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WHY QUANTUM GAMES?

« Game Theory
« “Newtonian mechanics™ of mathemaucal social sciences
« descnibes Dynamics of two (or more) autonomous agents
« Game theory with Hilbert vector
« possible cure for difhiculty of handling player correlations

+ possible framework for quantum information processing
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ROCK-SCISSORS-PAPER GAME
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CALCULATING PAYOFFS
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ELEMENTS OF GAME THEORY

Pavoll matrix (game table
Jomnt probability (strategy

Pavoll. 1l = Z PapMap
AB

[l = _>_ PapLagp
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Nash Equilibria (solutions
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PD GAME WITH PUNISHER

A game with Incomplete information on player types
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MULTI-SECTOR GAME

Hrsanvi : Type a, & with mixtures Sl 71
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DEFECTS OF CURRENT
THEORIES

Acsthetic: Ugly math with underlying probability vector
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Nanotechnological: Need 1o
handle quantum devices: Spins

Quantum strategy aus unitary vector !
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PLAYER ACTION &
PROBABILITY

» Classical Strategy : Individual Probabilities

Pa :Alice. @8:Bob Pap = PaQpg

« Quantum Strategy : Individual Unitary Actions
Ua:Alice, Vi:Bob Pag = |[{AB|U,V3 l(]))lz
if entanglement present  # P,Qp in general
« When |#) = 00y back to Classical w. identifications

Py = [(A| U, |0)[2 and Qg = |(B] V3 [0)]?
v Plav Strategy Py (Qn = Adjust ‘angle’ a J



QUANTUM STRATEGY

» Implementation

|} Pre-game calibraton with
P (M)
2) Game play with full

entangled state Agata

D) = cos 5 00) + ¢'" sin 5 ()

Pap = (AB| U, V4 |®)|*

« Nonlocality:
Action of Alice appears aflected by action ol Bob




CERECEDA GAME

« A version of Battde of Sexes Game
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Battle of Sexes / Chiken Game; look for Bayesian Nash Eq,.



MULTISECTOR QUANTUM
GAME

Type [a], |£] with mixtures S®#1, 717
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Payoll Matrices for Alice and Bob Map: ~AB
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CLASSICAL AND QUANTUM Pag
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CLASSICAL BAYESIAN NASH

Random play results in
Negative Pavoll

Eight Nash E. : examples -->
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QUANTUM BAYESIAN NASH

« Maximally entangled state
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BELL INEQUALITY

« (Gedanken oxpm'imcm on chichotomic 2 x 2 svstem
Alice spin measured 11 .\'(‘(lings a=0,1, ﬁ

projeccion A =0, 1  (sy=-1"

Bob spin measured i settings 4 = 0, 1,
projecion B=0, 1 (sp=-1%

|ab)

« With Local Realism, P ABatisty
p[00] = p[w] v p[ﬁl] = p(”] < ()

p[ﬂol [10] p[ﬂll p[‘1]<0




BELL & QUANTUM NASH
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« Positive payuﬂs are result of nonlocal strategy

« Never achieved with classical strategies



ANATOMY OF QUANTUM MOVE
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« Ist+2nd terms: (}amc-bymmclnzcr / Altruism

« 3rd term: Quantum Interference / Nonlocality
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ALTRUISM AND NONLOCALITY

« Altruism most visitble in v = wn/2. o = w/2 case

P = LP0Ql 4 1QY  (ineo MMl = L)

[flb; ll’)l uh. !ab" \ :lll :b
I =y = Z( Myg + Lag)Py'Qp
A local, thus cl:mu‘hf C mu.l.ttiun (“cheap talk”™)
* Nonlocal and altraistic in v = n/2, & =0 case

ey = Z\l""‘] cos(all—4%) + 3 My sin{a’*l-3%)
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SUMMARY

In jomnt probability formalism, Quantum Strategy 1s a
natural extension of Classical Strategy

Separation of control variable and probability
-> Correlated and Nonlocal Strateges inclusive

Concept of Control (strategy) and Gain (pavofl) to
Quantum Information and Quantum Metaphvsics

Quantum entanglement manifest itsell’ in Harsany
games with Bayesian players



FUTURE DIRECTIONS (GEN)

Do quantum game experiment!
N player quantum games
Application in auction, inance?

Quantum mformation processing!
proper '.Z-p'dl’li(‘lv control to

enhance desired phenomena



REFERENCES

1.Cheon Homepage

http://www.mech.kochi-tech.ac.)p/cheon/
T.Cheon & A.lgbal, J. Phys. Soc. Jpn. 77 (2008) 024801,
Algbal & T.Cheon, Phys. Rev. E76 (2007) 061122,
1.Cheon, Europhys. Lett. 69 (2005) 149-155.

1.Cheon, Phys. Rev. Lett, 90 (2003) 2581005.



