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Quantum Advantage (a.k.a. quantum supremacy)

Google: 
Sycamore 
superconductor

USTC: 
Jiuzhang 
photonics

quantum advantage: experimental demonstration of the computational power 
of a quantum device far beyond that of any existing classical devices.

• constitute a milestone of quantum technology (high-precision control of complex quantum 
systems)


• challenge Extended Church-Turing Thesis (the foundation of computational complexity theory:  
the concept of efficiency is expected to be independent of the physical realization of computers)



Quantum Advantage based on               
Random Unitary Circuits (RUC)

quantum 
device

Sampling based protocol: (1) suitable for NISQ device (in contrast to implementing Shor’s algorithm);  
  (2) with complexity-theoretic support

} x ∼ q(x)
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Google’s Sycamore chip: RUC on a 2D array

is believed hard to simulate classically 
with complexity-theoretic evidence

A.Bouland, et al. Nature Physics (2019)

But how to benchmark?



Linear Cross-Entropy Benchmark (XEB) 

XEBU = 2N ∑
x

pU(x)q(x) − 1 = 𝔼x∼q[2NpU(x) − 1]

Linearization of KL-divergence ⟨α log (pU(x)) − β⟩x∼q

p  q, XEB  1 for chaotic quantum circuits 

p and q uncorrelated, XEB  0 
non-vanishing XEB —> p and q have non-trivial correlation

≈ ≈
=

More general  cross-entropy ⟨ f (pU(x))⟩x∼q

among several candidates, linear cross-entropy has the smallest 
statistical fluctuation when estimated empirically 

Google. Nature (2019) 

ideal circuitexperimentideal circuit

experiment



More motivations: two purposes of using XEB

• proxy for fidelity 
linear cross-entropy is similar to fidelity (numerics and 
analytics under strong assumptions) 

• certification of quantum advantage 
high fidelity is hard to achieve classically —> its proxy 
should also be hard 
direct complexity-theoretic evidence (achieving high 
XEB is classically hard)

Google. Nature (2019) 
Google. Nature Physics (2018)

Scott Aaronson and Lijie Chen. CCC (2017) 
Scott Aaronson and Sam Gunn. arXiv:1910.12085



XEB as certification of quantum advantage

noisy quantum 
or classical ?

classical description 
ideal quantum 

U

supercomputer

or extrapolation from small sizes simulation 

x~q

p(x)

empirical

XEB χ

χ > χ0

χ < χ0

quantum 
advantage

NO quantum

advantage

computational complexity version of

Bell’s inequality



Classical Challenger?

53 qubits in 200s: 

7,000,000 samples 
XEB>0.002

Google’s claim: 10,000 yr for a classical computer to

achieve XEB>0.002 with 7 million distinct bitstrings

seems challenged by:


heuristic algorithms for tensor network contraction


improves the above, 20 days in Summit supercomputer

improves it further, 5 days using 60 GPUs

highly correlated bitstrings thus possible to distinguish from experiment (but we don’t know how); XEB not enough?



Classical Challenger?

53 qubits in 200s: 

7,000,000 samples 
XEB>0.002

these classical algorithms will fail due to

the intrinsic complexity (exp resources)


They are not scalable!


the end of the story?

70 qubits in hours: 

100 million samples 
XEB>0.0005

Scott Aaronson’s blog:
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No, we have a different type of spoofing algorithm
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• Overview of our results and their implications 

• Random Unitary Circuit (RUC) 

• Description of our spoofing algorithm 

• Key results of our algorithm: (1) scalability;  (2) XEB vs. fidelity 

• Implication on the two usages of XEB



Random Unitary Circuit (RUC)
random 2-qubit 
gate ensemble

1-qubit Haar 
independent

arbitrary 2-qubit gate

either fixed or 
from an ensemble 

Control-Z (CZ)

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 −1

2-qubit Haar

fSim

1 0 0 0
0 0 −i 0
0 −i 0 0
0 0 0 eiπ/6

U |ψ⟩ = U |0⟩
uniform on Bloch sphere

po
sit
io
n

depth d

Google’s gate

could be arranged on arbitrary architectures 
(1D, 2D, Sycamore architecture, etc.)

Is the XEB really hard to spoof?

x or (x, y)



A simple example of spoofing algorithms

Motivation of the spoofing algorithm:


• in noisy circuit: noises truncate entanglement 
or correlations effectively among subsystems


• in our algorithm: introducing “effective noise”: 
gate defects by omitting some gates                                                    
removing correlations explicitly —> 
subsystems decouple —>                                  
much easier to simulate

not to simulate the noisy circuit

but  and  competeXEBour algorithm XEBnoisy circuit



Performance of our algorithm
Complexity-theoretic: 1D Haar random, linear-time classical algorithm outperforms any noisy 
circuit (no matter how small the noise is) for large enough number of qubits in XEB test

Δ1 ≈ Δ2

Δ1 < Δ3
mean value of XEB ∼ e−Δ1d

STD of XEB over U ∼ e−Δ2d

XEB for noisy circuit  when ∼ e−Δ3d ϵ → 0, Nϵ > 1

decay rate of our algorithm (constant subsystem size) 
< decay rate of any noisy circuit in large  caseN

Our algorithm

up to a simple generalization

There is a nice interpretation using Ising model



Performance of our algorithm
Current experiment: Sycamore architecture with 53 qubits & 20 depth

• super-fast classical algorithm (<10s using only 1 GPU); XEB comparable to Google’s (which 

is ~ 0.002)


• in our algorithm, XEB  0.007 for Haar random, XEB  0.024 for CZ

• for fSim (Google’s gate), XEB ~ 10% of Google’s in average enhanced by power-k method

≈ ≈

CZ
Haar

fSim
fSim (power-k, k=10)

fSim, Google

amplifying XEB by a heuristic

post-processing: power-k method 

  up to 

supported by analytics for a toy model 


and numerics for Sycamore circuit

EU[XEBk] ≈ k ⋅ EU[XEB1] k ≈ 10



Performance of our algorithm
Scaling to more qubits: XEB in noisy circuit decreases, in our algorithm usually increases 
• extending Sycamore to 71 qubits: XEB ~ 10% of Google’s & > Google’s in average enhanced 

by power-k

HaarHaar

fSim

our algorithm has better scaling for achieving high XEB

will eventually outperform noisy circuit



Implication 1

These challenge XEB as a scalable measure to directly certify quantum advantage

In 1D Haar random ensemble, linear-time classical algorithm better than any large 
noisy circuit


53 qubits Sycamore architecture, super-fast classical algorithm (<10s, 1GPU), 
comparable to Google’s


Our classical algorithm has better scaling with system size than noisy circuit

Our algorithm is just an example;  
it’s pretty simple and there is a lot of room to improve



XEB vs. fidelity in our algorithm

XEB could highly overestimates fidelity

not a good proxy for fidelity in general

In our algorithm 
XEB highly overestimates fidelity

In noisy circuit (i.i.d. 1-qubit noise) 
larger noise, more overestimation

In noisy circuit (i.i.d. 1-qubit noise) 
The overestimation is minimized by fSim

Haar 
Sycamore, d=20



Implication 2

assuming independent weak noise 
fSim is optimal for XEB fidelity 
A good choice by Google!

≈

XEB as proxy for fidelity is not un-conditioned

the conditions should be checked experimentally

violation of these conditions are 
like the loopholes in Bell’s test



other measure for quantum advantage? the original quantum supremacy 
protocols are based on total variation distance (TVD)

1
2 ∑

x

pideal(x) − qexperiment(x)

hard to measure; but high fidelity implies this quantity not small

An indirect usage of XEB to certify quantum advantage? 
• XEB estimates fidelity only for noisy circuit (need to make sure, e.g., weak 

independent noise) 
• not as a score for a classical challenger to achieve (the score is e.g., TVD) 
• but only supports that experiment achieves other score like TVD

e.g., BosonSampling, Ising dynamics (IQP), theory for RUC, etc.

Discussion

based on XEB as a proxy for fidelity



XEB is not a good measure, for both estimating fidelity and certifying 
quantum advantage, if without further assumptions on the experiment  

checking loopholes or new benchmark is required

Conclusion

questions?



Summary

Our classical algorithm has better scaling with system size than noisy circuit in 
terms of XEB.


XEB overestimates fidelity in general but sometimes the overestimation is small.

These could be understood by a statistical physics model
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Analyzing individual quantum  
circuit/dynamics is extremely difficult

Analyzing the behavior averaged over an ensemble  
is possible

Diffusion-reaction 
model

Ising spin model

Quantum 
spin chain

Mapping RUC to Statistical Physics Model

averaging over
unitaries

diffusion

reaction

Nicholas Hunter-Jones. arXiv:1905.12053  
T.Zhou and A.Nahum. PRB(2019) 
Y.Bao, S.Choi, and E.Altman. PRB(2020)  
C.Jian, et al.  PRB(2020)  
J.Napp, et al. arXiv:2001.00021 
Y.Bao, S.Choi, and E.Altman. arXiv:2102.09164



• Mapping XEB to a diffusion-reaction model  

• How does the classical degree of freedom emerge from taking average 

• Mapping XEB and fidelity to a diffusion-reaction model 

• Explaining when XEB  (or ) fidelity 

• Understanding the scaling feature of our algorithm

≈ ≉



• Mapping XEB to a diffusion-reaction model  

• How does the classical degree of freedom emerge from taking average 

• Mapping XEB and fidelity to a diffusion-reaction model 

• Explaining when XEB  (or ) fidelity 

• Understanding the scaling feature of our algorithm

≈ ≉



• 1 copy (unitary 1-design) property

𝐸𝑈

Delete all information except for the normalization condition (total probability conservation or )trρ = 1

𝐸𝑈

U
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<latexit sha1_base64="X5wTq7TOqhc0p4qkwKQm8J7PLBk=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtLJvtpF262Q27E7WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1gwZTQul2SA0ILqGBHAW0Ew00DgW0wtH11G89gDZcyTscJxDEdCB5xBlFK9139VD1ughPmHE56ZUrXtWbwV0mfk4qJEe9V/7q9hVLY5DIBDWm43sJBhnVyJmASambGkgoG9EBdCyVNAYTZLOrJ+6JVfpupLQtie5M/T2R0diYcRzazpji0Cx6U/E/r5NidBnYf5IUQbL5oigVLip3GoHb5xoYirEllGlub3XZkGrK0AZVsiH4iy8vk+ZZ1feq/u15pXaVx1EkR+SYnBKfXJAauSF10iCMaPJMXsmb8+i8OO/Ox7y14OQzh+QPnM8fPGqS+g==</latexit><latexit sha1_base64="X5wTq7TOqhc0p4qkwKQm8J7PLBk=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtLJvtpF262Q27E7WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1gwZTQul2SA0ILqGBHAW0Ew00DgW0wtH11G89gDZcyTscJxDEdCB5xBlFK9139VD1ughPmHE56ZUrXtWbwV0mfk4qJEe9V/7q9hVLY5DIBDWm43sJBhnVyJmASambGkgoG9EBdCyVNAYTZLOrJ+6JVfpupLQtie5M/T2R0diYcRzazpji0Cx6U/E/r5NidBnYf5IUQbL5oigVLip3GoHb5xoYirEllGlub3XZkGrK0AZVsiH4iy8vk+ZZ1feq/u15pXaVx1EkR+SYnBKfXJAauSF10iCMaPJMXsmb8+i8OO/Ox7y14OQzh+QPnM8fPGqS+g==</latexit><latexit sha1_base64="X5wTq7TOqhc0p4qkwKQm8J7PLBk=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtLJvtpF262Q27E7WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1gwZTQul2SA0ILqGBHAW0Ew00DgW0wtH11G89gDZcyTscJxDEdCB5xBlFK9139VD1ughPmHE56ZUrXtWbwV0mfk4qJEe9V/7q9hVLY5DIBDWm43sJBhnVyJmASambGkgoG9EBdCyVNAYTZLOrJ+6JVfpupLQtie5M/T2R0diYcRzazpji0Cx6U/E/r5NidBnYf5IUQbL5oigVLip3GoHb5xoYirEllGlub3XZkGrK0AZVsiH4iy8vk+ZZ1feq/u15pXaVx1EkR+SYnBKfXJAauSF10iCMaPJMXsmb8+i8OO/Ox7y14OQzh+QPnM8fPGqS+g==</latexit><latexit sha1_base64="X5wTq7TOqhc0p4qkwKQm8J7PLBk=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6LHoxWMF+wFtLJvtpF262Q27E7WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1gwZTQul2SA0ILqGBHAW0Ew00DgW0wtH11G89gDZcyTscJxDEdCB5xBlFK9139VD1ughPmHE56ZUrXtWbwV0mfk4qJEe9V/7q9hVLY5DIBDWm43sJBhnVyJmASambGkgoG9EBdCyVNAYTZLOrJ+6JVfpupLQtie5M/T2R0diYcRzazpji0Cx6U/E/r5NidBnYf5IUQbL5oigVLip3GoHb5xoYirEllGlub3XZkGrK0AZVsiH4iy8vk+ZZ1feq/u15pXaVx1EkR+SYnBKfXJAauSF10iCMaPJMXsmb8+i8OO/Ox7y14OQzh+QPnM8fPGqS+g==</latexit>

EU [U⇢inU
†] = (tr⇢in)

I

d
<latexit sha1_base64="oYkwwVgKs6Er571lLfbGhU372RE=">AAACKHicbVDLSsNAFJ3UV62vqks3wSLUTUlE0I1YFEF3FUxbaGKYTCbt0MmDmRuxhHyOG3/FjYgi3folTh8L23pg4HDOvdw5x0s4k2AYQ62wtLyyulZcL21sbm3vlHf3mjJOBaEWiXks2h6WlLOIWsCA03YiKA49Tlte/3rkt56okCyOHmCQUCfE3YgFjGBQklu+vHGtjmWLXuzaQJ8hY1FuPdo+7joX1YkCIp/1j+1AYJLd5Zmfu+WKUTPG0BeJOSUVNEXDLX/YfkzSkEZAOJayYxoJOBkWwAineclOJU0w6eMu7Sga4ZBKJxsHzfUjpfh6EAv1ItDH6t+NDIdSDkJPTYYYenLeG4n/eZ0UgnNHZUtSoBGZHApSrkOsj1rTfSYoAT5QBBPB1F910sOqBVDdllQJ5nzkRdI8qZlGzbw/rdSvpnUU0QE6RFVkojNUR7eogSxE0At6Q5/oS3vV3rVvbTgZLWjTnX00A+3nFwTzqGw=</latexit><latexit sha1_base64="oYkwwVgKs6Er571lLfbGhU372RE=">AAACKHicbVDLSsNAFJ3UV62vqks3wSLUTUlE0I1YFEF3FUxbaGKYTCbt0MmDmRuxhHyOG3/FjYgi3folTh8L23pg4HDOvdw5x0s4k2AYQ62wtLyyulZcL21sbm3vlHf3mjJOBaEWiXks2h6WlLOIWsCA03YiKA49Tlte/3rkt56okCyOHmCQUCfE3YgFjGBQklu+vHGtjmWLXuzaQJ8hY1FuPdo+7joX1YkCIp/1j+1AYJLd5Zmfu+WKUTPG0BeJOSUVNEXDLX/YfkzSkEZAOJayYxoJOBkWwAineclOJU0w6eMu7Sga4ZBKJxsHzfUjpfh6EAv1ItDH6t+NDIdSDkJPTYYYenLeG4n/eZ0UgnNHZUtSoBGZHApSrkOsj1rTfSYoAT5QBBPB1F910sOqBVDdllQJ5nzkRdI8qZlGzbw/rdSvpnUU0QE6RFVkojNUR7eogSxE0At6Q5/oS3vV3rVvbTgZLWjTnX00A+3nFwTzqGw=</latexit><latexit sha1_base64="oYkwwVgKs6Er571lLfbGhU372RE=">AAACKHicbVDLSsNAFJ3UV62vqks3wSLUTUlE0I1YFEF3FUxbaGKYTCbt0MmDmRuxhHyOG3/FjYgi3folTh8L23pg4HDOvdw5x0s4k2AYQ62wtLyyulZcL21sbm3vlHf3mjJOBaEWiXks2h6WlLOIWsCA03YiKA49Tlte/3rkt56okCyOHmCQUCfE3YgFjGBQklu+vHGtjmWLXuzaQJ8hY1FuPdo+7joX1YkCIp/1j+1AYJLd5Zmfu+WKUTPG0BeJOSUVNEXDLX/YfkzSkEZAOJayYxoJOBkWwAineclOJU0w6eMu7Sga4ZBKJxsHzfUjpfh6EAv1ItDH6t+NDIdSDkJPTYYYenLeG4n/eZ0UgnNHZUtSoBGZHApSrkOsj1rTfSYoAT5QBBPB1F910sOqBVDdllQJ5nzkRdI8qZlGzbw/rdSvpnUU0QE6RFVkojNUR7eogSxE0At6Q5/oS3vV3rVvbTgZLWjTnX00A+3nFwTzqGw=</latexit><latexit sha1_base64="oYkwwVgKs6Er571lLfbGhU372RE=">AAACKHicbVDLSsNAFJ3UV62vqks3wSLUTUlE0I1YFEF3FUxbaGKYTCbt0MmDmRuxhHyOG3/FjYgi3folTh8L23pg4HDOvdw5x0s4k2AYQ62wtLyyulZcL21sbm3vlHf3mjJOBaEWiXks2h6WlLOIWsCA03YiKA49Tlte/3rkt56okCyOHmCQUCfE3YgFjGBQklu+vHGtjmWLXuzaQJ8hY1FuPdo+7joX1YkCIp/1j+1AYJLd5Zmfu+WKUTPG0BeJOSUVNEXDLX/YfkzSkEZAOJayYxoJOBkWwAineclOJU0w6eMu7Sga4ZBKJxsHzfUjpfh6EAv1ItDH6t+NDIdSDkJPTYYYenLeG4n/eZ0UgnNHZUtSoBGZHApSrkOsj1rTfSYoAT5QBBPB1F910sOqBVDdllQJ5nzkRdI8qZlGzbw/rdSvpnUU0QE6RFVkojNUR7eogSxE0At6Q5/oS3vV3rVvbTgZLWjTnX00A+3nFwTzqGw=</latexit>

1

d
<latexit sha1_base64="6wRYUsOUXvnDbT7FFPn4dRA30PI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvNpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9kBgmuGQd5ChYL9WMJKFgj+HkduY/PjFtuJIPOE1ZkJCR5DGnBK3UH8Sa0Nwv8qgY1hte05vDXSV+SRpQoj2sfw0iRbOESaSCGNP3vRSDnGjkVLCiNsgMSwmdkBHrWypJwkyQz08u3DOrRG6stC2J7lz9PZGTxJhpEtrOhODYLHsz8T+vn2F8HeRcphkySReL4ky4qNzZ/27ENaMoppYQqrm91aVjYlNAm1LNhuAvv7xKuhdN32v695eN1k0ZRxVO4BTOwYcraMEdtKEDFBQ8wyu8Oei8OO/Ox6K14pQzx/AHzucPhTqRZQ==</latexit><latexit sha1_base64="6wRYUsOUXvnDbT7FFPn4dRA30PI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvNpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9kBgmuGQd5ChYL9WMJKFgj+HkduY/PjFtuJIPOE1ZkJCR5DGnBK3UH8Sa0Nwv8qgY1hte05vDXSV+SRpQoj2sfw0iRbOESaSCGNP3vRSDnGjkVLCiNsgMSwmdkBHrWypJwkyQz08u3DOrRG6stC2J7lz9PZGTxJhpEtrOhODYLHsz8T+vn2F8HeRcphkySReL4ky4qNzZ/27ENaMoppYQqrm91aVjYlNAm1LNhuAvv7xKuhdN32v695eN1k0ZRxVO4BTOwYcraMEdtKEDFBQ8wyu8Oei8OO/Ox6K14pQzx/AHzucPhTqRZQ==</latexit><latexit sha1_base64="6wRYUsOUXvnDbT7FFPn4dRA30PI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvNpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9kBgmuGQd5ChYL9WMJKFgj+HkduY/PjFtuJIPOE1ZkJCR5DGnBK3UH8Sa0Nwv8qgY1hte05vDXSV+SRpQoj2sfw0iRbOESaSCGNP3vRSDnGjkVLCiNsgMSwmdkBHrWypJwkyQz08u3DOrRG6stC2J7lz9PZGTxJhpEtrOhODYLHsz8T+vn2F8HeRcphkySReL4ky4qNzZ/27ENaMoppYQqrm91aVjYlNAm1LNhuAvv7xKuhdN32v695eN1k0ZRxVO4BTOwYcraMEdtKEDFBQ8wyu8Oei8OO/Ox6K14pQzx/AHzucPhTqRZQ==</latexit><latexit sha1_base64="6wRYUsOUXvnDbT7FFPn4dRA30PI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvNpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9kBgmuGQd5ChYL9WMJKFgj+HkduY/PjFtuJIPOE1ZkJCR5DGnBK3UH8Sa0Nwv8qgY1hte05vDXSV+SRpQoj2sfw0iRbOESaSCGNP3vRSDnGjkVLCiNsgMSwmdkBHrWypJwkyQz08u3DOrRG6stC2J7lz9PZGTxJhpEtrOhODYLHsz8T+vn2F8HeRcphkySReL4ky4qNzZ/27ENaMoppYQqrm91aVjYlNAm1LNhuAvv7xKuhdN32v695eN1k0ZRxVO4BTOwYcraMEdtKEDFBQ8wyu8Oei8OO/Ox6K14pQzx/AHzucPhTqRZQ==</latexit>
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<latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit>

U †
<latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit>

=

How does it work? 
Emergent degree of freedom by randomization

via Choi-Jamiolkovski  isomorphism 

(channel-state duality)  ∑
ij

ρij | i⟩⟨ j | → ∑
ij

ρij | i⟩ | j⟩

projector of 
1

d ∑
i

| ii⟩1

d
<latexit sha1_base64="6wRYUsOUXvnDbT7FFPn4dRA30PI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvNpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9kBgmuGQd5ChYL9WMJKFgj+HkduY/PjFtuJIPOE1ZkJCR5DGnBK3UH8Sa0Nwv8qgY1hte05vDXSV+SRpQoj2sfw0iRbOESaSCGNP3vRSDnGjkVLCiNsgMSwmdkBHrWypJwkyQz08u3DOrRG6stC2J7lz9PZGTxJhpEtrOhODYLHsz8T+vn2F8HeRcphkySReL4ky4qNzZ/27ENaMoppYQqrm91aVjYlNAm1LNhuAvv7xKuhdN32v695eN1k0ZRxVO4BTOwYcraMEdtKEDFBQ8wyu8Oei8OO/Ox6K14pQzx/AHzucPhTqRZQ==</latexit><latexit sha1_base64="6wRYUsOUXvnDbT7FFPn4dRA30PI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvNpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9kBgmuGQd5ChYL9WMJKFgj+HkduY/PjFtuJIPOE1ZkJCR5DGnBK3UH8Sa0Nwv8qgY1hte05vDXSV+SRpQoj2sfw0iRbOESaSCGNP3vRSDnGjkVLCiNsgMSwmdkBHrWypJwkyQz08u3DOrRG6stC2J7lz9PZGTxJhpEtrOhODYLHsz8T+vn2F8HeRcphkySReL4ky4qNzZ/27ENaMoppYQqrm91aVjYlNAm1LNhuAvv7xKuhdN32v695eN1k0ZRxVO4BTOwYcraMEdtKEDFBQ8wyu8Oei8OO/Ox6K14pQzx/AHzucPhTqRZQ==</latexit><latexit sha1_base64="6wRYUsOUXvnDbT7FFPn4dRA30PI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvNpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9kBgmuGQd5ChYL9WMJKFgj+HkduY/PjFtuJIPOE1ZkJCR5DGnBK3UH8Sa0Nwv8qgY1hte05vDXSV+SRpQoj2sfw0iRbOESaSCGNP3vRSDnGjkVLCiNsgMSwmdkBHrWypJwkyQz08u3DOrRG6stC2J7lz9PZGTxJhpEtrOhODYLHsz8T+vn2F8HeRcphkySReL4ky4qNzZ/27ENaMoppYQqrm91aVjYlNAm1LNhuAvv7xKuhdN32v695eN1k0ZRxVO4BTOwYcraMEdtKEDFBQ8wyu8Oei8OO/Ox6K14pQzx/AHzucPhTqRZQ==</latexit><latexit sha1_base64="6wRYUsOUXvnDbT7FFPn4dRA30PI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMFWwttKJvNpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNK9kBgmuGQd5ChYL9WMJKFgj+HkduY/PjFtuJIPOE1ZkJCR5DGnBK3UH8Sa0Nwv8qgY1hte05vDXSV+SRpQoj2sfw0iRbOESaSCGNP3vRSDnGjkVLCiNsgMSwmdkBHrWypJwkyQz08u3DOrRG6stC2J7lz9PZGTxJhpEtrOhODYLHsz8T+vn2F8HeRcphkySReL4ky4qNzZ/27ENaMoppYQqrm91aVjYlNAm1LNhuAvv7xKuhdN32v695eN1k0ZRxVO4BTOwYcraMEdtKEDFBQ8wyu8Oei8OO/Ox6K14pQzx/AHzucPhTqRZQ==</latexit>



• 2 copies (unitary 2-design) property (related to Schur-Weyl duality)

Delete all information except for (1) the normalization condition (total probability conservation) 
And (2) symmetry wrt swap (either symmetric or anti-sym).

𝐸𝑈

U
<latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit>

U †
<latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit>

U †
<latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit>

U
<latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit>

=
1

1*

2

2*

+(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

+(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

1

dsym
<latexit sha1_base64="GcSVrpFfNVbR8sC1QleCxSiO2hU=">AAAB/3icbVBNS8NAFNzUr1q/ooIXL4tF8FQSEfRY9OKxgm2FJoTNdtMu3WzC7otYYg7+FS8eFPHq3/Dmv3Hb5qCtAwvDzHu82QlTwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY5OMkVZmyYiUXch0UxwydrAQbC7VDESh4J1w9HVxO/eM6V5Im9hnDI/JgPJI04JGCmwD7xIEZq7Rd4PPGAPkOtxXBSBXXcazhR4kbglqaMSrcD+8voJzWImgQqidc91UvBzooBTwYqal2mWEjoiA9YzVJKYaT+f5i/wsVH6OEqUeRLwVP29kZNYm1ihmYwJDPW8NxH/83oZRBd+zmWaAZN0dijKBIYET8rAfa4YBTE2hFDFTVZMh8QUAqayminBnf/yIumcNlyn4d6c1ZuXZR1VdIiO0Aly0TlqomvUQm1E0SN6Rq/ozXqyXqx362M2WrHKnX30B9bnDyoWltU=</latexit><latexit sha1_base64="GcSVrpFfNVbR8sC1QleCxSiO2hU=">AAAB/3icbVBNS8NAFNzUr1q/ooIXL4tF8FQSEfRY9OKxgm2FJoTNdtMu3WzC7otYYg7+FS8eFPHq3/Dmv3Hb5qCtAwvDzHu82QlTwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY5OMkVZmyYiUXch0UxwydrAQbC7VDESh4J1w9HVxO/eM6V5Im9hnDI/JgPJI04JGCmwD7xIEZq7Rd4PPGAPkOtxXBSBXXcazhR4kbglqaMSrcD+8voJzWImgQqidc91UvBzooBTwYqal2mWEjoiA9YzVJKYaT+f5i/wsVH6OEqUeRLwVP29kZNYm1ihmYwJDPW8NxH/83oZRBd+zmWaAZN0dijKBIYET8rAfa4YBTE2hFDFTVZMh8QUAqayminBnf/yIumcNlyn4d6c1ZuXZR1VdIiO0Aly0TlqomvUQm1E0SN6Rq/ozXqyXqx362M2WrHKnX30B9bnDyoWltU=</latexit><latexit sha1_base64="GcSVrpFfNVbR8sC1QleCxSiO2hU=">AAAB/3icbVBNS8NAFNzUr1q/ooIXL4tF8FQSEfRY9OKxgm2FJoTNdtMu3WzC7otYYg7+FS8eFPHq3/Dmv3Hb5qCtAwvDzHu82QlTwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY5OMkVZmyYiUXch0UxwydrAQbC7VDESh4J1w9HVxO/eM6V5Im9hnDI/JgPJI04JGCmwD7xIEZq7Rd4PPGAPkOtxXBSBXXcazhR4kbglqaMSrcD+8voJzWImgQqidc91UvBzooBTwYqal2mWEjoiA9YzVJKYaT+f5i/wsVH6OEqUeRLwVP29kZNYm1ihmYwJDPW8NxH/83oZRBd+zmWaAZN0dijKBIYET8rAfa4YBTE2hFDFTVZMh8QUAqayminBnf/yIumcNlyn4d6c1ZuXZR1VdIiO0Aly0TlqomvUQm1E0SN6Rq/ozXqyXqx362M2WrHKnX30B9bnDyoWltU=</latexit><latexit sha1_base64="GcSVrpFfNVbR8sC1QleCxSiO2hU=">AAAB/3icbVBNS8NAFNzUr1q/ooIXL4tF8FQSEfRY9OKxgm2FJoTNdtMu3WzC7otYYg7+FS8eFPHq3/Dmv3Hb5qCtAwvDzHu82QlTwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY5OMkVZmyYiUXch0UxwydrAQbC7VDESh4J1w9HVxO/eM6V5Im9hnDI/JgPJI04JGCmwD7xIEZq7Rd4PPGAPkOtxXBSBXXcazhR4kbglqaMSrcD+8voJzWImgQqidc91UvBzooBTwYqal2mWEjoiA9YzVJKYaT+f5i/wsVH6OEqUeRLwVP29kZNYm1ihmYwJDPW8NxH/83oZRBd+zmWaAZN0dijKBIYET8rAfa4YBTE2hFDFTVZMh8QUAqayminBnf/yIumcNlyn4d6c1ZuXZR1VdIiO0Aly0TlqomvUQm1E0SN6Rq/ozXqyXqx362M2WrHKnX30B9bnDyoWltU=</latexit>

+
1

danti
<latexit sha1_base64="GXtVgWWVzPen7zLxCyqoYuSnrn8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EiCEJJRNBj0YvHCvYDmhA2m027dLMJuxOxhHjxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlBypkC2/42KkvLK6tr1fXaxubW9o65u9dRSSYJbZOEJ7IXYEU5E7QNDDjtpZLiOOC0G4yuJ373nkrFEnEH45R6MR4IFjGCQUu+eXDqRhKT3Cny0HeBPkCOBbCi8M263bCnsBaJU5I6KtHyzS83TEgWUwGEY6X6jp2Cl2MJjHBa1NxM0RSTER7QvqYCx1R5+fSDwjrWSmhFidQlwJqqvydyHCs1jgPdGWMYqnlvIv7n9TOILr2ciTQDKshsUZRxCxJrEocVMkkJ8LEmmEimb7XIEOtEQIdW0yE48y8vks5Zw7Ebzu15vXlVxlFFh+gInSAHXaAmukEt1EYEPaJn9IrejCfjxXg3PmatFaOc2Ud/YHz+AEALl2c=</latexit><latexit sha1_base64="GXtVgWWVzPen7zLxCyqoYuSnrn8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EiCEJJRNBj0YvHCvYDmhA2m027dLMJuxOxhHjxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlBypkC2/42KkvLK6tr1fXaxubW9o65u9dRSSYJbZOEJ7IXYEU5E7QNDDjtpZLiOOC0G4yuJ373nkrFEnEH45R6MR4IFjGCQUu+eXDqRhKT3Cny0HeBPkCOBbCi8M263bCnsBaJU5I6KtHyzS83TEgWUwGEY6X6jp2Cl2MJjHBa1NxM0RSTER7QvqYCx1R5+fSDwjrWSmhFidQlwJqqvydyHCs1jgPdGWMYqnlvIv7n9TOILr2ciTQDKshsUZRxCxJrEocVMkkJ8LEmmEimb7XIEOtEQIdW0yE48y8vks5Zw7Ebzu15vXlVxlFFh+gInSAHXaAmukEt1EYEPaJn9IrejCfjxXg3PmatFaOc2Ud/YHz+AEALl2c=</latexit><latexit sha1_base64="GXtVgWWVzPen7zLxCyqoYuSnrn8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EiCEJJRNBj0YvHCvYDmhA2m027dLMJuxOxhHjxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlBypkC2/42KkvLK6tr1fXaxubW9o65u9dRSSYJbZOEJ7IXYEU5E7QNDDjtpZLiOOC0G4yuJ373nkrFEnEH45R6MR4IFjGCQUu+eXDqRhKT3Cny0HeBPkCOBbCi8M263bCnsBaJU5I6KtHyzS83TEgWUwGEY6X6jp2Cl2MJjHBa1NxM0RSTER7QvqYCx1R5+fSDwjrWSmhFidQlwJqqvydyHCs1jgPdGWMYqnlvIv7n9TOILr2ciTQDKshsUZRxCxJrEocVMkkJ8LEmmEimb7XIEOtEQIdW0yE48y8vks5Zw7Ebzu15vXlVxlFFh+gInSAHXaAmukEt1EYEPaJn9IrejCfjxXg3PmatFaOc2Ud/YHz+AEALl2c=</latexit><latexit sha1_base64="GXtVgWWVzPen7zLxCyqoYuSnrn8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EiCEJJRNBj0YvHCvYDmhA2m027dLMJuxOxhHjxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlBypkC2/42KkvLK6tr1fXaxubW9o65u9dRSSYJbZOEJ7IXYEU5E7QNDDjtpZLiOOC0G4yuJ373nkrFEnEH45R6MR4IFjGCQUu+eXDqRhKT3Cny0HeBPkCOBbCi8M263bCnsBaJU5I6KtHyzS83TEgWUwGEY6X6jp2Cl2MJjHBa1NxM0RSTER7QvqYCx1R5+fSDwjrWSmhFidQlwJqqvydyHCs1jgPdGWMYqnlvIv7n9TOILr2ciTQDKshsUZRxCxJrEocVMkkJ8LEmmEimb7XIEOtEQIdW0yE48y8vks5Zw7Ebzu15vXlVxlFFh+gInSAHXaAmukEt1EYEPaJn9IrejCfjxXg3PmatFaOc2Ud/YHz+AEALl2c=</latexit>

-(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

-(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

Ps = I + S
<latexit sha1_base64="H58Zfka7aoBPn4Y2tgy85/dS9+c=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9KK3ivYD2lA22027dLMJuxOhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ikMOi6387S8srq2npho7i5tb2zW9rbb5g41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjcTv/nEtRGxesRRwv2I9pUIBaNopWata67uTh+6pbJbcacgi8TLSRly1Lqlr04vZmnEFTJJjWl7boJ+RjUKJvm42EkNTygb0j5vW6poxI2fTc8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vnWJ46WdCJSlyxWaLwlQSjMnkd9ITmjOUI0so08LeStiAasrQJlS0IXjzLy+SxlnFcyve/Xm5ep3HUYBDOIIT8OACqnALNagDgyE8wyu8OYnz4rw7H7PWJSefOYA/cD5/AFaejuY=</latexit><latexit sha1_base64="H58Zfka7aoBPn4Y2tgy85/dS9+c=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9KK3ivYD2lA22027dLMJuxOhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ikMOi6387S8srq2npho7i5tb2zW9rbb5g41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjcTv/nEtRGxesRRwv2I9pUIBaNopWata67uTh+6pbJbcacgi8TLSRly1Lqlr04vZmnEFTJJjWl7boJ+RjUKJvm42EkNTygb0j5vW6poxI2fTc8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vnWJ46WdCJSlyxWaLwlQSjMnkd9ITmjOUI0so08LeStiAasrQJlS0IXjzLy+SxlnFcyve/Xm5ep3HUYBDOIIT8OACqnALNagDgyE8wyu8OYnz4rw7H7PWJSefOYA/cD5/AFaejuY=</latexit><latexit sha1_base64="H58Zfka7aoBPn4Y2tgy85/dS9+c=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9KK3ivYD2lA22027dLMJuxOhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ikMOi6387S8srq2npho7i5tb2zW9rbb5g41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjcTv/nEtRGxesRRwv2I9pUIBaNopWata67uTh+6pbJbcacgi8TLSRly1Lqlr04vZmnEFTJJjWl7boJ+RjUKJvm42EkNTygb0j5vW6poxI2fTc8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vnWJ46WdCJSlyxWaLwlQSjMnkd9ITmjOUI0so08LeStiAasrQJlS0IXjzLy+SxlnFcyve/Xm5ep3HUYBDOIIT8OACqnALNagDgyE8wyu8OYnz4rw7H7PWJSefOYA/cD5/AFaejuY=</latexit><latexit sha1_base64="H58Zfka7aoBPn4Y2tgy85/dS9+c=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9KK3ivYD2lA22027dLMJuxOhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ikMOi6387S8srq2npho7i5tb2zW9rbb5g41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjcTv/nEtRGxesRRwv2I9pUIBaNopWata67uTh+6pbJbcacgi8TLSRly1Lqlr04vZmnEFTJJjWl7boJ+RjUKJvm42EkNTygb0j5vW6poxI2fTc8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vnWJ46WdCJSlyxWaLwlQSjMnkd9ITmjOUI0so08LeStiAasrQJlS0IXjzLy+SxlnFcyve/Xm5ep3HUYBDOIIT8OACqnALNagDgyE8wyu8OYnz4rw7H7PWJSefOYA/cD5/AFaejuY=</latexit>

Pa = I � S
<latexit sha1_base64="idTVpcw7uLf6BZYZ55ZYol0opGM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUoetFbRfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dpeWV1bb2wUdzc2t7ZLe3tN0ycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw5uJ33zi2ohYPeIo4X5E+0qEglG0UrPWpVd3pw/dUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPpueOybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG89DOhkhS5YrNFYSoJxmTyO+kJzRnKkSWUaWFvJWxANWVoEyraELz5lxdJ46ziuRXv/rxcvc7jKMAhHMEJeHABVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/PhiO1g==</latexit><latexit sha1_base64="idTVpcw7uLf6BZYZ55ZYol0opGM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUoetFbRfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dpeWV1bb2wUdzc2t7ZLe3tN0ycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw5uJ33zi2ohYPeIo4X5E+0qEglG0UrPWpVd3pw/dUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPpueOybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG89DOhkhS5YrNFYSoJxmTyO+kJzRnKkSWUaWFvJWxANWVoEyraELz5lxdJ46ziuRXv/rxcvc7jKMAhHMEJeHABVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/PhiO1g==</latexit><latexit sha1_base64="idTVpcw7uLf6BZYZ55ZYol0opGM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUoetFbRfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dpeWV1bb2wUdzc2t7ZLe3tN0ycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw5uJ33zi2ohYPeIo4X5E+0qEglG0UrPWpVd3pw/dUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPpueOybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG89DOhkhS5YrNFYSoJxmTyO+kJzRnKkSWUaWFvJWxANWVoEyraELz5lxdJ46ziuRXv/rxcvc7jKMAhHMEJeHABVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/PhiO1g==</latexit><latexit sha1_base64="idTVpcw7uLf6BZYZ55ZYol0opGM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUoetFbRfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dpeWV1bb2wUdzc2t7ZLe3tN0ycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw5uJ33zi2ohYPeIo4X5E+0qEglG0UrPWpVd3pw/dUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPpueOybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG89DOhkhS5YrNFYSoJxmTyO+kJzRnKkSWUaWFvJWxANWVoEyraELz5lxdJ46ziuRXv/rxcvc7jKMAhHMEJeHABVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/PhiO1g==</latexit>

EU [U
⌦2⇢inU

†⌦2] =
1

ds
Pstr(Ps⇢in) +

1

da
Patr(Pa⇢in)

<latexit sha1_base64="91g0CsGPxqLvpjMKImCUA272Z58="></latexit><latexit sha1_base64="91g0CsGPxqLvpjMKImCUA272Z58="></latexit><latexit sha1_base64="91g0CsGPxqLvpjMKImCUA272Z58="></latexit><latexit sha1_base64="91g0CsGPxqLvpjMKImCUA272Z58="></latexit>

How does it work? 
Emergent degree of freedom by randomization

Weingarten formula

where ρin = ρ1 ⊗ ρ2

tr(ρ1 ⊗ ρ2) tr(ρ1 ⊗ ρ2 ⋅ S)

ρ1

ρ2
noisyideal

reshape
S

identity SWAP

Projector to symmetric subspace Projector to anti-symmetric subspace



• 2 copies (unitary 2-design) property

𝐸𝑈

U
<latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit>

U †
<latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit>

U †
<latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit><latexit sha1_base64="oqgzchpTt1YESBlG79F734L/8NI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoY9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHNzO/80SVZlLcm0lKgwQPBYsZwcZKbf+hH+HhoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWOue56YmyLEyjHA6rfQzTVNMxnhIe5YKnFAd5PNrp+jMKhGKpbIlDJqrvydynGg9SULbmWAz0sveTPzP62UmvgpyJtLMUEEWi+KMIyPR7HUUMUWJ4RNLMFHM3orICCtMjA2oYkPwll9eJe2LuufWvbvLWvO6iKMMJ3AK5+BBA5pwCy3wgcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0/njvE=</latexit>

U
<latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit>

=
1

1*

2

2*

+(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

+(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

1

dsym
<latexit sha1_base64="GcSVrpFfNVbR8sC1QleCxSiO2hU=">AAAB/3icbVBNS8NAFNzUr1q/ooIXL4tF8FQSEfRY9OKxgm2FJoTNdtMu3WzC7otYYg7+FS8eFPHq3/Dmv3Hb5qCtAwvDzHu82QlTwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY5OMkVZmyYiUXch0UxwydrAQbC7VDESh4J1w9HVxO/eM6V5Im9hnDI/JgPJI04JGCmwD7xIEZq7Rd4PPGAPkOtxXBSBXXcazhR4kbglqaMSrcD+8voJzWImgQqidc91UvBzooBTwYqal2mWEjoiA9YzVJKYaT+f5i/wsVH6OEqUeRLwVP29kZNYm1ihmYwJDPW8NxH/83oZRBd+zmWaAZN0dijKBIYET8rAfa4YBTE2hFDFTVZMh8QUAqayminBnf/yIumcNlyn4d6c1ZuXZR1VdIiO0Aly0TlqomvUQm1E0SN6Rq/ozXqyXqx362M2WrHKnX30B9bnDyoWltU=</latexit><latexit sha1_base64="GcSVrpFfNVbR8sC1QleCxSiO2hU=">AAAB/3icbVBNS8NAFNzUr1q/ooIXL4tF8FQSEfRY9OKxgm2FJoTNdtMu3WzC7otYYg7+FS8eFPHq3/Dmv3Hb5qCtAwvDzHu82QlTwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY5OMkVZmyYiUXch0UxwydrAQbC7VDESh4J1w9HVxO/eM6V5Im9hnDI/JgPJI04JGCmwD7xIEZq7Rd4PPGAPkOtxXBSBXXcazhR4kbglqaMSrcD+8voJzWImgQqidc91UvBzooBTwYqal2mWEjoiA9YzVJKYaT+f5i/wsVH6OEqUeRLwVP29kZNYm1ihmYwJDPW8NxH/83oZRBd+zmWaAZN0dijKBIYET8rAfa4YBTE2hFDFTVZMh8QUAqayminBnf/yIumcNlyn4d6c1ZuXZR1VdIiO0Aly0TlqomvUQm1E0SN6Rq/ozXqyXqx362M2WrHKnX30B9bnDyoWltU=</latexit><latexit sha1_base64="GcSVrpFfNVbR8sC1QleCxSiO2hU=">AAAB/3icbVBNS8NAFNzUr1q/ooIXL4tF8FQSEfRY9OKxgm2FJoTNdtMu3WzC7otYYg7+FS8eFPHq3/Dmv3Hb5qCtAwvDzHu82QlTwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY5OMkVZmyYiUXch0UxwydrAQbC7VDESh4J1w9HVxO/eM6V5Im9hnDI/JgPJI04JGCmwD7xIEZq7Rd4PPGAPkOtxXBSBXXcazhR4kbglqaMSrcD+8voJzWImgQqidc91UvBzooBTwYqal2mWEjoiA9YzVJKYaT+f5i/wsVH6OEqUeRLwVP29kZNYm1ihmYwJDPW8NxH/83oZRBd+zmWaAZN0dijKBIYET8rAfa4YBTE2hFDFTVZMh8QUAqayminBnf/yIumcNlyn4d6c1ZuXZR1VdIiO0Aly0TlqomvUQm1E0SN6Rq/ozXqyXqx362M2WrHKnX30B9bnDyoWltU=</latexit><latexit sha1_base64="GcSVrpFfNVbR8sC1QleCxSiO2hU=">AAAB/3icbVBNS8NAFNzUr1q/ooIXL4tF8FQSEfRY9OKxgm2FJoTNdtMu3WzC7otYYg7+FS8eFPHq3/Dmv3Hb5qCtAwvDzHu82QlTwTU4zrdVWVpeWV2rrtc2Nre2d+zdvY5OMkVZmyYiUXch0UxwydrAQbC7VDESh4J1w9HVxO/eM6V5Im9hnDI/JgPJI04JGCmwD7xIEZq7Rd4PPGAPkOtxXBSBXXcazhR4kbglqaMSrcD+8voJzWImgQqidc91UvBzooBTwYqal2mWEjoiA9YzVJKYaT+f5i/wsVH6OEqUeRLwVP29kZNYm1ihmYwJDPW8NxH/83oZRBd+zmWaAZN0dijKBIYET8rAfa4YBTE2hFDFTVZMh8QUAqayminBnf/yIumcNlyn4d6c1ZuXZR1VdIiO0Aly0TlqomvUQm1E0SN6Rq/ozXqyXqx362M2WrHKnX30B9bnDyoWltU=</latexit>

+
1

danti
<latexit sha1_base64="GXtVgWWVzPen7zLxCyqoYuSnrn8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EiCEJJRNBj0YvHCvYDmhA2m027dLMJuxOxhHjxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlBypkC2/42KkvLK6tr1fXaxubW9o65u9dRSSYJbZOEJ7IXYEU5E7QNDDjtpZLiOOC0G4yuJ373nkrFEnEH45R6MR4IFjGCQUu+eXDqRhKT3Cny0HeBPkCOBbCi8M263bCnsBaJU5I6KtHyzS83TEgWUwGEY6X6jp2Cl2MJjHBa1NxM0RSTER7QvqYCx1R5+fSDwjrWSmhFidQlwJqqvydyHCs1jgPdGWMYqnlvIv7n9TOILr2ciTQDKshsUZRxCxJrEocVMkkJ8LEmmEimb7XIEOtEQIdW0yE48y8vks5Zw7Ebzu15vXlVxlFFh+gInSAHXaAmukEt1EYEPaJn9IrejCfjxXg3PmatFaOc2Ud/YHz+AEALl2c=</latexit><latexit sha1_base64="GXtVgWWVzPen7zLxCyqoYuSnrn8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EiCEJJRNBj0YvHCvYDmhA2m027dLMJuxOxhHjxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlBypkC2/42KkvLK6tr1fXaxubW9o65u9dRSSYJbZOEJ7IXYEU5E7QNDDjtpZLiOOC0G4yuJ373nkrFEnEH45R6MR4IFjGCQUu+eXDqRhKT3Cny0HeBPkCOBbCi8M263bCnsBaJU5I6KtHyzS83TEgWUwGEY6X6jp2Cl2MJjHBa1NxM0RSTER7QvqYCx1R5+fSDwjrWSmhFidQlwJqqvydyHCs1jgPdGWMYqnlvIv7n9TOILr2ciTQDKshsUZRxCxJrEocVMkkJ8LEmmEimb7XIEOtEQIdW0yE48y8vks5Zw7Ebzu15vXlVxlFFh+gInSAHXaAmukEt1EYEPaJn9IrejCfjxXg3PmatFaOc2Ud/YHz+AEALl2c=</latexit><latexit sha1_base64="GXtVgWWVzPen7zLxCyqoYuSnrn8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EiCEJJRNBj0YvHCvYDmhA2m027dLMJuxOxhHjxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlBypkC2/42KkvLK6tr1fXaxubW9o65u9dRSSYJbZOEJ7IXYEU5E7QNDDjtpZLiOOC0G4yuJ373nkrFEnEH45R6MR4IFjGCQUu+eXDqRhKT3Cny0HeBPkCOBbCi8M263bCnsBaJU5I6KtHyzS83TEgWUwGEY6X6jp2Cl2MJjHBa1NxM0RSTER7QvqYCx1R5+fSDwjrWSmhFidQlwJqqvydyHCs1jgPdGWMYqnlvIv7n9TOILr2ciTQDKshsUZRxCxJrEocVMkkJ8LEmmEimb7XIEOtEQIdW0yE48y8vks5Zw7Ebzu15vXlVxlFFh+gInSAHXaAmukEt1EYEPaJn9IrejCfjxXg3PmatFaOc2Ud/YHz+AEALl2c=</latexit><latexit sha1_base64="GXtVgWWVzPen7zLxCyqoYuSnrn8=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EiCEJJRNBj0YvHCvYDmhA2m027dLMJuxOxhHjxr3jxoIhX/4U3/43bNgdtfTDweG+GmXlBypkC2/42KkvLK6tr1fXaxubW9o65u9dRSSYJbZOEJ7IXYEU5E7QNDDjtpZLiOOC0G4yuJ373nkrFEnEH45R6MR4IFjGCQUu+eXDqRhKT3Cny0HeBPkCOBbCi8M263bCnsBaJU5I6KtHyzS83TEgWUwGEY6X6jp2Cl2MJjHBa1NxM0RSTER7QvqYCx1R5+fSDwjrWSmhFidQlwJqqvydyHCs1jgPdGWMYqnlvIv7n9TOILr2ciTQDKshsUZRxCxJrEocVMkkJ8LEmmEimb7XIEOtEQIdW0yE48y8vks5Zw7Ebzu15vXlVxlFFh+gInSAHXaAmukEt1EYEPaJn9IrejCfjxXg3PmatFaOc2Ud/YHz+AEALl2c=</latexit>

-(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

-(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

Ps = I + S
<latexit sha1_base64="H58Zfka7aoBPn4Y2tgy85/dS9+c=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9KK3ivYD2lA22027dLMJuxOhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ikMOi6387S8srq2npho7i5tb2zW9rbb5g41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjcTv/nEtRGxesRRwv2I9pUIBaNopWata67uTh+6pbJbcacgi8TLSRly1Lqlr04vZmnEFTJJjWl7boJ+RjUKJvm42EkNTygb0j5vW6poxI2fTc8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vnWJ46WdCJSlyxWaLwlQSjMnkd9ITmjOUI0so08LeStiAasrQJlS0IXjzLy+SxlnFcyve/Xm5ep3HUYBDOIIT8OACqnALNagDgyE8wyu8OYnz4rw7H7PWJSefOYA/cD5/AFaejuY=</latexit><latexit sha1_base64="H58Zfka7aoBPn4Y2tgy85/dS9+c=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9KK3ivYD2lA22027dLMJuxOhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ikMOi6387S8srq2npho7i5tb2zW9rbb5g41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjcTv/nEtRGxesRRwv2I9pUIBaNopWata67uTh+6pbJbcacgi8TLSRly1Lqlr04vZmnEFTJJjWl7boJ+RjUKJvm42EkNTygb0j5vW6poxI2fTc8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vnWJ46WdCJSlyxWaLwlQSjMnkd9ITmjOUI0so08LeStiAasrQJlS0IXjzLy+SxlnFcyve/Xm5ep3HUYBDOIIT8OACqnALNagDgyE8wyu8OYnz4rw7H7PWJSefOYA/cD5/AFaejuY=</latexit><latexit sha1_base64="H58Zfka7aoBPn4Y2tgy85/dS9+c=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9KK3ivYD2lA22027dLMJuxOhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ikMOi6387S8srq2npho7i5tb2zW9rbb5g41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjcTv/nEtRGxesRRwv2I9pUIBaNopWata67uTh+6pbJbcacgi8TLSRly1Lqlr04vZmnEFTJJjWl7boJ+RjUKJvm42EkNTygb0j5vW6poxI2fTc8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vnWJ46WdCJSlyxWaLwlQSjMnkd9ITmjOUI0so08LeStiAasrQJlS0IXjzLy+SxlnFcyve/Xm5ep3HUYBDOIIT8OACqnALNagDgyE8wyu8OYnz4rw7H7PWJSefOYA/cD5/AFaejuY=</latexit><latexit sha1_base64="H58Zfka7aoBPn4Y2tgy85/dS9+c=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklE0ItQ9KK3ivYD2lA22027dLMJuxOhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ikMOi6387S8srq2npho7i5tb2zW9rbb5g41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjcTv/nEtRGxesRRwv2I9pUIBaNopWata67uTh+6pbJbcacgi8TLSRly1Lqlr04vZmnEFTJJjWl7boJ+RjUKJvm42EkNTygb0j5vW6poxI2fTc8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vnWJ46WdCJSlyxWaLwlQSjMnkd9ITmjOUI0so08LeStiAasrQJlS0IXjzLy+SxlnFcyve/Xm5ep3HUYBDOIIT8OACqnALNagDgyE8wyu8OYnz4rw7H7PWJSefOYA/cD5/AFaejuY=</latexit>

Pa = I � S
<latexit sha1_base64="idTVpcw7uLf6BZYZ55ZYol0opGM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUoetFbRfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dpeWV1bb2wUdzc2t7ZLe3tN0ycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw5uJ33zi2ohYPeIo4X5E+0qEglG0UrPWpVd3pw/dUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPpueOybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG89DOhkhS5YrNFYSoJxmTyO+kJzRnKkSWUaWFvJWxANWVoEyraELz5lxdJ46ziuRXv/rxcvc7jKMAhHMEJeHABVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/PhiO1g==</latexit><latexit sha1_base64="idTVpcw7uLf6BZYZ55ZYol0opGM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUoetFbRfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dpeWV1bb2wUdzc2t7ZLe3tN0ycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw5uJ33zi2ohYPeIo4X5E+0qEglG0UrPWpVd3pw/dUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPpueOybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG89DOhkhS5YrNFYSoJxmTyO+kJzRnKkSWUaWFvJWxANWVoEyraELz5lxdJ46ziuRXv/rxcvc7jKMAhHMEJeHABVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/PhiO1g==</latexit><latexit sha1_base64="idTVpcw7uLf6BZYZ55ZYol0opGM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUoetFbRfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dpeWV1bb2wUdzc2t7ZLe3tN0ycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw5uJ33zi2ohYPeIo4X5E+0qEglG0UrPWpVd3pw/dUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPpueOybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG89DOhkhS5YrNFYSoJxmTyO+kJzRnKkSWUaWFvJWxANWVoEyraELz5lxdJ46ziuRXv/rxcvc7jKMAhHMEJeHABVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/PhiO1g==</latexit><latexit sha1_base64="idTVpcw7uLf6BZYZ55ZYol0opGM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6EUoetFbRfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dpeWV1bb2wUdzc2t7ZLe3tN0ycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw5uJ33zi2ohYPeIo4X5E+0qEglG0UrPWpVd3pw/dUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPpueOybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG89DOhkhS5YrNFYSoJxmTyO+kJzRnKkSWUaWFvJWxANWVoEyraELz5lxdJ46ziuRXv/rxcvc7jKMAhHMEJeHABVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/PhiO1g==</latexit>

effective degree of freedom: 

Simple basis change !

Ising spin model

diffusion-reaction model

� = I or S
<latexit sha1_base64="oAutnCpaBorawjU8xXmaA2jR0OM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6EZ3Fe0DmlAm00k7dCYJMzdiDcVfceNCEbf+hzv/xmmbhbae1eGce7nnniARXIPjfFuFhcWl5ZXiamltfWNzy97eaeg4VZTVaSxi1QqIZoJHrA4cBGslihEZCNYMBpdjv3nPlOZxdAfDhPmS9CIeckrASB17z9O8J8n5tQfsATIcKzy67dhlp+JMgOeJm5MyylHr2F9eN6apZBFQQbRuu04CfkYUcCrYqOSlmiWEDkiPtQ2NiGTazybpR/jQKF0cmsthHAGeqL83MiK1HsrATEoCfT3rjcX/vHYK4Zmf8ShJgUV0eihMBYYYj6vAXa4YBTE0hFDFTVZM+0QRCqawkinBnX15njSOK65TcW9OytWLvI4i2kcH6Ai56BRV0RWqoTqi6BE9o1f0Zj1ZL9a79TEdLVj5zi76A+vzBw6blPM=</latexit><latexit sha1_base64="oAutnCpaBorawjU8xXmaA2jR0OM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6EZ3Fe0DmlAm00k7dCYJMzdiDcVfceNCEbf+hzv/xmmbhbae1eGce7nnniARXIPjfFuFhcWl5ZXiamltfWNzy97eaeg4VZTVaSxi1QqIZoJHrA4cBGslihEZCNYMBpdjv3nPlOZxdAfDhPmS9CIeckrASB17z9O8J8n5tQfsATIcKzy67dhlp+JMgOeJm5MyylHr2F9eN6apZBFQQbRuu04CfkYUcCrYqOSlmiWEDkiPtQ2NiGTazybpR/jQKF0cmsthHAGeqL83MiK1HsrATEoCfT3rjcX/vHYK4Zmf8ShJgUV0eihMBYYYj6vAXa4YBTE0hFDFTVZM+0QRCqawkinBnX15njSOK65TcW9OytWLvI4i2kcH6Ai56BRV0RWqoTqi6BE9o1f0Zj1ZL9a79TEdLVj5zi76A+vzBw6blPM=</latexit><latexit sha1_base64="oAutnCpaBorawjU8xXmaA2jR0OM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6EZ3Fe0DmlAm00k7dCYJMzdiDcVfceNCEbf+hzv/xmmbhbae1eGce7nnniARXIPjfFuFhcWl5ZXiamltfWNzy97eaeg4VZTVaSxi1QqIZoJHrA4cBGslihEZCNYMBpdjv3nPlOZxdAfDhPmS9CIeckrASB17z9O8J8n5tQfsATIcKzy67dhlp+JMgOeJm5MyylHr2F9eN6apZBFQQbRuu04CfkYUcCrYqOSlmiWEDkiPtQ2NiGTazybpR/jQKF0cmsthHAGeqL83MiK1HsrATEoCfT3rjcX/vHYK4Zmf8ShJgUV0eihMBYYYj6vAXa4YBTE0hFDFTVZM+0QRCqawkinBnX15njSOK65TcW9OytWLvI4i2kcH6Ai56BRV0RWqoTqi6BE9o1f0Zj1ZL9a79TEdLVj5zi76A+vzBw6blPM=</latexit><latexit sha1_base64="oAutnCpaBorawjU8xXmaA2jR0OM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6EZ3Fe0DmlAm00k7dCYJMzdiDcVfceNCEbf+hzv/xmmbhbae1eGce7nnniARXIPjfFuFhcWl5ZXiamltfWNzy97eaeg4VZTVaSxi1QqIZoJHrA4cBGslihEZCNYMBpdjv3nPlOZxdAfDhPmS9CIeckrASB17z9O8J8n5tQfsATIcKzy67dhlp+JMgOeJm5MyylHr2F9eN6apZBFQQbRuu04CfkYUcCrYqOSlmiWEDkiPtQ2NiGTazybpR/jQKF0cmsthHAGeqL83MiK1HsrATEoCfT3rjcX/vHYK4Zmf8ShJgUV0eihMBYYYj6vAXa4YBTE0hFDFTVZM+0QRCqawkinBnX15njSOK65TcW9OytWLvI4i2kcH6Ai56BRV0RWqoTqi6BE9o1f0Zj1ZL9a79TEdLVj5zi76A+vzBw6blPM=</latexit>

� = Ps or Pa
<latexit sha1_base64="vq9oE/BCGe9o55rQDQ94CX3WRtI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBN0IRTcuI9gHtCFMppN26EwSZm7EEurGX3HjQhG3/oU7/8Zpm4W2ntXhnHu595wwFVyD43xbpaXlldW18nplY3Nre8fe3WvqJFOUNWgiEtUOiWaCx6wBHARrp4oRGQrWCofXE791z5TmSXwHo5T5kvRjHnFKwEiBfdDVvC/JpRfoLrAHyHGi8NgLSGBXnZozBV4kbkGqqIAX2F/dXkIzyWKggmjdcZ0U/Jwo4FSwcaWbaZYSOiR91jE0JpJpP58mGONjo/RwZG5HSQx4qv7eyInUeiRDMykJDPS8NxH/8zoZRBd+zuM0AxbT2aEoExgSPKkD97hiFMTIEEIVN79iOiCKUDClVUwJ7nzkRdI8rblOzb09q9avijrK6BAdoRPkonNURzfIQw1E0SN6Rq/ozXqyXqx362M2WrKKnX30B9bnDyxalrE=</latexit><latexit sha1_base64="vq9oE/BCGe9o55rQDQ94CX3WRtI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBN0IRTcuI9gHtCFMppN26EwSZm7EEurGX3HjQhG3/oU7/8Zpm4W2ntXhnHu595wwFVyD43xbpaXlldW18nplY3Nre8fe3WvqJFOUNWgiEtUOiWaCx6wBHARrp4oRGQrWCofXE791z5TmSXwHo5T5kvRjHnFKwEiBfdDVvC/JpRfoLrAHyHGi8NgLSGBXnZozBV4kbkGqqIAX2F/dXkIzyWKggmjdcZ0U/Jwo4FSwcaWbaZYSOiR91jE0JpJpP58mGONjo/RwZG5HSQx4qv7eyInUeiRDMykJDPS8NxH/8zoZRBd+zuM0AxbT2aEoExgSPKkD97hiFMTIEEIVN79iOiCKUDClVUwJ7nzkRdI8rblOzb09q9avijrK6BAdoRPkonNURzfIQw1E0SN6Rq/ozXqyXqx362M2WrKKnX30B9bnDyxalrE=</latexit><latexit sha1_base64="vq9oE/BCGe9o55rQDQ94CX3WRtI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBN0IRTcuI9gHtCFMppN26EwSZm7EEurGX3HjQhG3/oU7/8Zpm4W2ntXhnHu595wwFVyD43xbpaXlldW18nplY3Nre8fe3WvqJFOUNWgiEtUOiWaCx6wBHARrp4oRGQrWCofXE791z5TmSXwHo5T5kvRjHnFKwEiBfdDVvC/JpRfoLrAHyHGi8NgLSGBXnZozBV4kbkGqqIAX2F/dXkIzyWKggmjdcZ0U/Jwo4FSwcaWbaZYSOiR91jE0JpJpP58mGONjo/RwZG5HSQx4qv7eyInUeiRDMykJDPS8NxH/8zoZRBd+zuM0AxbT2aEoExgSPKkD97hiFMTIEEIVN79iOiCKUDClVUwJ7nzkRdI8rblOzb09q9avijrK6BAdoRPkonNURzfIQw1E0SN6Rq/ozXqyXqx362M2WrKKnX30B9bnDyxalrE=</latexit><latexit sha1_base64="vq9oE/BCGe9o55rQDQ94CX3WRtI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBN0IRTcuI9gHtCFMppN26EwSZm7EEurGX3HjQhG3/oU7/8Zpm4W2ntXhnHu595wwFVyD43xbpaXlldW18nplY3Nre8fe3WvqJFOUNWgiEtUOiWaCx6wBHARrp4oRGQrWCofXE791z5TmSXwHo5T5kvRjHnFKwEiBfdDVvC/JpRfoLrAHyHGi8NgLSGBXnZozBV4kbkGqqIAX2F/dXkIzyWKggmjdcZ0U/Jwo4FSwcaWbaZYSOiR91jE0JpJpP58mGONjo/RwZG5HSQx4qv7eyInUeiRDMykJDPS8NxH/8zoZRBd+zuM0AxbT2aEoExgSPKkD97hiFMTIEEIVN79iOiCKUDClVUwJ7nzkRdI8rblOzb09q9avijrK6BAdoRPkonNURzfIQw1E0SN6Rq/ozXqyXqx362M2WrKKnX30B9bnDyxalrE=</latexit>

� = I or ⌦(/ 2S � I)
<latexit sha1_base64="6m7h1TkkBD9Sbtrx8J72j0dlmDg=">AAACEXicbVC7SgNBFJ31GeMramkzGIRYGHZF0EYQbUylolEhG8Ls5G4cMrOzzNwVw5JfsPFXbCwUsbWz82+cxBS+TnU4517uPSdKpbDo+x/e2PjE5NR0YaY4Oze/sFhaWr6wOjMc6lxLba4iZkGKBOooUMJVaoCpSMJl1D0c+Jc3YKzQyTn2Umgq1klELDhDJ7VKldCKjmJ7tRDhFnOqDe2Hxwo6jFbC1OgUNd0626xttEplv+oPQf+SYETKZISTVuk9bGueKUiQS2ZtI/BTbObMoOAS+sUws5Ay3mUdaDiaMAW2mQ8T9em6U9o0dt/EOkE6VL9v5ExZ21ORm1QMr+1vbyD+5zUyjHebuUjSDCHhX4fiTFIXc1APbQsDHGXPEcaNcL9Sfs0M4+hKLLoSgt+R/5KLrWrgV4PT7fL+waiOAlkla6RCArJD9skROSF1wskdeSBP5Nm79x69F+/1a3TMG+2skB/w3j4Bp6KcOQ==</latexit><latexit sha1_base64="6m7h1TkkBD9Sbtrx8J72j0dlmDg=">AAACEXicbVC7SgNBFJ31GeMramkzGIRYGHZF0EYQbUylolEhG8Ls5G4cMrOzzNwVw5JfsPFXbCwUsbWz82+cxBS+TnU4517uPSdKpbDo+x/e2PjE5NR0YaY4Oze/sFhaWr6wOjMc6lxLba4iZkGKBOooUMJVaoCpSMJl1D0c+Jc3YKzQyTn2Umgq1klELDhDJ7VKldCKjmJ7tRDhFnOqDe2Hxwo6jFbC1OgUNd0626xttEplv+oPQf+SYETKZISTVuk9bGueKUiQS2ZtI/BTbObMoOAS+sUws5Ay3mUdaDiaMAW2mQ8T9em6U9o0dt/EOkE6VL9v5ExZ21ORm1QMr+1vbyD+5zUyjHebuUjSDCHhX4fiTFIXc1APbQsDHGXPEcaNcL9Sfs0M4+hKLLoSgt+R/5KLrWrgV4PT7fL+waiOAlkla6RCArJD9skROSF1wskdeSBP5Nm79x69F+/1a3TMG+2skB/w3j4Bp6KcOQ==</latexit><latexit sha1_base64="6m7h1TkkBD9Sbtrx8J72j0dlmDg=">AAACEXicbVC7SgNBFJ31GeMramkzGIRYGHZF0EYQbUylolEhG8Ls5G4cMrOzzNwVw5JfsPFXbCwUsbWz82+cxBS+TnU4517uPSdKpbDo+x/e2PjE5NR0YaY4Oze/sFhaWr6wOjMc6lxLba4iZkGKBOooUMJVaoCpSMJl1D0c+Jc3YKzQyTn2Umgq1klELDhDJ7VKldCKjmJ7tRDhFnOqDe2Hxwo6jFbC1OgUNd0626xttEplv+oPQf+SYETKZISTVuk9bGueKUiQS2ZtI/BTbObMoOAS+sUws5Ay3mUdaDiaMAW2mQ8T9em6U9o0dt/EOkE6VL9v5ExZ21ORm1QMr+1vbyD+5zUyjHebuUjSDCHhX4fiTFIXc1APbQsDHGXPEcaNcL9Sfs0M4+hKLLoSgt+R/5KLrWrgV4PT7fL+waiOAlkla6RCArJD9skROSF1wskdeSBP5Nm79x69F+/1a3TMG+2skB/w3j4Bp6KcOQ==</latexit><latexit sha1_base64="6m7h1TkkBD9Sbtrx8J72j0dlmDg=">AAACEXicbVC7SgNBFJ31GeMramkzGIRYGHZF0EYQbUylolEhG8Ls5G4cMrOzzNwVw5JfsPFXbCwUsbWz82+cxBS+TnU4517uPSdKpbDo+x/e2PjE5NR0YaY4Oze/sFhaWr6wOjMc6lxLba4iZkGKBOooUMJVaoCpSMJl1D0c+Jc3YKzQyTn2Umgq1klELDhDJ7VKldCKjmJ7tRDhFnOqDe2Hxwo6jFbC1OgUNd0626xttEplv+oPQf+SYETKZISTVuk9bGueKUiQS2ZtI/BTbObMoOAS+sUws5Ay3mUdaDiaMAW2mQ8T9em6U9o0dt/EOkE6VL9v5ExZ21ORm1QMr+1vbyD+5zUyjHebuUjSDCHhX4fiTFIXc1APbQsDHGXPEcaNcL9Sfs0M4+hKLLoSgt+R/5KLrWrgV4PT7fL+waiOAlkla6RCArJD9skROSF1wskdeSBP5Nm79x69F+/1a3TMG+2skB/w3j4Bp6KcOQ==</latexit>

� = I or ⌦(/ 2S � I)
<latexit sha1_base64="6m7h1TkkBD9Sbtrx8J72j0dlmDg=">AAACEXicbVC7SgNBFJ31GeMramkzGIRYGHZF0EYQbUylolEhG8Ls5G4cMrOzzNwVw5JfsPFXbCwUsbWz82+cxBS+TnU4517uPSdKpbDo+x/e2PjE5NR0YaY4Oze/sFhaWr6wOjMc6lxLba4iZkGKBOooUMJVaoCpSMJl1D0c+Jc3YKzQyTn2Umgq1klELDhDJ7VKldCKjmJ7tRDhFnOqDe2Hxwo6jFbC1OgUNd0626xttEplv+oPQf+SYETKZISTVuk9bGueKUiQS2ZtI/BTbObMoOAS+sUws5Ay3mUdaDiaMAW2mQ8T9em6U9o0dt/EOkE6VL9v5ExZ21ORm1QMr+1vbyD+5zUyjHebuUjSDCHhX4fiTFIXc1APbQsDHGXPEcaNcL9Sfs0M4+hKLLoSgt+R/5KLrWrgV4PT7fL+waiOAlkla6RCArJD9skROSF1wskdeSBP5Nm79x69F+/1a3TMG+2skB/w3j4Bp6KcOQ==</latexit><latexit sha1_base64="6m7h1TkkBD9Sbtrx8J72j0dlmDg=">AAACEXicbVC7SgNBFJ31GeMramkzGIRYGHZF0EYQbUylolEhG8Ls5G4cMrOzzNwVw5JfsPFXbCwUsbWz82+cxBS+TnU4517uPSdKpbDo+x/e2PjE5NR0YaY4Oze/sFhaWr6wOjMc6lxLba4iZkGKBOooUMJVaoCpSMJl1D0c+Jc3YKzQyTn2Umgq1klELDhDJ7VKldCKjmJ7tRDhFnOqDe2Hxwo6jFbC1OgUNd0626xttEplv+oPQf+SYETKZISTVuk9bGueKUiQS2ZtI/BTbObMoOAS+sUws5Ay3mUdaDiaMAW2mQ8T9em6U9o0dt/EOkE6VL9v5ExZ21ORm1QMr+1vbyD+5zUyjHebuUjSDCHhX4fiTFIXc1APbQsDHGXPEcaNcL9Sfs0M4+hKLLoSgt+R/5KLrWrgV4PT7fL+waiOAlkla6RCArJD9skROSF1wskdeSBP5Nm79x69F+/1a3TMG+2skB/w3j4Bp6KcOQ==</latexit><latexit sha1_base64="6m7h1TkkBD9Sbtrx8J72j0dlmDg=">AAACEXicbVC7SgNBFJ31GeMramkzGIRYGHZF0EYQbUylolEhG8Ls5G4cMrOzzNwVw5JfsPFXbCwUsbWz82+cxBS+TnU4517uPSdKpbDo+x/e2PjE5NR0YaY4Oze/sFhaWr6wOjMc6lxLba4iZkGKBOooUMJVaoCpSMJl1D0c+Jc3YKzQyTn2Umgq1klELDhDJ7VKldCKjmJ7tRDhFnOqDe2Hxwo6jFbC1OgUNd0626xttEplv+oPQf+SYETKZISTVuk9bGueKUiQS2ZtI/BTbObMoOAS+sUws5Ay3mUdaDiaMAW2mQ8T9em6U9o0dt/EOkE6VL9v5ExZ21ORm1QMr+1vbyD+5zUyjHebuUjSDCHhX4fiTFIXc1APbQsDHGXPEcaNcL9Sfs0M4+hKLLoSgt+R/5KLrWrgV4PT7fL+waiOAlkla6RCArJD9skROSF1wskdeSBP5Nm79x69F+/1a3TMG+2skB/w3j4Bp6KcOQ==</latexit><latexit sha1_base64="6m7h1TkkBD9Sbtrx8J72j0dlmDg=">AAACEXicbVC7SgNBFJ31GeMramkzGIRYGHZF0EYQbUylolEhG8Ls5G4cMrOzzNwVw5JfsPFXbCwUsbWz82+cxBS+TnU4517uPSdKpbDo+x/e2PjE5NR0YaY4Oze/sFhaWr6wOjMc6lxLba4iZkGKBOooUMJVaoCpSMJl1D0c+Jc3YKzQyTn2Umgq1klELDhDJ7VKldCKjmJ7tRDhFnOqDe2Hxwo6jFbC1OgUNd0626xttEplv+oPQf+SYETKZISTVuk9bGueKUiQS2ZtI/BTbObMoOAS+sUws5Ay3mUdaDiaMAW2mQ8T9em6U9o0dt/EOkE6VL9v5ExZ21ORm1QMr+1vbyD+5zUyjHebuUjSDCHhX4fiTFIXc1APbQsDHGXPEcaNcL9Sfs0M4+hKLLoSgt+R/5KLrWrgV4PT7fL+waiOAlkla6RCArJD9skROSF1wskdeSBP5Nm79x69F+/1a3TMG+2skB/w3j4Bp6KcOQ==</latexit>

How does it work? 
Emergent degree of freedom by randomization
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s0
<latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit><latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit><latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit><latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit>

*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

averaging

*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

labeled by 
 (sym) or  (anti-sym)s a

s Ps*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

a Pa

index species converter: 
effective degree of freedom <—> projectors



• Mapping XEB to a diffusion-reaction model  

• How does the classical degree of freedom emerge from taking average 

• Mapping XEB and fidelity to a diffusion-reaction model 

• Explaining when XEB  (or ) fidelity 

• Understanding the scaling feature of our algorithm

≈ ≉



XEB

XEB + 1 = 2N ∑
x

p(x)2 = ∑
x

2N

2 |0⟩⊗4 ∑
x1

|x1⟩⊗4

∑
xN

|xN⟩⊗4

2|0 � 42|0 � 4

2|0 � 42|0 � 4

2|0 � 42|0 � 4

2|0 � 42|0 � 4

|x 1
� 4|x 1
� 4

|xN
� 4|xN
� 4

......

2|0 � 42|0 � 4

2|0 � 42|0 � 4

2|0 � 42|0 � 4

2|0 � 42|0 � 4

|x 1
� 4|x 1
� 4

|xN
� 4|xN
� 4

......
*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

s0
<latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit><latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit><latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit><latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit>

*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

shorthand

2 |0⟩⊗4

2 |0⟩⊗4

2 |0⟩⊗4

labeled by 
 (vacuum) or  (particle)I Ω

s(x, t) 2 {I,⌦}
<latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit>

sum over

s(x, t) 2 {I,⌦}
<latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit>

averaging over unitaries



XEB

XEB + 1 = 2N ∑
x

p(x)2 = ∑
x

2N

averaging over unitaries

2 |0⟩⊗4 ∑
x1

|x1⟩⊗4

∑
xN

|xN⟩⊗4

2|0 � 42|0 � 4

2|0 � 42|0 � 4

2|0 � 42|0 � 4

2|0 � 42|0 � 4

|x 1
� 4|x 1
� 4

|xN
� 4|xN
� 4

......

2|0 � 42|0 � 4

2|0 � 42|0 � 4

2|0 � 42|0 � 4

2|0 � 42|0 � 4

|x 1
� 4|x 1
� 4

|xN
� 4|xN
� 4

......
*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

s0
<latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit><latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit><latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit><latexit sha1_base64="16sSzGoE8Kwo0SVPq+nrJvqIBVE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0V9Bjw4jGCeUCyhtlJbzJkZnadmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0wzpLRKJbETUouMK65VZgK9VIZSSwGQ1vpn7zCbXhibq3oxRDSfuKx5xR66SWeeikmkvslsp+xZ+BLJMgJ2XIUeuWvjq9hGUSlWWCGtMO/NSGY6otZwInxU5mMKVsSPvYdlRRiSYcz+6dkFOn9EicaFfKkpn6e2JMpTEjGblOSe3ALHpT8T+vndn4OhxzlWYWFZsvijNBbEKmz5Me18isGDlCmebuVsIGVFNmXURFF0Kw+PIyaZxXAr8S3F2Wqxd5HAU4hhM4gwCuoAq3UIM6MBDwDK/w5j16L9679zFvXfHymSP4A+/zBzY4kAU=</latexit>

*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

*

*

*

*

2|0 � 42|0 � 4

|x i
� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

shorthand

2 |0⟩⊗4

2 |0⟩⊗4

2 |0⟩⊗4 4 by 4 Markovian 
transfer matrix: 

2 bits to 2 bits (dotted line)
T

<latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit>

labeled by 
 (vacuum) or  (particle)I Ω

=
�
1/2 1/2

�
<latexit sha1_base64="E23jpYghwrBkGPYBqu+mw6OhHEs=">AAACEXicbVDLSgMxFM3UVx1foy7dBIvSVZ0pgm6EohuXFewD2qFk0ts2NJMZkoxYhv6CG3/FjQtF3Lpz59+YtoNo64GEwzn3cu89QcyZ0q77ZeWWlldW1/Lr9sbm1vaOs7tXV1EiKdRoxCPZDIgCzgTUNNMcmrEEEgYcGsHwauI37kAqFolbPYrBD0lfsB6jRBup4xQv2gH0mUjjkGjJ7se2d1LGx9j8dhtE90fvOAW35E6BF4mXkQLKUO04n+1uRJMQhKacKNXy3Fj7KZGaUQ5ju50oiAkdkj60DBUkBOWn04vG+MgoXdyLpHlC46n6uyMloVKjMDCVZr+Bmvcm4n9eK9G9cz9lIk40CDob1Es41hGexIO7TALVfGQIoZKZXTEdEEmoNiHaJgRv/uRFUi+XPLfk3ZwWKpdZHHl0gA5REXnoDFXQNaqiGqLoAT2hF/RqPVrP1pv1PivNWVnPPvoD6+MbQEicBA==</latexit><latexit sha1_base64="E23jpYghwrBkGPYBqu+mw6OhHEs=">AAACEXicbVDLSgMxFM3UVx1foy7dBIvSVZ0pgm6EohuXFewD2qFk0ts2NJMZkoxYhv6CG3/FjQtF3Lpz59+YtoNo64GEwzn3cu89QcyZ0q77ZeWWlldW1/Lr9sbm1vaOs7tXV1EiKdRoxCPZDIgCzgTUNNMcmrEEEgYcGsHwauI37kAqFolbPYrBD0lfsB6jRBup4xQv2gH0mUjjkGjJ7se2d1LGx9j8dhtE90fvOAW35E6BF4mXkQLKUO04n+1uRJMQhKacKNXy3Fj7KZGaUQ5ju50oiAkdkj60DBUkBOWn04vG+MgoXdyLpHlC46n6uyMloVKjMDCVZr+Bmvcm4n9eK9G9cz9lIk40CDob1Es41hGexIO7TALVfGQIoZKZXTEdEEmoNiHaJgRv/uRFUi+XPLfk3ZwWKpdZHHl0gA5REXnoDFXQNaqiGqLoAT2hF/RqPVrP1pv1PivNWVnPPvoD6+MbQEicBA==</latexit><latexit sha1_base64="E23jpYghwrBkGPYBqu+mw6OhHEs=">AAACEXicbVDLSgMxFM3UVx1foy7dBIvSVZ0pgm6EohuXFewD2qFk0ts2NJMZkoxYhv6CG3/FjQtF3Lpz59+YtoNo64GEwzn3cu89QcyZ0q77ZeWWlldW1/Lr9sbm1vaOs7tXV1EiKdRoxCPZDIgCzgTUNNMcmrEEEgYcGsHwauI37kAqFolbPYrBD0lfsB6jRBup4xQv2gH0mUjjkGjJ7se2d1LGx9j8dhtE90fvOAW35E6BF4mXkQLKUO04n+1uRJMQhKacKNXy3Fj7KZGaUQ5ju50oiAkdkj60DBUkBOWn04vG+MgoXdyLpHlC46n6uyMloVKjMDCVZr+Bmvcm4n9eK9G9cz9lIk40CDob1Es41hGexIO7TALVfGQIoZKZXTEdEEmoNiHaJgRv/uRFUi+XPLfk3ZwWKpdZHHl0gA5REXnoDFXQNaqiGqLoAT2hF/RqPVrP1pv1PivNWVnPPvoD6+MbQEicBA==</latexit><latexit sha1_base64="E23jpYghwrBkGPYBqu+mw6OhHEs=">AAACEXicbVDLSgMxFM3UVx1foy7dBIvSVZ0pgm6EohuXFewD2qFk0ts2NJMZkoxYhv6CG3/FjQtF3Lpz59+YtoNo64GEwzn3cu89QcyZ0q77ZeWWlldW1/Lr9sbm1vaOs7tXV1EiKdRoxCPZDIgCzgTUNNMcmrEEEgYcGsHwauI37kAqFolbPYrBD0lfsB6jRBup4xQv2gH0mUjjkGjJ7se2d1LGx9j8dhtE90fvOAW35E6BF4mXkQLKUO04n+1uRJMQhKacKNXy3Fj7KZGaUQ5ju50oiAkdkj60DBUkBOWn04vG+MgoXdyLpHlC46n6uyMloVKjMDCVZr+Bmvcm4n9eK9G9cz9lIk40CDob1Es41hGexIO7TALVfGQIoZKZXTEdEEmoNiHaJgRv/uRFUi+XPLfk3ZwWKpdZHHl0gA5REXnoDFXQNaqiGqLoAT2hF/RqPVrP1pv1PivNWVnPPvoD6+MbQEicBA==</latexit>

uniform

distribution

✓
1 0
0 1

◆

<latexit sha1_base64="ylkP/8Dy0AQ3mLbvzSXiapmc0bo=">AAACFHicbVDLSsNAFJ34rPEVdelmsCiCUBIRdFl047KCfUATymRy2w6dTMLMRCyhH+HGX3HjQhG3Ltz5N07bINp6YJjDOfdy7z1hypnSrvtlLSwuLa+sltbs9Y3NrW1nZ7ehkkxSqNOEJ7IVEgWcCahrpjm0UgkkDjk0w8HV2G/egVQsEbd6mEIQk55gXUaJNlLHOfFD6DGRpzHRkt2PbA8fYdf3bdf8nu2DiH68jlN2K+4EeJ54BSmjArWO8+lHCc1iEJpyolTbc1Md5ERqRjmMbD9TkBI6ID1oGypIDCrIJ0eN8KFRItxNpHlC44n6uyMnsVLDODSVZr++mvXG4n9eO9PdiyBnIs00CDod1M041gkeJ4QjJoFqPjSEUMnMrpj2iSRUmxxtE4I3e/I8aZxWPLfi3ZyVq5dFHCW0jw7QMfLQOaqia1RDdUTRA3pCL+jVerSerTfrfVq6YBU9e+gPrI9voymcqw==</latexit><latexit sha1_base64="ylkP/8Dy0AQ3mLbvzSXiapmc0bo=">AAACFHicbVDLSsNAFJ34rPEVdelmsCiCUBIRdFl047KCfUATymRy2w6dTMLMRCyhH+HGX3HjQhG3Ltz5N07bINp6YJjDOfdy7z1hypnSrvtlLSwuLa+sltbs9Y3NrW1nZ7ehkkxSqNOEJ7IVEgWcCahrpjm0UgkkDjk0w8HV2G/egVQsEbd6mEIQk55gXUaJNlLHOfFD6DGRpzHRkt2PbA8fYdf3bdf8nu2DiH68jlN2K+4EeJ54BSmjArWO8+lHCc1iEJpyolTbc1Md5ERqRjmMbD9TkBI6ID1oGypIDCrIJ0eN8KFRItxNpHlC44n6uyMnsVLDODSVZr++mvXG4n9eO9PdiyBnIs00CDod1M041gkeJ4QjJoFqPjSEUMnMrpj2iSRUmxxtE4I3e/I8aZxWPLfi3ZyVq5dFHCW0jw7QMfLQOaqia1RDdUTRA3pCL+jVerSerTfrfVq6YBU9e+gPrI9voymcqw==</latexit><latexit sha1_base64="ylkP/8Dy0AQ3mLbvzSXiapmc0bo=">AAACFHicbVDLSsNAFJ34rPEVdelmsCiCUBIRdFl047KCfUATymRy2w6dTMLMRCyhH+HGX3HjQhG3Ltz5N07bINp6YJjDOfdy7z1hypnSrvtlLSwuLa+sltbs9Y3NrW1nZ7ehkkxSqNOEJ7IVEgWcCahrpjm0UgkkDjk0w8HV2G/egVQsEbd6mEIQk55gXUaJNlLHOfFD6DGRpzHRkt2PbA8fYdf3bdf8nu2DiH68jlN2K+4EeJ54BSmjArWO8+lHCc1iEJpyolTbc1Md5ERqRjmMbD9TkBI6ID1oGypIDCrIJ0eN8KFRItxNpHlC44n6uyMnsVLDODSVZr++mvXG4n9eO9PdiyBnIs00CDod1M041gkeJ4QjJoFqPjSEUMnMrpj2iSRUmxxtE4I3e/I8aZxWPLfi3ZyVq5dFHCW0jw7QMfLQOaqia1RDdUTRA3pCL+jVerSerTfrfVq6YBU9e+gPrI9voymcqw==</latexit><latexit sha1_base64="ylkP/8Dy0AQ3mLbvzSXiapmc0bo=">AAACFHicbVDLSsNAFJ34rPEVdelmsCiCUBIRdFl047KCfUATymRy2w6dTMLMRCyhH+HGX3HjQhG3Ltz5N07bINp6YJjDOfdy7z1hypnSrvtlLSwuLa+sltbs9Y3NrW1nZ7ehkkxSqNOEJ7IVEgWcCahrpjm0UgkkDjk0w8HV2G/egVQsEbd6mEIQk55gXUaJNlLHOfFD6DGRpzHRkt2PbA8fYdf3bdf8nu2DiH68jlN2K+4EeJ54BSmjArWO8+lHCc1iEJpyolTbc1Md5ERqRjmMbD9TkBI6ID1oGypIDCrIJ0eN8KFRItxNpHlC44n6uyMnsVLDODSVZr++mvXG4n9eO9PdiyBnIs00CDod1M041gkeJ4QjJoFqPjSEUMnMrpj2iSRUmxxtE4I3e/I8aZxWPLfi3ZyVq5dFHCW0jw7QMfLQOaqia1RDdUTRA3pCL+jVerSerTfrfVq6YBU9e+gPrI9voymcqw==</latexit>

identity

2

✓
1
1/3

◆

<latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit>

weighted sum 



2 |0⟩⊗4 ∑
x1
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∑
xN

|xN⟩⊗4

2|0 � 42|0 � 4

2|0 � 42|0 � 4
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2|0 � 42|0 � 4
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� 4|x 1
� 4

|xN
� 4|xN
� 4

......
2|0 � 42|0 � 4

2|0 � 42|0 � 4

2|0 � 42|0 � 4

2|0 � 42|0 � 4
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� 4|x 1
� 4

|xN
� 4|xN
� 4
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2 |0⟩⊗4

2 |0⟩⊗4

2 |0⟩⊗4

Diffusion-Reaction Model

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit> initial state


uniform distribution
Markovian Markovian Markovian weighted sum 

p = (p0, ⋯, p2N−1)

= path integral of  p ⋅ 2N ( 1
1/3)

⊗N

𝔼histories [2N ⋅
1

3#Ω in the last layer ]
the weight 1/3:  XEB measured in Z basis, but  
among 3 Paulis, only information in Z can be detected 

Ω ∼ X, Y, Z
factor 2 for normalization (will see it later) 

2

✓
1
1/3

◆

<latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit>



Diffusion-Reaction Model

reaction process

diffusion process

more entanglement “productivity”

—> larger diffusion rate

reaction rate =3, gate set independent

reaction rate:  =  = 3R
p(Ω → ΩΩ)
p(ΩΩ → Ω)

intuitively 
 represents 3 species 

X, Y, Z
Ω

duplication

recombination

random walk

random walk speed: fSim > Haar > CZI : vacuum Ω : parhcle



XEB vs. fidelity

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

   diffusion-reaction process 

XEB

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

   diffusion-reaction process 
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◆

<latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit>
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◆

<latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit><latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit><latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit><latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit>

fidelity F

F = tr(ρ1ρ2)

ρ1 ρ2

ρ1

ρ2

reshape



XEB vs. fidelity

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

   diffusion-reaction process 

XEB

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

   diffusion-reaction process 2

✓
1
1/3

◆

<latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit>

✓
1
1

◆

<latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit><latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit><latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit><latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit>

fidelity F

path integral of  𝔼histories [2N ⋅
1

3#Ω in the last layer ] − 1 path integral of  𝔼histories [1] = 1

weighted average of particle populations 
(up to normalization) 

total sum of particle populations

they only differ in the boundary condition of the last layer !

XEB =  =2Np ⋅ ( 1
1/3)

⊗N

− 1  =  =F p ⋅ (1
1)

⊗N



• Mapping XEB to a diffusion-reaction model  

• How does the classical degree of freedom emerge from taking average 

• Mapping XEB and fidelity to a diffusion-reaction model 

• Explaining when XEB  (or ) fidelity 

• Understanding the scaling feature of our algorithm

≈ ≉



Why XEB —> fidelity=1 for ideal circuit?

in the absence of error & long time limit / deep circuit

particle population equilibrates: p = ( 1
4

3
4 )

⊗N
entangling gate independent: fully determined by reaction rate

intuition: in chaotic system, uniform mixture of I, X, Y, Z 
I —>  vacuum (1 species); X, Y, Z —>  (3 species)Ω

time to reach equilibrium: depends on diffusion rate mixing time  scrambling time∼

position
density of  

at the last layer
Ω 3/4

Ω𝐼 Ω 𝐼 Ω Ω𝐼 Ω Ω 𝐼 ΩΩ

stationary distribution of the last layer

homogeneous

up to a small correction to eliminate the -1 in the def of XEB 
Self-consistent Eq. (Or solving eigenstate with eigenvalue 1)



s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>
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1
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◆

<latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit>

✓
1
1

◆

<latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit><latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit><latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit><latexit sha1_base64="cJytQa6oeNrTSDOp64nrnQ6GZqc=">AAACDHicbVDLSgMxFM34rOOr6tJNsAiuykQEXRbduKxgH9ApJZO504ZmMkOSEcvQD3Djr7hxoYhbP8Cdf2PaDqKtBwKHc84l954gFVwbz/tylpZXVtfWSxvu5tb2zm55b7+pk0wxaLBEJKodUA2CS2gYbgS0UwU0DgS0guHVxG/dgdI8kbdmlEI3pn3JI86osVKvXPED6HOZpzE1it+PXeL7LnF9kOGPZlNe1ZsCLxJSkAoqUO+VP/0wYVkM0jBBte4QLzXdnCrDmYCx62caUsqGtA8dSyWNQXfz6TFjfGyVEEeJsk8aPFV/T+Q01noUBzZp9xvoeW8i/ud1MhNddHMu08yAZLOPokxgk+BJMzjkCpgRI0soU9zuitmAKsqM7c+1JZD5kxdJ87RKvCq5OavULos6SugQHaETRNA5qqFrVEcNxNADekIv6NV5dJ6dN+d9Fl1yipkD9AfOxzdinJsv</latexit>

weighted average of particle populations total sum of particle populations

( 1
4

3
4 ) re-weight
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◆

<latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit> 1
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Why XEB —> fidelity=1 for ideal circuit?

more weights on  
(2 on , 2/3 on ) 

I
I Ω equal weights on  and  I Ω



p(x )p(x )ideal circuit

our algorithm q(x )q(x )

* complex conjugate

p(x )p(x )ideal circuit

noisy circuit q(x )q(x )

XEB+ 1 = 2N
X

x

p(x)q(x) =
X

x1···xN
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shorthand

noise (any type)

particle loss
path integral in the bulk: 

∑
histories

history 
of particles ∑

histories
(1 − ϵ)total #Ω during this history history 

of particles 

Ideal circuit Noisy circuit 

particle loss leads to decline of XEB and fidelity

weight of this history weight of this history 

(1 0
0 1 − ϵ)



XEB vs. fidelity in noisy circuit (small noise)

perturbative regime   ( “equilibration time”  < “loss time” : weak noise regime)p → α ( 1
4

3
4 )

⊗N

final states and the histories approximately decouple 
both  and  experienced the same amount of loss I Ω α

Just re-scale the distribution —> XEB ≈ F ≈ αN



XEB vs. fidelity in noisy circuit (large noise)

non-perturbative regime  , with p → ( α
4

3β
4 )

⊗N

α > β
final states and the histories are correlated 
 in the last layer —> more likely  in the previous layers 

—> suffer less from particle loss —> 
I I

α > β

XEB > Fin XEB, state  (which suffer less from loss) has more weight —> I

The discrepancy is minimized by fSim gate ensemble 

fSim produces more entanglement —> 
diffusion rate is large —> 
faster equilibration time



• Mapping XEB to a diffusion-reaction model  

• How does the classical degree of freedom emerge from taking average 

• Mapping XEB and fidelity to a diffusion-reaction model 

• Explaining when XEB  (or ) fidelity 

• Understanding the scaling feature of our algorithm

≈ ≉



Our classical algorithm

deviation from the distribution —> discrepancy between XEB and fidelity( 1
4

3
4 )

⊗N

provides a strategy to spoof XEB: disturbing this distribution dramatically

violating homogeneity of the distribution 

skipping some gates —> 1 copy of  remained 
—> unitary 1-design —> all information is deleted 
—> strong depolarizing noise, 

U ⊗ U *

ϵ = 1



Our classical algorithm

path integral in the bulk: 

∑
histories without loss

Ideal circuit 

history no loss 

+ ∑
histories with loss

history with loss 

Our algorithm 

(1 0
0 1 − ϵ) → (1 0

0 0) projector 
to  I

skipped gates

∑
histories without loss

weight of this history weight of this history 



Our classical algorithm

position
3/4

Ω𝐼 Ω 𝐼 𝐼 Ω 𝐼 Ω

highly inhomogeneous

𝐼 𝐼𝐼 𝐼

<— weight —>

XEB fidelity F

3/4

Ω𝐼 Ω 𝐼 𝐼 Ω 𝐼 Ω

highly inhomogeneous

𝐼 𝐼𝐼 𝐼
2
3

2
3

2
3

2
32 2 2 2 2 2 2 2 1 1 1

1

1 1 1 1 1 1 1 1

XEB has a larger weight for   &  there are a lot of  —>  
XEB highly overestimates fidelity in our algorithm

I I



Our classical algorithm

density of  
at the last layer

Ω
position

3/4

Ω𝐼 Ω 𝐼 𝐼 Ω 𝐼 Ω

highly inhomogeneous

𝐼 𝐼𝐼 𝐼

3/4

Ω 𝐼 𝐼𝐼 𝐼𝐼 𝐼

larger system size

more rooms for particles to escape from loss —>  
in our algorithm, more qubits, larger XEB in general (in contrast to noisy circuit)

position
3/4

Ω𝐼 Ω 𝐼 𝐼 Ω 𝐼 Ω𝐼 𝐼𝐼 𝐼

CZ

faster diffusion —>  easier to be lost —> less XEB 
XEB: CZ > Haar > fSim 

position
3/4

Ω 𝐼 𝐼 𝐼 𝐼 Ω𝐼 𝐼𝐼 𝐼

fSim

𝐼 𝐼



• Quantum Advantage based on Linear Cross-Entropy Benchmark (XEB) 

• Overview of our results (a new spoofing algorithm) and their implication 

• Understanding our spoofing algorithm by mapping XEB to a diffusion-
reaction model 

• Conclusion and outlook



Conclusion

1. XEB is not a good measure, for both estimating fidelity and 
certifying quantum advantage, if without further 
assumptions on the experiment  

2. The mapping to statistical physics models is an interesting 
approach to understand RUC                                                         
e.g., the explanation when XEB  fidelity≈



Outlook

1. Extending our algorithm: other post-processing, adding 
entanglement 

2. Other applications of the diffusion-reaction model: 
generalizing XEB and learning properties of quantum circuit 

3. Other benchmarks of quantum advantage



Thank you for your 
attention! 



Backup



Google’s ordering

We can even explain the valleys and peaks in the curve using diffusion-reaction model



Diffusion-Reaction Model

}reaction
}diffusion

diffusion-reaction model



Diffusion-Reaction Model

diffusionpstay

speed of random walk (diffusion rate) 

 =  = D 1 − pstay 
4
3

(1 − trρ2
B)

more entanglement (smaller purity) <—> faster random walk  

DCZ < DHaar < DfSim



Diffusion-Reaction Model

reaction

reaction rate:  =  = 3 R
p(Ω → ΩΩ)
p(ΩΩ → Ω)

gate set independent, a universal constant 

RCZ = RHaar = RfSim

fully determined by the symmetry  
in U ⊗ U* ⊗ U ⊗ U*



Our classical algorithm: different gate set
faster diffusion —> less XEB 

trivial result? fSim has larger bond dimensions (more entangled) —>  
more dangerous to skip because of more “entanglement” being removed?  

No 

Ha
ar

 
Ha

ar
 Ha

ar
 

Ha
ar

 Ha
ar

 
Ha

ar
 

Ha
ar

 
Ha

ar
 Ha

ar
 

Ha
ar

 Ha
ar

 
Ha

ar
 

CZ
 

CZ
 

fS
im

 

fS
im

 XEB equal 

=

XEB determined by the “entanglement productivity” of  
the remaining gates instead of those being skipped 

Or equivalently, total  “entanglement productivity” is 
mainly determined by the (globally) scrambling property  



Mapping XEB to Ising model

for more quantitative analysis of asymptotic 
behavior for complexity-theoretic purpose 

Ha
ar

 
Ha

ar
 Ha

ar
 

Ha
ar

 Ha
ar

 
Ha

ar
 

Ha
ar

 

Ha
ar

 

1+1D Haar —> 2D Ising model



XEB

XEB + 1 = 2N ∑
x

p(x)2 = ∑
x

2N

1
4

| I⟩⟨I | +
3
4

|Ω⟩⟨Ω |

XEB of ideal circuit

= ( |00⟩ + |11⟩)⊗2 =
1
3 ∑

σ=X,Y,Z

[σ ⊗ I( |00⟩ + |11⟩)]⊗2

in Choi-Jamiolkovski  representation 
operation from 4 qubits to 4 qubits 

only 2 dim subspace 

two labels are enough 



XEB

XEB + 1 = 2N ∑
x

p(x)2 = ∑
x

2N XEB of ideal circuit

*

*

*

*
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I : vacuum Ω : parhcle

label a subspace of 4 qubits (dim=2) by vacuum/particle

index species converter



XEB

XEB + 1 = 2N ∑
x

p(x)2 = ∑
x

2N

averaging over unitaries
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*

*

*

2|0 � 42|0 � 4
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� 4
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� 4|x 1
� 4

*

*

*

*

2|0 � 42|0 � 4
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� 4|x i
� 4

*

*

|x 1
� 4|x 1
� 4

shorthand2 |0⟩⊗4

2 |0⟩⊗4

2 |0⟩⊗4
4 by 4 Markovian 
transfer matrix: 

2 bits to 2 bits (dotted line)
T

<latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit><latexit sha1_base64="+PBvf+lnnsnFY014vABWwPiSxYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW+gVtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZUazUG54lbdBcg68XJSgRz1QfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni0Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz1My6T1KBky0VhKoiJyfxrMuQKmRFTSyhT3N5K2JgqyozNpmRD8FZfXiftq6rnVr3GdaV2l8dRhDM4h0vw4AZq8AB1aAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx+vqYzY</latexit>

Remove black box



Diffusion-Reaction Model
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� 4

=

(
|Ii, if s = I

|⌦i, if s = ⌦
<latexit sha1_base64="ms4wr1i3uzhadVVt1ENEfT/VGo0="></latexit><latexit sha1_base64="ms4wr1i3uzhadVVt1ENEfT/VGo0="></latexit><latexit sha1_base64="ms4wr1i3uzhadVVt1ENEfT/VGo0="></latexit><latexit sha1_base64="ms4wr1i3uzhadVVt1ENEfT/VGo0="></latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

)�1
<latexit sha1_base64="3ib4QjvsCCXq0cznu2kMD5Po4mI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOgB8OuCHoMevEYwTwgWcPsZDYZnccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFpeWV1rbhe2tjc2t4p7+41jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hj9cRvPVFtmJJ3dpTQUOCBZDEj2DqpeXKfnQbjXrniV/0p0CIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0XOqmhiaYPOIB7TgqsaAmzKbXjtGRU/ooVtqVtGiq/p7IsDBmJCLXKbAdmnlvIv7ndVIbX4YZk0lqqSSzRXHKkVVo8jrqM02J5SNHMNHM3YrIEGtMrAuo5EII5l9eJM2zauBXg9vzSu0qj6MIB3AIxxDABdTgBurQAAIP8Ayv8OYp78V79z5mrQUvn9mHP/A+fwDAQ46T</latexit><latexit sha1_base64="3ib4QjvsCCXq0cznu2kMD5Po4mI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOgB8OuCHoMevEYwTwgWcPsZDYZnccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFpeWV1rbhe2tjc2t4p7+41jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hj9cRvPVFtmJJ3dpTQUOCBZDEj2DqpeXKfnQbjXrniV/0p0CIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0XOqmhiaYPOIB7TgqsaAmzKbXjtGRU/ooVtqVtGiq/p7IsDBmJCLXKbAdmnlvIv7ndVIbX4YZk0lqqSSzRXHKkVVo8jrqM02J5SNHMNHM3YrIEGtMrAuo5EII5l9eJM2zauBXg9vzSu0qj6MIB3AIxxDABdTgBurQAAIP8Ayv8OYp78V79z5mrQUvn9mHP/A+fwDAQ46T</latexit><latexit sha1_base64="3ib4QjvsCCXq0cznu2kMD5Po4mI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOgB8OuCHoMevEYwTwgWcPsZDYZnccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFpeWV1rbhe2tjc2t4p7+41jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hj9cRvPVFtmJJ3dpTQUOCBZDEj2DqpeXKfnQbjXrniV/0p0CIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0XOqmhiaYPOIB7TgqsaAmzKbXjtGRU/ooVtqVtGiq/p7IsDBmJCLXKbAdmnlvIv7ndVIbX4YZk0lqqSSzRXHKkVVo8jrqM02J5SNHMNHM3YrIEGtMrAuo5EII5l9eJM2zauBXg9vzSu0qj6MIB3AIxxDABdTgBurQAAIP8Ayv8OYp78V79z5mrQUvn9mHP/A+fwDAQ46T</latexit><latexit sha1_base64="3ib4QjvsCCXq0cznu2kMD5Po4mI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOgB8OuCHoMevEYwTwgWcPsZDYZnccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFpeWV1rbhe2tjc2t4p7+41jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hj9cRvPVFtmJJ3dpTQUOCBZDEj2DqpeXKfnQbjXrniV/0p0CIJclKBHPVe+avbVyQVVFrCsTGdwE9smGFtGeF0XOqmhiaYPOIB7TgqsaAmzKbXjtGRU/ooVtqVtGiq/p7IsDBmJCLXKbAdmnlvIv7ndVIbX4YZk0lqqSSzRXHKkVVo8jrqM02J5SNHMNHM3YrIEGtMrAuo5EII5l9eJM2zauBXg9vzSu0qj6MIB3AIxxDABdTgBurQAAIP8Ayv8OYp78V79z5mrQUvn9mHP/A+fwDAQ46T</latexit>

=
�
1/2 1/2

�
<latexit sha1_base64="E23jpYghwrBkGPYBqu+mw6OhHEs=">AAACEXicbVDLSgMxFM3UVx1foy7dBIvSVZ0pgm6EohuXFewD2qFk0ts2NJMZkoxYhv6CG3/FjQtF3Lpz59+YtoNo64GEwzn3cu89QcyZ0q77ZeWWlldW1/Lr9sbm1vaOs7tXV1EiKdRoxCPZDIgCzgTUNNMcmrEEEgYcGsHwauI37kAqFolbPYrBD0lfsB6jRBup4xQv2gH0mUjjkGjJ7se2d1LGx9j8dhtE90fvOAW35E6BF4mXkQLKUO04n+1uRJMQhKacKNXy3Fj7KZGaUQ5ju50oiAkdkj60DBUkBOWn04vG+MgoXdyLpHlC46n6uyMloVKjMDCVZr+Bmvcm4n9eK9G9cz9lIk40CDob1Es41hGexIO7TALVfGQIoZKZXTEdEEmoNiHaJgRv/uRFUi+XPLfk3ZwWKpdZHHl0gA5REXnoDFXQNaqiGqLoAT2hF/RqPVrP1pv1PivNWVnPPvoD6+MbQEicBA==</latexit><latexit sha1_base64="E23jpYghwrBkGPYBqu+mw6OhHEs=">AAACEXicbVDLSgMxFM3UVx1foy7dBIvSVZ0pgm6EohuXFewD2qFk0ts2NJMZkoxYhv6CG3/FjQtF3Lpz59+YtoNo64GEwzn3cu89QcyZ0q77ZeWWlldW1/Lr9sbm1vaOs7tXV1EiKdRoxCPZDIgCzgTUNNMcmrEEEgYcGsHwauI37kAqFolbPYrBD0lfsB6jRBup4xQv2gH0mUjjkGjJ7se2d1LGx9j8dhtE90fvOAW35E6BF4mXkQLKUO04n+1uRJMQhKacKNXy3Fj7KZGaUQ5ju50oiAkdkj60DBUkBOWn04vG+MgoXdyLpHlC46n6uyMloVKjMDCVZr+Bmvcm4n9eK9G9cz9lIk40CDob1Es41hGexIO7TALVfGQIoZKZXTEdEEmoNiHaJgRv/uRFUi+XPLfk3ZwWKpdZHHl0gA5REXnoDFXQNaqiGqLoAT2hF/RqPVrP1pv1PivNWVnPPvoD6+MbQEicBA==</latexit><latexit sha1_base64="E23jpYghwrBkGPYBqu+mw6OhHEs=">AAACEXicbVDLSgMxFM3UVx1foy7dBIvSVZ0pgm6EohuXFewD2qFk0ts2NJMZkoxYhv6CG3/FjQtF3Lpz59+YtoNo64GEwzn3cu89QcyZ0q77ZeWWlldW1/Lr9sbm1vaOs7tXV1EiKdRoxCPZDIgCzgTUNNMcmrEEEgYcGsHwauI37kAqFolbPYrBD0lfsB6jRBup4xQv2gH0mUjjkGjJ7se2d1LGx9j8dhtE90fvOAW35E6BF4mXkQLKUO04n+1uRJMQhKacKNXy3Fj7KZGaUQ5ju50oiAkdkj60DBUkBOWn04vG+MgoXdyLpHlC46n6uyMloVKjMDCVZr+Bmvcm4n9eK9G9cz9lIk40CDob1Es41hGexIO7TALVfGQIoZKZXTEdEEmoNiHaJgRv/uRFUi+XPLfk3ZwWKpdZHHl0gA5REXnoDFXQNaqiGqLoAT2hF/RqPVrP1pv1PivNWVnPPvoD6+MbQEicBA==</latexit><latexit sha1_base64="E23jpYghwrBkGPYBqu+mw6OhHEs=">AAACEXicbVDLSgMxFM3UVx1foy7dBIvSVZ0pgm6EohuXFewD2qFk0ts2NJMZkoxYhv6CG3/FjQtF3Lpz59+YtoNo64GEwzn3cu89QcyZ0q77ZeWWlldW1/Lr9sbm1vaOs7tXV1EiKdRoxCPZDIgCzgTUNNMcmrEEEgYcGsHwauI37kAqFolbPYrBD0lfsB6jRBup4xQv2gH0mUjjkGjJ7se2d1LGx9j8dhtE90fvOAW35E6BF4mXkQLKUO04n+1uRJMQhKacKNXy3Fj7KZGaUQ5ju50oiAkdkj60DBUkBOWn04vG+MgoXdyLpHlC46n6uyMloVKjMDCVZr+Bmvcm4n9eK9G9cz9lIk40CDob1Es41hGexIO7TALVfGQIoZKZXTEdEEmoNiHaJgRv/uRFUi+XPLfk3ZwWKpdZHHl0gA5REXnoDFXQNaqiGqLoAT2hF/RqPVrP1pv1PivNWVnPPvoD6+MbQEicBA==</latexit>

2

✓
1
1/3

◆

<latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit><latexit sha1_base64="HabZpIOOl3FL4rAPfbAq2M3BmWI=">AAACD3icbVBNS8NAEN34WeNX1KOXYFE81aQKeix68VjBfkATymYzaZduNmF3I5bQf+DFv+LFgyJevXrz37htg2jrg4HHezPMzAtSRqVynC9jYXFpeWW1tGaub2xubVs7u02ZZIJAgyQsEe0AS2CUQ0NRxaCdCsBxwKAVDK7GfusOhKQJv1XDFPwY9ziNKMFKS13rqOoF0KM8T2OsBL0fma7nme7JqekBD3/UrlV2Ks4E9jxxC1JGBepd69MLE5LFwBVhWMqO66TKz7FQlDAYmV4mIcVkgHvQ0ZTjGKSfT/4Z2YdaCe0oEbq4sifq74kcx1IO40B36vv6ctYbi/95nUxFF35OeZop4GS6KMqYrRJ7HI4dUgFEsaEmmAiqb7VJHwtMlI7Q1CG4sy/Pk2a14joV9+asXLss4iihfXSAjpGLzlENXaM6aiCCHtATekGvxqPxbLwZ79PWBaOY2UN/YHx8A86zm+E=</latexit>

✓
1 0
0 1

◆

<latexit sha1_base64="ylkP/8Dy0AQ3mLbvzSXiapmc0bo=">AAACFHicbVDLSsNAFJ34rPEVdelmsCiCUBIRdFl047KCfUATymRy2w6dTMLMRCyhH+HGX3HjQhG3Ltz5N07bINp6YJjDOfdy7z1hypnSrvtlLSwuLa+sltbs9Y3NrW1nZ7ehkkxSqNOEJ7IVEgWcCahrpjm0UgkkDjk0w8HV2G/egVQsEbd6mEIQk55gXUaJNlLHOfFD6DGRpzHRkt2PbA8fYdf3bdf8nu2DiH68jlN2K+4EeJ54BSmjArWO8+lHCc1iEJpyolTbc1Md5ERqRjmMbD9TkBI6ID1oGypIDCrIJ0eN8KFRItxNpHlC44n6uyMnsVLDODSVZr++mvXG4n9eO9PdiyBnIs00CDod1M041gkeJ4QjJoFqPjSEUMnMrpj2iSRUmxxtE4I3e/I8aZxWPLfi3ZyVq5dFHCW0jw7QMfLQOaqia1RDdUTRA3pCL+jVerSerTfrfVq6YBU9e+gPrI9voymcqw==</latexit><latexit sha1_base64="ylkP/8Dy0AQ3mLbvzSXiapmc0bo=">AAACFHicbVDLSsNAFJ34rPEVdelmsCiCUBIRdFl047KCfUATymRy2w6dTMLMRCyhH+HGX3HjQhG3Ltz5N07bINp6YJjDOfdy7z1hypnSrvtlLSwuLa+sltbs9Y3NrW1nZ7ehkkxSqNOEJ7IVEgWcCahrpjm0UgkkDjk0w8HV2G/egVQsEbd6mEIQk55gXUaJNlLHOfFD6DGRpzHRkt2PbA8fYdf3bdf8nu2DiH68jlN2K+4EeJ54BSmjArWO8+lHCc1iEJpyolTbc1Md5ERqRjmMbD9TkBI6ID1oGypIDCrIJ0eN8KFRItxNpHlC44n6uyMnsVLDODSVZr++mvXG4n9eO9PdiyBnIs00CDod1M041gkeJ4QjJoFqPjSEUMnMrpj2iSRUmxxtE4I3e/I8aZxWPLfi3ZyVq5dFHCW0jw7QMfLQOaqia1RDdUTRA3pCL+jVerSerTfrfVq6YBU9e+gPrI9voymcqw==</latexit><latexit sha1_base64="ylkP/8Dy0AQ3mLbvzSXiapmc0bo=">AAACFHicbVDLSsNAFJ34rPEVdelmsCiCUBIRdFl047KCfUATymRy2w6dTMLMRCyhH+HGX3HjQhG3Ltz5N07bINp6YJjDOfdy7z1hypnSrvtlLSwuLa+sltbs9Y3NrW1nZ7ehkkxSqNOEJ7IVEgWcCahrpjm0UgkkDjk0w8HV2G/egVQsEbd6mEIQk55gXUaJNlLHOfFD6DGRpzHRkt2PbA8fYdf3bdf8nu2DiH68jlN2K+4EeJ54BSmjArWO8+lHCc1iEJpyolTbc1Md5ERqRjmMbD9TkBI6ID1oGypIDCrIJ0eN8KFRItxNpHlC44n6uyMnsVLDODSVZr++mvXG4n9eO9PdiyBnIs00CDod1M041gkeJ4QjJoFqPjSEUMnMrpj2iSRUmxxtE4I3e/I8aZxWPLfi3ZyVq5dFHCW0jw7QMfLQOaqia1RDdUTRA3pCL+jVerSerTfrfVq6YBU9e+gPrI9voymcqw==</latexit><latexit sha1_base64="ylkP/8Dy0AQ3mLbvzSXiapmc0bo=">AAACFHicbVDLSsNAFJ34rPEVdelmsCiCUBIRdFl047KCfUATymRy2w6dTMLMRCyhH+HGX3HjQhG3Ltz5N07bINp6YJjDOfdy7z1hypnSrvtlLSwuLa+sltbs9Y3NrW1nZ7ehkkxSqNOEJ7IVEgWcCahrpjm0UgkkDjk0w8HV2G/egVQsEbd6mEIQk55gXUaJNlLHOfFD6DGRpzHRkt2PbA8fYdf3bdf8nu2DiH68jlN2K+4EeJ54BSmjArWO8+lHCc1iEJpyolTbc1Md5ERqRjmMbD9TkBI6ID1oGypIDCrIJ0eN8KFRItxNpHlC44n6uyMnsVLDODSVZr++mvXG4n9eO9PdiyBnIs00CDod1M041gkeJ4QjJoFqPjSEUMnMrpj2iSRUmxxtE4I3e/I8aZxWPLfi3ZyVq5dFHCW0jw7QMfLQOaqia1RDdUTRA3pCL+jVerSerTfrfVq6YBU9e+gPrI9voymcqw==</latexit>

uniform

distribution identity weighted sum 

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

s(x, t)
<latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit><latexit sha1_base64="a+UmLS3EPdnwDAwFFuY8+xGT5ew=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuKHoMePEYwTwgCWF2MpuMmZ1dZnrFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7/FgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWapjy0xme9oolt+LOQJaJl5ESZKj1il+dfsSSkCtkkhrT9twYuynVKJjkk0InMTymbEQHvG2poiE33XR27YScWKVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg+tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1ABRuCt/jyMmmcVzy34t1dlKqXWRx5OIJjKIMHV1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb8052cwh/IHz+QO7qI6F</latexit>

initial state

uniform distribution

Markovian Markovian Markovian weighted sum 

s(x, t) 2 {I,⌦}
<latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit>

sum over

s(x, t) 2 {I,⌦}
<latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit><latexit sha1_base64="hB6Srdt1s4LZ8LzIgDi89h6wvzM=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKpSSqKDHghc9WcF+QBPKZrttl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBzJnSjvNt5ZaWV1bX8uuFjc2t7R17d6+hokQSWicRj2QrwIpyJmhdM81pK5YUhwGnzWB4NfGbD1QqFol7PYqpH+K+YD1GsDZSxz5QpceyPvGY8NKbsncb0j72xh276FScKdAicTNShAy1jv3ldSOShFRowrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGChxS5afT88fo2Chd1IukKaHRVP09keJQqVEYmM4Q64Ga9ybif1470b1LP2UiTjQVZLaol3CkIzTJAnWZpETzkSGYSGZuRWSAJSbaJFYwIbjzLy+SxmnFdSru3XmxepbFkYdDOIISuHABVbiGGtSBQArP8Apv1pP1Yr1bH7PWnJXN7MMfWJ8/I2uU5w==</latexit>

p = (p0, ⋯, p2N−1)

= path integral of  p ⋅ 2N ( 1
1/3)

⊗N

𝔼histories [2N ⋅
1

3#Ω in the last layer ]
the weight 1/3:  XEB measured in Z basis 
among 3 Paulis, only information in Z can be detected 

factor 2 for normalization (will see it later) 



Mapping XEB to Ising model

V𝔼V∼Haar

changing 
basis

I and Ω I and S (SWAP)

force to be 
identical

| I⟩ = |S⟩ =

Ising interaction

∝ | I⟩ + 3 |Ω⟩

<—> 1 spin



Mapping XEB to Ising model

V𝔼V∼Haar

Left and Right boundaries: 
equal weight sum of spin up and down

XEB+1=partition function 
For deal circuit, global  Ising  symmetryℤ2 The Ising symmetry reflects the permutation symmetry 

in  V ⊗ V* ⊗ V ⊗ V*

and 2 spins



Mapping XEB to Ising model

Integrate the spin in the middle of 
each triangle (star-triangle relation)

Nicholas Hunter-Jones. arXiv:1905.12053  

B.Barak, C.Chou, and X.Gao. arXiv:2005.02421  

red is forbidden

green is allowed

red cannot exist

only green domain wall can exist

green domain wall must be very long

2 degenerate ground states stable

ferromagnetic phase



Mapping XEB to Ising model
ideal circuit our algorithm noisy circuit

transfer matrix T transfer matrix T transfer matrix T

eigenvalues of  : ,  (spectral gap), , T λ0 = 1 λ1 = 1 − Δ λ3 ≥ 0 ⋯⋯

XEB=O (e−Δd)

no magnetic field

 Ising symmetryℤ2

strong boundary magnetic field

violates  Ising symmetryℤ2

weak bulk magnetic field

violates  Ising symmetryℤ2



Mapping XEB to Ising model
ideal circuit our algorithm noisy circuit

transfer matrix T transfer matrix T transfer matrix T



2-fold degeneracy
Δ = 0

no magnetic field

 Ising symmetryℤ2

strong boundary magnetic field

violates  Ising symmetryℤ2

weak bulk magnetic field

violates  Ising symmetryℤ2

Δ1 Δ3 = lim
ϵ→0

lim
N→∞

ΔN,ϵ



Mapping XEB to Ising model

 non-vanishing even if  in large  
case, spontaneous magnetization
Δ3 ϵ → 0 N

decay rate of our algorithm (constant subsystem size) 
< decay rate of any noisy circuit in large  caseN



Power-k post-processing

qx �! q0x =
�(qx)P
y �(qx)

<latexit sha1_base64="vtJf3nBKEXvgycACPM8nqxJYmuo="></latexit><latexit sha1_base64="vtJf3nBKEXvgycACPM8nqxJYmuo="></latexit><latexit sha1_base64="vtJf3nBKEXvgycACPM8nqxJYmuo="></latexit><latexit sha1_base64="vtJf3nBKEXvgycACPM8nqxJYmuo="></latexit>

rescaling

normalization 

 select x with large  such that: σ qx

2N
X

x

q0xqx � 1 � 1
<latexit sha1_base64="De0GgiXoQa3/iBSDWM6Ob1VeZdQ=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuLEkRdBl0Y0rqWAv0KRhMp2kQ2eSODORltCdG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+f2EUaks69soLC2vrK4V10sbm1vbO+buXlPGqcCkgWMWi7aPJGE0Ig1FFSPtRBDEfUZa/uBqUm89ECFpHN2pUUJcjsKIBhQjpS3PPKx2bxyZcm947w27TiIoJ1Djqe2EIbQ9s2xVrKngItg5lEGuumd+Ob0Yp5xECjMkZce2EuVmSCiKGRmXnFSSBOEBCklHY4Q4kW42vWMMj7XTg0Es9IsUnLq/JzLEpRxxX3dypPpyvjYx/6t1UhVcuBmNklSRCM8WBSmDKoaTUGCPCoIVG2lAWFD9V4j7SCCsdHQlHYI9f/IiNKsV26rYt2fl2mUeRxEcgCNwAmxwDmrgGtRBA2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD1KiYnQ==</latexit><latexit sha1_base64="De0GgiXoQa3/iBSDWM6Ob1VeZdQ=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuLEkRdBl0Y0rqWAv0KRhMp2kQ2eSODORltCdG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+f2EUaks69soLC2vrK4V10sbm1vbO+buXlPGqcCkgWMWi7aPJGE0Ig1FFSPtRBDEfUZa/uBqUm89ECFpHN2pUUJcjsKIBhQjpS3PPKx2bxyZcm947w27TiIoJ1Djqe2EIbQ9s2xVrKngItg5lEGuumd+Ob0Yp5xECjMkZce2EuVmSCiKGRmXnFSSBOEBCklHY4Q4kW42vWMMj7XTg0Es9IsUnLq/JzLEpRxxX3dypPpyvjYx/6t1UhVcuBmNklSRCM8WBSmDKoaTUGCPCoIVG2lAWFD9V4j7SCCsdHQlHYI9f/IiNKsV26rYt2fl2mUeRxEcgCNwAmxwDmrgGtRBA2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD1KiYnQ==</latexit><latexit sha1_base64="De0GgiXoQa3/iBSDWM6Ob1VeZdQ=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuLEkRdBl0Y0rqWAv0KRhMp2kQ2eSODORltCdG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+f2EUaks69soLC2vrK4V10sbm1vbO+buXlPGqcCkgWMWi7aPJGE0Ig1FFSPtRBDEfUZa/uBqUm89ECFpHN2pUUJcjsKIBhQjpS3PPKx2bxyZcm947w27TiIoJ1Djqe2EIbQ9s2xVrKngItg5lEGuumd+Ob0Yp5xECjMkZce2EuVmSCiKGRmXnFSSBOEBCklHY4Q4kW42vWMMj7XTg0Es9IsUnLq/JzLEpRxxX3dypPpyvjYx/6t1UhVcuBmNklSRCM8WBSmDKoaTUGCPCoIVG2lAWFD9V4j7SCCsdHQlHYI9f/IiNKsV26rYt2fl2mUeRxEcgCNwAmxwDmrgGtRBA2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD1KiYnQ==</latexit><latexit sha1_base64="De0GgiXoQa3/iBSDWM6Ob1VeZdQ=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuLEkRdBl0Y0rqWAv0KRhMp2kQ2eSODORltCdG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+f2EUaks69soLC2vrK4V10sbm1vbO+buXlPGqcCkgWMWi7aPJGE0Ig1FFSPtRBDEfUZa/uBqUm89ECFpHN2pUUJcjsKIBhQjpS3PPKx2bxyZcm947w27TiIoJ1Djqe2EIbQ9s2xVrKngItg5lEGuumd+Ob0Yp5xECjMkZce2EuVmSCiKGRmXnFSSBOEBCklHY4Q4kW42vWMMj7XTg0Es9IsUnLq/JzLEpRxxX3dypPpyvjYx/6t1UhVcuBmNklSRCM8WBSmDKoaTUGCPCoIVG2lAWFD9V4j7SCCsdHQlHYI9f/IiNKsV26rYt2fl2mUeRxEcgCNwAmxwDmrgGtRBA2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD1KiYnQ==</latexit>

XEB= 

a natural choice:  
solution:  
(when k>1, large p will be amplified)

σ(px py) = σ(px)σ(py)
σ(p) = pk

still easy to simulate: 
1. subsystems decouple 
2. power-k & summation are easy to 

parallel in GPU

To amplify the average XEB further by heuristic post-processing



Power-k post-processing
analytics (toy model)

-

qubit

Haar

N/2

-

qubit

Haar

N/2 -

qubit

Haar

N/2

-

qubit

Haar

N/2

-

qubit

Haar

N/2

-

qubit

Haar

N/2arbitrary

arbitrary

arbitrary

arbitrary

-

qubit

Haar

C-

qubit

Haar

C

numerics (Sycamore, N=53)

d=12

d=16

(PS: error bar is not due to 
fluctuation of different U)

k ≈ 10 is good
 when EU[XEBk] ≈ k ⋅ EU[XEB1] k < N



STD of our algorithm



STD of our algorithm

algorithm IIalgorithm I 
(the original)



Adding entanglement

fidelityXEB



Adding entanglement

entanglement growth history



Channel 1

Channel 2

XEB

Model1(θ)
Model2(θ)

⋯
⋯

average Learn  from 
different models

θ

 properties of circuits:θ

strength and type of noise, 
scrambling speed, etc. 

Model3(θ)

Generalizing XEB

Extension of XEB —>  
other statistical classical models (many available tools: Monte Carlo, Bayesian 
network in machine learning)


