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RESUMEN:

La asignatura Sistemas Inteligentes contempla el desarrollo de competencias idioméaticas dentro del Plan de Ensefianza
Bilingiie de la Escuela Superior de Ingenieria, utilizando como lengua vehicular el inglés. Este centro promueve el enfoque
de Aprendizaje Integrado de Contenidos y Lenguas Extranjeras, AICLE. Sin lugar a dudas AICLE constituye un desafio
docente para mejorar el proceso ensefianza-aprendizaje, ya que al introducir una segunda lengua, que en la mayoria de
los casos no suele ser lengua nativa ni de los docentes ni de los estudiantes, se hace indispensable, no sélo la adopcién de
técnicas de aprendizaje activo, sino el desarrollo de materiales docentes especificos (glosarios, rubricas, transparencias,
guiones de précticas, etc.) adecuados para tal fin. La mera traduccién de contenidos no es AICLE, la adaptacién docente a
este enfoque requiere de un gran esfuerzo, tanto lingiiistico como metodolégico. Esta asignatura ya cuenta con algunas
actividades AICLE, pero se desarrollan a lo largo del curso de forma distribuida.

En este proyecto se ha evaluado, mejorado y ampliado el material existente, con objeto de formar unidades didacticas
completas bajo el enfoque AICLE, haciendo uso ademas, de las herramientas disponibles en el Campus Virtual para la
generacidn de cuestionarios, consultas, etc.

PALABRAS CLAVE: AICLE, material docente, educacion superior, Sistemas Inteligentes, aprendizaje activo, aprendizaje

colaborativo, rubricas

INTRODUCCION

La asignatura Sistemas Inteligentes (SI), de la Tecnologia
especifica de Computacién del Grado en Ingenieria
Informatica (GlI), consta de 6 créditos ECTS, lo cual equivale a
60 horas de docencia. Estas horas presenciales estan divididas
en teoria, donde se tratan los principios basicos de las técnicas
computacionales que se estudian; seminarios, de aplicacién
mas o menos directa de los conceptos vistos en teoria, y las
practicas de laboratorio, donde se implementan en un
lenguaje de programacion las técnicas estudiadas y se realizan
estudios en mayor profundidad sobre el rendimiento y
adecuacién de las estrategias codificadas a los problemas
planteados.

El sistema de evaluacion contempla dos modalidades,
evaluacién continua o evaluacién final, que consiste en realizar
un examen final en las convocatorias oficiales. La evaluacion
continua consta de tres tipos de actividades, obligatorias todas
ellas: entrega de los ejercicios propuestos en clase, realizacién
de exdmenes parciales de cada bloque temitico y
presentacion oral al resto de la clase de uno o varios
problemas propuestos a lo largo del curso.

El bloque tematico seleccionado en este proyecto se
denomina Metaheuristicas basadas en poblaciones, a través
de los contenidos que cubre se pretende profundizar en la
aplicacion de estrategias o metaheuristicas basadas en
poblaciones para la resolucidn de problemas de busqueda y
optimizacién.

Mientras que desde la perspectiva AICLE (1) se consideran
los resultados del aprendizaje de idiomas que permita
desarrollar habilidades receptivas y productivas necesarias
para acceder, procesar y evaluar criticamente la informacion
en el campo de estudio, compartir informacion e identificar,
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analizar y resolver problemas en entornos multiprofesionales
del campo.

El desafio para nuestra docencia basada en AICLE es
encontrar metodologias de aprendizaje que motiven a los
alumnos a usar el segundo idioma mientras hacen frente a un
contenido técnico de cierta dificultad, prestando atencién a
los aspectos estructurales de la L2 solo cuando sea necesario.

PROPUESTA DE ACTIVIDADES BAJO EL
ENFOQUE AICLE

En las clases de teoria, junto con la tradicional clase
magistral, usando transparencias como material de apoyo, se
pretende utilizar técnicas donde el alumno participe de forma
activa en el proceso de asimilacién de los contenidos, al
mismo tiempo que conoce y maneja el vocabulario técnico en
ambas lenguas. Para ello se ha realizado un trabajo de
busqueda, anilisis y seleccidn de textos y videos relacionados
con los contenidos, para disefiar actividades de comprensidn
auditiva y oral, tests de respuesta corta, cuestionarios, etc que
se usaran en las clases introductorias a cada tema.

Con estos recursos no se busca tanto la profundidad en los
contenidos, como la activacion de los conocimientos previos,
la revision de los aspectos generales de un tema concreto, y el
uso del vocabulario especifico, para garantizar la comprension
de las explicaciones y la realizacion con éxito de las actividades
posteriores.

En general, se pretende incentivar el trabajo en grupo,
donde el alumno sea capaz de organizar y gestionar la
informacion en la L2, al mismo tiempo que interactia con
otros compafieros y entre si tratan de desenvolverse, cada
cual con su propio nivel idiomatico, sin que esto deba suponer
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una gran limitacién para la consecucién de los objetivos finales
de las tareas propuestas.

Asi, en los seminarios y las practicas de laboratorio se
usaran metodologias de aprendizaje cooperativo y basado en
tareas, actividades de corta duracion como la resolucion de
ejercicios en grupo (2, 3) donde cada cual debe hacerse cargo
de una parte concreta del proceso, la profundizaciéon en
contenidos de mayor complejidad usando la técnica del puzle
(4) o la implementacién y correccion de programas
incompletos o erréneos.

Para finalizar el bloque temdtico completo, se propone
una actividad de mayor duracién. Se trata de resolver un
problema real y preparar una presentacién del trabajo
desarrollado, utilizando material audiovisual y combinando
ambas lenguas, L1 y L2, sélo en el caso de que no se sientan
seguros utilizando Unicamente la L2. Este tipo de actividades
tiene como objetivo, desde el punto de vista AICLE, integrar el
lenguaje en el contenido, y es una forma de desarrollar
habilidades orales y de escritura de distinta complejidad:
organizacion de la informacidn, descripcion, sintesis, etc. (5).

RECURSOS Y MATERIAL DOCENTE

La Figura 1 muestra un esquema general de la secuencia
de actividades que se ha establecido (de forma general y
flexible) para cada tema, esta figura en particular muestra
ejemplos de actividades concretas para el tema Algoritmos
Genéticos. Primero la profesora realiza una introduccién
general a las metaheuristicas basadas en poblaciones vy
continlia con varias actividades participativas para revisar la
terminologia y principios basicos, con objeto de que los
alumnos puedan comprender mejor el video y responder
diferentes preguntas al respecto (ver Anexol.pdf).

Una vez conocidos los conceptos principales, estan
preparados para asimilar contenidos mas profundos y abordar
la resolucion de problemas utilizando este tipo de estrategias
evolutivas. Para este propdsito a lo largo de varios seminarios
(ver Anexo2.pdf) los alumnos deben profundizar en el
funcionamiento de los distintos operadores genéticos vy
realizar su disefio preliminar antes de abordar su
implementacion en un lenguaje de programaciéon (ver
Anexo3.pdf). Deben hacer entrega de esta tarea, junto con un
informe describiendo los métodos empleados, los resultados
alcanzados. Las conclusiones del trabajo las presenta cada
cada miembro del equipo por separado, y tendran un peso
especifico en la evaluacién de la tarea.

» Communications skills |
* Selfassessment
« Peer assessment

« Basic concepts and
technical
terminology

«Watchan
introductory video

* Learning
based on
tasks

tion

* Work in groups « Work in groups

R

Figura 1. Esquema principal seguido para el desarrollo de uno de
los temas del bloque temético.

So0l-201800112856-tra

ACTIVIDADES DE EVALUACION

El proceso de evaluacidn continua se ha establecido en
varios niveles, desde la configuracién de recursos para una
autoevaluacién, pasando por la evaluacién entre compafieros,
hasta la supervision completa de la propia profesora. Serd
necesario el desarrollo de rubricas (6, 7) y herramientas de
evaluacién para cada etapa del proceso.

La autoevaluacion ayuda a reflexionar individualmente
sobre el proceso de ensefianza y aprendizaje realizado, y en
algunos casos podria sustituir a otras formas de evaluacidn. En
nuestra asignatura se ha aplicado para que el alumno pueda
obtener indicios sobre su evolucién en el conocimiento y
dominio de la lengua L2. Al principio de cada tema, y antes de
cualquier otra explicaciéon, los alumnos completan un
cuestionario sobre el vocabulario técnico y expresiones mas
significativas que se utilizaran en las siguientes sesiones. Al
finalizar el bloque tematico los alumnos vuelven a completar
este test y comparan los resultados con el inicial.

La coevaluacion se ha utilizado en el trabajo final del
bloque tematico, donde los estudiantes deben entregar el
codigo final del trabajo realizado, una memoria técnica
describiendo las soluciones aportadas al problema y los
resultados encontrados, y por dultimo, deben exponer
oralmente un resumen de todo el trabajo en 15-20 minutos.
Las rubricas elaboradas para este fin (ver Anexo4.pdf)
permiten, por una parte clarificar lo que se espera del trabajo,
lo cual constituye una guia para su realizacién paso a paso. Por
otra parte permiten valorar el resultado final, constituyendo
un recurso esencial para evaluar a otros compafieros (7,8).

RESULTADOS Y DISCUSION

En los dltimo afos el nimero de alumnos matriculados en
esta asignatura se encuentra entre 20 y 22 alumnos, optando
la mayoria de ellos por una evaluacidén continua.

La tabla 1 muestra las tasas de éxito y rendimiento de los
cursos 2017-18 y 2018-19. En ambos casos son muy altas,
alrededor del 100%, lo cual indica que la intensificacion de
estrategias AICLE en un bloque temdtico completo no ha
supuesto una disminucién de la comprension y asimilacion de
los contenidos.

En particular, la tasa de rendimiento es del 100% cuando
se trata de alumnos que optaron por la evaluaciéon continua
(20 y 21 en cada curso). En el curso 2017-18 de los 2 alumnos
gue optaron por la evaluacién final, uno de ellos no superd la
asignatura, de ahi que la tasa de éxito fuera del 95%. Este
mismo alumno es el que la ha aprobado en 2018-19 optando
de nuevo por la evaluacidn final.

Tabla 1. Tasa de éxito y de rendimiento en los cursos 2017-18 y
2018-19

Curso Curso Curso Curso
2017/18 2018/19 2017/18 2018/19
100% 100% 95% 100%

La figura 2 compara la opinidn (al comienzo y al final del
curso) de los alumnos sobre la dificultad para asimilar los
contenidos, en general en la encuesta final se aprecia un
descenso notable en la opinién de que el uso de la L2 conlleva
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una mayor dificultad en la comprension de los contenidos. De
los 20 encuestados (sobre 22 matriculados), los alumnos con
menor nivel en la L2 fueron los que expresaron mas
claramente al comienzo del curso su reticencia a las
actividades AICLE (figura 2). Sin embargo, a lo largo del curso,
y tras la realizacion de las tareas propuestas, se observé una
mayor aceptacion. Asi de las 7 opiniones iniciales de mucha
dificultad en la comprensién de los contenidos se pasé en la
encuesta final a 0 casos, aumentd la opinion de dificultad
media de 2 a 5 y aumentd la concepcion de que no habia
dificultad ninguna de 9 a 13 opiniones.

Opinién de los alumnos al inicio y fin del curso
Comprensién de los Contenidos

Mucha Bastante Media Poca Ninguna

Figura 2. Comparativa de la opinion de los alumnos en cuanto a la
dificultad en la comprension de los contenidos antes y después

La tabla 2 muestra la opinién de los alumnos con respecto
al empleo de estrategias AICLE. En algun caso aislado (1/20) el
cambio de metodologia no fue bien acogido porque implicaba
una participaciéon mas activa durante las sesiones presenciales
usando la L2. Sin embargo, en la mayoria de los casos (16/20)
mostraron su satisfacciéon por comprobar que eran capaces de
comprender los contenidos de la asignatura, mejorar su
vocabulario técnico de forma facil y comunicarse con el resto
de compafieros y con la profesora de forma fluida.

Tabla 2. Opinién de los alumnos sobre la introduccién de los
elementos de innovacion

Nada Poco Medio Bastante | Completamente
0/20 1/20 3/20 4/20 12/20
CONCLUSIONES

En general los resultados son positivos, el rendimiento de
los alumnos se ha mantenido y su satisfaccion con respecto a
la metodologia empleada también es muy positiva. Estos
resultados podrian deberse en gran parte, a que se ha
dedicado especial atencidn a que el proceso de introduccién
de la L2 fuera progresivo a lo largo de un tema, y a reducir las
reticencias iniciales de los estudiantes permitiendo cierta
flexibilidad en el aula a la hora de usar esta lengua de forma
oral, principalmente.

Sin embargo, también se constata que los estudiantes
realizan todas las tareas obligatorias para su evaluacion,
mientras que las tareas voluntarias, de ampliacién de
conocimientos, de autoevaluacién, etc. tienen una acogida
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mas desigual, es una cuestion que queda por resolver o
mejorar en los préoximos aios.

En cuanto al material generado, cabe destacar que ha sido
revisado por el equipo docente. En las encuestas de
satisfaccion también se prevé incluir mds elementos de
opinién para obtener mayor feedback del alumnado.

Entre estas revisiones cabe destacar las rubricas de
evaluacién. Si bien constituyen una guia esencial para realizar
los trabajos y para la coevaluaciéon, también se ha constatado
que para que sea efectiva seria necesario que los estudiantes
tengan muy claro los criterios establecidos, y que hayan tenido
una retroalimentacién de la evaluacién de su propio trabajo
por parte de la docente, antes de estar en situacién de poder
evaluar el trabajo de los demas. Tal y como esta organizado el
curso esta retroalimentacion deberia realizarse tras las
entregas de las practicas de cada tema, hasta ahora no se
habia prestado atencién a este hecho.

En la actualidad seguimos trabajando para completar toda
la asignatura bajo el enfoque AICLE, se pretende crear un
curso OCW. A dia de hoy no hemos encontrado muchas
referencias précticas, ni cursos similares de educacién superior
bajo el enfoque AICLE, y esperamos que esta propuesta pueda
ser util tanto a docentes y estudiantes como a profesionales
de cualquier lugar del mundo.
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Population-based Metaheuristics

W

= Metaheuristic: iterative master process that guides and modifies the
operations of subordinate heuristics to efficiently produce high-quality
solutions.

o But ... There is not guarantee of finding the optimal solution

= Unlike trajectory-based metaheuristics that rely on a single solution as
the basis for future exploration, population-based strategies maintain a
set of candidate solutions in each iteration.

= Most popular approaches:
Genetic Algorithms (GAs, Holland 70’s)
Particle Swarm Optimization (PSOs, Kennedy, Eberhart and Shi, 90’s)

Ant Colony optimization (ACO, Dorigo 1992, Hoos and Stlitzle 1996,
Dorigo and Gambardela 1997)
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Genetic Algorithms UCA
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Genetic Algorithms

1. Basic terminology

Population: set of individuals

N7,

eA

Generation: populationina

certain iteration

Individual: candidate solution
(chromosome, string)

I

gen allele

Gen: each chromosome is divided into genes: parameter
(variable) that describes the individual

Allele: It is the value a gene takes for a particular chromosome
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2. Introduction UCA

Inspired by Charles Darwin’s theory of natural evolution
Individuals in a population compete for limited resources:

B This competition yields to the selection of those individuals better
adapted to the environment.

B Genes from the selected individuals propagate throughout the
population so that two good parents will sometimes produce offspring
that can be better than them.

B New individuals also compete (even with their parents) for survival

http://naturalesceujal6.blogspot.com/2017/01/la-sele ccion-natural-como-
), funciona-la.html
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2. Introduction UCA

Inspired by Charles Darwin’s theory of natural evolution
Individuals in a population compete for limited resources:

B Thus each successive generation will become more suited to their
environment.

B Throughout time, the process of natural selection will allow a better
adaptation of the entire population to the environment.
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http://naturalesceuja16.blogspot.com/2017/01/la-sele ccion-natural-como-funciona-la.html
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3. Chromosome Representation UCA
B Binary
® E.g. SAT Problem X1 Xz X3 X3 X5

[ofafs]a]o]

B Integer

® E.g. N-Queens problem: each gen represents a queen and each allele

the row a1 Q@ a3 Qa4

KN ERENER

B Floating point

® E.g. Function optimization

1034 |1.25 |11.8 | 5.67 | 0.98 |
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4. Terminology review UCA

Link terms and definitions:

Generation 1. Candidate solution (chromosome, string)
: . 2. Each chromosome is divided into

Fitness function parameters (variable) that describe the
individual.

Population 3. Evaluation function that is used to
determine the fitness of each chromosome.
It is problem specific and user defined.

Gen

4. Set of individuals

Individual 5. Population in a certain iteration
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4. Terminology review UCA

Individual 1. Candidate solution (chromosome, string)

Gen 2. Each chromosome is divided into
parameters (variable) that describe the
individual.

Fitness function 3. Evaluation function that is used to

determine the fitness of each chromosome.
It is problem specific and user defined.

Population 4. Set of individuals

Generation 5. Population in a certain iteration
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Genetic Algorithms &/
S
5. Overall process UCA

B The overall process consists of iterating a certain number of times,
maintaining a population of potential solutions, in each iteration:

® The fittest individuals are selected in order to produce a new
generation

® Some of the offspring suffer from alterations due to mutation,
crossover, etc.

® As the execution progresses, the overall fitness of the population
improves until reaching a stopping criterion
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Genetic Algorithms

5. Overall process

Generate initial population
Evaluate current population
While <non-stop conditions> do
= Select parents
= Cross parents to give offsprings
= Mutate offsprings
= Generate new generation
End-while
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Operators in GA
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6.1 Selection UCA

To choose the parents that will be combined:

B The key idea is to give preference to better individuals, allowing them to
pass on their genes to the next generation.

B Individuals with higher fitness should have more chance to be selected

B Some individuals will be selected more than once, while others will die
without leaving any descent.

Population-based Metaheuristics 16/49
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6.1 Selection LeA

To know which individuals will be recombined:

® Proportional Selection (Roulette-wheel): The individual’s
probability of being chosen depends on its fitness value with
respect to the average fitness of the population.

® Ranking Selection: individuals with better fitness values are
selected. The better fitness the more offspring.

® Tournament, Pick k members at random, then select the best of
these subset. Repeat the process n times, where n is the
population size.
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Operatorsin GA

Roulette Wheel Selection

B Assign to each individual a part of the roulette wheel, based on the
evaluation function

B Spin the wheel n times to select n individuals

Funcion de
Evaluacion
4

P UONNE ONRN

Prob
0,17
0,08
0,04
0,08
0,13
0,04
0,08
0,08
0,13
0,17

Acumulada
0,17
0,25
0,29
0,38
0,50
0,54
0,63
0,71
0,83
1,00

ml
m2
m3
m4
m5
m6
w7
LR
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Roulette Wheel Selection UCA

B Roulette Construction: generate a vector R containing the cumulative
probability distribution for each individual. In this way, the individuals
are mapped to contiguous segments of a line, such that each individual's

segment is equal in size to its fitness.

B Probabilities generation: A set P of N random numbers is generated,
representing the probability of choosing an individual.

B Selection: The individual whose segment includes the random number is
selected. The process is repeated for each element of P

Population-based Metaheuristics 19/49
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6.2 Crossover UCA

B Two individuals are chosen from the population using the selection
operator.

B The two new offspring created from this mating are put into the next
generation of the population.

B Byrecombining portions of good individuals, this process is likely to
create even better individuals.

B Depending on the representation there exist different methods:
® k-point crossover
® Uniform crossover
® PMX
® OX
® Etc.

Population-based Metaheuristics 20/49



Operators in GA
1-point crossover

2>

B Choose a random point on the two
parents, P,

® Split parents at this point _

® Create children by exchanging tails N
(P.: Cut Point)

Parents Offspring

Parents

Offspring

11 01 jolo]t]1]i " "
010 010011l

ENEN (58 [E N =N e
oo ol fa]e 2 ]e ]z
pl p2
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Operators in GA
2-points crossover

B Crossover based on two points

Parents

11 010011l

0o 0lofilo ol

&

UCA

Universidad

Parents Offspring
[ |

e

~\ 7
(Two cut points)

=

Offspring

p2 pl
Lo
o]

-M-
©
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Operators in GA
Uniform crossover UCA

Universidad

S

B Uniform crossover: A random binary
mask indicates what gen take from
each parent —_—

Parents Offspring

Crossovermask 11212212
Parent 1 11100001 Parent2 10111000

Offspring1 11101000
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Partially Matched Crossover (PMX) UCA

vvvvvvvvvvvv

B Tries to preserve order and position.

1.

Two points are selected at random (or determined before execution)
p;,=(123|4567|89) p,=(452]|1876]93)

The central part of one parent is mapped to the central area of the other

parent, keeping the interchanges: 1/4, 8/5,7/6,y 6/7
0;=(xxx|1876]|xx) o,=(xxx]|4567 | xx)

Then, the values that are not in conflict (already inserted) are added to each

offspring:

Forexample value 1 in p1 already exists in s1, then we look for the next value

01=(x23|1876|x9)02=(xx2|4567]|93)

Finally, the values in conflict must be replaced by the interchanges: 1/4, 8/5,
7/6,y 6/7. For example value 1 in p1 already exists in s1, the interchange was

1/4, thus, value 4 is added instead
01=(423|1876|59) 02=(182|4567|93)
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PMX crossover: some considerations UCA
For example: [1]2 3| 4]
2 |3 1]4]

Firs offspring would be [x|3 1] 4] interchanges: 3/1 2/3

Trying to assign to gen x the value 1 from parent 1, yields to a conflict:
[1]3 1] 4]

and the interchange 3/1, yields to another conflict: [3|3 1| 4],
thus next interchange must be considered 2/3 [2]31] 4]
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Order Crossover UCA

vvvvvvvvvvvv

B From asubstring of pl1, and preserving the relative order of the p2:

1. Two points are selected at random (or determined before execution)
pl=(123]|4567|89) p2=(452|1876| 93)

2. The central part is copied into the offspring:
ol=(xxx]|4567|xx) 02=(xxx]|1876|xx)

3. Starting from the second point, copy the values of the other parent in
the same order, omitting those repeated values.

ol=(xxx]|4567|93) o02=(xxx]|1876]|92)

4. When the end of the string is reached, start from the first position on
the left:

01=(218|4567]93) 02=(345|1876]92)
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6.3 Mutation UCA

B Alter each gene independently with a probability P,,
® P s called the mutation rate
B Typically between 1/pop_size and 1/chromosome_length

B |tis a way to promote diversity and to avoid local optima

Individual i Individual i (after
(before mutation) mutation)
—> I

(Mutated Alelle)
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B Bit Flip: We select one or more random bits and flip them (from 0 to 1 or
viceversa)

B Inversion: Invert the order of a sub-chain

v=(198|7654|32) =) -(198|4567|32)

B Swap: interchange the values of two genes selected randomly
B [nsertion:
1. Pick two allele values at random

2. Place the first to follow the second, shifting the rest along to
accommodate

v=(198765432) ‘ vV =(197654832)
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7. Replacement LCA

B The replacement strategy defines how individual solutions are selected
for survival into every new generation, and plays an important role in
achieving balance between exploration and exploitation of
the algorithm.

B Populations must have fixed size.
® Generational: replaces all the population with the new offspring.

® ELITIST: better individuals always survive and are present in next
generation

® Steady-State: selects two parents and create 1-2 offspring which will
replace the 1-2 worst individuals in the current population even if
the offspring are worse. SSGAs are overlapping systems, because
parent and offspring compete for survival.
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Genetic Algorithms

8. Stopping criteria LCA

B Reach a maximum number of generations,

B Reach a certain fitness value that it is considered good enough

B The population fitness has reached a plateau

B Reach a certain amount of time
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o It is looking for a and

Genetic Algorithms

solution rated against fitness criteria, so it avoids
Link words and definitions:
and searches

Selection Value assigned to each solution representing for global fitness
the abilities of an individual to “compete'.
. S . — o Selection duplicates structures with
Crossover Its purpose is to maintain diversity within the
population and inhibit premature fitnesses and deletes structures with
convergence. .
Mutation To combine two parents to form children for fitnesses
the next generation.
Fitness score To choose the individuals, called parents, that
contribute to the population at the next o Mutation creates new structures that are similar to
generation.
YIELD NEW structures
o e dovaing.

o The GA begins with the population of

___RANDOMLY generated structures where
each structure a solution to the
task
True or False?
o It proceeds to generations; during each
o A genetic Algorithm is an optimization tactic to look for the best generation the GA the structures

solution

in its current population by performing
o It avoids local optima and searches for global fitness

followed by

o Genetic algorithms are search optimization techniques based on

Darwin’s principle of natural selection followed by
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GENETIC OPERATORS

In this exercise we study three genetic operators: Selection, Crossover and Mutation:
1. Read de basics of each operator
2. Classify each method into one of the 3 operators

SELECTION OPERATOR
Decide which individuals will breed a new generation.
B The key idea is to give preference to better individuals, allowing them to pass
on their genes to the next generation.
B The goodness of each individual depends on its fitness.
B Some individuals will be selected more than once, while others will die without
leaving any descent.

CROSSOVER OPERATOR

B Two individuals are chosen from

the population using the selection

operator. ||| Parenc2 Genoope |||
B The two new offspring created

from this mating are put into the CiSssover

next generation of the population.
B By recombining portions of good

individuals, this process is likely to

create even better individuals.

child | Gendpell I
O O 2 5 -

MUTATION OPERATOR
B Alter each gene independently with a probability p,
B p,is called the mutation rate
Typically between 1/pop_size and 1/ chromosome_length

Individual i Individual i (after
(before mutation) mutation)

=T |

(Allele mutated)
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METHOD 1: Choose a random point on the two parents
* Split parents at this point
* Create children by exchanging tails
* P typically in range (0.6, 0.9)

Iniciales

S IENCHERENEM R ENES - -
R o [ [0 o2+ 1]

am
e EEEEE ,

p2

Finales

METHOD 2: Insertion
* Pick two allele values at random
* Place the first to follow the second, shifting the rest along to accommodate
* Note that this preserves most of the order and the adjacency information

v=(198765432) v=(1976584 32)
METHOD 3 — Roulette Wheel
* Assign to each individual a part of the roulette wheel, based on the evaluation

function
* Spin the wheel n times to select n individuals

Funcién de

Evaluacién Prob Acumulada m1
4 0,17 0,17 u2
2 0,08 0,25 3
1 0,04 0,29 "
2 0,08 0,38 =4
3 0,13 0,50 m5
1 0,04 0,54 "6
2 0,08 0,63

w7

2 0,08 0,71
3 0,13 0,83 ng
4 0,17 1,00

METHOD 4: Inversion
Invert the order of a sub-chain
v=(198|7654|32) v=(198|4567|32)

METHOD 5: Tournament
* Pick k members at random, then select the best of these
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* Repeat to select more individuals

METHOD 6: Bit Flip (Binary)
We select one or more random bits and flip them (from 0 to 1 or viceversa)

METHOD 7: PMX
1. Two points are selected at random (or determined before execution)
p1=(123|4567|89) p.=452|1876|93)

2. The central part of one parent is mapped to the central area of the other parent:

$s1=(xxx|1876]|xx)
$=(xxx|4567]|xXx)

taking into account the interchanges: 1/4, 8/5, 7/6,y 6/7

2. Then, the values that are not in conflict (already inserted) are added to each
offspring:
For example value 1 in pl already exists in s1, then we look for the next value
pi=(123]4567|89) sl=(x23|1876|x9)
p2=(452|1876]93) s2=(xx2]|4567|93)

3. Finally, the values in conflict must be replaced by the interchanges: 1/4, 8/5,
7/6,y 6/7

For example value 1 in pl already exists in s, the interchange was 1/4 , thus, value 4 is
added instead

s1=(423|1876(|59)
$2=(182]4567]93)

METHOD 8: OX
From a substring of p1, and preserving the relative order of the p2:
1. Two points are selected at random (or determined before execution)
p1=(123|4567|89) p=452|1876|93)
2. The central part is copied into the offspring:
sl=(xxx|4567|xx) s2=(xxx|1876]|xXx)
3. Starting from the second point, copy the values of the other parent in the
same order, omitting those repeated values.
s1=(xxx|4567]|93) s2=(xxx|1876]92)
4. When the end of the string is reached, start from the first position on the left:
s1=(218]4567]93) s2=345|1876]92)

METHOD 9: Swap

We select two positions on the chromosome at random, and interchange the values.
(This is common in permutation-based encodings).
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EXERCISES

Use the following random numbers:

8 2 1 3 6 2 3 8 4 5 7/05129 03693 0.4460 0.3933  0.1194

61 38 47 36 44 2 00 lon oo 04156 0678

653 15156 15 8,50 0.3504 0.1922 0.5281 0.0111

1 8 7 7 4 62 4 2 7 2 |08624 02720 00018 08621  0.0950
0.4714 05729 02331  0.1582  0.9280
0.6290 0.1438

1. Given the following individuals belonging to the 4-Queens problem, where the fith

column corresponds to the evaluation function, apply all the selection operators
studied above:

P ANPWWELEN
AW WNNDPWER
NEFP,B_WRAERLNW
WNRERPELNSAD
U AEAENMUOUN D

2. Apply the crossover methods according to the representation of the individuals.
Crossover points are 3 and 7:
A)
6 3 7 8 5 12 4 9 10
2 10 8 9 1 5 7 6 3 4
B) 0011100011

1111010101

Apply mutation operators when possible, according to the representation.
PMut=0.2

A) 00011100011
B) 6 10 7 8 5 1 2 4 9 3

Activity 8 —Population-based Metaheuristics 4/4
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Roulete Wheel Selection

The basic part of the selection process
is to stochastically select from one
generation to create the basis of the
next generation. The requirement is
that the fittest individuals have a
greater chance of survival than weaker
ones. This replicates nature in that
fitter individuals will tend to have a
better probability of survival and will go
forward to form the mating pool for the
next generation. Weaker individuals are
not without a chance. In nature such
individuals may have genetic coding
that may prove useful to future
generations.

‘s“eel is rotatg o

selection
point

Fittest individual
has largest share of

the roulette wheel Weakest individual

‘ — has smallest share of
the roulette wheel

1. Roulette Construction: generate a vector R containing the cumulative probability
distribution for each individual. In this way, the individuals are mapped to
contiguous segments of a line, such that each individual's segment is equal in size

to its fitness.

2. Probabilities generation: A set P of N random numbers is generated, representing

the probability of choosing an individual.

3. Selection: The individual whose segment includes the random number is selected.
The process is repeated for each element of P

Roulette Wheel Selection and Crossover Operators
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PMX or Partially Match Crossover

PMX produces the offsprings by selecting a subsequence or swath of genetic material
from one parent and the rest of the alleles keep the order and position from the other

parent.
o
F

Crossover points: Select i.e. 25% at the beginning and at the end of the sequence

P1=(123]14567|89) p,=(452]|1876]93)
1. Exchange the segment between both crossover points
s1=(xxx]|1876|xx) sa=(xxx]|4567]xx)

taking into account the replacement pairs: 1/4, 8/5, 7/6,y 6/7

2. Looking in the same segment positions in parent 1, copy each value that hasn't
already been copied to the child 1. (The same with parent 2 and child 2)
$1=(x23]1876|x9) s,=(xx2]4567]93)

3. With the values that have been already copied, look for the replacement pairs in
order to use its exchange.

For example 1/4, instead of copying 1 this value is replaced by 4 and 8/5:

$1=(423]1876]59) s,=(182]4567]93)
1/4 8/5 1/4 8/5

Roulette Wheel Selection and Crossover Operators
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CROSSOVER OPERATORS
1. Study the code you have in order to determine what crossover method is, and what
instructions you need to complete the strategy.
2. Find out which other classmates have the same or similar methods as you.
3. Discuss in groups the instructions that are needed to finish the implementation.
4. Integrate the method in your AG and check that everything is running properly and

that you find a solution for problems of 30 Queens or more.

LAB Activity — Crossover Operators 1/1
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let’s
program!

N-QUEENS & AGs

1. From this AG skeleton, order the steps of the AG and find out the remaining
functions (uppercase). ONLY SPEAKING IN ENGLISH
Write the stopping criteria.

NQueens= 4 ; $%Number of Queens
NPopulation= 12; %%Number of individuals
MAX itera=3000;

Pcross=0.9;

Pmut=0.1;

%% Initial Population

Pob=GeneratePopulation(NQueens,NPopulation);
FitPob=EvalPopulation(Pob);

while %%<ADD Stopping conditions>
MATCHINGUP
MUTATION
REPLACEMENT
SELECTION
CROSSOVER
end
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The evaluation consists of three steps:

1. Implementation of the problem to find a complete and consistent solution. (Groups of 2 to
3 people)

2. Oral Presentation and discussion to the rest of the class of the strategies used and the
results obtained.

3. Peer Evaluation.

The knapsack problem

The KP problem is an example of a combinatorial optimization
problem, which seeks for a best solution from among many other
solutions. It is concerned with a knapsack that has positive integer
volume (or capacity) V. There are n distinct items that may
potentially be placed in the knapsack. Item i has a positive integer
volume V; and positive integer benefit B;. In addition, there are Q;

copies of item i available, where quantity Q; is a positive integer
satisfying 1 < Qj < o°.

Let X;determines how many copies of item;are to be placed into the knapsack. The goal is to:
Maximize :
2 BjX; i=1.N
Subject to the constraints:
2ViXjgVi=1..N
And  0sX; £Q;.

If one or more of the Q; is infinite, the KP is unbounded; otherwise, the KP is bounded [3]. The
bounded KP can be either 0-1 KP or Multiconstraint KP. If Qj = 1 fori=1, 2, ..., N, the problem

is a 0-1 knapsack problem In the current paper, we have worked on the bounded 0-1 KP,
where we cannot have more than one copy of an item in the knapsack.

Example of a 0-1 KP

Suppose we have a knapsack that has a capacity of 13 cubic inches and several items of
different sizes and different benefits. We want to include in the knapsack only these items that
will have the greatest total benefit within the constraint of the knapsack’s capacity. There are
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three potential items (labeled ‘A, ‘B, ‘C’). Their volumes and benefits are as follows:

Item # A B C
Benefit 4 3 5
Volume 6 7 8

We seek to maximize the total benefit:
3
Y B X;=4X1 + 33X, + 5X;
i=1

Subject to the constraints:
3

i

ViXi=6X;+7X;+8X3<13
=1

And
X; €{0,1}, fori=1,2,...,n.

For this problem there are 2° possible subsets of items:

A B C Volume of the set Benefit of the set
0 0 0 0 0
0 0 1 8 5
0 1 0 7 3
0 1 1 15 -
1 0 0 6 4
1 0 1 14 -
1 1 0 3 7
1 1 1 21 -

In order to find the best solution we have to identify a subset that meets the constraint and
has the maximum total benefit. In our case, only rows given in italics satisfy the constraint.
Hence, the optimal benefit for the given constraint (V = 13) can only be obtained with one
quantity of A, one quantity of B, and zero quantity of C, and it is 7.

Goals:

Justify the best representation for this problem.

Determine the best genetic operators.

Program the general problem

Use the following data to compare results with other classmates:

o 0 T o

* N=12: number of objects

* w; weight of each object
[31012249581218111]

*  b;: benefif of each object
[10576924898310]

* C:capacity: 27
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EVALUATOR GROUP:
EVALUATED GROUP:
Unsatisfactory Acceptable Excellent

General (25%)

(from O to 4,9)

(from 5to 7,5)

(from 7,6 to 10)
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INDIVIDUAL SCORES
Write the name of each member of the group and assign a score about its

presentation. Write at least a comment about each member of the group

Information is well-organised and is presented
in a logical sequence.

Material included is accurate and relevant to
the overall message/purpose.

Good oral skills (including good language skills
and pronunciation) are used.

Length of presentation is within the assigned
time limits, not too short not too long.

The total time of the presentation is well
distributed among the members of the group,
reflecting that all of them has a similar grade
of implication in the final work.

Contents (25%)

Speakers show knowledge domain and
explain contents accurately

Appropriate amount of material is prepared.

Points made reflect well their relative
importance, highlighting the main
contributions and results

The proposed solutions and results achieved
are correct, accurate and fix the problem
requirements.

Goals of the work have been accomplished

IMPLEMENTATION (50%)

The code is clear, readable, correct, there are
no execution errors and it is sufficiently
commented. The implementation is very
efficient.

COMMENTS

Name: Score:
COMMENTS:
Name: Score:
COMMENTS:
Name: Score:
COMMENTS:
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