
* j.e., the observed frequencies of T and
* C that happened in the previous week served
* as probabilities to design the future in

* the following week. Initial frequency of T
* 1s 0.4.

*/

i mport java.util.Random

public cl ass grandFat her
{
private static int averageNCalls = 5;
private static int randonthift;
private static int nunberCalls;
private static int nWeks = 30;
private static double initial FreqT = 0. 4;
[/ Turn on of the random gener at or
private static Randomr = new Random();

/] Basic Test of the random generator for random generati on
[lof 4s, 5 s, 6's with equal probabilities
public static void testRandGenl()
{
Systemout.println("Tests the random generator” +
\ nfor random generation of 4's, 5 s, 6's " +
"\'nwi th equal probabilties");

int counter4 = 0O;

int counterb5 0;

int counter6 = 0;

int nExp = 4000;

for(int i=0; i < 3*nExp; i++)

{

r andonthi ft r.nextint(3);
nunber Cal | s = averageNCal | s + randonthi ft - 1;
System out. println(nurberCalls);
[/ counters are increnented i n one
i f(nunberCalls == 4) counter4++;

n
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i f(nunmberCalls
i f (nunberCalls
}
System out.
System out .
System out.
System out.
Syst em out

}

== 5) counter5++;
== 6) counter6++;

ntl n("Nunber of 4's
ntl n("Nunber of 5 s
ntl n("Nunber of 6’s =
ntl n(" Expect ed nunber
ntln("Optional: carry

pri
pri
pri
pri
. pri

//Basic test of the random generator
[lof T"s with prob probT;

CHAPTER 1. EVOLUTION EVERYWHERE

+ counterd);
+ counterb);
+ counter6);
=" + nExp);
out a z-test. =

"),

for random generation

public static void testRandGen2(doubl e probT)

{

Systemout.println("Tests the random generator" +

\'nfor random generation of T 2" +
"\nwith probability " + probT);

int counterT = O;

int counterC = O;

[/ Total nunber of chars
int n = 4000;

doubl e t;

for(int i=20; i < n; i++4)
{

t = r.nextDoubl e();

(t < probT)

Systemout.println("T");
count er T++,

}

el se
{
Systemout.println("C");
count er C++,
}
}

Systemout. println("Nunber of T's =
System out. println("Nunber of Cs =
Systemout. println("Total nunber of

doubl e expT= n=*probT;

" + counterT);
" + counterQ);
chars =" + n);
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System out. println("Expected nunber of T s = + expT);
}

public static doubl e generation(double probT)

{
/I generates the number of calls for this week
randonshi ft = r.nextInt(3);
nunber Cal | s = averageNCal | s + randonthi ft - 1;
System out . print("Nunber of calls ="

+ nunberCalls + ": ");
int counterT = O;
doubl e t;
/| Generates actual type of calls with prob of T = probT,
for(int i = 0; i < nunberCalls; i++)
{

t = r.nextDoubl e();
if (t < probT)
{
Systemout.print("T");
count er T++;

}
else Systemout.print("C");
}
doubl e ¢cT = counterT,;
doubl e freqT = cT/ nunberCal | s;
System out. print(" FreqT =" + freqT);
Systemout.printlin();
return freqT,

}
public static void evol ution(double probT)
{
for(int i =0; i < nWeks; i++)
{

Systemout.print("Wek =" + i + " ");
/[/the systemtry to reproduce the frequency of T calls
probT = generation(probT);

}
}
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public static void main(String[] args)

{
bool ean test RandGenl = fal se;
i f (testRandGenl) testRandGenl();
doubl e probT = initial FreqT;
Systemout. println("Sinulation of calls week by week.");
Systemout.printin("T =call froma wired tel ephone.");
Systemout.printin("C=call froma cell phone.");
Systemout.printin("Initial frequency of T's =" + probT);
evol uti on(probT);

}//End of main

}/ 1/ End of class

9 Exercise. Run the previous program. Activate the enclosed tests tfiraon
that the program generate the expected frequencies. Meldty reject the next
conclusions drawn by the Author:

1. No mater which initial proportion of T's one chooses, tigstem tends to
evolve towards fixation: everything is T else everything is C

2. This implies that the theory predicts that shortly aft@y mitial setup, those
that have cell phones ceases to call else those that hawve: limies.

3. This situation contradicts the feeling of the grandfatte declares the sit-
uation as one of national interest but not as the end of thé&dw&o, there
remain some persons from both groups that still call him.

4. This is precluded by our simulation that predicts that liéfargotten by
one group taken at random but not by both.

5. We conclude that our theory does not fairly represent ithatfon previous
to the discovery of the lake.

6. We must do another try.

10 Sampling effects, drift and fixation. Previous simulation describes a very
important aspect of evolution:

1. When one uses probabilities to construct the future froenpgresent, one
must make a sample of the present population. Because hptymalations
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are finite, there is always a difference between expectedapilities and
generated relative frequencies. This causes the relatigadéncies of a given
trait in a population tadrift , to move but by mere chance, lsampling
effects

2. We conclude that there is always in every evolutionaryirenment with
finite populations a driveragent that causes change: drift. This agent is
immanent in evolution, cannot be silenced and is the deélanation of
every change. This agent is not deterministic #gree or as a systematic,
selective effect. Drift iglispersive if various populations are set up in the
same initial condition, a bit later and due to drift, the tetafrequencies of
tracing traits will be completely different. By contrastfaace is determin-
istic: it produces upon the same inputs the same resultsamwekover again.
So, it would be better to say that drift is a non-deterministijent instead of
saying that it is force o deterministic agent.

3. The final result of drift idixation: some traits will get fixed at the expense
of others which disappear from the population not becausesthre worst
but because of randomness.

4. 1t is well known that there are mamyci (encoded genetic functions) in ge-
netics that arenonomorphic, with only oneallele or version. This can be
explained in two ways: by fixation due to sampling else by fiomal de-
mands that select the optimal variant. Which option to takihé matter of
study of population genetics the study of changes in genetic observables
under evolution.

5. Since there are many loci that grelymorphic, with many variants, one
must infer either that variants are the result of mutaticse ¢hat there is
some selective force that tend to maintain the variants énpibpulation,
say in heterozygous form. Which option to choose is anotheblem in
population genetics.

11 Exercise. Invent a very simple mathematical reasoning showing thati@ir
is unavoidable when evolution rely on sampling. So, driff &iration are robust
concepts in evolution.

12 Exercise. Mathematical models in population genetics predict that pino-
portion of fixation of a given trait is just the initial freqoey of that trait in the
population. Modify the previous program to test this asesi@n.
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13 Exercise. The previous program builds the future by measuring thetikeda

proportions of the present generation and abstracting tlenprobabilities that

guide the generation of new individuals for the next genemnatTherefore, we see
here a group directive: probabilities are computed over tii®le sample space
and not by looking at isolate individuals. Prove that thi®gp directive can be
reduced to treatment of events that are directly relatedhttividuals.

14 The grandfather: a modified version

Humans are able to superpose random or pseudo-random @ebsegr a de-
terministic way of life. Determinism might be dictated bycessity, as in the need
to take lunch but randomness determines the hour of takinghié family of the
grandfather is not an exception: their habits and moral Eytkat they must call
him but who, when and how many times might be a matter of ramess

Let us try to combine deterministic and random effects talpoe a theory, a
model, to capture the calling behavior of the family of thargifather whose main
two points are: First: received number of calls per week énléist time was 4, 5 or
6 and with equal probability. Second: people try to repeatitdhavior of the last
week, i.e., the observed frequencies of T and C that hapgarikd previous week
served as probabilities to design the future in the follgviveek. Old people use
wired telephone and call him at least once because the fotbe gcustom but the
young ladies with cell phones call him at least one time in aka®y moral law and
compassion. Initial frequency of T is 0.4. Observed facs thust be contrasted
with the theory and that presumably falsify it: the total rhenof calls during the
last three weeks has been 13 while in the last five he receaig@] calls.

15 The code to simulate this new situation follows:

[/ Program G15 gr andFat her 2

[/ Cal cul ation of an evol utionary theory.

[+ The theory represents the usual behavior

* of calls fromw red tel ephones (T) or cell phones (C
* to the grandfather by his famly and rel atives

* before the discovery of the lake. It has

* two main elenents. First: received nunber

* of calls per week in the last tine was 4, 5 or 6
* and wth equal probability. Second: people

* try to repeat the behavior of the |ast week,

* j.e., the observed frequencies of T and
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* C that happened in the previous week served

* as probabilities to design the future in

* the followi ng week. Moral |aw and the force

* of habits dictate that there nust be at | east
* one T and one C every week.

* The initial frequency of T is 0.4.

* (bserved facts that nust be contrasted with

* the theory and that presumably falsify it:

* the total nunber of calls during the last three
* weeks has been 13 while in the Ilast five he
* received just 21 calls.

i nport java.util.Random

public cl ass grandFat her 2
{

private static int averageNCalls = 5;

private static int randonthift;

private static double initial FreqT = 0. 4;
private static int nEvents = 30000;

private static int RecordCalls[ ] = new int[nEvents];
private static int Dist[ ]| = new int[nEvents];
/I Number of groups of weeks

private static int nGoups = 1000;

/I Number of weeks per group

private static int nWeks;

private static int counterCalls;

/| Cbserved nunber of calls

private static int observed,

private static int mn, max;

private static bool ean print;

[/ Turn on of the random gener at or

private static Randomr = new Random();

/I Basi c Test of the random generator for random generation
[lof 4's, 5 s, 6s with equal probabilities

public static void testRandGenl()

{
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Systemout.println("Tests the random generator” +

\ nfor random
"\nmth equal p
int counter4 =
int counter5 =
int counter6 =
int nExp = 400
for(int i= 0;
{
randonthift =r
int nunberCalls
Systemout.prin
//counters are
i f(nunmberCalls
i f(nunberCalls
i f(nunmberCalls
}
System out . pri
System out . pri
System out . pri
System out . pri

}

//Basic test of
[lof T's with p

generation of 4's, 5's,

robabilties");
0;

0;

0;

0;

i < 3*nExp; i++)

.nextlInt(3);

6's " +

= averageNCal | s + randonthi ft - 1;

tI n( nunber Cal | s);
incremented in one
== 4) counter 4++;
== 5) count er5++;
== 6) counter6++;

ntl n("Nurmber of 4's
ntl n("Nunber of 5's
ntl n("Nunber of 6’s =
ntl n(" Expect ed nunmber

t he random gener at or
rob probT,

+ counterd);

" + counterb);
" + counter6);

for

+ nExp);

random generati on

public static void test RandGen2(doubl e probT)

{

Systemout.println("Tests the random generator" +

\ nfor random
"\'nwi th probabi
int counterT =

int counterC =
[/ Total nunber
int n = 4000;
doubl e t;
for(int i= 0;
{

t = r.nextDo

generation of T 2" +
lity " + probT);

0;
0;
of chars
i < n; i++)

ubl e();

if (t < probT)

{
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Systemout.println("T");
count er T++;

}

el se

{
Systemout.println("C");

count er C++;

}

}

Systemout. println("Nunber of T's =" + counterT);

Systemout. println("Nunber of Cs =" + counterQC);

Systemout.println("Total nunmber of chars =" + n);

doubl e expT= n*probT;

System out. println("Expected nunmber of T's =" + expT);
}

public static doubl e generation(doubl e probT)
{

/I generates the nunmber of calls for this week
randonshift = r.nextlnt(3);

int callsThi swWwek = averageNCal |l s + randonthi ft - 1;

if (print)
System out. print("Nunber of calls ="
+ cal | sThi s\Wweek + ": ");

counterCalls = counterCalls + call sThi sWek;
int counterT = O;
doubl e t;
/| Generates actual type of calls:
[/ Two of themare TC,
if (print) Systemout.print("T");
count er T++;
if (print) Systemout.print("C");
[/ Ohers calls are
/[l generated with prob of T = probT,
for(int i = 2; i < callsThisWek; i++)
{

t = r.next Doubl e();

if (t < probT)

if (print) Systemout.print("T");
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count er T++;
}
el se
if (print) Systemout.print("C");
}
doubl e ¢cT = counterT,;
doubl e freqT = cT/cal |l sThi s\Week
if (print) Systemout.print(" FreqT =" + freqT);
if (print) Systemout.printlin();
return freqT;

}

public static void evol ution(double probT)
{
i nt counterRecord = O;
for(int i =0; i < nGoups; i++)
{
counterCalls = 0O;
for(int j = 0; j < nWeks; j++)
{
if (print) Systemout.print( i +" " +j);
probT = generation(probT);
}
if (print)
System out. println("Nunber of calls in " + nWeks
+ " weeks =" + counterCalls);
RecordCal | s counterRecord] = counterCalls;
[/ counter is increnmented by one.
count er Recor d++;

}
}

/1 Find the distribution of nunbers of total
/lcalls recorded in RecordCall s[]
public static void findDistribution()

{

m n = nEvents;

max = 0;

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

{
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D st[RecordCal I s[i]] ++;
/1! means bool ean negation
if (!'(RecordCalls[i]==0))
{
if (RecordCalls[i] > max ) max
if (RecordCalls[i] <mn) mn
}
}

Systemout.println("Distribution of calls");
System out. println("Nunber of calls and frequency:");

RecordCal I s[i];
RecordCal I s[i];

for(int i =mn; i <= max; i++)
Systemout.printin( i +" " + Dist[i]);

}

/I The pVal ue of observed value is found, i.e.

/[/the probability of getting an event as extrene or nore
//than the observed val ue
public static void findSignificance(int observed)
{
doubl e total Sum = 0;
doubl e partial Sum= 0;

for(int i = mn; i <= max; i++)
total Sum= total Sum+ Dist[i];
for(int i = mn; i <= observed; i++)

partial Sum= partial Sum+ Dist[i];
doubl e pVal ue = partial Suniftotal Sum

Systemout.printin("Partial sumuntil " + observed +
"= " 4+ partial Sum;

Systemout.println("Total sum=" + total Sum;
Systemout . println("pValue =" + pVal ue);

}
[/ The proposed theory is studied:

[IFirst: we find the distribution of calls during

/la group of nWeeks.

/1 Second: we find the significance of the

[lgiven barriers. First barrier = 13 for groups of 3 weeks
//and the second is 21 for groups of 5 weeks.

public static void studyTheory()

{
findDi stribution();
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findSi gni fi cance( observed);

}

public static void main(String[] args)

{
print = fal se;
bool ean test RandGenl = fal se;
if (testRandGenl) testRandGenl();

doubl e probT = initial FreqT;
Systemout. println("Sinulation of calls week by week.");
Systemout.printin("T = call froma wired tel ephone.");
Systemout.printin("C=call froma cell phone.");
Systemout.printin("Initial frequency of T's =" + probT);

bool ean test RandGen2 = fal se;
i f (testRandGen2) testRandGen2(probT);
[/lnitialization

for(int i = 0; i < nEvents; i ++)
RecordCal I s[i] = 0;
nWeeks = 3;

observed = 13;
System out. println("\nWeks are grouped by " + nWeks);
System out. println("Coserved nunber of calls "
+ observed);
evol uti on(probT);
st udyTheory();
[/lnitialization

for(int i = 0; i < nEvents; i++)
RecordCal I s[i] = O;
nWeeks = 5;

observed = 21
System out. println("CObserved nunber of calls
+ observed);
System out. println("\nWeks are grouped by " + nWeks);
evol uti on(probT);
studyTheory();

}//End of main nethod

}//End of class
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16 Exercise. Run and play with the code. Accept else reject the next csiodisi
drawn by the Author:

1. The feeling of desolation of the grandfather began bytthid tveek but nev-
ertheless there were not enough observations to claim witindicance less
than 0.05 that the family forgot him because the p-value o8 greater
than 0.1, a fact that says that this can eventually happemseby randomness
in within the old established behavior of the family. Rec¢hét thep-value
of an event is the probability of being at least as extreméagvent.

2. When one suspects something but cannot scientificallyepitp one must
pick up more observations, more data. In this case, 3 weeleswat enough
to prove that the grandfather was right but 5 were sufficierstchieve this:
the p-value of 21 is as a rule less than 0.02, a value thaeséteryone
to consider that something bad has happened with the nelatithe family
with the grandfather.

3. We have illustrated a very general fact: behind ordinagigions there is
almost always a theory that can be recast in evolutionam f@o we can
say that evolution pervades our lives in a rich variety ofrfer

4. We conclude that rejection of evolutionary theories inaldife of every
person is as ordinary as breathing.

17 Exercise. We have interpreted the results of the simulation in theipte

program by assuming that the studied theory indeed prodaigesbability density

function. This means that the tables of relative frequentéad to converge to a
limit. In other words, two tables taken at an interval of, slypusand generations
must differ very little one from another. Adapt the previgusgram to test this.

Challenge: use a formal statistical test to guide your study

1.3 Conclusion

Life is plenty of evolution, evolutionary processes andetionary theories, whose
rejection or acceptance is as frequent and ordinary ashimgatBy the way, the
complexity of that natural evolutionary processes easily lmecome very high. We
know this because the simulation of very simple instancesady present more or
less serious challenges.
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Chapter 2

Selection as a driving force

Artificial selection in action

Measures of fitting of given objects were given in our presidoy theories
but it happened that they appeared more as witnesses thatoes af evolution.
This was so because the evolutionary environments wereauasat equilibrium.
Let us see now a case of ordinary life in which selection igigety the motor of
change, of evolution. We emphasize that we choose foldsdofany life because
we want the Reader to make sure that evolution can be segywdere in nature
and in our lives, where it is directly or indirectly implented, and that acceptance
and rejection of evolutionary theories is something inpabée that every human
does at every moment.

2.1 Organismic selection

Let us a case of ordinary life that illustrates that seleci® made over whole
organisms.

18 Learning the order of words

Texts are formed from sentences which in their turn are fdrofewvords. In
consequencegrammar is the study of the formation of words, say, in declination
of verbs, whilesyntax studies the rules for forming admissible sentences and in
particular the right ordering of words.

Let beSyntaxthe problem that receives a disordered phrase and mustqaodu
a syntactically perfect text. We inbuilt an automatic metkia to give feedback,
the selective agent which simulates a teacher that knowartbeer, and with its
help, we will look for the perfect text.

23
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To implement evolution we proceed in various steps. Thedimstis to discuss
the form as the problem must be encoded in an evolutionarycemaent.

Our original phrase isyntax deals with the correct formation of sentences
We separate this phrase into words, permute words and endthiawisordered
string, say:the deals syntax correct with formation sentences@fir task is to
restore the original correct phrase. Words are kept in aovexrid are addressed
by their corresponding index, say, the wardrrect is word number 4 because
Java begins counting with 0. Therefore, a given phrase,redder not, can be
represented by the string corresponding to the orders inhwliords of the vector
shall appear. Say, the string 01234567 is just the origitradgsbut 47135062
encodes the disordered phrasearrect sentences deals the formation syntax of
with.

To each disordered phrase a score is given: it is the very satieging string
but taken as a number. String a is better than string b if tise irless than the
second taken both as numbers. Say, the perfect phrase i$3823and it is better
than 47135062, which is very disordered.

We will test the following theory: evolution can indeed smByntax. Thus, we
must define an observable that will say whether or not we haseegded.

We can specify now the evolutionary environment:

e The alphabet {0,1,2,3,4,5,6,7}. A chromosome is a permutation of the
string 01234567. A chromosome is at the same time a genomaraimdli-
vidual.

e A set of rules for evolution that builds the future from thegent: the future
generation is formed from the present one by a process otionitaecombi-
nation and selection. We choose a smart set of mutationshvidibased on
transpositions. Aranspaosition is a change of place between two letters in
a string. A succession of transpositions producesranutation, a change
of order, and any one permutation can be decomposed as assiaccef
transpositions. Recombination takes two chromosomes raatiipes a third
one by interchanging parts of them.

e Selection is represented by a scoring function that meadhedegree of
fitness of each chromosome. The fitness of a chromosome isgethe
number that it represents. Individuals are ordered by ftmeslecreasing
order: the less they are, the more ordered is the phrasedhsssent.

e To decide that we indeed can solve the given problem by dwoluive have
the observable that associates to each chromosome theeddéebetween
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it and 01234567. If this difference is zero, we can claim thathave suc-
ceeded and we will tell the world that evolution functionidis really very
serious.

19 The code that simulates evolution as a tool to solve Syntadiofes. An al-
gorithm of this type, that simulates evolution to solve a sifie problem is a
genetic algorithm

[/ Program GL9 synt ax

/W mmc a gane that a teacher

/| proposes to her pupils:

/1A disordered phrase is given to pupils.

/1 A di sordered phrase is just a pernutation of
/[/the original one, a variation of order of its words.
[/ They must restore fromthis

/lstring the original sentence

[/with correct neani ng and synt ax.

/1 The problemis solved by neans of EVOLUTI ON,
/1in which selectionis the driving force of the
[/ ensui ng evol uti onary process.

/[/ln this case, selection is given by the teacher,
[ Iwho al ready knows the answer and can estimate
/I how good are the attenpts of the pupils.

[/ To disorder the original correct phrase,

//a series of swaps or transpositions is done.
/1 The best way to correctly reorder the

/1 given disordered phrase is to use al so swaps.

i mport java.util.Random

public class syntax
{
private static String phrase =
"syntax deals with the formati on of correct sentences”;
private static int nLetters = phrase.length();
private static int nWrds;
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/1 The phrase is deconposed i n words

private static String[] Wrd = new String[10];

/I Words are nunbered. A disordered phrase is encoded
//in a vector of digits, Permutation[], such that

[/ Permutation[i] indicates what word goes

/lat place i of the possibly disordered phrase.
private static int[] Pernmutation = new int[10];

/I Turn on the random gener at or

private static Randomr = new Random();

| | ====Cenetic part of declaration of variables===
/1 Individuals are kept in the array

/1 Individual[]. It is an array of strings.

/I Each i ndividual encodes

//the perrmutation that it represents.

[/ The individual is a string that encodes for

/'l'a nunber.

[/ The nunber of individuals nust be

[/ less than limt.

static double zMax; static double N;

static int limt = 50000;

static double Fitness[];

static String Individual[ ], Individualc [];
[/ Act ual nunber of individuals

static int nindiv ;

static int Oder[];

static String b;

static int generation;

static int nGen;

static int ReportMn[], ReportMax[];
static doubl e ol dError, newkrror;
static doubl e deltaError;

static bool ean print,testEncoding;

/] Qur observabl e that decl ares success.

static bool ean done = fal se;
static bool ean reconbi nati on;
static doubl e ERROR, FI TNESS;
static String SOLUTI ON,;
static int GENERATI ON,
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/I Wrds are recogni zed: they are separated by a space.
/I They are kept in a vector.
private static void numberWrds(String s)
{
int counter = O;
String f ="";
for(int i = 0; i < nLetters; i++)
{
char d = s.charAt(i);
/1 Systemout. println(d);

if ('(d==" ")) f = f+d;
el se
{
Word[ counter] = f;
f ="
count er ++;
}
/l1last word
if (i == nLetters-1) Word[counter] = f;
}

/1 Systemout.println( counter);
Systemout . println("\nThe words of the phrase " +

"With their indexes: ");
nWrds = counter +1

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

{
Systemout.printin(i +" " + Word[i]);
Pernmutation[i] = i;

}
}

/1A transposition or swap is the interchange of
/I place between two itens.
private static void transposition()
{
int m=r.nextlnt(nWrds);
bool ean flag = fal se;
/1 Sites nmust be different
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i nt n=0;
while(!(flag))
{ n =r.nextlnt(nWrds);
if (!'(n=m) flag = true;
}
if (print) Systemout.println("Permuation of "
+ m+ " and " + n);
int k = Perrmutation[n;
Pernmutation[m = Permutation[n];
Pernmut ation[n] = k;

}

/I Mxer: a sequence of transpositions creates variability.
/1 The output is encoded in a string, a chronosone.
private static String nixer(int nunberOf Tr ansp)

{

for(int i=0; i < nunberO Transp; i++ )
transposition();
String v ="";
for(int i =0; i < nWrds; i++)
{

Integer e = Pernutation[i];
v =V + e.toString();

}

return v;

//Words in the sentence encoded by s are pernuted

private static String pernutate (String s)

{
nunber Wr ds(s) ;

/ / Nunber of transpositions
int n = nWrds;
return mxer(n);

}

[1String nunber s decoded into a phrase
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private static String stringToPhrase(String numnber)
{
String phrase= "";
for(int j=0;j < nunber.length();j++)
{
char s3 = nunber. char At (j);
int | = Character.getNunericVal ue(s3);
phrase = phrase + Word[I] + " ";

}

return phrase;

}

[l Decl arations and default initializations
/1l of other arrays.
private static void otherlnit( )
{
Oder=newint[limt+1];
ReportMn=new int[limt+1];
Report Max= new int[limt+1];
Fitness= new double[limt +1];
for(int i =0; i< nlndiv; i++)
{
Order[i]=0;
Report M n[i ] =0;
Report Max[i ] =0;
Fit ness= new double[limt +1];
}
}

/1 An individual is a string that is a pernutation
/' of anot her one.
private static String generatelndividual ()
{
/ / Nunber of transpositions
i nt number O Transp = r. nextlnt(nWrds);
String ind = m xer(nunmber O Transp) ;
return ind,

}
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[+ W generate nindiv individuals (strings)
encodi ng for permutations of 01234567 =/
private static void Initialization( )
{
/I Formal decl aration of our array.
I ndi vidual = new String[limt];
if (print) Systemout.println("OR G NAL POPULATI ON');

for(int i = 0; i< nlndiv; i++)
{
if (print) Systemout.printin( "\ni =" +1i);
I ndividual [i]="";

[l Individual[i] is a string,
/1 it is a genotype that encodes a number,
[lits phenotype.
I ndividual [i] = generatelndividual ();
if (print)
{
Systemout.println(" =" + Individual [i] );
}
}
otherlnit();

}

[/String s is decoded into a nunber
private static | ong recoverNunmber(String s)
{
| ong nunber = 0;
for(int j=0;j < nWrds;j++)

{

char ¢ = s.char At (j);
int | = Character.getNunericVal ue(c);
int q =j+1;

| ong nunberl = (long) (I * Math.pow 10, nWrds-q));
nunber = nunber + nunber1;

}

return nunber;
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}

/1 This nethod transforms a string in a nunber
/1of type long. Some outputs to console are displayed.
private static long stringToNumber(String s)

{

if (print)
{
Systemout.println( "\ nlndividual = " + s);
Systemout.println( "length of s =" + s.length());
}

if (print) Systemout.println( "Recovering nunber");
l ong k = recover Nunber (s);

if (print) Systemout.println("String "
+ s + " as nunber =" + k +"\n");
return k;

}

/1 This nmet hod decodes the string into the entries
/1 of pernutation[]
private static void stringToVector(String s)

{
for(int j =0; ] < nWrds;j++)

{

char ¢ = s.char At (j);
int | = Character.getNunericVal ue(c);

Permutation[j] =1;

}
}

private static double fitness(double error)

{

return 1/(1l+error*xerror);

}

[/ This fitness of each individual is found
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private static void fitness(int gen)
{
[I'We measure the error of individual[i]
/Iwith respect to the perfect one 01234567.
for(int i = 0; i< nlndiv; i++)
{
double error =
Mat h. abs(1234567-stringToNunber (I ndividual [i]));

[/ The error defines the fitness: |less error, nore fitness.

[/ Maximal fitness = 1; mnimal = 0.
Fitness[i] = fitness(error);

if (print)
Systemout.printIn("i =" + i
+ " Individual =" + Individual [i]
+ " Error ="+ error
+ " Fitness" + Fitness[i] )
if (error < 0.000000000001)

{

CENERATI ON = gen;
ERROR = error,
SOLUTION = Individual [i];
FI TNESS = Fitness[i];
done = true;
}
if (print) Systemout.println();
}
}

/11 ndividuals are sorted by fitness
private static void Sorting(int gen)
{
fitness(gen);
if (print) Systemout.println("\nSORTING);

i nt Chanp;
/1 Sorting by fitness.
for(int i = 0; i< nlndiv;i++)
{
Champ = 0O;

for(int j = 0; j< nindiv;j++)
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if (Fitness[j] >= Fitness[ Chanp]) Champ = j;

/1 The array Order classifies individuals by fitness
/1 by equal or decreasing order
Order[i] = Chanp;

if (print)
{
Systemout.printin( 1 + "thind. is No "
+ Champ + " " + Individual [Order[i] ]
+ " Fitness =" + Fitness[Chanp]);
}
Fi t ness[ Chanp] = O;
}
String t = Individual [Oder[0] ];
Systemout.println(" Best solution" + 1t +
" ->" 4+ stringToPhrase(t));

}

[/ Each individual of the top ten
/'l produces 10 copi es.
private static void Reproduction()

{
if (print)
System out . println( "Reproduction");
if (print)
Systemout.println( "The best =" + Oder[0]);

I ndi vi dual c= new String[limt];
int counter = O;
for (int top = 0; top < 10; top++)

{
for(int j = 0; j< 10; j++)

{

I ndi vi dual c[ counter] = Individual [Oder[top]];

counter = counter +1;

}

}

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

I ndividual [j] = Individualc[j];
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}

/1 A a sequence of transpositions creates variability.
private static String m xWrds(String s,
i nt nunmber O Tr ansp)
{
[/ Chronpsone s is transforned into a vector
stringToVector(s);

/lEntries in vector are transposed

for(int i=20; i < nunberO Transp; i++ )
transposition();

[/ Vector is encoded into a chronbsone, a string.

String v ="";
for(int i =0; i < nWrds; i++)
{

Integer e = Pernutation[i];
Vv =V + e.toString();

}

return v;

/1A nmutation results froma series of transpositions
private static void Mitation()

{
{

/I Number of transpositions

int n = r.nextlnt(nWrds);

Individual [j] = m xWords( Individual[j],n);
}
}

for(int j =1; j< nindiv; j++)

/1 Two strings reconbi ne and produce two of fspring.
private static void Reconbi nati on()

{
for(int j =50; j< nindiv; j++)

{

/1 Define place of reconbi nation
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int m r.nextlnt(nlndiv);

int n r.nextlnt(nlndiv);

String a = Individual [n];

String b = Individual [n];

int placeRec = r.nextlnt(nWrds);

I ndividual [ M = a.substring(0, placeRec)
+ b.substring( placeRec);

I ndi vidual [n] = b.substring(0, placeRec)

+ a.substring( placeRec);

}
}

/I Master for a generation
private static void dynam cs(int gen)
{

/11 ndividuals are sorted by fitness
Sorting(gen);
[/ The top ten are preferentially reproduced
Repr oduction();
/1 The new popul ation is subjected to nutation
Mut ati on();
i f (reconbination) Reconbination();

}

/1 The original ordered phrase is rebuilt
/by a genetic algorithm
[/ This programsimul ates a teacher that knows
//the answer and gui des their students
//for a better solution.
private static void restorePhrase()
{
System out. println("\n\nRunning ");
nl ndiv = 150;
Initialization( ) ;
nGen = 200000;
ol dError = 1000;
for(int gen = 1; ( gen <= nGen) & (!(done)); gen++)
{
System out . print("\nGENERATION = " + gen);
dynam cs(gen);
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}
i f (done)
{
System out. println("\nGENERATION = " + GENERATI ON +
" SOLUTI ON FOUND") ;
Systemout.println("ERROR = " + ERROR);
Systemout. println("SCLUTION = " + SOLUTI ON
+ " ->" 4+ stringToPhrase(SCLUTION) );
Systemout.println("FITNESS = " + FI TNESS);
System out. println("Nunber of generations ="
+ GENERATI ON) ;
System out. println("Nunber of individuals " +
"per generation =" + nlndiv);
int total Cost = GENERATION * nl ndi v;
System out. println("Nunber of Generations x " +
"number of individuals =" + total Cost);
}
}

public static void main(String[] args)
{
print = fal se;
reconbi nati on = fal se;
Systemout. println("This programdi sorders a sentence"
+ " \nand reorders it by evolution "
+ "\'nusi ng random transpositions.\n");
System out. println("OR A NAL SENTENCE: ");
System out . printl n(phrase);
String p = pernutate(phrase);
System out. println( "\nCHALLENG NG DI SORDERED SENTENCE" +
" WTH I TS | NDEXATION : \n" );
Systemout.println( p +" ->" + stringToPhrase(p) );
restorePhrase();
}//End of main nethod

}

20 Exercise. Run the program and play with the code. Decide whether or not
evolution solves Syntax.
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21 What is and what is not science.

We have solved a concrete instance of a puzzle for childréim age under 7.
We have obtained a great victory. This very feeling of glerghared all around the
world at every moment: evolution is an ordinary tool to sgiveblems. This feel-
ing of joy propels many people to claim that biological evin is the explanation
of our existence. Dear Reader: this is not science. Whateace?

Science begins with very clear, simple and sharp concepits.véry first one
is that to falsify a theory all one needs is a statisti@dsification along anyone
observable. But to prove a theory, we need to show that ithsigbalong all
possible observables which must be tested over any podgitil setting and
diversity of parameters that are allowed by that theory. Gs®s to think that it
is by far easier to falsify a theory than to prove it to such grde that to prove a
theory may be considered unrealistic and out of the scopei@fice.

Let us elaborate this point a bit better.

B

Figure 2.0. Two objects are different if and only if they aiscdminated by
a given observable ( axis B) no mater that they look the sarerding to every
other one (bundle of axes, A).
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Let us look at Marina and Alla. Bot have two legs and two eyeash lare
woman, both are Russian, both like Igor and both have thesame 10000 genetic
loci that distinguishes a human being. But they are differém spite of being
identical twin sisters, Alla has, unlike Marina, a small mah the left hand. In
more formal terms, two objects are different if and only iéyhare discriminated
by a given observable no mater that they look the same acgptdievery other
one.

The same happens with theories. These are objects compbaridms, sup-
positions, allowed initial and border conditions, preics. A theory with partial
validity matches facts along several observables or acersain regions of obser-
vations. A true theory matches facts along every observable

By mathematical reasons, only very simple universes hawettreories. All
others have only theories with partial validity else withén contradictions. There-
fore, the concept of all-proof truth is alien to science. &lgheless, each person
and each scientist ranks observations (objective or stng¢@ccording to its im-
portance, a classification that he or a she makes on perspoaltoral grounds,
and them applies a simple principle: an important set ofsfaeinnot be contra-
dicted or ignored by a theory. Itis in this way that persomal aocial truths arise.
The Evolutionary Theory in the light of all religions of theost varied kind is a
good example to think about.

22 Exercise. In the program G19 turn on recombination (at the very end ef th
program, in the main method). Proof statistically that thenber of generations to
achieve the desired solution is dramatically augmentecelopmbination. Explain
and interpret this result.

2.2 Selection over genes
Sometimes selection, which is organismic, can be tracechdowyenes.
23 Selection over genes

Selection is an abstract term that refers to the differergjaroduction and sur-
viving of individuals in response to the challenges of theimmment. Thus, the
object of selection are the organisms. When an organism d¢egenome also
dies and with it the genes that it carried. So, at its faceevald in regard with
selection, genes are enslaved to organisms. Neverthéhess,are some mathe-
matical difficult problems that enlighten that reading. Toifieas, let us consider
the previous program about ordering some words to form &seatwith meaning:
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We encoded each phrase as a chromosome which was a permuotdi®34567.
This chromosome was at the same time a genotype, carryirgigeémformation,
and a phenotype, suffering the impact of selection. Thegehthis chromosome
were the alphabef0,1,2,3,4,5,6,7}. Selection was based on the absolute dif-
ference of the number representing a chromosome and thecperie, 1234567.
Thus selection operated at the organism or chromosome leading at the ge-
netic information as a whole.

Let us pose now the next question: Does the organismic g@leictduces a
selection of genes so that we could say that selection @g®ewmier genes? We
might understand better what is it all about if we pay attemtio the following
observation: the organismic selection in our syntax probieduces a selection
among genes by positional effects. In effect, each genesttd get a place at the
foremost left but the force is higher the less it is. The emgwonflict is resolved
by a perfect ordering. For instance, the chromosome 01Z3#55trained because
in 76, the last pair of genes, 6 is stronger than 7 and so 64at¢e a transposition
that results in 01234567.

Let us assign a fitness to each chromosome based on poséftets of genes:

e The fithess of 01234576 is -1 because there is a pair of cantiggenes, 76,
that violate a correct ordering.

e The fithess of 01324657 is -2 because there are two pairs adigoons
genes, 32 and 65, that violate a correct ordering.

e The fitness of 10324657 is -3 because there are three paintfgous
genes, 10, 32 and 65, that violate a correct ordering.

The fitter reproduces more.

24 Exercise. Adapt the previous program G19, page 25, to check the théaty t
organismic selection induces a type of gene selection thallfpurposes replaces
the former.

25 The concept of function

We must be aware of the fact that according to modern biolbgyptirpose of
life is to fuel evolution. Let us see in which way evolutioves rise to the concept
of function.

To fix ideas, let us consider the enzyme exonuclease. Sturdigso have al-
lowed us to conclude that the function of this enzyme is tax@doreign DNA. But
we currently think that this conclusion can be extrapolatetthe living cell. Let us
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notice that nobody disagrees on this. But, what, if any, ésrtile of evolution in
that definition of the function of the exonuclease? The angthatevolutionism
is a culture that one must fabricate by mere pleasure:

Evolution entails selection, which is in first term organisimecause organisms
are the units that live, die and reproduce. More rigoroubly,basic evolutionary
item must be the family, which is the smallest unity with ttepability of repro-
ducing. A family reduces to a couple, when the offspring iaratoned to their
luck, or to a single individual, if it can reproduce alone,rashe case of bacteria
or some plants. So, when one says in modern biology that ftamee a given
enzyme has a function, one is contending that the overat8eh that exerts pres-
sure over families and whole organisms can somehow indwgsspre over genes
from which they acquire a function, an evolutionary funatio

Thus, our evolutionary understanding of life is built onteys analysis that
formulates an invitation to divide a complex system intctable subsystems to
next merge their behavior to compute the overall response.

A prerequisite for a successful division is the stabilityfuriction against some
variations of the milieu so that it becomes possible to répce the cellular milieu
sufficiently well in such a way that the function of subsysseisinot distorted.

So, what is the evolutionary function of that enzyme thatitrovis given the
exonuclease function? The two concepts, in vitro and elwlaty, coincide: if that
enzyme fails, foreign DNA may get inserted into own genome @muost surely it
will kill life because of incompatibility problems. The fihgesult is that evolution
is terminated together with a less probably event of difieegion.

Itis astonishing how transparent the induction from orgianc selection down
to function of genes works. That is why some people think adh that a gene
centered approach to biology and evolution is the rightrdifie stand (Dawkins,
1976). Nevertheless, we are not ready to accept that. thstemagladly invite ev-
eryone to consider group and sexual selection, among otoesarich the personal
vision over evolution (Mayr, 1997).

2.3 Conclusion

To solve a problem means to find a solution. Most problems easdived by
evolution because to find a solution can be simply unders&sotb find the best
approximated solution. Evolution becomes the iteratiosugderposition of a se-
lection procedure over a source of variability. Automatiration is implemented
by means of reproduction. The overall procedure is calledreetic algorithm. In
some cases, the selection that works at a high organismét den be reduced to
selection to genes and it is this way that genes acquieregodutionary function.
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This assumes the validity of the system paradigm: divideraptex system into
tractable subsystems to next merge their behavior to cartpatoverall response.
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Chapter 3

Lamarck and Darwin

Two fl avors of evol ution

26 Objective. Here we claim that the merit of Lamarck was twofold: to invibiet
evolutionary idea, that species evolve, and to propose wisal to the problem of
making evolution into a reliable, believable theory: alleoneeds to do is to twist
randomness to accelerate evolution. That it is really dassis a fact that every
successful simulation of evolution to solve complex praoblshows. Nevertheless,
believable and realizable theories are not necessarilydbect explanation of
nature. Thus, the proposed by him mechanism to acceleralat®n by means
of inheritance of acquired characters was shown to be faisecontrast, Darwin
proposes that natural selection of variants are all natueeds to explain itself.
His theory is simple, direct and plainly scientific and thathy we study it.

3.1 The transformism of Lamarck

| was taught to consider Lamarck as an historical error tteest @orrected by Dar-
win. | blame the culture that educated me for this wrong fdroma To begin
with, the modern idea of evolution, of the transformatiorspécies by natural and
mechanistic phenomena, comes from Lamarck:

Aussi I' on peut assurer que, parmi ses productions, la ratira réellement
formé ni classes, ni ordres, ni familles, ni genres, niéxgs constantes, mais seule-
ment des individus qui se siment les uns aux autres, et qui ressembieogux
qui les ont produits.(Philosophie zoologique, Pag 46 in the pdf numeration, 1809

Next, he made his best effort to sustain this ideal from therahpoint of
view. Nevertheless, his ideas was covered by oblivion asdaiin mainly because

43
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he relied on alchemy precisely when modern chemistry wasdaging everyone
with its power.

27 Helping evolution

According to Lamarck, reproduction plus the local effectibfumstances are
the key process that must explain evolution. Neverthelissacademic formation
and continuous study of nature, imposes on him the heavydbagplaining the
anatomic and behavioral complexity of living beings. Hisuson was to help
reproduction with a mechanism to rapidly gathering comipfexhe inheritance of
acquired characters.

28 Darwin

Adopting the transformism of Lamarck and the belief in thbentance of
acquired characters, Darwin added the crucial role of ahiglection as the main
mechanism of adaptation that was also useful to gather exitypland to create
diversity.

Further scientific development has shown that a very simpierabust evo-
lutionary theory can be formulated by resortingréproduction with mutation +
recombination and with natural selection of the fittest

29 Darwinian vs Lamarckian evolutions

We voice that Darwin and Lamarck proposed two flavors of dimtuthat can
be implemented in simulations and differentiated in a ctedfashion:

Mutation is in Darwinian evolution at random over the alpéathat the evo-
lutionary environment is built upon. In Lamarckian evodutj mutation is guided
from above in such a way that mutation is not random over tiphiadet. The next
program implements a Lamarckian version of the progsgmniax In it, we use the
random generator to offer mutation at random, but we pos¢ea: fike accept and
execute only those mutations that are good to solve the grobk hand. Specifi-
cally, since our purpose is to produce an ordered versioheohtimber from O to
7, we accept those mutations that favor the demanded ogdeutmot others.

30 A Lamarckian version of the progransynt ax. Mutations is initially pro-

posed at random, but they are filtered: only those mutatibasgroduce progress
are allowed to be part of an individual. In a well designed lzaokian evolution-

ary environment, progress is unavoidable but it is a nicgpgae to see the form
as that actually happens.
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The code follows:

/1 Program G30 synt ax3

/W mmc a gane that a teacher

/| proposes to her pupils:

/1A disordered phrase is given to pupils.

/1 A disordered phrase is just a pernutation of

//the original one, a variation of order of its words.
/1 They must restore fromthis

[lstring the original sentence

//with correct neani ng and synt ax.

/1 The problemis solved by nmeans of LAMARCKI AN EVCOLUTI ON
/1in which nmutation over genes is guided to produce
//the desired output.

[/ln this case, fitness is given by the teacher

/Iwho al ready knows the answer and can estimte

/' how good are the attenpts of the pupils.

/1 To di sorder the original correct phrase,

/la series of swaps or transpositions is done.
/1 The best way to correctly reorder the

/1 given disordered phrase is to use al so swaps.

i mport java.util.Random

public class syntax3
{
private static String phrase =
"syntax deals with the formati on of correct sentences";
private static int nLetters = phrase.length();
private static int nWrds;
/I The phrase is deconposed i n words
private static String[] Wrd = new String[10];
/I Wrds are nunbered. A disordered phrase is encoded
[lin a vector of digits, Permutation[], such that
[/ Permutation[i] indicates what word goes
[lat place i of the possibly disordered phrase.
private static int[] Pernmutation = new int[10];
[/ Turn on of the random gener at or
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private static Randomr = new Random();

[l ======Cenetic part of declaration of variabl es=====
/1 Individuals are kept in the array

[l Individual[]. It is an array of strings.

/I Each i ndivi dual encodes

[/the pernutation that it represents.

/1 The individual is a string that encodes for

/'I'a nunber.

[/ The nunber of individuals nust be

[/ less than limt.

static double zMax; static double N;

static int limt = 50000;

static double Fitness[];

static String Individual[ ], Individualc [];
[/ Actual nunber of individuals

static int nindiv ;

static int Oder[];

static String b;

static int generation;

static int nGen;

static int ReportMn[], ReportMax[];
static double ol dError, newError;
static doubl e deltaError;

static bool ean print,testEncoding;

/] Qur observabl e that decl ares success.

static bool ean done = fal se;
static bool ean reconbi nati on;
static doubl e ERROR, FI TNESS;
static String SOLUTI ON;
static int GENERATI ON;

/I Words are recogni zed: they are separated by a space.
[/ They are kept in a vector.

private static void nunmberWrds(String s)

{

int counter = O;

String f = ;
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for(int i =0; i < nLetters; i++)
{

char d = s.charAt(i);

/1 Systemout.println(d);

if (' (d==" ")) f = f+d;
el se
{
Word[ counter] = f;
f="";
count er ++;
}
/1last word
if (i == nLetters-1) Word[counter] = f;
}

/1 Systemout.println( counter);

System out. println("\nThe words of the phrase
"with their indexes: ");

nWrds = counter +1;

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

{
Systemout.printin(i +" " + Word[i]);
Pernmutation[i] = i;

}

}

/1A transposition is the interchange of
/] place between two itens.
private static void transposition()
{
int m= r.nextlnt(nWrds);
bool ean flag = fal se;
//Sites nmust be different
i nt n=0;
whil e(!(flag))
{ n = r.nextlnt(nWrds);
if ('(n=m) flag = true;
}
if (print) Systemout.println("Pernuation of
+ m+ " and
int k = Pernmutation[m;

TN,

+

47



48 CHAPTER 3. LAMARCK AND DARWIN

Per mut ati on[ m
Per nut at i on[ n]

}

Pernmut ati on[ n];
k;

/I M xer: a sequence of transpositions creates variability.
/1 The output is encoded in a string, a chronosone.
private static String m xer(int nunber O Transp)

{

for(int i=0; i < nunberO Transp; i++ )
transposition();

String v = "";

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

{

Integer e = Pernutation[i];
Vv =V + e.toString();
}

return v;

}

//Words in the sentence encoded by s are pernuted

private static String pernutate (String s)
{

nunber Wr ds( s) ;

/I Nunmber of transpositions

int n = nWrds;

return mxer(n);

}

[1String nunber is decoded into a phrase
private static String stringToPhrase(String nunber)
{
String phrase="";
for(int j=0;) < nunber.length();)++)
{
char s3 = number . char At (j);
int | = Character.getNunericVal ue(s3);
phrase = phrase + Word[I] + " ";
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}

return phrase;

}

/I Decl arations and default initializations
/'l of other arrays.
private static void otherlnit( )
{
Oder=newint[limt+1];
ReportMn=new int[limt+1];
Report Max= new int[limt+1];
Fitness= new double[limt +1];
for(int i =0; i< nlindiv; i++)
{
Order[i]=0;
Report M n[i] =0;
Report Max[i ] =0;
Fi tness= new double[limt +1];
}
}

[/ An individual is a string that is a permutation
/I of anot her one.
private static String generatelndividual ()
{
/I Number of transpositions
i nt number O Transp = r. next | nt(nWrds);
String ind = m xer (nunber O Transp) ;
return ind;

}

[+ We generate nlndiv individuals (strings)

encodi ng for pernutations of 01234567 =*/

private static void Initialization( )

{

/I Formal decl aration of our array.

I ndi vidual = new String[limt];

if (print) Systemout.println("OR G NAL POPULATION');
for(int i =0; i< nlindiv; i++)
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{
if (print) Systemout.println( "\ni =" +1i);
I ndividual [i]="";
/1 Individual[i] is a string,
[l it is a genotype that encodes a nunber
/lits phenotype.
Individual[i] = generatel ndividual ();
if (print)
{
Systemout.println(" =" + Individual [i] );
}
}

otherlnit();
}

/1 This nmethod decodes the string into the entries
/1 of permutation[]
private static void stringToVector(String s)

{
for(int j =0; ] < nWrds;j++)

{
char ¢ = s.char At (j);
int | = Character.getNunericVal ue(c);
Permutation[j] =1;
}

}

[/ The error of chronmobsome s is mnus
//the nunmber of w ong pairw se orderings.
/1l Say, 54 is wong and obtains a penalty of -1.
private static double error(String s)
{
stringToVector(s);
int counter = O;
int a,b ;

for(int j =0; j < nWrds-1;j++)
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{
char ¢ = s.char At (j);
a = Character.get NunericVal ue(c);
c = s. char At (j +1);
b = Character. get NunericVal ue(c);
if (a>Db) counter--;
//Systemout.printin( a +" " + b+ " "
}
return counter;

}

[/ This fitness of each individual is found
private static void fitness(int gen)
{

[ We neasure the error of individual[i]
/Iwith respect to the perfect one 01234567.
[/ W& adopt a gene insight.
for(int i =0; i< nlndiv; i++)

{

double error = error(Individual[i]);

Fitness[i] = error;

if (print)
Systemout.println("i =" + i
+ " Individual =" + Individual[i]
+ " Error ="+ error
+ " Fitness" + Fitness[i] );
if (error > - 0.000000000001)

{
CGENERATI ON = gen;

ERROR = error;
SOLUTION = Individual [i];
FITNESS = Fitness[i];
done = true;
}
if (print) Systemout.println();
}
}

51
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/11 ndividuals are sorted by fitness
private static void Sorting(int gen)
{
fitness(gen);
if (print) Systemout.println("\nSORTING);

i nt Chanp;
/1 Sorting by fitness.
[/IMnimal fitness = - 6. Maxinal O.
for(int i = 0; i< nlndiv;i++)
{
Chanmp = 0;

for(int j = 0; j< nindiv;j++)
if (Fitness[j] >= Fitness[Chanp]) Champ = j;
[/ The array Order classifies individuals by fitness
/'l by equal or decreasing order.
Order[i] = Chanp;

if (print)
{
Systemout.println( i + "th ind. is No "
+ Champ + " " + Individual[Order[i] ]
+ " Fitness =" + Fitness[ Chanp]);
}
Fi t ness[ Champ] = -10;
}
String t = Individual [Oder[0] ];
Systemout.println(" Best solution" + 1t +
" ->" + stringToPhrase(t));

}

[/ Each individual of the top ten
/1 produces 10 copies.
private static void Reproduction()
{
if (print)
System out. println( "Reproduction");
if (print)
Systemout.println( "The best =" + Order[0]);
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I ndi vi dual c= new String[limt];
int counter = O;
for (int top = 0; top < 10; top++)

{
for(int j = 0; j< 10; j++)

{

I ndi vi dual c[counter] = Individual [Oder[top]];

counter = counter +1;

}

}

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

I ndividual [j] = Individualc[j];

}

/[ Lamar cki an nut ati ons:
/loriginally random nutati ons are at random
[/but they are filtered and admtted only if
//1they accel erate evol ution
/1 Qur mutations inplenment swaps, transpositions.
[l A transposition is the interchange of
/I place between two itens.
private static void transpositionL()
{
bool ean again = true;
if (done) again = fal se;
int m=r.nextlnt(nWrds-1);
int n = ml;
/[l Let us keep in mnd that
//the perfectly ordered phrase is encoded as 01234567.
/ | Suppose we have the phrase 01235467 and we are checking
/I whet her nor not the digit 5 is wrth be exchanged
/Iwith digit 4. The answer is affirmative because
/[/the present situation generates a strain that is rel axed
/1by a swap. But not with other digits.
if (Permutation[m > Pernutation[ ml])
{
if (print) Systemout. println("Pernuation of
+ m+ " and " + n);

int k = Permutation[m;
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Per mut ati on[ m Pernmut ati on[ n];

Pernut ation[n] = k;
again = fal se;
}
if (again) transpositionL();

}

/1 A a sequence of transpositions creates variability.
private static String m xWrds(String s,
i nt nunmber O Tr ansp)
{
[/ Chronosone s is transforned into a vector
stringToVector(s);

[l Entries in vector are transposed

for(int i=0; i < nunberOfTransp; i++ )
transpositionbL();

[/ Vector is encoded into a chronbsone, a string.

String v ="";
for(int i =0; i < nWrds; i++)
{

Integer e = Pernmutation[i];
Vv =V + e.toString();

}

return v;

/1A mutation results froma series of transpositions
private static void Miutation()

{

if (print) Systemout.println("MJTATION'");

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

{

if (print) Systemout.printin("Ind =" + j
+ " " + Individual[j]);

int n = 1;

Individual [j] = mi xWords( Individual [j],n);
}
}
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/1l Two strings reconbi ne and produce two of fspring.
private static void Reconbi nation()

{

for(int j = 50; j< nlndiv; j++)
{

/I Define place of reconbination

int m= r.nextlnt(nlndiv);

int n = r.nextlnt(nlndiv);

String a = Individual [n];

String b = Individual [n];

int placeRec = r.nextlnt(nWrds);

I ndividual[mM = a.substring(0, placeRec)
+ b.substring( placeRec);

I ndi vidual [n] = b.substring(0, placeRec)

+ a.substring( placeRec);

}
}

/I Master for a generation

private static void dynam cs(int gen)

{
//1ndividuals are sorted by fitness
Sorting(gen);
/1 The top ten are preferentially reproduced
Repr oduction();
/1 The new popul ation is subjected to nutation
Mut ati on();
if (reconbination) Reconbination();

}

/1 The original ordered phrase is rebuilt
[/ by a genetic algorithm
/1 This programsinul ates a teacher that knows
//the answer and gui des their students
//for a better solution.
private static void restorePhrase()
{
System out. println("\n\nRunning ");
nlndiv = 1;
Initialization( ) ;

55
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nGen = 200000;

ol dError = 1000;

for(int gen = 1; ( gen <= nCen) & (!(done)); gen++)
{

System out . print ("\nGENERATION = " + gen);
dynami cs(gen);
}
if (done)
{
System out. println("\nGENERATION = " + GENERATI ON +
" SOLUTI ON FOUND") ;
Systemout.println("ERROR = " + ERROR);
Systemout.println("SCLUTION = " + SOLUTI ON
+ " ->" + stringToPhrase(SCLUTION) );
Systemout.println("FITNESS = " + FI TNESS) ;
System out. println("Nunber of generations ="
+ GENERATI ON) ;
System out. println("Nunber of individuals " +
"per generation =" + nlndiv);
i nt total Cost = GENERATI ON * nl ndi v;
System out. println("Nunber of CGenerations x " +
"number of individuals =" + total Cost);
}
}

public static void main(String[] args)
{
print = fal se;
reconbi nati on = fal se;
Systemout. println("This programdi sorders a sentence"
+ " \nand reorders it by evolution "
+ "\ nusing randomtranspositions."
+ "\'nMutation is guided to swiftly produce"
+ "\'ndesired result. Evolution is Lamarckian.\n");
Systemout. println("OR G NAL SENTENCE: ");
System out . printl n(phrase);
String p = pernutate(phrase);
System out. println( "\nCHALLENG NG DI SORDERED SENTENCE" +
" WTH I TS | NDEXATION : \n" );
Systemout.println( p +" ->" + stringToPhrase(p) );
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rest orePhrase();
}// End of main nethod

}

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

3.2 Darwinian evolution

Evolution may be imagined as a walk along a landscape. If yaue fa guiding
instrument, you will give a step only in the right directioowards the summit.
That is evolution according to Lamarck. But, is the instratneecessary? If it is
optional, what is the election of nature to build complextyd perfection? The
answer to these questions given by Darwin is astonishing:

32 A simple, clear and powerful mechanism

Various formulations of the evolutionary theory are posibThe next one
could be the most transparent:

1. Dead is the nearest reality to life. So, dead must be atéhecore of any
realistic theorization about life.

2. The remedy against dead is reproduction. That is why se& important
for every living being. Like begets like but not exactly, lrat organisms
are born different in many ways and so they respond diffgreatthe chal-
lenges given by the environment. Thus, life is a machine ¢hedites vari-
ability, which is intrinsically random, i.e., variabilitig not directed to fit any
particular requirement.

3. All living beings die but not at the same time neither for game reason.
The existence of small differences in dead rates that ater@ith qualities
of involved organisms is called selection.

4. The recursive effect of selection over generations gatireall change (Dawkins,
1986) and produces adaptation to the milieu, perfectionbeaadty.

The emphasis on small change and small differences pointmaltvariate
universe. Nevertheless, one usually works with univamatelels in which simple
functions are considered. Take, for instance, the funatixmnuclease, which is
implemented by the corresponding enzyme, whose task ie&velforeign DNA.
With a high probability, the lack of that function leads taadeand extinction and
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as the function improves, surviving gets more probablysTinadation implies that
an evolution from no function to function to the full is notadxded. But on the
other side, this univariate model allows two forms of impésTing selection:

e The first is negative, demographic with dead at its centersahindividuals
at the lower tail of the axis of exonuclease performance hastised more
severely than those at higher positions.

e The second is positive, functional and is designed to rewstfd more op-
portunities of reproduction those individuals that arenie tipper tail of per-
formance. Until now, we have chosen this second form of sating selec-
tion: our simulations rely on reward.

The next exercise shows that it is indeed a difficult task wdiewhen evolu-
tion is Lamarckian else Darwinian.

33 Exercise. Show that the first version afynt ax, G19, which used trans-
positions, is also Lamarkian in spite of the fact that segfyint lacks guiding

instrumentation and that mutations were at random but okierdet of transposi-
tions.

34 Challenge. Imagine what could be of evolution without recombinatiorovie
else refute that recombination is a way to create variapithiat violates random-
ness. So, recombination is an evolutionary machinery thatligned in the di-
rection of Lamarck much better that along that of Darwin. tihelp yourself
by studying the molecular machinery that executes reccaatibimand decide how
probably is that it could had appeared by Darwinian evolatio

Why do we use transpositions to solve our problemtaX Because random
mutations produce from 12536470 mutants as 12233432 wheehly are not in
the direction of the solution to our puzzle which is 01234587%ve are correctly
thinking, Darwinian evolution shall arrive to the solutiasing a greater number
of generations than the Lamarckian version. Let us tesidb.

35 The code that solvesynt ax according to Darwinian evolution.

/1 Program G35 synt ax4

[/IW mmc a gane that a teacher



3.2. DARWINIAN EVOLUTION 59

/| proposes to her pupils:

/1A disordered phrase is given to pupils.

/1 A disordered phrase is just a pernutation of

/[/the original one, a variation of order of its words.
[/ They must restore fromthis

/lstring the original sentence

[/with correct neani ng and synt ax.

/1 The problemis solved by neans of DARW NI AN EVOLUTI ON
/1in which selectionis the driving force of the

[l ensui ng evol utionary process and

//mutation is random over the al phabet

[/that is dictated by reproduction.

/I Every phrase is encoded by a nunber

I

[/ln this case, fitness is given by the teacher

[ Iwho al ready knows the answer and can estimate

/I how good are the attenpts of the pupils.

/1 Specifically, the fitness of a phrase is defined by
/I number - 01234567

/I where nunber is the nunber that encodes for the

/I phrase at trial

i mport java.util.Random

public class syntax4
{
private static String phrase =
"syntax deals with the formation of correct sentences"”;
private static int nLetters = phrase.length();
private static int nWrds;
/1 The phrase is deconposed i n words
private static String[] Wrd = new String[10];
/I Words are nunbered. A disordered phrase is encoded
/1in a vector of digits, Perrmutation[], such that
[/ Permutation[i] indicates what word goes
/lat place i of the possibly disordered phrase.
private static int[] Perrmutation = new int[10];
[/ Turn on of the random gener at or
private static Randomr = new Random();
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[/ Mutation rate per synbol per generation
private static doubl e nut Rat e;

/| ======Cenetic part of declaration of variabl es=====
/1 Individuals are kept in the array

/1 Individual[]. It is an array of strings.

/ / Each indivi dual encodes

//the perrmutation that it represents.

/1 The individual is a string that encodes for

/'l a number .

[/ The nunber of individuals nust be

/[l less than limt.

static double zMax; static double N

static int limt = 50000;

static double Fitness[];

static String Individual[ ], Individualc [];
[/ Act ual nunber of individuals

static int nindiv ;

static int Oder[];

static String b;

static int generation;

static int nGCen;

static int ReportMn[], ReportMax[];
static doubl e ol dError, newkrror;
static doubl e deltaError;

static bool ean print,testEncodi ng;

/1 Qur observabl e that decl ares success.

static bool ean done = fal se;
static bool ean reconbi nati on;
static doubl e ERROR, FI TNESS;
static String SOLUTI ON;
static int GENERATI ON;

/I Words are recogni zed: they are separated by a space.
/1 They are kept in a vector.

private static void nunmberWrds(String s)

{

int counter = O;
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String f ="";
for(int i = 0; i < nLetters; i++)
{

char d = s.charAt(i);
/] Systemout.println(d);

if ('(d==" ")) f = f+d;
el se
{
Word[ counter] = f;
f =",
count er ++;
}
/11last word
if (i == nLetters-1) Word[counter] = f;
}

[/ Systemout.println( counter);
System out. println("\nThe words of the phrase

"with their indexes: ");
nWrds = counter +1

for(int i = 0; i < nWrds; i++)
{
Systemout.printin(i +" " + Wrd[i]);
Permutation[i] = i;
}
}

[l Atransposition is the interchange of
/I place between two itens.
private static void transposition()
{
int m= r.nextlnt(nWrds);
bool ean flag = fal se;
//Sites nust be different
i nt n=0;
while(!(flag))
{ n =r.nextlnt(nWrds);
if (!(n=m) flag = true;
}
if (print) Systemout.println("Pernuation of
+ m+ "

n

and " + n);

+

61



62 CHAPTER 3. LAMARCK AND DARWIN

int k = Pernmutation[ni;
Pernmutation[m = Permutation[n];
Pernut ation[n] = k;

}

/I Mxer: a sequence of transpositions creates variability.
/1 The output is encoded in a string, a chronosone.
private static String mxer(int nunmber O Transp)

{

for(int i=0; i < nunberOTransp; i++ )
transposition();
String v ="";
for(int i =0; i < nWrds; i++)
{

Integer e = Pernutation[i];
v =Vv + e.toString();

}

return v;

[/Words in the sentence encoded by s are permuted

private static String pernutate (String s)
{

nunber Wr ds(s) ;

/ / Nunber of transpositions

int n = nWrds;

return mxer(n);

}

/1String nunber is decoded into a phrase
private static String stringToPhrase(String numnber)
{
String phrase="";
for(int j=0;j < nunmber.length();j++)
{
char s3 = nurber . char At (j);
int | = Character.getNunericVal ue(s3);
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phrase = phrase + Word[l] + " *;

}

return phrase;

}

[l Decl arations and default initializations
/1 of other arrays.
private static void otherlnit( )
{
Oder=newint[linmt+1];
ReportMn= new int[limt+1];
Report Max= new int[limt+1];
Fit ness= new double[limt +1];
for(int i = 0; i< nlndiv; i++)
{
Order[i]=0;
ReportM n[i] =0;
Report Max[i ] =0;
Fit ness= new double[limt +1];
}
}

/1 An individual is a string that is a pernutation
/ / of anot her one.
private static String generatelndividual ()
{
/I Number of transpositions
i nt number Of Transp = r. next | nt(nWrds);
String ind = mxer(nunber O Transp) ;
return ind;

}

[+ W generate nlndiv individuals (strings)

encodi ng for permnutations of 01234567 =/

private static void Initialization( )

{

/I Formal decl aration of our array.

I ndi vidual = new String[linmit];

if (print) Systemout.println("OR G NAL POPULATI ON');
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for(int i =0; i< nlindiv; i++)
{
if (print) Systemout.printin( "\ni =" +1i);
I ndividual [i]="";

[l Individual[i] is a string,
/1 it is a genotype that encodes a number,
[lits phenotype.
I ndividual [i] = generatel ndividual ();
if (print)
{
Systemout.println(" =" + Individual [i] );
}
}
otherlnit();

}

[1String s is decoded into a nunber
private static | ong recoverNunmber(String s)
{
| ong nunber = O;
for(int j=0;] < nWords;j++ )

{

char ¢ = s.char At (j);
int | = Character.getNunericVal ue(c);
int g = j+1;

| ong nunberl = (long) (I * Math.pow 10, nWrds-q));
nunber = nunber + nunberl;

}

return nunber;

}

/1 This method transforns a string in a nunber
//of type long. Sonme outputs to console are displayed.
private static |long stringToNunber (String s)

{
if (print)
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{

Systemout.println( "\ nlndividual = " + s);
Systemout.println( "length of s " + s.length());

}

if (print) Systemout.println( "Recovering nunber");
| ong k = recover Nunber(s);

if (print) Systemout.println("String "
+s + " as nunber =" + k + "\n");
return k;

}

/1 This nmet hod decodes the string into the entries
/1 of permutation[]
private static void stringToVector(String s)

{
for(int j =0; ] < nWrds;j++)

{
char ¢ = s.char At (j);
int | = Character.getNunericVal ue(c);
Pernmutation[j] = 1;
}

}

private static double fitness(double error)

{

return 1/(l+error=*error);

}

/1 This fitness of each individual is found
private static void fitness(int gen)
{
[ We neasure the error of individual[i]
/Iwith respect to the perfect one 01234567.
for(int i =0; i< nlindiv; i++)

{

double error =
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Mat h. abs(1234567-stringToNunber (I ndividual[i]));

[/ The error defines the fitness: |less error, nore fitness.

[/ Maximal fitness = 1; mnimal = 0.

Fitness[i] = fitness(error);

if (print)
Systemout.printIn("i =" + i
+ " Individual =" + Individual[i]
+ " Error ="+ error
+ " Fitness" + Fitness[i] );

if (error < 0.000000000001)

{

CENERATI ON = gen;
ERROR = error;
SOLUTION = Individual [i];
FI TNESS = Fitness[i];
done = true;
}
if (print) Systemout.println();
}
}

/11 ndividuals are sorted by fitness
private static void Sorting(int gen)
{
fitness(gen);
if (print) Systemout.println("\nSORTING);

i nt Chanp;
/1 Sorting by fitness.
for(int i = 0; i< nlndiv;i++)
{
Champ = 0O;

for(int j = 0; j< nlindiv;j++)
if (Fitness[j] >= Fitness[ Chanp]) Chanmp = j;
/1 The array Order classifies individuals by fitness
/'l by equal or decreasing order
Order[i] = Chanp;
if (print)
{
Systemout.println( i + "thind. is No "
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+ Champ + " " + Individual [Order[i] ]
+ " Fitness =" + Fitness[Chanp]);
}

Fi t ness[ Chanp] = O;

}
String t = Individual [Oder[0] ];
Systemout.println(" Best solution" + 1t +
" ->" 4+ stringToPhrase(t));

}

[/ Each individual of the top ten
/1 produces 10 copies.
private static void Reproduction()

{
if (print)
System out. println( "Reproduction");
if (print)
Systemout.println( "The best =" + Order[0]);

| ndi vidual c= new String[limt];
int counter = O;
for (int top = 0; top < 10; top++)

{
for(int j = 0; j< 10; j+4+)
{
I ndi vi dual c[counter] = Individual [Oder[top]];
counter = counter +1;
}
}

for(int j = 0; j< counter; j++)
Individual [j] = Individualc[j];

}

/1A a sequence of transpositions creates variability.
private static String nmutate(String s)

{

/] Chromosone s is transformed i nto vector Pernutation[]



68 CHAPTER 3. LAMARCK AND DARWIN

stringToVector(s);
/I Mutate or not nutate
doubl e p = r. next Doubl e();
/1Entries in vector are subject to mutation
if ( p <nutRate)
{
[/ Site of nutation is chosen at random
int site = r.nextlnt(nWrds);
/[l Effect of mutation is chosen at random
i nt change = r.nextlnt(nWrds);
Pernmut ati on[site] = change;
}
[/ Vector is encoded into a chronbsone, a string.
String v ="";
for(int i =0; i < nWrds; i++)
{
Integer e = Pernutation[i];
v =V + e.toString();
}

return v;

}

[/ A nmutation is Darw nian

//both the site of nutation and the change
/lare defined by randommess.

private static void Miutation()

{
for(int j =1; j< nIndiv; j++)
{
Individual [j] = mutate( Individual[j]);
}
}

/1 Two strings reconbi ne and produce two of fspring.
private static void Reconbination()

{

for(int j =50; j< nindiv; j++)

{



3.2. DARWINIAN EVOLUTION 69

[ Define place of reconbination

int m= r.nextlnt(nlndiv);

int n =r.nextlnt(nlndiv);

String a = Individual [n];

String b = Individual [n];

int placeRec = r.nextlnt(nWrds);

I ndividual[mM = a.substring(0, placeRec)

+ b.substring( placeRec);

I ndi vidual [n] = b.substring(0, placeRec)

+ a.substring( placeRec);

}
}

/I Master for a generation

private static void dynam cs(int gen)

{
//1ndividuals are sorted by fitness
Sorting(gen);
[/ The top ten are preferentially reproduced
Repr oduction();
/1 The new popul ation is subjected to nutation
Mut ation();
if (reconbinati on) Reconbi nation();

}

/1 The original ordered phrase is rebuilt
/by a genetic algorithm
/1 This programsinul ates a teacher that knows
//the answer and gui des their students
//for a better solution.
private static void restorePhrase()
{

System out . println("\n\nRunning ");

nl ndi v = 150;

Initialization( ) ;

nGen = 500000;

ol dError = 1000;

for(int gen = 1; ( gen <= nCGen) & (!(done)); gen++)
{

System out. print("\nGENERATION = " + gen);
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dynam cs(gen);
}
i f (done)
{
System out. println("\nGENERATION = " + GENERATI ON +
" SOLUTI ON FOUND") ;
Systemout.println("ERROR = " + ERROR);
Systemout.println("SCLUTION = " + SOLUTI ON
+ " ->" 4+ stringToPhrase(SCLUTION) );
Systemout.println("FITNESS = " + FI TNESS);
System out. println("Nunber of generations =
+ GENERATI ON) ;
System out. println("Nunber of individuals " +
"per generation =" + nlndiv);
| ong total Cost = GENERATI ON * nl ndi v;
System out. println("NuUnber of CGenerations x " +
"nunber of individuals =" + total Cost);

"

}
}

public static void main(String[] args)
{
print = fal se;
reconbi nati on = fal se;
mut Rate = 0. 5;
Systemout. println("This programdi sorders a sentence"
+ " \nand reorders it by evolution "
+ "\'nusi ng random nut ati ons over the"
+ "\'nal phabet 0,1,2,3,4,5,6,7."
+ "\ nEvolution is Darwinian.\n");
Systemout. println("OR A NAL SENTENCE: ");
System out. printl n(phrase);
String p = pernutate(phrase);
Systemout. println( "\nCHALLENG NG DI SORDERED SENTENCE"
" WTH I TS | NDEXATION : \n" );
Systemout.printin( p +" ->" + stringToPhrase(p) );
rest or ePhrase();
}//End of main nethod

}
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36 Exercise. Run the program and play with the code. Turn on and off recombi
nation.

37 Exercise. Verify else refute the following conclusions of the Authmoregard
with Darwinian evolution:

1. Evolution that relies on random mutation but without nedznation arrives
to the solution but in the generality of cases very late watspect to our best
Lamarckian version (program G30).

2. Evolution that relies on random mutation plus recomhboragrrives to the
solution and can compete with some Lamarckian versions diutvith the
best (G30).

38 Challenge. Add to your solution to the previous exercise a statistioatifi-
cation that must be calculated by the program itself.

39 Saving our honor

If one is able to program evolution to solve a problem, the adrate duty is
to verify that the personal honor is in high. To that aim, ongstriest whether or
not chosen implementation is better than chance. While snally does this by
some mathematical reasoning, let us illustrate how onergnag chance to solve
the given problem. The code follows:

/I Program G39 synt axb

[IW mimc a gane that a teacher

/I proposes to her pupils:

/1A disordered phrase is given to pupils.

/1 A disordered phrase is just a pernutation of
//the original one, a variation of order of its words.
[/ They must restore fromthis

//string the original sentence

[Iwith correct neani ng and synt ax.

|/ The problemis solved by nmeans of CHANCE al one.
[/ln this case, fitness is given by the teacher,
/ Iwho al ready knows the answer and can estimte
/1 how good are the attenpts of the pupils.
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i nport java.util.Random

public class syntax5

{

private static String phrase =
"syntax deals with the fornation of correct sentences"
private static int nLetters = phrase.length();
private static int nWrds;

/I The phrase i s deconposed i n words

private static String[] Wrd = new String[10];

/I Wrds are nunmbered. A disordered phrase is encoded
/[lin a vector of digits, Permutation[], such that

[/ Permutation[i] indicates what word goes

[lat place i of the possibly disordered phrase.
private static int[] Pernmutation = new int[10];

[/ Turn on of the random gener at or

private static Randomr = new Random();

private static bool ean print;

/I Wbrds are recogni zed: they are separated by a space.
[/ They are kept in a vector.

private static void nunmberWrds(String s)

{

int counter = O;
String f ="";
for(int i = 0; i < nLetters; i++)
{
char d = s.charAt(i);
/] System out. println(d);
if ('(d==" ")) f = f+d;
el se
{
Word[ counter] = f;
f="";
count er ++;

}



3.2. DARWINIAN EVOLUTION 73

/1l ast word
if (i == nLetters-1) Wird[counter] = f;
}
/] Systemout.println( counter);
System out. println("\nThe words of the phrase " +
"with their indexes: ");
nWrds = counter +1;

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

{
Systemout.printin(i +" " + Word[i]);
Pernmutation[i] = i;

}

}

/1A transposition is the interchange of
/] pl ace between two itens.
private static void transposition()
{
int m=r.nextlnt(nWrds);
bool ean flag = fal se;
//Sites nmust be different
i nt n=0;
whil e(!(flag))
{ n =r.nextlnt(nWrds);
if ('(n=m) flag = true;
}
if (print) Systemout.println("Pernuation of
+ m+ " and " + n);

int k = Permutation[m;
Pernmutation[n] = Pernutation[n];
Pernmutation[n] = k;

}

/I Mxer: a sequence of transpositions creates variability.
/1 The output is encoded in a string, a chronosone.
private static String m xer(int nunber O Transp)
{
for(int i=0; i < nunberOTransp; i++ )
transposition();

String v = ;
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for(int i

{
Integer e = Pernmutation[i];
v =v + e.toString();

}

return v;

}

0; I < nWbrds; i++)

//Wbrds in the sentence encoded by s are pernuted

private static String pernutate (String s)
{

nunber Wr ds( s) ;

/I Nunmber of transpositions

int n = nWrds;

return mxer(n);

}

[1String nunber s decoded into a phrase
private static String stringToPhrase(String nunber)
{
String phrase="";
for(int j=0;) < nunber.length();)++)
{
char s3 = number . char At (j);
int | = Character.getNunericVal ue(s3);
phrase = phrase + Word[I] + " ";

}

return phrase;

}

/I Nunbers that encode phrases

/lare generated at random

//and conpared with the target.

/I Phrases are decoded and publici zed.
private static void matchPhrase()

{
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System out. println("\n\nRunning ");
bool ean go = true;

int i = 0;

I nteger n = 1234567,

String target = n.toString();
target = "0" + target;

String trial ="";

| nt eger k;

whil e (go)

i ++;

Systemout.print("\ni =" +1i);

/I Generate at random a possi bl e sol ution
for(int j =0; j < nWrds; j++)

{
k = r.nextlnt(nWrds);
trial = trial + k.toString();
}
Systemout.print("\ni =" +1i);
Systemout.print(" trial =" + trial
+ " ->" + stringToPhrase(trial) );
[11f the solution is found, halt
if (trial == target) go = fal se;
trial ="";
}
Systemout.println("\nAttempt =" + i +
" SOLUTI ON FOUND'") ;
System out. println("Nunber of attenpts =
+i);
System out . println("Nunber of individuals
"per attempt =1 " );
}

public static void main(String[] args)

{

print = fal se;

+
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Systemout. println("This programdi sorders a sentence"
+ " \nand reorders it by chance alone. ");
System out. println("OR A NAL SENTENCE: ");
System out . printl n(phrase);
String p = pernutate(phrase);
System out. println( "\nCHALLENG NG DI SORDERED SENTENCE" +
" WTH I TS | NDEXATION : \n" );
Systemout.printin( p +" ->" + stringToPhrase(p) );
mat chPhr ase() ;
}//End of main nethod

}

40 Exercise. Run the program and play with the code. Agree with else refute
the conclusion of the Author: for this problem, chance aldnes not overcome
Darwinian evolution. If that is the case, our honor has beawesl.

3.3 Conclusion

Behind the erroneous mechanism of Lamarck proclaiming itheritance of ac-
quired characters, we find a simple and powerful idea that ieeavery core of
applied evolution, such as in genetic engineering: randg@scan be twisted to
accelerate the race of evolution towards perfection. Tleeofi§ilters and suitable
super-alphabets is common to twist randomness (use brtkerrthan atoms or
molecules to build a house). The modern version of the Daawikvolutionary
Theory proposes a mechanism that also enables perfectidhdbuneeds no twist-
ing because it relies on variation created at randomnessosfiiye formulation
of the mechanism reads: those variants that are nearer fartbonal optimum
are given more opportunities of reproduction. Or if one @refa negative, demo-
graphic insight, one could also say: the existence of snifdrdnces in dead rates
that correlate with qualities of involved organisms is edlselection and produces
a trend towards adaptation, perfection and beauty.



Chapter 4

Complexity as judge

A severe, authorized referee.

41 Obijective. The idea of evolution is so natural and embedded in our likias t
our simulations of evolution could look futile or at leastitmdant. Anyway, we
have made sure that evolution functions. And given thatatgep is so obvious,
a direct question arises: which are the limits, if any, ofletion? To answer this
question we need a referee that must be endowed with a faghinsOur choice

is as follows: evolution solve problems and problems arficdit. So, the natural

referee of evolution is complexity. It is the referee. Anckrehs its insight? It

arises naturally from the molecular biology of the gen: temgme is software and
evolution is a software developer. We claim that this insighboth necessary and
enough to deal with all important scientific questions retato evolution.

4.1 Landscapes
Evolution can be understood graphically thanks to landseap
42 Driving through a landscape

In evolution real or simulated, we always hang over selection, whicegte
every individual a score that measures how good it does erdegith solving the
posed problem. In nature, the posed problem is to surviva@iehve offspring.
The fitness function always can be recast in such a way thaivéell problem
can be understood as one of climbing a mountain to attaindtsekt peak. The
floor over which the mountain rises is the space of genomeshendeight of the
mountain over that point or genome is exactly the fithesstionevaluated at it.
The higher is the elevation at a point, the higher is the fareéshe corresponding

77
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genome. It helps to imagine that the mountain is dressedstson that one cannot
see beyond own nose although one can determine when onerrisben one goes
down. This means that according to Darwin, evolution is notlgd by an overall
plan but it is instead a local phenomenon in which mutatiogesbéindly produced
but their fruits are assessed and selected for the desigditieg

The difference between applied and natural evolution isttie landscape in
the applied case is given by the designer while in naturdugen the landscape
arises from the interaction of the genome with its environine

Landscapes are perfect to depict optimization problenoselin which an op-
timum is searched for. The optimum can be a maximal or a minualae. So,
we imagine problems in which a peak must be reached and dthevkich the
maximal depression must be located. Problems are diffioldhg does not expect
to find the exact optimum but only a good approximation. Therasting point is
that many, many problems can be stated as optimization gmabl Consider, for
instance, the problem of solving an equation, or for thatenah system of equa-
tions, say, in partial derivatives. All those problem refidd x such that fx) =y.
This problem can be reformulated as folloviisid x such that fx) —y = 0, which
in turn can be restated &isd x such that fx) —y attains an object with the min-
imum length or normThis last problem is an optimization one, in which has not
mentioned the constraints associated with initial and éocdnditions.

With constructions like this evolution is shown to be an pediy part of our
lives and also of the finest engineering. In short, evoluigoan ordinary tool to
solve every kind of problems. But problems are difficult. fisavhy we can earn a
life in this world. It is now good to think of mountain climleand of excursionists
that get lost in a desert... So, complexity is the naturaresf of evolution to assess
its limits, if any. But that referee must have a correct insig take a decision. The
appropriate vision has arrived to us through a very lengtid/@mplex process. It
has two main points. The first is that the genome is softwatlgla®m second is that
evolution is a software developer (Rodriguez, 2010).

43 The genome is software

We can definesoftware as the generality of verbal instructions that convey
information to solve problems and that is decoded by meaasompilation table
that assigns specific actions to verbal tokens or suburits.immediate to catch
up why the genome is software:

The genome of our cells is composed of DNA which is arrangechiomo-
somes, which are very long strings composed with lettere@atphabet given by
{A,T,C,G}. So, the genetic information looks something like:

..TTACTCGATCGTTCAGCT
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But, why do we call such a thing genetic information? Wherisisnforma-
tion? In modern terms, the answer is succinct and clear: ¢nerge is software.
Expanding, we have:

1. The genome conveys instructions that are verbal, i.an dan be depicted
with letters of the alphabdiA, T,C,G}.

2. A string of the form... TTACTCGATCGT TCAGCT means nothing in it-
self but acquires a meaning if it is considered together avitbde to decipher
all strings that can be formed with the alphabet. That cotiesigenetic code
that associates amino acids to codons, which are tripldettefs, sayAAA
is associated witlysine Now, this code is verbal and can be redefined at
pleasure if only one pays attention to the underlying meisihanActually,
there are some natural variants of the genetic code that tedm softly
explained by evolution.

3. So, the genome contains information to assemble protagigomerates of
linear chains of amino acids. Some proteins fill in strudtneeds, such as
shelter in the walls of a cell. Others fulfill enzymatic fuiocts, say, form
sophisticated lines of work that digest sugar to produceggni@ the form
of ATP.

4. Looking from above, the genome contains very specifidyalenstructions
to solve problems. Those instructions are compiled, decgzh and exe-
cuted, automatically by the ribosome with the help of t-RNAkat is why
the genome is software

44 Evolution is a software developer

Let us consider our program G35, pag 58, in which we sotyadaxthanks to
Darwinian evolution. In hindsight, the program composesdppropriate verbal
information, the software, to order a set of words to form atagtically correct
phrase that makes meaning in English. The program begimgoits with strings
assembled at random and uses the information given by theoement, which
simulates a teacher that knows the answer, to arrive to thé@n

It would be interesting to make explicit the relation of &forentioned program
with the cellular computing machine: Our strings are of therf 1324567. This
strings make sense when a code is provided. In this caseptieassociates a
word to each letter: letter O is associated with the weydtax So, to convert a
string with 7 letters into phrases, we convert the string @enotype that suffer
mutations) into a chain of seven digits which functions kkaumber (the pheno-
type that is subject to selection) and replace the digit wittord according to the
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appropriate table which contains our genetic code or catpil table. All de-

coding procedures that convert strings into a chain of slgjinulate the ribosome.
And the ontogenic process is simulated by the overall camerof strings into

phrases.

Thus, we have proven that evolution can synthesize softalagit of very low
complexity. What can we expect when complexity is incredsed

4.2 Bugs of evolution

The most direct experience of every software developerasdbftware design is
an extremely complex affair. What does this mean?

45 Bugs of evolution

In operational terms, the complexity of software desigreftected in two in-
violable laws:

1. Noone can compose a piece of software, even a tiny oneggutittommitting
errors,bugs

2. There is a long path that every developer must follow witlea and tears
from his or her original situation to perfection. This isidavhen one begins
from scratch as when one reuses old software.

The evolutionary version of these laws can be elaboratedllasvk (after Vol
5 of this series):

Consider the case of artificial selection of race horses ichwvin evolutionary
trend towards extreme and specialized perfection is atesnp.et us clearly depict
where are the bugs and where are the tracks of an evolutigrapess toward
complexity and perfection.

When specialized perfection is looked for, the evolutignaattern is always
the same: the evolutionary trend is fast and cheap at thategi but then it slows
down and finally stops. The character of being a bug is detethhere by a fault
against the evolutionary trend dictated by the selectiitergsn, which in the case
of race horses is to be faster than everybody. So, we have admigtime that
appears an offspring that is slower than their parents asdslthe rule when the
evolutionary trend approaches stabilization.

We have therefore abundant bugs in the evolutionary pratesds awaken
by artificial selection, but where are the left tracks cquoesling to an evolution
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towards perfection? In general they do not appear in thel iexord: the differ-

ences between perfection, good quality and mediocrity aneyrtimes a matter of
coordination of small details and not of great changes. issalfalsification of our
law of abundant bugs and tracks of an evolution towards péofe? No. Let us
explain this with some detail.

Evolution comprises two levels (that might be intertwinedhe first is the
design of the evolutionary environment with the combinatdsasis and the rules
for reproduction, mutation, recombination and selectidnd the second, is evolu-
tion properly, the evolutionary process, in which the elata®f the combinatorial
basis are blindly recombined to fit better and better sahstioExperience shows
that

e The design of the evolutionary environment is an extremdfjcdlt task
because one can easily end with too poor solutions to targetdlems.

e Once one has an evolutionary environment, the ensued elbas no
magic, rather it obeys the ordinary laws of computation,, ifea task is
feasible, it takes time. So there are easy problems that eaedwlved in
some few blind computations. But there are complex probletmsse solu-
tions demand huge amount of computations. In this last casecan see
that local optima are persistently visited and so they are sandidates to
appear in any process of random sampling. These are thes tvelspeak
about, thanks to which we can trace an evolution towards baghplexity
and perfection. Local optima is what defines horses that @teed in 500,
1000, 10000, 1000000 or million of dollars. Their fossildlvise almost
indistinguishable for most people.

Let us now see how the bookkeeping of bugs is implementedhdicaim, we
add to a previous program a piece of code to show the beha\sonte observables
related with bugs.

46 Code with bookkeeping of bugs.

/] Program (46 synt ax6

/1 This program shows one very sinple and

/linexorable law. if evolution can indeed find the answer,
/la price nust be paid: a |ot of bugs nust be nade,

/l'and therefore,

//a clear path towards perfection nust exist.

/I W show here
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//'how I ong one is frozen in a |l ocal m ninmum and

/I how many bugs evol uti on nmakes.

/W have a BUG each tinme that appears

/[lan offspring that is less fitted than their parents.
11

[/ Problemto solve:

/[/W mmc a gane that a teacher

/'l proposes to her pupils:

/I A disordered phrase is given to pupils.

/1 A disordered phrase is just a permutation of

//the original one, a variation of order of its words.
[/ They nmust restore fromthis

//string the original sentence

//with correct nmeani ng and synt ax.

/1 The problemis solved by neans of DARW NI AN EVOLUTI ON,
[1in which selection is the driving force of the

[/ ensui ng evol uti onary process and

//mutation is random over the al phabet

//that is dictated by reproduction.

/1'ln this case, selection is given by the teacher,

/1 who al ready knows the answer and can estimate

/! how good are the attenpts of the pupils.

/I Specifically, the fitness of a phrase is defined by
// nunber - 01234567

[/ where nunber is the nunber that encodes for the

[/ phrase at trial.

i nport java.util.Random

public class syntax6
{
private static String phrase =
"syntax deals with the fornmation of correct sentences"”;
private static int nLetters = phrase.length();
private static int nWrds;
/1 The phrase i s deconposed i n words
private static String[] Wrd = new String[10];
/I Words are nunbered. A disordered phrase is encoded
/[lin a vector of digits, Permutation[], such that
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[/ Permutation[i] indicates what word goes

/lat place i of the possibly disordered phrase.
private static int[] Perrmutation = new int[10];
[/ Turn on of the random gener at or

private static Randomr = new Random();

/I Mitation rate per synbol per generation
private static doubl e nmutRat e;

/| =====CGenetic part of declaration of variabl es==========
/1 Individuals are kept in the array

/1 Individual[]. It is an array of strings.

/I Each individual encodes

//the pernutation that it represents.

[/ The individual is a string that encodes for

/'la nunber.

[/ The nunber of individuals nmust be

[/ less than limt.

static double zMax; static double N

static int limt = 50000;

static int Fitness[], FitnessCopy[];

static String Individual[ ], Individualc [];
[/ Act ual nunber of individuals

static int nindiv ;

static int Oder[];

static String b;

static int generation;

static int nGen;

static int ReportMn[], ReportMax[];
static double ol dError, newError;
static doubl e deltaError;

static bool ean print,testEncoding;

/1 Qur observabl e that decl ares success.

static bool ean done = fal se;
static bool ean reconbi nati on;
static doubl e ERROR, FI TNESS;
static String SOLUTI ON;

static int GENERATI ON;
/I Nunber of generation with no progress
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/I because of a local m ninmum

static int nEcstasy = 1,

static int ol dBestFitness = -1000000000;
static i nt newBestFitness 0;

/'l Gained fitness

static int gai nedFitness;

/I Nunmber of bugs during a generation

/1 (i ndividual s whose performance i s worst
//than that of their parents).

static int nBugs = O;

/I Number of bugs whil e expecting a junp
static int nTotal BugsEcstasy = 0;

static int bigTotal Bugs = O;

/I Words are recogni zed: they are separated by a space.
[/ They are kept in a vector.
private static void nunberWrds(String s)
{
int counter = O;
String f ="";
for(int i =0; i < nLetters; i++)
{
char d = s.charAt(i);
/] System out. println(d);

if (I(d==" ")) f =f+d;
el se
{
Word[ counter] = f;
f="";
count er ++;
}
/11 ast word
if (i == nLetters-1) Wrd[counter] = f;
}

/1 Systemout.println( counter);

Systemout. println("\nThe words of the phrase " +
"with their indexes: ");

nWords = counter +1

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

{
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Systemout.printin(i +" " + Word[i]);
Pernmutation[i] = i;

}
}

/1A transposition is the interchange of
/] pl ace between two itens.
private static void transposition()
{
int m=r.nextlnt(nWrds);
bool ean flag = fal se;
//Sites nmust be different
i nt n=0;
whil e(!(flag))
{ n = r.nextlnt(nWrds);
if ('(n=m) flag = true;
}
if (print) Systemout.println("Pernuation of
+ m+ " and " + n);

int kK = Pernutation[ni;
Permutation[nm = Pernutation[n];
Permmut ati on[ n] = Kk;

}

/I Mxer: a sequence of transpositions creates variability.
/1 The output is encoded in a string, a chronosone.
private static String m xer(int nunber O Transp)

{

for(int i=0; i < nunberOTransp; i++ )
transposition();

String v ="";

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

{

Integer e = Permutation[i];
v =V + e.toString();

}

return v;
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//Wbrds in the sentence encoded by s are pernuted

private static String pernutate (String s)
{

nunber Wr ds( s) ;

/I Nunmber of transpositions

int n = nWrds;

return mxer(n);

}

[/String number is decoded into a phrase
private static String stringToPhrase(String numnber)
{
String phrase="";
for(int j=0;) < nunber.length();)++)
{
char s3 = numnber . char At (j);
int | = Character.getNunericVal ue(s3);
phrase = phrase + Word[I] + " ";

}

return phrase;

}

/! Declarations and default initializations
/! of other arrays.
private static void otherlnit( )
{

Oder = newint[limt+1];
ReportMn = new int[limt+1];
Repor t Max new int[limt+1];
Fitness = newint[limt +1];
FitnessCopy = newint[limt +1];
for(int i = 0; i< nlndiv; i++)
{

Order[i] =0;

ReportM n[i] =0;

Report Max[i] =0;

Fitness[i] = O;
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Fi t nessCopy[i] = 0;
}
}

/1An individual is a string that is a pernutation
/I of anot her one.
private static String generatelndividual ()
{
/I Number of transpositions
i nt number O Transp = r. nextlnt(nWrds);
String ind = mxer(nunber O Transp) ;
return ind,

}

/= \W& generate nlndiv individuals (strings)
encodi ng for pernutations of 01234567 =/
private static void Initialization( )
{
/I Formal decl aration of our array.
I ndi vi dual = new String[limt];
if (print) Systemout.println("OR G NAL POPULATI ON');
for(int i =0; i< nlndiv; i++)
{
if (print) Systemout.println( "\ni =" +i);
Individual [i]="";
/1 Individual [i] is a string,
/[l it is a genotype that encodes a number,
/1its phenotype.
I ndividual [i] = generatelndividual ();
if (print)
Systemout.println(" =" + Individual [i] );
}
otherlnit();

}

[1String s is decoded into a nunber
private static long recover Nunber(String s)

{
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| ong nunber = O;
for(int j=0;j < nWords;j++)

{

char ¢ = s.char At (j);
int | = Character.getNunericVal ue(c);
int g = j+1;

| ong nunber1l = (long) (I * Math.pow 10, nWrds-q));
nunber = nunber + nunberl;

}

return nunber;

}

/1 This method transforns a string in a nunber
/[l of type long. Sone outputs to console are displayed.
private static |long stringToNunber(String s)

{
if (print)
{
Systemout.println( "\'nlndividual = " + s);
Systemout.println( "length of s =" + s.length());
}

if (print) Systemout.println( "Recovering nunber");
I ong k = recover Nunber(s);

if (print) Systemout.println("String "
+s + " as nunber =" + k + "\n");
return k;

}

/1 This nmethod decodes the string into the entries
/1 of permutation[]
private static void stringToVector(String s)

{

for(int j =0; j < nWrds;j++)
{

char ¢ = s.charAt (j);

int | = Character.getNunericVal ue(c);
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Permutation[j] =1;
}
}

/1 The fitness of each individual is found
private static void fitness(int gen)
{

/I nmeasure the error of individual[i]

[Iwith respect to the perfect one 01234567.

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

{ .

int error =

(int) Math.abs(1234567-stringToNunber (I ndividual[i]));

// The error defines the fitness: |ess error
//nmore fitness.

[/ Maximal fitness = 0; mniml = -1E10.
Fitness[i] = - error;

Fi tnessCopy[i] = - error;

if (print)
Systemout.println("i =" + i
+ " Individual =" + Individual[i]
+ " Error = "+ error
+ " Fitness" + Fitness|[i] );
if (error == 0)

{

GENERATI ON = gen;
ERRCOR = error;
SOLUTION = Individual [i];
FITNESS = Fitness[i];
done = true;
}
if (print) Systemout.println();
}
}

/11 ndividuals are sorted by fitness
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private static void sorting(int gen)
{
fitness(gen);
nBugs = O;
if (print) Systemout.println("\nSORTING');
i nt Champ = 0O;
[/ Sorting by fitness.
for(int i = 0; i< nlndiv;i++)
{
[/ The i-th individual is picked out
for(int j = 0; j< nlndiv;j++)
if (Fitness[j] > Fitness[Chanp]) Chanp = j;
[/ The array Order classifies individuals by fitness
Order[i] = Chanp;

if (print)
{

Systemout.printin( i + "thind. is No "
+ Champ + " " + Individual [Order[i] ]

+ " Fitness =" + Fitness[Chanp]);

}
if (i == 0) newBestFitness = Fitness[ Chanp];
Fi t ness[ Chanp] = -100000000;
Champ = 0O;

} //end of for i

/1 Bug’ s section

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

if (FitnessCopy[j] < FitnessCopy[Chanp]) nBugs++;

if (print) Systemout.println( "Nunmber of bugs ="
+ nBugs);

nTot al BugsEcst asy = nTot al BugsEcstasy + nBugs;

bi gTot al Bugs = bi gTot al Bugs + nBugs;

String t = Individual [Oder[0] ];

gai nedFi t ness = newBest Fi t ness - ol dBest Fi t ness;

[11f an evolutionary junp, an inprovenent in fitness,

/1is detected...

i f (gai nedFitness > 0)

{
System out. println("\nGENERATION = " + gen);
Systemout.println(" Best solution" + 1t +

-> " + stringToPhrase(t));
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System out. print("CGenerati ons needed for" +

"anewjunp =" + nEcstasy);
Systemout.printin(", with " + nTotal BugsEcst asy
+ m bugsll) ;

Systemout.println("Ad best fitness
+ ol dBest Fi t ness) ;
System out. println("New best fitness
+ newBest Fi t ness) ;
Systemout.printin("Gained fitness =" +
gai nedFi t ness) ;
ol dBest Fi t ness = newBest Fi t ness;
nEcstasy = 1,
nTot al BugsEcstasy = 0;

}

el se

{

nEcst asy++;

}
} //End of sorting

[/ Each individual of the top ten
/1 produces 10 copies.
private static void Reproduction()

{
if (print)
System out. println( "Reproduction");
if (print)
Systemout.println( "The best =" + Order[0]);

I ndi vidual c= new String[limt];
int counter = O;
for (int top = 0; top < 10; top++)

{
for(int j = 0; j< 10; j++)
{
I ndi vi dual c[counter] = Individual [Oder[top]];
counter = counter +1
}

}
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for(int j =
I ndi vi dual [j ]
}

0; j< counter; j++)
= Individualc[j];

/1 A a sequence of transpositions creates variability.
private static String mutate(String s)
{
/] Chronmosome s is transforned into vector Permutation[]
stringToVector(s);
/I Mutate or not nutate
doubl e p = r. next Doubl e();
/1 Entries in vector are subject to nmutation
if ( p <nutRate)
{
/[/Site of nutation is chosen at random
int site = r.nextlnt(nWrds);
[/ Effect of nutation is chosen at random
i nt change = r.nextlnt(nWrds);
Pernmut ati on[site] = change;
}
/lVector is encoded into a chronpsonme, a string.
String v ="";
for(int i = 0; i < nWrds; i++)
{
Integer e = Pernmutation[i];
v =v + e.toString();
}

return v;

}

/1A mutation is Darw nian

//both the site of nutation and the change
[/l are defined by randomess.

private static void Mitation()

{
for(int j =1; j< nindiv; j++)
{
Individual [j] = nmutate( Individual[j]);
}

}
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/1 Two strings reconbi ne and produce two of fspring.
private static void Reconbi nation()

{

for(int j =50; j< nlndiv; j++)
{

/I Define place of reconbination

int m= r.nextlnt(nlndiv);

int n = r.nextlnt(nlndiv);

String a = Individual [n];

String b = Individual [n];

i nt placeRec = r.nextlnt(nWrds);

I ndividual [ M = a.substring(0, placeRec)
+ b. substring( placeRec);

I ndi vidual [n] = b.substring(0, placeRec)

+ a.substring( placeRec);
}
}

/I Master for a generation

private static void dynam cs(int gen)

{
/1lndividuals are sorted by fitness
sorting(gen);
/1 The top ten are preferentially reproduced
Repr oduction();
/1 The new popul ation is subjected to nutation
Mut ati on();
if (reconbination) Reconbination();

}

/1 The original ordered phrase is rebuilt

/by a genetic algorithm

[/ This programsimul ates a teacher that knows
//the answer and gui des their students

//for a better solution.

private static void restorePhrase()

{
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Systemout. println("\n\nRunning ");

nlndiv = 70;

Initialization( ) ;

nGen = 5000000;

ol dError = 1000;

for(int gen = 1; ( gen <= nGen) & (!(done)); gen++)

dynam cs(gen);

}
if (done)
{
System out. println("\nGENERATION = " + GENERATI ON +
" SOLUTI ON FOUND") ;
Systemout.println("ERROR = " + ERROR);
Systemout. println("SCLUTION = " + SOLUTI ON
+ " ->" + stringToPhrase(SOLUTION) );
Systemout.println("FITNESS = " + FI TNESS);
System out. println("Nunber of generations ="
+ GENERATI ON) ;
System out. println("Nunber of individuals " +
"per generation =" + nlndiv);
| ong total Cost = GENERATI ON * nl ndi v;
Systemout.println("Total cost =" +
"Nunber of Generations x " +
"number of individuals = " + total Cost);
Systemout.println("Big Total of bugs "
+ bi gTot al Bugs) ;
doubl e tC = total Cost,;
doubl e tB = bi gTot al Bugs;
Systemout.println("Normalized cost =" +
"Big Total of bugs/ Total cost ="
+ tB/tC
}
}

public static void main(String[] args)

{
print = fal se;
reconbi nati on = true;
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mut Rate = 0. 5;
Systemout. println("This programdi sorders a sentence"
+ " (with the help of transpositions,)"”
+ " \nand reorders it by evolution "
+ "\ nusing random nut ati ons over the"
+ "\ nal phabet 0,1,2,3,4,5,6,7."
+ "\ nEvolution is Darwi nian.\n");
Systemout. println("OR A NAL SENTENCE: ");
System out. printl n(phrase);
String p = pernutate(phrase);
System out . println( "\nCHALLENG NG DI SORDERED SENTENCE" +
" WTH I TS | NDEXATION : \n" );
Systemout.println( p +" ->" + stringToPhrase(p) );
rest orePhrase();
}// End of main nethod

}

47 Exercise. Run the program and play with the code. Make sure that you can
see the path towards perfection and the cost in bugs thatugeonlmust pay for
finding the answer.

4.3 Battling complexity

One can solve a problem using evolution and it can be implésdeim diverse
forms. So, a question comes to the mind: Are all forms of imaeting evolution
equally efficient in the waste of needed time and other ress® To solve this
question, we need to test diversity to see what it gives effits

48 Another measure of fitness

Most problems (maybe all) can be solved by evolution and naaeyhe ways
as this can be done. Let us see, for instance, another forre aamimplement se-
lection to solve our problerayntax This is done as follows: we compare letter by
letter the given chromosome with that representing theisoluwhich is the string
01234567, and count the number of mismatches. Example: keecteomosome
10324567 and want to find its fithess. Firstly, we align theotdye string with the
given chromosome:

10324567

01234567
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and next count the number of mismatches: they are 4. Let es tefthis
measure as thmismatch metricThis number represents an error, so we can define
fitness as -4 and declare that the higher is the fitness theigittike chromosome.
The corresponding code follows:

[/ Program (48 synt ax7

/1 Thi s program shows one very sinple and

//inexorable law. if evolution can indeed find the answer,
/la price nust be paid: a |ot of bugs nust be nade,
/land therefore, a clear path frominperfection
//towards perfection nmust exist.

/1 W show here

//'how |l ong one is frozen in a |l ocal m ni num and

/I how many bugs evol uti on nmakes.

/W have a BUG each tinme that appears

[lan offspring that is less fitted than their parents.
11

/I W define fitness as minus the nunber of nismatches
/1 of given chronbsonme with respect to the optinal one.
11

[/ Problemto solve:

//'\W mimc a gane that a teacher

[/ proposes to her pupils:

/1A phrase is subject to a series of

[/ permutations of its words to end with a string
//with no neaning. Pupils rmust produce fromthis
/lstring the original sentence

//with correct neani ng and synt ax.

[/ The problemis solved by neans of DARW NI AN EVOLUTI ON,
//in which selectionis the driving force of the

[/ ensui ng evol uti onary process and

[/ mutation is random over the al phabet.

/1'1n this case, selection is given by the teacher,
//who al ready knows the answer and can estimte

/1 how good are the attenpts of the pupils.

/1 Styl e= gl obal vari abl es.

i nport java.util.Random
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public class syntax7
{

private static String phrase =

"syntax deals with the formati on of correct sentences”;
private static int nLetters = phrase.length();
private static int nWrds;

/1 The phrase is deconposed i n words

private static String[] Wrd = new String[10];

/I Wrds are nunbered. A disordered phrase is encoded
/1in a vector of digits, Perrmutation[], such that
//Pernmutation[i] indicates what word goes

/lat place i of the possibly disordered phrase.
private static int[] Pernutation = new int[10];

[/ Turn on of the random gener at or

private static Randomr = new Random();

[/ Mutation rate per synbol per generation

private static doubl e nutRate;

[l ====Cenetic part of declaration of variabl es==========
/1 Individuals are kept in the array

/1 Individual[]. It is an array of strings.

/ / Each indi vi dual encodes

//the permutation that it represents.

/1 The individual is a string that encodes for

/'a nunber.

/! The nunber of individuals nust be
[/ less than limt.

stati c double zMax; static double N
static int limt = 50000;

static int Fitness[], FitnessCopy|[];
static String Individual[ ], Individualc [];
[/ Act ual nunber of individuals
static int nindiv ;

static int Oder[];

static String b;

static int generation;

static int nGen;
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static int ReportMn[], ReportMax[];
static double ol dError, newkrror;
static doubl e deltaError

static bool ean print,testEncoding;

// Qur observabl e that decl ares success.
stati c bool ean done = fal se;

static bool ean reconbi nati on

static doubl e ERROR, FIl TNESS;

static String SOLUTI ON;

static int GENERATI ON;

/I Number of generation with no progress
[/ because of a local mninmm

static int nEcstasy = 1,

static int ol dBestFitness = -10;

static i nt newBestFitness 0;

/] Gai ned fitness

static int gai nedFitness;

/I Number of bugs during a generation

/1 (individuals whose performance i s worst
//than that of their parents).

static int nBugs = O;

/I Number of bugs whil e expecting a junp
static int nTotal BugsEcstasy = 0;
static int bigTotal Bugs = O;

/I Words are recogni zed: they are separated by a space.
[/ They are kept in a vector.
private static void nunberWrds(String s)
{
int counter = O;
String f ="";
for(int i =0; i < nLetters; i++)
{
char d = s.charAt(i);
/] System out. println(d);
if (1(d==" ")) f = f+d;
el se
{
Word[ counter] = f;
f=""



4.3. BATTLING COMPLEXITY 99

count er ++;
}
/1l ast word
if (i == nLetters-1) Word[counter] = f;
}
/] Systemout.println( counter);
System out. println("\nThe words of the phrase " +
"with their indexes: ");
nWrds = counter +1

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

{
Systemout.printin(i +" " + Word[i]);
Pernmutation[i] = i;

}
}

/1A transposition is the interchange of
/] place between two itens.
private static void transposition()
{
int m=r.nextlnt(nWrds);
bool ean flag = fal se;
//Sites nmust be different
i nt n=0;
while(!(flag))
{ n =r.nextlnt(nWrds);
if ('(n=m) flag = true;
}
if (print) Systemout.println("Permuation of "
+ m+ " and " + n);
int k = Pernmutation[m;
Permutation[nm = Pernutation[n];
Pernmutation[n] = k;

}

/I Mxer: a sequence of transpositions creates variability.
/1 The output is encoded in a string, a chronosone.
private static String m xer(int nunber O Transp)

{

for(int i=0; i < nunberOTransp; i++ )
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transposition();

String v ="";
for(int i =0; i < nWrds; i++)
{

Integer e = Pernmutation[i];
v =v + e.toString();

}

return v;

//Wbrds in the sentence encoded by s are pernuted

private static String pernutate (String s)
{

nunber Wr ds(s) ;

/I Nunmber of transpositions

int n = nWrds;

return mxer(n);

}

[1String nunber s decoded into a phrase
private static String stringToPhrase(String numnber)
{
String phrase="";
for(int j=0;) < nunber.length();)++)
{
char s3 = numnber . char At (j);
int | Char act er. get Nuneri cVal ue(s3);
phrase = phrase + Word[I] + " ";

}

return phrase;

}

/! Decl arations and default initializations
/1l of other arrays.
private static void otherlnit( )

{
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Oder = newint[limt+1];
ReportMn = newint[limt+1];
ReportMax = new int[limt+1];
Fitness = newint[limt +1];
FitnessCopy = newint[limt +1];
for(int i =0; i< nlndiv; i++)
{

Order[i] =0;

ReportM n[i] =0;

Report Max[i] =0;

Fitness[i] = 0;

Fi t nessCopy[i] = O;
}
}

[/ An individual is a string that is a permutation
/I of anot her one.
private static String generatelndividual ()
{
/I Number of transpositions
i nt number Of Transp = r. next | nt(nWrds);
String ind = mxer(nunber O Transp) ;
return ind,

}

/= \W& generate nlndiv individuals (strings)
encodi ng for pernutations of 01234567 */
private static void Initialization( )
{
/I Formal decl aration of our array.
I ndi vidual = new String[linmit];
if (print) Systemout.println("OR G NAL POPULATI ON");
for(int i =0; i< nlndiv; i++)
{
if (print) Systemout.printin( "\ni =" +1i);
Individual [i]="";
/! Individual[i] is a string,
/[l it is a genotype that encodes a nunber,
/lits phenotype.
I ndividual [i] = generatelndividual ();
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if (print)
Systemout.printin(" =" + Individual[i] );
}
otherlnit();

}

/1 This method decodes the string into the entries
/1 of permutation[]
private static void stringToVector(String s)

{
for(int j =0; ] < nWrds;j++)

{
char ¢ = s.char At (j);
int | = Character.getNunericVal ue(c);
Permutation[j] =1;
}

}

/1 The fitness of each individual is found
private static void fitness(int gen)
{
/1 measure the error of individual[i]
/Iwith respect to the perfect one 01234567.
for(int i = 0; i< nlndiv; i++)
{
int error = 0;
for(int j =0; j < nWrds;j++)
{
char ¢ = Individual[i].charAt(j);
Integer e = j;
char d = (e.toString().charAt(0));
if (!(c ==d)) error++;

}

//The error defines the fitness: |ess error,
/!l more fitness.

[/ Maximal fitness = 0; mnimal = -1E10.
Fitness[i] = - error;



4.3. BATTLING COMPLEXITY 103

Fi t nessCopy[i] = - error;

if (print)
Systemout.println("i =" + i
+ " Individual =" + Individual[i]
+ " Error ="+ error
+ " Fitness" + Fitness|[i] );
if (error == 0)

{

CENERATI ON = gen;
ERROR = error;
SOLUTION = Individual [i];
FI TNESS = Fitness[i];
done = true;
}
if (print) Systemout.println();
}
}

/11 ndividuals are sorted by fitness
private static void sorting(int gen)
{
fitness(gen);
nBugs = O;
if (print) Systemout.println("\nSORTING');
i nt Chanp = 0O;
/1 Sorting by fitness.
for(int i = 0; i< nlndiv;i++)
{
[/ The i-th individual is picked out
for(int j = 0; j< nIndiv;]++)
if (Fitness[j] > Fitness[Chanp]) Chanp =j;
[/ The array Order classifies individuals by fitness
O der[i] = Chanp;

if (print)
{

Systemout.printin( i + "thind. is No "
+ Chanp + " " + Individual [Order[i] ]

+ " Fitness =" + Fitness[Chanp]);
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}

if (i == 0) newBestFitness = Fitness[ Chanp];
Fi t ness[ Chanp] = -10;

Champ = 0O;

} //end of for i

/1 Bug’s section

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

if (FitnessCopy[j] < FitnessCopy[Chanp]) nBugs++;

if (print) Systemout.println( "Nunber of bugs ="
+ nBugs) ;

nTot al BugsEcst asy = nTot al BugsEcstasy + nBugs;

bi gTot al Bugs = bi gTot al Bugs + nBugs;

Stringt = Individual [Oder[0] ];

gai nedFi t ness = newBest Fi t ness - ol dBest Fi t ness;

/[11f an evolutionary junp, an inprovenent in fitness,

/1is detected...

i f (gainedFitness > 0)

{
System out . println("\nGENERATION = " + gen);
Systemout.println(" Best solution" + 1t +

" ->" + stringToPhrase(t));
System out. print (" Generations needed for" +

" anewjunmp =" + nEcstasy);
Systemout.println(", with " + nTot al BugsEcst asy
+ " bugs");

Systemout.println("Ad best fitness "
+ ol dBest Fi t ness) ;
System out. println("New best fitness ="
+ newBest Fi t ness) ;
Systemout.println("Gained fitness =" +
gai nedFi t ness);
ol dBest Fi t ness = newBest Fi t ness;
nEcstasy = 1;
nTot al BugsEcstasy = 0;

}

el se

{

nEcst asy++;

}
} //End of sorting
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/I Each individual of the top ten
/1 produces 10 copies.
private static void Reproduction()

{
if (print)
System out. println( "Reproduction");
if (print)
Systemout.println( "The best =" + Order[0]);

I ndi vi dual c= new String[limt];
int counter = O;
for (int top = 0; top < 10; top++)
{
for(int j = 0; j< 10; j++)
{

I ndi vi dual c[ counter] = Individual [Oder[top]];
counter = counter +1
}
}
for(int j =
I ndi vi dual [j ]
}

0; j< counter; j++)
= Individualc[j];

/1 A a sequence of transpositions creates variability.
private static String nmutate(String s)
{

/1 Chronmosone s is transforned into vector Permutation[]
stringToVector(s);

[/ Mutate or not nutate

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

[lEntries in vector are subject to nutation

if ( p<nmtRate)

{

/[/Site of mutation is chosen at random

int site = r.nextlnt(nWrds);
[/ Effect of nmutation is chosen at random

i nt change = r.nextlnt(nWrds);

Pernmut ation[site] = change;
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}

[/ Vector is encoded into a chronpsone, a string.
String v ="";
for(int i = 0; i < nWrds; i++)

{

Integer e = Pernutation[i];

v = Vv + e.toString();

}

return v;

}

/1A nutation is Darw nian

//both the site of nutation and the change
/lare defined by randommess.

private static void Miutation()

{
for(int j = 1; j< nlndiv; j++)
{
Individual [j] = mutate( Individual[j]);
}
}

/1 Two strings reconbine and produce two of fspring.
private static void Reconbi nation()
{
for(int j = 50; j< nlndiv; j++4)
{
/1 Define place of recomnbination
int m= r.nextlnt(nlndiv);
int n = r.nextlnt(nlndiv);
String a = Individual [n];
String b = Individual [n];
int placeRec = r.nextlnt(nWrds);
Individual[mM = a.substring(0, placeRec)
+ b. substring( placeRec);
I ndi vidual [n] = b.substring(0, placeRec)
+ a.substring( placeRec);

}
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}

/I Master for a generation
private static void dynam cs(int gen)
{

//1ndividuals are sorted by fitness
sorting(gen);
[/ The top ten are preferentially reproduced
Repr oduction();
/1 The new popul ation is subjected to nutation
Mut ati on();
if (reconbinati on) Reconbi nation();

}

/1 The original ordered phrase is rebuilt
/by a genetic algorithm
/1 This programsinul ates a teacher that knows
//the answer and gui des their students
/lfor a better solution.
private static void restorePhrase()
{
System out . println("\n\nRunning ");
nlndiv = 70;
Initialization( ) ;
nGen = 5000000;
ol dError = 1000;
for(int gen = 1; ( gen <= nCGen) & (!(done)); gen++)

dynam cs(gen);

}
if (done)
{
System out. println("\nGENERATI ON = " + GENERATI ON +
" SOLUTI ON FOUND") ;
Systemout.println("ERROR = " + ERROR);
Systemout.println("SCLUTION = " + SOLUTI ON
+ " ->" 4+ stringToPhrase(SCLUTION) );
Systemout.println("FITNESS = " + FI TNESS) ;

System out. println("Nunber of generations ="
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+ GENERATI ON) ;
System out. println("Nunber of individuals " +

"per generation =" + nlndiv);
| ong total Cost = GENERATI ON * nl ndi v;
Systemout.println("Total cost =" +

"Nunber of Generations x " +

"number of individuals =" + total Cost);
Systemout.println("Big Total of bugs "

+ bi gTot al Bugs) ;

doubl e tC = total Cost,;

doubl e tB = bi gTot al Bugs;
Systemout.println("Normalized cost =" +
"Big Total of bugs/ Total cost ="
+tB/tQ;

}
}

public static void main(String[] args)
{
print = fal se;
reconbi nati on = true;
mut Rate = 0. 5;
Systemout. println("This programdi sorders a sentence"
+ " (with the help of transpositions,)"
+ " \nand reorders it by evolution "
+ "\'nusi ng random nut ati ons over the"
+ "\ nal phabet 0,1,2,3,4,5,6,7."
+ "\ nEvolution is Darwinian.\n");
System out. println("OR A NAL SENTENCE: ");
System out . printl n(phrase);
String p = pernutate(phrase);
Systemout. println( "\nCHALLENG NG DI SORDERED SENTENCE" +
" WTH I TS | NDEXATION : \n" );
Systemout.println( p +" ->" + stringToPhrase(p) );
restorePhrase();
}//End of main nethod

}

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

50 Exercise. Verify else reject the conclusions drawn by the Author imrdgvith
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previous programs: the mismatch metric produces an ewslaty environment
that solves the posed problem in less generations than therw, in which string
were transformed to numbers. Additionally, the total cogether with the relation
Big Total-of-bugs/Total-cost were lower for the mismataektno.

51 Selection according to creationism

Up to this very moment we have modeled selection as an ehtiyrewards
the best performance. Concretely, our scheme of reprastuassigned more pos-
sibilities to fitter individuals. This is theositive flavor of selection. Such a vi-
sion is akin to the insight according to which evolution gapgvards, heading for
progress. Nevertheless, there is a contrary vision thahtnig welcome by some
creationists The core of the protest could be formulated as follows:

Living beings were created perfect and therefore mutatem aeate variants
that behave as well as their parents else that perish or thies somehow.

This vision is best modeled byraegative flavor of selectionwhich might be
implemented in its simplest form as a probability of deathjol shall be higher
the worst is the fitness. A question immediately begins ta:span this type of
selection be used in applied evolution to solve problemstaugdide an evolution-
ary process from scratch to perfection? To study this questet us consider the
next code that implements a negative type of selection $ralsb proposed by the
demographic stand of understanding selection:

[/ Program Gb1 synt ax8

/1 This program shows one very sinple and

/linexorable law. if evolution can indeed find the answer,
/la price nust be paid: a |ot of bugs nust be nade,
/l'and therefore,

//a clear path towards perfection nust exist.

/I show here

/I'how | ong one is frozen in a | ocal m ni mum and

/I how many bugs evol uti on nmakes.

/W have a BUG each tinme that appears

//an offspring that is less fitted than their parents.
I

/I'We define fitness as minus the nunmber of m smatches
[l of given chronpbsone with respect to the optiml one.
11

/1 SELECTI ON | S NEGATI VE: the probability of death
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[ before reproduction is the higher the

/l/less is the fitness of the individual.

11

[/ Problemto solve:

[/IW mmc a gane that a teacher

/] proposes to her pupils:

/I A phrase is subject to a series of
//pernmutations of its words to end with a string
//with no nmeaning. Pupils must produce fromthis
[Istring the original sentence

//with correct neaning and syntax.

[/ The problemis solved by neans of DARW NI AN EVOLUTI ON,
/1in which selectionis the driving force of the
/' ensui ng evol uti onary process and

[/ mutation is random over the al phabet.

/1'l1n this case, selection is given by the teacher,
//who al ready knows the answer and can estimte
/' how good are the attenpts of the pupils.

/1 Styl e= gl obal vari abl es.

i nport java.util.Random

public class syntax8
{
private static String phrase =
"the problemis to have evolution to be easily evol vabl e";
private static int nLetters = phrase.length();
private static int nWrds;
/I The phrase is deconposed i n words
private static String[] Wrd = new String[100];
/I Words are nunbered. A disordered phrase is encoded
/lin a vector of digits, Permutation[], such that
[/ Permutation[i] indicates what word goes
/lat place i of the possibly disordered phrase.
private static int[] Perrmutation = new int[100];
[/ Turn on of the random gener at or
private static Randomr = new Random();
/I Mutation rate per synbol per generation
private static doubl e nmutRat e;
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/| ====Cenetic part of declaration of variabl es====
/1 Individuals are kept in the array

/1 Individual[]. It is an array of strings.

/ / Each indi vi dual encodes

//the pernmutation that it represents.

/1 The individual is a string that encodes for

/a nunber.

/! The nunber of individuals nust be
// less than limt.
static double zMax; static double N

static int linmt = 50000;

static int Fitness[];

static double FitnessCopy[];

static String Individual[ ], Individualc [];
/1 Actual nunber of individuals
static int nindiv ;

static int Oder[];

static String b;

static int generation;

static int nGen;

static int ReportMn[], ReportMax[];
static doubl e ol dError, newkrror;
stati c doubl e deltaError;

static bool ean print,test Encodi ng;

/] Qur observabl e that decl ares success.

static bool ean done = fal se;
stati c bool ean reconbi nati on;
stati c doubl e ERROR, FI TNESS;
static String SOLUTI ON,

static i nt GENERATI ON;

/I Nunber of generation with no progress
/I because of a local m ninum

static int nEcstasy = 1;

static int ol dBestFitness = -10;

static int newBestFitness 0;

/] Gai ned fitness

static int gai nedFitness;

111
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/I Nunmber of bugs during a generation
/1 (individuals whose performance i s worst
/[/than that of their parents).

static int nBugs 0;

/I Nunmber of bugs while expecting a junp
static int nTotal BugsEcstasy = 0;

static int bigTotal Bugs

/I Wbrds are recogni zed:
/1 They are kept

0;

they are separated by a space.
in a vector.

private static void nunmberWrds(String s)

f;

{
int counter = O;
String f ="";
for(int i = 0; i < nLetters; i++)
{
char d = s.charAt(i);
[/ Systemout.println(d);
if ('(d==" ")) f = f+d;
el se
{
Word[ counter] = f;
f="";
count er ++;
}
//1ast word
if (i == nLetters-1) Word[ counter]
}

/1 Systemout.println( counter);

Systemout. println("\nThe words of the phrase " +
"with their indexes: ");
nWords = counter +1
for(int i =0; i < nWrds; i++)
{
Systemout.println(i +" " + Wrd[i]);
Permutation[i] = 1i;
}
}
[l A transposition is the interchange of
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/] place between two itens.
private static void transposition()
{
int m= r.nextlnt(nWrds);
bool ean flag = fal se;
/1Sites must be different
int n=0;
while(!(flag))
{ n = r.nextlnt(nWrds);
if (!(n=m) flag = true;
}
if (print) Systemout.println("Pernuation of
+ m+ " and " + n);

int kK = Pernutation[ni;
Permutation[n = Pernutation[n];
Permut ation[n] = k;

}

/1M xer: a sequence of transpositions creates variability.
/1 The output is encoded in a string, a chronosone.
private static String mxer(int nunmber O Transp)

{

for(int i=0; i < nunberOrTransp; i++ )
transposition();
String v ="";
for(int i = 0; i < nWrds; i++)
{

Integer e = Pernmutation[i];
v =V + e.toString();

}

return v;

//Words in the sentence encoded by s are pernuted

private static String pernutate (String s)

{
nunber Wor ds(s) ;
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/I Nunmber of transpositions
int n = nWrds;
return mxer(n);

}

/[1String nunber s decoded into a phrase
private static String stringToPhrase(String number)
{
String phrase="";
for(int j=0;) < nunber.length();)++)
{
char s3 = numnber . char At (j);
int | Char act er. get Nuneri cVal ue(s3);
phrase = phrase + Word[I] + " ";

}

return phrase;

}

/! Declarations and default initializations
/! of other arrays.
private static void otherlnit( )
{
Oder = newint[linmt+1];
ReportMn = new int[limt+1];
ReportMax = new int[limt+1];
Fitness = newint[limt +1];
Fi t nessCopy = new double[limt +1];
for(int i =0; i< nlindiv; i++)
{
Oder[i] =0;
ReportM n[i] =0;
Report Max[i] =0;
Fitness[i] = O;
Fi t nessCopy[i] = O;
}
}

/1 An individual is a string that is a pernutation
/1 of anot her one.
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private static String generatelndividual ()
{
/I Nunmber of transpositions
i nt number O Transp = r. next | nt(nWrds);
String ind = m xer (nunber O Transp) ;
return ind;

}

[+ We generate nlndiv individuals (strings)

encodi ng for pernutations of 01234567 =*/

private static void Initialization( )

{

/I Formal decl aration of our array.

I ndividual = new String[limt];

I ndividualc = new String[limt];

if (print) Systemout.println("OR G NAL POPULATI ON');

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

{

if (print) Systemout.println( "\ni =" +1i);
I ndividual [i]="";

I ndi vidual c[i]="";
/! Individual[i] is a string,
/[l it is a genotype that encodes a nunber,
/lits phenotype.
I ndividual [i] = generatelndividual ();
if (print)
Systemout.printin(" =" + Individual [i] );
}
otherlnit();

}

/1 This met hod decodes the string into the entries
/1 of permutation[]
private static void stringToVector(String s)

{

for(int j =0; j < nWrds;j++)
{

char ¢ = s.charAt (j);

int | = Character.getNunericVal ue(c);
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Permutation[j] = 1|;
}
}

/1 The fitness of each individual is found
private static void fitness(int gen)
{
/I measure the error of individual[i]
[Iwith respect to the perfect one 01234567.
for(int i = 0; i< nlndiv; i++)
{
int error = 0;
for(int j =0; j < nWrds;j++)
{
char ¢ = Individual[i].charAt(j);
I nteger e = j;
char d = (e.toString().charAt(0));
if (!(c ==4d)) error++;

}

//The error defines the fitness: |ess error,
[/ nore fitness.

[/ Maximal fitness = 0; mnimal = -10.
Fitness[i] = - error;

Fi t nessCopy[i] = - error;

if (print)
Systemout.printin("i =" + i
+ " Individual =" + Individual[i]
+ " Error ="+ error
+ " Fitness" + Fitness[i] )
if (error == 0)

{

CENERATI ON = gen;

ERROR = error;

SOLUTION = Individual [i];
FITNESS = Fitness[i];
done = true;

}
i f (print) Systemout.println();
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[/l ndividuals are sorted by fitness
private static void sorting(int gen)
{

fitness(gen);

nBugs = O;

if (print) Systemout.println("\nSORTING');
i nt Chanmp = 0O;

/1 Sorting by fitness.

for(int i =0; i< nlndiv;i++)
{
[/ The i-th individual is picked out
for(int j = 0; j< nlndiv;j++)

if (Fitness[j] > Fitness[Chanp]) Chanmp = j;
/1 The array Order classifies individuals by fitness
Oder[i] = Chanp;

if (print)

{

Systemout.printin( i + "thind. is No "
+ Champ + " " + Individual [Order[i] ]

+ " Fitness =" + Fitness[Chanp]);

}
if (i == 0) newBestFitness = Fitness[ Chanp];
Fi t ness[ Chanp] = -10;
Champ = 0;

} //end of for i

/1 Bug’s section

for(int | = 0; j< nIndiv;j++)

if (FitnessCopy[j] < FitnessCopy[Chanp]) nBugs++;

if (print) Systemout.println( "Nunber of bugs ="
+ nBugs);

nTot al BugsEcstasy = nTot al BugsEcstasy + nBugs;

bi gTot al Bugs = bi gTot al Bugs + nBugs;

String t = Individual [Oder[0] ];

gai nedFi t ness = newBest Fi t ness - ol dBest Fi t ness;

/[11f an evolutionary junp, an inprovenent in fitness,
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//1s detected...
i f (gainedFitness > 0)

{
System out . println("\nGENERATION = " + gen);
Systemout.println(" Best solution" + 1t +

" ->" 4+ stringToPhrase(t));
System out. print (" Generations needed for" +

"anewjunp =" + nEcstasy);
Systemout.println(", with " + nTot al BugsEcst asy
+ mn bugsll);

n

Systemout.println("Ad best fitness =
+ ol dBest Fi t ness) ;
System out. println("New best fitness
+ newBest Fi t ness);
Systemout.println("Gained fitness =" +
gai nedFi t ness);
ol dBest Fi t ness = newBest Fi t ness;
nEcstasy = 1,
nTot al BugsEcstasy = O0;

}

el se

{

nEcst asy++;

}
} //End of sorting

/! Negative sel ecti on:
[/ The probability of dead is higher
//the lower is the fitness
private static void death()
{
//Fitness is rescal ed
double nmin 100;
doubl e max -100;
for(int j = 0; j< nlindiv;j++)
{
if (FitnessCopy[j] > max ) max = FitnessCopy[]j];
if (FitnessCopy[j] < mn ) nmn = FitnessCopy[j];
}
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/1
for(int j = 0; j< nlindiv;j++)
{
doubl e probDeath = -FitnessCopy[]j]/(max-mn) + max/ (nmax-mn);
/1 Systemout.println("ProbDeath = " + probDeat h);
doubl e p = r. next Doubl e();
if (p <=probDeath) Individual[j] ="";
}
}

/1A randomnot nil individual is chosen
private static int randomn ndiv()
{
bool ean cl oned = fal se;
int k = 0;
while (cloned == fal se)
{
kK = r.nextlnt(nlndiv);
if (!'(Individual[kK] ==""))
cloned = true;
}
if (print) Systemout.println("Coned from=" + k);
return k;

}

/1 The pre-popul ation of the new generation
/lis built with cl ones

[lof living individuals sanpled at random
//with replacenent.

private static void Reproduction()

{
if (print)
System out. println( "Reproduction");
if (print)
Systemout.println( "The best =" + Order[0]);

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

I ndi vidual c[j] = Individual [random ndiv()];
for(int j = 0; j< nlndiv; j++)

Individual [j] = Individual c[j];
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}

/I A a sequence of transpositions creates variability.
private static String nutate(String s)
{
/] Chronmosome s is transforned into vector Permutation[]
stringToVector(s);
/I Mutate or not nutate
doubl e p = r. next Doubl e();
[l Entries in vector are subject to nutation
if ( p <nutRate)
{
[/ Site of nutation is chosen at random
int site = r.nextlnt(nWrds);
[/ Effect of nutation is chosen at random
i nt change = r.nextlnt(nWrds);
Pernmut ati on[site] = change;
}

[/ Vector is encoded into a chronpsone, a string.
String v ="";
for(int i =0; i < nWrds; i++)

{

Integer e = Pernmutation[i];

v =v + e.toString();

}

return v;

}

[/ A nmutation is Darw nian

//both the site of nutation and the change
[/ are defined by randomess.

private static void Miutation()

{
for(int j =1; j< nindiv; j++)
{
Individual [j] = mutate( Individual[j]);
}

}



4.3. BATTLING COMPLEXITY 121

/1 Two strings reconbi ne and produce two of f spring.
private static void Reconbi nation()

{

for(int j =50; j< nlndiv; j++)
{

/I Define place of reconbination

int m= r.nextlnt(nlndiv);

int n = r.nextlnt(nlndiv);

String a = Individual [n];

String b = Individual [n];

i nt placeRec = r.nextlnt(nWrds);

I ndividual[mM = a.substring(0, placeRec)
+ b. substring( placeRec);

I ndi vidual [n] = b.substring(0, placeRec)

+ a. substring( placeRec);
}
}

/I Master for a generation
private static void dynam cs(int gen)
{
/1lIndividuals are sorted by fitness
sorting(gen);
[/ Differential death
deat h();
[/ The top ten are preferentially reproduced
Repr oduction();
/1 The new popul ation is subjected to nutation
Mut ati on();
i f (reconbination) Reconbination();

}

/1 The original ordered phrase is rebuilt

/by a genetic algorithm

[/ This programsimul ates a teacher that knows
/1the answer and gui des their students

//for a better solution.

private static void restorePhrase()

{
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Systemout. println("\n\nRunning ");

nlndiv = 70;

Initialization( ) ;

nGen = 5000000;

ol dError = 1000;

for(int gen = 1; ( gen <= nGen) & (!(done)); gen++)

dynam cs(gen);

}
if (done)
{
System out. println("\nGENERATION = " + GENERATI ON +
" SOLUTI ON FOUND") ;
Systemout.println("ERROR = " + ERROR);
Systemout. println("SCLUTION = " + SOLUTI ON
+ " ->" + stringToPhrase(SOLUTION) );
Systemout.println("FITNESS = " + FI TNESS);
System out. println("Nunber of generations ="
+ GENERATI ON) ;
System out. println("Nunber of individuals " +
"per generation =" + nlndiv);
| ong total Cost = GENERATI ON * nl ndi v;
Systemout.println("Total cost =" +
"Nunber of Generations x " +
"number of individuals = " + total Cost);
Systemout.println("Big Total of bugs "
+ bi gTot al Bugs) ;
doubl e tC = total Cost,;
doubl e tB = bi gTot al Bugs;
Systemout.println("Normalized cost =" +
"Big Total of bugs/ Total cost ="
+ tB/tC
}
}

public static void main(String[] args)

{
print = fal se;
reconbi nati on = true;
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mut Rate = 0. 5;
Systemout. println("This programdi sorders a sentence"
+ " (with the help of transpositions,)"”

+ " \nand reorders it by evolution

+ "\ nusi ng random nut ati ons over the

+ "\ nal phabet 0,1,2,3,4,5,6,7."

+ "\ nEvolution is Darwi nian.\n");
Systemout. println("OR A NAL SENTENCE: ");
System out. printl n(phrase);

String p = pernutate(phrase);
System out . println( "\nCHALLENG NG DI SORDERED SENTENCE" +
" WTH I TS | NDEXATION : \n" );
Systemout.println( p +" ->" + stringToPhrase(p) );
rest orePhrase();
}// End of main nethod

}

52 Exercise. Run the program and play with the code. Decide once and for
all times whether or not negative selection can guide eimiubwards perfection
beginning from scratch. If that is the case, Which type céct@ln is better for
applied purposes, positive or negative? What is your opirgibout the relevance

of the aforementioned creationist complaint?

"

53 Exercise. Randomness alone demands too much resources for solving com
plex problem. Selection alone without variability is alsgpkless. But randomness
that creates a great span of variability working togethethadelection form a mar-
velous duo that is capable of solving very complex probleswsd, what about
twisted randomness? Make an attempt to twist randomnessionby modifying
program syntax5, G39, pag 71. Hint: implement the directiz¢hinking well to
next make things in perfect form. This is possible becausaready know where

we want to arrive at.

4.4 Conclusion

To decide over the limits of evolution, we have chosen coriplas the suitable
referee which is endowed with a powerful insight: the genasnsoftware and
evolution is a software developer. Our simulations showlteshat are not against
the belief that evolution can solve all sort of optimizatigmoblems if only enough
time and resources are given. Nevertheless, the way as veeexgerienced the
heavy load of complexity is that a price must be inescapahbly:pa lot of bugs



124 CHAPTER 4. COMPLEXITY AS JUDGE

shall be committed and a clear path from imperfection togmtidn shall be easily
traced. So, one automatically tries to diminish the demdrabesst. In particular,
we have seen that one can play with different forms of meaguriness and that
one can also choose between the positive vs negative flabaedaxtion. They
are almost equally good for applied purposes but the negative is simpler to
implement. We have also withessed that twisted randommesassto be almighty
to solve problems of retro-engineering in which we alreadgvk the answer.



Chapter 5

The origin of species

Let us imagine a person that considers that he or she hasteneagpns to belief
that species of living beings on Earth were a result of eimtutHe also knows that
there are two flavors of evolution, the first is Darwinian, #eeond is Lamarck-
ian. The difference is that if evolution is Darwinian natuigfolds itself naturally,
without external help, while in Lamarckian evolution, natus somehow guided
to complexity and perfection by an outside force or intelfige that somehow in-
terferes with nature (Lamarck was alchemist).

Now, she or he asks her or himself: which model fits better & diata as the
fossil record?

54 Exercise. Let us imagine that we indeed appeared as a fruit of evolution
Earth:

1. Propose a simple and clear cut test to decide between D@awbr Lamar-
ckian evolution to explain our existence.

2. Lamarckism to be scientific needs a material mechanismwiti tandom-
ness. Can you see some hope in that respect?

3. Prove beyond doubts and criticisms that the Modern Iragonal Literature
relies neither on Lamarckian or Darwinian evolution but ofegk of clear
concepts. Which ones?

4. Does this discussion converts religions and creationigmscience?

125
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Chapter 6

Evolution without evolvability

Yes but not

55 PurposeAs a hard protest against those that consider that evolusdhe ob-

vious, tautological explanation of life in Earth, we preshere a clear illustration

of the fact that evolution is an idea that can be implementedad as desired.
Concretely, one can use evolution to solve a problem bubwith trace of evolv-
ability, i.e., without the less possibility of easy adajmatto a slightly modified
problem. A challenge is now clear: the evolvability of thegme, which is real,
is a marvel that deserves more than a cheap explanation.

6.1 Evolvability

The development of software is among the most difficult gmiees known to man.
A very natural and smart idea to diminish that difficultyr&use to use extant
software to develop further, possibly more complex prgjethe property of being
reusable is also known asolvability.

56 A difficult aim

Experience shows at every moment all around the world thalt/ahility is a
property of software that must be actively pursued and wbrka with wisdom,
knowledge, sweat and tears. So, it is at the very front of thsetrerucial and actual
problems of computing science (Martuffi, 2007). To underdtahat it is all about,
please, solve the next very easy task:

57 Exercise. Use the previous program, G46 syntax6, pag 81, that use Dar-
winian evolution to disorder and reorder each one of thedfeihg sentences:

127
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1. evolution can be implemented as bad as desired
2. the problem is to have evolution to be easily evolvable

3. one can use evolution to solve a problem but without a tedeolvability

We have witnessed that program G46 is broken to pieces bytarsenwith
more than 10 words. We see here that one can solve a problewohyien but
that the achieved solution could be so poor that it is unsigti solve even slightly
modified problems. That is why we say that evolution can bgmmmed as bad
as desired. This is a crude reality that most works are ipedita plagued with.

58 Evolving robustness

Let us make the necessary amendments in program G46 to é¢haldecep-
tance of input phrases with a number of words less than 100.

The problem we face is the following: a number in base 10 isething
like 34589012. This number is immediately encoded as thegs$4589012.
But to encode numbers in base, say, 13, we must use anothebalpbecause
{0,1,2,3,4,5,6,7,8,9} does not suffice. For base 13, the next alphabet might
be good: {0,1,2,3,4,5,6,7,8,9,a,b,c}. If we use this alphabet, we can solve
problems in base 13, and this idea can be easily adapted eprs in base 30.
And what about base 10000? We consider that the next ideanhptolves the
problem with base 13 but additionally opens the way to pnogaasolution with
whatever base. Thus, we are not only interesting in modifyavolving, a pro-
gram to achieve a new function but we aim at doing that in sughyathat coming
challenges could be more easily solved. Evolution alonap&dion to new tasks,
is not sufficient for us: evolvability is what we aim at. Theddis the following:

We need a new type @bdon(substring that encodes for an elementary object),
not with one digit but with two. Example for numbers in base fli® number 5
is encoded by the string 05. The number 23 is encoded as thg &8 and so
on until 99. The relation of this encoding with syntax, ouig& problem, is as
follows: 11052327 encodes for a phrase that contains inr dihdse words of the
original phrase whose numbers are 11, 5, 23 and 27. The pomég code
follows.

59 The code.

[ Program Gb9 synt axbl
[/ Thi s program shows one very sinple and
/linexorable law. if evolution can i ndeed find the answer,



6.1. EVOLVABILITY 129

[la price must be paid: a |ot of bugs nmust be nade,

/] and t herefore,

/[la clear path towards perfection must exist.

/I show here

/l'how | ong one is frozen in a | ocal m ni mum and

/I how many bugs evol uti on nmakes.

/W have a BUG each tinme that appears

//an offspring that is less fitted than their parents.
I

/I'\We define fitness as mnus the nunber of m smatches
/1 of given chronmosonme with respect to the optinmal one.
11l

/] Selection is negative: the probability of dead

[/ before reproduction is the higher the

/l/less is the fitness of the individual.

Il

/I Problemto solve:

//'\W mmc a gane that a teacher

/] proposes to her pupils:

/'l A phrase is subject to a series of

[l pernutations of its words to end with a string
//with no neaning. Pupils rmust produce fromthis
[lstring the original sentence

//with correct neaning and synt ax.

[/ The problemis solved by neans of

/ I LAMARCKI AN EVOLUTI ON,

[1in which evolution is hel ped with suitabl e cues.
//ln this case, selection is given by the teacher

[ Iwho al ready knows the answer and can estimate

/I how good are the attenpts of the pupils.

/1 Styl e= gl obal vari abl es.

Il

/ | Robust ness of the code agai nst perturbations

[lof the input is enhanced to dea

//with sentences with 100 words or |ess.

[/ This is done trying to enabl e EVOLVABI LI TY,

/li.e., facilitating the future adaptation of

//the code to digest phrases with nore than 100 words.

i mport java.util.Random
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public class syntaxbl
{
private static String phrase =
"one can use evolution to solve a problem" +
"but without a trace of evolvability";
private static String target ="";
private static int nLetters = phrase.length();
private static int nWrds;
/1 The phrase is deconposed i n words
private static String[] Wrd = new String[100];
/1A disordered sentence is just a pernutation of
/Ithe original one:
private static String[] Permutation = new String[ 100];
[/ Turn on of the random gener at or
private static Randomr = new Random();
[/ Mutation rate per synbol per generation
private static doubl e nutRate;

[l =====CGenetic part of declaration of variabl es=====
/1 Individuals are kept in the array

/1 Individual[]. It is an array of strings.

/ / Each indi vi dual encodes

/lthe perrmutation that it represents.

/1 The individual is a string that encodes for

/''a nunber.

/! The nunber of individuals nmust be
[/ less than limt.

stati c double zMax; static double N
static int limt = 50000;

static int[] Fitness;

static double[] FitnessCopy;

static String[] Individual, Individualc ;
[/ Actual nunber of individuals
static int nindiv ;

static int[] Order;

static String b;

static int generation;
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static int nGCen;

static int[] ReportMn, ReportMx;
static doubl e ol dError, newError

stati c doubl e del taError

static bool ean print,testEncoding;

/1 Qur observabl e that decl ares success.
static bool ean done = fal se;

stati c bool ean reconbi nati on

static doubl e ERROR, FI TNESS;

static String SOLUTI ON;

static i nt GENERATI ON;

/I Nunmber of generation with no progress
/I because of a local mninmm

static int nEcstasy = 1;
static int ol dBestFitness
static int newBestFitness
/] Gai ned fitness

static int gainedFitness;
/I Number of bugs during a generation

/1 (individuals whose performance i s worst
//than that of their parents).

static int nBugs = O;

/I Nunmber of bugs while expecting a junp
static int nTotal BugsEcstasy = 0;

static int bigTotal Bugs = O;

-100;
0;

[/ Words are recogni zed: they are separated by a space.
/'l They are kept in a vector.

private static void nunmberWrds(String s)

{

int counter = O;
String f ="";
for(int i = 0; i < nLetters; i++)
{
char d = s.charAt(i);
/1 Systemout. println(d);
if ('(d==" ")) f = f+d;
el se
{
Word[ counter] = f;
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f=""
count er ++;
}
//1ast word
if (i == nLetters-1) Wrd[counter] = f;
}
/1 Systemout.println( counter);
Systemout. println("\nThe words of the phrase " +
"with their indexes: ");
nWords = counter +1;

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

{
Systemout.printin(i +" " + Word[i]);
Integer e = 1i;

String h = e.toString();
if (h.length() == 1) h =0 +h;

Permutation[i] = h;
target =target + h;
}
Systemout.println("Target = phrase is " +
"encoded in a chronosone = " + target);
}

/1A transposition is the interchange of
/] pl ace between two itens.
private static void transposition()
{
int m=r.nextlnt(nWrds);
bool ean flag = fal se;
[/ Sites nmust be different
i nt n=0;
while(!(flag))
{ n =r.nextlnt(nWrds);
if ('(n=m) flag = true;
}
if (print) Systemout.println("Permuation of "
+ m+ " and " + n);
String k = Pernutation[m;
Pernutation[n] = Pernutation[n];
Pernmut ation[n] = k;
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}

/1M xer: a sequence of transpositions creates variability.
/1 The output is encoded in a string, a chronosone.
private static String mxer(int nunmberOf Transp)

{

for(int i=0; i < nunberOTransp; i++ )
transposition();
String v = "";
for(int i =0; i < nWrds; i++)
{

String e = Pernmutation[i];
v =v + e.toString();
}

return v;

}

/IWords in the sentence encoded by s are permnuted

private static String pernutate (String s)
{

nurmber Wor ds( s) ;

/I Nurmber of transpositions

int n = nWrds;

return mxer(n);

}

[1String nunber is decoded into a phrase
private static String stringToPhrase(String s)
{
String phrase="";
for(int j=0;] < nWords;j++)
{
char sl s. char At (2+));
int pl = Character.getNunericVal ue(sl);
sl = s. char At (2*) +1);



134 CHAPTER 6. EVOLUTION WITHOUT EVOLVABILITY

int p2 = Character.getNunericVal ue(sl);

i nt number = pl*10 + p2;

if (print) Systemout.println( "nunber =" + nunber);
phrase = phrase + Word[ nunber] + " ";

}

return phrase;

}

/! Decl arations and default initializations
/1 of other arrays.
private static void otherlnit( )
{
Oder = newint[limt+1];
ReportMn = new int[limt+1];
ReportMax = new int[limt+1];
Fitness = newint[limt +1];
Fi t nessCopy = new double[limt +1];
for(int i = 0; i< nlndiv; i++)
{
Order[i] =0;
ReportM n[i] =0;
Report Max[i] =0;
Fitness[i] = 0;
Fi t nessCopy[i] = 0;
}
}

[1TAn individual is a string that is a permnutation
/1 of anot her one.

private static String generatelndividual ()
{

/ I Nunber of transpositions

i nt number O Transp = r. nextlnt (nWrds);

String ind = mxer(nunmber O Transp) ;

return ind,

}

[+ W generate nlndiv individuals (strings)
encodi ng for pernutations of 01234567 =/
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private static void Initialization( )
{
[/ Formal declaration of our array.
I ndi vidual = new String[limt];
I ndividualc = new String[limt];
if (print) Systemout.println("OR G NAL POPULATION');
for(int i =0; i< nlindiv; i++)
{
if (print) Systemout.println( "\ni =" +1i);
Individual [i]="";
I ndi vidual c[i]="";
/1l Individual[i] is a string,
/[l it is a genotype that encodes a nunber,
/lits phenotype.
I ndividual [i] = generatelndividual ();
if (print)
Systemout.println(" =" + Individual [i] );
}
otherlnit();

}

/1 This method decodes the string s into the entries
//of pernutation[]. Letters are taken by pairs.
private static void stringToVector(String s)

{

if (print) Systemout.printin("s =" + s);
for(int j =0; j < nWrds;j++)
{

String t = s.substring(2xj, 2*j + 2);

Pernmutation[j] =t;

if (print) Systemout.println("t =" +t);
}

}

/1 The fitness of each individual is found
private static void fitness(int gen)

{

[ We neasure the error of individual[i]
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[Iwith respect to the perfect one 01234567.
for(int i = 0; i< nlndiv; i++)
{
int error = 0;
String s = Individual [i];
if (print) Systemout.println( "s =" + s);
for(int | =0; j < nWrds;j++)
{
String a = s.substring(2«j, 2*xj + 2);
String b = target.substring(2«j, 2+« + 2);
if (print) Systemout.println( "a=" +a+" b ="+ b);
if (!'(a.equals(b))) error++

}

//The error defines the fitness: |ess error,
[/ nore fitness.

[/ Maximal fitness = 0; mnimal = -10.

Fitness[i] = - error;

Fi t nessCopy[i] = - error;

if (print)

Systemout.printIn("i =" + i
+ " Individual =" + Individual[i]
+ " Error ="+ error
+ " Fitness" + Fitness[i] );
if (error == 0)

{

CENERATI ON = gen;

ERROR = error;

SOLUTION = Individual [i];

FITNESS = Fitness[i];

done = true;

}
if (print) Systemout.println();
}

}

//1ndividuals are sorted by fitness
private static void sorting(int gen)
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fitness(gen);
nBugs = O;
if (print) Systemout.println("\nSORTING');
i nt Champ = 0O;
/1 Sorting by fitness.
for(int i = 0; i< nlndiv;i++)
{
[/ The i-th individual is picked out
for(int j = 0; j< nlndiv;j++)
if (Fitness[j] > Fitness[Chanp]) Chanp = j;
/1 The array Order classifies individuals by fitness
Order[i] = Chanp;

if (print)

{

Systemout.printin( i + "thind. is No "
+ Champ + " " + Individual [Order[i] ]

+ " Fitness = " + Fitness[Chanp]);

}
if (i == 0) newBestFitness = Fitness[Chanp];
Fi t ness[ Chanp] = -10;
Champ = 0;

} //end of for i

//Bug’'s section

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

if (FitnessCopy[j] < FitnessCopy[Chanp]) nBugs++;

if (print) Systemout.println( "Nunber of bugs ="
+ nBugs);

nTot al BugsEcstasy = nTotal BugsEcstasy + nBugs;

bi gTot al Bugs = bhi gTot al Bugs + nBugs;

Stringt = Individual [Order[0] ];

gai nedFi t ness = newBest Fi t ness - ol dBest Fi t ness;

//1f an evolutionary junp, an inprovenent in fitness,

/1is detected...

i f (gai nedFitness > 0)

{
Systemout. println("\nGENERATION = " + gen);
Systemout.println(" Best solution" +t +

" ->" 4+ stringToPhrase(t));
System out. print (" Generations needed for" +
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"anewjunp =" + nEcstasy);
Systemout.printin(", with " + nTotal BugsEcst asy
+ " bugs");

"

Systemout.println("Ad best fitness
+ ol dBest Fi t ness);
System out. println("New best fitness =
+ newBest Fi t ness) ;
Systemout.println("Gained fitness =" +
gai nedFi t ness);
ol dBest Fi t ness = newBest Fi t ness;
nEcstasy = 1;
nTot al BugsEcstasy = 0;

}

el se

{

nEcst asy++;

}
} //End of sorting

/I Negative sel ection:

/1 The probability of dead is higher,
[/the lower is the fitness

private static void death()

{

//Fitness is rescal ed

doubl e m n = 100;

doubl e max = -100;

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

{
if (FitnessCopy[j] > max ) nmax = FitnessCopy[j];
if (FitnessCopy[j] < mn ) mn = FitnessCopy[j];

}

11

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

{
doubl e probDeath = -FitnessCopy[j]/(max-m n) + max/(nmax-mn);
/1 Systemout.println("ProbDeath = " + probDeath);

doubl e p = r. next Doubl e();
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if (p <=probDeath) Individual[j] ="";

}
}
/1A randomnot nil individual is chosen
private static int randomn ndiv()
{
bool ean cl oned = fal se;
int k = 0;
while (cloned == fal se)
{
k = r.nextlnt(nlndiv);
if (!'(Individual[K] ==""))
cloned = true;
}
if (print) Systemout.println("doned from=" + k);
return k;
}

/I The pre-popul ati on of the new generation
/1is built with clones

/1of living individuals sanpled at random
[Iwith repl acenent.

private static void Reproduction()

{
if (print)
System out. println( "Reproduction");
if (print)
Systemout.println( "The best =" + Order[0]);
for(int j =0; j< nlndiv; j++)
I ndi vidual c[j] = Individual [random ndiv()];

for(int j = 0; j< nindiv; j++)
Individual [j] = Individualc[j];
}

/1 A a sequence of transpositions creates variability.
private static String mutate(String s)
{

/I Chronmosome s is transforned into vector Permutation[]
stringToVector(s);
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[/ Mutate or not nutate
doubl e p = r. next Doubl e();
[l Entries in vector are subject to nutation
if ( p<nutRate)
{
//Site of nutation is chosen at random
int site = r.nextlnt(nWrds);
[/ Effect of mutation is chosen at random
| nt eger change = r.nextlnt (nWrds);
String h = change.toString();
if (h.length() == 1) h ="'0 +h;
Permutation[site] = h;
}
[/ Vector is encoded into a chronbsone, a string.
String v ="";
for(int i =0; i < nWrds; i++)
{
String h = Pernutation[i];
v = Vv + h;
}

return v;

}

[/ A nmutation is Darw nian

//both the site of nmutation and the change
[/ are defined by randomess.

private static void Miutation()

{
for(int j = 1; j< nIndiv; j++)
{
I ndividual [j] = nutate( Individual[j]);
}
}

/1 Two strings recombine and produce two of fspring.
private static void Reconbi nation()

{
for(int j =50; j< nindiv; j++)
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{
/I Define place of reconbination
int m= r.nextlnt(nlndiv);
int n = r.nextlnt(nlndiv);

String a = Individual [n];
String b = Individual [n];
int placeRec = r.nextlnt(2*xnWrds);
I ndividual[mM = a.substring(0, placeRec)
+ b.substring( placeRec);
I ndi vi dual [n] = b.substring(0, placeRec)
+ a.substring( placeRec);

}
}

/I Master for a generation

private static void dynam cs(int gen)

{
/1l ndividuals are sorted by fitness
sorting(gen);
[/ Differential death
deat h();
[/ The top ten are preferentially reproduced
Repr oduction();
/1 The new popul ation is subjected to nmutation
Mut ati on();
if (reconbination) Reconbination();

}

/1 The original ordered phrase is rebuilt
/by a genetic algorithm
/1 This programsinul ates a teacher that knows
//the answer and gui des their students
//for a better solution.
private static void restorePhrase()
{
System out. println("\n\nRunning ");
nlndiv = 70;
Initialization( ) ;
nGen = 5000000;
ol dError = 1000;
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for(int gen = 1; ( gen <= nCen) & (!(done)); gen++)
{

dynam cs(gen);

}
i f (done)
{
System out. println("\nGENERATION = " + GENERATI ON +
" SOLUTI ON FOUND") ;
Systemout.println("ERROR = " + ERROR);
Systemout.println("SCLUTION = " + SOLUTI ON
+ " ->" + stringToPhrase(SCLUTION) );
Systemout.println("FITNESS = " + FI TNESS);
System out. println("Nunber of generations ="
+ GENERATI ON) ;
System out. println("Nunber of individuals " +
"per generation =" + nlndiv);
| ong total Cost = GENERATI ON * nl ndi v;
Systemout.println("Total cost = " +
"Nunber of Generations x " +
"number of individuals =" + total Cost);
Systemout.println("Big Total of bugs "
+ bi gTot al Bugs) ;
doubl e tC = total Cost;
doubl e tB = bi gTot al Bugs;
Systemout.println("Normalized cost = " +
"Big Total of bugs/ Total cost ="
+tB/tCQ;
}
}

public static void main(String[] args)
{
print = fal se;
reconbi nati on = true;
mut Rate = 0. 5;
Systemout. println("This programdi sorders a sentence"
+ " (with the help of transpositions), \n"
+ "and reorders it by evolution \n"
+ "using random nut ati ons over the \n"
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+ "al phabet 0,1,2,3,...,n, \n"
+ "where n is the number of words \n"
+ "of the sentence. \n"
+ "\ nEvolution is Darwinian.\n");
System out. println("OR G NAL SENTENCE: ");
System out. printl n(phrase);
String p = pernutate(phrase);
Systemout . println( "\nCHALLENG NG DI SORDERED SENTENCE" +
" WTH I TS | NDEXATION : \n" );
Systemout.printiln( p +" ->" + stringToPhrase(p) );
rest or ePhrase();
}//End of main nethod

}

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

61 Exercise. The previous code solves a problem with the help of Lamarck-
ian evolution. Clearly explains why it is not Darwinian. Ré#ichat evolution is
Darwinian when mutation is random over the alphabet diaddig reproduction.

62 Exercise. Program G51 syntax8, pag 109, solves syntax by Darwiniafuevo
tion. Make the necessary modifications to extend robusexggast variations of
the input to accept phrases with 100 words or less. VerifyyErswinian evolution
is by far slower than the Lamarckian. For applied purposes ases to say that
evolution can be implemented as bad as desired. As we sewijridam evolution
might be a candidate for the worst way of implementing eimiutt is astonishing
that the International Literature teaches that speciesuamby Darwinian evolu-
tion. In general, all simulations of evolution, in genetigarithms and in genetic
programming (the design of software by means of evolutiom)l.amarckian and
are oriented by refined mathematical ideas or by powerfurisgas that may be
hidden just in the way as one chooses the alphabet of thet@may environment.
Thus, applied evolution is a very difficult art that is wortlcaeer for a life.

63 Exercise. We have passed, with a good doses of difficulty, from a program
that accepts sentences with less than 10 words to anotheatitepts sentences
with a maximum of 100. And this kind of robustness was prahtisdiad been
devised with evolvability (the quality of being easily nfiadhle to solve related
but more complex problems). How to achieve evolvabilitynie of the crucial
problems of computing science. This is due to the fact thatldping software

is just going over corrections after corrections that geatermore corrections. In
ordinary life, evolvability might be a case of good luck. @ol at a concrete case,
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modify program G59 syntaxbl, page 128, to accept phrasegbenparagraphs,
with more than 100 words. Decide whether or not our progran® @#akes an
evolvable branch.

64 Challenge. Generalize the program that solves syntax to one that as@ept
sentence with whatever number of words.

65 Ruling out Lamarckian evolution

We have contended that life on Earth cannot be explained bwibian evo-
lution because there is no trace of evolution towards coxitglevith the expected
long path paved with every sort of malformations and malfians. Now, Does
somebody has something to say about the proposal that |ifeaapd as a fruit of
Lamarckian evolution? Yes, we do. We have a lot of experievite Lamarckian
evolution:

Software development by human beings, with or without campguassistance,
always involves an evolutionary process in which compieidtbuilt following a
very hard path paved in bugs. One can say that the closedy realb human
software designer is a permanent head to head collision lwitjs. The ensuing
evolutionary process classifies as Lamarckian since evevgloper does his or
her best to improve productivity. So, our experience witlmbackian evolution
that deals with complex design is that it is plagued with bugge is among the
most complex marvels that exist or may exist. Thus, if ongoesps that life on
Earth was the fruit of a helped evolutionary process, onet @xj@ect a very rich
record of bugs whose fixing generates more bugs. These afeurat neither in
the fossil record nor in extant populations.

We conclude that the argument of bugs falsifies as the Daawias the Lamar-
ckian theories of evolution relying on an evolutionary m@se run on the Earth.
Our arguments can be extended to falsify most sorts of omath because hu-
mans are very smart creators but nevertheless they cansighdmftware without
committing mountains of bugs whose correction generatesrbogs.

66 The mystery of life
Life is the epitome of evolvable software. Its evolvabilisyso immense that it
is considered in many circles that the obvious explanatidifeois that it arouse

by evolution and that to challenge this premise is insane.

Anymore.
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There is more pleasure for the mind in thinking of life as a tagsthan in
accepting cheap explanations based on Darwinian or Lanaarekolution. Now,
what is a mystery? A mystery is a mystery than can only beditlg a greater
mystery.

6.2 Conclusion

Evolution is a tool to solve every kind of problems. But actog to modern
standards this is anymore sufficient: we need evolvabletisnki that are those
that are easily adapted to solve more complex problems. riexpe shows that
this is usually not the case: one one side, evolution can dgrammed as bad as
desired and on the other, most solutions are not evolvalde, e is the epitome
of a bunch of evolvable solutions, a marvel that wondersyeegpert without a
single exception: Where does it come from? We can say wittaiogy that it
did not appear by Darwinian or Lamarckian (helped) evolutiecause there is no
track of malfunctions or malformations neither along thesibrecord nor in extant
populations. So, life is a mystery. In recognizing this, thind attains peace
because a mystery can only be killed by a greater mystery.
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Chapter 7

Hearts and minds

Lamarck, Darw n, Mendel. ..

7.1 Introduction

Science is a project to which one contributes with the bekbagh some contri-
butions are more appreciated than others. In regard wittiottmeulation of the
Evolutionary Theory, Lamarck will share with Darwin a pnefetial site (Rens,
2009). The work of Mendel sparked the research of the mesimaof inheritance,
thanks to which the theory has been reformulated in a comphetterialist basis.
We contend that the vision of Lamarck was enlightened by éia as a spiritual-
ist credo, that Mendel inaugurated creationism and thaEtlwdutionary Theory of
the modern international scientific literature is a flaw. #a heart of our discussion
we posit the concept dvisted randomness

7.2 The transformism of Lamarck
The first person that tried to formulate a scientific evoludicy theory was Lamarck.
67 Reinventing Lamarck

Lamarck (1744-1829) is difficult to understand (compare 1300002, pags
170-192). The problem is that his writings were addressgetple in the nascent
science with their demands on objectiveness and logicabriéiag while his ideas
were illuminated with alchemy. This connection is cleatted in hisRecherches
sur les causes de principaux faits physiques, Tome prehi®4), where he or-
ganizes his perception of reality around the Earth, the N¥Vdte Air and the Fire.

147
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We can witness how alchemy enters into his mechanisticaignted thought if
we pay attention to the next remarks of Rkilosophie zoologique (1809)Ag
398-400

1) que toute I’ opration de la nature pour former seséations directes, con-
sistea organiser en tissu cellulaire les petites masses deamatglatineuse ou
mucilagineuse qu’ elle trouva sa disposition et dans des circonstances favor-
ables; a remplir ces petites masses celluleuses de fluides corésnaleta les
vivifier en mettant ces fluides contenables en mouvemérdide des fluides sub-
tils excitateurs qui y affluent sans cesse des milieux envéaos;

2) que le tissu cellulaire est la gangue dans laquelle toutawisation a
éte formee, et au milieu de laquelle les @ifens organes se sont successivement
dévelopjes, par la voie du mouvement des fluides contenables qui adugite-
ment modif ce tissu cellulaire;

3) qu’ effectivement, le propre du mouvement des fluides ldansarties sou-
ples des corps vivans qui les contiennent, est de s’ y fragemralutes, des lieux
de cepbt et des issues; d' y éer des canaux, et par suite des organes divers; d'y
varier ces canaux et ces organ&saison de la diversé, soit des mouvemens, soit
de la nature des fluides qui y donnent lieu et qui s’ y modifiemifin, d’ agrandir,

d’ allonger, de diviser et de solidifier graduellement ceraax et ces organes par

les materes qui se forment et searent sans cesse des fluides essentiels quiy sont
en mouvement; maties dont une partie s’ assimile et s’ unit aux organes, wndi
qgue I autre est rejéte au dehors;

4) gqu’ enfin, le propre du mouvement organique est, non-seéde évelopper
I' organisation, d’étendre les parties et de donner liali accroissement, mais en-
core de multiplier les organes et les foncticlsemplir. Apies avoir expos ces
grandes consigrations qui me semblent gsenter deséarités incontestables, et
cependant jusqua ce jour inapercues, j'examinerai quelles sont les fasittom-
munesa tous les corps vivans, et c@mgiemmend tous les animaux ; ensuite je
passerai en revue les principales de celles qui s@aessairement particéiesa
certains animaux, les autres ne pouvant nullemenétem doks. J' ose le dire,
¢’ est un abus #&s-nuisiblea I' avancement de nos connoissances physiologiques,
gue de supposer incon&ékment que tous les animaux, sans exception goless
les mémes organes et jouissent dedmes facults; comme si la naturetoit forcée
d’ employer partout les &mes moyens pour arrivér son but. [&s que, sans
s’arrétera la consicration des faits, il n’ en date que quelques actes de I' imag-
ination pour céer des principes, que ne suppose-t-on de suite que tousries c
vivans posadent @réralement les @mes organes, et jouissent en dagence des
mémes facults? Un objet que je n’ ai padichégliger dans cette seconde partie de
mon ouvrage, est la conghtion des ésultats imradiats de la vie dans un corps.
Or, je puis faire voir que cesésultats donnent liea des combinaisons entre des
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principes qui, sans cette circonstance, ne se fussent gaoras ensemble. Ces
combinaisons se surchargenéme de plus en plug, mesure que [energie vitale
augmente; en sorte que, dans les animaux les plus parfiés,a@frent une grande
complication et une surcharge conéidble dans leurs principes com@s Ainsi
les corps vivans constituent, par le pouvoir de la vie qupits£dent, le principal
moyen que la nature emploie pour faire exister une multitigleomposs diferens
qui n’ eussent jamais eu lieu sans cette cause remarquable.

Lamarck command somewhere to interpret this and relateshpas following
a clean materialistic frame (pag 453):

Que lavie en elle-&me n’est qu’un pdnongéne physique, qui donne graduelle-
ment lieua beaucoup d’autres, et quésulte uniguement des relations qui existent
entre les parties contenantes et appréas d’'un corps, les fluides contenus qui y
sont en mouvement, et la cause excitatrice des mouvemees eéi@hgemens qui
s’y operent.

but the problem is that he nowhere explains exactly the eatfithe factor that
excites corporal fluids. Why? Given his alchemist orientgtiwe must conclude
that that happens because he considers that fluids are thefiiattion of a Wa-
ter as a cosmic power: please, read again these two quatdtmm the stand of
Alchemy and look there for Water, Fire and Terra. Next add(Airthe respiration
of every living being) to close the sacred square of the 4 efém

So, Lamarck should had filtered his true beliefs to projeetrttdown to sci-
ence. The result was not a highly clear one. Let us invite angicuction of his
thoughts, just to understand his heart.

The history of alchemy boils down to Aristotle (300 BC), whithared to the
by that time current belief that there are only four fundatakelements: fire, air,
water and earth (Lienhard, 1997).

Contrary to modern chemistry, alchemy was not a mateii@hgsion but an
spiritualist one. To learn about this, we have two sourcdse Emerald Tablet
of Hermes (The Alchemy Web Site, 2011) and the Kybalion (Thee€ Initiates,
1908). To reconstruct Lamarck, we find it suitable to rely anawn interpretation
of the second, which is a book that presumingly containseheltings of spiritual
masters from Egypt and Greece, and that guided through ages schools of
hidden spiritualism. Our considerations follow:

Te first truth is that the universe is not material but ratihés mental:all the
phenomenal world or universe is simply a Mental CreationldETALL, subject to
the Laws of Created Things, and that the universe, as a whakkjn its parts or
units, has its existence in the Mind of THE ALL, in which MirelYive and move
and have our being.(The Kybalion, pag 9).
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Given that the ALL is mind and that the Universe is mental,ghsuing preoc-
cupation is to decide how we will judge about spiritual tling which the mind
governs, being that we are so material. The solution is giethe principle of
Correspondence:

As above, so below; as below, so above.

This principle enables us to reason about the ALL, natureigtedd, on a secure
background: all we need is to look attentively. This priheiplso allows us to
study the material plane of existence as if it were isolatethe other planes.
So, the purest materialism does not contradict ancientomisdt just explores
one plane of the All and so Lamarck made his best to impulsenmaésm and to
combat vitalism. Nevertheless, one must not deceive onabelater and fluids
are the cause of life on the material plane, it is just bec&\ster + Fire are the
source of life in the spiritual one.

Now, the material plane and the spiritual one go shouldenaoalsler, although
in a tempered interaction such as it is prescribed by theiptim of Vibration that
tells us that

Nothing stands still, everything moves, evolves, evergthibrates.

It might be argued that the Principle of Vibration predictghintum mechanics
as early as 2000 years ago. The problem is that the principlib@tion is qual-
itative but qguantum mechanics is quantitative: there diiaiialy many different
forms of quantum mechanics while only some ten to twenty gegusmake sense
in the quantum mechanics obeyed by nature but none of thaskedea predicted
by ancient wisdom.

On the other hand, if everything moves and evolves, robutiidrare best built
of processes rather than on stable structures. So, a doetsiout the origin of life
must have at its very heart the feeling of evolution and ohgea In fact, Lamarck
proposed his transformism to explain the complexity anédity of life: since life
begets life and complex life is the only source of comple, ldénd given that there
are varying degrees of complexity among living beings, ariees to transformism
or evolution as a logical necessity.

Evolution is the product of two main contrary forces, such @swritten in the
principle of Polarity:

Everything is the result of the struggle between two forbes dpposite one
another.

So is life, which can be understood as the result of the skeuiggtween Sim-
plicity and Complexity. But, beware, the material versidrSamplicity amounts
to the most simple organisms that arise spontaneously. Nevexists because
the very essence of the All is to beget things like it itselEh as it is said by the
principle of Generation, which by the principle of Polaritges to appear in two
forms that are universally called masculine and femininée $truggle between
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simplicity and complexity has various solutions which dre tliverse species and
that unfold in time: so we have evolution along time from dligity to complexity.
This happens not by chance, becatlsse is nothing left to chancas the princi-
ple of Cause and Effect reads, but with Rhythrith measured motion between
possibly many pairs of extrem#sat try to enrich the process of the generation of
life.

We see that a rather interesting ideology was transmitteskbget loggias. So,
we must ask ourselves: why did they need to remain secret?rédson is that
if one believes this credo to full terms, one must concludejristance, that God
and Satan are the two dominant poles that govern the unéplolirthe All and
that the first has no sense without the second because theibt distinguish
them apart. All this is contrary and insulting to dominariigiens, Christianity,
Islam and Judaism, according to which God is good and holydyery essence.
Moreover, Alchemy just makes Satan equal to God, an equé#tamnunveils the
longing of Satan to be worshiped just as God is.

On the other hand, the principle of correspondence invitesto investigate
(pag 386-388):

Ce sont, sans doute, des objets bien importans, que ceuxcdercher en
quoi consiste ce qu’ on nomme la vie dans un corps ; quellesissrconditions
essentielles de I' organisation pour que la vie puisse existjuelle est la source
de cette force singwre qui donne lieu aux mouvemens vitaux tant qudt de
I organisation le permet ; enfin, comment les &iféins pénonénes qui ésultent
de la pesence et de la dae de la vie dans un corps peuvent sém, et donner
a ce corps les facuds qu’ on y observe ; mais aussi, de tous les grnotds que
I' on puisse se proposer, ce sont, sans contredit, ceux auilee plus difficilesaa
résoudre. llétoit, ce me semble, beaucoup plusaie dterminer le cours des
astres obsem®s dans I’ espace, et de recoiitne les distances, les grosseurs, les
masses et les mouvemens desétiasqui appartiennent au sgate de notre soleil,
que de ésoudre le prol@me relatifa la source de la vie dans les corps qui en sont
dowes, et, consquemmeng I’ origine ainsi qu’a la production des diffrens corps
vivans qui existent.

Quelque difficile que soit ce grand sujet de recherches,itésudtés qu’ il nous
présente ne sont point insurmontables ; car il n’ est questilams tout ceci, que
de plenongnes purement physiques. or, il ésident que les @imongnes dont il
s’ agit ne sont, d’ une part, que legsultats directs des relations de @ittns corps
entre eux, et que les suites d’ un ordre et d’&@tat de choses qui, dans certains
d’ entre eux, donnent liea ces relations; et de I' autre part, qu’ ilsesultent de
mouvemens exéis dans les parties de ces corps, par une force dont il esippess
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d’ apercevoir la source.

In that line, and keeping in mind that the evolutionary pscis by its essence
an spiritual process intertwining simplicity and comptgxiwe ask: how would
the evolutionary process be perceived from our materialgtaLamarck saw, as
every human beings sees, that making corrections leadsjésticadeeds and so he
proposed that nature has a mechanism to make correctiongptove life. Now,
we correct precisely what we need and we trow away what we tloeed. So is
Nature. His introduction of this theme is both simple and sma

a la verite, depuis assez long-temps on a remartjunfluence des diffrens
états de notre organisation sur notre carar, nos penchans, nos actions, éme
nos ickes ; mais il me semble que personne encore n’ a fait dtnenzelle de nos
actions et de nos habitudes sur notre organisaticémma. (Lamarck, 1809, pag
243).

Next, he invites us to recognize that the organization iggda to the milieu
and is modified by habits (l.c., 250).:

Ceux qui ont beaucoup obsérnet qui ont consLétles grandes collections, ont
pu se convaincre qu mesure que les circonstances d’ habitation, d’ expositien
climat, de nourriture, d’ habitude de vivre, etc., viennarmhanger ; les caraétres
de taille, de forme, de proportion entre les parties, de eaylde consistance, d’
agilité et d’ industrie pour les animaux, changent proportionereiént.

Ce que la nature fait avec beaucoup de temps, nous le faisossés jours,
en changeant nousémes subitement, par rappartun \eggtal vivant, les circon-
stances dans lesquelles lui et tous les individus de s@tese rencontroient. Tous
les botanistes savent que lesgetaux qu’ ils transportent de leur lieu natal dans
les jardins pour les y cultiver, y subissent @epeu des changemens qui les rendent
a la fin meconnoissables. Beaucoup de plantés4velues naturellement, y devien-
nent glabres, o peu pes; quantié de celles quétoient couckes et trénantes, y
voient redresser leur tige ; d’ autres y perdent leégsnes ou leurs agpités ; d’
autres encore, de Etat ligneux et vivace que leur tige pédpit dans les climats
chauds qu’ elles habitoient, passent, dans nos clinat%tat herbaé, et parmi
elles, plusieurs ne sont plus que des plantes annuellesn, dedi dimensions de
leurs parties y subissent ellesemes des changemenagiconsiérables. Ces ef-
fets des changemens de circonstances sont tellement tegaoure les botanistes
n'aiment pointa décrire les plantes de jarding moins qu’ elles n’ y soient nou-
vellement cultiges.

The passage from habits of individuals to inheritance idadled as follows
(l.c., pag 261):
Premere Loi.
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Dans tout animal qui n’ a point &asg le terme de seségeloppemens, I
emploi plus fequent et soutenu d’ un organe quelconque, fortifie pgeu cet
organe, le @éveloppe, I' agrandit, et lui donne une puissance proporie a la
durée de cet emploi ; tandis que léfdut constant d’ usage de tel organe, I affoib-
lit insensiblement, le&@ériore, diminue progressivement ses fagsltet finit par le
faire dispardtre.

Deuxeme Loi.

Tout ce que la nature a fait ac@tir ou perdre aux individus par I influence des
circonstances bleur race se trouve depuis long-temps exgeo®t, par corsguent,
par I' influence de I' emploi pedominant de tel organe, ou par celle d’ uafdut
constant d’ usage de telle partie ; elle le conserve paréaggation aux nouveaux
individus qui en proviennent, pourvu que les changemensisispient communs
aux deux sexes, @uceux qui ont produit ces nouveaux individus.

And, what can we say about the certainty of these laws? Theeans deter-
minant: structure follows habits (l.c., pag 261)

Ce sont & deux erités constantes qui ne peuvétite néconnues que de ceux
qui n’ ont jamais obse® ni suivi la nature dans ses égations, ou que de ceux qui
se sont laisas entrdnera I erreur que je vais combattre.

Les naturalistes ayant remargujue les formes des parties des animaux, com-
parées aux usages de ces parties, sont toujours parfaitemeapport, ont peng
que les formes et Btat des parties en avoient angehemploi : or, ¢’ estal’ er-
reur; car il est facile de @montrer, par I' observation, que ce sont, au contraire, les
besoins et les usages des parties qui dwalop@ ces rémes parties, qui les ont
méme fait nétre lorsqu’ elles n’existoient pas, et qui, c@giemment, ont doén
lieual état ai nous les observons dans chaque animal.

7.3 Lavoisier

One cannot avoid to get struck at the fact that Lamarck podstisin 1809 his
Alchemy based theory of transformism given the previoudipation by Lavoisier
(1789) of hisTraité élementaire de chimjén which he empowers a purely materi-
alist vision of transformation.

68 The glorious birth of modern chemistry:

Let us see how Lavoisier builds his ideas upon the hardestsej that one that
we are used to love so much (Lavoisier, I.c., Pag 1-2):

nous ne pensons qu’avec le secours des mots ; que les larguee Eritables
méthodes analytiques ; que I'abre la plus simple, la plus exacte et la mieux
adapeea son objet de toutes les manés de £noncer, esa la fois une langue
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et une néthode analytique ; enfin, que I'art de raisonner ggluwit en une langue
bien faite. Et en effet, tandis que je croyais ne m’occuper dg homenclature,
tandis que je n'avais pour objet que de perfectionner le tgggde la chimie, mon
ouvrage s'est transfortninsensiblement entre mes mains, sans gu'il n&@ifpos-
sible de m’en dfendre, en un traitélementaire de chimie. L'impossibéid’isoler

la nomenclature de la science et la science de la nomenelgiemta ce que toute
science physique eséoessairement forge de trois choses : l&ésie des faits qui
constituent. la science ; leséds qui les rappellent ; les mots qui les expriment.
Le mot doit faire nére I'id ée ; I'idée doit peindre le fait : ce sont trois empreintes
d’'un méme cachet ; et, comme ce sont les mots qui conservenéles é qui les
transmettent, il ené&sulte qu’'on ne peut perfectionner le langage sans pediecti
ner la science, nila science sans le langage, et que, quekeriains que fussent les
faits, quelque justes que fussent lesgig qu'ils auraient fait ridre, ils ne transmet-
traient encore que des impressions fausses, si nous n&yag des expressions
exactes pour les rendre.

69 Alchemy is broken down

It is very nice to see the way as the sacred square of Alchemuylad out by
observation and experiment and instead a science as a vapleoproject is born
to light (pags 6-9):

On ne manquera pas&lre surpris de ne point trouver dans un tégémentaire
de chimie un chapitre sur les parties constituantesl@mnentaires des corps ; mais
je ferai remarquer ici que cette tendance que nous avRrsuloir que tous les
corps de la nature ne soient compgsque de trois ou quati@éments tiena un
préjugé qui nous vient originairement des philosophes grecs. rhiadion de qua-
tre élements, qui, par la vagitt de leurs proportions, composent tous les corps
gue nous connaissons, est une pure hy@seh imagige longtemps avant qu’on
elit les preméres notions de la physique @tpnentale et de la chimie. On n’avait
point encore de faits, et I'on formait des $ystes ; et aujourd’hui que nous avons
rasseml# des faits, il semble que nous nous efforcions de les repoasgnd ils
ne cadrent pas avec nosgjuges ; tant il est vrai que le poids de I'autogitde ces
peres de la philosophie humaine se fait encore sentir, etligy@sera sans doute
encore sur les grérationsa venir. Une chose és-remarquable, c’est que, tout
en enseignant la doctrine des qua&&ments, il n’est aucun chimiste qui, par la
force des faits, n'aiété conduita en admettre un plus grand nombre. Les premiers
chimistes qui onécrit depuis le renouvellement des lettres regardaientlers
et le sel comme des substancelementaires qui entraient dans la combinaison
d’un grand nombre de corps : ils reconnaissaient donc l'exise de silements
au lieu de quatre. Becher admettait trois terres, etait de leur combinaison et
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de la diference des proportions quésultait suivant lui, la diffrence qui existe
entre les substanceséatalliques. Stahl a mod#ice systme : tous les chimistes
qui lui ont sucéck se sont permis d'y faire des changemengsmned’'en imaginer
d’autres, mais tous se sont lagsgntrdner a I'esprit de leur sécle, qui se con-
tentait d’assertions sans preuves, ou du moins qui regagtaivent comme telles
de trés-egeres probabilies. Tout ce qu’on peut dire sur le nombre et sur la nature
desélements se borne, suivant maides discussions puremenétaphysiques :
ce sont des problmes inétermirés qu’on se propose désoudre, qui sont sus-
ceptibles dune infinit de solutions, mais dont il estes-probable qu’aucune en
particulier n'est d’accord avec la nature. Je me contenietanc de dire que, Si
par le nom déléments nous entendonésipner les mécules simples et indivis-
ibles qui composent les corps, il est probable que nous nedesaissons pas :
que, si, au contraire, nous attachons au norél@&ments ou de principes des corps
I'id €e du dernier terme auquel parvient I'analyse, toutes ldstunces que nous
n'avons encore pu&tomposer par aucun moyen sont pour noustraents ; non
pas que nous puissions assurer que ces corps, que nousoeegadmme simples,
ne soient pas eux#mes compés de deux ou é&me d’'un plus grand nombre de
principes ; mais, puisque ces principes ne épaent jamais, ou plot puisque
nous n’avons aucun moyen de I&parer, ils agissend notreégarda la manére
des corps simples, et nous ne devons les supposer ceshgo&u moment o
I'expérience et I'observation nous en auront fourni la preuve.

Now, we must ask ourselves: why Lamarck did not gave up alghiarfavor
of chemistry as instructed people did?

The following explanation might help: alchemy is footed twe telief that
there is a whole universe beyond ordinary matter and coeginith the terrify-
ing belief that that world can be understood and that momesveather simple.
Thus, alchemy is very attractive for people with a spiriistaiendency that enjoy
intellectual discussions.

7.4 The hallmark of Darwin

While the nice materialism of Lavoisier is incontestablee enust not decide that
Lamarck is completely wrong. Rather, one must scrutinized@as to pick promis-
sory ones. In particular, one must separate an idea fromathamistic implemen-
tation. Darwin chose to belief that the transformism of Latkavas good while
he proposes his own mechanistic implementation to buildptexity and perfec-
tion, variability, adaptation and coadaptation. His pisgdas simple, reliable and
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perfectly materialistic, although with some errors that laetter understood as vac-
uums or open problems to be investigated.

70 The theory of Darwin
The Evolutionary theory consists of three points (DarwB69):

1. Populations always have variability.

2. Populations are always under pressure be from the mitiéwm siblings.
So, individuals struggle for existence.

3. Some individuals do it better than others in the struggtdife and eventu-
ally leave an offspring whose survivors are better than gewes. In this
way, populations get adapted to their milieu, acquire cexipt and beauty.

Let us see from first hand how Darwin supports these threggoin

71 Variability in nature

In spite of similitudes, the members of a human family arelidfiérent, so one
readily accepts that nature is endowed with huge levelsridbiity at any level of
inquiry. Is there some order, some science, behind thisajufar diversity? Yes,
an instance follows (chapter Il):

From looking at species as only strongly-marked and wefihee varieties, |
was led to anticipate that the species of the larger geneeaith country would of-
tener present varieties, than the species of the smallegrgefior wherever many
closely related species (i.e. species of the same genus)been formed, many
varieties or incipient species ought, as a general rule, égmnbw forming. Where
many large trees grow, we expect to find saplings. Where nyaagies of a genus
have been formed through variation, circumstances have faa@urable for vari-
ation; and hence we might expect that the circumstancesdagrrerally be still
favourable to variation. On the other hand, if we look at eaplcies as a special
act of creation, there is no apparent reason why more vaseshould occur in a
group having many species, than in one having few.

To test the truth of this anticipation | have arranged thenp$aof twelve coun-
tries, and the coleopterous insects of two districts, imto hearly equal masses,
the species of the larger genera on one side, and those ofh#es genera on
the other side, and it has invariably proved to be the casedHarger proportion
of the species on the side of the larger genera present iesjehan on the side
of the smaller genera. Moreover, the species of the largemgewhich present
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any varieties, invariably present a larger average numbfevarieties than do the
species of the small genera. Both these results follow whethar division is
made, and when all the smallest genera, with from only oneuo $pecies, are
absolutely excluded from the tables. These facts are o liginification on the
view that species are only strongly marked and permanern¢tes; for whenever
many species of the same genus have been formed, or whesembawuse the
expression, the manufactory of species has been activeugve generally to find
the manufactory still in action, more especially as we hawrereason to believe
the process of manufacturing new species to be a slow onethigdertainly is
the case, if varieties be looked at as incipient speciesnfgrtables clearly show
as a general rule that, wherever many species of a genus ree flormed, the
species of that genus present a number of varieties, that iiscgient species,
beyond the average. It is not that all large genera are nowiey much, and are
thus increasing in the number of their species, or that nolisgemera are now
varying and increasing; for if this had been so, it would hdeen fatal to my
theory; inasmuch as geology plainly tells us that small gaf@ave in the lapse of
time often increased greatly in size; and that large generaghoften come to their
maxima, declined, and disappeared. All that we want to sisothat where many
species of a genus have been formed, on an average manylefersting; and
this holds good.

72 Struggle for existence

Life is not easy, nor for me neither for you. And this happems\tery living
being (chapter Il1):

| should premise that | use the term Struggle for Existenca large and
metaphorical sense, including dependence of one being atihan and including
(which is more important) not only the life of the individullt success in leaving
progeny. Two canine animals in a time of dearth, may be trailg ®© struggle with
each other which shall get food and live. But a plant on theeeaftp desert is said
to struggle for life against the drought, though more prapérshould be said to be
dependent on the moisture. A plant which annually produdt®asand seeds, of
which on an average only one comes to maturity, may be mdyedaid to struggle
with the plants of the same and other kinds which alreadyhelthe ground. The
missletoe is dependent on the apple and a few other treegabubnly in a far-
fetched sense be said to struggle with these trees, for ifimoy of these parasites
grow on the same tree, it will languish and die. But severaldiag missletoes,
growing close together on the same branch, may more trulyaimete struggle
with each other. As the missletoe is disseminated by bitslgxistence depends
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on birds; and it may metaphorically be said to struggle withes fruit-bearing
plants, in order to tempt birds to devour and thus dissengiiitatseeds rather than
those of other plants. In these several senses, which pasgach other, | use
for convenience sake the general term of struggle for eagste A struggle for
existence inevitably follows from the high rate at whichatjanic beings tend
to increase. Every being, which during its natural lifetipduces several eggs
or seeds, must suffer destruction during some period offégsdnd during some
season or occasional year, otherwise, on the principle ofhgetrical increase, its
numbers would quickly become so inordinately great thatoumtry could support
the product. Hence, as more individuals are produced thanmassibly survive,
there must in every case be a struggle for existence, eitherimdividual with
another of the same species, or with the individuals of mistspecies, or with
the physical conditions of life. It is the doctrine of Malthapplied with manifold
force to the whole animal and vegetable kingdoms; for in taise there can be
no artificial increase of food, and no prudential restrairdrh marriage. Although
some species may be now increasing, more or less rapidlyrnrbers, all cannot
do so, for the world would not hold them.

73 Natural selection

The difficulty in the struggle for life can translate itseif differential rates of
surviving and reproduction (chapter 1V):

How will the struggle for existence, discussed too brieflyhim last chapter,
act in regard to variation? Can the principle of selectionhieh we have seen is
so potent in the hands of man, apply in nature? | think we sbedl that it can
act most effectually. Let it be borne in mind in what an ergll@smber of strange
peculiarities our domestic productions, and, in a lessaree, those under nature,
vary; and how strong the hereditary tendency is. Under ddicegon, it may be
truly said that the, whole organisation becomes in someagegiastic. Let it be
borne in mind how infinitely complex and close-fitting are rtimgtual relations of
all organic beings to each other and to their physical coiodis of life. Can it,
then, be thought improbable, seeing that variations usefuhan have undoubt-
edly occurred, that other variations useful in some way tchdaeing in the great
and complex battle of life, should sometimes occur in thessoaf thousands of
generations? If such do occur, can we doubt (rememberingritaay more indi-
viduals are born than can possibly survive) that individulahving any advantage,
however slight, over others, would have the best chanceraf/fg and of procre-
ating their kind? On the other hand, we may feel sure that @mation in the least
degree injurious would be rigidly destroyed. This preséoraof favourable vari-
ations and the rejection of injurious variations, | call Nigal Selection. Variations
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neither useful nor injurious would not be affected by naltselection, and would
be left a fluctuating element, as perhaps we see in the speadied polymorphic.

74 Assessing the theory

One must at last assess how well the theory fits data. In fastsd good that
the idea of a direct creation of the diverse species seemsismmaking fun of God
(chapter XII) :

The most striking and important fact for us in regard to theahitants of is-
lands, is their affinity to those of the nearest mainlandhwaitt being actually the
same species. Numerous instances could be given of this lfadgtl give only
one, that of the Galapagos Archipelago, situated under theawr, between 500
and 600 miles from the shores of South America. Here almesy @voduct of the
land and water bears the unmistakeable stamp of the Amedoatinent. There
are twenty-six land birds, and twenty-five of those are rdrikgMr Gould as dis-
tinct species, supposed to have been created here; yetdbe affinity of most of
these birds to American species in every character, in thabits, gestures, and
tones of voice, was manifest. So it is with the other aninzald, with nearly all
the plants, as shown by Dr. Hooker in his admirable memoirtenRlora of this
archipelago. The naturalist, looking at the inhabitantstioése volcanic islands
in the Pacific, distant several hundred miles from the camtinyet feels that he is
standing on American land. Why should this be so? why shbeldpecies which
are supposed to have been created in the Galapagos Arcigipend nowhere
else, bear so plain a stamp of affinity to those created in Aza@rThere is noth-
ing in the conditions of life, in the geological nature of itklands, in their height
or climate, or in the proportions in which the several classge associated to-
gether, which resembles closely the conditions of the SAathrican coast: in
fact there is a considerable dissimilarity in all these rests. On the other hand,
there is a considerable degree of resemblance in the vaicaaiure of the soil,
in climate, height, and size of the islands, between the j@zglas and Cape de
Verde Archipelagos: but what an entire and absolute diffeesin their inhabi-
tants! The inhabitants of the Cape de Verde Islands areedl#b those of Africa,
like those of the Galapagos to America. | believe this graaad €an receive no
sort of explanation on the ordinary view of independent togg whereas on the
view here maintained, it is obvious that the Galapagos $awould be likely to
receive colonists, whether by occasional means of transpoby formerly con-
tinuous land, from America; and the Cape de Verde Island®s fAdrica; and that
such colonists would be liable to modifications; the priteipf inheritance still
betraying their original birthplace. Many analogous facisuld be given: indeed
it is an almost universal rule that the endemic productiohsskands are related
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to those of the nearest continent, or of other near islande® @xceptions are few,
and most of them can be explained. Thus the plants of Kemgyuelrd, though
standing nearer to Africa than to America, are related, ahdttvery closely, as
we know from Dr. Hooker’s account, to those of America: butlom view that
this island has been mainly stocked by seeds brought with ead stones on ice-
bergs, drifted by the prevailing currents, this anomalyagisears. New Zealand in
its endemic plants is much more closely related to Austrétiea nearest mainland,
than to any other region: and this is what might have been &xple but it is also
plainly related to South America, which, although the nedrast continent, is so
enormously remote, that the fact becomes an anomaly. Butifficulty almost
disappears on the view that both New Zealand, South Amenichpther southern
lands were long ago partially stocked from a nearly intermags though distant
point, namely from the antarctic islands, when they weréheld with vegetation,
before the commencement of the Glacial period. The affimhich, though feeble,
| am assured by Dr. Hooker is real, between the flora of thelsadstern corner
of Australia and of the Cape of Good Hope, is a far more rembikaase, and
is at present inexplicable: but this affinity is confined te tiants, and will, 1 do
not doubt, be some day explained. The law which causes tlditahts of an
archipelago, though specifically distinct, to be closeliedlto those of the nearest
continent, we sometimes see displayed on a small scalea) gemiost interesting
manner, within the limits of the same archipelago. Thus theral islands of the
Galapagos Archipelago are tenanted, as | have elsewhemarshio a quite mar-
vellous manner, by very closely related species; so thairthabitants of each
separate island, though mostly distinct, are related inrmeomparably closer de-
gree to each other than to the inhabitants of any other pathefworld. And this
is just what might have been expected on my view, for thedslare situated so
near each other that they would almost certainly receiveigmnamts from the same
original source, or from each other. But this dissimilaritgtween the endemic
inhabitants of the islands may be used as an argument agaigstiews; for it
may be asked, how has it happened in the several islandgesituwéthin sight of
each other, having the same geological nature, the saméhaignate, &c., that
many of the immigrants should have been differently modliffemigh only in a
small degree. This long appeared to me a great difficulty:itartises in chief part
from the deeply-seated error of considering the physicald@ons of a country
as the most important for its inhabitants; whereas it canhdhink, be disputed
that the nature of the other inhabitants, with which each ttasompete, is at least
as important, and generally a far more important elementuzicess. Now if we
look to those inhabitants of the Galapagos Archipelago tisiee found in other
parts of the world (having on one side for the moment the eitdgpecies, which
cannot be here fairly included, as we are considering how tieve come to be
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modified since their arrival), we find a considerable amountliference in the
several islands. This difference might indeed have beescéxg on the view of the
islands having been stocked by occasional means of trahamaed, for instance,
of one plant having been brought to one island, and that ottearoplant to an-
other island. Hence when in former times an immigrant sg:ttie any one or more
of the islands, or when it subsequently spread from onedstaranother, it would
undoubtedly be exposed to different conditions of life endtferent islands, for
it would have to compete with different sets of organismsiaatp for instance,
would find the best-fitted ground more perfectly occupiedistyndt plants in one
island than in another, and it would be exposed to the attaflsomewnhat differ-
ent enemies. If then it varied, natural selection would pidig favour different
varieties in the different islands. Some species, howevight spread and yet re-
tain the same character throughout the group, just as we segoatinents some
species’ spreading widely and remaining the same. Theyaaliprising fact in
this case of the Galapagos Archipelago, and in a lesser @éegreome analogous
instances, is that the new species formed in the separatedsihave not quickly
spread to the other islands. But the islands, though in sifletach other, are sep-
arated by deep arms of the sea, in most cases wider than tlislBdhannel, and
there is no reason to suppose that they have at any formesghbgen continuously
united. The currents of the sea are rapid and sweep acrosartidpelago, and
gales of wind are extraordinarily rare; so that the island® dar more effectually
separated from each other than they appear to be on a map.rtieless a good
many species, both those found in other parts of the worldthase confined to
the archipelago, are common to the several islands, and weinfier from certain
facts that these have probably spread from some one islatitetothers. But we
often take, | think, an erroneous view of the probability lokely allied species in-
vading each other’s territory, when put into free intercoomeation. Undoubtedly
if one species has any advantage whatever over anothet] invei very brief time
wholly or in part supplant it; but if both are equally well &d for their own places
in nature, both probably will hold their own places and keeparate for almost
any length of time. Being familiar with the fact that many @es, naturalised
through man’s agency, have spread with astonishing rapiovier new countries,
we are apt to infer that most species would thus spread; busheeld remember
that the forms which become naturalised in new countrieqatgyenerally closely
allied to the aboriginal inhabitants, but are very distirgpecies, belonging in a
large proportion of cases, as shown by Alph. de Candolle,sbndt genera. In
the Galapagos Archipelago, many even of the birds, thougivedbadapted for
flying from island to island, are distinct on each; thus thare three closely-allied
species of mocking-thrush, each confined to its own islanalv Mt us suppose
the mocking-thrush of Chatham Island to be blown to Chardésnd, which has
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its own mocking-thrush: why should it succeed in estabighiself there? We
may safely infer that Charles Island is well stocked withoiten species, for an-
nually more eggs are laid there than can possibly be rearatj we may infer
that the mocking-thrush peculiar to Charles Island is atskeas well fitted for its
home as is the species peculiar to Chatham Island. Sir Cl apdl Mr. Wollaston
have communicated to me a remarkable fact bearing on thigstimamely, that
Madeira and the adjoining islet of Porto Santo possess mastyndt but repre-
sentative land-shells, some of which live in crevices afestand although large
guantities of stone are annually transported from PortotSdno Madeira, yet this
latter island has not become colonised by the Porto Santoispe nevertheless
both islands have been colonised by some European lantshdlich no doubt
had some advantage over the indigenous species. From tloeselerations |
think we need not greatly marvel at the endemic and repraseatspecies, which
inhabit the several islands of the Galapagos Archipelagd, aving universally
spread from island to island. In many other instances, ahindeveral districts
of the same continent, pre-occupation has probably playethgortant part in
checking the commingling of species under the same conslitiblife. Thus, the
south-east and south-west corners of Australia have n¢laglsame physical con-
ditions, and are united by continuous land, yet they are liteal by a vast number
of distinct mammals, birds, and plants. The principle widetermines the general
character of the fauna and flora of oceanic islands, hamélgt the inhabitants,
when not identically the same, yet are plainly related toitti@bitants of that re-
gion whence colonists could most readily have been deriedcolonists having
been subsequently modified and better fitted to their new $iomef the widest
application throughout nature. We see this on every mouaniaievery lake and
marsh. For Alpine species, excepting in so far as the samnmesfochiefly of plants,
have spread widely throughout the world during the receraci@ll epoch, are re-
lated to those of the surrounding lowlands; thus we have utf8America, Alpine
humming-birds, Alpine rodents, Alpine plants, & c., all ofcly American forms,
and it is obvious that a mountain, as it became slowly uphdaweuld naturally
be colonised from the surrounding lowlands. So it is withitif@bitants of lakes
and marshes, excepting in so far as great facility of tramspas given the same
general forms to the whole world. We see this same principthe blind animals
inhabiting the caves of America and of Europe. Other analisgfacts could be
given. And it will, | believe, be universally found to be trtieat wherever in two
regions, let them be ever so distant, many closely alliecepresentative species
occur, there will likewise be found some identical spe@bswing, in accordance
with the foregoing view, that at some former period there basn intercommu-
nication or migration between the two regions. And wherexany closely-allied
species occur, there will be found many forms which someaalatis rank as dis-
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tinct species, and some as varieties; these doubtful fohowisag us the steps in
the process of modification.

75 Concluding remark

Darwin looks in hindsight over his theory with is huge exatige power and
concludes that:

It is interesting to contemplate an entangled bank, clotivéd many plants of
many kinds, with birds singing on the bushes, with variosedts flitting about,
and with worms crawling through the damp earth, and to refthat these elab-
orately constructed forms, so different from each otheq dependent on each
other in so complex a manner, have all been produced by latusgaaround us.
These laws, taken in the largest sense, being Growth witlhoRegtion; inheri-
tance which is almost implied by reproduction; Variabilftpm the indirect and
direct action of the external conditions of life, and fronewd disuse; a Ratio of
Increase so high as to lead to a Struggle for Life, and as aegusnce to Natural
Selection, entailing Divergence of Character and the Etiim of less-improved
forms. Thus, from the war of nature, from famine and deathnibst exalted object
which we are capable of conceiving, namely, the productidhehigher animals,
directly follows. There is grandeur in this view of life, wiits several powers,
having been originally breathed into a few forms or into oagd that, whilst this
planet has gone cycling on according to the fixed law of gya¥ibm so simple
a beginning endless forms most beautiful and most wondesfug been, and are
being, evolved.

76 The merits of Darwin
What do we ought to Darwin?

Darwin did not invented the idea of scientific evolution, wHiwas due to
Lamarck, nor he refutes the theory of the inheritance of meducharacters (all
quotations until the end of this section are taken from tledd@e of higOrigin):

Lamarck was the first man whose conclusions on the subjeité@xauch at-
tention. This justly-celebrated naturalist first publishi@s views in 1801; he much
enlarged them in 1809 in his "Philosophie Zoologique, amthsequently, in 1815,
in the Introduction to his "Hist. Nat. des Animaux sans &eres. In these works
he upholds the doctrine that species, including man, areateted from other
species. He first did the eminent service of arousing atiartt the probability of
all change in the organic, as well as in the inorganic worldjrg the result of law,
and not of miraculous interposition. Lamarck seems to haenlxchiefly led to
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his conclusion on the gradual change of species, by theudtffiof distinguishing
species and varieties, by the almost perfect gradation rofisan certain groups,
and by the analogy of domestic productions.

Darwin did not invented the concept of natural selection:

In 1813, Dr W. C. Wells read before the Royal Society 'An Aotofia White
female, part of whose skin resembled that of a Negro’; buphfger was not pub-
lished until his famous 'Two Essays upon Dew and Single Wisippeared in
1818. In this paper he distinctly recognises the princigl@atural selection, and
this is the first recognition which has been indicated; buapelies it only to the
races of man, and to certain characters alone. After renmaykthat negroes and
mulattoes enjoy an immunity from certain tropical diseades observes, firstly,
that all animals tend to vary in some degree, and, secontbt agriculturists
improve their domesticated animals by selection; and tienadds, but what is
done in this latter case 'by art, seems to be done with eqtiabef, though more
slowly, by nature, in the formation of varieties of mankifitted for the country
which they inhabit. Of the accidental varieties of man, Wwhimuld occur among
the first few and scattered inhabitants of the middle regiohéfrica, some one
would be better fitted than the others to bear the diseasdweafduntry. This race
would consequently multiply, while the others would desgeaot only from their
inability to sustain the attacks of disease, but from theagaipacity of contending
with their more vigorous neighbours. The colour of this vy race | take for
granted, from what has been already said, would be dark. IBusame disposition
to form varieties still existing, a darker and a darker racewd in the course of
time occur: and as the darkest would be the best fitted forltheate, this would at
length become the most prevalent; if not the only race, irpéréicular country in
which it had originated. He then extends these same vietsetwhite inhabitants
of colder climates. | am indebted to Mr Rowley, of the Unitéates, for having
called my attention, through Mr Brace, to the above passaderiWells’ work.

Darwin is not responsible for the universalization of theaaf evolution:

From a circular lately issued it appears that Dr Freke, in 188Dublin Medi-
cal Press, p. 322), propounded the doctrine that all orgameings have descended
from one primordial form. His grounds of belief and treatrhehthe subject are
wholly different from mine; but as Dr Freke has now (1861) Imlied his Essay
on the 'Origin of Species by means of Organic Affinity, tHalilt attempt to give
any idea of his views would be superfluous on my part.

Darwin is not pioneer in given to the theory of evolution eestific treatment:

Mr Herbert Spencer, in an Essay (originally published in theader, March,
1852, and republished in his 'Essays, in 1858), has coméicishe theories of the
Creation and the Development of organic beings with remialkakill and force.
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He argues from the analogy of domestic productions, fronthanges which the
embryos of many species undergo, from the difficulty ofngjsishing species and
varieties, and from the principle of general gradation, ttepecies have been mod-
ified; and he attributes the modification to the change ofuritstances. The author
(1855) has also treated psychology on the principle of theessary acquirement
of each mental power and capacity by gradation.

Darwin was not the first to perceive the immense convincinggrof biogeog-
raphy:

Von Baer, towards whom all zoologists feel so profound aeesExpressed
about the year 1859 (see Prof. Rudolph Wagner, a "Zoologscthropologische
Untersuchungen, 1861, s. 51) his conviction, chiefly gdmthon the laws of
geographical distribution, that forms now perfectly disti have descended from a
single parent-form.

We see that according to his own words and witness all theedignts of a
scientific theory of evolution (plus a vacuum in the theorjhefedity) were already
known. What is then the merit of Darwin, if any, that has mafibim the most
prominent scientist over all ages and disciplines until 2ow

Apart from appropriateness of time and circumstances, thietfiing we see is
his great insolence: he aims at explaining the great vditigtheauty, adaptation,
coadaptation and complexity of nature using a very simplehaeism that is ex-
haustively explained in the title of his bookin the Origin of Species by Means of
Natural Selection, or the Preservation of Favoured RacdhlénStruggle for Life

The second point is that his insolence is not one of characteemerges nat-
urally from his encyclopedic account of facts and standsnafyssis which are all
intertwined with clarity, art and wisdom.

The third point is that he was so busy in building a patternrgaonize myri-
ads of scientific facts that he was unable to test it to deitrualthough he tried
(Chapter VI):

To suppose that the eye, with all its inimitable contrivanéar adjusting the
focus to different distances, for admitting different amtsuof light, and for the
correction of spherical and chromatic aberration, couldveebeen formed by nat-
ural selection, seems, | freely confess, absurd in the Bigbessible degree. Yet
reason tells me, that if numerous gradations from a perfadt@mplex eye to one
very imperfect and simple, each grade being useful to itsgesor, can be shown
to exist; if further, the eye does vary ever so slightly, dmel\ariations be inher-
ited, which is certainly the case; and if any variation or nfmétion in the organ
be ever useful to an animal under changing conditions of tien the difficulty
of believing that a perfect and complex eye could be formeuailyral selection,
though insuperable by our imagination, can hardly be coasd real.
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7.5 Wallace

While Darwin worked in his theory for decades, Wallace sesktoearrive all at
sudden to the very same conclusion and at the same time whsvirDdecided
to release hi©rigin. Nevertheless, that was not by casualty but because of his
previous hard work (Wallace, 1855):

The great increase of our knowledge within the last twen&yrseboth of the
present and past history of the organic world, has accunedlat body of facts
which should afford a sufficient foundation for a comprelansaw embracing
and explaining them all, and giving a direction to new resbas. It is about ten
years since the idea of such a law suggested itself to themeftthis paper, and
he has since taken every opportunity of testing it by all #ly ascertained facts
with which he has become acquainted, or has been able towbbémself. These
have all served to convince him of the correctness of histhgses. Fully to enter
into such a subject would occupy much space, and it is onlgrisequence of some
views having been lately promulgated, he believes in a wdinegtion, that he now
ventures to present his ideas to the public, with only sualhionis illustrations of
the arguments and results as occur to him in a place far reehdsem all means
of reference and exact information.

The following propositions in Organic Geography and Geglgiye the main
facts on which the hypothesis is founded.

Geography.

1. Large groups, such as classes and orders, are generatgadpover the
whole earth, while smaller ones, such as families and gerssafrequently con-
fined to one portion, often to a very limited district.

2. In widely distributed families the genera are often lgdiin range; in widely
distributed genera, well-marked groups of species are lgcio each geographi-
cal district.

3. When a group is confined to one district, and is rich in sp&cit is almost
invariably the case that the most closely allied specied@uad in the same local-
ity or in closely adjoining localities, and that therefofeetnatural sequence of the
species by affinity is also geographical.

4. In countries of a similar climate, but separated by a wida er lofty moun-
tains, the families, genera and species of the [[p. 186]] ane often represented
by closely allied families, genera and species peculiahtdther.

Geology.

5. The distribution of the organic world in time is very siamito its present
distribution in space.

6. Most of the larger and some small groups extend througbrakgeological
periods.
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7. In each period, however, there are peculiar groups, founodhere else, and
extending through one or several formations.

8. Species of one genus, or genera of one family occurrinigeiiséme geolog-
ical time are more closely allied than those separated iretim

9. As generally in geography no species or genus occurs invemp distant
localities without being also found in intermediate placesin geology the life of
a species or genus has not been interrupted. In other worlgroup or species
has come into existence twice.

10. The following law may be deduced from these facts:—Espegies has
come into existence coincident both in space and time wittegxisting closely
allied species.

In modern times, one would read the tenth point as a decbarati the Evo-
lutionary Theory. Nevertheless, it is curious that Wallaewer tries to figure at
the same rank with Darwin: he published in 1889 a book withrg irgteresting
title: Darwinism: An Exposition of the Theory of Natural Selectiaith Some of
Its Applications.(Find it as a Google book).

7.6 The creationism of Mendel

The Evolutionary Theory of Darwin was received by the oJgrabple with great
enthusiasm in spite of the fact that the laws of inheritanegewnot known and
so people, Darwin included, should had relied on specuistiorhe door to the
grandiose world of genetics, the fully implemented matistiatudy of inheritance,
was open by Mendel, who gave to it a clearly scientific basipdigting that there
are striking regularities in the form as hybrid forms reeuity reappear.

Actually, the opening paragraph of the fundamental ariél&endel (1865)
already shows the emphasis he made in the possibility oatigehis experiments:

Kunstliche Befruchtungen, welche an Zierpflanzen deshatiemommen wur-
den, um neue Farben-Varianten zu erzielen, waren die Vasaohg zu den Ver-
suchen, die hier besprochen werden sollen. Die auffalldRegelnassigkeit, mit
welcher dieselben Hybridformen immer wiederkehrten, sdieBefruchtung zwis-
chen gleichen Arten geschah, gab die Anregung zu weiterparlexenten, deren
Aufgabe es war, die Entwicklung der Hybriden in ihren Nachkeen zu verfolgen.

The regularities he speaks about are known in modern timéseatsvo laws
of Mendel. They collide head to head with the then acceptedrihof blending
inheritance, which proposed that the traits of offspringrage those of parents.
Instead and using modern terminology, Mendel argued thdirst place, biolog-
ical inheritance is realized through genes that are irdebriine from each parent
and that are passed on to next generations in separated lammof(segregation).
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In second place, when genes come in different chromosoineg,récombine at
random (law of independent assortment):

Ausserdem wurden noch mehrere Experimente mit einer ggangAnzahl
Versuchspflanzen durchgéft, bei welchen diébrigen Merkmale zu zwei und drei
Hybrid verbunden waren; alle lieferten aahernd gleiche Resultate. Es unterliegt
daher keinem Zweifel, dasgrfsammitliche in die Versuche aufgenommenen Merk-
male der Satz Giltigkeit habe: die Nachkommen der Hybridewglchen mehrere
wesentlich verschiedene Merkmale vereinigt sind, stelielGlieder einer Combi-
nationsreihe vor, in welchen die Entwicklungsreih@énjé zwei differirende Merk-
male verbunden sind. Damit ist zugleich erwiesen, dass ddasalen je zweier
differirender Merkmale in Hybrider Verbindung unabigig ist von den ander-
weitigen Unterschieden an den beiden Stammpflanzen.

Bezeichnet n die Anzahl der characteristischen Untersiehien den beiden
Stammpflanzen, so giBf die Gliederzahl der Combinationsreihg’! die Anzahl
der Individuen, welche in die Reihe geln, und2" die Zahl der Verbindungen,
welche constant bleiben. So ealthz. B. die Reihe, wenn die Stammarten in 4
Merkmalen verschieden sin@* = 81 Glieder, 4* = 256 individuen und* = 16
constante Formen; oder was dasselbe ist, unter je 256 Nactien der Hybriden
gibt es 81 verschiedene Verbindungen, von denen 16 corsstait

Alle constanten Verbindungen, welche bei Pisum durch Quinoipig der angeihrten
7 characteristischen Merkmaletglich sind, wurden durch wiederhorte Kreuzung
auch wirklich erhalten. Ihre Zahl ist durcB’ = 128 gegeben. Damit ist zu-
gleich der factische Beweis geliefert, dass constante Mald, welche an ver-
schiedenen Formen einer Pflanzensippe vorkommen, auf dgm de wieder-
holten Kinstlichen Befruchtung in alle Verbindungen tretémiken, welche nach
den Regeln der Combinationaglich sind.

77 Rediscovery

The work of Mendel caused no repercussion in the literat@recisely, it was
because of repeated experiments that Mendel was redisecbhadter 30 years of
oblivion (Moore, 2001). Anyway, science needed other 300tgehars to digest his
work. How can we understand this?

Science is the difficult, the very difficult art of fitting thextical patterns to
data. Patterns compete for fithess and successful ones areatertia that causes
every one to get blind against possibly falsifying data anpeting schemata. So,
science is not the quest for truth. That is why Mendel was wssjlibe to digest
during nearly 70 years as the next words of Lonnig (2001jsho

Especially in the decade after the publication of Darwin'RIGIN (1859)
the scientific world was eagerly awaiting the discovery @& baws of heredity
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by some experimental or other scientist(s). After two lestun 1865, Mendel
published his famous Pisum-treatise VERSUGHEER PFLANZEN-HYBRIDEN
in 1866. His work was quoted at least 14 times before 1900ydiae of its 're-
discovery’. There were references in such widely distebuivorks as Focke’s
DIE PFLANZEN-MISCHLINGE (1881), THE ENCYCLOPAEDIA BRITAGA
(1881) and the CATALOGUE OF SCIENTIFIC PAPERS OF THE ROYACISO
ETY (1879). The treatise had been sent to the libraries ofesb2® institutions
including the Royal and Linnean Society of Great Britain. rétiver Mendel had
40 additional reprints at his disposal, many of which he set¢ading biologists of
Europe. In fact, professor Niessl (1903 and 1906) emphdgtzt Mendel's work
was "well known” at his time. So in the face of the expectatiqust mentioned, -
why was the discovery of the laws of heredity ignored by noshssts for more
than 35 years, until 1900, and by the "true Darwinians” (Mayfor another 37
years? Thatis 72 years in all!

The reasons have been hinted at or clearly stated by sevamakers of ge-
netics as de Vries (1901), Bateson (1904, 1909, 1924), jueemn(1909, 1926)
as well as several historians of biology and/or biologisssNiess| (1903, 1906),
Richter (1941, 1943), Stern (1962)phnig (1982, 1986, 1995), Callender (1988)
and Bishop (1996):

All the evidence points to the main reason as follows: Mésili#as on hered-
ity and evolution were diametrically opposed to those ofidarand his followers.
Darwin believed in the inheritance of acquired characteaad tried to back up
his ideas with his pangenesis hypothesis, which even &&bbiled an "unfor-
tunate anomaly”) and, most important of course, continueuslution. Mendel,
in contrast, rejected both, the inheritance of acquiredreloters as well as evo-
lution. The laws discovered by him were understood to bedhs lof constant
elements for a great but finite variation, not only for cudiwrarieties but also for
species in the wild (Mendel 1866, pp. 36, 46, 47). In his stredtise EXPERI-
MENTS IN PLANT HYBRIDIZATION mentioned above Mendel iacgysspeaks

of "constant characters”, "constant offspring”, "constancombinations”, "con-
stant forms”, "constant law”, "a constant species” etc. (such combinations the
adjective "constant” occurs altogether 67 times in the Gamoriginal paper). He
was convinced that the laws of heredity he had discoveremloorated Girtner’s
conclusion "that species are fixed with limits beyond whiogytcannot change”.
And as Dobzhansky aptly putit: "Itis...not a paradox to dagttif some one should
succeed in inventing a universally applicable, static defin of species, he would
cast serious doubts on the validity of the theory of evatitio

As the Darwinians won the battle for the minds in the 19th wgnthere was
no space left in the next decades for the acceptance of tkestientific laws of

heredity discovered by Mendel and further genetical work w@ntinued mainly
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by Darwin’s critics among the scientists.

So, the paper was understood by people as contrary to enolutut Mendel
himself understood his work as a scientific study of the exahuof plants but with
results that contradict the Evolutionary Theory. Now, gittee extreme complexity
of life, if a monk denies evolution, what else is he propo8iMyithout a doubt, he
rejoices in his belief that species exist thanks to a diresdtoon by God, precisely,
the point that is made into a mockery by the ideas of Darwin.sééthat Darwin
and Mendel represent followers of two irreconcilable poiot view that are now
known under the names of creationism and evolutionisnevatutionismall living
beings are related by descend to a common ancestor. By shrargationism
asserts that life in general cannot be scientifically exgldiand so the faith in a
Creator that will judge us cannot be excluded by science.

Let us learn now something from the ethics of this monk:

1. Science provides no proof of religious beliefs, so thesstmot be men-
tioned in a scientific work. Of course, every religion hagyaats that can
be subject to scientific scrutiny, but the most importanetsrof every reli-
gion cannot be scientifically studied. Say, Christianigctees that Jesus will
come and if this is false the whole religion is a nonsense. HBwt can we
prove or refute that?

2. If science seems to refute an important tenet of own aaligit must be
carefully investigated. Thus, the paper of Mendel repostsidy of evolution
with transparent scientific methodologies.

3. Be pure in heart and open your mind to any trace of truthrtret be con-
tained in considered attacks. So, Mendel celebrates atith@fehis paper
the possibility to engineer at will a new species precisglyhpbridization
and furnishes the needed information about the good spetigants that
would serve to verify his claim. Mendel manages to conveyidba that this
result is not a success of the Evolutionary Theory but alpittaven that
the daughter species is always the same, this result urtkeileal but very
scare potentiality of evolution to create new species, baewould not be
enough to explain the immense variability of life in the wéalorld.

4. Courage and wisdom must be exhibited in the ongoing sfieestudy but
not in the propagation of achieved results. Actually, onestmot be tried to
defend God: if he is really God, let him defend himself! Ratlieis God
that will defend the truth and light that is in you -if any.
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Since reproduction is at the very core of the Evolutionargdry, the scientific
basis of the study of inheritance that was fired by Mendel iquatrto be pursued
relentlessly. The next important detail of that study refdre asymmetric roles
in genetics of two types of cells in the body, the germ and tmasslines. The
implication is that the doctrine of acquired charactersossupported by science,
a conclusion forwarded on by Weismann:

7.7 The germ-plasm theory of Weismann

We all know the case of people that thanks to continued anchddimg exercise
have gotten very strong but whose children are as feeblenassakvery child is.
Thus, one has natural and abundfatsifications of the theory of inheritance of
acquired characters. Nevertheless, these falsificati@sat clear cutting because
one might invoke diverse factors that regulate the posasibiderlying learning
mechanism, say, its possible dependence of somatic factdrs accepted solu-
tion to the ensuing uncertainty was proposed by Weismar®3(Iéhapter XIlII):

By acquired characters | mean those which are not performetié germ, but
which arise only through special influences affecting thdybor individual parts
of it. They are due to the reaction of these parts to any eatdnfluences apart
from the necessary conditions for development. | haved#fiem 'somatogenic’
characters, because they are produced by the reaction obddg or soma, and
| contrast them with the 'blastogenic’ characters of an widual, or those which
originate solely in the primary constituents of the germgiidesalagen’). Itis an
inevitable consequence of the theory of the germ-plasmotitgipresent elabora-
tion and extension so as to include the doctrine of determs)ahat somatogenic
variations are not transmissible, and that consequentgnepermanent variation
proceeds from the germ, in which it must be represented byficaitbn of the
primary constituents.

I will first attempt to show how this conclusion is arrived heoretically, and
will then proceed to test it by ascertaining how far it is inregment with actual
observation, and whether the theory can be justified by facts

This work purified the Evolutionary Theory from the doctrimfeacquired char-
acters. And so, this theory could found its way to fairer aratarrobust formula-
tions.

7.8 The modern synthesis

The work of Mendel opened for science the magnificent worldarietics, the
scientific study of inheritance, while Weismann purifieddrh the wrong idea of
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inheritance of acquired characters. Nevertheless, aicgptd our interpretation of
Mendel, genetics points to creationism. Therefore, tatg@fetics into the Evolu-
tionary Theory, the laws of inheritance should had suffereldep transformation.
That grafting work is known athe modern synthesand more rigorously athe
Synthetic Evolutionary Thearjts creation can with difficulty be ascribed to some
few persons.

At the end, the matter was really simple. In first place, weetthat the carriers
of inheritance are not constant but may change from one gtoeito the next. In
the words of Morgan in his Nobel Lecture in 1933 (Nobelpuazg, 2011a):

The relative stability of the gene is an inference from dgenetidence. For
thousands - perhaps many millions - of subdivisions of iteerel it remains con-
stant. Nevertheless, on rare occasions, it may change. Wthisachange a mu-
tation, following De Vries’ terminology. The point to emplm here is that the
mutated gene retains, in the great majority of cases stydiedproperty of growth
and division, and more important still the property of stei It is, however, not
necessary to assume, either for the original genes or fomi&ated genes, that
they are all equally stable. In fact, there is a good deal aflence for the view
that some genes mutate oftener than others, and in a few ttaseienomenon is
not infrequent, both in the germ cells and in somatic tissuésre the significant
fact is that these repetitional changes are in definite aretsg directions.

In second place, mutations happen at random, i.e., theytatistisally un-
correlated with the needs of organisms to improve surviviligis is an experi-
mental generalization that allows a clean and transpaeéotmulation of Darwin-
ism. This is clearly stated by Muller in his Nobel lecture 846 (Nobelprize.org,
2011b):

So far, then, we have no means, or prospect of means, of mglgoien muta-
tions at will in normal material, though the production of tations in abundance
at random may be regarded as a first step along such a pathgiiétis to be such
a path. So long as we cannot direct mutations, then, seledsiondispensable,
and progress in the hereditary constitution of a living thican be made only with
the aid of a most thoroughgoing selection of the mutatioas dlocur since, being
non-adaptive except by accident, an overwhelming majsrdjways harmful. For
a sensible advance, usually a considerable number of r@gsstinust be accumu-
lated in the painful selective process. By far the most cfdtage individually small
steps, but, as species and race crossings have shown, thgreera few large dis-
tinctive steps that have been, as Huxley terms it, "buffedeg small changes that
readjust the organism to them. Not only is this accumulatibmany rare, mainly
tiny changes the chief means of artificial animal and planrioeement, but it is,
even more, the way in which natural evolution has occurredien the guidance
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of natural selection. Thus the Darwinian theory becomedempnted, and freed
from the accretions of directed variation and of Lamarckisiat once encumbered
it.

These ideas were induced by mathematical studies publishEdher, Wright
and Haldane in the early 1930s (Hey et al., 2005). The conatep of passing
from mutations to species is an idea that was studied andgieshivy Dobzhanzky
and Mayr (UCMP, 2011a). Precisely, Dobzhanzky (1973) phield a paper that
was entitledNothing in Biology Makes Sense Except in the Light of Evaiutie
is gentle enough to show us in that paper those thoughts difadh him to decide
among the origin of species by creation else by evolution:

Antievolutionists fail to understand how natural seleataperates. They fancy
that all existing species were generated by supernaturbbffew thousand years
ago, pretty much as we find them today. But what is the senseimighas many as
2 or 3 million species living on earth? If natural selectianthe main factor that
brings evolution about, any number of species is understialed natural selec-
tion does not work according to a foreordained plan, and ggeare produced not
because they are needed for some purpose but simply betemueaéstan environ-
mental opportunity and genetic wherewithal to make thensiptes Was the Cre-
ator in a jocular mood when he made Psilopa petrolei for Catifa oil fields and
species of Drosophila to live exclusively on some bodyspafrtertain land crabs
on only certain islands in the Caribbean? The organic diitgisecomes, however,
reasonable and understandable if the Creator has creatediving world not by
caprice but by evolution propelled by natural selectionislivrong to hold cre-
ation and evolution as mutually exclusive alternativesml a creationist and an
evolutionist. Evolution is God'’s, or Nature’s method ofatien. Creation is not
an event that happened in 4004 BC; it is a process that begaie 4@ billion years
ago and is still under way.

As an application of the universalization of evolution, wavé the synthetic
definition of species: it is the more general population whose members cam
terbreed and produce fertile offspring. Different speciesare reproductively,
isolated . Thus, we pay attention to reproduction and forget otheeolables
characteristics, a procedure that is quite different frbat of Linnaeus. This shift
in concept is directly connected to Mayr and about which regeasonally some-
thing to say and that touches on the need of getting a scienaecordance with
common sense specially of that belonging to natives of Neim&au(Academy of
Achievement, 2001):

After I'd been a little while in this first collecting place réalized that every
bird the natives saw and that they had shot, they knew the n&ud recorded
the Latin name that | knew and the name the natives gave mee 8iay knew
birds so well — | had three little bird guns — | gave them to tlaives and | told
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them always when they came with a particularly rare birdsletly a nieda, | said,
"Well, | want more nieda, and then they went out and they bidugack nieda
and not the common stuff, you know. And at the end, when Iyfisathmarized
everything, | found that | had in this locality collected 18Fecies of birds, and
the natives had given me the names of 136 of these. There wigrénm little
nondescript looking little warblers, green warblers, whitiey had given the same
name to the two different species. And I'm sure if | had gatterright kind of an
old man he would have been able to have the name of that 13&thesp

So they had a pretty good speci es concept thensel ves,
woul d you say?

Exactly. The biological species is an absolutely obviouityeto any good
naturalist, and they were very clever. In the pidgin Englshguage of Eastern
New Guinea, they would name a male bird of paradise for a paldr thing, and if
we saw a female and | said, "What's that?” they said, "Oh, teahama belong..”
and then the name of the male. They knew perfectly well tlegtitere not two
different species, which by the purely typological spec@xept might have been
the case. They knew exactly which bird had only one egg indbe which species
have two eggs in the nest, and they were superb woodsmenofté&myin certain
localities in New Guinea and in the Solomon Islands | woultritiute all the
guns to the natives and | would go out and collect orchids ahdrthings that the
natives weren'’t interested in collecting.

Therefore Speciationis a process by which a population splits in two portions

that get reproductively isolated (de Queiroz, 2005). al@patric mechanismfor

the arising of new species plays a preferential role to destnate that nature might
be simple and ease to understand and is therefore in the EplEmeentary science.
That mechanism says that the colonization by part of the latipn of a new area
with a different ecology is ensued by adaptive genetic deace, which is next
followed by a barrier to interbreeding when populations#wally encounter again
(Grant and Grant, 2009). With this and other mechanismsivibgern Synthesis
explained the origin of species.

78 Evolution for scientists

The Modern Synthesis was based as in field observations agym dmount
of laboratory work. It is the sort of theory that everyonesBkand it is no mystery
that it has completely dominated the scientific communityreto date - in spite
of more or less serious corrections such as that of the hudkgene transfer.
Thus, the Evolutionary Theory is the cornerstone, the sacrct dogma of biology.
Nevertheless, its priest are very tolerant and with extigmare exceptions they
are incapable to fire heretics.
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But a change is occurring: the vision of evolution as a dogmtiby bit leav-
ing its place to the insight that the Evolutionary Theoryapable of conforming
to the ordinary scientific standards according to whichrsmds a whole with two
main ingredients: theories and experimental testing.

A theory must be graceful, beautiful, powerful, robust aedartheless simple.
In response to the work of theorists, the first duty of scidade grasp the predic-
tive power of the theory by voicing concrete, interesting agalizable predictions
to next put them to test.

In this theory-testing paradigm, field studies are impdrtstause they allow
the formulation of hypothesis that have high probabilitywdthstanding severe
tests but they are anymore sufficient to claim that a theocpiisect. By the same
token, if a theory succeeds a given test, that theory migiiees more value, i.e.,
it becomes a candidate for great grants ... to carry on fynthere incisive tests.

In the light of the theory-testing-paradigm, the very fimportant experimen-
tal study about the Evolutionary Theory must deal with reltselection. What is
it apart from being an abstract term that we humans use teoidestends in death?

The scientific answer given by Endler (1980) has been ddligfdr every-
body. He carried field research together with laboratoryfasd experiments with
guppies and showed, among many other things, that the fi€ottural selection
in the form of predation on color patterns are predictable @peatable. This is
ordinary science in action: if a researcher is unable torit@spredictable and re-
peatable effects, he or she does not know enough the objees@drch. Let him
or her endure to fit to these normal scientific standards.

All this is OK, but where are genes? The connection of gendis matural
selection has been documented for the Bioluminescent agotbe Jamaican click
beetle (Stolz et al, 2003)Our results constitute a novel example connecting the
selective fixation of specific nucleotides in nature to thpeecisely determined
phenotypic effectsThis is really a very great synthesis that connect genes with
function and phenotype and links them with changes in gesgufncies!

Given that we do know that natural selection affects gerguigacies, we can
pass to deeper problems: can we reproduce speciation iatifie |

We can use complexity theory to compose a simple but mandptediction
to welcome the joy of science in regard with speciation:
1. The number of species surpasses two million.

2. Field observations nicely interpreted by the Evolutign@heory seem to
imply that the creation of new species is for nature a gamdiddren: just
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pay attention to the approximately 800 native drosophgidcses in Hawaii
that have probably appeared as the fruit of the evolutiom@forogeny of a
single pregnant female (NAS, 2004).

3. Whence, we predict that it must be quite possible to repredgpeciation in

the lab or in controlled field experiments. In any case, akertanto account
that scientific projects are financed only if they promise mdmte results, it
must be realizable to reproduce partial reproductive igwoiai.e., incipient
speciation.

Hard as this challenge might be, it has been overtaken withage and wis-

dom by many researchers and citations claiming positivensific results abound.

hyb
say.

On first place, we have verified the possibility of enginegr@mew species by
ridization such as it was accepted by Mendel. The vetifinoehas been made,
, upon butterflies (Mavarez et al, 2006).

By the same token, one can learn what is ordinary sciencegardevith speci-

ation by studying, for instance, the work of Gil et al (2010here, we can clearly
see the relation among theory, experiment and interpoetaBuccinctly:

e Speciation iscommon, so it might depend on very simple pangievents. In
fact, development of mating preference is a good candiddie & triggering
mechanism of speciation. Therefore, it might be possibleaalily develop
experimental mating preference.

e Experiment: In this study, mating preference was achieved by dividing a
population of Drosophila melanogaster and rearing one parta molasses
medium and the other on a starch medium. When the isolatedlgaams
were mixed, “molasses flies” preferred to mate with otheramegs flies and
“starch flies” preferred to mate with other starch flies. Thatng prefer-
ence appeared after only one generation and was maintainedtfleast

37 generations. Cited authors also present clear ideas about the actual

mechanism as this happens to be: symbiont bacteria werd toyplay the
determinant, decisive role.

e Discussion:How can a bacterially induced mating preference, as describ
here, contribute to speciation and evolution in nature? @ossibility is
that, in the natural world, multiple environmental fact@st synergistically
to differentiate the microbiota and strengthen the homagamating prefer-
ence. For example, it is reasonable to assume that fly pdpuakativing on
different nutrients will be, at least to some extent, gepbieally separated.
The combination of partial geographic separation and dmettced mating
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preference would reduce interbreeding of the populati®iewer changes in
the host genome could further enhance the mating preferdriee stronger
the mating preference, the greater the chance that two @tipuls will be-

come sexually isolated, and many evolution biologists lzagaed that the
emergence of sexual isolation is the central event in thiuggao of species.

e Implication: statistically significant mating preferenaiflies was shown to
follow adaptation to different substrates of the ensembtdarmed by flies
and commensal bacteria. This is compatible with and retefoithe belief
that speciation is a byproduct of adaptation.

To try a real blending of the ideas of Darwin with those of Mehith regard
with speciation, we need to pursue this discussion downnege

1. Speciation is common, so it might depend on very simpldinary events.
A first option is that speciation depends on some few but plulveinanges in
DNA. At the other extreme, it might depend on many insignificehanges
distributed all over the entire genome.

2. To back these predictions, we have some field observatinfisst place, we
have that reproductive isolation may hang on a simple loasist happens
with bindin, a protein mediating recognition and bindingvioeen the sperm
and the egg once the sperm has penetrated the egg jelly. eoggmight
be species specific. The rate of evolution of bindin is higlemtelated to the
formation of many species of sea urchin that occupy the sagierr but that
in contrast is low in contrary case (Palumbi et al, 2005). ndther hand,
Michel et al (2010) found in their work with flies that feed opptes else
hawthorn that large connected regions of multiple difféegdad loci may
characterize even the early stages of speciation. It issgied that this trend
might be so determining that it might resists gene flow angbpansible for
speciation without geographic barriers but that are duateractions with
the environment and particularly related to feeding materi

Thus, on behalf of science we venture to conclude that evolis eager and
powerful to create speciation:

1. Itis very easy to generate experimental incipient seadétion in the lab.
2. Speciation may depend on the mutation of just one gene.

3. Whole continents of genes might rapidly get involved wedjence due to
ecological factors.
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Criticisms may arise that we have too little to claim too mu€lur excuse is
that evolution for scientists is a successfully runninggrbthat cannot be stopped.
So, we expect science to satisfactorily fill in this and ottréicism although some
time will be needed. We conclude that it is a verified fact aésce that natural
evolution leads to speciation, which must be understood@®ductive speciation.
But, beware, science can claim that some species appeare@eblion not that
the Evolutionary Theory has been verified. In fact, that themes not say that
evolution have created some species, rather it affirms Hhegecies, including our
owns, have appeared by evolution and that therefore Godiafutlgment are both
unnecessary and redundant to explain and orient our egesten

Now that we have agreed on the great power of evolution, aigunesaturally
arises: Is there a limit to evolution? Can we venture, on aun dsk, to claim
that all species, both extinct and extant, appeared by thatice power of the
interrelation of mutation with the environment?

No. We cannot.

The reason is very simple: the very fact that the concept efisp is an ac-
cepted term in the modern scientific culture shows that theepof evolution is
very limited. For suppose that there is no barriers to thatiue power of evolution.
To fix ideas, let us consider domestic flies. By direct inspecbne can see that
they are the same all around the world. The wrong explanatmuid be that they
are adapted to an environment created by humans and that tbigyhly the same
in every part. In short, flies conform an absolute maximumtoéfis and evolution
is therefore halted. Now, this explanation is wrong becdhsesnvironment that
that flies see is not the human created environment but teatext by their siblings
and by all other species. And there is plenty of space to mutahat wide world.
The consequence is that every hundred meters one shalltexpew species with
peculiar morphological characterization. But that is noderved. Therefore, evo-
lution is obviously limited and it is scientifically unbeéta from now on to claim
that our existence is explained by the Darwinian Evolutigrigheory.

So, what must we do?

We must arm ourselves with very clear concepts for very haddeng battles.
One of them follows.

7.9 The complexity of science: Poe and Ernst

Science is the art of fitting patterns to facts. Science f&cdif, very difficult. In
effect, science is NP-harsh. One of the best explanatiortkeomeaning of this
slogan has been given by Allan Poe (1841) in one absurd fiaetimut detectives,
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an especial type of applied scientists:
79 Poe: The Murders in the Rue Morgue

The purpose of this short story is to show that it is easy t@idecneself but
that wisdom and investigation might lead to the solutionwfzies.

The problem to solve is to find the murder of a woman and herlitaugThe
police makes a very good work and as result arrests a peraarth®hero of the
story, which is not a police but is pray of the delight of inigating puzzles just for
the joy of finding the truth, arrives with a very contrived &qmation that is tested
and found to be correct. The culprit is an Ourang-Outang, iagbéhat nobody
expects.

The paper is very rich and might give rise to many questionlscantroversies.
In our opinion, the main points to draw are the following:

e The police has a method of investigation that is good and&ffefor most
purposes. Theories and culprits come and go and the dealesirin fact,
the very method is just to investigate long enough to ariva hard theory
that looks correct and resists scrutiny. Nevertheless, rttethod is error-
prone and thereof innocent people get arrested while tripeitsugo on free
and rejoicing.

e If you plan not to issue a hard theory but to find the truth (Porsiders
that the truth can be found by a sufficient level of analytigaver, logic
and reason), you must begin by taking care of all relevars faRerhaps you
must create data on your own. Once you get all relevant dateimust work
until finding a suitable theory in which every piece softlykaa sense.

The way Poe teaches this is as follows:

“If now, in addition to all these things, you have properlylexted upon the odd
disorder of the chamber, we have gone so far as to combineléas iof an agility
astounding, a strength superhuman, a ferocity brutal, athety without motive,
a grotesquerie in horror absolutely alien from humanitydam voice foreign in
tone to the ears of men of many nations, and devoid of allndisbr intelligible
syllabification. What result, then, has ensued? What ingiwashave | made upon
your fancy?”

| felt a creeping of the flesh as Dupin asked me the questionm&iman,’
| said, "has done this deed —some raving maniac, escaped &amighboring
Maison de Sante.”
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"In some respects,” he replied, "your idea is not irrelevarBut the voices of
madmen, even in their wildest paroxysms, are never fouraltovtith that pecu-
liar voice heard upon the stairs. Madmen are of some natiowl, their language,
however incoherent in its words, has always the coherensgllabification. Be-
sides, the hair of a madman is not such as | now hold in my haddehtangled
this little tuft from the rigidly clutched fingers of Madamé&kpanaye. Tell me
what you can make of it

Poe designed the truth and so the Reader can make sure thathiean found
albeit with a lot of effort and wisdom. But in science, we hagesuch a guide.
We only have robust theories and we must getting alive wigihmthNow, the next
point is that, given the human nature, if you are engagedvisithg a theory, you
will try to support it and you will close your mind to refutatis. But if you dream
of truth and have a theory, the least you can do is to encowtmges to test it as
much as possible.

Thus, it is useful to imagine that science can be considesdtieaproduct of
the struggle of two teams: the first are the theorists thagineamodels and the
second consists of persons that are trained in testingifse@o, theorists imagine
a model and testers put it to test by calculating predictemd checking for them
to be fulfilled. Next, theorists correct their model to fit hretresults of the test and
the ensuing model is tested anew and so on.

To see what can happen if one fails to encourage testingslpay attention
to a very interesting case study that belongs in the scieméBearch of medicine
dealing specifically with alternative currents.

80 Ernst and the complementary medicine

The next apart from an interview with the renown Edzard Eithstrates how
painful clear scientific concepts could be (Cressey, 2011):

Have you found that any alternative medicines are useful?

| found that homeopathy is pretty useless. | would have likecevidence to
go the other way because | trained as a homeopath. It would baen quite nice
to win a Nobel prize by showing that 'no molecule’ can have tiecg but the
evidence is clearly against it.

What did you hope to achieve in setting up the complememadgicine unit
at Peninsula College?

| always felt very strongly that | would focus on subjectst e important
in the United Kingdom. Therefore we focus on homeopathyhahenedicine,
acupuncture and spinal manipulation. | was also convinded scientists need to
be critical and sceptical, and that if you apply science tg éield you don’t want
to prove that your ideas are correct, you want to test whethey are correct.
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That seems like a tiny difference to most people, but in nd/ifiela very big
difference. | think we're the only ones [in our field] who hawederstood that.
Everyone else in alternative-medicine research usesnseieto prove that their
notions are correct and | think that is a very bad startingngoi

Let's say that someone has been an acupuncturist, thenedetmdesearch the
technique. That person, in my experience, [generally] wantprove the value of
acupuncture. This is a misuse of science, perhaps even ae aljfuscience. In
my field, critical [evaluation] is seen as something negatilf somebody tells me
'you're so critical’, to me it's a compliment; to them it's ansult.

It might seem that the ideas of Ernst are too deep to be undersiSee also
Ernst(2000, 2010). That is not the case, rather they repreéke ordinary way
of life in science, so let us explain the theory beneath th&mfix ideas, let us
suppose that someone arrives with a remedy to diminish thatiwe collateral
effects of a powerful drug against mammary cancer. Speltyfithe remedy must
be administrated with the anticancer drug and is promisedintinate vomiting 8
hours after the finishing of the treatment. How must we tastttieory?

To design the test, we must consider the role of two fact@adomness and
variability of self-healing. Randomness refers to the faat one is ordinarily ex-
posed to many uncontrolled factors both inner and extehalrhay influence the
battle of the organism against the collateral effects ofahkcancer drug. On the
other hand, every organism tends to heal itself againsateodl! effects, a fact that
is no miracle because it may hang on the simple decaying ekied compounds.
Now, persons are all different and so one cannot excludedbsilmlity that a pa-
tient got better not by the remedy but because of these tworfaand of their
interactions.

Our problem is therefore to neutralize the roles of randsaneelf -healing
and to separate them from the effects of the remedy:

1. To neutralize randomness we apply the next law: the mardoraness is
allowed to express itself, the more it self- annihilatesef@gtonally, all one
needs to do is to gather sufficient independent data.

2. To neutralize the effect of the variability of self hegliwe run a controlled
experiment: to a group we administer the remedy in comparthefanti-
cancer drug and to another group we administer just the dragagbe the
drug with a sugar pill. Next, we measure the elapsed time filzegnend of
the treatment to the last vomiting. After that, we analyzalts using stan-
dard statistical methods, say, a t-test. At last, we takediate if there is no
evidence of a difference between the two groups, we mustudachat the
remedy causes no visible effect upon the noise caused bypmaress and



182 CHAPTER 7. HEARTS AND MINDS

self-healing or in short that the remedy is useless. Butgffiwd a differ-
ence, then we can claim that the average time of the last aptias been
statistically diminished beyond the effects of randomresd variation in
self-healing and that the remedy is useful such as it was igesn

In short, invent theories and put them to test. In principhes is all to sci-
ence. Testing is in general painful. It is thus mandatorydegkin mind that clear
scientific concepts awake powerful enemies. Or in plain wpifdyour words do
not awake powerful enemies, they are more of the same elgehtive not been
clear enough. So, expect troubles and therefore be prudenivise. But if you
sincerely consider that it is time to be bold as a lion, theigoThe way as Ernst
experiences and teaches this is by opposing directly iedohgents and companies
that make luxury gains on the needs of people. One of theneigdty Prince of
Whales, whom Ernst has referred to asake oil salesmafSample, 2011). Ernst
can say this because he at last has nothing to fear now thaesegretirement af-
ter 18 years of moderated battle, but in general, did | sayyhia must be prudent
and wise?

It maybe difficult to clearly understand the difference bedw the two methods
that Ernst refer to, one that tries to prove that a theorygistrand the second that
aims at testing that theory. So, let us see how they are ingsited in the study of
evolution.

81 Arguing that the theory is correct

If a person is convinced that the Evolutionary Theory is tiidie just shows
its explanatory power in contrast with rival theories. Sat, s give a concrete
example in our field, the study of the Evolutionary Theory.eTtext quotations,
due to a teenager (Bar-Yam, 2011), contrast Lamarck withvideand claims for
the merits of Darwin:

Darwin believed that the desires of animals have nothingaavith how they
evolve, and that changes in an organism during its life doaifect the evolution
of the species. He said that organisms, even of the sameespecre all differ-
ent and that those which happen to have variations that Hedmtto survive in
their environments survive and have more offspring. Thapoffg are born with
their parents’ helpful traits, and as they reproduce, induals with that trait make
up more of the population. Other individuals, that are notvesll adapted, die
off. Most elephants used to have short trunks, but some magttdrunks. When
there was no food or water that they could reach with theirrstronks, the ones
with short trunks died off, and the ones with long trunks suah and reproduced.
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Eventually, all of the elephants had long trunks. Darwirodielieved that evolu-
tion does not happen according to any sort of plan.

Darwin’s theory has been supported by a lot of evidence. lrekisaTheory of
Inheritance of Acquired Characteristics has been dispdovihis was done in two
major ways. The first is by experiment. We have seen througly real examples
and observations that changes that occur in an animal dulifiegare not passed
on to the animal’s offspring. If a dog’s ears are cropped shits puppies are still
born with long ears. If someone exercises every day, runsitmams, eats well,
and is generally very healthy, the fitness is not passed orttengerson’s children
still have to work just as hard to get that fit and healthy. Thasd other examples
show that Lamarck’s theory does not explain how life formed llecame the way
itis.

The other way that Lamarck’s theory has been proven wronfasstudy of
genetics. Darwin knew that traits are passed on, but he newéderstood how they
are passed on. During the time when Darwin’s first book firshesout, Gregor
Mendel, who discovered genetics, was just starting hisrarpats. However, now
we know a lot more about genetics, and we know that the onlyfovayaits to be
passed on is through genes, and that genes can not be affactled outside world.
The only thing that can be affected is which gene sets thermar population, and
this is determined by which individuals die and which ones.|iThis is the other
way that we have learned that the fruits of an animal’s effedn not be inherited
by its offspring.

As we see, convincing arguments may be given to prove thahéwaey is right.
Anyway, we consider that any robust theory for a complex @vodn be supported
as much as desired. Example: the horoscope.

Let us see now how one proceeds if one wants to testing theythesiead of
proving it.

82 Testing the theory

If a person is not interested in supporting the Darwinianl&venary Theory
but in testing it, he or she would reason like this in reactmthe ideas expressed
in the last subsection:

Trunks of the elephants were not built in one generation basibly by thou-
sands of generations along which small change was gathBaak{ns, 1986).
Tiny changes were at random but some resulted to be bengfitiadasing the
length of trucks. These augmented the possibilities fovigmmg and would be
passed on to the offspring.

Let us think now a bit about the meaning of randomness. Claogeld had
happen all along the genome and so some changes would calbrsetd be larger.
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And other would cause to enlarge the tail. And other wouldseao enlarge the
dorsal spine. And other would cause the neck to be enlarged.b&cause all they
would be random, we would have individuals with mixed chtes; say, over-
enlarged limbs and neck.

From this we have the next families of predictions:

1. Some subspecies of elephants must have enlarged nebks, estlarged
limbs, others enlarged necks and enlarged limbs, othessgeat necks and
enlarged trunks. And so on.

2. The animals that shared with elephants the same streseccéy drought
all shall have similar evolutionary fates. So, we must firmeh$i with long
trunks in the fossil record. And rhinos with large trunks aretks. And
hippos with limbs that must be larger than ordinarily. Anchffes with long
prehensile tongues.

Next, we must compare our predictions with nature. This imadiate: it
happens that nothing like that is found neither in modernufaifons nor in the
fossil record. Therefore, we must conclude that the Evahatry Theory is false.

Science, i.e., testing, is a way of being. You must practimeugh until you
can sedalsifications of the Evolutionary Theory everywhere, all around.

83 Challenge. Devise a Java program to test our predictions. A graphic autp
could be very advisable.

Falsifications have different degree of power. Some arecinmios while other
might be clear cutting. In regard with our mentioned falsifiions, about trunks as
adaptation to drought, these need to be fully cooked to lz& clgting. They are as
yet half cooked because in a complex world there are too mptigre to invoke
complex interactions and one might bring forth special sagi¢h too many ifs to
dismiss falsifications.

We have the power to pursue these discussions to ultimateqgaances, most
surely with the help of Java, but one must consider the pitigsiio fall into a never
ending argument that apart from frustration nothing elsald/produce, such as it
has happened in the last 150 years.

So, we face a challenge: can we devise a familgobfist falsifications of the
Evolutionary Theory that are both obvious and clear cutting
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84 Robust falsifications

A necessary condition for a mechanistic explanation to leeessful and ac-
cepted is that it must convert facts in statistically ordinavents. More to the
point, reasonable explanations that convert facts in arglievents are all around
preferred to those that rely on randomness and extremese\EExample:

A wife notices that her husband is getting late at home evere th@n ordinar-
ily. By instinct, she begins to think bad things but when skcpives the pure sight
of his eyes, she is filled in peace (one naturally studiesrotfigables and/or make
other experiments or gather new observations when an extessnt is registered
in regard with a given descriptor). But the husband arrivestgrday two hours
late and he did not pass the sight-test and when he arguetthbatsual jams, she
was unable to believe him. In consequence, she passed titduniging around on
the bed without getting asleep and she is planning todaykibiasfriends to keep
and eye on her husband because she suspects the worst.ddightnthe husband
says that his behavior is explained as the result of extreme@om events but the
wife needs to make sure that it is not explained by infideétgituation that will
convert the delaying of his arrival in a normal and necessaeynt.)

Let us transpose this ideas to the discussion of the existigpecies, i.e., of
our own existence. International Science uses to teaclbératinian evolution is
the correct explanation of our life. This means that, in tgbktlof evolution, life is
an ordinary result of the laws of nature. Nevertheless,i¢higlse:

1. Itis certain that the genome is software and that evaiusa software de-
veloper (Rodriguez, 2010). This is our way of saying thafjrst place, the
DNA encodes for verbal instructions that are decipheredbygenetic code
and that are executed by the ribosomes, which play the raepobcessing
unit of a digital computer. In second place, mutations canmally create
viable code in anyone evolutionary environment anchsitation + selection
conform to unity that plays the role of software developer.

2. The experience of the Academic Community is that evatuisovery pow-
erful. Our proposal is that your imagination is the only litiwi the power of
evolution. But powerful as it can be, it has no magic in itgglfl so it can
develop software and build wonders at the price of comngjitings. Some
problems of software development might be easy and so thég bad been
solved by evolution without leaving a trail of bugs in thedibsecord. Now,
let us keep in mind that life is from the engineering standdp#ome of
complexity and perfection. Thus, were evolution the exalam of our ex-
istence, the fossil record and extant populations shoulélled in many
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diverse types of imperfections of form and function simtlathose caused
by genetic diseases. But this is openly false: all known tieimaperfections
are explained as mutations of the wild, natural type, whegbarfect.

The existence of bugs is a necessity of the Evolutionary mheeariability
created at randomness is what selection filters to createghen. Now, rejected
variability are the bugs of our insight, whose registratimimmediate as we have
seen in this volume. For complex problems, as ordinary problare, these bugs
are seen by intelligent observers as imperfections aloagtolutionary process
and so, theéevolutionary Theory predicts that a clear path from imperfe ction
to perfection must exist that must be apparent as in the foskrecord as in
modern populations. This is a huge family of mandatory predctions that are
all falsified by extant life and fossil record

The situation is similar to a runner that can run long distgraut that must pay
a price: to sweat. This is a mandatory prediction that rgddier deceivers: no
sweat, no long run. By the same token, evolution must craaye,bwhose result
are seen by observers as severe imperfections: no imperigcho evolution.

Our arguments say that life cannot be an ordinary resultefatvs of nature.
In reaction, science has at present time the option of ahajrthiat life is the result
of extreme random events. The social consequence is thetcgcis in the open
mark of ideologies weak against creationist claims. Now,law of the necessity
of bugs is applicable even to smart trained human develppense bold to claim
that the prediction of bugs falsifies as the Darwinian evoiytwhich is completely
natural, as those proposals that pretend that we appear esila of terrestrial
evolutionary experiments set up by aliens.

Science is therefore challenged to remake itself in suchtapelar way that
life ceases to be a mystery. All it needs to do is to explain atumral grounds
how to twist randomness, i.e., how to have perfectly randoumtations that are
more suitable than otherwise and that accelerate the emwduy pace towards
perfection with the consequence that the quantity andligtiod bugs are strongly
diminished. Sufficiently twisted randomness convertsitifan ordinary event.

7.10 Twisted randomness

Mutation is a change in DNA during the process of reproductiMutations are
random (UCMP, 2011b). This implies that in anyone environinéhe effect of
mutations are in general incapable to establish a directiong the evolutionary
process: mutations do not know the way neither to perfegtmrio imperfection.
The modern version of the Darwinian Evolutionary Theoryasdxd by defini-
tion on random mutations and is moreover plainly operatjsuit is very easy to
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simulate:

1. Living beings reproduce and so genetic information isembpvith random
mutation and recombination from parents to offspring.

2. The selective value of a given genetic string is deterthimgosteriori just
when its carrier is exposed to its environment, if only itiable.

3. Mutation is at random in regard with the reproductive alp#t. This implies
that: the procedure that copies the genetic informatiomfparents to off-
spring determines the alphabet that contains the elenyesyanbols to be
copied. For DNA of living beings, the reproductive alphalzetonformed
by A, T, C, G. From the stand of this alphabet, mutation to benwidan
must be at random, a possibility that does not exclude tlitgreint bases
might suffer mutation with different probabilities and ewith loci depen-
dence. Nevertheless, randomness precludes that mutabaoit guess the
path to perfection. That path must be found on blind trial andr, by natu-
ral selection.

4. Selection can be implemented in two versions, positivit rs@gative. The
first type awards the fittest individuals and grants to themenepportunities
for reproduction. The second assigns a probability of deatkvery indi-
vidual that is greater the less fit it is. The first version daies artificial
selection, say by a farmer, that chooses his better exppt@miake a new
progeny. The second is inspired by creationism, accordinghich the huge
complexity and perfection of living beings cannot be expdai naturally and
so must be taken as granted. Therefore, mutations are hquipducing
equally fitted individuals, or detrimental or maybe leth&tcording to this
school, mutation is preferentially seen as an error. Bewawéh flavors of
selection can propel complexity and perfection beginnmognf scratch al-
though the negative flavor is easier to simulate.

A successful simulation of evolution that deviates frons thiotocol is called
by us Lamarckian. Our choice is explained by the followinci$a

1. Lamarck was the father of modern transformism: specitferdvansforma-
tions driven by the circumstances to achieve complexitydiversity.

2. Lamarck taught that evolution is actually an accelergteehomenon, and
so it can produce yield just before the eyes of the beholdégvdrtheless,
the mechanism he proposed was shown to be false.)
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In spite of the falsification of its main mechanism, a modeiading of Lamarck
and the reason because of which he will remembered is thatriestthat it is pos-
sible to twist randomness. This is a powerful inspirationsoftware engineering:
twisting randomness is the overall game of applied evatuticet us see an exam-
ple:

A very simple form as one can devise a simulation guided bydrakism is
that changes are not done at random over the reproductitiatap but are made
at random over special super-alphabets that make mutatiome successful in
regard with an a priori given objective. To fix ideas, let uggider the problem
of finding the correct form of a given misspelled word in whietters has been
previously disordered. Say:

Lamarkc

If we use Darwinian evolution, a mutation to be at random rohange a given
letter of that word by another one taken at random from thalusphabet. So, the
following are some random mutations:

Ramarkc, Lamaukc, Lamarkx, Latarkc, Mamarkc

But if we rely on transpositions, which amount to a supehahet, that inter-
change the position of two letters, we might produce from &gk the following
strings:

Laamrkc, Kamarlc, Lamarck.

One can guess and verify that transpositions solves thégmnotf finding the
correct spelling faster than Darwinian evolution thateglon random mutation
over the reproductive alphabet. So, from the stand of theodetive alphabet,
transpositions amount to correlated changes that actelidr@arace for perfection
or, in our language, transpositions amountvsted randomness

How can we infer that a given simulation has been devisedjusiisted ran-
domness? In that case, the number of trials is diminishedntmber of expected
bugs is strongly depleted and as consequence, the proaszlsrated.

Now, let us translate this discussion into science. Supp@sbelief that life
on Earth is explained by evolution and we want to know wheithsrexplained by
Darwinian evolution else by some sort of accelerated, Lakian evolution.

To decide this question, all we need to do is to observe thetijyand sever-
ity of bugs, i.e., of malformations and malfunctions allredahe fossil record and
in extant populations. In regard with our planet, we find m@ifations and mal-
function but amidst populations whose members are in gemdrale and perfect
so these are not explained by an evolutionary process tleatfgom imperfection
to perfection but as the result of mutation from a whole wyiget into defective
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mutants. We conclude that if someone needs to choose be®asvinian and
Lamarckian, accelerated, evolution, he surely will chabgdast one.

Summarizing, the duel between Lamarck and Darwin can beesgpd as fol-
lows: Darwin says:pure, straight randomness + selectienplain our existence.
Lamarck complaints: to explain our existence by evolutigmaeans, we must con-
cede that randomness has been very strongly and systeltyaticiated. Mendel
intervenes and proclaims: what else apart from God thajwdiie us is capable to
twist randomness to such a degree as to make of life a muss pldms?

Strong warning: our arguments are compatible witationist religions but
they cannot be used to claim that those religions are casresttientific. A religion
to get scientific needs to teach us how to experimentallyystisdfundamentals
tenets. Actually, denetis a belief without proof that is accepted on faith. So, to
pursue the proof of religious tenets is to try to prove therawable, it is an oxy-
moron entailing a purpose that contradicts itself. Cufipaaough, hard scientists,
say, physicists, are usually pray of the propensity to ggbmmeonic: given the im-
pressive fitting of experiments to theoretical models, Highly probably that one
ends believing that models are correct. If this happens,conanits a logical er-
ror: from the verification of predictions, one cannot conéuhe correctness of the
postulates, which must be taken as conforming an effedtisery (a good method
to summarize observations) else accepted on pure faitteasdttmate truth.

7.11 The concept of evolutionary species

The Grand Synthesis dictated that speciation amounts todeptive isolation.
The advance of science has has shown that this phenomenodapeagd on just
one gene, as the case of bindin seems to be.

In hindsight, these genetical investigations has shownttieeaforementioned
concept of speciation is silly because it has nothing to db thie enormous gap of
complexity and function that separates a chimp from a huneamgb Our insight
based on the fact that the genome is software and evoluteeaftware developer
allows to propose a solution to this failure:

A evolutionary specieds conformed by a group of beings that can be joined
by common descend given the terrestrial scale of time of stBHeyears and the
material resources of the planet, somé%dioms and 1% photons.

The evolutionary theory claims that the earth contains que evolutionary
species. By contrast, our insight proclaims the joy of sméealong the following
directives:
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1. The genome is software and evolution is a software deeelop

2. Evolution is real (just think of of microbes that evolvefaleses against an-
tibiotics). Therefore, evolution contains no magic. Adlyat is easily de-
feated by complexity as every software designer knows.

3. Therefore and given the apparent extremely high comylexilife, we pre-
dict a huge number of evolutionary species, say, more thatvéy man,
chimp, horse, dog, cat, mouse, bird, frog, fish, domestiditljterfly, plant.
Nevertheless, it always will be a glory for science to provesject that two
given reproductively isolated groups are connected byafesc

4. 1t is the sole responsibility of the EvolJava Communityetaborate these
assertions to achieve any demanded level of clarity, fgroeer and grace.

7.12 Conclusion

The Evolutionary Theory claims that all living beings aréated by descend to a
common ancestor. It is an intellectual inheritance due tm&@k. The very hard
work of many, many people beginning with Darwin allows us hjog a mecha-
nistic implementation of this theory that is simple, clgaowerful and that have
resisted the scrutiny of science in various fundamentalscs. The theory reads:
random mutation is immanent to DNA duplication and repraiducand the ensu-
ing variability is filtered by the environment in such a wagtteome offspring will
produce more descendants than others and so life gets mibma@e adapted to
its milieu and more diverse, complex and beautiful. If weniifg speciation with
the arising of sexual isolation of two populations, we musidict that incipient
speciation shall be very easy to reproduce in the lab, a ff@atthitas been verified
with flying colors. While this result is a great advance okesce, it is insignifi-
cant if we consider it from the stand of competing ideologges/ creationism, an
inheritance of Mendel saying that life in general cannotdiergifically explained
and so the faith in a Creator that will judge us cannot be elatuby science. In
fact, the genetics of sexual isolation may correspond ewendene but a living
being can have more than 500. So, scientific evolution is etqut not related
to the questions that dominate religions and that emphaiseeisual extremely
high levels of complexity and perfection of extant life. Netheless, the general
advance of computing science has allowed as to look at thtutitwzary Theory
from a perspective that clearly shows that it is obviouslgda were Darwinian
evolution the explanation of our existence, the fossil re@nd extant population
should be plagued with every sort of malfunctions and maitdrons. This is of
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course, false. So, we contend that the Evolutionary Thebititi@omodern inter-
national literature is a scientific contradiction becausaniounts to evolution (of
form and function) without evolution (of perfection). Tleéore, it is from now

on insane to belief and immoral to teach that the Darwiniaallionary Theory

explains life on Earth. Or, following a modern reading of Lanck: to explain life

with evolution, one needs to admit that randomness has bagrstrongly twisted
much more than any science can resist.
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Answers to exercises

Problems of Chapter 1

11. By sampling effects, observed frequencies of a given teatl to
vary, to drift, whenever they are different than zero or tbae. But if ob-
served frequencies take on one of these two extreme valegliang can-
not create modifications. So, evolution is halted, a tréi$ §jged. Fixation
is a rule unless other forces must exist to counterbalance it

12. This was studied in Vol | of this series, see chapter 20 oretien
drift, say, program 328 and beyond.

13. We can dispense for the use of probabilities from the givegmmm
if we replace them by their equivalent operational definitioat abstracts a
relative frequencysample with replacementan individual from the pop-
ulation (pick at random an individual, measure the desiraii &and return
it back to its former place), if it i, generate &, if it is C generate &.
Here, like begets like without mutation.

17. Testing whether or not the tables of relative frequencas/erge
to a limit. The program outputs the maximal difference bemthe corre-
sponding cumulative frequencies to carry on a KolmogormirB8ov test to
check whether or not two cumulative tables come as sampulastiie same
distribution. Verdict: one can accept that the tables daitred frequencies
converge to a limit with a confidence level a bit lower than 95Vhe K-
S test is addressed to continuous distributions but our ksErghow that
the distribution of the chosen observable has not long éaitshas smooth
central tendency, so the abuse is not that dangerous. Tledalaivs:

193
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/1 Program G17 grandFat her 3

/] Cal cul ati on of an evol utionary theory.

[+ The theory represents the usual behavi or

of calls fromw red tel ephones (T) or cell phones (O
to the grandfather by his famly and rel atives
before the discovery of the |lake. It has

two main el enents. First: received nunber

of calls per week in the last tine was 4, 5 or 6
and with equal probability. Second: people

try to repeat the behavior of the |ast week,
i.e., the observed frequencies of T and

C that happened in the previous week served

as probabilities to design the future in

the foll ow ng week. Moral |aw and the force

of habits dictate that there nust be at | east
one T and one C every week.

The initial frequency of T is 0.4.

bserved facts that nust be contrasted with

the theory and that presunably falsify it:

the total nunber of calls during the |last three
weeks has been 13 while in the last five he
recei ved just 21 calls.

To try to understand whether or not we deal with
a probability density function, we pair

two tables of relative frequencies taken at

di fferent generations.

*

E o R . T B R N I T S R S N S R S

/
import java.util.Random

public class grandFat her3
{
private static int averageNCalls = 5;
private static int randonthift;
private static double initial FreqT = 0. 4;
private static int nEvents = 30000;
private static int RecordCalls[ ] = new int[nEvents];
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/| Tabl es of relative frequencies

private static int Dist[ ] = new int[nEvents];
private static double[] Tablel = new doubl e[ 100];
private static double[] Table2 = new doubl e[ 100];
/| Tabl es of cunul ative frequencies

private static double[] Cunl = new doubl e[ 100];
private static double[] CunR = new doubl e[ 100];
private static double[] Di screpancyAbs = new doubl e[ 100];
/I Nunber of groups of weeks

private static int nG oups;

/I Nunber of weeks per group

private static int nWeks = 5;

private static int counterCalls;

/| Cbserved nunber of calls

private static int observed;

private static int mn, max;

private static bool ean print;

/'l Turn on of the random gener at or

private static Randomr = new Random();

/I Basi ¢ Test of the random generator for random generation
/lof 4 s, 5 s, 6s with equal probabilities

public static void test RandGenl()

{

Systemout.println("Tests the random generator™ +

\nfor random generation of 4's, 5's, 6's " +

"\nwi th equal probabilties");

int counter4 = O;
int counter5 = 0O;
int counter6 = O;

int nExp = 4000;
for(int i=0; i < 3*nExp; i++)
{
randonthi ft = r.nextlnt(3);
i nt nunberCalls = averageNCalls + randonthift - 1
System out. println(nunberCalls);
//counters are increnented in one
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i f(nunberCalls == 4) counter 4++;
i f(nunberCalls == 5) counter5++;
i f(nunmberCalls == 6) counter6++

}

Systemout. println("Nunber of 4's
Systemout. println("Nunber of 5 s
System out. println("Nunber of 6 s

System out . printl n("Expected numnber

}

//Basic test of the random generator for

[lof T"s with prob probT,;

ANSWERS TO EXERCISES

+ counter4);
+ counterb);
+ counter6);
"+ nExp);

public static void test RandGen2(doubl e probT)

{

Systemout.println("Tests the random generator" +

" \'nfor random generation of T 2" +

"\nwith probability " + probT);
int counterT = O;
int counterC = O;
[/ Total nunber of chars
int n = 4000;
doubl e t;
for(int i=0; i < n; i++)
{
t = r.nextDoubl e();
if (t < probT)
{
Systemout.println("T");
count er T++;

}

el se

{
Systemout.println("C");

count er C++;
}
}

Systemout. println("Nunber of T s
System out. println("Nunber of C s

+ counterT);
+ counterQC);

random gener ati on



Systemout.println("Total nunber of chars =" + n);
doubl e expT= n*probT;
Systemout. println("Expected nunber of T's =" + expT);
}
public static doubl e generation(double probT)
{

/I generates the nunber of calls for this week
randonthi ft = r.nextlnt(3);
int callsThi sWweek = averageNCal | s + randonthift - 1;

if (print)
System out. print (" Nunber of calls ="
+ cal | sThis\Wweek + ": ");

counterCalls = counterCalls + call sThi s\Wek;
int counterT = O;
doubl e t;
/| Generates actual type of calls:
/'l Two of themare TC,
if (print) Systemout.print("T");
count er T++;
if (print) Systemout.print("C");
/I Gthers calls are
//generated with prob of T = probT,
for(int i = 2; i < callsThisWek; i++)
{
t = r.nextDoubl e();
if (t < probT)

if (print) Systemout.print("T");
count er T++;
}
el se
if (print) Systemout.print("C");

double cT = counterT,

doubl e freqT = cT/cal | sThi s\Wek;

if (print) Systemout.print(" FreqT =" + freqT);
if (print) Systemout.println();
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return freqT;

}

public static void evol uti on(doubl e probT)
{
int counterRecord = O;
for(int i =0; i < nGoups; i++)
{
counterCalls = 0;
for(int j = 0; j < nWeks; j++)
{
if (print) Systemout.print( 1 + " " +]);
probT = generation(probT);
}
if (print)
Systemout. println("Nunber of calls in " + nWeks
+ " weeks =" + counterCalls);
RecordCal | s[ count er Record] = counterCalls;
/lcounter is increnmented by one.
count er Recor d++;

}
}

/| The proposed theory is studied:

[lFirst: we find the distribution of calls during

/la group of nWeks.

/1 Second: we find the significance of the

/1given barriers. First barrier = 13 for groups of 3 weeks
/land the second is 21 for groups of 5 weeks.

I

/1 Find the distribution of nunbers of total

/lcalls recorded in RecordCall s[]

public static void findDi stribution()

{

mn = nEvents

max = 0;

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

{
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Di st[ RecordCal I s[i]] ++;

/1! means bool ean negation

if (!'(RecordCalls[i]==0))

{
if (RecordCalls[i] > max ) max
if (RecordCalls[i] <mn ) mn

RecordCal | s[i];
RecordCal | s[i];

}
}
System out. println("Nunber of groups =" + nGoups);
}
/'l The pVal ue of observed value is found, i.e.

//the probability of getting an event as extrenme or nore
/I than the observed val ue
public static double[] findSignificance(int observed)
{
doubl e total Sum = 0;
doubl e partial Sum = 0;

for(int i = mn; i <= max; |++)
total Sum= total Sum+ Dist[i];
for(int i = mn; i <= observed; i++)

partial Sum = partial Sum+ Dist[i];

doubl e pVal ue = partial Sum total Sum

doubl e[] Tabl e = new doubl e[ 100];

System out. println("Nunber of calls" +

" per week, absolute and relative frequencies");

for(int i = mn; i <= max; |++)

{

Table[i-mn] = Dist[i];

Table[i-mn] = Table[i-mn] / total Sum

Systemout.println(i + " " + Dist[i] +" "
+ Table[i-mn] );

}

Systemout.println("Partial sumuntil
"= " + partial Sum;
Systemout.println("Total sum=" + total Sun);
Systemout.println("pvalue =" + pVal ue);

+ observed +
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return Tabl e;

}

/1 To reject a theory of null hypothesis
/1on ordinary statistical grounds, we nust make sure
//that we deal with a correctly defined probability
/ldensity function. If that is the case, two
/ltables of relative frequencies taken at
/ldel ayed intervals must differ very little.
/1A two sanpl e Kol nogorov-Smirnov test is carried out.
public static void studyLimt()
{
Systemout.println("\nPairing of tables of " +
"absol ute frequencies.");

Systemout.println("\ntablel, table2, absolute difference");
doubl e maxDi ff = O;
for(int i =0; I < max-mn +1; i++)

{

Di screpancyAbs[i] = Math. abs(Tablel[i] - Table2[i]);

Systemout.printf("%1.5f %1. 5f %d1.5f %",

Tabl el[i], Table2[i], DiscrepancyAbs[i] );
if ( DiscrepancyAbs[i] > maxDi ff )
maxDi ff = Di screpancyAbs[i];
}

Systemout.println("Maximal difference =" + maxDiff);
Systemout.println("\nPairing of cunulative tables.");
Systemout. println("\nCuml, Cun, absolute difference");

Cunil[ 0] = Tabl el[0];

Cun2[ 0] = Tabl e2[0];

doubl e maxDi ff Cum = O;

for(int i =1; i < max-mn +1; i++)
{

Cuml[i] = Cuml[i-1] + Tablel[i];

CumR[i] = CunR[i-1] + Table2[i];

Di screpancyAbs[i] = Math.abs(Cuml[i] - CunR[i]);
Systemout.printf("%1.5f %1.5f %d1.5f %", Cuni[i],
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Cune[i], Di screpancyAbs[i] );
if ( DiscrepancyAbs[i] > maxDi ffCum)
maxDi f f Cum = Di screpancyAbs[i];

}

Systemout. println("Maximal difference in cunulative " +
"functions=" + maxD ffCum;

doubl e criticValue = 1.63 /Math. sgrt(nG oups);

Systemout.println("Critical value for al pha = 0.05 :

+ criticVal ue);

if ( maxDiffCum < criticVal ue )

Systemout. println("Sanples come fromthe sane distribution" +

"W th confidence | evel 95%);

el se

Systemout. println("Sanples conme fromdifferent" +

" distribution with confidence |evel 95%);

public static void stepl()
{
print = fal se;
bool ean t est RandGenl = fal se;
if (testRandGenl) testRandGenl();

Systemout.println("Sinmulation of calls week by week.");
if (print)
{
Systemout.println("T = call froma wred tel ephone.");
Systemout.println("C = call froma cell phone.");
Systemout.println("Initial frequency of T's ="
+ initial FreqT);
}
bool ean test RandGen2 = fal se;
if (testRandCGen2) testRandGen2(initial FreqT);

}
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public static void main(String[] args)
{

stepl();

doubl e probT = initial FreqT;
[l1nitialization

nG oups = 10000;

for(int i = 0; i < nEvents; i++)
RecordCal I s[i] = O;

observed = 21

Systemout. println("\nWeks are grouped by " + nWeks);
Systemout. println("CObserved nunber of calls
+ observed);

evol uti on(probT);

findDi stribution();

Tabl el = findSignificance(observed);

/'l studyTheory();
[llnitialization

for(int i = 0; i < nEvents; i++)
{
RecordCal | s[i] = O;
Dist[i] = O;
}
nG oups = 20000;
for(int i = 0; i < nEvents; i++)

{
RecordCal I s[i] = O;
Dist[i] = O

}
observed = 21
Systemout. println("\nWeks are grouped by " + nWeks);
Systemout. println("CObserved nunber of calls
+ observed);
evol ution(probT);
findDi stribution();
Tabl e2 = findSignificance(observed);
studyLimt();

}//End of main nethod



203

}//End of class

Problems of Chapter 2

20. We have witnesses that evolution can solve Syntax for the ve
special case of phrases with 7 words. It is too early to clhiat we easily
can pass from here to any number of words.

22. At its face value, the slowing of evolution due to recomhima
shows that the role of recombination has nothing to do witteksrating
evolution although in some other evolutionary environraéhat might hap-
pen. To understand this failure, let us consider two chrames: 01234567
and 01256734. Recombination might produce 01234734, winéshtwo
words repeated and lacks other two. This is a clear hindremeeolution.
That is why evolution is slowed. This also contradict theyvextended
belief that the main role of recombination is to heal impetrigopies cre-
ated by mutation. We see in the program that mimics a teabla¢téach
syntax to her pupils a witness to the contrary: every mutghi@duces vi-
able products and so mutation is not harmful while recontimnds harm
prone. All in all, we conclude that evolution is not a panabeaarather a
very brilliant idea that is very difficult to implement. Thigtwhy it repre-
sents a challenge: everyone is invited to become an experkshto hard
work during many years. If you endure, a new world will unvtself be-
fore your eyes: the existence of biological evolution wilt @pen for you
in all its mystery and splendor and you will feel challengedyb beyond
cheap scientific explanations.

24. Gene positional selection. The next algorithm solvessyrax
problembut not at the same pace as the former program. So, this type of
selection captures the main ingredient of the organisnmecsen but not
its complete flavor.

/I Program G4 synt ax2

//W mimc a gane that a teacher

/ | proposes to her pupils:

/'l A di sordered phrase is given to pupils.

/'l A di sordered phrase is just a pernutation of

//the original one, a variation of order of its words.
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/1 They nust restore fromthis

/lstring the original sentence

//with correct neani ng and synt ax.

/1 The problemis solved by neans of evol ution,

[1in which GENE SELECTION is the driving force of the
/ l ensui ng evol uti onary process.

/1ln this case, fitness is given by the teacher,
/Iwho al ready knows the answer and can estinate

/I how good are the attenpts of the pupils.

/1 To disorder the original correct phrase,

/la series of swaps or transpositions is done.
/1 The best way to correctly reorder the

/1 given disordered phrase is to use al so swaps.

i mport java.util.Random

public class syntax2
{
private static String phrase =
"syntax deals with the formation of correct sentences”;
private static int nLetters = phrase.length();
private static int nWrds;
/1 The phrase is deconposed in words
private static String[] Wrd = new String[ 10];
/I Wbrds are nunbered. A disordered phrase is encoded
/lin a vector of digits, Permutation[], such that
[/ Permutation[i] indicates what word goes
/lat place i of the possibly disordered phrase.
private static int[] Permutation = new int[10];
[/ Turn on of the random generator
private static Randomr = new Random();

/| ===Cenetic part of declaration of variabl es====
/1 Individuals are kept in the array

/1 Individual[]. It is an array of strings.

/I Each i ndi vi dual encodes

//the pernmutation that it represents.



205

/1 The individual is a string that encodes for
/'la nunber.

/1l The nunber of individuals nust be

/[l less than limt.

static double zMax; static double N,

static int limt = 50000;

static double Fitness[];

static String Individual[ ], Individualc [];
[/ Actual nunmber of individuals

static int nindiv ;

static int Oder[];

static String b;

static int generation;

static int nGCen;

static int ReportMn[], ReportMax[];
static double ol dError, newkrror;
static double deltaError;

static bool ean print,testEncodi ng;

/] Qur observabl e that decl ares success.

static bool ean done = fal se;
static bool ean reconbi nati on;
static doubl e ERROR, FI TNESS;
static String SOLUTI ON;
static int GENERATI ON;

/I Wbrds are recogni zed: they are separated by a space.
/'l They are kept in a vector.

private static void nunberWrds(String s)

{

int counter = O;
String f ="";
for(int i = 0; i < nLetters; i++)
{
char d = s.charAt(i);
/1 Systemout.println(d);

if (1(d==" ")) f = f+d:
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el se
{
Wrd[ counter] = f;
f ="":
count er ++;
}
//last word
if (i == nLetters-1) Wrd[counter] = f;
}
/1 System out.println( counter);
Systemout.println("\nThe words of the phrase " +
"With their indexes: ");
nWrds = counter +1;

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

{
Systemout.println(i +" " + Wrd[i]);
Permutation[i] = i;

}
}

/1A transposition is the interchange of
/] place between two itens.
private static void transposition()
{
int m= r.nextlnt(nWrds);
bool ean flag = fal se;
/1 Sites nust be different
i nt n=0;
while(!(flag))
{ n = r.nextlnt(nWrds);
if ('(n==m) flag = true;
}
if (print) Systemout.println("Pernuation of
+ m+ " and " + n);

int k = Pernutation[n];
Perrmutation[m = Pernutation[n];
Per mut at i on[ n] k;
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/I M xer: a sequence of transpositions creates variability.
/I The output is encoded in a string, a chronosone.
private static String m xer(int nunber O Transp)

{

for(int i=0; i < nunberO Transp; i++ )
transposition();
String v ="";
for(int i = 0; i < nWrds; i++)
{

Integer e = Pernutation[i];
v =V + e.toString();
}

return v;

}

/I'Wrds in the sentence encoded by s are pernuted

private static String pernutate (String s)
{

nunmber Wor ds('s) ;

/I Nunber of transpositions

int n = nWrds;

return mxer(n);

}

/1String nunber is decoded into a phrase

private static String stringToPhrase(String nunber)
{
String phrase="";
for(int j=0;] < nunber.length();j++)

{

char s3 = nunber. charAt (j);

int | = Character.getNunericVal ue(s3);
phrase = phrase + Word[I] + " ";
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}

return phrase;

}

/| Decl arations and default initializations
/1 of other arrays.
private static void otherlnit( )
{
Oder=newint[limt+1];
ReportM n= new int[limt+1];
Report Max= new int[limt+1];
Fi t ness= new double[limt +1];
for(int i = 0; i< nlndiv; i++)
{
O der[i] =0;
Report M n[i ] =0;
Report Max[ i ] =0;
Fitness= new double[limt +1];
}
}

/1 An individual is a string that is a pernutation
/| of anot her one.

private static String generatelndividual ()

{

/I Nunber of transpositions

i nt nunber O Transp = r. nextlnt(nWrds);

String ind = m xer(nunber O Transp) ;

return ind,

}

[+ W generate nlndiv individuals (strings)

encodi ng for pernutations of 01234567 =/

private static void Initialization( )

{

/| Formal decl aration of our array.

I ndi vi dual = new String[limt];

if (print) Systemout.println("OR G NAL POPULATI ON");



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

{

if (print) Systemout.println( "\ni =" +1i);

I ndi vidual [1]="";
/1l Individual[i] is a string,
/'l it is a genotype that encodes a nunber,
/lits phenotype.
I ndi vidual [1] = generat el ndividual ();
if (print)
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Systemout.println(" =" + Individual[i] );

}
}
otherlnit();
}

/1 This met hod decodes the string into the entries

/'l of pernutation[]
private static void stringToVector(String s)

{
for(int j =0; j < nWrds;j++)

{

char ¢ = s.charAt(j);
int | = Character.getNunericVal ue(c);

Permutation[j] = 1;

}
}

/'l The error of chronmosone s i s mnus
/Ithe nunber of wrong pairw se orderings.

/'l Say, 54 is wong and obtains a penalty of -1.

private static double error(String s)

{
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stringToVector (s);
int counter = 0O;
int a, b ;

for(int j =0; j < nWrds-1;j++ )

{
char ¢ = s.charAt(j);
a = Character.get NurericVal ue(c);
cC = s.charAt(j+1);
b = Character.getNumericVal ue(c);
if (a>Db ) counter--;
//Systemout.println( a+" " + b+ " " + counter);
}
return counter
}

/1 This fitness of each individual is found
private static void fitness(int gen)

{

/W measure the error of individual[i]
//with respect to the perfect one 01234567.
/W adopt a gene insight.

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

double error = error(Individual[i]);

Fitness[i] = error;

if (print)
Systemout.println("i =" + i
+ " Individual =" + Individual[i]
+ " BError ="+ error
+ " Fitness" + Fitness[i] );
if (error > - 0.000000000001)

{

GENERATI ON = gen;
ERROR = error;
SCLUTION = Individual [i];
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FITNESS = Fitness[i];
done = true;
}
if (print) Systemout.println();
}
}

/1lndividuals are sorted by fitness
private static void Sorting(int gen)
{
fitness(gen);
if (print) Systemout.println("\nSORTING');

i nt Chanp;
/1 Sorting by fitness.
[IMnimal fitness = - 6. Maximal O.
for(int i = 0; i< nindiv;i++)
{
Chanp = 0;
for(int j = 0; j< nindiv;]j++)

if (Fitness[j] >= Fitness[Chanp]) Chanmp = j;

/1 The array Order classifies individuals by fitness
/1 by equal or decreasing order.
Order[i] = Chanp;

if (print)
{
Systemout.println( i + "thind. is No "
+ Chanp + " " + Individual [Order[i] ]
+ " Fitness =" + Fitness[Chanp]);
}
Fi t ness[ Chanp] = -10;
}
String t = Individual [Oder[0] ];
Systemout.println(" Best solution" + 1t +

' -> " + stringToPhrase(t));
}
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[/ Each individual of the top ten
/'l produces 10 copies.
private static void Reproduction()

{
if (print)
Systemout. println( "Reproduction");
if (print)
Systemout.println( "The best =" + Oder[0]);

| ndi vi dual c= new String[limt];
int counter = 0;
for (int top = 0; top < 10; top++)

{
for(int j = 0; j< 10; j+4)
{
I ndi vi dual c[ counter] = Individual [Oder[top]];
counter = counter +1;
}
}

for(int j = 0; j< counter; j++)
| ndi vidual [j] = Individualc[j];

}

/'l A a sequence of transpositions creates variability.
private static String m xWrds(String s,
i nt nunber O Tr ansp)
{

[/ Chronpbsome s is transfornmed into a vector
stringToVector(s);

[/ Entries in vector are transposed

for(int i=0; i < nunberO Transp; i++ )
transposition();

/'l Vector is encoded into a chronbsone, a string.

String v = "";
for(int i =0; i < nWrds; i++)
{

Permutation[i];

| nt eger e
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v =V + e.toString();
}

return v;

}

/1A mutation results froma series of transpositions
private static void Miutation()
{
for(int j =1; j< nlndiv; j++)
{
/I Nunmber of transpositions
int n = r.nextlnt(nWrds);
Individual [j] = mi xWords( Individual[j],n);
}
}

/1 Two strings reconbi ne and produce two of fspring.
private static void Reconbination()

{

for(int j =50; j< nlndiv; j++)
{

/| Define place of reconbination

int m= r.nextlnt(nlndiv);

int n =r.nextlnt(nlndiv);

String a = Individual [n];

String b = Individual [n];

i nt placeRec = r.nextlnt(nWrds);

I ndi vidual [mM] = a.substring(0, placeRec)
+ b.substring( placeRec);

I ndi vidual [n] = b.substring(0, placeRec)

+ a.substring( placeRec);
}

}

/I Master for a generation
private static void dynam cs(int gen)

{
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/1lIndividuals are sorted by fitness
Sorting(gen);

/1 The top ten are preferentially reproduced
Repr oducti on();

/1 The new popul ation is subjected to nutation
Mut at i on();

i f (reconbi nation) Reconbination();

}

/1 The original ordered phrase is rebuilt
/by a genetic algorithm
/1 This program sinul ates a teacher that knows
//the answer and guides their students
//for a better solution.
private static void restorePhrase()
{
Systemout. println("\n\nRunning ");
nl ndiv = 150;
Initialization( ) ;
nGen = 200000;
ol dError = 1000;
for(int gen = 1; ( gen <= nCGen) & (!(done)); gen++)
{

System out. print("\nGENERATION = " + gen);
dynam cs(gen);
}
if (done)
{
Systemout. println("\nGENERATION = " + GENERATI ON +
" SOLUTI ON FOUND") ;
Systemout.println("ERROR = " + ERROR);
Systemout. println("SCLUTION = " + SCOLUTI ON
+ " ->" + stringToPhrase(SOLUTION) );
Systemout.println("FITNESS = " + FI TNESS);

System out . println("Nunber of generations ="
+ GENERATI ON) ;

Systemout. println("Nunber of individuals " +
"per generation =" + nlndiv);
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int total Cost = GENERATI ON * nl ndiv;
System out. println("NUrber of Generations x " +

"nunber of individuals =" + total Cost);
}
}
public static void main(String[] args)
{

print = fal se;
reconbi nati on = fal se;
Systemout.println("This programdi sorders a sentence"
+ " \nand reorders it by evolution "
+ "\'nusing random transpositions. "
+ "Sel ecti on goes down to genes.\n");
Systemout.println("OR G NAL SENTENCE: ");
System out . printl n(phrase);
String p = pernutate(phrase);
Systemout. println( "\nCHALLENG NG DI SORDERED SENTENCE" +
" WTH I TS | NDEXATION : \n" );
Systemout.println( p +" ->" + stringToPhrase(p) );
rest orePhrase();
}//End of main nethod

}

Problems of Chapter 3

33. Mutation in Darwinian evolution is random over the alphabk
the evolutionary environment, which is that dictated byrogjoiction. For
biological evolution of DNA, the alphabet i&A, T,C, G} and the elements
of the alphabet are called bases. In program G19 we have &utienary
environment with an alphabet S{9,1,2,3,4,5,6,7}. This is the alpha-
bet dictated by reproduction. A random mutation over thighabet would
transform the chromosome 10234567 into, say, 1223456 ¢hakiclearly
not in the path to perfection, represented by 01234567 .€fbi, it is true
that random mutations in tandem over alphabet S can gerneaatsposi-
tions but they must be accompanied with a lot of undesirabisenThus,
Darwinian evolution certainly can produce transpositioatsis very expen-
sive. By contrast, transpositions in program G19 happetesically,
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with probability one and without noise. Most applicatiorigwolution use
the same idea that in here: instead of using the alphabettedcby re-
production, suitable super-alphabets are employed. Ag@volution is
always Lamarckian.

Problems of Chapter 4

52. The Author considers that the negative implementatiornps@x-
imately equally good to guide evolution from scratch to petibn as the
positive is. But the negative type of selection is easientplement. Thus,
for applied purposes, the negative flavor is better. For tb&son, the
Author considers that the creationist complaint, sayirgg #volution can
change things to selectively equivalent variants else @ontbrst, is false.
The evolutionary insight is that perfection is a concept dregses from the
interrelation of the evolving object with its environmemtdathat a death
centered selection is quite good to achieve optima, i.efepgon. Sum-
ming up, creationism to be socially acceptable needs tdgiro¢he glory
of evolution, which is more powerful than anyone can imagine that is
nevertheless very limited to battle complexity.

53. Twisted randomness in solo is shown to be almighty to sotae
lems of retro-engineering, in which we know the answer.

/| Program Gb3 synt ax9

/W mimc a gane that a teacher

/| proposes to her pupils:

/'l A di sordered phrase is given to pupils.

/1 A di sordered phrase is just a pernmutation of

//the original one, a variation of order of its words.
/1 They nust restore fromthis

/lstring the original sentence

//with correct nmeani ng and synt ax.

/1 The problemis solved by neans of TW STED CHANCE al one.
/1 To twi st randommess, we filter

/1 generated random nunbers and accept

/[la digit only if it fits in the need of the nonent.
/11n this case, fitness is given by the teacher,

/I who al ready knows the answer and can deci de

/ I whet her or not a proposal is useful
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/I for the overall purpose.

I nport java.util.Random

public class syntax9
{
private static String phrase =
"syntax deals with the formation of correct sentences”;
private static int nLetters = phrase.length();
private static int nWrds;
/'l The phrase is deconposed i n words
private static String[] Wrd = new String[10];
/I Words are nunbered. A disordered phrase is encoded
//in a vector of digits, Permutation[], such that
/I Permutation[i] indicates what word goes
/lat place i of the possibly disordered phrase.
private static int[] Perrmutation = new int[10];
// Turn on the random gener at or
private static Randomr = new Random();
private static bool ean print;

/I Wbrds are recogni zed: they are separated by a space.
/|l They are kept in a vector.
private static void nunmberWrds(String s)
{
int counter = O;
String f ="";
for(int i = 0; I < nLetters; i++)
{
char d = s.charAt(i);
/1 System out. println(d);
if ('(d==" ")) f =f+d;
el se

{
Word[ counter] = f;
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f=""
count er ++;
}
/11ast word
if (i == nLetters-1) Wrd[counter] = f;
}
/1 System out.println( counter);
Systemout.println("\nThe words of the phrase " +
"With their indexes: ");
nWords = counter +1;

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

{
Systemout.println(i +" " + Word[i]);
Permutation[i] = 1i;

}
}

/'l A transposition is the interchange of
/'l pl ace between two itens.
private static void transposition()
{
int m= r.nextlnt(nWrds);
bool ean flag = fal se;
/1 Sites nust be different
i nt n=0;
while(!(flag))
{ n = r.nextlnt(nWrds);
if ('(n==m) flag = true;
}
if (print) Systemout. println("Pernuation of "
+ m+ " and " + n);
int k = Pernutation[n];
Perrmutation[m = Pernutation[n];
Per mut at i on[ n] K;

}

/I M xer: a sequence of transpositions creates variability.
/1 The output is encoded in a string, a chronosone.



219

private static String mxer(int nunber O Transp)

{

for(int i=0; i < nunberOTransp; i++ )
transposition();
String v ="";
for(int i = 0; i < nWrds; i++)
{

Integer e = Pernmutation[i];
v =vVv + e.toString();
}

return v;

}

/I'Wrds in the sentence encoded by s are pernuted

private static String pernutate (String s)

{
nunmber Wor ds('s) ;

/I Nunber of transpositions
int n = nWrds;
return mxer(n);

}

/1String nunmber is decoded into a phrase
private static String stringToPhrase(String nunber)

{
String phrase="";

for(int j=0;] < nunber.length();)++)

{

char s3 = nunber . char At (j);

int | Char act er. get Nuneri cVal ue(s3);
phrase phrase + Word[I] + " ";

}

return phrase;
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/IDigits that are generated at random
/[lare filtered and are adnmtted only those
/[/that fit the precise need.
/1So, the first organismis made perfect
//fromthe pure begi nning.
/1 This is twi sted randommess at its maxi mal expression:
/lall one needs is one individual to create perfection.
/1 The random generator is supposed
/lto represent randomevents in a real world.
/1 The twi sting procedure only has the information
//to regul ate things.
private static void nmatchPhrase()
{
Systemout.println("\n\nRunning ");
bool ean go = true;

I nteger n = 1234567,

/ltarget = 01234567

String target = n.toString();
target = "0" + target;

String trial ="";

int ki,

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

{
whi | e( go)

{
/'l Generate digits at random
k1l = r.nextlnt(nWrds);
/IDigits are filtered before
//they go into a new organi sm
if (ki1 ==1)

/[1if the digit is needed right now,
/llet it be part of the new chronosone.
| nteger k = k1

trial = trial + k.toString();

go = fal se;
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}
}
/[l Systemout.print("\ni =" +1i);
go = true;
Systemout.println(" phrase in construction =" + trial
+ " ->" + stringToPhrase(trial) );
}
if (trial.equalslgnoreCase(target))
{
Systemout.println("\nAttenpt =" + 1 +
" SOLUTI ON FOUND") ;
System out. println("Nunber of individuals " +
"per attenpt =1 " );
}
}

public static void main(String[] args)
{
print = fal se;
Systemout.println("This programdisorders a sentence"
+ " \nand reorders it by tw sted chance. ");
Systemout. println("OR G NAL SENTENCE: ");
System out . printl n(phrase);
String p = pernutate(phrase);
Systemout. println( "\nCHALLENG NG DI SORDERED SENTENCE" +
" WTH ITS | NDEXATION : \n" );
Systemout.println( p +" ->" + stringToPhrase(p) );
mat chPhr ase() ;
}//End of main nethod

}

Problems of Chapter 5

54. Let us imagine for a moment that we indeed appeared as aofruit
evolution on Earth:
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1. We are not against the belief that one can achieve perfettiDar-
winian evolution. But a price in bugs must be paid. The traddbdeir
existence must be apparent as in the fossil record as intepdanla-
tions through every kind of malformations and genetic nradtions
not by disease but by faulty design. In Lamarckian evolutigare is
possibly a path from scratch to perfection but it goes sotfastwe
cannot demand the existence of malfunctions or malformateei-
ther in extant populations nor in the fossil record. Therefand in
the light of complexity, Lamarckian evolution seems moritadle to
explain our existence that Darwinian one.

2. The most plausible implementation of Lamarckian evolutnight be
by claiming the existence of aliens that converted our plana lab
of directed evolution. Nevertheless, we are very far frolmedng an
agreement on whether or not they exist or existed. By the $akea,
in spite of the fact that the international news reveal vi&debghosts
in action, science is as yet not ready to accept that as atificiéact.
Therefore, spiritual claims do not belong in science. Atdame time,
most scientists consider at present that Darwinian eaiutn earth
is all we need to explain life. Summing up: Lamarckian evioluhas
not gained a place in science.

3. Modern International Literature sees how well the foestlord and
taxonomic data are fit by a genetic tree dominated by a tremdrtts
complexity and hominization and then teaches everyonelifieais
obviously explained by evolution. Nevertheless, the aagesl type
of evolution cannot be Darwinian since it provides no cueegard
with the mandatory price that Darwinian evolution must pawgs
followed by corrections that create more bugs. The evatubibthe
Modern International Literature cannot be Lamarckianegitiecause
there is no mention to external agents or forces that codfpdwlu-
tion to defeat complexity. Rather, Modern Internationaktature is
pray of a lack of clear concepts. Clarity springs as follows:

(a) The genome is software and Darwinian evolution is remabBpft-
ware developer.

(b) Evolution according to Darwinian evolution is a realural phe-
nomenon that must obey the laws of nature, the very first of
which is: there is no software development without bugs fol-
lowed by corrections that generate more bugs. Bugs mustlreve
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themselves through malformations and malfunctions atiugh
the fossil record and extant populations.

(c) If arobust evidence of a path towards perfection is ldckes it
indeed happens, Darwinian evolution cannot be invoked to ex
plain the existence of the various millions of species thaabit
the Earth nowadays.

4. Because the International Literature unduly teachesvtieaare ex-
plained by Darwinian Evolution, it forces everyone to igathe uni-
versal and trans-cultural witnesses in favor of the existef a spirit
that lives after the death of the body together with the matigions
that point to a Creator. Nevertheless, our discussion by eans en-
tails a scientific creationism or the like:

(a) While all religions tolerate and even favor some sci@rgtudies
and discussions, the core of some religions is definitively n
scientific. Say, who can bring forth the risen Jesus to see how
tall he is? Therefore, all efforts, if any, to make of Chngtem
a scientific doctrine is based on misconceptions. Rathieihée
believer to apply his or her religion to his or her life andhén
or her reap and taste the fruit of his or her deeds to see holw wel
the vacuum for eternity that exists in his or her soul has been
filled.

(b) To say that reality has things that are outside the scbhpaence
and experimentation is to claim that our physics is and mest b
incomplete. This postulate is a regulative one and does &ot b
long in science. Some people will accept it, while other woul
reject it, and never will be agreement between the two [martie
Nevertheless, if you clearly understand all these poiras,will
have no need to kill someone that thinks not like you.

Problems of Chapter 6

61 The problem is that we have two alphabets. The fir8dig, 2, ..., 13},
in which each number represents a word. The secok@,ik..,9} which
the alphabet we use to represent numbers in base 10. Whicl totrect
alphabet? Which one is dictated by reproduction? The ansnhrs: the
alphabet of a given evolutionary environment is not dictaty the used
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codons but by the letters that compose them. To get convioidids, let us
think of the DNA string ATTTAGT. This string contains two cords but the
concept of codon is unknown to reproduction and mutatiore @iy im-
portant thing for mutation is that this string contains @sivhere a random
change can be made. So, the alphabet to decide whether arahati@n is
Darwinian is uniquely defined by the way as natural mutatiemks. For
DNA, itis {A, T,G,C}. For our program, the alphabet dictated by reproduc-
tion is {0,1,2,...,9.} The implemented mutation in the program was ran-
dom over{0,1,2,...,13} but it cannot be random ové0, 1,2, ...,9} since
executed mutations contains correlations if they are seen the stand of
the alphabef0,1,2,...,9}. Specifically, the char 0 is more probably to ap-
pear at even places because it must accompany all digitasay05.

62. Darwinian evolution follows.

/1 Program G62 synt axb2

/1 This program shows one very sinple and

/linexorable law. if evolution can indeed find the answer,
/la price nmust be paid: a |lot of bugs nmust be nade,

/'l and therefore,

/la clear path towards perfection nust exist.

/I W show here

//how | ong one is frozen in a | ocal m nimm and

/I how many bugs evol uti on nmaekes.

/1 W have a BUG each tine that appears

/[lan offspring that is less fitted than their parents.
I

[IWe define fitness as m nus the nunber of m smatches
[/ of given chronbsonme with respect to the optimal one.
I

/] Sel ection is negative: the probability of dead

/I before reproduction is the higher the

/lless is the fitness of the individual.

I

[/ Problemto solve:

//IW mmc a gane that a teacher

/| proposes to her pupils:

/1 A phrase is subject to a series of

[l permutations of its words to end with a string
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/Iwith no neaning. Pupils nmust produce fromthis
/lstring the original sentence

//with correct meani ng and synt ax.

/1

/'l The problemis solved by neans of

/ | DARW NI AN EVOLUTI ON,

/1in which selection is the driving force of the

/ I ensui ng evol uti onary process and

//mutation is random over the al phabet.

/1ln this case, selection is given by the teacher,
/ /who al ready knows the answer and can estinmate
/I how good are the attenpts of the pupils.

/1

/ I Robust ness of the code agai nst perturbations
//of the input is enhanced to deal

//wth sentences with 100 words or |ess.

/1 This is done trying to enabl e EVOLVABI LI TY,
/li.e., facilitating the future adaptation of
//the code to digest phrases with nore than 100 words.

I nport java.util.Random

public class syntaxb2

{
private static String phrase =
"one can use evolution to solve a problem™ +
"but without a trace of evolvability";
private static String target ="";
private static int nLetters = phrase.length();
private static int nWrds;

/'l The phrase is deconposed i n words
private static String[] Wrd = new String[ 100];
/'l A disordered sentence is just a pernutation of
/lthe original one:
private static String[] Pernmutation = new String[100];
/'l Turn on of the random gener at or
private static Randomr = new Random();
/I Mutation rate per synbol per generation
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private static double nutRate;

[ | ======Cenetic part of declaration of variabl es====
/1 Individuals are kept in the array

/1l Individual[]. It is an array of strings.

[/ Each i ndi vi dual encodes

//the pernmutation that it represents.

/1 The individual is a string that encodes for

/la nunber.

// The nunber of individuals nust be
/[l less than limt.

static double zMax; static double N,
static int limt = 50000;

static int[] Fitness;

static double[] FitnessCopy;

static String[] Individual, Individualc ;
/I Actual nunber of individuals
static int nlndiv ;

static int[] Oder;

static String b;

static int generation;

static int nGCen;

static int[] ReportMn, ReportMax;
static double ol dError, newkrror;
static double deltaError;

static bool ean print,testEncodi ng;

/] Qur observabl e that decl ares success.
static bool ean done = fal se;

static bool ean reconbi nati on;

static doubl e ERROR, FI TNESS;

static String SOLUTI ON;

static int GENERATI ON;

/I Nunber of generation with no progress
[/ because of a |ocal m ninum

static int nEcstasy = 1,

static int ol dBestFitness = -100;
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static int newBestFitness = 0;

/' Gai ned fitness

static int gainedFitness;

/I Nunber of bugs during a generation

/1 (individual s whose performance i s worst
//than that of their parents).

static int nBugs = O;

/I Nunber of bugs while expecting a junp
static int nTotal BugsEcstasy = 0;

static int bigTotal Bugs = O;

/I Words are recogni zed: they are separated by a space.
/'l They are kept in a vector.
private static void nunberWrds(String s)
{
int counter = O;
String f ="";
for(int i = 0; i < nLetters; i++)
{
char d = s.charAt(i);
/] Systemout.println(d);

if ('(d==" ")) f =f+d;
el se
{
Word[ counter] = f;
f=""
count er ++;
}
/11ast word
if (i == nLetters-1) Word[counter] = f;
}

/1 Systemout.println( counter);
Systemout.println("\nThe words of the phrase " +
"With their indexes: ");
nWords = counter +1
for(int i = 0; i < nWrds; i++)
{
Systemout.println(i +" " + Word[i]);
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I nteger e = i;
String h = e.toString();
if (h.length() == 1) h ="'0 +h;

Permutation[i] = h;
target =target + h;
}
Systemout.println("Target = phrase is " +
"encoded in a chronpbsone = " + target);
}

/1A transposition is the interchange of
/] place between two itens.
private static void transposition()
{
int m= r.nextlnt(nWrds);
bool ean flag = fal se;
//Sites nust be different
i nt n=0;
while(!(flag))
{ n = r.nextlnt(nWrds);
if ('(n==m) flag = true;
}
if (print) Systemout.println("Pernuation of
+ m+ " and " + n);

String k = Pernmutation[m;
Per mut at i on[ i Permut ati on[ n];
Per mut at i on[ n] K;

}

/I M xer: a sequence of transpositions creates variability.
/1 The output is encoded in a string, a chronosone.
private static String m xer(int nunberO Transp)
{
for(int i=0; i < nunberOf Transp; i++ )
transposition();
Stringv ="";
for(int i = 0; I < nWrds; i++)

{
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String e = Pernmutation[i];
v =vVv + e.toString();
}

return v;

}

/I'Wrds in the sentence encoded by s are pernuted

private static String pernutate (String s)
{

nunmber Wor ds('s) ;

/I Nunber of transpositions

int n = nWrds;

return mxer(n);

}

/1String nunmber is decoded into a phrase
private static String stringToPhrase(String s)
{
String phrase="";
for(int j=0;j] < nWords;j++)
{
char s1 = s.charAt(2«j);
int pl = Character.getNunericVal ue(sl);
sl = Ss.char At (2xj +1) ;
int p2 = Character.getNunericVal ue(sl);
int nunber = plx10 + p2;
if (print) Systemout.println( "nunber =" + nunber);
Stringd ="";
if ( nunber < nWrds ) d = Word[ nunber];
else d = "HHH";
phrase = phrase +d + " ";

}

return phrase;

/] Decl arations and default initializations
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/'l of other arrays.
private static void otherlnit( )
{
Oder = newint[limt+1];
ReportMn = newint[limt+1];
ReportMax = new int[limt+1];
Fitness = newint[limt +1];
Fi t nessCopy = new double[limt +1];
for(int i = 0; i< nlndiv; i++)
{
O der[i] =0;
ReportM n[i] =0;
Report Max[i] =0;
Fitness[i] = O;
Fi t nessCopy[i] = O;
}
}

/1 An individual is a string that is a permutation
/I of anot her one.

private static String generatelndividual ()

{

/I Nunmber of transpositions

i nt nunber O Transp = r. nextlnt(nWrds);

String ind = m xer(nunber O Transp) ;

return ind;

}

[+ We generate nlndiv individuals (strings)

encodi ng for pernutations of 01234567 =/

private static void Initialization( )

{

/| Formal decl aration of our array.

| ndi vidual = new String[limt];

| ndi vidualc = new String[limt];

if (print) Systemout.println("OR G NAL POPULATI ON");
for(int i = 0; i< nlndiv; i++)

{



}

if (print) Systemout.println( "\ni =" +1i);
| ndi vidual [1]="";
| ndi vidual c[i]="";
/1l Individual[i] is a string,
/1 it is a genotype that encodes a nunber,
/lits phenotype.
I ndi vidual [i] = generatel ndividual ();
if (print)
Systemout.println(" =" + Individual[i] );

otherlnit();

}

/1 This met hod decodes the string s into the entries
/'l of pernmutation[]. Letters are taken by pairs.

pri
{
i f

vate static void stringToVector(String s)

(print) Systemout.println("s =" + s);

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

{
Str

Per
i f

}
}

ing t = s.substring(2*j, 2xj + 2);
mutation[j] = t;
(print) Systemout.println("t =" + 1t);

[/ The fitness of each individual is found

pri

{
Il
I

vate static void fitness(int gen)

We neasure the error of individual[i]
with respect to the perfect one 01234567.

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

{

int error = 0;
String s = Individual [i];
if (print) Systemout.println( "s =" + s);
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for(int j =0; j < nWrds;j++)
{

String a = s.substring(2*j, 2+xj + 2);

String b = target.substring(2xj, 2xj + 2);

if (print) Systemout.println( "a=" +a+" b ="
if (!(a.equals(b))) error++;

}

[/ The error defines the fitness: |less error,
[/ nore fitness.

[/ Maximal fitness = 0; mniml = -10.
Fitness[i] = - error;
Fi t nessCopy[i] = - error;
if (print)
Systemout.println("i =" + i
+ " Individual =" + Individual[i]
+ " Error ="+ error
+ " Fitness" + Fitness[i] );
if (error == 0)
{

CENERATI ON = gen;
ERROR = error;
SOLUTION = Individual [i];
FITNESS = Fitness[i];
done = true;
}
if (print) Systemout.println();
}
}

/1Individuals are sorted by fitness

private static void sorting(int gen)
{

fitness(gen);

nBugs = 0O;

if (print) Systemout.println("\nSORTING');

+ b);
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i nt Chanp = 0;
/1 Sorting by fitness.
for(int i = 0; i< nindiv;i++)
{
[/ The i-th individual is picked out
for(int j =0; j< nlIndiv;]j++)
if (Fitness[j] > Fitness[Chanp]) Chanp = j;
/1 The array Order classifies individuals by fitness
Order[i] = Chanp;

if (print)
{

Systemout.println( i + "thind. is No "
+ Champ + " " + Individual [Order[i] ]

+ " Fitness =" + Fitness[Chanp]);

}
if (i == 0) newBestFitness = Fitness[ Chanp];
Fi t ness[ Chanp] = -10;
Chanmp = 0;

} //lend of for i

//Bug’s section

for(int j = 0; j< nlIndiv;]j++)

if (FitnessCopy[j] < FitnessCopy[Chanp]) nBugs++;

if (print) Systemout.println( "Nunber of bugs ="
+ nBugs);

nTot al BugsEcst asy = nTot al BugsEcst asy + nBugs;

bi gTot al Bugs = bi gTot al Bugs + nBugs;

String t = Individual [Oder[0] ];

gai nedFi t ness = newBest Fitness - ol dBest Fi t ness;

[11f an evolutionary junp, an inprovenent in fitness,

/1is detected..

i f (gai nedFitness > 0)

{
System out. println("\nGENERATION = " + gen);
Systemout.println(" Best solution" + 1t +

' -> " + stringToPhrase(t));

System out. print("Generations needed for" +

"‘a new junp =" + nEcstasy);
Systemout.println(", with " + nTotal BugsEcst asy
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+ " bugs");
Systemout.println("Od best fitness "
+ ol dBest Fi t ness);

System out. println("New best fitness !
+ newBest Fi t ness) ;
Systemout.println("Gained fitness =" +
gai nedFi t ness) ;
ol dBest Fi t ness = newBest Fi t ness;
nEcstasy = 1,
nTot al BugsEcstasy = O0;

}

el se

{

nEcst asy++;

}
} //End of sorting

/I Negative sel ection:

/1 The probability of dead is higher,
[/the lower is the fitness

private static void death()

{

//Fitness is rescal ed

doubl e nin 100;
doubl e nmax -100;
for(int j = 0; j< nindiv;j++)

{
if (FitnessCopy[j] > max ) nax
if (FitnessCopy[j] < mn ) mn

Fi t nessCopy|[j ];
Fi t nessCopy|[j ];

}

/1

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

{
doubl e probDeath = -FitnessCopy[j]/(max-m n) + max/ (max-mn);
[/ Systemout.println("ProbDeath = " + probDeath);

doubl e p = r. next Doubl e();
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if (p <=probDeath) Individual[j] ="";

}
}
[/ A randomnot nil individual is chosen.
private static int random ndiv()
{
bool ean cl oned = fal se;
int k = 0O;
while (cloned == fal se)
{
k = r.nextlInt(nlndiv);
if (!(Individual[k] == ""))
cloned = true;
}
if (print) Systemout.printin("Coned from=" + k);
return k;

}

/1 The pre-popul ation of the new generation
/1is built with clones

/1of living individuals sanpled at random
/1w th replacenent.

private static void Reproduction()

{
if (print)
System out. println( "Reproduction");
if (print)
Systemout.println( "The best =" + Oder[0]);
for(int j =0; j< nlndiv; j++)
I ndi vidual c[j] = Individual [random ndiv()];

for(int j = 0; j< nindiv; j++)
Individual [j] = Individualc[j];
}

/1String s is subject to nutation
private static String nutate(String s)

{
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int nLetters = s.length();
Stringv ="";
// Mutate or not nutate
doubl e p = r. next Doubl e();
[/ Entries in vector are subject to nutation
if ( p<nutRate )
{
/1Site of mutation is chosen at random
int site = r.nextlnt(nLetters);
/1 Effect of nutation is chosen at random
| nt eger change = r.nextlInt(10);
v = s.substring(0, site) + change.toString()
+ s.substring( site+l );
}

else v = s;

if (print)
Systemout.println( "old =" + s + "\nnew =" + v);
return v;

}

[/ Mutation is Darw nian:

/1 The al phabet consists in the |etter of codons.
//Both the site of nutation and the change
/lare defined by randommess.

private static void Mutation()

{
for(int j =1; j< nlndiv; j++)
{
I ndividual [j] = nutate( Individual[j]);
}
}

/1 Two strings reconbi ne and produce two of fspring.
private static void Reconbination()

{



for(int j = 50; j< nlndiv; j++)
{

/| Define place of reconbination

int m r.nextlnt(nlndiv);

int n r.nextlnt(nlndiv);

String a = Individual [n];

String b = Individual [n];

i nt placeRec = r.nextlnt(2*xnWrds);

I ndi vidual [m] = a.substring(0, placeRec)

+ b. substring( placeRec);

I ndi vidual [n] = b.substring(0, placeRec)
+ a.substring( placeRec);

}

}

/I Master for a generation
private static void dynam cs(int gen)
{
/1lIndividuals are sorted by fitness
sorting(gen);
[/ Differential death
deat h();

/1 The top ten are preferentially reproduced

Repr oduction();

/1 The new popul ation is subjected to nutation

Mut at i on() ;
if (reconbination) Reconbination();

}

/I The original ordered phrase is rebuilt
/by a genetic algorithm

/1 This program si nul ates a teacher that knows

/Ithe answer and guides their students
//for a better solution.
private static void restorePhrase()
{
Systemout.println("\n\nRunning ");
nlndiv = 5;

237
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Initialization( ) ;

nGen = 5000000;

ol dError = 1000;

for(int gen = 1; ( gen <= nCGen) & (!(done)); gen++)

dynami cs(gen);

}
if (done)
{
Systemout. println("\nGENERATION = " + GENERATI ON +
" SOLUTI ON FOUND") ;
Systemout.println("ERROR = " + ERROR);
Systemout.println("SOLUTION = " + SOLUTI ON
+ " ->" + stringToPhrase(SOLUTIQON) );
Systemout.println("FITNESS = " + FI TNESS);
System out. println("Nunber of generations ="
+ GENERATI ON) ;
Systemout. println("Nunber of individuals " +
"per generation =" + nlndiv);
| ong total Cost = GENERATI ON * nl ndi v;
Systemout.println("Total cost =" +
"Nunber of Generations x " +
"nunber of individuals =" + total Cost);
Systemout.println("Big Total of bugs "
+ bi gTot al Bugs) ;
doubl e tC = total Cost;
doubl e t B = bi gTot al Bugs;
Systemout.println("Normalized cost =" +
"Big Total of bugs/ Total cost ="
+ tB/t0);
}
}
public static void main(String[] args)
{

print = false;
reconbi nati on = true;
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mut Rate = 0. 5;
Systemout.println("This programdi sorders a sentence"
+ " (with the help of transpositions), \n"
+ "and reorders it by evolution \n"
"usi ng random nut ati ons over the \n"
"al phabet 0,1,2,3,...,n, \n"
"where n is the nunber of words \n"
"of the sentence. \n"
+ "\ nEvolution is Darw nian.\n");
Systemout. println("OR G NAL SENTENCE: ");
System out. printl| n(phrase);
String p = pernutate(phrase);
Systemout. println( "\nCHALLENG NG DI SORDERED SENTENCE" +
" WTH ITS | NDEXATION : \n" );
Systemout.println( p +" ->" + stringToPhrase(p) );
rest orePhrase();
}//End of main method

}

+ + + +

63. The next code resolves syntax for sentences with a numivesrois
less than 1000. This program is a modification of program G&5®axb1,
page 128. The modification was of a degree of complexity thes just
enough to generate fun and a bit of stress. So, we considepribgram
G59 indeed awakes an evolvable branch.

/1 Program G63 synt axb3

/1 This program shows one very sinple and

/linexorable law. if evolution can indeed find the answer,
/la price nust be paid: a |ot of bugs nust be made,

/I and t herefore,

/la clear path towards perfection nmust exist.

/I W show here

/I how Il ong one is frozen in a | ocal m ninmum and

/ I how many bugs evol uti on nmakes.

/I \W have a BUG each tinme that appears

/lan offspring that is less fitted than their parents.
Il
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/I W define fitness as m nus the nunber of m snatches
/1 of given chronosonme with respect to the optimal one.
I

/1 Selection is negative: the probability of dead

/I before reproduction is the higher the

//less is the fitness of the individual.

I

/'l Problemto solve:

/W mimc a gane that a teacher

/| proposes to her pupils:

/1 A phrase is subject to a series of

[/ pernmutations of its words to end with a string
[/with no nmeani ng. Pupils nust produce fromthis
/lstring the original sentence

//with correct neaning and synt ax.

/1 The problemis solved by neans of

/ I LAMARCKI AN EVOLUTI ON,

/1in which evolution is hel ped with suitable cues.
/1ln this case, selection is given by the teacher,
//who al ready knows the answer and can estimate

/I how good are the attenpts of the pupils.

/1 Styl e= gl obal vari abl es.

I

/ | Robust ness of the code agai nst perturbations

/lof the input is enhanced to dea

//with sentences with 1000 words or | ess.

/1 This is done trying to enable EVOLVABILITY,

/li.e., facilitating the future adaptation of

//the code to digest phrases with nore than 100 words.

inmport java.util.Random

public class syntaxb3

{
private static String phrase =
"one can use evolution to solve a problem™" +
"but without a trace of evolvability";
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/1A long phrase is the result of nCopies

/l of the original one.

private static int nCopies;

private static String target ="";

private static int nLetters;

private static int nWrds;

/'l The phrase i s deconposed in words

private static String[] Wrd = new String[1000];
/'l A disordered sentence is just a pernutation of
/lthe original one:

private static String[] Pernutation = new String[1000];
/I Turn on of the random gener at or

private static Randomr = new Random();
/I Mutation rate per synbol per generation
private static double nutRate;

/| | ====CGenetic part of declaration of variabl es====
/1 1ndividuals are kept in the array

/1l Individual[]. It is an array of strings.

/ I Each i ndi vi dual encodes

//the pernmutation that it represents.

/1 The individual is a string that encodes for

/'la nunber.

/1l The nunber of individuals nust be
/[l less than limt.

static double zMax; static double N
static int limt = 50000;

static int[] Fitness;

static double[] FitnessCopy;

static String[] Individual, Individualc
[/ Actual nunber of individuals
static int nindiv ;

static int[] Oder;

static String b;

static int generation;

static int nGCen;
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static int[] ReportMn, ReportMax;
static double ol dError, newkrror

static double deltaError

static bool ean print,testEncodi ng;

/1 Qur observabl e that decl ares success.
static bool ean done = fal se;

static bool ean reconbi nati on;

static doubl e ERROR, FI TNESS;

static String SOLUTI ON;

static int GENERATI ON;

/I Nunmber of generation with no progress
/I because of a |ocal mninmm

static int nEcstasy = 1,
static int ol dBestFitness
static int newBestFitness
/| Gai ned fitness

static int gainedFitness;
/I Nunber of bugs during a generation

/1 (individual s whose perfornance i s worst
//than that of their parents).

static int nBugs = O;

[/ Nunber of bugs while expecting a junp
static int nTotal BugsEcstasy = 0;

static int bigTotal Bugs = O;

-1000;
0;

/I Wbrds are recogni zed: they are separated by a space.
/'l They are kept in a vector.
private static void nunberWrds(String s)
{
nLetters = s.length();
int counter = O;

String f ="";
for(int i = 0; i < nLetters; i++)
{

char d = s.charAt(i);

/1 System out. println(d);
if (1(d==" ")) f =f+d;
el se



{
Word[ counter] = f;
f ="
count er ++;
}
/11ast word
if (i == nLetters-1) Wbrd[counter] = f;

}

/1 System out.println( counter);
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Systemout.println("\nThe words of the phrase " +
"With their indexes: ");
nWords = counter +1
for(int i = 0; i < nWrds; i++)
{
Systemout.println(i +" " + Wrd[i]);
Integer e = i;
String h = e.toString();
if (h.length() == 1) h = "00" + h;
if (h.length() == 2) h ="0" +h;
Permutation[i] = h;
target =target + h;
}
Systemout.println("Target = phrase is " +
"encoded in a chronobsone = " + target);
}

/'l A transposition is the interchange of
/I pl ace between two itens.
private static void transposition()
{
int m= r.nextlnt(nWrds);
bool ean flag = fal se;
//Sites nmust be different
i nt n=0;
while(!(flag))
{ n =r.nextlnt(nWrds);
if ('(n==m) flag = true;
}
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if (print) Systemout.println("Pernuation of
+ m+ " and " + n);

String k = Pernmutation[m;

Pernmutation[m = Pernutation[n];

Per nmut at i on[ n] K;

}

/1M xer: a sequence of transpositions creates variability.
/1 The output is encoded in a string, a chronosone.
private static String mxer(int nunberO Transp)

{

for(int i=0; i < nunberOTransp; i++ )
transposition();

String v ="";

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

{
String e = Pernmutation[i];
v =vVv + e.toString();

}

return v;

}

private static String generatelLongSentence(String s)
{

Stringv ="";

for(int i = 0; i < nCopies; i++)
V =V + S;

return v;

}

//Wbrds in the sentence encoded by s are pernuted
private static String pernutate (String s)
{
s = generat eLongSent ence(s);
Systemout.println("Long phrase =" + s);
nunmber Wor ds('s) ;
/I Nunber of transpositions
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int n = nWrds;
return mxer(n);

}

//String nunber is decoded into a phrase
private static String stringToPhrase(String s)
{
String phrase= "";
for(int j=0;] < nWords;j++ )
{
char sl s. char At (3+*j);
int pl Char act er. get Nuneri cVal ue(sl);
sl = s. char At (3*j +1);

int p2 = Character.getNunericVal ue(sl);

sl = S.char At (3xj +2);

int p3 = Character.getNunericVal ue(sl);

i nt nunber = pl1+*100 + p2+*10 + p3;

if (print) Systemout.println( "nunber =" + nunber);
phrase = phrase + Wrd[ nunber] + " ";

}

return phrase;

/| Decl arations and default initializations
/'l of other arrays.
private static void otherlnit( )
{
Oder = newint[limt+1];
ReportMn = newint[limt+1];
ReportMax = new int[limt+1];
Fitness = newint[limt +1];
Fi t nessCopy = new double[limt +1];
for(int i = 0; i< nlndiv; i++)
{
Oder[i] =0;
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}
}

ANSWERS TO EXERCISES

ReportM n[i] =0;
Report Max[i] =0;
Fitness[i] = O;
Fi t nessCopy[i] = O;

/1 An individual is a string that is a permutation
/I of anot her one.

pri
{
I

vate static String generatelndividual ()

Nunber of transpositions

i nt nunber O Transp = r. nextlnt (nWrds);

St

ring ind = m xer (nunmber O Tr ansp) ;

return ind;

}
| *

We generate nlndiv individuals (strings)

encodi ng for pernutations of 01234567 =/

private static void Initialization( )
{

/| Formal decl aration of our array.

| ndi vidual = new String[limt];

I ndi vidualc = new String[limt];

if (print) Systemout.println("OR G NAL POPULATI ON");
for(int i = 0; i< nlndiv; i++)

{

if (print) Systemout.println( "\ni =" +1i);

}

I ndi vidual [1]="";
| ndi vidual c[i]="";
/1l Individual[i] is a string,
/1 it is a genotype that encodes a nunber,
/1its phenotype.
I ndi vidual [1] = generat el ndividual ();
if (print)
Systemout.println(" =" + Individual[i] );

otherlnit();
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/1 This met hod decodes the string s into the entries
//of pernutation[]. Letters are taken by pairs.
private static void stringToVector(String s)

{

if (print) Systemout.println("s =" + s);
for(int j =0; j < nWrds;j++)
{

String t = s.substring(3*xj, 3*xj + 3);

Pernmutation[j] =t;

if (print) Systemout.println("t =" +1t);
}

}

/'l The fitness of each individual is found
private static void fitness(int gen)
{
/W measure the error of individual[i]
/Iwith respect to the perfect one 01234567.
for(int i = 0; i< nindiv; i++)
{
int error = 0;
String s = Individual [i];
if (print) Systemout.println( "s =" + s);
for(int j =0; j < nWrds;j++)
{
String a = s.substring(3*xj, 3*xj + 3);

String b = target.substring(3*j, 3*j + 3);

if (print) Systemout.println( "a=" +a+" b ="
if (!'(a.equals(b))) error++
}

[/ The error defines the fitness: |less error,
[/ nore fitness.
[/ Maximal fitness = 0; mniml = -10.

+ b);
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Fitness[i] = - error;

Fi t nessCopy[i] = - error;

if (print)
Systemout.println("i =" +1i
+ " Individual =" + Individual[i]
+ " BError ="+ error
+ " Fitness" + Fitness[i] );
if (error == 0)

{

GENERATI ON = gen;
ERROR = error;
SOLUTION = Individual [i];
FI TNESS = Fitness[i];
done = true;
}
if (print) Systemout.println();
}
}

/llIndividual s are sorted by fitness
private static void sorting(int gen)
{
fitness(gen);
nBugs = O;
if (print) Systemout.println("\nSORTING');
i nt Chanp = 0;
/1 Sorting by fitness.

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

{
[/ The i-th individual is picked out
for(int j = 0; j< nlIndiv;]j++)

if (Fitness[j] > Fitness[Chanp]) Chanp = j;
/1 The array Order classifies individuals by fitness
Order[i] = Chanp;
if (print)

{
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Systemout.println( i + "thind. is No "

+ Chanp + " " + Individual [Order[i] ]

+ " Fitness =" + Fitness[Chanp]);
}
if (i == 0) newBestFitness = Fitness[Chanp];
Fi t ness[ Chanp] = -1000;
Chanp = 0;

} //lend of for i

/1 Bug’ s section

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

if (FitnessCopy[j] < FitnessCopy[Chanp]) nBugs++;

if (print) Systemout.println( "Nunber of bugs ="
+ nBugs) ;

nTot al BugsEcst asy = nTot al BugsEcstasy + nBugs;

bi gTot al Bugs = bi gTot al Bugs + nBugs;

String t = Individual [Oder[0] ];

gai nedFi t ness = newBest Fitness - ol dBest Fi t ness;

/[11f an evolutionary junp, an inprovenent in fitness,

/1is detected..

i f (gai nedFitness > 0)

{
Systemout. println("\nGENERATION = " + gen);
Systemout.println(" Best solution" + 1t +

" ->" + stringToPhrase(t));
System out. print("Generations needed for" +

" anewjunp =" + nEcstasy);
Systemout.println(", with " + nTotal BugsEcst asy
+ " bugs");

Systemout.println("Od best fitness "
+ ol dBest Fi t ness) ;

Systemout. println("New best fitness "
+ newBest Fi t ness) ;
Systemout.println("Gained fitness =" +
gai nedFi t ness) ;

ol dBest Fi t ness = newBest Fi t ness;
nEcstasy = 1,

nTot al BugsEcstasy = 0;

}
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el se

{

nEcst asy++,

}
} //End of sorting

/I Negative sel ection:
/1 The probability of dead is higher,
/[lthe lower is the fitness
private static void death()
{
/[l Fitness is rescal ed
double m n = 100;
doubl e max = -100;
for(int j = 0; j< nindiv;j++)
{
if (FitnessCopy[j] > max ) max

Fi t nessCopy|[j];
if (FitnessCopy[j] < mn) mn

Fi t nessCopy|[j];

}

I

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

{
doubl e probDeath = -FitnessCopy[j]/(max-m n) + max/ (max-mn);
/1 Systemout. println("ProbDeath = " + probDeath);

doubl e p = r.nextDoubl e();
if (p <=probDeath) Individual[j] =""

}

}
[/ A random not nil individual is chosen.
private static int randon ndiv()
{

bool ean cl oned = fal se;

int kK = O;

while (cloned == fal se)

{
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k = r.nextlInt(nlndiv);

if (!(Individual[k] == ""))
cl oned = true;
}
if (print) Systemout.println("Coned from=" + k);
return k;
}

/| The pre-popul ation of the new generation
/1is built with clones

/1of living individuals sanpled at random
/1w th replacenent.

private static void Reproduction()

{
if (print)
System out. println( "Reproduction");
if (print)
Systemout.println( "The best =" + Oder[0]);
for(int j =0; j< nlndiv; j++)
I ndi vidual c[j] = Individual [random ndiv()];

for(int j = 0; j< nindiv; j++)
I ndi vidual [j] = Individualc[j];
}

/'l A a sequence of transpositions creates variability.
private static String nutate(String s)
{

/| Chronosone s is transformed into vector Pernutation[]
stringToVector(s);

[/ Mutate or not nutate

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

//Entries in vector are subject to nmutation

if ( p < nmtRate )

{

/[/Site of mutation is chosen at random

int site = r.nextlnt(nWrds);
[/ Effect of nutation is chosen at random

I nt eger change = r.nextlnt(nWrds);
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String h = change.toString();

if (h.length() == 1) h = "00" + h;
if (h.length() == 2) h ='0" +h;
Pernmutation[site] = h;
}
//Vector is encoded into a chronbsone, a string.
Stringv ="";
for(int i = 0; i < nWrds; i++)
{
String h = Pernutation[i];
v =V + h;
}
return v;

}

/1A nmutation is Darw ni an:

//both the site of nutation and the change
/lare defined by randomess.

private static void Mutation()

{
for(int j =1; j< nindiv; j+4)
{
Individual [j] = mutate( Individual[j]);
}
}

/1 Two strings reconbi ne and produce two of fspring.
private static void Reconbination()

{

for(int j =50; j< nindiv; j++)

/1 Define place of reconbi nation

int m= r.nextlnt(nlndiv);
int n =r.nextlnt(nlndiv);
String | ndi vi dual [ n];

a
String b = Individual [n];
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Systemout.println("a=" +a+ " \nb =" + b);

int placeRec = r.nextlnt(3*xnWrds);
I ndi vidual [mM = a.substring(0, placeRec)
+ b.substring( placeRec);
I ndi vidual [n] = b.substring(0, placeRec)
+ a.substring( placeRec);
}

}

/I Master for a generation
private static void dynam cs(int gen)
{
/11ndividuals are sorted by fitness
sorting(gen);
[/ Differential death
deat h() ;

/1 The top ten are preferentially reproduced

Repr oduction();

/1 The new popul ation is subjected to nmutation

Mut ati on();
i f (reconbi nati on) Reconbination();

}

/I The original ordered phrase is rebuilt
/by a genetic al gorithm

/1 This program si nul ates a teacher that knows

/Ithe answer and guides their students
//for a better solution.
private static void restorePhrase()
{
Systemout.println("\n\nRunning ");
nlndiv = 10;
Initialization( ) ;
nGen = 5000000;
ol dError = 1000;

for(int gen = 1; ( gen <= nGen) & (!(done));

gent+)
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dynami cs(gen);

}
if (done)
{
System out. println("\nGENERATI ON = " + GENERATI ON +
" SOLUTI ON FOUND") ;
Systemout.println("ERROR = " + ERROR);
Systemout.println("SOLUTION = " + SOLUTI ON
+ " ->" + stringToPhrase(SOLUTION) );
Systemout.println("FITNESS = " + FI TNESS);
System out. println("Nunber of generations ="
+ GENERATI ON) ;
Systemout. println("Nunber of individuals " +
"per generation =" + nlndiv);
| ong total Cost = GENERATI ON * nl ndi v;
Systemout.println("Total cost =" +
"Nunmber of Cenerations x " +
"nunber of individuals =" + total Cost);
Systemout.println("Big Total of bugs "
+ bi gTot al Bugs) ;
doubl e tC = total Cost;
doubl e t B = bi gTot al Bugs;
Systemout.println("Normalized cost =" +
"Big Total of bugs/ Total cost ="
+ tB/tQO);
}
}
public static void main(String[] args)
{

print = false;
reconbi nati on = true;
mut Rate = 0. 5;
nCopi es = 2;
Systemout.println("This programdi sorders a sentence"
+ " (with the help of transpositions), \n"
+ "and reorders it by evolution \n"
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"using random nut ati ons over the \n"
"al phabet 0,1,2,3,...,n, \n"
"where n is the nunber of words \n"
"of the sentence. \n"
+ "\ nEvolution is Darw nian.\n");
Systemout. println("OR G NAL SHORT SENTENCE: ");
System out . printl n(phrase);
System out. println("Nunber of copies: " + nCopies);
String p = pernutate(phrase);
Systemout. println( "\nCHALLENG NG DI SORDERED SENTENCE"
" WTH ITS | NDEXATION : \n" );
Systemout.println( p +" ->" + stringToPhrase(p) );
rest orePhrase();
}//End of main nethod

}

+ + + +
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