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. Genuine LF inequality:

—(A1) — (A2} — (B1) — (B2) — (A1 B1) — 2(A, By)
—2<A231> -+ 2<A232> — <A2B3) — <A3B2> . (AgB';) —-6<0.

. Bell I3395 inequality:

—(A1) + (A2) + (B1) — (B2) + (A1B1) — (A1B2) — (A1B3)
—(A3B1) + (AsBs) — (AsBs) — (A3B1) — (A3By) — 4 < 0.

. Brukner inequality:

(A1B1) — (A1B3) — (A3B;) — (A3B3) — 2 < 0.

. Semi-Brukner inequality:

AB S (AR = (AE — (B =0 < b,

. Bell non-LF inequality:

(A2B2) — (A2B3) — (A3Bj) — (A3B3) — 2 < 0.
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Definition 2 The distinguishability complexity
Cp(la), |b),A) is the minimum number of gates in any
circuit U satisfying |P(m|Ula)) — P(m|U|b))| > A,
where m is any local product-state outcome on some or

all of the qubits, and P(m | |¢)) is the probability of that
outcome given the state |1).
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Definition 2 The distinguishability complexity
Cp(la),|b),A) is the minimum number of gates in any
circuit U satisfying |P(m|Ula)) — P(m|U|b))| > A,
where m is any local product-state outcome on some or
all of the qubits, and P(m | |¢)) is the probability of that
outcome given the state |1).
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Definition 3 The distinguishability complexity proxy
Cp(la),|b),A) is the minimum number of gates in any
circuit U satisfying |(a|Ula) — (b|U|b)| > 2A,
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Definition 4 The interference complexity Ci(|a), |b), A)

Definition 2 The distinguishability compleaity s the minimum number of gates in any circuit U satisfy-

Cp(la), |b),A) is the minimum number of gates in any a)+ei? az_é, b)

circuit U satisfying |P(m|Ula)) — P(m|U|b))| > A, ing ‘P(mlU V2 %) = P(m|U )‘ 2 A, where
where m s any local product-state outcome on some or 0 is any phase, m is any local Pmd“f t-state outcome on
all of the qubits, and P(m | |¢)) is the probability of that some or all of the qubits, and P(m | |4)) is the probablity

outcome given the state |1)). of that outcome given the state |v).
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Definition 3 The distinguishability complexity proxy
Cp(la),|b),A) is the minimum number of gates in any
circuit U satisfying |(a|Ula) — (b|U|b)| > 2A,
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Definition 4 The interference complexity Ci(|a), |b), A)

Definition 2 The distingutshabilsty compleaity s the minimum number of gates in am/ circuit U satisfy-

Cp(la),|b),A) is the minimum number of gates in any

aH—e a?—é’ >
circuit U satisfying |P(m|Ula)) — P(m|U|b))| > A, ing ‘P(mlU V2 %) = P(m|U )‘ 2 A, where
where m s any local product-state outcome on some or 0 is any phase, m is any local Pmd“f t-state outcome on
all of the qubits, and P(m | |¢)) is the probability of that some or all of the qubits, and P(m | |4)) is the probability

outcome given the state |1)). of that outcome given the state |v).
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Definition 3 The distinguishability complexity prozy Definition 5 The interference  complexity  proxy
Cp(la),|b),A) is the minimum number of gates in any Ci(|a), |b),A) is the minimum number of gates in
circuit U satisfying |(a|Ula) — (b|U|b)| > 2A, any circuit U satisfying [(a|U|b)| + |(b|U]a)| > 2A,
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Alice’s qubit: | X H H Rz (-61) H

Bob’s qubit: - X

D
W

Rz(-B+6,)HH

Charlie;: A

ALICE SETTING

Charlie,,: A

Debbie: BOB SETTING A

Measurement:

Semi = Brunktuwe, M%w?(
(A3 B3) — (A3Bs) — (AsBy) — (AsBs) — 2 < 0.
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- =+ Theoretical maximum «+«+++ No violation

Simulator

i R e e e e e I
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0.00 1
—-0.251

=0.50+ ~@- Ideal simulator

&~ 1% depolarizing noise
=0.751 @~ 2% depolarizing noise

~@- 3% depolarizing noise
—=1.00 ety
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Charlie size (number of qubits)

Semi-Brukner Violation Value

0 1 2 3 45 6 7 8 9 10 11
Branch Factor

Hardware
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Friend state fidelity (depolarizing model)
%
»

Min. threshold for valid violations

Estimated Friend State Fidelity on quantum computer backends
Brancl:5 Factor6

1 2 3 4 7 8 9

10

ibm_torino
Quantinuum-H1
ibm_sherbrooke
ibm_osaka

lonQ Forte

IQM Garnet

2 3 4 5 6 7 8 9 10
Friend size (# qubits)

11

Gate Counts

200

150

100

50

Compiled gate counts on quantum computer backends

Branch Factor
4 5 6

1 2 3 7 8 9 10

ibm_torino single-qubit
ibm_torino two-qubit
Quantinuum-H1 single-qubit
Quantinuum-H1 two-qubit
ibm_sherbrooke single-qubit
ibm_sherbrooke two-qubit
ibm_osaka single-qubit
ibm_osaka two-qubit

lonQ Forte single-qubit
lonQ Forte two-qubit

IQM Garnet single-qubit
IQM Garnet two-qubit
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