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Introduction

& Statistical physicists are more and more interested
In systems out of the realm of physics (biology,
networks, competitive systems, epidemics,
f1l nancee)

& Emergence of the fields of biophysics,
Aeconophysicso, andé@g

Physi cs of
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Introduction

& The collective behavior of systems with many
degrees of freedom does not necessarily require
a complete description of the properties of the
Individual agents (provided the main
Ingredients have been identified)

¢Despite the nfree willo
properties of individual agents, robust and
deterministic collective effects can emerge
that are suitably tackled by the methods of
statistical physics

¢ Poker tournaments, sport championships, and
games are perfectly n ¢ | e @and isolated
systems, a priori obeying purely i h u malaws
(bl uff, prudence, aggr es:s



Introduction

¢ Added value of the expertise of statistical
physicists:
A Used to modelize complex natural phenomena

involving collective effects, at and out of equilibrium
(identify the most important ingredients)

A Interplay between theory and experiments/data
(robust and predictive nature of models)

A Systematic use of numerical simulations
(design/test/solution of models)

A Wide range of powerful mathematical techniques
(statistical physics, probability theory, stochastic
processes, non-linear dynamics, multi-agent models,

cellul ar automata, (dynami
¢ Link to other physics/probabillity problems:
persi stence, the nleader pr
statistics, polymers I n ran



WSOP 2009: 57 tournaments (2001 6500 players)
Main event 6494 Ia__ers_ 10000% buy In; winner prlze 8.5 M$
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Exampl e of Texas
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Main Ingredients of a
Poker Tournament

¢ The 0 b(l) (betthgunit) increases exponentially
(for x,=3000, b=40, 60, 100, 200, 300, 4002 )

¢ Most of the times, the winner of the hand wins a pot of
a few blinds; but sometimes, two or more players
raise each other aggressively and bet a

large fraction if not all of their stack: N a-1 h! O

A simple but faithful model of poker
tournaments should incorporate these features



A Model of Poker Tournaments

& N, players distributed on tables of T=10 seats receive X,
chips

At the start of any deal , t1l
b(t)= yexp(t/ ty) (XA by)

& Each player receives a hand (a random number cl [0;1])

& Players can call (i.e. bet b) with probabillity p(c), if c<1-q,
go all-in, if c>1-q (and can be called by other players
having a hand c¢>1-g), and fold otherwise
NB: p(c) is irrelevant; for instance, p(c)=c"

& The best hand wins the pot; time is updated to t+1

¢ Tables run in parallel; players are redistributed on empty
seats in order to minimize the number of active tables



Master Equation Including All-in Events

P _ 02b2H2P 2
o = 55 + 2(K(P) - P)

P(x=0,t) =0(absorbing condition: "Persistence")

¢ All-in Kernel (time argument dropped):

1 +oo P(y)
K(P) = —P(.CL‘/2) 52 Td

/2 P(y)
+ 2/ P(x —y)——

+ [ P(:c+y)P—y)dy

A Wins against a bigger stack
A Wins and eliminates a poorer
player

A Looses but survives against a
poorer player

¢ All-in decay rate = diffusive decay rate
L . _ - 5
q is fixed uniquely: , — \/(T_l)to




Scaling Regime (#» t,A 1)

it AN _N@® [ =
¢ Stack distribution: P(z,t) = 3¢/ f (m)
¢ Exponential decay of the number of
players controlled by the growth rate of

the blind:
N(t) 2xQ
"No — /wto crbo

b
tp

¢ Estimate of the duration of a tournament:
tf __ 1 o
= In(Np) — 5 In(to) + In (bo)

to



Scaling Equation for the
Di stri buti on of

¢ Scaling equation (integro-differential, non-

local, and non-linear!) in terms of X = Y’&)

(X0 4+ X f1(X) + 5£(X/2) [§5 F(V)dY

+ X (X Y)Y F(Y)dY

+5l0 (X +Y)f(Y)dY =0

No free parameter in the distribution of
nwe a lfXhoo its cumulative sum F(.X)



Internet Tournaments (22-55% buy-in)

f(X) ~ 5, f(X)  ~ 2pehX
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Internet and WPT Tournaments

(1$ to 20000% buy-in; average to world-class level of play)
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Comparison with the income distribution of
employed workers in France (2007):

Poker less egalitarian for X<2, more for X>2
1
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The NLeader Pr ol

¢ Competing agentsgetatime-d ependent MnAscor eo

Si(t) = s(vit + x;)

where S is any continuous increasing function (e.g. arises in evolutionary
biology models)

¢ The fithesses v; are independently drawn from the same distribution f (v)

¢ Then, the average total number of leaders and its variance verify:
(Ly) =B8InN
(Ly) —(Ly)? =~InN
where the constants and ° are universal and only depend on the

large v properties of f (v) (3 universality classes of extreme statistics:
Gumbel, Fréchet, Weibull) 1

Most common case: b ==, g=Zr

2



Properties of the

®Thenumber of succes growths

logarithmically with the number of initial players
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Distribution of the Chip Leader Stack

Gumbel 0s di stri buti or
1 . | .

o G(z)
///.
/f
_ g
1 T ; 2 4
z = (xlead — Zjead)/(x 2Iead — CE|ead)1/2
9(z) = J=exp[=Z — exp(=2)]
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Other competitive systems:
baseball and football (CS & S. Redner)

¢ Interest of baseball: large database (~160 matches per
team & year since 1900!), no draw, no home advantage!

¢ Bradley-Terry model:

D gefents| = % , % 1[&e1] (uniform i.i.d. random variables)

X+ X%

¢ Natural extension for football when the team |
plays at home (g >1):
ax% X

pldefeatsj = p , pj defeatsi :p

ax + X gx +X

, pdraw:1 -



Other competitive systems:
baseball and football (CS & S. Redner)

¢ Fraction of wins vs rank during the two major baseball
eras (1900-1960; 1961-now) & the corresponding
streaks pdf (one parameter model); # of leaders ~InN




Other competitive systems:
baseball and football (CS & S. Redner)

¢ Fluctuation of the fraction of wins vs rank during the
two major baseball eras (1900-1960; 1961-2009) and
ot her consistency tests o

0.04

f




Understanding performance vs
rank in football (soccer)

¢ Number of points/fraction of home wins/draws/away wins
In major European leagues vs rank (here, UK and
Germany; 2 parameters model)

<« 1.5

P, H, D,

¢ Inter-league comparison via European cups



A Simple (Golden) Game

¢ Possible game histories: Bethe/Cayley tree of depth 2n
Final score S 2{x,, k=1,& 22"}, x, 1.i.d. random variables

& A wants to maximize S, and B wants to minimize it



