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Prologue

When, some time ago, we considered using NetLogo to complete the
academic development of our students, we did this undoubtedly due
to the good results that it was giving us, in our role as researchers.
Our experience of using this software has been as diverse as NetL-
ogo itself allows: we have been using it for years on the ESTALMAT

project® to foster in children a way of tackling problems based og al- oject, named after the Spanish

orithmic solutions that a flexible programming language can o ym fi§ Encouraging Mathematical
8 . . . p & & a8 & ent, ai¥s to identify children with
on different university courses to introduce concepts coveriffg suc 3 e for mathematics (which nor-

ally coincides with scientific skills in
eral) and to encourage them to learn
mathematical methods, techniques and
the strategies. Further information can be
found at http://thales.cica.es/estalmat/

seemingly disparate areas as complex systems, artificial 4 i ,

perimentation, etc. at both undergraduate and ma
process of modeling complex behaviors in a scientific ion en-

information in digital humanities projects?; as ping 2 All of these applications are to be found
within the Hispanic Baroque project

. (http:/fwww.hispanicbaroque.ca/), funded
these experiences, the results have proven t by the SSHRC in Canada and led by Juan

Our students on the various cours have collabo- Luis Sudrez, a Professor at the Univer-
sity of Western Ontario and Director of

the CulturePlex laboratory, a center for
edly dispersed and incompatib . humanists who are the study of cultural complexity with a
focus that falls within the field of Digital
Humanities (http://cultureplex.ca/).

to analyze and predict socioeconomic behgyi . And in all of

rated in the research work cover a ge that are suppos-

interested in analyzing Wterary \g&x hematicians engrossed in
their abstract models, to,e
in the evolution of a pa ulation of species or organisms, or
computer progra i in implementing a distributed al-

gorithm to establis ty. And with all of these we have found

aspect invo etLgeo enabled them to enter into a direct conver-
sation yigth § 'm, mitigating to a large extent the harsh reality
at #h artificial device on the computer between their
dehs a eir projection, obliging them to formalize their knowledge
ompl&@ly new way that is alien to them.
is is perhaps the best thing that can be said of a tool of this type:
ANetLogo becomes a fine, almost transparent, layer between the indi-
al and their subject matter, and can soon end up forming a natural

part of their regular tools.
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Our view has been confirmed by the wide range of similar expe-
riences that we have come across through other academics and re-
searchers. Netlogo is one of the few development platforms with such
a wide range of users, both in terms of the academic levels they cover
and the goals they are pursuing.

On an educational level, thanks to its proximity to natural language,
it was originally used for teaching basic programming concepts to chil-
dren and young people of very different ages; although this use still
continues, we now find more and more university courses and higher
education training modules in which this tool is used to introduce
general modeling and problem-solving concepts in different areas of
knowledge.

In the context of academic research, we find it in the process of gen-
erating and verifying results from scientific projects, with references to

On a more professional le
NetLogo has been used a§ t
projects, many of these i

dynamics.
This diversity o
potential, as well
In spite of its lim1 s with respect to other more powerful and
lower-level languages, rogrammer using Netlogo as an exper-

many advantages during the develop-

ance of the solutions they prepare on the platform.
hat the number of lines of code that a program-

their needs, and only move to more efficient languages, but which

ost more to develop (such as C++ or Fortran), when there is certainty
that an improved performance is essential, translating the model from
one language to another. This initial choice enables the programmer to
write more code, and to check it, in the same amount of time, and even
in the knowledge that a low-level language will be needed in order to
obtain final results; fast prototyping in a high-level language such as
NetLogo can help modelers to evaluate design decisions more quickly,
reducing the overall development time and improving the knowledge
of the problem. And so the choice of NetLogo as a working and explo-
ration tool for students and researchers seems appropriate and wholly
justified.
However, when we decided to write down our experiences of Net-



Logo in the form of a book with a view to helping others to become
familiar with its use, we realized that it would not be sufficient to
project these as a series of problems and solutions making use of the
language; leaning on the experience gained over previous years, we
decided that we would need to start by taking a step back and to en-
gage in the creation of a programming guide for users who, in many
cases, had no experience of other programming languages*.

We have therefore attempted to write an ambitious book with the
aim of meeting the needs of readers who are seeing NetLogo for the
first time, perhaps with no prior knowledge of programming, perhaps
with no prior knowledge of modeling, and at the same time going into
less apparent detail, for those who have already had some experience
of this tool. We hope that we have managed to achieve our goal and
that we do not disappoint.

How the book is structured

normal modeling project may require.
The third part of the book, chapters 1

Finally, we close the bgok wit er in which 8 complete projects
are set and which can be degelo
can find in professional

tended through differen

the r€ader will find a series of activities
g to help them grasp the concepts and
point and to make it easier for them to

nowledgements

e must start by thanking Elena Varela. If there is anything in this
b&8Bk worth reading it is due to her meticulous efforts in proofreading
our drafts. Any errors that can be found are without doubt a result of

NETLOGO iii

4 Although the tutorial provided by the
creators of NetLogo on their website is
very comprehensive and indispensable
to every user, our students and collab-
orators were demanding a more struc-
tured learning process.
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our inability to express the ideas following her advice; her work has
undoubtedly improved the book that is now in your hands, but she
has also taught us how difficult and beautiful it can be to write a text
in which the clarity of ideas is based on the good use of language. This
book would certainly have a completely different appearance without
Elena’s invaluable help.

We would, of course, like to thank Juan Luis Sudrez (and the projects
led by him) for various complementary reasons, because he is a friend
who always supports and motivates us with problems that are worth
addressing, and because he has been encouraging us for some time to
write something similar to the outcome of this book. We cannot forget
that we remain in his debt (an old debt which is now growing) and we
remind him in these pages that we have one project outstanding, per-
haps a continuation of this one, to show the applications of modeling
with NetLogo for the analysis of culturg

er patience in dealing
), with the Spanish texts and

of Seville, and Marta Ginovart, from the Polytech-
rcelona.
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1
An overview of NetLogo. Its background

and environment.

We need to begin this book with a quick look
to model, at the role it plays in the process of experim
representing phenomena, and at the difference that it can
a suitable tool available to facilitate the transitiog from the
in which the problem exists to the formal world @ which we are able
to understand it and, in the best-case scen Ol Vi@it.

Modeling and solving problems

)bservation and analysis of
e: from the sensory expe-
fite to the applied areas, to the

most abstract conceptualigati subject of theoretical areas. Even
though the dista some of the phenomena is seemingly
unassailable, 4 s used to understand and predict their

ly similar. At the root of this is the formaliza-
tury of what we know as the scientific method;

e are variations depending on the historical point in time and the
jectives, the scientific method is developed in four stages:

sWBbservation: the stage involving the careful examination of all of the
facts and phenomena that take place in the real world and which
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can be perceived by the senses and measured;

¢ formulation of hypotheses: in which a provisional explanation of
the phenomena observed and its possible causes is formed;

* experimentation: in which the phenomenon being studied is re-
peatedly reproduced and observed, modifying the circumstances as
deemed necessary and thus confirming what circumstances cause it
to occur;

¢ thesis or generation of a scientific theory: in which the phenomena
observed are interpreted according to the test data.

If the hypothesis is found to be false, it must be rejected once the
data that invalidate it are provided. The likelihood of success is greatly
increased the larger the number of ex cases that enable the

nyggases, the experience
ipulag@on of the real-world

ysically impossible or
enon is unfeasible in terms

. It is precisely those cases in which the

manipulation of reali order to reconstruct and test hypotheses is

vetoed, that have oblige

act representation of a certain aspect of reality, essentially
elements that characterize this aspect of reality and by the rela-

Of @Il the options available for creating models, there is one that
s s out for its effectiveness: mathematical modeling. It is displayed

such disparate forms as mathematical theories (based on axiomatic
systems and demonstrations, etc.), numerical models (based on linear
equations, differential equations, stochastic calculus, etc.) or compu-
tational models (based on systems of agents and their interactions,
particle systems, evolutionary algorithms, etc.) which have undergone
spectacular development over recent years due to the emerging tech-
nological capacity.

In all of its possible forms, some of the advantages offered by the
construction of mathematical models are:

1. the modeling process often reveals relationships which are not ap-
parent at first sight: the act of modeling is often accompanied by a
greater understanding of the phenomenon being represented;
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2. once the model has been constructed, it is possible to discover prop-
erties and characteristics of the relationships between the elements
of the model which would otherwise remain hidden;

3. it is possible to simulate complex situations that cannot be repre-
sented in other types of models;

4. they often provide a solution to the problem, even if it is not an
analytical solution, but a numerical solution, created by computer.

Models can be classified in many ways according to the characteris-
tic to be highlighted:

¢ depending on the way in which the elements of the model are rep-
resented, we can talk about iconic, analogue, symbolic models, etc.

* depending on their function, they can be predictive, evaluation, or
optimization models’, etc.;

¢ depending on the type of reality you want to model, we@n ta

phenomenon so as to enable us to gain a bette
properties and to broaden our knowledge

gained in various disciplines that use mo essential tool,

the following phases are important fo model:
A
Real-World
Phenomenon
\ |
Evaluation Interpretation
‘ Model . Formalization
Implernent[atlon

From the real-world phenomenon, following a phase of interpreting
e observations, you enter another phase, the formalization phase
(using a formal language).

odels inform us about the
ts parameters in the future.
models aim to measure the
alternatives, in order to com-
are their results. And optimization
dels try to identify an optimum so-
lution to the problem, i.e., the best of the
possible alternatives.
2 In deterministic models, the future evo-
lution of the model is entirely deter-
mined by its current state, whereas in
stochastic models, this evolution can de-
pend on random behaviors that can be
measured by statistical means.
3 There is no temporal evolution in static
models, unlike in dynamic models.
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4 Which should be no surprise, as the re-
search process is no more than a contin-
uation of the education process, based
on discovery, and in which the figure
of the teacher and disciple are often the
same person.

¥

2. If the model you want to achieve has dynamic properties or allows
a simulation process to help you to understand the reality, you then
implement this formalization in a system that will enable you to
consider this dynamism.

3. Finally, and once you have executed simulations in the model, you
evaluate the results obtained by comparing them with those seen in
the real world.

You must bear in the mind that the norm is not to carry out these
steps according to a linear or direct process, but a life cycle is formed,
in which, through successive approaches, you obtain a set of models
that are increasingly true (at least, in terms of the characteristics that
are the focus of your hypothesis) to the real-world phenomenon.

Due to its importance as a research tool and taking into account

the phases required in order to achieve surate model, there is no

of creating and gaining know ot] ducational level and
on a research level4: bein Pblem is proof of hav-

necessary technica it I a formal system.

The aim of thi i idéWou with the necessary basics in
y to generate models that will help you to
potheses. You will see how Netlogo gives

Real-World
Phenomenon

~

/ Evaluation Interpretation \

etlogo —
f

Model

Formalization

Implemen*aﬁon

As it is a programming language, the implementation process is
natural in NetLogo, although, due to the type of elements with which
it works, it will also influence the process of conceptualizing and for-
malizing the real-world phenomenon. The platform features mean
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that the first part of the process is simplified considerably; but it goes
further and enables you to evaluate the results of its execution in or-
der to compare them with the real world by means of the automatic
generation of experiments and their execution.

What is NetLogo?

The best definition of this tool has been provided by the creators them-

selves>. As explained in the online manual, NetLogo: 51t was created in 1999 by Uri Wilen-

sky and has been under constant de-

velopment ever since at the Center for

; Connected Learning and Computer-Based

and social phenomena. Modeling, at Northwestern University,
Evanston, Illinois.

® is a programmable modeling environment for simulating natural

¢ is simple enough for students and teachers, yet advanced enough
to serve as a powerful tool for researchers in many fields.

* lets students open simulations andplay with them, exploring {eir
behavior under various conditions. It is also an authoring $Vir
ment which enables students, teachers and curriculum develggers

to create their own models.

sands of agents® all operating independently. This maKegit possi- ¢ For now, you can just think of an agent
; as an individual that is capable of work-

. . ing autonomously and which interacts
individuals and the (macro level) patter merge from their with its environment and other agents.

interaction.

e is the next generation of the series modeling lan- 7 Multi-agent means that it does not work
with just one individual, but with a

uages, including StarLogo a 0
EUABES, & 8 8 group of individuals.

¢ has extensive documglt iont utonidls. It also comes with the

ec re-written simulations that
e simulations address content areas
including biology and medicine,
ematics and computer science, and eco-
psychotogy. Several model-based inquiry curric-

re available and more are under development.
8 Through the use of networked comput-

ers or handheld devices. Currently, it
S o ) . only supports the graphing calculators
ich is built in, enabling each student to control an agent in from Texas Instruments as an example

of a mobile device, but its adaptation to
tablets and smart phones is under way.

runs on the Java virtual machine (JVM), so it works on all major
platforms (Mac, Windows, Linux, et al). It is run as a standalone

pplication. Models and HubNet activities can be run as Java ap-
plets in a web browser. Command line operation is also supported.
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It must be added that NetLogo is now a free software project that
is being maintained by a growing community, led by Seth Tisue, with
a continuous development process and in which there is large amount
of collaboration on all levels (from the creation of models for the rest
of the community to the creation of extensions or updates to the core
application). At the time of writing this book, its code and work plans
9 https:/ / github.com /NetLogo can be found in a repository on Github?.

From Logo to NetLogo

Logo is a high-level programming language created in the 1960s and
based on Lisp. It is very easy to learn and so has long been used to
introduce children and young people to the principles of programming
(figure 1.1).

However, in spite of these educati poses, we should not

think of it as a poor languagghas it edaecessary features to

Figure 1.1: Using turtle hardware to

draw. practice and implement a]“lw pts dvanced functional

°Such as: recursion, advanced data programminglo.
structures, higher-order functions (i.e.,

functions that operate on other func- . . .
tions), etc. to manage small enable geometric shapes to be

Certainly, one of t features of Logo is its ability

formed by follow
figure 1.1, have some even adopted a physical form.

\T (N N

forward 50 right 90 forward 50 right 90

forward 50 right S0 forward 50 right S0
© 2000 Logo Foundation
ough we actually talk about Logo as a language, it corresponds

to a family of languages that are similar to one another and there is no

tandard definition for it. NetLogo shares enough characteristics with
this family of languages to be considered as one more of them, albeit
with certain key differences which we will outline below'*:

® The precedence of mathematical operators is different. The infix
operators (those written between the operands, such as +, *, etc.)
have less precedence than the named functions. For example, sin x
+ 1= (sin x) + L

® The functions and and or are special functions used as a shortcut
for the calculation, which means that they evaluate the second ar-

gument only if necessary'?. This characteristic means that the eval-

evaluate the others because the overall
result is false.

uation of strings of conditionals is more efficient.
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e Procedures can only be defined in the Code tab, and not interac-
tively in the Command Center. We will be looking at these two
elements in detail in the following chapters.

¢ The functions that return values must be defined with the keyword
to-report, and in these cases, the command to return a value must
be report.

* When defining a procedure that accepts input data, these must ap-
pear between square brackets.

* The names of the variables must always be chosen starting without
punctuation marks, and so the uses :var or "var, so common in
other Logos, are not valid.

® The local variables and the input data are verified lexically, rather
than dynamically (i.e., if there is an error, it is highlighted be
execution).

U For example, what in Logo would be

phrasel] (a list of words), in NetL-
ogo it should be “a phrase” (a string) or
rather [“a” “phrase”] (a list of strings).

e The Tasks (or lambda functions™) provide a new featu ich i “ A lambda function is an anonymous
. function, which is not given a name, and

which can be treated like any other pro-

gram data.

e The control structures, such as if or wh

not ordinary functions. Special for 5Part of this functionality can be

achieved by means of the tasks, as we

new control structures can be cr :
will see later.

¢ The NetLogo comma®d run
lists, and does not allo

And, of course, NetL
not found in mos otliegr languages of the Logo family: it works
able of differentiating families of agents
in order to diyidualized behaviors for each family.

givégus a fundamental capacity that is
directly wit an

and running NetLogo

etLogo Tuns on the Java virtual machine and enables you to save
odels as Java applets (deprecated), there are two ways of running
em:

1. With the program installed, open the model from the application.
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*In addition to the actual restrictions
imposed by security measures when
running applets, some extensions may
not work in applet mode.

¥

Slim - MlLisgn
Fle B Took Zoow Tes e
Irdurfuca | |nfonation | Procedes
.'SI‘-.-l'i‘an:n':' =
Buttpn Shies Sedich Chocser Monber Pt duipar Tead

s | -

2. Through a web browser or on an Internet

= | btk nrttwmestem ecaTetogvcdetsin < % [#8] |
drchive Edoidn ‘Aer Pasabos Heresertas  drpuds

= w
W G0 | e Patiogs Modeh Lirary: S G- - e e [ pigne v () Hemarantan =

st @ Intarrat #oors -

Whilst both are valid for running the models interactively and using
the interface, there are some key differences between them. The most
obvious one is that, whereas when running the applet you can only
access the view of the model interface (and, therefore, cannot make
any modifications), when running it from the complete program, not
only do you access this interactive view, but you can access the code
tab (which enables you to modify the model) and the additional tools
provided in the application and which we will be looking at later on
in this chapter.

There is, in fact, a third way of running NetLogo models, or even
of working with it, which is what is known as running headless. This
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does not load the NetLogo graphical interface but it does enable you to
fully run all of its functionality as a programming language and run-
time engine. Also, taking into account the fact that it is run completely
in Java, it can be used as a library for the development of applications
which, when necessary, make use of the NetLogo engine through its
APT'7.

For most of the content of this book we will be using the full ap-
plication, and so it is advisable to install it by following the steps as
indicated on the NetLogo official website.

A quick look at the work environment

Following installation, you will find several applications in the folder
alongside NetLogo x.x.x'8, which are NetLogo 3D, a version that en-
ables you to work with 3D models, and Hubnet, which we will ex
briefly at the end of this chapter and in more detail in the €pleva
chapter.

When you open the application, the first thing you wi
there are three tabs containing the main sections on

defining your models:

File Edit Tools Zoom Tabs Help
Interfoce | Info | Code

/ + =
Joo0 e |

normal speed

HOS wen
! ;

rum-turties 2

dffusion-rate. 10

turte-heat 139

I ——
turte-speed 10

Sy wender?

I ace t laying the world in which the the simulations
er nd where you can define the interface that will enable the

er to INgpract with the model.

Info tab: where you can add information relating to your model in
rder to clarify programming concepts, explain how they work, the
real-world model it is simulating, etc.™

7 API (Application Programming Inter-
face) is the set of functions and proce-
dures that offer certain libraries for use
by other software.

bers depend on the version.
g .30 is the stable version at the
€ of wiiiling this text.

* The editor it provides is very simple
but by using a format similar to that of
wikis, you can obtain similar results to
those of any HTML page.
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*Jt provides the minimum tools re-
quired for editing code correctly.

W

** Lat@¥ we will look at the particular fea-
tures of this system.

File Edit Tools Zoom Tabs Help
4

Find... Edit

WHATIS IT?

Diffusion Graphics is uniike most other NetLogo models, in that it really doesn't ‘moder
anything. It simply explores the power behind an interesting patch primitive: ‘diffuse”

It's not intended to closely model real heat, just a number that behaves something like heat —
that slowly spreads tself evenly across a plane.

HOW IT WORKS

In this model, the turties are “ot spots” — they set a certain value (a patch variable called
heat) fo the maximum level every time step. Each patch (through the ‘diffuse’ primitive) then
shares ifs value of heat' with its surrounding patches.

Here you can watch what happens as hot-spots interact with each other. as they move around
as their values become negative, or as the heat siowly decays down to nothing. The whole
point of the project is 1o give you an idea how patches interact via the ‘diffuse’ primitive. (Or
maybe just to give you something nice to stare at if you're bored.)

HOW TO USE IT

Two buttons, SETUP and GO, control execution of the model. As in most NetLogo models, the.
SETUP button will initialize the ‘hot-spots’ and other variables, preparing the model to be run.
The GO button, a forever button, will then run the mode!

Four sliders and two switches determine the various properties of the model. Each of them can
be set prior to Initialization: most can be used mid-run to affect what will happen

NUM-TURTLES determines how many turties there are. TURTLE-SPEED determines how fast
they move. Each turtle sets the ‘heat' of the pafch it is over to TURTLE-HEAT. Then that patch
diffuses it info the nearby patches.

3. Code tab: where you writ pr s affl statements that de-
fine the behavior of the‘ode

File Edit Tools Zoom Tabs Help

Interface | Info| Code

F«? (:Iy | [Frocsdues=] | @dent avomascaty

patches—own [ heat ]

to setup

clear-all
Set-default-shape turtles "circle
create-turtles mum-turtles ; sach turtle is Tike a heat source

[ setxy random-xcor random-ycor ; position the turtles randomly
hide-turtle ; so we_don't see the turtles themselves, just the heat they produce
set heat turtle-heat ] ; turtles set the patch variable

recolor-patches 3 color patches according to heat

reset—ticks

nd

to g
ask turtles [ set heat turtle-heat ] i turtles set the patch variable
if wander? [ ask turtles [ wander 1°]  movement of turtles is controlled by WANDER? switch
diffuse heat diffusion-rate 3 th s the "spreading’ of heat
recolor-patches i color patches according to heat
tick

end

to wander ; turtle procedure
rt random S0 - random 50
Fd turt]e-speed

end

to recolor-patches 11 color patches according to heat
ask patches [ set peolor heat ]
end

§ Copyright 1997 Uri Wilensky.
i See Info tab for full copyright and Ticense.|

As is normal in all programs working with windows, in the top
menu you will find, as well as the usual options of Files, Edit and
Help, the Tools menu through which you can access the additional
tools that complement the experience with NetLogo.

Some of the most important ones are:

¢ Color Swatches: Enables you to browse the color system used by
NetLogo?'. Also, when you access it from certain sections of the
program, it can be used to select colors interactively.
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white = 9.9 A Praview

o e = A
s s = LA
sy =85 = = =3
@ 5 a2 8 w1 A

Copy selected color bla\:k Mumbers

e Turtle Shapes Editor: Enables you to edit the appearance®® of the
turtles on the screen so that how they are represented makes it eas-
ier to recognize what type of turtle it is (and with it, its possible
functioning and behavior). These shapes are stored in each model,
and the system also enables you to import shapes from other -
els that have already been created and from a library providfd w1
the program.

Name [defauit

®:
=o
®0
AR
(7] snp to grid
LT
T
(T
(I
Color that changes:
B cay -
[7] Rotatable
¢ Link Shapes Editor: Ena the appearance of the links
that can connect the t{giiles e another, with parameters to con-

trol their curv e viStial characteristics of the lines and

indicators.

name: default

direction indicator:

curviness: 0.0/
left line: -
middle line —

right line -

BehaviorSpace: Enables you to define and run sets of experiments
n the model and to automatically record all of the results for sub-
sequent analysis using external tools?3.

Actrvity: Open this tool
and familiarize yourself with
the NetLogo color system.
Change the resolution of
the swatches using the con-
trol Increment and note the
contrast of the chosen color
against the black and white
backgrounds.

> This appearance is defined by vectorial
shapes, so that they can be scaled with-
out loss of resolution.

ActiviTY: Load some shapes
in the editor to see how they
are formed and create some
of your own. Focus on the
different simple shapes that
can be used and the use of the

basic color palette.

3 Furthermore, if you have a multipro-
cessor computer, this will enable you to
create real parallelism in its execution,
running separate experiments on each of
them.
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Experiment name

Vary variables as follows (note brackets and guotation marks):

["diffusion-rate" 1]
["wander?" true]
["turtle-speed” 1]
["turtle-heat” 139]
["num-turtles" 207

Either list values to use, for example:
[myy-shider™ 127 8]

o start, increment, and end, for example:
[“myy-shider™ [0 1 10]] {note additional brackets)
o go from 0, 1 at a time, to 10,

You may akso vary ma-pacor, min-gucor, max-pycor, min-pycor, random-seed,

»

(]

Repetitions |1

run each combination this many times

Measure runs using these reporters:

count turtles -

one reporter per line; you may not sphit 3 reporter
across multiple fines

Measure runs at every step
i unchecked, runs are measured onfy when they are over

Setup commands: Go commands:
setup = || go -
_+ |Stop condition: _+ |Final commands:
the run stops i this reporter becomes tue run 3t the end of each run
Time limit |0

stop after this many steps (0 = no limit)

-

er: Opens a functionality of NetLogo that

¢ System Dynam

enables you to dest NetLogo model using regular standardized

2 This is currently rarely used, although techniquesgof system mics 4.
it is a functionality that can be very use-

ful for certain types of problem.
Edit Tabs

Diagram | Code

F B v [ & = — dt=0.0010 [_Edt |

Edit Delete  Check  Stock Variable Flow Link

~births

e

‘:

/

Q
4| 1 ] D
* HubNet Client Editor: Opens the editor of client interfaces for col-

laborative experiments that can be run through HubNet.
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# 8 + Save Client As Applet...
Edit Delete Add

Your name

Try to catch bugs by
clicking on them in the
view to the right.

You have caught

# Attempts

Top hunter

Top hunter's catches

Relative % = 100 *
{your catches) |
{top hunter's catches)

Relative %

The Models Library

As mentioned earlier, one of the most useful features of Nego 0 i
the number of complete examples provided by default o

(all of these ready to be run and modified), and coveg# almosg an

area of knowledge in which the modeling of exper d be Edit Tools Zoom Tabs Help

meaningful. Mew Cirl+N
Through the File menu (figure 1.2) you can access the els Li- Open.. Ctrl+0
: 3 Models Librar Ctrl+M
brary, which shows you a folder tree with the m§@els grouped ®cord- y
ing to very clear criteria: Save Ctrl+S
Save As... Ctrl+Mayusculas+5
Art o
Sy About the Models Library Save As Applet...
Chemistry & Physics
Compme.r Saence Sample Models are the most carefully checked models we have. They -
Earth Sdence are examples of good coding and documentation practice. Print... Ctrl+P
Games
Mathematics Unverified models are also complete and functional, but are still in
Networks the process of being reviewed for content, accuracy, and quality of
Soc Soence code ! ! Export b
System Dynamics
S| Curricular Models Code Exampies are not complete models, but short illustrations of
BEAGLE Evolution particular features and coding techniques. They are a supplement to Import [
Connected Chemistry the NetLogo User Manual
EACH
epiDEM Curicular Models are associated with curricula developed at the CCL. .
Gastab The models also appear, sometimes in different form, in Sample Quit Ctrl+Q
MaterialSim Medels. For information on the curricula, see the CCL home page at
NIELS hitp:iccl.northwestern.edu. . .
robiab Figure 1.2: File menu.
Urban Suite HubNet Activities are for use with our HubNet participatory simulation
Code Examples architecture.
HubNet Activities
User Community Models are models contributed from the user
community to be shared with other NetLogo users. They are not
included with Netlogo, but are available on the web by pressing the
buiton below.
£ )

Go to User Community Models web page Open Cancel

Sample Models: Contains the models classified according to the
rea of knowledge to which they belong (Art, Biology, Chemistry
and Physics, Computer Science, etc.)
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* Some of the models shown under this
classification may also appear in the pre-
vious classification under one of the ar-
eas of knowledge.

4

:/fccl.northwestern.edu/netlogo/

¢ Curricular Models: Groups together those models that can be framed
within a particular curricular project. These curricular projects do
not necessarily fall within one specific area of knowledge, but tend
to be cross-disciplinary and normally address specific projects that
are being undertaken at the Center for Connected Learning and Computer-
Based Modeling (the same center at which NetLogo is based)?>.

¢ Code Samples: provides certain models whose purpose is to high-
light, and practice, some of the characteristics of the programming
language, and so they can be used as small samples to look at cer-
tain key concepts of the language in more detail.

* HubNet Activities: shows certain models that are ready for use as
collaborative activities through the HubNet tool in NetLogo.

We suggest that you start off by explagime extensively the models

to see the diversity of
of the potential of
@ng language without

possible fields of application to
what can be developed b}‘liS s

too much effort. I \

ActiviTy: To do this, open the model, launch the simulations and

interact with the controls made available on the interface; then go
to the info tab to find out more about the purpose of the model, to
learn a bit about how it has been programmed and to explore the
possible extensions that are offered to look more deeply into both
the real-world model it is trying to explain, and the programming
techniques that can be used to address it; then go to the code tab
to see how it has been programmed. Even if you know nothing yet
about the programming language, try to read it and you will be
surprised to see how easy it is to understand the code written in
NetLogo.

nline resources

As mentioned earlier, one of the finest qualities of NetLogo is its user
community (which has led, after a considerable amount of work, to
the complete reprogramming of the tool to turn it into an open source
application), and which has resulted in a large number of resources
becoming available online.

We are now going to list only those which show most activity, are
updated most frequently, or offer the most reliable content:

o The first essential resource is the official website of NetLogo itself2°,
from where you can access a vast collection of external resources
(some of which we are listing here).
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* On the official website you will find the online manual®” (which is
also installed locally along with the application and can be accessed
from the Help menu) which contains a complete reference manual
of the language, an introduction to the application and some basic
tutorials to familiarize yourself with its use.

e There is also a NetLogo User Group (housed on Yahoo Groups>®)
where you can share your queries and ideas with other users in the
community, as well as a NetLogo Users Group within the field of
education®.

* The official website also serves as a repository for models generated
by the community, so that they can be downloaded or run as applets
on the same page (where possible). A website has recently been
launched, where you can share NetLogo models in a collaborative
way, and its name is NetLogo Modeling Commons 3°

¢ On Yutzu3' you will find a package containing a variety of gor
tion on the tool, as well as a set of videos designed in the Yor
tutorials by Carl Boettiger3?.

¢ As we said, in GitHub you will find the repositor.
the source code of the application33 (only for adva
knowledge of Java and/or Scala).

0, has his
ro34, as well as a
of the language

ual/course on the ba&s of

Exercises

1. Open the turtle
laterin t that
the boo

itor tool and create one that you can use
are going to make as you work through

the repository in GitHub and look for information
roject and its community of developers.

rary:

(a) Diffusion Graphics (figure 1.3):

i. Locate the model Diffusion Graphics that comes under the
classification of Art and load it in NetLogo.

27 http:/fccl.northwestern.edu/netlogo/docs/

28 http://groups.yahoo.com/group/netlogo-
users/

29 http://groups.yahoo.com/group/metlogo-
educators/

hitp:/fwww.yutzu.com/

hey were designed for version 4 of
NetLogo, but are still largely valid for
the current version.

3 https://github.com/NetLogo

34 http:/fwww.turtlezero.com

3 http://www.insisoc.org. It is one of the
few resources to be found in Spanish.

Figure 1.3: Diffusion Graphics.
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ii. Run various experiments, changing the number of initial turtles,
the diffusion coefficient and the speed of the turtles.

iii. Open the Info tab and read the explanations and comments
about the model.

iv. Open the Code tab and have a look at the procedures and the
instructions appearing in them.

(b) Termites (figure 1.4):

i. Locate the model Termites in the Biology section and load it
in NetLogo.

ii. Read the information section to give you an idea of the pur-
pose of the model and the role played by the parameters.

iii. When a termite gathers wood, in what color is it shown?

Look in the Code tab to see where this color is assigned and
change it to green.

(c) Flocking (figure 1.5):

i. Locate the model pocki
in NetLogo.

section and load it

ii. Read the ipffmation s ive you an idea of the pur-

iii. What is th each of the six parameters?

es of the default parameters produce an

Figure 1.5: Flocking. orga or in the turtles and how over a relatively

iod of time they all face the same direction.

’ ’ ' » the time taken by the group to arrange themselves
roa -.f i an?  aww) s ...g ary with respect to the parameters vision and min-
» . » : » eparation? And with respect to the number of turtles?
- cu""e'mf ~u) ""i X vi. Once there is a consensus with regard to the orientation of
; - ; : : ight, what happens if you vary the value of the above param-
............i ana am? ..f wamd eters?
* » ’ it . (d) Traffic grid (figure 1.6):
I“-I.. --' --# “‘:‘-—-J . ‘. . . (e
» s it » i. Locate the model Traffic grid which comes under the classifi-
: > » ’ g cation of Social Science and load it in NetLogo.
rnant® el a &

ii. Inspect the Info tab to see what the model does and the signif-

Figure 1.6: Traffi . . ’
icance of its parameters, and of the role played by the various

controls on its interface (buttons, sliders and switches).
iii. Note the differences in the simulation depending on whether
or not the traffic lights are lit.

(e) Fire (figure 1.7):

i. Locate the model Fire in the Earth Science section and load
it. This model simulates the propagation of a fire through a
forest.

Figure 1.7: Fire.
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ii. Run the model for different values of the slider density and
note the proportion of the forest that is burned in each case.
iii. Note how there is a critical density value (around 60%) so
that for densities higher than this the fire spreads throughout
almost the whole forest, whereas if the density stays below

this, the proportion of burned forest is relatively small.

4. Join the NetLogo Users Group and look at the queries and solutions
that have been posted recently.

¥






2
Familiarizing yourself with NetLogo.

The world of NetLogo

As in Logo, where the main element you worked with was the turtle,

in NetLogo this interaction is extended so that you can operate i

what are known generically as agents”. ¢
In NetLogo there are three types of agents:

1. Patches, which make up the ground defining th rld. are
arranged in the form of a grid that fills up the wor ey are
stationary.

o 18I .o EES
- w::-:f—u © '-1:|
I‘" 2) - l

1
-1 -2 @R (1,

inks, which define the relationships between the mobile agents
(turtles) like edges on a graph. They are not mobile, in the sense
that you cannot move them around the world individually, as their
cation totally depends on the location of the agents they are link-

ing.

n agegy in this context, is an artifi-
C omous individual whose be-
avior and decision-making ability are
erned by certain rules or character-
istics. These agents interact with one
another and with the environment, fol-
lowing a set of rules. They are flexible
and have the ability to learn and adapt
their behavior based on experience. This
ability requires some kind of memory.
Agents can also have rules to modify
their rules of behavior, although all of
this will of course depend on the pro-
grammer’s ability to make them operate
in this way.
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World

Location of origin: |Center i «
min-pxcor |-16

minimum x coondinate for patches 40,0
max-pxcor | 16

maximum x coordinate for paiches
min-pycor |-16

minimum y coordinate for patches

max-pycor |16
masimum v coordinace for pasches 10TUS! 33% 33
World wraps horizontally

World wraps vertically

View

Patch size |13 Font size |10
measured in posk of labek on agents

Frame rate |30
Frames per s=cond at normal spesd

Tick counter
Shaw tick counter

Tick counter label | ticks

Figure 2.1: Edit world charavistics

window.

¥

For the moment we will be focusing on patches and turtles; we will
look at the use of links in more detail in a later chapter.

The world of patches

Although there are language instructions enabling the characteristics
of the world to be modified (its size and shape, in number of patches),
for now we are going to access its pr ies using the visual tool

provided by the environment.

To do this, you simply clic

ngs.By button on the tool-
bar in the Interface tab (or’ght C

and select “Edit...”).
jons of the world, the location
ze of the world (indicating
y on the screen), the topology
of the labels to be used by the agents and
will not be discussing for now (figure 2.1).

t: the worlds that can be defined in NetLogo are always
of a finite size and are made up of a finite number of

an be done by identifying its lateral limits, so that if you
he left and right limits, you will have a vertical cylinder, if you
the top and bottom limits, you will have a horizontal cylinder,
and 1 you identify the left with the right and the top with the bottom

imultaneously, you will end up with a figure known mathematically

as a torus.

Once you have established some of these settings, the mobile agents
that move beyond one of these will appear on the opposite side, and
the patches of any of the limits will have as neighbors the patches of
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the other limit identified with it.

The following figures show a 3D representation of a torus and the
connection between its limits in the 2D world. You can see how the
red turtle crosses the right-hand side and appears on the left-hand side
(identification on the horizontal axis), whereas the blue one crosses the
top limit and appears at the bottom (identification on the vertical axis).

i
L 4

Every patch making up the world (like every agent we widl be

pxcar 0 |
pycor| L |
|
|

pealor| 105
plabel|

plabel-color| .3
(& &

Figure 2.2: Inspect patch window.

2 At a later stage we will look at how to
define new properties, but for now the

that the patch

coordinates are unique (there is the world with the default ones provided by the system will
same coordinates), thesggare usg ify it and to refer to it. suffice.

When the world is creatgd, t ke black (although in some
of the images used in t i ow them as white); if you 3RGB is a representation typically used

when working with digital systems and
indicates the proportion of each primary
patcit. color using three numbers: Red, Green

le of working with the RGB representa— and Blue, normally with values ranging

want to change their colof@ou eed to assign an appropriate value
to the pcolor pro
Although

tion of coloy 2fault system it uses to work with them is slightly Erz(;r; 205;055?\,5; iz ?2;;1822;%;151)0‘/;5
differe lires one number to identify them. Although black (0,0,0).
this limitations, it also has many advantages as it
every 10 units, ranges of the same color. The follow-
ws the values of each of the associated colors (only the 4+Consequently, if you are looking for

a lighter shade of green, you just need
. . ) to enter something like (green + 2), a
brs). In addition, for the 14 basic colors, NetLogo has constants with dark red could be (red - 2), giving you

edefined values. So, to all intents and purposes, saying orange and a straightforward way of working with
colors which you will find extremely

beneficial.

ple values are shown, but it accepts decimals for intermediate col-

the same thing*:
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A

Figure 2.3: Newly created turtle in the

centre of the world.

color

heading

EEEER

shape| defaul

label

label-color| 9.2

breed| turtles

hidden?| fal ==

size| 3

pen-size L

pen-mode| up

o=

Figure 2.4: Turtle inspection window.

white = 8.9

gray = 5 g 9 9.9
red = 15 18 19 15.9
orange = 25 28 29 29.9
brown = 35 i8 39 3%.9
yellow = 45 48 49 45.0
green = 55 58 59 59.9
lime = 65 68 69 69.9
turqueise = 75 3 79 79.9
cyan = 85 88 8 899
sky = 95 98 99 999
blue = 105 108 109 109.%
violet = 115 118 119 1199

magenta = 125 128 129 1299

pink = 135 135 136 137 138 132 139.9

Introducing turtles

We are now going r at turtles. Unlike patches,

which are created W the world is set up, turtles need

g on the turtle you can access the context menu
showing islng turtles below the cursor (you will also see the
turtle is located) so that you can select the relevant

Eps tds [

A

Edit...
Select

Copy View
Export View...

inspect patch 00
turtle 1 [ inspect turtle 1
watch turtle 1
follow turtle 1
As you want to access the turtle’s properties, you click on “inspect
turtle x” (we will see what the other options are for later), which will
open a window similar to the one we saw to show the properties of
the patch (figure 2.4).
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The default properties of a turtle (a few more than patches have)

are:

who: unlike patches, which are identified by their location, turtles
have no property to differentiate them at first glance from one an-
other. Consequently, NetLogo assigns a unique identifier to each
turtle in the world by means of this number, which increases se-
quentially and without repetition. So, the identifier of the first turtle
will be 0, the next one created will have 1 as its identifier, and so on.

color: the color of the turtle according to the color code followed
by NetLogo. Similar to the color seen for patches.

heading: the orientation of the turtle on the map. This is measured
in degrees and it is important to note that it does not follow the
same criteria as normal trigonometry, but starts counting from the
positive Y axis and increases in a clockwise direction (figure 2.5).

xcor, ycor: coordinates of its location in the space. This is nwsu

in units of patches but, unlike these, it can take deci es,
representing all of the intermediate values between t

of two consecutive patches (figure 2.6).

shape: shape of the turtle. The default shape is the o in the

images but the models come with different shapes that be used
and a shape editor to create them. Some of predefined§@hapes

AP Y wWed)
OO0w (OO
R &g |
'O ¥00O
WO NAAGHTT
@ 33

haidfhe turtle will show on the screen (if it is not

are:

r: color of the label.

breed: family of turtles to which it belongs. This characteristic of
NetLogo is one of its strong points, as it enables you to define fam-

ies of agents that can have different sets of properties and behav-
iors. We will be looking at this in a later chapter.

ure 2.5: NetLogo orientation system.

=1.01, '&
[

Figure 2.6: Coordinates of the turtle.

5 Figure 2.6 shows the coordinates of a
turtle by means of its label.
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* hidden?: tells you whether the turtle is hidden or visible. Turtles
are visible by default but can be hidden individually in the repre-
sentation of the world.

* size: determines the size of the turtle (in patches). Its default value
is 1.

* pen-mode: as in other versions of Logo, turtles can leave a trace
on the ground as they move around. The possible values of this
parameter control this option are: up (default value), the turtle’s
pen is up and will not leave a trace; down, the turtle’s pen is down
and will leave a trace; erase, the turtle lowers its eraser and will
delete, along its path, any traces it may come across.

* pen-size: This parameter determines the width, in pixels, of the
pen used to trace the path. Its defa js 1 (figure 2.7).

As with patches, you can ch th es ofa turtle’s properties
ugh Wi ally do this through
turtle is a mobile agent, you

by using this window, alt

ill make the turtle appear
Figure 2.7: A figure drawn with a variety wi ¢ the ¢ appe

of pen sizes. o property cannot be modified

(Aio'rnmand Center E] Ll
e going to interact with NetLogo through the Com-
- m will enable you to take a closer look at the pro-
observers| [+ uage in an interactive way, without having to enter full
Figure 2.8: By default, the Cognand goedures or needing to know much about the language (figure 2.8).
Center occupies the bottom hofzontal n use this center to communicate with NetLogo by entering

part of the Interface tab, although
can move it to the right-hand
area. You can change its size b,
ging the bar that separates it fro
interface, and you can d i
by clicking on the Cl, U ttorn

ions which will be executed when you press the Return key.
ag- Let’s begin with a few simple examples to show the type of data that
etLogo is capable of handling, i.e., like an extended calculator:

. M
e ==
observer> show 2 + 3 -
observer: §

observer> show 2 * 4.5

observer: 9

observer> show pi & 2 + 1

observer: 10.8696044010389358

observer> show (word "Net™ "Logo™)

observer: "NetLogo”

observer> show Tist 1 2

observer: [1 2]

observer> show map [is-number? ?] (list 1 2 "s" [1 2] 0.1)

observer: [true true false false true]

observer> show sin 90

observer: 1

observer>[ cos 180 -

The Command Center is made up of a bottom bar, where the com-
mands are entered, and an area showing the results of any instructions
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that produce a return. To all intents and purposes, it behaves like a text
console similar to those of other systems.

As you can see on the bottom line, the system automatically colors
the instructions according to whether it recognizes the text as a valid
instruction, as a constant, etc. Furthermore, although you do not need
to add the show command, so that the result is shown, the interpreter
will add it automatically to your request where the instruction returns
a result and it is not an action®.

Working with numbers. Random numbers

We will make use of certain mathematical functions of NetLogo which
will be useful later for practicing the syntax of the language in the
interpreter.

NetLogo does not differentiate internally between whole and dec-
imal numbers, but they are all stored internally as double-precision
floating-point numbers?. Often, if a function is expecting a
number as entry data and you give it a number with a decimﬁoart,

will simply ignore the decimal part.

The number range within which it can work is appr
to 2%, i.e., +/-9007199254740992. If a calculation ex
it will not return an error, but the result may not be

example:

observer> 2 N 52 + 1 = 2 N 52

observer: false

observer> 2 N 53 + 1 = 2 N 53

observer: true

There may also be problems wi ur fractions®. For ex-
ample: ¢

observer> 1/6 + 1/6 4 + + M6 + 1/6

observer: 0.999999999899

And, as is nor

that if you always start with the same seed, you will
the same number'®. To solve this problem, the need to
ve a seed is normally hidden from the user by making use, for exam-
e, of the time on the computer (which is a quantity that is constantly
thging). The following sequence of instructions may help you to
understand this phenomenon:

¢ We will see how the NetLogo instruc-
tions can be divided into two main
groups: actions, which do not return
anything but make changes in the world,
and functions, (reports) which return
values.

Important: All operators in NetLogo
be separated by spaces. This
at sin(x+l) must be writ-

ed to be the same, which is not the case
in many other languages. What does
happen is that NetLogo hides the .0 ter-
minations to make it easier to identify
the whole numbers.

8This is a common problem with all
Java-based tools.

9 Pseudo-random numbers, whilst ap-
pearing to be random, are generated by a
deterministic function that returns num-
bers within a range with uniform proba-

bility.

' Although this characteristic may seem
counterproductive, in the case of scien-
tific modeling, it converts to a quality
that is beneficial to us, as it enables all
experiments to be reproduced by storing
the seeds with which they have been cre-
ated.
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observer> random 100 => 9
observer> random 100 => 44

From now on, and in order to give a
observer> random—seed 1

more compact representation of the in-

teractions, we will use the symbol => observer> random 100 => 81
to show the output from the Command observer> random—seed 1
Center. observer> random 100 => 81

As can be seen from the above, the random function receives a num-
ber, n, as the entry data and returns an integer pseudo-random num-
je, oneof: 0,1,2,...,n-1. ber in [0,n)™ (or in (n,@] where n < 0) following a uniformly dis-
tributed probability. There is a non-integer (floating-point) version,
called random-float, which operates on decimal numbers. Also, the
random-seed function enables the generator seed of pseudo-random
numbers to be fixed.

random 10). The general form
ber between a and b woulQ)e:

want the returned number to be a decimal
u want to randomly obtain a decimal num-
ber between @and 10, the

> Can you explain why the expressions tween 4 1d be™2:
are different depending on whether or
not you want decimals?

dom-float 10) - 5.
X 2 agilition to the uniform distribution provided by the above func-
ions dMXetLogo has pseudo-random number generators that follow

“Some of these function§g are? usual distributions™3. But these are not the only ones that make

random-exponential, random-po

se of pseudo-random numbers; throughout this book we will be look-
random-gamma, and randompanormal.

ing at functions that make a random selection from a set of objects, and
all of these use internally the same random number generator from
one seed, and their effect can therefore also be reproducible.

ActiviTY: Use the Command Center like a calculator to perform
certain numerical operations and familiarize yourself with the
particular characteristics of NetLogo syntax.

Working with text strings

The second major type of data with which NetLogo can work are text
strings. A string is simply a set of characters between quotation marks.
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For example “this is a string”'™. An empty string is represented % NetLogo does not differentiate be-
by “ n15 tween strings, word§ or characters.. Only
. . . . the length of the string and the existence
Below are some of the more usual functions for working with strings: or not of spaces makes us interpret it in
one way or another. From version 5.0
length "NetLogo" =7 NetLogo can work with Unicode charac-
first "NetLogo" => "N" ters.
but—first "NetLogo" => "etLogo" > We have already seen empty strings in
last "NetLogo" — "o" the patch and turtle labels to generfalte
B " " " empty labels (or not to use them, which
but—last "NetLogo => "NetLog would amount to the same thing.
item 4 "NetLogo" => "o"
item o "NetLogo" => "N"
substring "NetLogo" 3 5 => "Log"
member? "e" "NetLogo" => true
member? "ne" "NetLogo" => false
position "e" "NetLogo" => 1
remove "L" "NetLogo" => "Netogo"
remove "s" "NetLogo" => "NetLogo"
replace—item 3 "NetLogo" "1" => "Netlogo"
reverse "NetLogo" => "ogoLteN"
word "Net" "Logo" => "NetLogo" ‘

The following points are worth noting:

1. The first position of the characters in strings is 0.
. . . . If you need to insert a special character
2. When working with strings and characters, NetLogo rentiates (tab, new line, etc.) into a string, use an

between upper and lower case. escape sequence:

1. \n = new line
3. Use the instruction word to join strings t 2. \t=tab

3. \" = double quotation marks

ActiviTy: Take any phrase, express it as a text string and execute 4. \\ = backslash
the necessary instructions so that you can separate it out word by

word.

impl€ blocks of data it may be sufficient
t you will often need to store or handle

4 6 8] is the list of even numbers lower than 16. ®In other programming languages,
round brackets are used to delimit lists.

. . . NetLogo uses square brackets.
ogeneols, but can contain different types of data, even other lists.

or example:
[0 2 “Net” 6 [1 3 5] “Logo”]
e will see how lists can become highly efficient allies for working

very easily with structured information 7. 7 We will also see how they are the natu-
ral format for handling information from
agents or groups of agents.
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8 Note that the last of these is the list
with no elements, i.e., the empty list.

9 Note that if you want to create a list
with more than two data (or with one
only) you must include the full instruc-
tion between round brackets. We will
see that there are certain other NetLogo
instructions that allow an indeterminate
quantity of entries, and you will need to
include in all of these the full instruction
between round brackets if the number of
entries is other than 2.

> Note the use of the special variable, ?,
as a variable of the function used.

¥

Constant lists (those which do not vary) can be created by typing
them directly between square brackets'®:

observer> [0 2 4 6 8]
observer> [o 2 "Net" 6 [1 3 5] "Logo"]
observer> []

But if you want to create a list using the result of a function, or
a value that is not constant, in some of its terms, you will need a
constructor in order to create it. In NetLogo, this constructor is 1ist':

observer> list (random 10) (random—float 10)
observer: [2 2.04452253035499]

observer> (list (random 10) (random—float 10) 5)
observer: [8 0.27387597179620027 5]

observer> (list (random 10))
observer: [4]

A very useful way of const
function, which enables y* to
by means of a function. For ey@mp

observer> n—valu
observer: [o 2

constructs a list of s and uses the function 2x to fill it?°. The
general format is:
ues k [ f(?) 1]

f(k-1)1.

[o 123 4]
er> n—values 3 [sin (? = 360 / 3)]

[0 0.8660254037844387 —0.8660254037844385]

Most of the instructions we have seen for handling strings work

with lists:

observer> length [o 1 2 3 4 5] = 6
observer> first [o 1 2 3 4 5] => 0
observer> but—first [0 1 2 3 4 5] = [1 2 3 4 5]
observer> last [0 1 2 3 4 5] => 5
observer> but—last [o 1 2 3 4 5] => [0 1 2 3 4]
observer> item 4 [0 1 2 3 4 5] => 4
observer> sublist [0 1 2 3 4] 2 4 = [2 3]
observer> member? 1 [0 1 2 3 4 5] => true
observer> position 1 [o 1 2 3 4 5] = 1
observer> remove 1 [0 1 2 3 4 5] => [0 2 3 4 5]

non non

observer> replace—item 1 [0 1 2] "a" => [o "a" 2]
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tobserver> reverse [0 1 2 3 4] = [4 3 2 1 0]

But we also have a broader set of functions that can be applied, for
example, to numerical lists:

observer> max [1 2 3 4 5 4 3 2 1] =
observer> min [1 2 3 4 5 4 3 2 1] = 1
observer> sum [1 2 3 4 5 4 3 2 1] => 25
observer> variance [1 2 3 4 5 4 3 2 1] => 1.944444
observer> mean [1 2 3 4 5 4 3 2 1] => 2.777777
observer> modes [1 2 3 4 5 4 3 2 1] = [1 2 3 4]
observer> sum [1 2 3 4 5 4 3 2 1 "a"] => 25

In the last example, the functions that are expecting numerical lists
ignore the elements that are not numerical.

Actrvity: Try the following examples and work out why they each
function differently:

observer> sum ["a" "b"]
observer> max ["a" "b"]

We can also extend the lists by adding elements t
extremes>":

non

observer> lput "a" [1 2 3]
observer> fput "a" [1 2 3]

The sentence instruction is used to join g

[ACTIVITY: Deduce from the following examples how it works and

had

how it is different from list:

observer> list [1 2?] [4 [[t 2 3] [4 5]]
observer> sentence [t [1 2 3 4 5]
observer> list 1 [4 6] = [1 [4 5 6]]
observer> sentence 1 => [1 4 5 6]
observer> (sen 5 6] 7) =>[1 456 7]
observer> [3 4] 5)=> [1 2 3 4 5]
observer> 4 (511 7)=> [1 2 4 [5] 71

rsi ocedures to solve complex problems>?.

rking with logic. Boolean logic

ike other programming languages, NetLogo is also capable of work-
i@ with the Boolean values true/false which are obtained by condi-
tional operations, such as comparisons®3:

The positions of lists also start with 0.

* These primitives will be very impor-
tant, as together with first, but-first,
last and but-last you can construct
and deconstruct lists systematically.

2> Some of which can be written in a very
concise way using certain additional in-
structions available in NetLogo.

»3 Comparisons can also be made be-
tween strings, where the lexicographic
order is automatically applied character
by character.
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¢ We will see that these kind of recogniz-
ers also exist to tell us what type of agent
an object is (a turtle, a patch, a link, etc.)

observer

obs
obs
obs turtles
obs

patches
obse

links

or use Tab key

mmwmexts.

Figure 2.9

\

observer> 3 > 2 => true
observer> "a" > "b" => false
observer> "a" < "b" => true

observer> n—values 4 [? < 3]=>[true true true false]

ActiviTy: Write the instruction that will be capable of deciding
which terms in thelist [0 1 2 3 4 5 6] are even and which are not.

Recognizing the data type

In order to know automatically whether a piece of data is of one type
or another, NetLogo provides certain Boolean functions for recogniz-
ing the type®+:

observer> is—number? 3

observer> is—number? "a"
observer> is—string? "a
observer> is—string? ’
observer> is—list?

observer> is—list %
observer> is—bo
observer> is—b
observer> is—boo

ActiviTy: Establish what type the following data are: [true
false], [[1]]1,1 < 2.

ActiviTy: If you have not yet asked yourself this question, now is
the time to do so: what is the function of observer> when it appears
beside the command entry bar? If you click on it you will find it
easier to understand its significance (figure 2.9).

You will see that three of the four options appearing are the various
types of NetLogo agents, whilst the fourth one is observer.

In NetLogo, execution is aimed at the agents; in other words, the
different language instructions, as well as the procedures that we are
defining, can be executed by any of the agents, or you can execute them
yourself. The role of the observer, and there is only one, is the role that
we play ourselves, outside of the artificial world that is executed but
with the ability to control them all.

Obviously, not all types of agents can execute all language instruc-
tions as it can depend, for example, on whether the execution affects
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properties that do not correspond to them. For example, if you execute
set color blue, this instruction only makes sense in the context of the
moving agents, as they are the ones with this property, but neither the
patches nor the observer will be able to execute it*>.

Figure 2.10 will help to show you the difference. What has hap-
pened when “1 + 1” has been executed in the context of patches? If
we had done this in the observer context, the system would have sim-
ply responded observer: 2, but having executed it in the context of
patches, what has in fact happened is that each patch has executed the
operation and has returned the result.

AcTtIviTy: We are going to make use of this characteristic to

carry out some tests on patches. To do this, execute the following
instructions and justify the results obtained (although we have not
yet seen some of the instructions used, it is easy to work out what
they do from their names):

patches> set pcolor blue

patches> set pcolor one—of base—colors

patches> set plabel (word "(" pxcor "," pycor
patches> set pcolor [pcolor] of one—of neig
patches> set plabel pxcor + world—width * pyc

ault, will be located at the
itial orientation (heading)

struction is to create dfpurtle ¥
origin of coordinates b it

the world, you can move to the turtles
using the basic movement instructions

rt n: (right) makes the turtle turn to the right (its right) n degrees.

3%Pd : (pen-down) lowers the turtle’s pen so that it leaves a trace as it
moves.

5 Although we will be seeing the ways in
which an agent/observer can ask other
agents to perform operations.

Command Center
(patch -2 0): 2
(patch 0 2): 2
(patch -2 -3): 2
(patch -1 4): 2
(patch -2 2): 2
(patch 2 2): 2
(patch 0 -2): 2
(patch -2 -4): 2
(patch 0 -4): 2
(patch -1 2): 2
(patch 4 1): 2
(patch 4 0): 2
(patch -4 -2): 2
(patch 1 2): 2
(patch 4 2): 2

patches= 1 + 1

710 Execution of a command
patches. The window shows the last
ches with their return; for example,
the patch located at coordinates (4, 2)
returns: (patch 4 2): 2, the same as
the patch with coordinates (1,2). Don’t
worry if when you execute it you obtain
a different order in the list of patches; we
will find out why later.

2 Make sure that you change the inter-
preter context to observer, as the follow-
ing instructions cannot be executed by
the agents

7 This is a good time to explain that Net-
Logo instructions (especially the most
common ones) accept a shortened ver-
sion, for example, clear-all and ca have
the same effect.
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4. pu: (pen-up) raises the turtle’s pen so that it does not leave a trace
as it moves.

File Edit Tools Zoom Tabs Help
Interface | nfo | Code

LR | ‘J feemsmte | Gt |
Edit Delete Add normal speed continuous e
PR Center [& CTEar |
G5 s observer> ca o

observer= crt 1
turtles> show heading
{turtle 0): 40
turtles= pd
turtles> fd 2
turtles> rt 90
turtles> fd 2
turtles> rt 90
turtles> fd 2
turtles= rt 90
turtless fd 2
turtles= pu
turtless fd 2

d 111} > turtless| |3

Note that on execut eading the turtle actually executes the in-

struction shefly heading, h means that the value of its heading

It is o note that the drawings that the turtles can create
wifiathei are stored on a different layer, the drawing layer,
#This layer can be deleted by using ith i e agents cannot interact?8.

clear-drawing, or cd in its abbreviated

version. ' '

| World representation

|

_.}___,“

-

>

Patches layer

T
1
1
1
1
1
1
.
I
1
1
1
¥
1
1
i

Unlike other Logos, in NetLogo there are no instructions for filling
areas, and you set a background color by coloring the patches.

Here are some other instructions that you may find useful for con-
trolling the turtle:

1. bk n: (back) makes the turtle move backwards n patches.
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10. hatch n:

. stamp :
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(hide-turtle) hides the turtle (but if it moves with its pen
down, it will still leave a trace).

. home : takes the turtle to the origin of coordinates, maintaining its

orientation and leaving a trace if its pen is down.

. 1t n: (left) turns n degrees to ifs left.

. pe: (pen-erase) lowers the turtle’s eraser, so that its movement will

erase any traces that it comes across.

t : (show-turtle) shows the turtle (useful for when it has been
hidden).

makes the turtle leave a mark on the world with its shape.
This mark is merely a drawing on the ground, not an actual turtle.

. move-to patch x y: makes the turtle move to the patch with ¢gor-

dinates (x,y)?9.
4

die : removes the turtle from the world.

makes n exact copies of the turtle (all exactlg th

same values in all properties).

Exercises

Although we have only just scratched the e
NetLogo so far, we can already do some int

1.

e capabilities of
ings3:

Different topologies3':

(a) Create a turtle A uns the@world setting the options

World wraps horiz Woudl wraps vertically.

(b) Set the max-pxco d
world is 21

ycor values so that the size of the

(©

same but this time using the options World wraps hori-

zontally and/or World wraps vertically3>.

(f) Taking into account all three topologies provided by NetLogo
(Euclidean plane, cylinder and torus), try to predict what the short-
est path would be between two points in any of the topologies.

ere af more general uses of the

-t mmand to place the turtle

in osition occupied by any other

ent, for example: move-to one-of
ches.

3 If you have never worked with turtles
before, the best way to familiarize your-
self with how they work is by interacting
with them and seeing how they respond
to the different orders in real time.

3 Topology is the branch of mathemat-
ics dedicated to the study of the prop-
erties of geometric bodies that remain
unaltered by continuous transformation.
In other words, those which remain
true even if you stretch and deform the
world, as long as you do not break it or
stick two separate parts together; this is
why this is sometimes known as rubber
sheet geometry.

32 Do it with all possible combinations.
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3 The intrinsic geometry of the turtle,
something that we will be looking at in
more detail later, means that how it is
controlled enables you to understand the
geometrical figures independently of a
rigid reference system, and so its use, de-
ciding on the best reference system for
each figure you want to create, can sim-
plify the process of generating them.

3 Remember that if you want to know
what shapes are available in your model,
you can open the tool that comes with
NetLogo for working with shapes. Try
importing a new shape from the library.

35 Mathematically speaking, random
paths are any random process in which
the position of the object at a certain
point in time only depends on its posi-
tion at the previous point in time and
on a random variable that determines
its direction and length of progress.

. Random paths3>:

(g) For fixed dimensions of the world, if you imagine a torus, can
you think of a rule that would enable you to occasionally return
to the point of origin a turtle that moves in a straight line?

(h) Once you have drawn some figures on the cylinder or torus,
can you imagine how they would look on the 3D representation
of the surface?

. Drawing a polygon33:

(a) Create a turtle from the Command Center.
(b) Use the turtle inspector to change the turtle’s color, size and
shape34.

(c) Draw with the turtle a pentagon with side 4, in blue, and with
a line width of 2 pixels. You may need to increase the size of the
world.

(d) Calculate the rotation le fd
with # sides. ¢

yny regular polygon

he and choose a color and a line

and to orientate the turtle with a random

d 90 degrees, and move it one step for-

ame but this time restricting the rotation angle in a dif-
fezent way and advancing by a random length, let’s say between
d 10 units.

atch context:

(a) Select the patch context in the Command Center.

(b) Create different patterns of colors on the patches by using their
coordinates and the instruction set. Try this with different for-
mulas3°.

(c) Use random to assign random colors to the patches from the
range of greens.

(d) Use the x mod 2 operation, which returns the remainder of x
divided by 2, to draw a checkerboard in two colors, assigning one
color to each patch according to the value of (pxcor + pycor)
mod 2. Find out what the effects are if you replace 2 with another
natural number.
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5. Creating lists:

(a) The list of the first 100 natural numbers.

(b) The list of the first 100 even numbers.

(c) The list of the first 100 odd numbers.

(d) The list of the powers of 2 as far as Netlogo will allow.

(e) Starting with a fixed word, generate a list of letters chosen at
random from those forming this word.

(f) Generate a list of lists with all the possible permutations of the
list [0 1 2].

6. Random numbers:

a) Generate a random ticket for the National Lottery 37. 37 Remember that, in its simple version,
y p

ional Lottery consists of six num-

j08en from between 1 and 49.

(b) Generate a list of 1,000 random natural numbers chosen from
between o and 1,000. Calculate the mean, the variance an e
standard deviation of the list, as well as the maximum a‘ mi
mum value of the list.

(c) Generate a list of 10,000 binary numbers at rand o’sand 1
Calculate the mean, the variance and the stan devigfén of
the list.

7. Angles and regular polygons:

(a) Calculate the list of the angles accu
a regular polygon according to the n

you move round
ides of the poly-

g0n38. #In the case of a square, the resulting
list should be [0 90 180 270].

(b) Generate the same list as time measuring the

angle in radians39 ’ 3 NetLogo has the constant pi to repre-

. . sent the number 7.
(c) Generate the list ofg@ine cogiifes of the angles from the

above list.

. Square numbe

quare? And 2025?4° 4 You can use the command member? to
answer this question.

n(n+1)(2n+1)
6

4224t =

is valid for n = 10,100 and 1000.
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4 In mathematics, the logarithm of a 9. Logarithms“:
number, to a fixed base, is the exponent
by which the base must be raised in or- (a) Generate the list of logarithms to base 10 of the first 100 natural

der to obtain this number. For example,
the logarithm of 1000 to base 10 is 3, be-
cause 1000 = 10> = 10 x 10 x 10.

numbers.

(b) What is the first natural number whose logarithm to base 10 is
greater than 0.5?

(c) Generate the list of logarithms to base k, with k = 2,...,100 of
the number 100.

(d) Calculate the sum of the logarithms to base 2 of the first 10 not
null natural numbers and check that it is equal to the logarithm
to base 2 of the product of all of them.

¥
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A los patches y los links, por ser nuestro soporte y romper nuestro aislamiento
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Los Enlaces

¢

¥

A la tortuga que todos hemos tenido de nifios






Prélogo

Cuando hace un tiempo nos planteamos usar NetLogo para comple-
tar el desarrollo académico de nuestros alumnos lo hicimos sin duda
debido a los buenos resultados que a nosotros, en nuestra faceta de
investigadores, nos estaba proporcionando.

Nuestra experiencia de uso de este software ha sido tan diversa co-
mo el propio NetLogo permite: lo estamos usando desde hace afios
en el proyecto ESTALMAT" para fomentar en los nifios una fo
de afrontar problemas fundamentada en las soluciones algofit

tos cursos universitarios para introducir conceptos
tan aparentemente dispares como son los sistemas

de andlisis y representacion de informaci6
humanidades digitales*; como prototi
zar y predecir comportamientos sQg

El publico que hemo&enido
y como colaboradores e
conocimiento supuesta ersas e incompatibles: desde huma-

nistas que estdn i en e alisis de textos literarios, o mate-

los abstractos, hasta ecélogos y bidlogos
que se intergéa
especies u ¢ Q 054 0 informaéticos interesados en implementar un

dr que, tras un momento inicial de excepticismo
to de "herramienta de juguete'que presenta, NetLogo les
lar una conversacién directa con su problema, mitigan-
¥ en gran medida la dura realidad de que entre sus ideas y la pro-
eccion de éstas en el ordenador debe haber un aparato artificial que
obliga a formalizar su conocimiento de una forma completamente
nueva y ajena a ellos.

to, que recibe el nombre del
e EStimulacién del TALento
tico, trata de detectar nifios con

acidades para las matemdticas (que

corresponden normalmente con capa-
cidades cientificas en general) y estimu-
larlos para que vayan aprendiendo los
métodos, técnicas y estrategias matemd-
ticas. Se puede encontrar mds informa-
cién en http://thales.cica.es/estalmat/

>Todas estas aplicaciones se han dado
dentro del proyecto Hispanic Baroque
(http://www.hispanicbaroque.ca/), financia-
do por el SSHRC de Canada, y dirigido
por Juan Luis Sudrez, profesor de la Uni-
versidad de Western Ontario y director
del laboratorio CulturePlex, un centro de
estudios sobre complejidad cultural que
hace uso de un enfoque que se encua-
dra dentro de las Humanidades Digita-
les (http://cultureplex.ca/).
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Es quizés lo mejor que se puede decir de una herramienta de este
tipo: NetLogo se convierte en una fina capa, casi transparente, entre
el individuo y su materia de trabajo, y en poco tiempo puede pasar a
formar parte de sus herramientas habituales de forma natural.

Nuestro punto de vista queda confirmado por la gran variedad de
experiencias similares que encontramos en otros docentes e investiga-
dores. Netlogo es una de las pocas plataformas de desarrollo con un
rango tan amplio de usuarios, tanto por los niveles académicos que
cubren como por los fines que persiguen.

A nivel educativo, gracias a su proximidad al lenguaje natural, se
uso originalmente para ensefiar conceptos basicos de programacion a
nifios y jévenes de edades muy variadas; aunque este uso se sigue dan-
do en la actualidad podemos encontrar cada vez mds cursos universi-
tarios y médulos de formacién de nivel superior en los que se hace uso

En el contexto de la in\§

multitud de casos en los que
o herramienta para validar experimentos
os de ellos en el drea del modelado ecol6-

diversidad de usos nos da una idea de su versati-
lidad y i la vez que de su sencillez y adecuada curva de

sus limitaciones frente a otros lenguajes mds potentes
mas bajo nivel, el programador que use Netlogo como sistema
exp@fimentaciéon encontrard muchas ventajas durante el desarrollo
enimiento de las soluciones que prepare en la plataforma. Pre-

3Lutz Prechelt. Two ComparisOfis of chelt? mostr6 que el nimero de lineas de c6digo que un programador
Programming Languages. Andy
and Greg Wilson, editors; i SO

re: What Really Works, Why [

It. O’Reilly, 2010.

uede escribir por unidad de tiempo es independiente del lenguaje uti-
lizado. En consecuencia, puesto que los lenguajes de bajo nivel, mas
rdpidos y potentes, requieren mayor nimero de lineas para realizar la
misma tarea, la programacion cientifica y orientada al descubrimiento
deberia hacer uso de lenguajes del més alto nivel posible que sean ca-
paces de cubrir sus necesidades, y trasladarse a lenguajes mads eficien-
tes, pero de desarrollo més costoso (como C++ o Fortran), tnicamente
cuando exista la seguridad de que es imprescindible una mejora en el
rendimiento, traduciendo el modelo de un lenguaje a otro. Esta elec-
cién inicial permite escribir mds cédigo, y comprobarlo, en la misma
cantidad de tiempo, e incluso sabiendo que serd necesario un lenguaje
de bajo nivel para la obtencién de resultados finales, el prototipado
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rédpido en un lenguaje de alto nivel como NetLogo puede ayudar a los
modeladores a evaluar decisiones de disefio mds rdpidamente, redu-
ciendo el tiempo total de desarrollo y mejorando el conocimiento del
problema. Asi pues, la eleccién de NetLogo como herramienta de tra-
bajo y exploracién para estudiantes e investigadores parece adecuada
y s6lidamente justificada.

Sin embargo, cuando decidimos escribir nuestras experiencias con
NetLogo en forma de libro para ayudar a otros a introducirse en su
uso, nos dimos cuenta de que no bastaba con proyectarlas como una
sucesién de problemas y soluciones haciendo uso del lenguaje; apo-
ydndonos en la experiencia que habiamos tenido en los afios ante-
riores, decidimos que era necesario comenzar dando un paso atrds y
endrentarnos a la creacién de una guia de programacién para usua-
rios que, en muchos casos, no tenian experiencia en otros lenguajes de

de que el tutorial que ofrecen
dores de NetLogo en su web es
to y una ayuda imprescindi-
0 usuario, nuestros alumnos
Adores demandaban un proce-
so mas estructurado de aprendizaje.

programacion®.

De esta forma, hemos intentado escribir un ambicioso libro qu
tende cubrir las necesidades del que se aproxima por primega v
NetLogo, quizds sin ningtin conocimiento previo de pro aﬁ

necesarios para poder c@enza
Posteriormente, entre lo

vez mds elaborados de briendo todo el espectro de

funcionalidades que pu ir un proyecto de modelado habi-
tual.

La tercera p

8 proyeCtos completos que pueden ser desarrollados con NetLo-

0, similares a los que podemos encontrar en proyectos profesionales
académicos, y que pueden ser ampliados por distintas vias.

lo largo de cada capitulo el lector encontrard insertadas una serie

de actividades que tienen como objetivo ayudar a afianzar los concep-
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tos y métodos explicados hasta el momento y facilitar la comprensién
de los siguientes pasos del libro. Junto a estas actividades, en cada ca-
pitulo se propone un conjunto de ejercicios que pueden ser resueltos
haciendo uso de los recursos explicados en él (hasta un total de mas
de 120 ejercicios).
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Un paseo por NetLogo. Antecedentes
y entorno

undo natural, que abordan
tualizaciones maés abstractas, ob-
rende que aun cuando la distancia que
0s es aparentemente insalvable, las me-

tamafio del fenémeno observado. Aunque con variaciones segin
€l momento histérico y los objetivos, el método cientifico se desarrolla
A cuatro etapas:

= observacién: etapa en la que se examinan atentamente los hechos
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y fenémenos que tienen lugar en el mundo real y que pueden ser
percibidos por los sentidos y medidos;

= formulacién de hipétesis: en la que se elabora una explicaciéon pro-
visional de los fenémenos observados y de sus posibles causas;

= experimentacion: en la que se reproduce y observa repetidas veces
el fenémeno objeto de estudio, modificando las circunstancias que
se consideren necesarias y confirmar asf cudles son las que provocan
su aparicion;

= tesis 0 generacién de una teoria cientifica: en la que se interpretan
los fenémenos observados de acuerdo con los datos experimentales.

Si la hipotesis se descubre falsa, deberd refutarse tras aportar los

datos que la invalidan. Aumenta la prghahilidad de éxito en buena

arcable desde el punto de
vista temporal o i i se basa en conceptos no mani-
pulables, bien por éticas. Son precisamente los casos en que

idad para reconstruir y probar hipétesis es-

Imente por los elementos que caracterizan dicho aspecto de
or las relaciones que mantienen esos elementos.

tre todas las opciones para crear modelos, destaca una por su

i@ el modelado matematico. Se presenta bajo formas tan dispares
0 las teorias matematicas (basadas en sistemas de axiomas y de-

ostraciones, etc.), los modelos numéricos (basados en ecuaciones li-
neales, ecuaciones diferenciales, calculo estocéstico, etc.) o los modelos
computacionales (basados en sistemas de agentes y sus interacciones,
sistemas de particulas, algoritmos evolutivos, etc.) que se han desa-

@ rrollado espectacularmente en los tltimos afios debido a la capacidad
tecnolégica emergente.
Bajo todas sus posibles formas, algunas de las ventajas que presenta
la construcciéon de los modelos matematicos son:
1. el proceso de construccién de modelos revela con frecuencia rela-
ciones no evidentes a primera vista: el hecho de modelar suele ir

acompafiado de una mejor comprensién del fenémeno que se estd
representando;
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una vez construido, es posible extraer propiedades y caracteristicas
de las relaciones entre los elementos del modelo que de otra forma
permanecerfan ocultas;

es posible simular situaciones complejas que no son representables
en otros tipos de modelos;

a menudo proporcionan una resolucién del problema, aunque no
sea una solucién analitica sino numérica, realizada por ordenador.

Los modelos se clasifican de muchas maneras en razén de la carac-

teristica que se quiera destacar:

de forma que nos permite comprender mej

acumulada en diversas disciplinas qu

segtn la forma en que se representan los elementos del modelo,
podemos hablar de modelos icénicos, analégicos, simbdlicos, etc.

segln su funcién, de modelos predictivos, evaluativos, de optimi-

zaciénl, etc,; modBlbs predictivos informan del
‘ ortafifiento de sus pardmetros en

ab de u . Los evaluativos intentan me-
ir las diferentes alternativas, para po-
comparar sus resultados. Y los mo-
delos de optimizacién tratan de identifi-

segtin el modo en que se representa el tiempo, di i entre car un 6ptimo del problema, es decir, la
mejor de las alternativas posibles.

segtn el tipo de realidad que quieren modelar, podemo,

modelos deterministas frente a modelos estocasticos?;

modelos estdticos y modelos dindmicos3.
>En los modelos deterministas la evo-

. lucién futura del modelo estd comple-
ta al fenom&o real tamente determinada por el estado ac-
opiedades y am- tual del mismo, mientras que en los esto-
césticos esta evoluciéon puede depender
de comportamientos aleatorios medibles
odelado como por medios estadisticos.

En general, un buen modelo es aquel que se a

herramienta esencial, se han dest. tes fases para cons- 3No hay evolucién temporal en los mo-

truir un buen modelo:

delos estaticos y si en los dindmicos.

Fenomeno Real ‘

b

Evaluacion Conceptualizacidn

Modelo - Formalizacion
Implementacidn

A partir del fenémeno real, tras una fase de interpretacion de las
bservaciones pasamos a otra de formalizacién (haciendo uso de
algtn lenguaje formal).
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4 Algo que no debe sorprender, ya que el
proceso de investigacién no es mds que
una continuacién de un proceso educati-
vo, basado en el descubrimiento, y en el
que muchas veces la figura de maestro y
discipulo recaen en la misma persona.

2. Si el modelo que queremos conseguir tiene propiedades dindmi-
cas 0 admite un proceso de simulacién que ayude a comprender
la realidad, procedemos a implementar dicha formalizacién en un
sistema que permita considerar este dinamismo.

3. Por dltimo, y tras haber ejecutado simulaciones en el modelo, eva-
luamos los resultados obtenidos confrontdndolos con los que se
pueden observar en el mundo real.

Debe tenerse en cuenta que lo normal no es realizar estos pasos
siguiendo un proceso lineal y directo, sino que se forma un ciclo de
vida en el que, por aproximaciones sucesivas, obtenemos una coleccién
de modelos cada vez mas fieles (al menos, en las caracteristicas que son
el foco de nuestra hipétesis) al fendmeno real.

Por su importancia como herramien vestigacion y teniendo

en cuenta las fases necesarias para cq n modelo correcto, no
cabe duda de que modelar es
del proceso de generaci(’)n? obte

educativo como a nivgie i i 4: ser capaz de modelar un

vez que la demo
necesarias para su r tacion en un sistema formal.

El objetivo de este es proporcionar las bases necesarias para

e permite generar modelos que ayuden
icar hipétesis plausibles. Veremos cémo Netlogo nos
brinda taja de ofrecer en un solo bloque una herramien-
précticamente todo el proceso de modelado que

\
b

1) )
V'S .
\ Fenomeno Real

Evaluacidn Conceptualizacién

NetLogo

Modelo y Formalizacion
Implementacidn

L J

Al tratarse de un lenguaje de programacién, el proceso de imple-
mentacién es natural en NetLogo; aunque, gracias al tipo de elementos
con los que trabaja, influird también en el proceso de conceptualizacion
y formalizacién del fenémeno real. Las caracteristicas de la plataforma
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hacen que la primera parte del proceso se simplifique considerable-
mente; pero va mds alld y nos permite evaluar los resultados de su
ejecucién para poder compararlos con el mundo real por medio de la
generacion automaética de experimentos y su ejecucion.

¢ Qué es NetLogo?

La mejor definicién de lo que puede ser esta herramienta la apor-
tan sus propios creadores> que, como dicen en el manual online de
NetLogo:

= es un entorno de programacién para la simulacién de fenémenos
naturales y sociales.

= es suficientemente simple para estudiantes y profesores, y suficien-
temente avanzado para que sirva de herramienta potente a invgsti-
gadores de muchas 4reas.

que evolucionan en el tiempo. El programad

to de los individuos a nivel local

emergen de sus interacciones el macro).

de
tiagente?, que incluyen, € 0 rLogo y StarLogo TNG.

= representa a la siguieﬁe en guajes de modelado mul-

= tiene una extensa docu@enta y numerosos tutoriales. También
viene con la B Modelos, una gran coleccién de simu-

ueden ser usadas y modificadas. Estas

también puede ayudar a crear simulaciones participativas en clase
con una herramienta llamada HubNet® que trae incorporada, de
orma que cada estudiante puede controlar uno de los agentes en
una simulacién.

5 Fue creado en 1999 por Uri Wilensky y
ha estado en desarrollo ininterrumpido
desde entonces en el Center for Connected
Learning and Computer-Based Modeling, de
la Universidad de Northwestern, Evans-
ton, Illinois.

¢ Por ahora es suficiente con pensar en
un agente como un individuo que es ca-
paz de trabajar de forma auténoma y
que interactia con su entorno y otros
agentes.

7 Multiagente significa que no trabaja con
un solo individuo, sino con un grupo de
ellos.

8 A través de una red de ordenadores
o haciendo uso de dispositivos méviles.
Actualmente tinicamente soporta las cal-
culadoras gréficas de Texas Instruments
como ejemplo de dispositivo mévil, pero
estd en marcha su adaptacion a tabletas
y smartphones.
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9 https:/ /github.com/NetLogo

&

N 5

Figura 1.1: Implementaciéon hardware de
una tortuga para dibujar.

1° Como son: recursion, estructuras avan-
zadas de datos, funciones de orden su-
perior (es decir, funciones que opggan so-
bre funciones), etc.

¥

= se ejecuta en una maquina virtual Java (JVM), por tanto, funciona
en todas las plataformas principales (Mac, Windows, Linux, y otras).
Se puede ejecutar como una aplicacién independiente, pero los mo-
delos disefiados en él también pueden ejecutarse como applets de
Java en un navegador web. También permite trabajar por medio de
la linea de comandos y por manipulacién directa desde otros len-
guajes de programacién y/o herramientas, ya que proporciona una
interfaz de comunicacion para su manejo a bajo nivel.

Ademas, se debe afadir que en la actualidad NetLogo es un pro-
yecto de software libre que est4 siendo mantenido por una comunidad
creciente, liderada por Seth Tisue, con un proceso de evolucién conti-
nuo y en el que hay un gran trabajo colaborativo a todos los niveles
(desde la creaciéon de modelos para el resto de la comunidad hasta

la creacién de extensiones o actualizacigmes del nicleo de la aplica-

cién). En el momento de la creacién ¢ bro su cédigo y planes

He Github?d.

rama@hn de alto nivel que nacié en los
de muy facil aprendizaje, por lo que ha
tiempo como primera aproximacién para

na de las caracteristicas mds reconocibles de Logo es su
d para manejar unos pequefios objetos grificos que permiten la
6n de figuras geométricas por medio de instrucciones bésicas,
e, como podemos ver en la figura 1.1, incluso a veces han tomado

rr -

forward 50 right S0 forward 50 right S0

Fola A L]

forward 50 right %0 forward 50 right %0

rma fisica.

® 2000 Logo Foundation

Aunque realmente hablamos de Logo como un lenguaje, se corres-
ponde con una familia de lenguajes similares entre si y no hay una
definicién estdndar del mismo. NetLogo comparte suficientes caracte-
risticas con esta familia de lenguajes como para ser considerado uno
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mads de ellos, aunque con algunas diferencias importantes que detalla-
mos en los siguientes puntos™':

La precedencia de los operadores matematicos es diferente. Los ope-
radores infijos (aquellos que se escriben entre los operandos, como
+, *, etc.) tienen menor precedencia que las funciones con nombre.
Por ejemplo, sin x + 1 = (sin x) + 1.

Las funciones and y or son funciones especiales que cortocircuitan
el calculo, lo que quiere decir que evaltian el segundo argumento
Unicamente si es necesario’. Esta caracteristica hace que la evalua-
cién de cadenas de condicionales sea mds eficiente.

Solo se pueden definir procedimientos en la pestafia de Cédigo, y
no de forma interactiva en el Centro de Comandos. En los siguien-
tes capitulos profundizaremos en estos dos elementos.

Las funciones que devuelven valores deben ser definidas con a-
labra clave to-report, y en estos casos, el comando para *vo
un valor ha de ser report.

Al definir un procedimiento que admite parametros
tos deben estar encerrados entre corchetes.

Las variables locales y las entradas de ientos se veri-

fican léxicamente, no dindmicame y un error, se

marca antes de la ejecucion).

NetLogo no tiene el tigo de d ¥ (también llamados simbolos),

pero tiene el tipo stringgca

proporcionan una caracteristica
ual s lenguajes Lisp modernos, pero

como if o while, son formas especiales,
arias. Las formas especiales no se pueden defi-
pueden crear nuevas estructuras de control>.

ientos.

Y, desde luego, NetLogo nos ofrece una capacidad fundamental que
e encuentra en la mayoria de los otros lenguajes de la familia Lo-

go: trabaja directamente con agentes y es capaz de diferenciar familias

™ S5i no has sido usuario de Logo en al-
guna de sus versiones puedes saltar di-
rectamente a la seccion siguiente, y es-
perar a més adelante, cuando sepas algo
de NetLogo, para volver aqui.

> Con el operador or, en cuanto se en-
cuentra un argumento cierto, no evalta
los demads porque el resultado global es
cierto. Con el operador and, en cuan-
to se encuentra con un argumento falso,
no evaltia los demds porque el resultado
global es falso.

3 Por ejemplo, lo que en Logo seria [una
frase] (una lista de palabras), deberia
ser en NetLogo “una frase” (una cade-
na) o bien [“una” “frase”] (una lista de
cadenas).

“Una funcién lambda es una funcién
anénima, a la que no se le pone nombre,
y que puede ser tratada como cualquier
otro dato del programa.

5 Parte de esta funcionalidad se puede
conseguir por medio de las tasks, como
veremos mads adelante.
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® Ademés de las propias restricciones
impuestas por medidas de seguridad en
la ejecucién de applets, algunas extensio-
nes pueden no funcionar en modo ap-

plet. ’

¥

de agentes para disefiar comportamientos individualizados para cada
familia.

Instalacion y ejecucion de NetLogo

Gracias a que NetLogo se ejecuta en la maquina virtual de Java, y
que admite la posibilidad de grabar los modelos como applets de Java
(obsoleto), hay dos formas de ejecutarlos:

1. Tener el programa instalado y abrir el modelo desde la aplicacién.

Slim - MlLisgn
Fle B Took Zoow Tes e
Irdurfuca | |nfonation | Procedes
.'SI‘-.-l'i‘an:n':' =
Buttpn Shies Sedich Chocser Monber Pt duipar Tead

£ Heflogn Medels Libeary. $Bme - Windsws lnsernet Explores
= | B hem i ottwessten sduretogoirodes i - % [#3) | K Bl
irchie Edein Ve Pavrtos Haveweks  iuds

T

mtp W m
H
e
]
o —

5. Dicdugramn

iz @ tnrrat . -

A pesar de que ambas son vélidas para la ejecucién interactiva de
los modelos y su uso del interfaz, hay notables diferencias entre ellas.
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La maés llamativa es que, mientras que en la ejecucién del applet solo
se puede acceder a la vista del interfaz del modelo (y, por tanto, no se
pueden introducir modificaciones), en la ejecucién desde el programa
completo no sélo se accede a esta vista interactiva, sino que se puede
acceder a la pestafia de cédigo (que permite modificar el modelo) y
a las herramientas adicionales que se proporcionan en la aplicacién y
que veremos brevemente en este mismo capitulo.

En realidad, existe una tercera forma de ejecutar los modelos de
NetLogo, o incluso de operar con él, que es lo que se conoce como
ejecucion headless, que no carga el interfaz grafico de NetLogo pe-
ro si permite una ejecucién completa de toda su funcionalidad como
lenguaje de programacién y motor de ejecucién. Incluso, teniendo en
cuenta que se ejecuta completamente en Java, se puede utilizar como
libreria para el desarrollo de aplicaciones que, cuando sea necesario,
hagan uso del motor de NetLogo por medio de su API'7 de progra-
macion.

Para la mayor parte del contenido de este libro haremos y,
aplicacién completa, por lo que es aconsejable instalarla sigyien
pasos que se especifican en la pagina oficial de NetLogo.

lo

Una vision rdpida del entorno de trabajo

nes en su carpeta junto a NetLogo x.x.x'8, que , una
versién que permite trabajar con modelos

mente en el capitulo 14.
Al abrir la aplicacién lo primeg : ar nuestra atencién
es la existencia de 3 pestanas g enen las secciones principales

sobre las que definiremos 1{5’(

File Edit Tools Zoom Tabs Help

Interface | Info | Code|
AND 1
Edit Delete Add

== 1

nomal speed ontcks v

T I

I ——

difusionrrate 10
| —

Eurtle-heat 139

Eurtle-spesd 10

- g T
:
‘Command Center (|

Jobservers| 2

el inglés Application Program-
erface) o Interfaz de Programa-
icaciones, es el conjunto de
procedimientos que ofrecen
g forerias para poder ser utiliza-
das por otro software.

Los ntimeros dependen de la version.
La 5.2.0 es la versién estable en el mo-
mento de crear este documento.
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9 El editor que proporciona es muy sen-
cillo pero, usando un formato parecido
al de las wikis, podemos conseguir resul-
tados similares a los de cualquier pagina
HTML.

* Proporciona las herramientas minimas
imprescindibles para una correcta edi-
cién del cédigo.

4

¥

1. Pestafia de interfaz (Interface): en la que se representa el mundo
en el que se ejecutan las simulaciones, y donde podemos definir el
interfaz que permite al usuario interactuar con el modelo.

2. Pestafia de Informacién (Info): en la que podemos afiadir infor-
macién relacionada con nuestro modelo para aclarar conceptos de
programacién, explicar su funcionamiento, el modelo real que si-
mula, etc.19

File Edit Tools Zoom Tabs Help

4

Find... Edit

WHAT IS IT?

Diffusion Graphics is unlike most other NetLLogo models, in that it really doesn't ‘moder’
anything. it simply explores the power behind an interesting patch primitive: ‘difiuse’

It's not intended to closely model real heat, just a number that benaves something like heat -
that slowly spreads itself evenly across a plane. LY

HOW IT WORKS

In this model, the turties are *hot spots” — they set a certain value (a patch variable called
heat) to the maximum level every time step. Each patch (through the ‘diffuse’ primitive) then
shares s value of ‘heat' with its surrounding patches.

Here you can watch what happens as hot-spots interact with each other, as they move around
as their values become negative, or as the ‘heat’ siowly decays down to nothing. The whole
point of the project s to give you an idea how patches interact via the ‘diffuse’ primitive. (Or
maybe just to give you something nice to stare at if you're bored.)

HOW TO USEIT

Two buttens, SETUP and GO, control execution of the model. As in most NetLogo models, the.
SETUP button wil initialize the ‘hot-spots” and other variables, preparing the model to be run.
The GO button, a forever button, will then run the mode!

Four sliders and two switches determine the various properties of the model. Each of them can
be set prior to Initialization; most can be used mid-run to affect what will happen

NUM-TURTLES determines how many turties there are. TURTLE-SPEED determines how fast
they move. Each turtle sets the ‘heat’ of the patch it is over to TURTLE-HEAT. Then that patch
diffuses it into the nearby patches. -

File Edit Tools Zoom Tabs Help

[Snierce] o] ot |

LA =

A NE=Tess e —

patches—own [ heat 1

to setup

Clear-all

set-default-shape turtles "circle

create-turtles mum-turtles ; sach turtle is Tike a heat source

[ sebey random-xcor random-ycor ; position the turtles randomly
hide—turtle : so we don't see the turtles themselves, just the heat they produce
set heat turtle-heat ] 3 turtles set the patch variabl

recolor-patches 3 color patches according to heat

o g
ask turtles [ set heat turtle-heat ] ; turtles set the patch variabls
i wander? [ ask turtles [ wander 11  tur s

3 movement o controlled by WANDER? switch

diffuse heat diffusion-rate i this causes the "spreading’ of heat
recolor-patches i color patches according to heat
ek

end

to wander ; turtle procedurs
rt random S0 - random 50
£d turt]e-speed

end

to recolor-patches ; color patches according o heat
ask patches [ set pcolor heat ]
end

5 Copyright 1997 Uri Wilensky.
i See Info tab for full copyright and Ticense.|

Como es habitual en todos los programas que trabajan con ventanas,
en el mend superior encontraremos, ademaés de las habituales opciones
de Ficheros, Edicién y Ayuda, el menti Tools (Herramientas) con el
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que accederemos a las herramientas adicionales que complementan la
experiencia con NetLogo.
Algunas de las mds importantes son:

= Color Swatches: Permite navegar por el sistema de colores que usa

NetLogo?'. Ademads, cuando se accede a él desde algunas seccio- 2 Mas adelante veremos las peculiarida-
nes del programa, puede usarse para seleccionar colores de forma des de este sistema.
interactiva.
—— A
; : I - AcTIVIDAD: Abre esta he-
— rramienta y acostimbrate al
ol sistema de colores de NetLo-
e - e
- - . go. Cambia la resolucién del
;- muestreo por medio del con-
= = - [
S 5 aow trol Increment y observa el
contraste del color elegido
_mf - o sobre fondos negro y blanco.

o
g
3
2
&
@
i
Z
g
g

plack [7] Numbers @ 1 (50.5 @ 0.1 |Increment '

ste aspecto se define por medio de
rmas vectoriales, de manera que pue-
dan ser escalables sin perder resolucién.

= Turtle Shapes Editor: Permite editar el aspecto®* que
tortugas en pantalla de forma que su representaci
nocimiento del tipo de tortuga que es (y con él, s
namiento y comportamiento). Estas formas se almac
modelo, y ademas el sistema permite importag formas de
delos ya creados y de una libreria que se precaga con el programa.

a
Name |default
® b
"o
.0
Py ActivipaD: Carga algunas

Snap to grid

formas en el editor para ver

como estdn hechas y crea las
tuyas propias. Fijate en las
distintas formas simples que

[ [ 1]
HuE
Color that changes
B Gray

se pueden utilizar y el uso de

4

Rotatable

la paleta basica de colores.

= Linl@®Sh Editg¥: Permite editar el aspecto de los enlaces que
con

s tortugas entre si, con pardmetros para controlar
culN@itura y las caracteristicas visuales de las lineas e indicadores.

name: default

direction indicator:

curviness: 0.0|

left line =)
middle line [

right line - |
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 Ademés, si disponemos de un ordena- = BehaviorSpace: Permite definir y lanzar conjuntos de experimen-
dor con multiprocesador, permite hacer
paralelismo real en su ejecucién, lanzan- . ) ]
do experimentos independientes en cada para ser analizados posteriormente con herramientas externas®3.

uno de ellos.

tos sobre el modelo y grabar automaticamente todos sus resultados

Experiment name

Vary variables as follows {note brackets and quotation marks):

['diffusion-rate” 1] -
['wander?” true]
['turtle-speed" 1]
['turtle-heat” 139]
[num-turtles" 207
values to use, for example:
["my-siider™ 12 7 8]
or specify start, inqement, and end, for example:
["my-shides™ [0 1 10]) (note additional brackets)
to go from 0, 1 at a tme, to 10,
You may also vary max-pxcor, Min-gacor, max-pyeor, min-pycor, random-seed,

)

Repetitions |1

run each combination this many Smes

Measure runs using these reporters:

count turtles -

©ne reporter per fine; you may not sphit 3 reporter
aross multipie bines

Measure runs at every step
# unchecked, runs are measured only when they are over

Setup commands: Go commands:
setup = | | go -
_» | stop condition: _+ |Final commands:
the run stops i this reporter becomes true run at the end of each run
Time limit |0

stop sftar this many steps (0 = no bmi)

amics Mo r: Abre una funcionalidad de NetLogo
isefiar un modelo de NetLogo por medio de técnicas
andarizadas de sistemas dindmicos>+.

= System

> En la actualidad tiene muy poco uso,
aunque es una funcionalidad que para
ciertos tipos de problemas puede resul-
tar muy cémoda.

Edit Tabs

Diagram | Code

[ | v [ & @ — de=0.0010 [ Edt |

Edit Delete Check Stock Variable Flow Link

’ e

sheep =

~births sheep-desths

‘ {predation-w ate L]

wolves

Q& v

« i l v

= HubNet Client Editor: Abre el editor de interfaces de clientes para
los experimentos colaborativos que se pueden ejecutar por medio
de HubNet.



UN PASEO POR NETLOGO. ANTECEDENTES Y ENTORNO

F B+ amn <] sove centas et
Edit Delete Add

Your name

Try to catch bugs by
dicking on them in the
view to the right.

Vou have caught
# Attempts

Top hunter

Top hunter's catches

Relative % = 100*
(your catehes) |
(top hunter's catches)

Relative %

La Biblioteca de modelos

Como hemos comentado anteriormente, uno de las caracteri

mads interesantes que tiene NetLogo es la cantidad de ejemp& co

drea de conocimiento en el que el modelado de ex

tener sentido.

Por medio del ment de Ficheros (figura 1.2) podemo
navegador de modelos (Models Library), que

ample Models
Art
Biology
Chenmistry & Physics
Computer Science
Earth Science
Games
Mathematics
Networks
Sodial Science
System Dynanics
Curricuiar Models
BEAGLE Evolution
Connected Chemistry
EACH
epDEM
GasLab
MaterialSim
NIELS
ProbLab
Urban suite
Code Examples
HubNet Activities

2 G

About the Models Library

Sample Models are the most carefully checked models we have. They
are examples of good coding and documentation practice.

Unverified models are also complete and functional, but are still in
the process of being reviewed for content, accuracy, and quality of
code

Code Exampies are not complete models, but short illustrations of
particular features and coding techniques. They are a supplement to
the NetLogo User Manual

Curricular Models are associated with curricula developed at the CCL.
The models also appear, sometimes in different form, in Sample
Wodels. For information on the curricula, see the CCL home page at
hitp:iicclnorthwestern.edu.

HubNet Activities are for use with our HubNet participatory simulation
architecture

User Community Modsis are models contributed from the user
community to be Shared with other NetLogo users. They are not
included with Netlogo, but are available on the web by pressing the
button below.

Go to User Community Models web page

Open Cancel

Sample Models: Contiene los modelos clasificados segtin el drea de
onocimiento al que pertenecen (Arte, Biologia, Quimica y Fisica,

Computacién, etc.)

Mew
Open...
Maodels Library

Save
Save As...
Save As Applet...

Print...
Export
Import

Quit

Figura 1.2: Menu de Ficheros.

Edit Tools Zoom Tabs Help

Ctrl+M
Ctrl+0Q
Ctrl+M

Ctrl+5

13

Ctrl+Maysculas+5

Ctrl+P

Ctrl+Q
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5 Algunos de los modelos que aparecen
bajo esta clasificacion pueden aparecer
también en la clasificacién anterior bajo
alguna de las dreas de conocimiento.

¥

= Curricular Models: Agrupa aquellos modelos que se pueden en-
cuadrar en un proyecto curricular determinado. Estos proyectos cu-
rriculares no tienen por qué englobarse dentro de un drea de cono-
cimiento concreta, sino que suelen ser transdisciplinares, y normal-
mente atienden a proyectos concretos que se estdn desarrollando
en el Center for Connected Learning and Computer-Based Modeling (el
mismo centro en el que se mantiene NetLogo)?>.

= Code Samples: presenta algunos modelos que tienen como objetivo
destacar, y practicar, algunas de las caracteristicas del lenguaje de
programacion, por lo que pueden ser usados como pequefias mues-
tras para profundizar en algunos conceptos clave del lenguaje.

= HubNet Activities: muestra algunos modelos que estdn preparados
para ser usados como actividades colaborativas por medio de la
herramienta HubNet de NetLogo.

Recomendamos que se g“lp di entg@por una exploracion

extensiva de los modelgs quesvie e peta Sample Models,

campos de aplicacién como

AcTIvIDAD: Para ello, abre el modelo, lanza las simulaciones e
interactia con los controles que se han dispuesto en su interfaz,
acude después a la pestafa de informacién para saber mds acerca de
cudl es el objetivo del modelo, conocer un poco acerca de como se
ha programado y explorar las posibles extensiones que se proponen
para profundizar, tanto en el modelo real que intenta explicar,
como en las técnicas de programacién que pueden ser ttiles para

abordarlo, pasa después a la pestafia de c6digo para ver cémo se ha
programado. Aunque todavia no sepas nada acerca del lenguaje de
programacion, intenta leerlo y sorpréndete con lo comprensible que
resulta el c6digo escrito en NetLogo.

Recursos en la web

Como hemos comentado, una de las grandes cualidades de NetLo-
go es su comunidad de usuarios (lo que ha llevado, tras un esfuerzo
considerable de trabajo, a reprogramar completamente la herramienta
para convertirla en una aplicacién de c6digo abierto), y que se traduce
en la existencia de una gran cantidad de recursos disponibles en la
web.

A continuacién enumeramos solo aquellos que muestran més activi-
dad, que se actualizan con maés frecuencia, o que ofrecen un contenido
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mas cuidado?®:

= El primer recurso fundamental es la propia pédgina oficial de NetLo-
g0?7, desde donde se puede acceder a una gran coleccién de recur-
sos externos (algunos de los cuales enumeraremos aqui).

» Dentro de la pagina oficial destaca el manual web®® que propor-
cionan (que también se instala localmente junto con la aplicacién
y al que se puede acceder por el menti de Ayuda) y que contiene
un completo manual de referencia del lenguaje, introduccién a la
aplicacion y algunos tutoriales basicos para adentrarse en su uso.

= Existe también un Grupo de Usuarios de NetLogo (alojado en Yahoo
Grupos®?) donde se pueden compartir dudas e ideas con otros usua-
rios de la comunidad, asi como un Grupo de usuarios de NetLogo
en el &mbito educativo3°.

= La pdagina oficial también sirve de repositorio de modelos gen
dos por la comunidad, de forma que se puedan descargar 0 ejeguta
como applets en la misma pégina (aquellos para los sea i

ble). Recientemente, se ha inaugurado un sitio en
compartir modelos de NetLogo de forma colabor mbre
es NetLogo Modeling Commons 3*

= En Yutzu3* se puede encontrar un paquete
cion variada sobre la herramienta, asi como u
(en inglés) que fueron disefiados a mod
tiger33.

= Como ya dijimos, en GitHub
codigo fuente de la afficacio

una interesant
TurtleZero3 i

cicios

Abre la herramienta de creacion de formas de tortugas y crea algu-
a que puedas usar posteriormente en los modelos que haremos a
lo largo del libro.

% Debe tenerse en cuenta que casi todo
el material disponible en la actualidad se
encuentra en inglés.

*7 http://ccl.northwestern.edu/netlogo/

8 http://ccl.northwestern.edu/netlogo/docs/

29 http://groups.yahoo.com/group/metlogo-
users/

oups.yahoo.com/group/netlogo-

3% http://modelingcommons.org. Desde la
versién 5.0.4, NetLogo afiade una opcién
en el ment de Ficheros para facilitar la
subida directa de modelos a este reposi-
torio.

32 http:/fwww.yutzi.com/
3 Fueron disefiados para la versién 4 de
NetLogo, pero siguen siendo validos en

un preentaje muy amplio para la version
actual.

34 https://github.com/NetLogo

35 http://www.turtlezero.com

3 http:/fwww.insisoc.org. Es uno de los po-
cos recursos en esparfiol que se pueden
encontrar.
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2. Visita el repositorio de NetLogo en GitHub y busca informacién
acerca del proyecto y su comunidad de desarrolladores.

3. Biblioteca de modelos:

a) Diffusion Graphics (figura 1.3):

1) Localiza el modelo Diffusion Graphics que viene bajo la cla-
sificacién Art y cargalo en NetLogo.

2) Ejecuta varios experimentos cambiando el niimero de tortugas
iniciales, el coeficiente de difusion y la velocidad de las tortugas.

3) Abre la pestafia de informacién y lee las explicaciones y co-
mentarios del modelo.

4) Abre la pestafia de Cédigo y échale un vistazo a los procedi-
mientos y las instrucciones que aparecen en ellos.

S
~

Termites (figura 1.4):

1) Localiza el modelo Tefqg@ites part@@lo Biology y cérgalo
en NetLogo.

2) Lee el apart i al ara hacerte una idea de lo
que pretend@®’el modalo apel que juegan los pardmetros.

3) Cuando if recoge Madera jde qué color se muestra?
Busca en la na de c6digo el lugar donde se asigna este
color y haz que ie a verde (green).

apartado de informacién para hacerte una idea de lo
que pretende el modelo.

3§ ;Cudl es el papel de cada uno de los seis pardmetros?
Comprueba que los valores de los pardmetros cargados por
defecto producen un comportamiento de organizacién en las
tortugas y en un periodo de tiempo relativamente corto todas
se orientan en la misma direccién.

5) (Cémo varia el tiempo que tarda el grupo en ordenarse com-

pletamente respecto de los pardmetros visién (vision) y separa-

& » .; o cion minima (minimum-separation)? ;y respecto del mimero de
ot T tortugas?
: . 6) Una vez consensuada la orientacién del vuelo, ;qué ocurre si
4 L} M ﬁ.. Al ’ (3 .. q
2 § H » » variamos el valor de los pardmetros anteriores?
B H * ’ 3
a® cnna? b ——ub o d) Traffic grid (figura 1.6):
’ » ; , » 1) Localiza el modelo Traffic grid que viene bajo la clasificacién
“""“': '"'f an o """":“"“"! Social Science y cdrgalo en NetLogo.
3 » * b »
» » ’
L1 ﬁﬂ. L] L _. L1 ‘. ..

Figura 1.6: Traffic grid.
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2) Inspecciona la pestafia de informacién para saber lo que hace
el modelo y el significado de sus pardmetros, asi como del pa-
pel que juegan los diversos controles de su interfaz (botones,
sliders y switches).

3) Observa las diferencias en la simulacién dependiendo de si
los semaforos estdn encendidos o no.

e) Fire (figura 1.7):

1) Localiza el modelo Fire en el apartado Earth Science y car-
galo. Este modelo simula la propagacién de un fuego por un
bosque.

2) Ejecuta el modelo para diferentes valores del slider density
y observa la proporcién del bosque que es quemado en cada
caso.

3) Comprueba que existe un valor de densidad critica (alrededor

el

del 60 %) de modo que para densidades superiores a é
incendio se propaga casi por todo el bosque, mientras &es
densidad permanece por debajo de él la proporcién de boague E T

igura 1.7: Fire.
quemado es relativamente pequefia.

4. Apuntate al grupo de usuarios de NetLogo y r
soluciones que se han producido en las tltimas fecha

¥






2
Familiarizdandonos con NetLogo

El mundo de NetLogo

Si en Logo el elemento principal con el que se podia trabajar era
la tortuga, en NetLogo esta interaccion se extiende para poder ograr

con lo que se denominan genéricamente agentes’. TS amamglfagente a un individuo artifi-
omo y dotado de reglas o ca-

acteristicas que gobiernan su comporta-
jento y su capacidad de tomar decisio-
nes. Los agentes interaccionan entre si y
con el medio ambiente obedeciendo un
distribuyen como una cuadricula rellenando el mu Inmo- conjunto de reglas. Son flexibles y tie-

NetLogo proporciona tres tipos de agentes:

1. Los patches (parcelas) forman el terreno que defyfl® el mund®. Se

viles. nen capacidad de aprender y adaptar su
comportamiento basdndose en la expe-
. . . riencia. Esta capacidad requiere alguna
- : Lo O forma de memoria. Los agentes incluso
- l ,3{_, ( pueden tener reglas para modificar sus
... M. reglas de comportamiento.
-3, WY (O, ey (2, 1)
B BN N
| 2.0 FEE0 o lEED o)
2. Las turtles (o )n una extension de la tortuga de Logo y
pueden degjpimea afelinundo e interactuar con los patches del
terreno

os links*(enlaces) definen relaciones entre agentes méviles (tortu-
gas) a modo de aristas de un grafo. No son mdviles, en el sentido
de que no podemos desplazarlos individualmente por el mundo,

a que su posicién depende exclusivamente de la posicién de los
agentes que relacionan.
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World

Location of origin:
min-pxcor |-16
minimum x coondinate for patches
max-pxcor | 16

masimum x coordinate for panches
min-pycor (-16

minimum y coordinate for paiches

max-pycor |16
masimum y eoordinate for patches 107US: 33X 33

Warld wraps horizontally
World wraps vertically

View

Patch size |13 Font size |10
messured in pos o labsk on agants

Frame rate |30
Frames per second at normal speed

Tick counter
Show tick counter

Tick counter label | ticks

Figura 2.1: Ventana de edicion dxas a-

racteristicas del mundo.

¥

Por el momento nos centraremos en los patches y las tortugas, en
un capitulo posterior profundizaremos en el uso de los links.

El mundo de los patches

Aunque hay instrucciones del lenguaje que permiten modificar las
caracteristicas del mundo (su tamafio y forma, en ntimero de patches),

por ahora vamos a acceder a sus propiedades por medio de la herra-

Para ello basta pulsar sobr
la barra de herramientas @ la

patch en la pantalld ogia del mundo, el tamafio de letra de las

etiquetas que usaran entes y algunas otras opciones en las que

que se pueden definir en NetLogo son siempre finitos, es
fio finito y un niimero finito de patches en su composi-

i6n topoldgica al mundo de forma que no haya fronte-
” Esi@ se consigue por medio de la identificacién de sus extremos
teral@f: si identificamos los extremos izquierdo y derecho, obtenemos
indro vertical; si identificamos los extremos superior e inferior,
btenemos un cilindro horizontal; y si identificamos simultdneamente
izquierdo con derecho y superior con inferior, obtenemos una figura
que matematicamente se conoce como un toro.

Una vez establecida alguna de estas identificaciones en los extre-
mos, los agentes méviles que se desplacen mas alld de alguno de ellos,
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apareceran por el lado opuesto, y los patches de cualquiera de los
extremos tendrdn como vecinos los patches del otro extremo identifi-
cado.

En las figuras siguientes se muestra una representaciéon 3D de un to-
ro, asi como la conexién entre sus extremos en el mundo 2D. Se puede
observar como la tortuga roja atraviesa el lado derecho y aparece por
el izquierdo (identificacién en el eje horizontal), mientras que la azul
atraviesa el extremo superior y aparece por el inferior (identificacién
en el eje vertical).

‘ ’_,s

Cada patch del mundo (como cualquier otro agent&jien

con-
junto de propiedades bésicas. Para acceder a ellas por medg@del inter-

faz, basta hacer click con el botén derecho sobre gl patch qua@e desea

.2).
1 y ampliada del

inspeccionar, y seleccionar Inspect patch... (figu

La ventana emergente nos muestra una n |

das en el mun-
uestra (plabel) y el
sando esta misma

patch seleccionado y sus propiedades bésica
do (pxcor, pycor), color (pcolor), etiq
color que utiliza esta etiqueta
ventana podemos modjgicar al
ches, aunque al ser agente
coordenadas del patch son
ndo con las mismas coordenadas

2

que él), éstas sirv tificaflo y hacer referencia a éL

Cuando se os patches son de color negro (aunque

ecisa d&’un nimero para identificarlos. Este sistema, aunque mas
itado que RGB, ofrece algunas ventajas porque agrupa, cada 10 uni-
des, gamas del mismo color. La tabla siguiente muestra los valores
ada uno de los colores asociados (se muestran solo los valores en-
teros, pero admite decimales para colores intermedios). Ademds, para

-

pxcor| |
pycar| L J
peolor] 105 |
J
J

plabel|
plabel-golor| 2.2
| |l_£1

Figura 2.2: Ventana de inspeccién de pat-
ches.

*Mds adelante veremos cémo definir
nuevas propiedades, por ahora tenemos
suficientes con las que el sistema trae por
defecto.

3RGB es una representacién habitual
para colores cuando se trabaja con sis-
temas digitales, e indica la proporcién
de cada color primario por medio de
tres ntmeros: Red-Rojo, Green-Verde
y Blue-Azul, normalmente con valores
entre o y 255. Asi, una tonalidad de
amarillo es (255,255,0), el blanco es
(255,255,255) y el negro (0,0,0).
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4Si queremos obtener un color de la ga-
ma del verde maés clara, basta escribir al-
go del tipo (green + 2), un rojo oscuro
puede ser (red - 2). Se trata de un mé-
todo directo para trabajar con colores al
que le sacaremos mucho provecho.

A

4

Figura 2.3: Tortuga recién creadgfen
centro del mundo.

¥

los 14 colores bésicos, NetLogo tiene constantes definidas para poder
nombrarlos. Por ejemplo, a todos los efectos decir orange y 25 es lo
mismo#:

black = 0 white = 8.9

gray = 5 7 8 9 9.9

red = 15 1Ir 18 198 15.9
orange = 25 27 218 28 29.9

brown = 35 37 38 39 39.9

yellow = 45 46 47 48 49 48.9
green = 55 56 57 58 59 59.9
lime = 65 67 68 69 68.9
turqueise = 75 w7 78 79 79.9
cyan = 85 87 838 89 39.9

sky = 85 98 99 99.9

blue = 105 108 109 1095

violet = 115 118 119 1199
magenta = 125 128 129 1299

pink = 135 135 136 137 138 135 139.9

un poco mejor a las tortugas. A diferencia

ue crearlas manualmente para que aparezcan en el

n crear en cualquier momento. Antes de ver cémo

ulan, vamos a suponer que tenemos una tortuga
analicemos sus caracteristicas por defecto (figura 2.3).

hacer click con el botén derecho sobre la tortuga accedemos al

ent @Pntextual que nos muestra las tortugas que hay bajo el ratén

n aparecerd el patch sobre el que estd la tortuga) para que se-

leccionemos la tortuga que corresponda.

GP$ s [

A

Edit...

Select

Copy View

Export View...
inspect patch 00
turtle 1 } inspect turtle 1

watch turtle 1
follow turtle 1
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Como queremos acceder a las propiedades de la tortuga, pulsamos
sobre “inspect turtle x” (mdas adelante veremos para qué sirven las
demds opciones), que abre una ventana similar a la que vimos para
mostrar las propiedades del patch (figura 2.4).

Las propiedades que por defecto tiene una tortuga (algunas mas
que las que tienen los patches) son:

= who: a diferencia de los patches, que se identifican por su posicién,
las tortugas no tienen ninguna propiedad que las diferencie a priori
de las demas. Por tanto, NetLogo proporciona para cada tortuga del
mundo un identificador tinico por medio de este nimero, que se
incrementa secuencialmente y sin repeticiéon. Por tanto, la primera
tortuga tendra como identificador 0, la siguiente que se cree tendra
1, y asi sucesivamente.

= color: el color de la tortuga segtn el cédigo de colores que sigue
NetLogo. Similar al color visto para los patches.

= heading: la orientacién de la tortuga en el plano. Se mide ergrado
y se debe tener en cuenta que no sigue los mismos Tio! e

la trigonometria habitual, sino que comienza a con

los valores inter-

medios entre las coordenadas de dos p secutivos (figura

2.6).
= shape: forma de la tortuga. Porgg ue se muestra en las
imdagenes, pero los modelos v, diversds formas que pueden

utilizarse y con un edftor de

AP Y wes
OO0 8
P &R |
'O 00O
FOONAAET
&

abel: etiqueta que la tortuga mostrard en pantalla (si no es vacia)>.

= label-color: color de la etiqueta.

EEEEE

default

9.8
turtles

talse
3
1

up

Figura 2.5: Sistema de orientacién de
NetLogo.

CL1,

Figura 2.6: Coordenadas de la tortuga.

5En la figura 2.6 se muestran las coor-
denadas de la tortuga por medio de su
etiqueta.
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Figura 2.7: Una figura realizada con va-
riaciones de tamario de lapiz.

Command Center (o2 [__TClear

observer>| | -

centrMos ocupa,
zona horizontal inferior

# barra que lo separa del interfaz, y
ontenido se puede borrar por medio
gt6n Clear que proporciona.

= breed: familia de tortugas a la que pertenece. Esta caracteristica de
NetLogo es uno de sus puntos fuertes, pues nos permite definir
familias de agentes que pueden tener distintos conjuntos de propie-
dades y comportamientos. Lo veremos en un capitulo posterior.

= hidden?: indica si la tortuga estd oculta o visible. Por defecto las
tortugas son visibles, pero pueden ocultarse individualmente en la
representacion del mundo.

= size: determina el tamafio de la tortuga (en patches). Su valor por
defecto es 1.

= pen-mode: como en otras versiones de Logo, las tortugas pueden
dejar un rastro en el suelo mientras se mueven. Los posibles valores

lapiz de dibujo de la tortu ¢ ng deja rastro; down, el
lapiz de dibujo de la to%ug fleja rastro; erase, la

camino, los posibles

Centro de Comandos

En esta seccion vamos a interactuar con NetLogo por medio del
Centro de Comandos, lo que nos permitird ir adentrandonos en el
lenguaje de programacién de una forma interactiva, sin necesidad de
escribir procedimientos completos ni conocer demasiados secretos del
lenguaje (figura 2.8).

Por medio de este centro podemos comunicarnos con NetLogo es-
cribiendo instrucciones que se ejecutaran al pulsar la tecla de retorno
de carro. Comenzaremos con unos ejemplos sencillos, usdndolos para
mostrar el tipo de datos que es capaz de manejar NetLogo, es decir, a
modo de calculadora extendida:
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o 1 Cent
observer> show 2 + 3 -
observer: 5

observer> show 2 *= 4.5

observer: 9

observer= show pi A 2 + 1

observer: 10.869604401033358

observer=> show (word “cara” "col™)

observer: "caracol”

observer> show Tist 1 2

observer: [1 2]

observer= show map [is-number? 7] (ldist 1 2 "s" [1 2] 0.1)

observer: [true true false false true]

observer> show sin 90

observer: 1

observer> cos 180 [+

El Centro de Comandos se compone de una barra inferior, donde se
introducen los comandos, y un area donde se muestran los resultados
de aquellas instrucciones que producen alguna devolucién. A todos
los efectos se comporta como una consola de texto similar a las de
otros sistemas.

Como muestra la linea inferior, el sistema colorea autométicamente
las instrucciones en funcién de si reconoce el texto como una instyuc-
cién valida, como una constante, etc. Ademads, aunque no es neceSegi
anadir el comando show, que hace que se muestre el resulta&, el i

ente como niimeros
s, si una funcién es-
pera como dato de entr‘a un
decimal, simplemente ign

ede trabajar es, aproximada-
-9007199254740992. Si un calculo
excede esta canti
ser preciso. P

rias®. Por ejemplo:

server> 1/6 + 1/6 + 1/6 + 1/6 + 1/6 + 1/6
erver: 0.9999999999999999

que las instrucciones de
dividen en dos grandes gru-
ones, que no devuelven na-
‘oducen cambios en el mundo,
las Tunciones, (reportes) que devuel-
valores.

Importante: Todos los operadores en
NetLogo deben ir separados con espa-
cios. Lo que quiere decir que sin(x+1)
debe escribirse: sin (x + 1).

7 En consecuencia, un niimero entero pa-
ra NetLogo es, simplemente, un ntime-
ro que no tiene parte decimal, de forma
que 1y 1.0 se consideran iguales, algo
que no es asi en otros muchos lenguajes.
Lo que si ocurre es que NetLogo ocul-
ta las terminaciones .0 para facilitar la
identificacion de los enteros.

8 Este es un problema general en todas
las herramientas basadas en Java.
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9Los ntmeros pseudo-aleatorios, aun-
que parecen aleatorios, se generan por
medio de una funcién determinista que
devuelve niimeros dentro de un rango
con probabilidad uniforme.

 Aunque esta caracteristica pueda pa-
recer contraproducente, cuando estamos
realizando modelado cientifico se con-
vierte en una cualidad que podemos
aprovechar, ya que hace que todos los
experimentos sean reproducibles alma-
cenando las semillas con las que se han
realizado.

En lo que sigue, y con el fin de dar una
representacion mas compacta de las in-
teracciones, usaremos la notacién => pa-
ra mostrar las salidas del Centro de Co-
mandos.

1 Es decir, uno de: 0,1,2,...,n-1.

plicar or la que
son dis dependien-
ecimales o0 no?

de estas funciones son:
random-poisson, random-exponential,
random-normal y random-gamma.

Y, como es habitual en casi todos los lenguajes de programacién,
una divisién por 0 devuelve un error de ejecucion.

Respecto a los niimeros aleatorios, y al igual que el resto de lengua-
jes de programacion, NetLogo trabaja con nimeros pseudo-aleatorios®.
La forma de conseguir que no siempre se obtengan los mismos valores
es hacer depender esta funcién generadora de un valor inicial (semilla,
seed), lo que significa que si se empieza siempre con la misma semilla,
se obtiene siempre el mismo nimero'®. Para resolver este problema
normalmente se oculta al usuario la necesidad de dar una semilla ha-
ciendo uso, por ejemplo, de la hora del ordenador (que es una cantidad
que cambia continuamente). La secuencia de instrucciones siguiente
puede servir para entender este fenémeno:

observer> random 100 => 9
observer> random 100 = 1
observer> random 100

observer> random—seed 1

observer> random 100 1
observer> random—seed’

observer> random 10

> 1

i6n random-seed permite fijar la semilla del genera-
udo-aleatorios.

ultimo valor no se devuelve nunca, la instruccién
n ntmero entero al azar entre 1y 10 serfa (1 + random

a + random (b - a + 1)

Por ejemplo, para generar un niimero entero entre -5 y 5 la instruc-
cion seria: (random 11) - 5

¢Y qué ocurre si queremos que el nimero devuelto sea decimal?
Por ejemplo, si queremos obtener al azar un nimero decimal entre 1
y 10, la instruccién serfa: 1 + random-float 9. Y la férmula general
para devolver un nimero decimal al azar entre a y b seria’:

a + random-float (b - a)

Por lo que la generacién de un nimero decimal al azar entre -5y 5
quedaria: (random-float 10) - 5.

Ademés de la distribucién uniforme que proporcionan las funciones
anteriores, NetLogo ofrece generadores de niimeros pseudo-aleatorios
que siguen otras distribuciones habituales'3. Pero no son las tinicas
que hacen uso de niimeros pseudo-aleatorios, ya veremos a lo largo
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de este libro funciones que realizan una seleccién al azar de entre un
conjunto de objetos, y todas ellas usan internamente el mismo genera-
dor de ntimeros aleatorios a partir de una semilla, por lo que su efecto
también puede ser reproducible.

Activipap: Utiliza el Centro de Comandos como calculadora
para realizar algunas operaciones numéricas y acostumbrarte a las
peculiaridades de la sintaxis de NetLogo.

Trabajando con cadenas de texto

El segundo gran tipo de dato con el que puede trabajar NetLogo son 14 Desde la versién 5.0, NetLogo puede

las cadenas de texto. Una cadena (string) es simplemente un conjunto trabajar con caracteres Unicode.

de caracteres encerrados entre comillas'. Por ejemplo “esto es una s NetLogo no diferencia entre cadenas,
unib ghuas o caracteres. Unicamente la lon-

cadena”?5. Para representar la cadena vacia se usa
A continuacién mostramos algunas de las funciones mas habit

les PS hace que nosotros lo interprete-
para trabajar con cadenas:

etiquetas de patches y tortugas
ara generar etiquetas vacias (o lo que
ia equivalente, no usarlas.

observer> length "Perro chino”
observer> first "Perro chino"
observer> but—first "Perro chino"
observer> last "Perro chino"
observer> but—last "Perro chino"
observer> item 4 "Perro chino"
observer> item o "Perro chino"
observer> substring "Perro chino" 3 5

nen

observer> member? "i" "Perro chino"

" an

observer> member? "mi" "Perro chino"

observer> position "e" "Perro c¢

non

observer> remove "Perro

true
false

"Perrochino"
observer> remove "s" "Perr
observer> replace—it@n 5 "
observer> reverse "Per, c

observer> word "Perr,

"Perro chino"
—"=> "Perro—chino"
=> "onihc orreP"
=> "Perrochino"

Si necesitas insertar algtin caracter espe-
cial (tabulacién, salto de linea, etc.) en
una cadena haz uso de una secuencia de

a de concatenar cadenas es por medio de la instruccién escape:
rd 1. \n = salto de linea
2. \t = tabulacién
: 2 . \" = comillas dobles
AcTtIviDpAD: Toma una frase cualquiera, exprésala como una cadena E

de texto, y ejecuta las instrucciones necesarias para poder separarla 4 \\ = backslash

por palabras.
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7 En otros lenguajes de programacion se
usan los paréntesis para delimitar las lis-
tas. NetLogo usa corchetes.

*® También veremos que son el forma-
to natural para manipular la informa-
cién proveniente de agentes o grupos de
agentes.

9 Observa que la dltima de ellas es la lis-
ta que no tiene elementos, que se llama
lista vacia.

> Observa que si quieres formar una lis-
ta con mas de dos datos (o solo con uno)
debes incluir la instruccién completa en-
tre paréntesis. Veremos que hay algu-
nas otras instrucciones de NetLogo que
admiten una cantidad indeterminada de
entradas, en todas ellas serd necesario
incluir la instrucciéon completa entre pa-
réntesis en caso de que el niimero,de en-
tradas sea distinto de 2. ’

2t Observa e, arlab
7, como

special,
que se

Trabajando con listas. Datos compuestos

Cuando trabajemos con bloques de datos sencillos puede ser sufi-
ciente el uso de ntimeros y cadenas, pero muchas veces sera necesario
almacenar o manipular muchos valores simples de una vez. En este
caso la mejor solucién es trabajar con listas.

Una lista es una estructura ordenada que almacena muchas unida-
des de informacién. Por ejemplo, [0 2 4 6 8]"7 es la lista de los pares
menores que 10. Una caracteristica interesante de las listas es que no
tienen que ser homogéneas, sino que pueden contener distintos tipos
de datos dentro, incluso otras listas. Por ejemplo:

[0 2 “cara” 6 [1 3 5] “col”]

Veremos que las listas se convierten en aliados muy eficientes para

trabajar de manera muy cémoda con informacién estructurada *8

Las listas constantes (aquellas que nggarfan) se consiguen escri-

observer> [0 2 4 6 8]
observer> [0 2 "cara"
observer> []

Pero si quiere
nos el resultado d
un constructor para
list?:

observer> 11 (random 10) (random—float 10)

04452253035499]

ues, que permite generar una lista de una determinada longitud
or medio de una funcién. Por ejemplo:

observer> n—values 10 [2 * ?]
observer: [o 2 46 8 10 12 14 16 18]

construye una lista de tamario 10 y para rellenarla usa la funcién 2x>"
El formato general es:
n-values k [ f(?) ]
que genera la lista [f(0) (1) f(k-1)1.
Algunos ejemplos de su uso son:

observer> n—values 5 [o]
observer: [0 0 0 0 0]
observer> n—values 5 [?]

observer: [o 1 2 3 4]
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observer> n—values 3 [sin (? = 360 / 3)]
observer: [0 0.8660254037844387 —0.8660254037844385]

La mayoria de las instrucciones que vimos para manipular cadenas
funcionan con listas:

observer> length [o 1 2 3 4 5] => 6

observer> first [o 1 2 3 4 5] => 0

observer> but—first [0 1 2 3 4 5] = [1 2 3 4 5]
observer> last [0 1 2 3 4 5] = 5

observer> but—last [0 1 2 3 4 5] => [0 1 2 3 4]
observer> item 4 [0 1 2 3 4 5] = 4

observer> sublist [o 1 2 3 4] 2 4 = [2 3]
observer> member? 1 [0 1 2 3 4 5] => true
observer> position 1 [o 1 2 3 4 5] = 1

observer> remove 1 [0 1 2 3 4 5] = [0 2 3 4 5]
observer> replace—item 1 [0 1 2 3 4] "a" => [0 "a" 2 3 4]
observer> reverse [0 1 2 3 4 5] => [5 4 3 21 0]

Pero, ademads, tenemos un conjunto de funciones mas am@o
se pueden aplicar, por ejemplo, a listas numéricas:

observer> max [1 2
observer> min [1 2
observer> sum [1 2
observer> variance [1 2
observer> mean [1 2 3 4
observer> modes [1

W N
&~ W

observer> sum [1 2

jstas numéricas
ignoran los elementos que no sean nim

(ACTIVIDAD: Prueba los siguientes ejemplos y razona por qué cada

uno funciona de forma distinta.

observer> sum ["a"
observer> max

las listas afiadiendo elementos a cual-

= [1 2 3 "a"]
3] => ["a" 1 2 3]

AcTiviDAD: Deduce a partir de los siguientes ejemplos cémo
funciona y en qué se diferencia de list.

Las posiciones de las listas también co-
mienzan con 0.

2 Estas primitivas seran muy importan-
tes, pues junto con first, but-first,
last y but-last nos permiten construir
y deconstruir listas de forma sistematica.
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observer> list [1 2 3] [4 5] = [[1 2 3] [4 5]]
observer> sentence [1 2 3] [4 5 6] => [1 2 3 4 5 6]
observer> list 1 [4 5 6] = [1 [4 5 6]]
observer> sentence 1 [4 5 6] => [1 4 5 6]
observer> (sentence 1 [4 5 6] 7) = [1 4 5 6 7]
observer> (sentence [1 2 3] [4 5 6] 7) => [1 2 3 4 5 6 7]
observer> (sentence [1 2] [4 [5] 6] 7) => [1 2 4 [5] 6 7]

Veremos en un capitulo posterior cémo sacarle potencia a las listas
por medio de programacién, viendo como podemos disefiar procedi-

* Algunos de los cuales podran ser escri- mientos recursivos para resolver problemas complejos?3.
tos de forma muy concisa gracias a algu-
nas instrucciones adicionales que NetLo-

8¢ proporciona. Trabajando con I6gica. Tipo Booleano

Al igual que el resto de lenguajes de jgmmgramacion, NetLogo tam-

G
@ les

bién esta preparado para trabajar con | booleanos true/false

que se obtienen por operacio bmo son las compa-

* También se pueden realizar compara- raciones4:

ciones entre cadenas, donde automatica-

mente se aplica el orden lexicografico ca- observer> 3 > 2 e

racter a caracter. observer> "a" > flse
observer> "a" true

observer> n—value < 3] => [true true true false]

A
AcTiviDAD: Escribe la instruccién que sea capaz de decidir qué

términos de la lista [0 1 2 3 4 5 6] son pares y cudles no.

oct [ tipo de dato
4 ardipoder saber si un dato es de un tipo u otro de forma automati-
ogo proporciona algunas funciones booleanas que reconocen
* Veremos que este tipo de recon! el tip025:
res existirdn incluso para poder sal i
un objeto es un agente observer> is—number? 3 => true
un patch, un link, ete, observer> is—number? "a" => false
observer> is—string? "a" => true
observer> is—string? 3 => false
observer> is—list? 3 => false
observer> is—list? [3] => true
observer> is—boolean? 3 => false
observer> is—boolean? o => false
observer> is—boolean? true => true

Activipap: Comprueba de qué tipo son los siguientes datos: [true
falsel, [[1]],1 < 2.
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Contextos de ejecucion

AcTIvIDAD: Si hasta ahora no te lo has preguntado, es hora de
hacerlo, ;qué funcién tiene la apariciéon de observer> junto a la
barra de introduccién de comandos? Si pulsamos sobre él nos
resultard mas facil entender su significado (figura 2.9).

Fijémonos que de las cuatro opciones que aparecen, tres de ellas
son los diversos tipos de agentes que tiene NetLogo, mientras que el
cuarto es observer.

En NetLogo la ejecucién esta orientada a los agentes, es decir, las
diferentes instrucciones del lenguaje, asi como los procedimientos que
nosotros vayamos definiendo, las pueden ejecutar cualquiera de los
agentes... o podemos ejecutarlas nosotros. El papel del observador, que
solo hay uno, es el que jugamos nosotros, externos al mundo artifjcial

que se ejecuta pero con la capacidad de controlarlos a todos.
Loégicamente, no todos los tipos de agentes pueden ejecu@ toda

instruccién sélo tiene sentido en el contexto de los a
puesto que son ellos los que tienen esta propiedad, pero ni
ni el observador podrén ejecutarla.

La figura 2.10 puede aclarar la diferenci
cutar “1 + 1” en el contexto de los patche
en el contexto observer el sistema hygai
observer: 2, pero al haberlo ejec
lo que realmente se ha hecho es
cién y ha devuelto el re@tado.

AcCTIVIDAD: Vamos a aprovechar esta caracteristica para hacer

algunas pruebas sobre patches. Para ello, ejecuta las siguientes
instrucciones y justifica los resultados obtenidos (aunque todavia no
hayamos visto algunas de las instrucciones usadas, es facil suponer
qué hacen por su significado en inglés).

blue

plabel (word "(" pxcor "," pycor ")")
ches> set pcolor [pcolor] of one—of neighbors
patches> set plabel pxcor + world—width % pycor

ontinuacién vamos a crear una tortuga para jugar un poco con ella
en el mundo?7:

obs

obs observer
obs turtles
obs

patches
S ks

‘ or use Tab key

Figura 2.9: Contextos del Centro de Co-
mandos.

ya mostraremos las formas
qu ten de que un agente/observa-
r le pida a otros agentes realicen ope-

Command Center
(patch -2 0): 2
(patch 0 2): 2
(patch -2 -3): 2
(patch -1 4): 2
(patch -2 2): 2
(patch 2 2): 2
(patch 0 -2): 2
(patch -2 -4): 2
(patch 0 -4): 2
(patch -1 2): 2
(patch 4 1): 2
(patch 4 0): 2
(patch -4 -2): 2
(patch 1 2): 2
(patch 4 2): 2

patches= 1 + 1

Figura 2.10: Ejecucién de un comando
por los patches. En la ventana se mues-
tran los ultimos patches en su devolu-
cién, por ejemplo, el patch que esta si-
tuado en las coordenadas (4, 2) de-
vuelve: (patch 4 2): 2, al igual que el
patch de coordenadas (1,2). No te preo-
cupes si al ejecutarlo has obtenido otro
orden en la lista de patches, mas adelan-
te sabremos porqué.

*” Ten la precaucién de cambiar el con-
texto del intérprete a observer, ya que
las instrucciones siguientes no las pue-
den ejecutar los agentes
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# Aprovechamos este momento para ex-
plicar que muchas de las instrucciones
de NetLogo (sobre todo las mds habitua-
les) admiten una version resumida, por
ejemplo, clear-all y ca tienen el mismo
efecto.

¥

= observer> clear-all: Comenzamos borrando todo para partir de
un mundo limpio?8.

= observer> crt 1: Después creamos una tortuga (create-turtles)
donde le indicamos el ntiimero de tortugas a crear. El efecto de esta
instruccién es la creacion de una tortuga que, por defecto, se sitta
en el origen de coordenadas pero con orientacién (heading) inicial
y color aleatorios.

Como ya existe una tortuga en el mundo, podemos pasar al contexto
turtles para manejar la tortuga por medio de las instrucciones bésicas
de movimiento (que son similares a las existentes en otros lenguajes
Logo). La figura siguiente muestra una ejecucién interactiva en la que
cada linea se ha introducido en orden (cambiando adecuadamente en-
tre contextos tal y como se ha indicado).

El significado de las instrucciones d¢g blas es:
1. fd n:(forward) hace q%la ga

2. rt n: (right) hace e la uga@ire a la derecha (su derecha) n

grados.

3. pd : (pen-down) iz de la tortuga para que deje rastro en su
movimiento.

4. pu : (pen-U@) sube el lapiz de la tortuga para que no deje rastro en
su TS

File Edit Tools Zoom Tabs Help

Interface | Info | Code

V| view updates ——
,ﬁ ﬁ[‘j + _am Button I U P I Settings
Edit Delete Add normal speed continuous
= Center [ Char
G2 s observer> ca P

observer= crt 1
turtles> show heading
(turtle 0): 40
turtles> pd
turtles> fd 2
turtles> rt 90
turtles> fd 2
turtles> rt 90
turtles> fd 2
turtles> rt 90
turtles> fd 2
turtles= pu
turtles> fd 2

< LI ’ turtles:| -
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Observa que al ejecutar heading la tortuga ejecuta realmente la ins-
truccién show heading que da como resultado que muestre en la ven-
tana el valor de su propiedad heading.

Es importante hacer notar que los dibujos que puedan realizar las
tortugas cuando tienen el ladpiz bajado se almacenan en una capa dis-
tinta, la capa de dibujo, con la que no pueden interactuar los agentes?.

,’/. :

AT e iy

| Visualizacién mundo | i i /

de rellenado (fill) de areas, y la forma de fijar un color
medio del coloreado de los patches.

Otras instrucciones que pueden ser ttiles para el maggj a tor-
tuga son:

1. bk n: (back) hace que la tortuga retroceda
patches.

2. ht : (hide-turtle) oculta la tortu
lapiz bajado, sigue dejando un rastro)?

3. home : lleva la tortuga al orj oordenadas, manteniendo su
orientacién y dejando'ragtro o deffue tuviera el lapiz bajado.
4. 1t n:(left)girang ia quierda.
5. pe:(pen-eras ma orrar de la tortuga, por lo que su
movimiento ros dejados con los que se cruce.
6. st : (sh uestra la tortuga (til si antes ha sido oculta-
da).
stafg@: hace quie la tortuga deje una marca en el mundo con su for-
a. E arca es inicamente un dibujo en el suelo, no una tortuga
al.

. move-to patch x y : hace que la tortuga se desplace al patch con
oordenadas (x,y)3°.

9. die : elimina a la tortuga del mundo.

29 Esta capa puede borrarse por medio de
clear-drawing, o cd en su version abre-
viada.

3 Hay usos mds generales del comando
move-to para situar a la tortuga en la po-
sicién que ocupa cualquier otro agente,
por ejemplo: move-to one-of patches.
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3 Si nunca has trabajado con tortugas, la
mejor forma de familiarizarte con su for-
ma de trabajo es interactuando con ellas
y viendo cémo responden a las distintas
ordenes en tiempo real.

32 La Topologia es la rama de las matema-
ticas dedicada al estudio de las propie-
dades de los cuerpos geométricos que
permanecen inalteradas por transforma-
ciones continuas. Es decir, aquellas que
siguen siendo ciertas aunque el mundo
lo estires y deformes, siempre y cuando
no lo rompas ni pegues dos partes sepa-
radas, por eso a veces se le conoce como
Geometria de la ldmina eldstica.

3 Hazlo con todas las posibles combina-
ciones.

3 La geometria intrinseca de la tortu-
ga, algo en lo que profundizare mas
adelante, hace que su manipulaci®n per-
mita entender las figuras geométric
dependientemente de un sistem
ferencia rigido, por lo que su us

ra cada figura que quera
de simplificar el pro
de las mismas.
3 Recuerda

formas. Intenta impor-
a de la biblioteca.

10. hatch n:hace n copias exactas de la tortuga (todas ellas con exac-
tamente los mismos valores en todas las propiedades).

Ejercicios

A pesar de que hasta ahora solo hemos acariciado la superficie de
las capacidades de NetLogo ya podemos hacer algunas cosas intere-
santes3':

1. Diferentes topologias3*:

a) Crea una tortuga y deselecciona en la configuracién del mundo
la opciones mundo sin limite horizontal y mundo sin limite
vertical.

b) Establece los valores max-pxcor y magspycor para que el mundo

tenga tamafio 21 x 21.

la en esa direccion.

c) Orienta la tortuga hacia ort spl

;Qué ocurre con la toPtuga d azamos una cantidad

limite undo sin limite vertical33.
f) Teniend§en cuenta las tres topologias que proporciona NetLogo
(p , cilindro y toro), intenta prever cudl seria el camino

e dos puntos en cualquiera de las topologias.

ensiones fijas del mundo, si supones un toro, jeres ca-
az educir alguna regla que te permita que una tortuga que

s@mueve en linea recta vuelva alguna vez al punto de origen?

espués de haber dibujado algunas figuras sobre el cilindro o el
toro, ;puedes imaginar el aspecto que tendrian sobre la represen-
tacion 3D de la superficie?

2. Dibujo de un poligono34:

a) Crea un tortuga desde el centro de comandos.

b) Usa el inspector de tortugas para cambiar el color, tamafio y
forma de la tortuga3>.

c) Dibuja con la tortuga un pentdgono de lado 4, de color azul,
y anchura de trazo igual a 2 pixels. Es posible que tengas que
ampliar el tamafio del mundo.

d) Calcula el dngulo de giro para dibujar un poligono regular de n
lados cualquiera.
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3. Caminos aleatorios3°: 36 Mateméaticamente, los caminos aleato-
rios son cualquier proceso aleatorio don-
a) Crea una tortuga, activa el rastro y elige un color y un ancho de de la posicion del objeto en cierto instan-

te depende sélo de su posicién en el ins-
tante anterior y de una variable aleatoria
que determina su direccién y longitud
de avance en cada momento.

trazo.

b) Utiliza el comando random para orientar a la tortuga con un an-
gulo aleatorio entre —90 y 90 grados, y despldzala un paso hacia
delante.

c) Repite la accién varias veces y observa el camino aleatorio des-
crito.

d) Haz lo mismo pero restringiendo el dngulo de giro de otro mo-
do y avanzando una longitud aleatoria, pongamos entre 0 y 10
unidades.

4. Contexto patches:

a) Selecciona el contexto patches en el centro de comandos.

b) Consigue diferentes patrones de colores en los patches usa
las coordenadas de los mismos y la instruccién set. Prlﬁ)a co

’ Por ejemplo: set pcolor pxcor, set

lor pxcor + pycor, set pcolor
pxcor - pycor, set pcolor pxcor *
pycor, etc.

diferentes formulas3”.

c) Utiliza random para asignar colores aleatorios a
gama de los verdes.

a) La lista de los 100 primero
b) La lista de los 100@'irner erofipares.

c) La lista de los 100 gri impares.

d) La lista de las poteN@i asta donde permita Netlogo.

e) A partir de fija, genera una lista de letras elegidas al

azar de an esa palabra.

f) Gene stagde listas con todas las posibles permutaciones
déta 1 01

a s aleatorios:

Gene n boleto al azar de la Loteria Primitiva 3. 3 Recuerda que, en su version simple, la
. . . . Loteria Primitiva consta de seis ntiimeros
b) Genera una lista de 1000 nimeros naturales aleatorios elegidos elegidos entre el 1y el 49.

entre o y 1000. Calcula la media, la varianza y la desviaciéon es-
tandard de la lista, asi como el maximo y el minimo valor de la
lista.
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39 En el caso de un cuadrado la lista re-
sultante deberia ser [0 90 180 270].

4 NetLogo tiene la constante pi para re-
presentar el niimero 7.

4 Puedes hacer uso del comando
member? para responder a esta pregunta.

#En matemadticas, el logaritmo de un
niimero, en una base determinada, es el
exponente al cual hay que elevar la base
para obtener dicho ntimero. Por ejemplo,
el logaritmo de 1000 en base 10 es 3, por-
que 1000 = 103 = 10 x 10 x 10.

4

¥

. Logaritmos#*:

c) Genera una lista de 10.000 ntimeros binarios al azar (0’s y 1's).
Calcula la media, la varianza y la desviacién estandard de la lista.

. Angulos y poligonos regulares:

a) Calcula la lista de los dangulos acumulados al recorrer un poli-
gono regular en funcién del nimero de lados del poligono39.

b) Genera la misma lista del apartado anterior, pero esta vez mi-
diendo el 4ngulo en radianes*°.

c) Genera la lista de los cosenos y senos de los angulos de la lista
del primer apartado.

. Ndmeros cuadrados:

a) Calcula la lista de los cuadrados de los primeros 1000 ntimeros
naturales.

es valida par

Genera’ la lista de los logaritmos de 100 en base k, con k =
2. . 100.

alcula la suma de los logaritmos en base 2 de los primeros 10
numeros naturales no nulos y comprueba que es igual al logarit-
mo en base 2 del producto de todos ellos.



