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General framwerork

N agentsM resources and a matrix of dependenci{eéi“}

¥ Agents ae
¥ heterogeneous
¥ selfsh
¥ Resouces ae
¥ equivalent
¥ scace
¥ (distributed)

¥ No direct interaction Resources

NI "

Typical maavscopic poperties : random{ &'} —- M=1IN



Typical poperties

Sample-independent in the limit of mte N
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GE Dr linear production economies [Lancaster]
[De M.-Marsili-Brez Castillo]

N Prms,M commodities and an input-output matr{>€i“}
Variables {si ! O} " s, {x*! O} " x, {p"}!' p

Find (s, X', P ) such that

| | u
S = arg rsna>(§ [3, Zpu!i}

U

X' = arg max U(x) + b
xz" B T

XH=yh+ st

1. Distributions of sx,p,...
2. Unigueness/stability
3. GDP vs M/N



Lotka-\blterra [May] [?]

[De M.-Marsili]

N speciesM resources and a matrix of dependencig§" }

Variables {n; > 0}

— =hi(t) " +" AR (L)
U

AR(L) = Ab = D110 (1)
J

1. Unigueness/stability of the steady state
2. How maury species can be supped?



GCMG [Challet-Marsili]

N agentsM information bits and a matrix of strategiéﬁi“ = 1}

Variables {n; = 0/ 1}

U(t+ 1) = Ui(t) = —ai A(t) — !
ni() = U@ , At = al'ni(t)

X =  XH/M 1. Statistics oA\ (returns)
2. Finite N efécts



MG [Arthur]
[Challet-Zhang]

N agentsM information bits and S stratggmatrices{ ai”g =+ 1}

Variables {g = 1,...,S}! {s==x1} (S=2)

Uig(t+ 1) ! Uig(t) = ! aigA(t)

9i(t) = argmaxUig(t) . A1) = ally

1. Statistics oA (returns)
2. ...



Route choice game [Selten et al.] [Helbing et al.]

[De M.-Marsili-Mulet]

N drivers on a grid of M s&ets

Destination

Alternative/

Alternative/
Route 2

1. Statistics of trafeloads

2. ..

v




Also

Market organization [Veisbuch-Kirman-Heeiner] [De M.-Marsili]
Round-trip transaction models [Challet]
. Auctions [\bhra-DeVries]

AW

Not Majority Games



Why bother?

1. Dream identify the micoscopic ingedients ofOstylized factsO
2. Compute emerging macoscopics without RA [Kirman]
3. Systems with dect interaction
a. social [Bala-Ggal] [\ega Redondo]
b. combinatorial auctions [Galla et al.]
C. ...
4. (Rigprousl)



Generic esult on P(A)
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Market impact basic idea

Agent watching a MG wants toraluate hav good his trading strategies ar

L out =1 ag"A# IX™" (time arg)
Then ges in

A" # 1A+ ag”

Ll " ag #A$" agag = 19" 1

7Tiqr!]! I "ag #AS" agagr ! WSHt

Vg ! "Ug(t+ 1) # Ug()$= 1!+ 1# f,

K



Reducing the edtcts of Ml

Vg ! "Ug(t+ 1) # Ug(t)$= ! ' + 1# fgq

¥

vg =1+ 11 fg+ "fyg

Modiked learning[Challet-Marsili-Zecchina]

a; A(t) ' o
Ug(t + 1)1 Usg(t) =" gN o ga(®




Steady state [De M.-Marsili]
[Heimel-De M.]

2 strategies per agent
si(t) = x1
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Steady state [De M.-Marsili]
[Heimel-De M.]

2 strategies per agent () e
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Remark

N is not self-geraging




Summay :steady state

=1 n=~0
Number N | eN (1) Uniqueodr! > 1 .
' Degeneratedr ! < ! .
Geometry Discrete (Continuous)
: : ' >
Dynamics Not ergodic Ergpdic Tor ¢
Not ergodicfor ! < I .
Agents Deterministic Stochastic
Convergence (Fast) Fast

P(A) HZO0 H=0for! <!




Note

A(t)! ARM

A(t) ! 11
Uig(t+ ) Uig(t) = ! alg” = + 000

—_—

O(N~"2) O(1/N)

But in the long term (@erage aer information)

A = O(1)



Lotka-\blterra [May] [?]

[De M.-Marsili]

N speciesM resources and a matrix of dependencig§" }

Variables {n; > 0}

— =hi(t) " +" AR (L)
U

AR(L) = Ab = D110 (1)
J

1. Unigueness/stability of the steady state
2. How maury species can be supped?



Model demition

I n;

It
H

AR(L) = Ab = D110 (1)
J

Parameters :

s>0, ¢, a

—— =hi(t) " +" #HAR(t)

Ab=M+s MxH

lzh" = 0

R =

(errns)=1



Results

Fraction of

g . Variance of P(A)
surviving species

y :

|<:ll for"<"C 0 :O f0r|<'C

| <" for" > >0 for! > 1.
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Results

Al=M+s MxH

Em = (R 2 =1

Nmax = M/ ¢

Increasing snore species can be sustained But also inceasing!



Stability
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Note : adding species deenses stability (saturation)



GELPE

N Prms,M commodities and an input-output matr{>€i“}
Variables {si ! O} " s, {x*! O} " x, {p"}!' p

(s',X,p) such that

L | !
S| = arg max [s, Zpu!i}

vl
X' = arg max U(x) +b.c
" B o

Xt =yk+ gl



GELPE

N Prms,M commodities and an input-output matr{>€i“}
Variables {si ! O} " s, {x*! O} " x, {p"}!' p

(s',X,p) such that

L | !
S| = arg max [s, zu:pu!i}

X' = arg rqaé(U(x) | i i

Xt =yt + . Si!é’“ I U(x) = Zk)gxu
7



Basic idea

U(x) = logx" ! optimize on the initial imbalance of commodities

o(y) = 6(y! y)" noactivity at all :P(s) = (s)



Typical poperties  [De M.-Marsili-Brez Castillo]
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Stability [De M.-Marsili-Brez Casitillo]
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GDP [De M.-Marsili-rez Castillo]

0.4

—— dGDP/dN!=0.01
— " 1=0.05
— " 1=01
——- dGDP/dC!=0.01
—— " 1=0.05

——- " 1=01

e







