
Testing the quantum-classical 
boundary with compression software
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1. Standard approach to non-classicality 

2. Triangle principle

3. Compression 
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Classical joint probability distribution for all properties of system exists 

Existence check some sort of inequality
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CHSH :=Corr(a,b)+Corr(a,b’)+Corr(a’,b)-Corr(a’,b’) - 2<= 0

p(a,a’;b,b’) 



A B

A’B’

dist(A,B):= 1- Corr(A,B)

1. dist(A,A)= 0
2. dist(A,B)= dist(B,A)

3. dist(A,B)+ dist(B,C)=> dist(A,C)

 d(A,B)+d(B,A’)+d(A’,B’)-d(A,B’) <= 0

 CHSH <= 0

triangle principle



A B

A’B’

dist(A,B):= H(A|B)+H(B|A)

dist(A,B):= max{H(A),H(B)}-I(A:B) 

different ‘Bell’ inequalities



dist(A,B):= H(A|B)+H(B|A)

dist(A,B):= max{H(A),H(B)}-I(A:B) 

different non-contextual inequalities
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A B

A’B’

C

C’

AC + CA'+ A'B' => AB'

AB + BA' + A'C' => AC'

(AB+BA’+A’B’-AB’)+(AC+CA’+A’C’-AC’) => 0

add them
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new monogamy between contextuality  
and non-locality 



triangle principle is weaker 
p(A=1,B=0)=1 
p(B=1,C=0)=1 
p(C=1,A=0)=1



multipartite scenario with  
binary observables

dist(A,B):= H(AB)

dist(A,B,C):= H(ABC)

dist(A,B) <= dist(A,C)+dist(CB)

dist(A,B,C) <= dist(A,B’,C’)+dist(A’,B’,C)+dist(A’,B,C’)
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local classical Turing machines

classically correlated programs

s_a s_a’ s_b s_b’



0
1
0
0
1

B B’A A’

0
1

0
0
1

0
1

0
0
1

0
1
0
0
1

local classical Turing machines

s_a s_a’ s_b’s_b

Kolmogorov(s_a) = K(s_a)  

length of shortest program generating s_a

NID(s_a,s_b) := 
  
K(s_a,s_b)-min{K(s_a),K(s_b)}/max{K(s_a,s_b)}
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local classical Turing machines

s_a s_a’ s_b’s_b

NID(s_a,s_b) +NID(s_b,s_c) => NID(s_a,s_c)

NID(s_a,s_b) is a proper distance
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local classical Turing machines

s_a s_a’ s_b’s_b
NCD(s_a,s_b) + NCD(s_b,s_a’) + NCD(s_a’,s_b’) 
 - NCD(s_a’,s_b’) <= 0

replace NID(s_a,s_b) with NCD(s_a,s_b)

replace K(x) with C(x)
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local classical Turing machines

s_a s_a’ s_b’s_b

4

/2λ

VD  (0)

HD  (1)

MA

MB

CU

LD

BBO
PC

PC

IFCC

SMF

/2λ

PBS

@θA

SMF

B

A

FIG. 3. Schematic of the experimental set-up. Polarization
correlations of entangled-photon pairs are measured by the
polarization analyzers MA and MB , each consisting of a half
wave plate (λ/2) followed by a polarization beam splitter
(PBS). All photons are detected by Avalanche photodetec-
tors DH and DV , and registered in a coincidence unit (CU).

and extraordinarily polarized photon, corresponding to
horizontal (H) and vertical (V) in our setup. A pair of
polarization controllers (PC) ensures that the SMFs do
not affect the polarization of the collected photons. To
arrive at an approximate singlet Bell state, the phase 45◦

between the two decay possibilities in the polarization
state

|ψ⟩ =
1√
2

(

|H⟩A|V ⟩B + ei45
◦

|V ⟩|H⟩B
)

, (11)

is adjusted to 45◦=π by tilting the CC.

In the polarization analyzers (Fig. 3), the photons from
SPDC are projected onto arbitrary linear polarization
by λ/2 plates, set to half of the analyzing angles θA(B),
and polarization beam splitter (PBS) in each analyzer.
Photons are detected by avalanche photo diodes (APDs),
and corresponding detection events from the same pair
identified by a coincidence unit (CU) if they arrive within
≈ ±3 ns of each other.

The quality of polarization entanglement is tested by
probing the polarization correlations in a basis comple-
mentary to the intrinsic HV basis of the crystal; for Bell
states |ψ±⟩, strong polarization correlations are e.g. ex-
pected in a ± 45◦ linear polarization basis.

With interference filters (IF) of 5 nm bandwidth
(FWHM) centered at 810nm, we observe a visibility V45

= 99.9±0.1%. The visibility in the natural H/V basis
of the type-II down-conversion process also reaches VHV

= 99.9±0.1%. A separate test of a CHSH-type Bell in-
equality [20] leads to a value of S = 2.826± 0.0015. This
indicates a relatively high quality of polarization entan-
glement; the uncertainties in the visibilities are obtained
from propagated Poissonian counting statistics.
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FIG. 4. Plots of S versus angle of separation θ. (a) Result ob-
tained from Eq. (7) (b) result obtained from using the LZMA
compressor on a simulated data ensemble, (c) measurement
of S in the experiment shown in Fig. 3, and (d) longer mea-
surement at the optimal angle θ = 8.6◦.

Measurement and Data Post-processing

We record two-fold coincidences of detection events be-
tween detectors at A and B. For each PBS, the transmit-
ted output is associated with 0 and the reflected one with
1. The resulting binary strings x from A, and y from B
are written into two individual binary files. From these,
we calculate the NCD using Eq. (9). This procedure is
repeated for each of the four settings (a0, b0), (a1, b0),
(a1, b1), and (a0, b1) in order to obtain the value for S.
To remove the bias due to differences in the detection

efficiency of the APDs in the experiment, we also mea-
sure for each setting the associated orthogonal ones (see
Appendix for details).

RESULTS

The inequality is experimentally tested by evaluating
S in Eq. (10) for a range of θ; the obtained values [points
(c), (d) in Fig. 4] are consistently lower than the trace
(a) calculated via entropy using Eq. (7), and than a sim-
ulation with the same compressor (b). This is because
the LZMA Utility is not working exactly at the Shan-
non limit, and also due to imperfect state generation and
detection.
As a consequence of Eq. (8), we expect the maximal vi-

olation for θ = 8.6◦. For this particular angle we collected
results from a large number of photon pairs. Although
we set out in this work to avoid a statistical argument in
the interpretation of measurement results, we do resort to
statistical techniques to assess the confidence in an exper-
imental finding of a violation of inequality Eq. (10). To
estimate an uncertainty of the experimentally obtained

LZMA compressor
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local classical Turing machines

s_a s_a’ s_b’s_b

why not use Shannon entropy?

1. no need to assume i.i.d. source 

2. no need to statistically interpret QM  

3. Kolmogorov entropy is ultimate  
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The Universal Declaration of Human Rights 


