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1 - Games

= Game theory: Study of multi-person
decision problems influencing one another's
welfare

= Economics, Biology, Social Sciences,
Communication

= Mechanism:
Cooperation or competition te reach a best
goal state (lromi the cooperative or
Individual peint of view,)




ames - Nash
equilibrium

- (31,32, ,Si,---,Sp) 1S Nash equilibrium if
(S1a52a Sir--:50)>P(81,8,-..,8,.-,8p)
for all’'s,’

No player cani improve his payofi by changing
his strategy, when the strategies ofi the other
players are fixed

Theor: (Nash) Every N-player game, with, finite
Strategies, has at least one equilibrium, In: pure
Or mixed strategies

= |n econemy, Nash equilibrium: = Seliinterested
iational decisions (IHomoe ©econemicus)

= Prevides a sound basis for (almost) the whole: of
(fgerous) econemic theory,




ames - Nash
equilibrium

= Example :

= Theor: Consider the class of abstract
economies with
(1) strategy sets convex and compact,
(1) payoff functions continueus and guasi:
concave,
(1) the feasibility: correspondences are
continueus, andl have nenempty: convex values.
Tfhen, the Nash correspondence Is the unigue
selution that satisfies nonemptiness, rationality.
N ONE-PErSON games and ConsIStency

(B. Peleqg, Gamies anad Econoemic Behavior 16
(1997) 27 7=269)




ames - Nash
equilibrium

= Note :

= “Feasipility correspondences”
The feasible strategies of each agent may
depend on the other agents strategies

= Social equilibrium (Debreu),
a generalization off Nashreguiliorium




However

= |When played by humans, most games do not
converge to the Nash equilibrium, consistently

= But, In some cases they do !

= |What shall we do 7
- J'o continue developing and applying classical
economic theory, recognizing that it does not apply.

[0 humans; (or not yet — see evolutionary. rers.)

- Jio abandon rationality. (even boundea. rationality)
I econemics, and. introduce allarge contribuUtion, o
ranaomness In economic decisions

- Jio modily. game theory. tor account ror'the
experimental results; and still tise the solid INash
equilivriumiramework. IS It poessible 7




2 = Dlavizitlons fropm Neisa efuilioitian e
EXPENMERIZINGEINES

+ The tltimatunrgame

+ he public goods gameNWithrana
witheut puRisRMERNT)

+ Dictator game

+ Gift exchange game
+ Third party punishment game
+The trust game
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Acceptance - (a,c)

1
- Responder = Payoff

a
Proposer .

!
Non-accept. - (0,0)

a+c=2b , a>>c,

(Example: a=99, c=1,
b=50)

RO R1
PO (a,c) 0,0
P1 bb 0,0

Monopoly pricing of

a perishable good
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Figure 2 - Cumulative Ultimatum Proposals
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8] 1 2
Pavotfs to Cooperation

Fair offers correlate with market integration
and cooperativeness in everyday. life
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+ However withreone proposeEraneErseveral
resSponders o Withrene respenderanad
tWO proposers), the results Colmcide o
are close to the NashreaguiliisrEitin
predictions

« Why ?
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A players withrendeowmentVACECIdENoRrtIE]
contribution g, deiniRerp =Y a2 a)

Nash eq. g =0 (m=<T<mmn)
(Cooperative; production, USe Ol FESOUKCES)

—O— Without punishment
apportunity

—&— With punishment
opportunity
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Nash eqg. x=0
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3/ - Neuroelegical input

A tWO-pPEersens game isa twor-brains confrontation




Neurologicall input

and a braini Is not only’ al cortex (left) frontal Ioke,




Neurologicall input

it has many. ether specialized parts, with dififerent
evelutienary. ages




Neurological input

(Cortex — Thought, action, perception of stimuli (Young)

Thalamus

Forebrain { Hypothalamus| =~ . .
Limbic System,"the emotional brain" (Old)

Amygdala

 Hippocampus

Tectum

Midbrain { Brain Stem (vital life functions :
Tegmentum

Pons breathing, heartbeat,blood pressure)
Hindbrain{ Medulla

| Cerebellum - "The little brain" (Movement, posture,balance)(Old




Neurologicall input

- Many: brain; activities are automatic, rapid processes Which
typically eccur without awareness. No' intervention off the
deliberative cortex andthe languagermoedule;

- Experiment (Whalenr et all. J. Neurescience; 8, (1998) 411):
40 ms! filashes of happy: and angry: faces activate: the
amygdala, witheut people DeIng aware: off What! they: Saw.

- Conscient actions are; preceded by a muchi earlier reaction

ofi the, limbic system), which medulates; the conscient
deliberation.

- Beware: also of “irrationality” of the rational medules :

= ExXperiments with music and light filashes. liendency. to
mentalize al synchrenization Where there isi nene.

= Jihe hindsight biasi: Overwriting off Wiat Was' previously.
pelieved. Past events may seem predictable. Erroneous
attribution of intentions to other agents.




Tlechnigues to “see™ the brain in action

- EEG

Electrical activity: eutside the brain. Goeod time resolution
(~1ms), spatial resolution; peer and does Not record
IRterior brain; activity

- PET

Mieasures, bleod How ini the; brain. Better spatial reselution
than EEG, but poeorer time reselution. Limited te) short

tasks, becalise radieactivity’ decays.
- fiMRI

VMleasures changdes in the bleod oxyaenation. WWeak signal,
petter spatial resolution than PEI (~3mm)

- Single neureni measurements
- Psychopathology.
- Brain damade in humans




Unfair ofifers in the ultimatum game
(Sanfey: et al., Science; 300 (2003) 1755)

COR

p (cor.) < 1.000 ' p (cor.} < 1.000
-g.0()

DLPRC




Unfair offiersi in the ultimatum; game

fMRI — Unfair ofifers activate prefrontall cortex (PEC),
anterior cingulate (ACC) and the insula

Interpretation:

- ACC (executive function' area) strtiggles! to) reselve
the conflict between wanting meney. (PEC) ana

disliking being treated uniairly: (Instia)
- Insula activated for pain, disgust, etc.




The neural basis of strong reciprocity

Strong. reciprocity;: = altiiistic pUisimernt

PURIshing unfair bemnavior (or secial normi vielaters) 'eveniat a
cost: te: himself

= e trust game Wikl pUiisiimesnt:
(de Quervain et al. Science 305 (2004)1254)
- Player A and B receive; 10rMU
Player A may. transfer to Breither 0ror 10
Tiransferred quantity: istmultiplied’ by 4
Player B decides| to transfier half or nothing

- [ni case off ne; transfer, player A has 1 minute; to decide
Whether to punishi or'not (prup: te 20/ points)

- Punishment costs p to A and 2xp te B
- Player A is PET scanned during the decision minute




The neural basis of strong reciprocity

- Several protocols

[F — Intentional and free

IC — Intentional and costly,

IS — Intentionall andl symboelic
NC — Non-intentionaliand costly.

L R

) B

Activation of the caudate nucleus
(IC+IF)-(IS+NC)

Activation| of prefrontal cortex
IC —IF




The neural basis of strong reciprocity

Interpreranon; -

- Activation of the caudate nucleus (region associated wWith
ieward precessing, anticipation off pleasure)

- Activation off prefrontal cortex When punisnment Is costly,
(integration off therbenefitsiand costs of punishing)

- [Ihe same caudate region Is activated When pEOpPIE rewards
COOPErALOLS.

(Rilling et al. Neuron 35 (2002) 395)

-PUnishment; of: defiectors Is altruistic In: the biological sense
pUE REt In the psychoelogical sense

- Conclusion : a satisfying socialloutcome s sweet, but
fevenge Is sweet too




The neural basis of strong reciprocity

Brian KAutson iustiation. of altriistic pPUiSment:
e $- I |

d

GO drieaad, imake my. aay.’.

“Dirty” Harry informs a norm: violator that he
anticipates pleasure from Inflicting punishment:




Oxytocin Increases trust

(Kosfeld et all. Nature 435 (2005) 673)
- Oxytocini— a small peptide preduced naturally in therhypothalamus

-'Actsi on seme functional targets (Inducingl labeur and lactation) and in
brain regions (amygdala, nucleus accumbens). It facilitates approach
DENaVior

- Tihe trust game

Investor

Transfer
(MU)

Trustee Trustee Trustee Trustee

Back
transfer
(MU)
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Oxytocin Increases; trust

- [lhe players receive; a intranasall dose either of

OXYLOeCcIn or ofi a placebno

-lhe game;is either played with an htuman: trustee
(Trust) or withr arcomputer (risk)
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Oxytocin Increases trust

—O— Placebo group

—&— Oxytocin group

— — — Back transfer = transfer
Payoff equality

=)
=
8
0w
E

Investor transfer to the trustee (MU)

- Strong efifect on investors (In: the trust experiment) but not
On| trUStees

- Reciprocity: mot affected by oxytecin




Other experiments

- Normall versus, prefirontal cortex damagde decisions (Bechara et al. Science 275
(1997) 1293)

- Brain activity: during moenetary: incentive task (Knutsen' et al. Neurolmage; 12
(20]0]0)) 203/

- Neural responses) to monetary gains and losses (Breiter etial., Neuron 30
(2001) 619)

- Gainsi versus losses activity, in the OFC (OF Deherty’ et al., Nature; Neuroscience
4 (2001) 95)

- Mirror meuron: activation (Keysers Neuron 31 (2001) 155

- Neural basis fier sociall cooperation (Rilling et al., Neuron 35/ (2002) 395)

- GaBiE§ (;/)ersus losses activity’ inr'the cortex (Dickhaut et al. PNAS 100 (2003)

- Social exclusion| (Eisenberger et al. Science 302 (2005) 290)

- Social cognition’ andl self=referencial theught (Mitchell et al., J. Cognitive
Neuroscience 17 (2005) 1306))

- Uncertainty: in decision-making| (Hsu et al., Science 310 (2005) 1680)

- Responses of the cingulate cortex in economlc exchianges (Tlomlin et al:,
Science 312 (2006) 1047)

- Tihe effects off ketamine (Corlett et al., Arch. Gen, Psychiatry 63 (2006) 611)
- Neural coding off reward (Dreher et al., Cerebral Cortex 16 (2006) 561)

- Nezuzr?g))ns encoding economic value (Padoa-Schioppa et al., Nature 441 (2006)

- etc. etc.




4 = |Mpact OIEUCGECONGMICSICHNNNIBYAUGR

- Innovations (NEW ProdUcts ECoROMICSHRUCHIE
chianges) rerorm Inrank oreaniZation)NNCLRESSENtHE
welfiare of some people but may IR CtRERSE

- An Innovatien that 1S ar potentigifPareto
Improvement, may: then Be resisSted sy SeImE)

- Envy, reciprocity, Uncertainty: CONCErNING arCihiaiNgenn
the status quor and net only menetary Iosses playia
role in the rejection

- Anticipating the resistance, the InnoVatersHmiighnt
decide not to Innovate.

- Case studies (Lewis 1955, Foster 1967, KUzZnets
1968, Kennedy 1988, Mokys' 1990) Alesina and
Drazen 1991, Fernandez andl Rodrk 1991 IRGgIenart
1997, Mui 1995, Platteaul 2000)

- Fairness prevents market clearing (Fehr et al. 1995/
- A laboratory game




ImpPact GIFREUCECONOMICSICRNRRBYALGR

- FalIAESS ana: SiHalngNNIEReN oG EITCSH
$Cason and MU 3 ECONBERNaVAaNENOREEIRNES
2002) 243)

Not Innovate Innovate
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= FalliESS! aa SiaiigNEN oY a0 eHN EIilES S
$Cason and MU 3 ECONBERNaVAaNENOREEIRNES

2002) 243)




o - Modelling heureeconemics

SCOMNOIc Orealir)

ANTERIOR
CINGULATE

PREFRENTAL
CORTEX

RUCLEUS
ACCUMBENS

PUTAMEN

AMYGDALA

HIPPOCANPUS
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= The limbic system relates

to everything (Damasio 98)
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decision making (Bechara 2005)



Vodelling| neureeconemics

1 Soprlg detllzd rigurological rezction clroults

Reevaret dotection Gigal . Folathen rawsand valuo
Raward pradiction  represartation Roward exoectation

8’(&3’3{%&& :
represartalon

Raward pradiction
Error deaclion

Reward processing (Schultz 2000)




Modelling neuroecenomics

r\ra .r.mare ElflY < Jer)Je morlellmJ ONEEPISIEIENEISIE

Several concepts::

- Inequality aversion (Fehr, Schmidt)

- Reciprocity (Bowles, Gintis, Falk, Fischbacher)

- Beliefs, preferences and constraints (Heinrich,
Boyd, Bowles, Camerer, Eehr, Gintis)

From payoffs to utility functions
Game theory with operators

-_-E

—




s,Nplayers
g, = payofiiof playeri ;  s; ={S;,; strategies of playeri ;s
=.set of all strategies
OgO0OM, —  Oud OM,
INA

ui(s) = gi(s) — (1/N-1) 2y (9k - 9i) €ap(Tk = )
with €,5(x)=a (x>0) and g,5(x)=-f (x<0)
Typically a>[3

= Aiter therapplicationrol the INA oper'é-t-or, Nash equilibrium
"Sistiound for the u’'s

= This operator leads to an utility function identical to the one
of Fehr and Schmidt







1.3
w—

Up

—
s ——

NEYpErmental results : offers <.0.2
0.4 < offers < 0.5




= Butis not!

= Example: d
AR
80| 0
510

y A
. : . : )
8 [ 8:2 e

10:0 —

10 [ 0] 10:0 0 INA

9p —_r o UR
sSeresultisttne’same In both cases. [he utility of the 8:2
proposal for the responder is the same In both cases

= But one knows that experimentally that proposal is
accepted more often in the second case




= Kindness.of | towards |
" N = number of strategies of player |

= Ui(s) = g; (s) — (1/N-1)2(K;; - Ky) 84Ky = K;)

=_Nonloecal.operator in strategy space

e

e stead o usingthedifferentialieirpayoefis to
N computerthierttility, the kindness differential is
used

= [Takes care of intentions




RECI

— 8:2 | 68|28
REC] 10:0{7.6|-3.5

Or Up

= Now the responder utility for the 8:2 offer is different in the two cases
=D = probability of 8:2 offer
=l 3 = acceptance probaiility
= The Nash equilibridm in the first case (p=0:95, a=0.46)
= The Nash equilibrium in the second case (p=0.59, a=0.46)

= However, for the conditional probabilities : if p=1 then a=0 in the first
case and a=1 in the second

| —




Calculation of Nash: eguilibria for mixed

X, =p(2.25a-1.05)+6.35a-1.75 X, =p(-1.52+0.7) +11.1a-3.5

X, =a(-5.55p+5.3)-0.6p-1 Xr =a(3.7p-2.2)+0.4p-2




Concluding questions

m "Game theory with operators” is simply a wa?/ to
systematize and unify the computation of utility
functions

m [s the RECI operator sufficiently universal ?

m Insofar as the feasible strategies of each player
are the simplex of all pure strategies, existence of
equilibrium points for the utilities is guaranteed by
the Nash theorem

m In the case of social equilibrium (Debreu) the
operators should not spoil contractibility of the set
of feasible strategies

m If more than one operator is needed, what about
commutativity properties ?

m Etc.
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