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1.2

Teonia de Juegos

Un individuo ha pensado realizar una inversion en un activo financiero de gran
volatilidad, que proporciona una ganancia bruta de 0 u.m. (es decir, pérdida de
la cantidad nvertnda) con probabihdad 3/'4 v de 6 u.m. con probabilidad 1/4 pm
cada v.m, invertida (1 wim. de recuperacion de la imversion + 5 wim, de rendi
miento neto). Siendo sus preferencias representables mediante la funcion de wrti-

|| B} |
. Jcudnto decidird invert

lidad wiw) In{w + 9) v su riqueza actual w,
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' Saben aquél que diu? BE S
() q q W s - ...,f'-,:'ll “ \
W\ l:n ..é‘h\\\ﬁhm"

" '

-A mi el que m’agrada es jugar al poquer 1 perdre.
-Home, sera jugar al poquer 1 guanyar.
-No ho s€, pero jugar 1 guanyar deu ser una cosa maravellosa.
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-Teoria de jocs ajuda a entendre el comportament huma a
situacions quotidianes

-Desenvolupada per John von Neumann 1 Oskar Morgenstern.
"Theory of Games and Economic Behavior” (1944)

TR

Aplicacions a economia 1 altres ciencies socials
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-Popularitzada per la pel.licula “Una ment prodigiosa” sobre
John Nash.

-La millor decisi6 individual no €s la millor decisio col.lectiva
Joc del presoner (i.lustra I’egoisme)
Programa de televisio: “El vil metal”
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Dos jugadors han de compartir 20.000€

-S1 tots dos volen compartir, cadascu se’n duu 10.000€
-S1 ningu vol compartir, ningu se’n duu res.

-S1 un vol compartir 1 1’altre no, qui vol compartir no se’n
duu res 1 qui no vol compartir se’n duu els 20.000€
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Taula de beneficis

ler jugador
compartir no compartir
: 10000€ 20000€
compartir :
10000€ 0€
20n jugador
no compartir O€
20000€
I tu, que faries? Equilibri de Nash
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Joc de I'ultimatum

Il.lustra el sentit de justicia
Dos jugadors han de compartir 10€

Un jugador decideix el repartiment, I’altre jugador decideix
s1 s’accepta o no.

DOS VOLUNTARIS (que no siguin amics)

Actitud racional: oferir el minim possible (1€)
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Instituto de Fisica Interdisciplinar y Sistemas Complejos
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Jocs de Parrondo . "
(versio IFISC)

Joc A:
Llenceu dos daus

Si la suma de les cares €s 2,3,4,5,6 perdeu 1€
Si la suma de les cares és 7,8,9,10,11,12 guanyeu 1€

Es un joc guanyador (perdedor per a la banca)
probabilitat de guanyar = 21/36 = 58.3%
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Casos totals 6x6=36

Casos desfavorables 15
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Joc B: Llenceu dos daus

Sila suma surt 11 o 12 guanyeu 1€

En cas contrari, perdeu 1€

Baixa probabilitat de guanyar = 3/36=8.3%

-.I v.

W 2 13 14 |5 |6
1 |2 3 |4 |5 |6 |7
2 I3 14 |5 |6 |7 |8
3 14 |5 |6 |7 18 |9
4 |5 |6 |7 18 19 |10
5 l6e |7 |8 |9 |10
6 17 18 |9 |10

Pero, si el vostre capital €s 0€, 3€, 6€, 9€, etc. guanyeu 1€ extra
Es un joc guanyador
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Resumint:

Joc A (guanyar si1 surt 7,8,9,10,11,12) és un joc guanyador
Joc B (guanyar si surt 11,12 amb nivells de consolidacio a
0€, 3€, 6€, 9€ etc) €s un joc guanyador

La banca IFISC us proposa jugar al Joc A 1al Joc B
alternadament (exemple: 2 vegades A, dues vegades B, 2
vegades A, etc. o aleatoriament AABBBABBABAAAB)

PERDEU!!!!
La banca guanya
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A7

A9
B3

B12

La banca guanya
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Des del punt de vista de la banca, combinar estrategies
perdedores €s una bona manera de guanyar.

Hi ha molts casos on ens convé fer coses que no guanyen a curt
termini per ser capacos de guanyar al final.

Exemple: asseguranga d’atur.

El més bo no sempre guanya.
El més dolent pot guanyar si no dispara la primera vegada.
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La fisica es presenta com el paradigma del determinisme:

- P. Simon de Laplace en 1814, a Théorie analytique des

probabilités, escriu:

Nous devons envisager l'état présent de ['univers comme
l'effet de son état antérieur et comme la cause de celui qui
va suivre. Une intelligence qui, pour un instant donne,
connaitrait toutes les forces dont la nature est animée et la
situation respective des étres qui la composent, si dailleurs
elle était assez vaste pour soumetire ces données a
l'analyse, embrasserait dans la méme formule les
mouvements des plus grands corps de l'univers et ceux du
plus léger atome; rien ne serait incertain pour elle, et
l'avenir, comme le passé, serait présent a ses yeux.
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La fisica es presenta com el paradigma del determinisme:

- P. Simon de Laplace en 1814, a Théorie analytique des

probabilités, escriu:

Hem de considerar l'estat present de I'Univers com
I'efecte de l'estat anterior i com la causa del que el
seqguira. Una intelligencia que en un instant donat

conegués totes les forces presents a la Natura i la
situacio respectiva dels éssers que la formen, i que fos, per
una altra banda, prou ampla com per sobmetre aquestes
dades a [lanalisi, inclouria en la mateixa formula els
moviments dels cossos més grans de I'Univers, aixi com
aquells de I'atom més lleuger; res seria incert per a ella i tant
el futur com el passat els hi serien visibles.
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-DETERMINISME: regeix els moviments de planetes,

prediccio d’eclipses, pendols, rellotges, etc.
Busquem ““la formula”
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Aquest punt de vista no €s correcte

1) La mecanica quantica (princip1 d’incertesa de Heisenberg)
posa limits a la precisio del coneixement de la condicid
inicial.

2) Comportament caotic (efecte papallona) posa limits a
I’horitzo de prediccio.

3) En els sistemes més “petits” tenim una quantitat
inimaginable de coordenades,

N=100,000,080,0Q0), C@%,OO0,000
~

S1 els atoms fossin centims d’euro, I’aire d’aquesta sala serviria

per repartir més d’un bil.116 d’euros a cada persona del mon.
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Un nou punt de vista comeng¢a quan Robert Brown (1828) observa
un moviment erratic en petites particules dissoltes en aigua.
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Remarks on Active Molecules (1829)

On the general Existence of active Molecules in Organic and Inorganic Bodies.

In the first place, I have to notice an erroneous assertion of more than one writer,
namely, that I have stated the active Molecules to be animated [...] I have remarked,
that certain substances, namely, sulphur resin, and wax, did not yield active particles,
which, however, proceeded merely from defective manipulation; for I have since
readily obtained them from all these bodies.

That extremely minute particles of solid matter, whether obtained from organic or
inorganic substances, when suspended in pure water, or in some other aqueous
fluids, exhibit motions for which I am unable to account, and which from their
irregularity and seeming independence resemble in a remarkable degree the less
rapid motions of some of the simples animalcules of infusions. That the smallest
moving particles observed, and which I have termed Active Molecules, appear to be
spherical, or nearly so, and to be between 1-20,000dth and 1-30,000dth of an inch in
diameter; and that other particles of considerable greater and various size, and either
of similar or of very different figure, also present analogous motions in like

circumstances.
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Consideracions sobre molecules actives (1829)

Sobre I’existencia general de molecules actives en cossos organics i inorganics

En primer lloc, he de corregir una afirmacié d’alguns autors, concretament que jo he
dit que les moleculas actives estan animades [...] He assegurat que algunes
substancies com sofre, resina 1 cera, no produiren particules actives, fet que,
tanmateix, tenia la seva explicacid en una mera manipulacidé defectuosa; de fet,
després vaig ser capa¢ d’obtenir-les de totes aquestes substancies [...]

[...] Que particules extremadament petites de materia solida, obtingudes a partir de
substancies organiques o inorganiques, quan estan dissoltes en aigua pura, o en algun
altre fluid aquds, mostren moviments que no s€ explicar, 1 que en la seva irregularitat
1 aparent independencia, s’assemblen remarcablement als moviments menys rapids
d’alguns dels animacles més senzills en infusions. Que les particules més petites
observades, 1 que he anomenat molecules actives, semblen ser aproxidament
esferiques 1 tenen un diametre entre 1 1 2 micres, 1 que altres particules més grans 1
de diverses mides, del mateix o diferent aspecte, també presenten moviments analegs
en circumstancies semblants.
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Ludwig Boltzmann (1896)

D¥ PHIELPAU
BOLTZMAI
G CTIAR)

“Petites particules a un gas es mouran degut a que la pressio en la superficie de
les particules pot fluctuar.”
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Albert Einstein.

Al seu “annus mirabilis” (1905) presenta la primera explicacié convincent del

moviment brownia:

In dieser Arbeit soll gezeigt werden, dall nach der molekular-kinetischen Theorie der Wiarme in
Fliissigkeiten suspendierte Korper von mikroskopisch sichtbarer Grof3e infolge der
Molekularbewegung der Wiarme Bewegungen von solcher GroB3e ausfiihren miissen, dal3 diese
Bewegungen leicht mit dem Mikroskop nachgewiesen werden konnen. Es ist moglich, dall die
hier zu behandelnden Bewegungen mit der sogenannten‘“Brown schen Molekularbewegung”
identisch sind; die mir erreichbaren Angaben iiber letztere sind jedoch so ungenau, daf} ich mir
hiertiber kein Urteil bilden konnte.
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Albert Einstein.

Al seu “annus mirabilis” (1905) presenta la primera explicacié convincent del
moviment brownia:

En aquest treball volem mostrar que, segons la teoria cineticomolecular de la calor, els
cossos de mida microscopica en suspensio en fluids, a causa del moviment molecular,
han de fer moviments d’una magnitud suficient perque es puguin observar facilment
amb el microscopi. Es possible que els moviments dels quals tractarem aqui siguin
identics a I’anomenat “moviment molecular brownia”, pero les dades de que disposo
sOn tan imprecises que no puc fer-me’n un judici.
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El punt de vista d’Einstein

" T N
V\ <+

A N
SN e \

“ T K
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Einstein considera “fotos” r separades per un temps 7.

El canvi de la posicié r — r+A durant aquest temps es determina
segons una llei de probabilitat p(A) .

O

o

n(r,t+7t)= fn(r - A1) p(A)dA
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Einstein, en un desenvolupament decebudament senzill, arriba a
I’equacio de difusio:

on
— =DV-°n
D’on conclou que: ot
(a) La particula, en promig, no es mou. <I’ (t )> =()

(b) El quadrat de la distancia de la particula al <I’(t)2> = 6Dt
punt de partida €s proporcional al temps

Una prediccio teorica comprovada per Jean Baptiste Perrin.

Fou la demostracio definitiva de 1I’existéncia dels atoms.
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Modelitzacidé del moviment brownia

El borratxo perfecte
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El borratxo pertfecte.

Surt del bar 1 fa passes a dreta 1 esquerra de manera completament
aleatoria.

Arribara a casa seva’

L’analis1 del seu moviment €s identica a la que va fer n’Einstein per
a la particula browniana.

Les seves passes estan dictades per 1’atzar. Es mou com si cada
passa respongués a una llencada de daus.

Son les mateixes les matematiques del moviment brownia, les del
borratxo perfecte 1 les del jocs de Parrondo.
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Capacitat de la fisica moderna per establir analogies entre
camps aparentment llunyans.

Moviments erratics produits per causes que només es poden
analitzar en termes de probabilitats.

Models estocastics

“Renou” \
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Se sent renou per tot:

Bases de dades: Més de 50,000 articles amb la paraula “noise” al titol.
-Circuits electrics (on se sent el renou).

-Circulacio oceanica 1 models de prediccio del temps

-Creixement de superficies

-Dinamica de poblacions 1 epidemias

-Reaccions quimiques

-Neurones
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-Sistema neuronal

Corrents electrics amb moltes
connexions 1 molt renou.

Tw = v—w—f+ecos(wt) + &(L)

El borratxo perfecte
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Dynamics of the 2001 UK Foot
and Mouth Epidemic: Stochastic
Dispersal in a Heterogeneous

Landscape

Matt J. Keeling, ' Mark E. J. Woolhouse,? Darren J. Shaw
Louise Matthews,Z Margo Chase-Topping,2 Dan T. Haydon,?
Stephen . Comell," jens Kappey,” John Wilesmith*
Bryan T. Grenfell!

Foaat-and-mouth is one of the world's most economically importart livestodk
diseases. We developed an individual farm-based stochastic model of the
current UK epidemic. The fine grain of the epidemiological data reveals the
infection dynamics at an unusually high spatiotemporal resolution. We show
thatthe spatial distribution, size, and species composition of farms all influence
the observed pattern and regional variability of outbreaks. The other key
dynamical component is long-tailed stochastic dispersal of infection, combining
frequent local movements with occasional long Jumps. We assess the history
and possible duration of the epidemic, the performance g

Foot and mouth disease (FMD) is a highly
transmissible  viral infection. which can
spread very rapidly among livestock. The
curment major epidemic in the UK has devas-
tated the livestock industry and caused severe)
eoonamic consequences for the counoy as g
whaole, The epidemic has generated a uniqu
data set describing the spatial spread of a
infections disease between fined nodes, iel
livestock farms. This, together with the avail
ahility of data on the location and livestock
composition for all UK farms [oollected by
the Department of the Environment, Food
arkl Rural Affairs (DEFRA)], offers an un-
wsual opportunity to explore the impact of
spatial and individual heterogeneities on the
course of an epidemic and the importance of
these variables for the design of appropriate
disease control programs.

A key modeling decision is how to repre-
sent the local and regional spatial clustering
of FMD cases (Fig. 1AL which preciudes the
e of standard models based on homoge-
meously mixed host populations (). This
contagion is quantifisd by the spatial infec-
tion kernel of the disease (2) (Fig. 1B); after
the intreduction of mavernent restrictions in
late February. the kemnel shows a high prob-
ahility of local spread. with a tail of less

"Department of T Unkersity of Cambi

Dewring Street, Carnbridge CB2 3E[, UK. 2Cantre

Tropical Veterinary Medidne, Unm:r:lqrofsdrh.r h,
Easter Bush, Roslin, Midlethian EHZS SRG, UK, *De-
partment of Zankagy, University of Guelph, Guelph,
Ontarke MG 2W1, Canada, % eterinany Laboratories
Agency, Haw Hav, Addestone, Sumey KT15 IME, LK,

*To whom comesponderce should be addressed, E-
mail: matb@reo camacuk

Homeaver, to explore the full spatick€mpomal
dynamics of the epidemic—in particular, the
highly irmgular behavior in the epidemic
tail—wae use 4 stochastic, spatial, individual
farm—based model. The stochastic nature of
traremission generates inherent uncertainty
in the ability to predict events; howewver. in
:hls epbdemlc there ane nlso tWo Mo sys-

the epidemic data. Second there are biasas
and various lacunae in the epidemiolkogical
and maragement data used to eonstruct the
modzl (#). We summarize how these uncer-
tainties affect our predictions in the supple-
mentary material (1.

There are two important feabres of the
outbreak, superimposad on the classical epi-
demic pattemn () (Fig. 1C). First, theme is
marked variahility in daily cass reports—
clear spikes and troughs indicabe the likely
impartance of stochasticity in the epidemic
dynamics. Becond, the epidemic has a very
long t@il, fluctuating amound four cases per
day since mid-May: we believe that this i=
primarily attributable to the spatial natume of
the infection. In a fully mixed system. the tail
should decay exponentially fast becauss there
are imufficient susceptibles to maintain the
dizease (/. However, with spatially localized
infection, pockets of suscapt bility remain. as

well a5 virgin termitory; these can be exploited
by =parks of infection from outside the region
for “smouldering”™ old infections in some cas-
&) () o produce isolated local epidemics.

Model formulation. Because of the rap-
id ransmizsion of the vines between livestock
in the same farm. it is reasonable o treat the
farm as the individual unit (4 JJ-73), clas-
gifying each holding as either susceptible,
incubating, infacious, or slanghtered. We
alsa incorporate the heterogeneity in farm
size and species composition (73) by allow-
ing the susceptibility and infectimeness of
farms to vary with the type and numbser g

parameters can b estimated from
sarved patbern of cases by maxi
hoad. HO’\.\-E’\'E[. we canmot ely nh-' on this.

Mt Carlo simulation (£ &-18). There is very
goced averall agreement betwean the average of
the medel mplicates and thereported cazes (Fig.
1). The chserved qualitative patbern of variabil-
ity is also captured by the =imulbtions—nate,
though. that we do not inclode day-to-day en-
rirommental sbochasticity inthe model. The av-
age ofour simulations slighty undemstimat:s
the epidemmic, after the decling in early April.
he first part of this & probably due to overre-
porting of cases (A7), Wi may also slighthy
underestimate the latter stages of the epidernic,
probably because of small systematic sacular
changes in traremission not currently included
in the modal, such az the mid-May tumout of
dairy cattle fom winter housing onbo pastre.

The high degree of spatial correspon-
dence between model results and data de-
pends an the inclusion of species and herd-
size heterogeneities in ramsmission (J0).
The modeal capturas the main regional fooi
of infection in Cumbria and Devon, al-
though there are some departures that may
be attributable o bigses in the data (9) or
Iozal heterogeneities. Rigorous statistical
assezsment of the spatial fit is complicated
by farm-level variation between simula-
ticns. The numerical simulations fom 23
February to August capture the overall
shape of the epidemic. Althaugh this is not
an independent comparison (hecanse the
parameters are estimated from the fit), the
madel s ability to capture the shape, spatial
distribution, and variability of the epidemic
is encouraging.

Heterogeneities in transmission. A
wide range of hetemgeneities affect the dy-
namice of this epidemic; the most notable i=
the spatial aggregation of cases (Fig. 1A
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Alguns dels efects locals causats per
I’agrupament de la infeccid es poden
modelar mitjangcant aproximacions
deterministes. Tanmateix, per a
explorar la completa dinamica
espacio-temporal de 1’epidemia, en
particular, el comportament altamente
irregular en las cues de la epidemia,
utilitzem un model espacial estocastic,
basat en granges individuals.
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El jocs de Parrondo son com el borratxo movent-se per unes escales.
La probabilitat de pujar 1 baixar depen de la posicio.
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Transport de kinesina al llarg de microtubs.

Rectificacid del renou.

Kinesin

S’ha relacionat aquest moviment d’avancament amb el
“fenomen carraca” 1 la paradoxa de Parrondo.
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mps keeps RF waveforms square, and reduces noise to near
] - sample—no small matter in the world of NMR/MRI
sone to decay. Application and recovery stay fast and noise-free
) form—gated., rapid pulse vise and fall time, no-droop
with long pulse width due to Class A operation, wide banduw The 75AP250 and 250AP250 headline this group,

which imcludes instruments with a variety of features to meet a variety of NMR/MRI applications

Yo't keep questions to yourself. Drop us a call. O visit our Website at wwaw.ar-amps.com
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Gracies per la vostra atencio!!!
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