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Motywacje

Optymalizacja decyzji podejmowanych w
warunkach konkurencji

Zabezpieczenie przed manipulacja
wynikiem gry

Poszukiwanie nowego typu strategii graczy,

Innych niz strategie czyste, mieszane czy
skorelowane rozktady prawdopodobienstwa

Demitologizacja gier kwantowych



Plan

Optymalizacja wynikow przez rownowagi
skorelowane Aumanna

Gry kwantowe w schemacie EWL

Pareto-optymalnosc¢ kwantowych strateqii
mieszanych

Symulacje IBM Q gry kwantowe]
,pbezmysiny kierowca”



Games and probabillity distributions

We consider two player games

G = (N, {SX}XGN, {PX}XEN)

where:
N = {A, B} is the set of players
S, =1{4,,4.}, Sy = {B,, B;} are possible pure strategies

Py:Sy x Sp — {v& e R |i,j = 0,1}, X = A, B, are payoff functions,
represented by the game bimatrix

((Uéqo» V(])go) (U641» V(])31)>

(77140» Vfo) (Ufp 77{31)

Let

A(Sy X Sp) = {Zi,j=0,1 0i;A;B; | Oij =2 O'Zi,j=0,1 Oij = 1}

be the set of probability distributions over S, x Sg



Correlated equilibria

Probability distribution {s;;}, _  over setof strategies

(A, B =0, Of the game G Is a correlated equilibrium iff
Zj=01 l] vl] >Z] Olo-uv Lj and Zj=01 ]l v]l ZZ] =0,1 ]l ]( 3)

where —i = i is the index of the remaining strategy.




Payoff B

Efficiency of selected classical games
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Efficiency of selected classical games

Alice

prisoner’s
dilemma

Ao
Ay

Bob
B B,
(3,3) (0,5)
(5,0) (1,1)

0o = 091 = 019 =0
o171 =1

1

2

3

4

Payoff B

battle of the BOb
sexes

By By
4, (32 (1,1
4, (0,00 (2,3)

Alice

3009 = 01, Ogp = 3079
30'11 > 001, 011 > 30'10
1

2
NE @ s
©) CE
A(Sx % Sg)
NE@ NE
AS, X ASg
. 41
(12
Ocg = 0
40
1 EI 3
Payoff A

1/2

)



EWL Quantum Game

The Eisert-Wilkens-Lewenstein quantum game is based on the scheme:

100) =

—
<=
o
~

where: |00) is the initial state

J= \/%(IA +i0,®0,).JT are the entangling, disentangling operators,

; 0 . i . 6
R e'%X cos =+ iethx sin—-
UX(HXJ aXJﬁX) =\ . . Ox . 0 , X =A4,B,
ie~thx sin—=  e™""X cos—

|¢f> = Xij=01DPij |ij), is the final state defining the game payoffs



Quantum game payoffs

[,:SU(2) x SU(2) — R are payoff functions defined by:

Mx (U4, Up,v) = Xk1=0 vl)c(,l|<ka,l(y)|UA®UB|LP(V)>|2» X=AB

Wi, (1)) = Ce®C [P (¥))

In case of a fully quantum case y = mn/2 :
l_[X(UA' UB) — Zk,l=0,1 |Pkl|2 vl)c(l’ X =A4A,B,

where:
1Poo|? = cos%cos%cos(% + ap) + sin%sin%sin(ﬁA + Bg), |0)Oo‘? k) H
1Po1|? = cos%‘sin%cos(% — Bg) + Sin?ACOSTBSin(aB — B4, |O)QI—E T H
Ip1o]? = cos%sin%sin(% — Bp) + sin%cos%}cos(af; — Ba), |0)OZ—E H—e—T—H
Ip11|? = cose—Acosg—Bsin(aA +ag) — sinH—AsinH—Bcos(ﬂA + By). |0)o,- H T T H
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EWL with Frgckiewicz-Pykacz
parameterization

Let us restrict the set of quantum strategies to

. 6 . 6
R e iPx cos7X —e " iPx sin7X
UX(HXI ¢X) — 9 0
X X

AR
=03 =G o)
B=0m0=(] )
2 =0(05)=(p 2)

* In this parameterization, there are additional Nash equilibria in pure
strategies

« F-P parametrization is invariant with respect to strongly isomorphic
transformation of input games
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Quantum Mediated Equilibria

Player B

——~
= =i
GL 7.."

.Al .A_U .Al .AU

z.l\/l\fl\fl\

e T T e T
= = — —
Bl Bﬂu Bl Bﬂu

.nnl .A.U Al .A_U

((((

—~
— .

.nnﬂu .nnl AU .Al

((((

P e e M e T
i i
S mE mS s

[} = [ =T~

AU Al AO Al

/.lll\....lll\r.lll\....lll\

Vv 124e[q

QME
C,CE

A(Sy X Sg)

NE @

AS, X AS

Payoff A

Payoff A



Quantum Computer

https://quantum-computing.ibm.com/

IEM Quantum Experience
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Quantum

Classical

Computing

Calculates with qubits,
which can represent
0 and 1 at the same time

Power increases
exponentially in proportion
to the number of qubits

Quantum computers
have high error rates and
need to be kept ultracold

Well suited for tasks like
optimization problems, data
analysis, and simulations

Computing
—0o—

— @@

Calculates with
transistors, which can
represent either 0 or 1

Power increases in
a 1:1 relationship with
the number of transistors

Classical computers have
low error rates and
can operate at room temp

Most everyday processing .
is best handled I .

by classical computers
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Wnioski

. Skorelowane rownowagi znacznie poprawiajg
paretoefektywnos¢ rownowag Nasha ale
wymagajg urzgdzenia korelujgcego, ktére moze
by¢ zmanipulowane

. Gry kwantowe umozliwiajg stosowanie strateqii
niedostepne dla gier klasycznych

. Rownowagi Nasha gier kwantowych sg bliskie
paretoefektywnosci rownowag skorelowanych

. Gry kwantowe uniemozliwiajg manipulowanie
wynikami



