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Many names for a constellation of problems
• “Preferred-basis 

problem” 

• “Preferred-(sub)system 
problem”  

• “Set-selection problem”  

• “Quantum mereology” 

• “Branch-definition 
problem”  

• “Quantum-reality 
problem” 

• Kent’s “quantum reality 
problem” is arguably the most 
general formulation: 

• What is the sample space 
for which quantum theory 
is supposed to determine 
probabilities? 

• e.g., configurations of 
beables, events, histories, 
paths, etc. 

• In other words: what is the set 
of things that can happen? 



• I this talk I will sketch a heuristic framework for conceptually organizing historical 
progress on the reality problem. I categorize by 

1. the (foundational/axiomatic) mathematical structure they presume  

2. the (emergent) mathematical structure they derive 

• Naturally, this framework emphasizes my preferred criteria for an ultimate(-ish) 
solution:  

• presume only spatial locality as axiomatic structure on Hilbert space 

• derive a preferred time-dependent decomposition of the wavefunction of the 
universe  into orthogonal branches 

• Progress since Birkhoff-von Neumann (1936, 89 years) or Everett (1957, 68 years) has 
been slow but steady! 

• I’ll focus on work since proto-decoherence ideas of Zeh (1970), but I do think the 
framing is useful for thinking about earlier stuff, e.g., the generalization from 
presumed measurement apparatus to presumed quasiclassical object  

• I’ll briefly describe work by myself and by Weingarten towards a solution, 
complementing work by Taylor & McCulloch recently presented at this seminar
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• History “class” operator 

• with decoherence functional 

• These induce branches 

• which are orthogonal 

• But opposite direction is one-to-many 

• Consistent histories “recovers” Everett

Trivial example: Preferred histories → preferred branches
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{pω1,...,ωT } Born rule
Griffiths 
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Decoherence: subsystem → pointer states
• Crudely, decoherence theory (Zeh, Zurek) 

1. presumes some preferred (sub)system ; and 

2. derives a preferred set of pointer states   

• Basic decoherence theory does not tell us what the 
system  we should focus on 

• But the classical limit and desiderata of predictability 
(Zurek, Carroll & Singh) suggest we focus our 
attention on systems that are Markovian and slow, 
properties determined by the Hamiltonian 
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Decoherence

Sometimes
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{|iiS}

<latexit sha1_base64="atRIPJ35ndym5Df/nyqB03kLQDM=">AAACHXicbVDLSgMxFM3Ud32NunQTLIKrMiNF3QhFNy4V7AM6pWTS2zGYZIYkI5Rpf0QQf8WNC0VcuFE/xL1ppwutXgjncM693NwTJpxp43mfTmFmdm5+YXGpuLyyurbubmzWdZwqCjUa81g1Q6KBMwk1wwyHZqKAiJBDI7w+HfmNG1CaxfLS9BNoCxJJ1mOUGCt13MoZPsaBTkUniAVEBE9gkGOgiIw4BHwME3PQcUte2RsX/kv8CSlVd78+3u+K0XnHfQu6MU0FSEM50brle4lpZ0QZRjkMi0GqISH0mkTQslQSAbqdja8b4l2rdHEvVvZJg8fqz4mMCK37IrSdgpgrPe2NxP+8Vmp6R+2MySQ1IGm+qJdybGI8igp3mQJqeN8SQhWzf8X0iihCjQ20aEPwp0/+S+r7Zf+gXLnwS9UTlNci2kY7aA/56BBV0Rk6RzVE0S16QE/o2bl3Hp0X5zVvLTiTmS30q5z3b9WUpjU=</latexit>

H =
P

! !|!ih!|
Hamiltonian

Carroll+Singh 
2005.12938

Zeh 

quant-ph/0306151

Zurek 
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Decoherence

Sometimes

<latexit sha1_base64="6+pvwFGHOo7cgqMXoaPGk/BxxXU=">AAACCXicbVC7TsMwFHXKq7Q8AowsFgWJoaoShICxgoWxSH1JTRQ5jttadZzIdipVUVYWfoWFgQqx9g/Y+BCYcR8DtBzpSsfn3Cvfe/yYUaks69PIra1vbG7ltwvFnd29ffPgsCmjRGDSwBGLRNtHkjDKSUNRxUg7FgSFPiMtf3A39VtDIiSNeF2NYuKGqMdpl2KktOSZ0EljL3UQi/vIs8sOCyIly4t3PXMyzyxZFWsGuErsBSlVT7/Gk2Hxu+aZH04Q4SQkXGGGpOzYVqzcFAlFMSNZwUkkiREeoB7paMpRSKSbzi7J4JlWAtiNhC6u4Ez9PZGiUMpR6OvOEKm+XPam4n9eJ1HdGzelPE4U4Xj+UTdhUEVwGgsMqCBYsZEmCAuqd4W4jwTCSodX0CHYyyevkuZFxb6qXD7YpeotmCMPjsEJOAc2uAZVcA9qoAEweATP4BWMjSfjxXgz3uetOWMxcwT+wJj8AGBjnpI=</latexit>

{pω1,...,ωT } Born rule

Zurek gr-qc/9402011

Predictability

Griffiths 
JSP 53, 893

Consistent 
histories



Preferred hydro observable → preferred histories
• Consider a fixed observable 

• that is hydrodynamic: it has approximately Markovian equations of motion because  

• it is the mesoscopic average of a density obeying a local continuity equation, so 

• it evolves very slowly compared to microscopic degrees of freedoms which 

• thermalize rapidly compare to evolution of the hydro variable 

• Then generally (by Halliwell and Gell-Mann & Hartle), for appropriate coarse-graining timescale 𝜏 
and coarse-graining hydro scale , the coarse-grained histories of this observable are 
consistent: 

• Hydro variables are crucially local average: picked out by spatial locality

<latexit sha1_base64="QXnmphT+BMZyycnwWHjN1L4jg4w=">AAAB73icbZDJSgNBEIZr4hbHLerRS2MQPIUZEfUiBr14jGAWSIbQ01OTNOlZ7O4RQshLePGgiODJJ/HuRXwbO8tBE39o+Pj/Krqq/FRwpR3n28otLC4tr+RX7bX1jc2twvZOTSWZZFhliUhkw6cKBY+xqrkW2Egl0sgXWPd7V6O8fo9S8SS+1f0UvYh2Yh5yRrWxGq0AhaaEtgtFp+SMRebBnULx4sM+T9++7Eq78NkKEpZFGGsmqFJN10m1N6BScyZwaLcyhSllPdrBpsGYRqi8wXjeITkwTkDCRJoXazJ2f3cMaKRUP/JNZUR1V81mI/O/rJnp8Mwb8DjNNMZs8lGYCaITMlqeBFwi06JvgDLJzayEdamkTJsT2eYI7uzK81A7KrknpeMbt1i+hInysAf7cAgunEIZrqECVWAg4AGe4Nm6sx6tF+t1Upqzpj278EfW+w8GvZL4</latexit>

ωa

<latexit sha1_base64="PirCNnGMLmT7z0L8ejAgCJz1g2Y=">AAACA3icbVC7SgNBFJ2Nr7i+Vu20GQwBq7ArojZC1MYygnlAdllmJ5NkyMzsMjMrhCVg42fY2lgoYutP2KgfYu/kUWjigQuHc+7l3nuihFGlXffLys3NLywu5ZftldW19Q1nc6um4lRiUsUxi2UjQoowKkhVU81II5EE8YiRetS7GPr1GyIVjcW17ick4KgjaJtipI0UOjt+F+nsbABPoa9SHlKITPkVGtLQKbgldwQ4S7wJKZSL358f93anEjrvfivGKSdCY4aUanpuooMMSU0xIwPbTxVJEO6hDmkaKhAnKshGPwxg0Sgt2I6lKaHhSP09kSGuVJ9HppMj3VXT3lD8z2umun0SZFQkqSYCjxe1UwZ1DIeBwBaVBGvWNwRhSc2tEHeRRFib2GwTgjf98iypHZS8o9LhlVcon4Mx8mAX7IF94IFjUAaXoAKqAINb8ACewLN1Zz1aL9bruDVnTWa2wR9Ybz/2PZra</latexit>

Â =
P

i ai⇧i

<latexit sha1_base64="e4wDrAR47A/opzHJQxdKxzIuh9Y="></latexit>

D(↵,�) = h |C†
↵C� | i = p↵�↵�

<latexit sha1_base64="BuOuNMSXeeHfD0eRj2SIQVGtpWY="></latexit>

Cω = P̂ωN (tN ) · · · P̂ω1(t1)
<latexit sha1_base64="zd695vDOvvPxnSDBcL05LQAydYs=">AAAB+3icbVDLSgNBEJyNrxhfMR69jAYhIoZdEfUiBL14jGAekF2W2ckkDpmdXWZ6xbDkG/wDLx4U8eoP+Ane/BDvTh4HTSxoKKq66e4KYsE12PaXlZmbX1hcyi7nVlbX1jfym4W6jhJFWY1GIlLNgGgmuGQ14CBYM1aMhIFgjaB3OfQbd0xpHskb6MfMC0lX8g6nBIzk5wvgp/LAGRyCL/E5doEkfr5ol+0R8CxxJqRY2Sl9fzy4+1U//+m2I5qETAIVROuWY8fgpUQBp4INcm6iWUxoj3RZy1BJQqa9dHT7AO8ZpY07kTIlAY/U3xMpCbXuh4HpDAnc6mlvKP7ntRLonHkpl3ECTNLxok4iMER4GARuc8UoiL4hhCpubsX0lihCwcSVMyE40y/PkvpR2TkpH187xcoFGiOLttEuKiEHnaIKukJVVEMU3aNH9IxerIH1ZL1ab+PWjDWZ2UJ/YL3/ACBPlt8=</latexit>

tn+1 → tn = ω

<latexit sha1_base64="IMrHt3Ax6W7SERmsf2StYwejmIQ="></latexit>

P̂ωn =
∑

i:|ai→a(ωn)|<εa !j



<latexit sha1_base64="tJSOQl1yOJ/jQdVMiYzEQ99NvoQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPVi8cK9gOaUDbbbbt0s4m7k0IJ+R1ePCji1R/jzX/jts1BWx8MPN6bYWZeEAuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLVCYhmgkvWRI6CdWLFSBgI1g7GdzO/PWFK80g+4jRmfkiGkg84JWgk30u9EcH0JutJL+uVK07VmcNeJW5OKpCj0St/ef2IJiGTSAXRuus6MfopUcipYFnJSzSLCR2TIesaKknItJ/Oj87sM6P07UGkTEm05+rviZSEWk/DwHSGBEd62ZuJ/3ndBAfXfsplnCCTdLFokAgbI3uWgN3nilEUU0MIVdzcatMRUYSiyalkQnCXX14lrYuqe1mtPdQq9ds8jiKcwCmcgwtXUId7aEATKDzBM7zCmzWxXqx362PRWrDymWP4A+vzBxpKklQ=</latexit>

{Ân}
Observables

<latexit sha1_base64="eKhGi2GoWLjYTPzrpgjyUOJL518=">AAACGHicbVDJSgNBEO1xjXEb9eilMQie4owE9Rj04jFCNsiEoabTSZr0LHTXCGGYz/Dir3jxoIjX3PwbO8tBEx8UPN6roqpekEih0XG+rbX1jc2t7cJOcXdv/+DQPjpu6jhVjDdYLGPVDkBzKSLeQIGStxPFIQwkbwWj+6nfeuJKiziq4zjh3RAGkegLBmgk3770Mm8ImNVyP/NAJkPw67nHejFqumy4uZf7dskpOzPQVeIuSIksUPPtideLWRryCJkErTuuk2A3A4WCSZ4XvVTzBNgIBrxjaAQh191s9lhOz43So/1YmYqQztTfExmEWo/DwHSGgEO97E3F/7xOiv3bbiaiJEUesfmifiopxnSaEu0JxRnKsSHAlDC3UjYEBQxNlkUTgrv88ippXpXd63LlsVKq3i3iKJBTckYuiEtuSJU8kBppEEaeySt5Jx/Wi/VmfVpf89Y1azFzQv7AmvwAd2ehSg==</latexit>

{P̂↵T · · · P̂↵1}
Histories

<latexit sha1_base64="oJ8YJ0Mz56ruYpIxKfx3AttNoZY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSIIlpJIUZdFNy4r9AVNCDfTaTt0MgkzE6HEfIQbf8WNC0XcunDn3zhts9DWAxfOnHMvc+8JYkalsu1vo7Cyura+UdwsbW3v7O6Z+wdtGSUCkxaOWCS6AUjCKCctRRUj3VgQCANGOsH4Zup37omQNOJNNYmJF8KQ0wHFoLTkm2du+uDGkvqpCywege9UXNaPlKzk72bmCuBDRtzMN8t21Z7BWiZOTsooR8M3v9x+hJOQcIUZSNlz7Fh5KQhFMSNZyU0kiQGPYUh6mnIIifTS2VGZdaKVvjWIhC6urJn6eyKFUMpJGOjOENRILnpT8T+vl6jBlZdSHieKcDz/aJAwS0XWNCGrTwXBik00ASyo3tXCIxCAlc6xpENwFk9eJu3zqnNRrd3VyvXrPI4iOkLH6BQ56BLV0S1qoBbC6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PzB7w3n0M=</latexit>

{| ↵1,...,↵T i}
Branches

<latexit sha1_base64="YjPLKHeh7hjWnzezL7rrln9IblA=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqBuhKEKXFe0DmlAm00k7dJIJMxOhhHyFG3/FjQtF3Io7/8ZJG3y0Hhg4c8693HuPFzEqlWV9GoWFxaXlleJqaW19Y3PL3N5pSR4LTJqYMy46HpKE0ZA0FVWMdCJBUOAx0vZGl5nfviNCUh7eqnFE3AANQupTjJSWeuaREyA1xIgl9RSew+/fTQodrmhA5I92lfbMslWxJoDzxM5JGeRo9MwPp89xHJBQYYak7NpWpNwECUUxI2nJiSWJEB6hAelqGiI90E0mZ6XwQCt96HOhX6jgRP3dkaBAynHg6cpsRTnrZeJ/XjdW/pmb0DCKFQnxdJAfM6g4zDKCfSoIVmysCcKC6l0hHiKBsNJJlnQI9uzJ86R1XLFPKtXrarl2kcdRBHtgHxwCG5yCGqiDBmgCDO7BI3gGL8aD8WS8Gm/T0oKR9+yCPzDevwBkc5+K</latexit>

H = S ⌦ E

Bipartition

<latexit sha1_base64="ATEsy+oC0dx0EoBtPkxTp6BqL2M=">AAACEXicbVDLSsNAFJ34rPEVdelmsBS6KomIuhGKbrqsYB/QhDCZTtKhkwczE2kJ/QU3rv0LNy4UcevOjfoh7p20XdTWAxcO59zLvfd4CaNCmua3trS8srq2XtjQN7e2d3aNvf2miFOOSQPHLOZtDwnCaEQakkpG2gknKPQYaXn9q9xv3RIuaBzdyGFCnBAFEfUpRlJJrlG2QyR7GLGsNoIX0PZoEEsaEuEO4IzlDlyjaFbMMeAisaakWC39fH0+6EHdNT7sbozTkEQSMyRExzIT6WSIS4oZGel2KkiCcB8FpKNohNRSJxt/NIIlpXShH3NVkYRjdXYiQ6EQw9BTnfmRYt7Lxf+8Tir9cyejUZJKEuHJIj9lUMYwjwd2KSdYsqEiCHOqboW4hzjCUoWoqxCs+ZcXSfO4Yp1WTq6tYvUSTFAAh+AIlIEFzkAV1EAdNAAGd+ARPIMX7V570l61t0nrkjadOQB/oL3/Ajjfoa4=</latexit>

H =
N

x Hx

Spatial locality

Pointer states

<latexit sha1_base64="3ZQ2Te+HaPIHYInXolwkHVoLxtE=">AAACBHicbVDLSsNAFJ34rPUVddnN0CIIQklE1GXQjcuK9gFNCJPptB06mYSZiRBiFm78Av/BjQtF3PoR7vo3TtoutPXAhcM593LvPUHMqFSWNTaWlldW19ZLG+XNre2dXXNvvyWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHRV+O17IiSN+J1KY+KFaMBpn2KktOSbFTd7oK5AfMCIn7khUkOMWHab527umzWrbk0AF4k9IzWn6h4/j5204Zvfbi/CSUi4wgxJ2bWtWHkZEopiRvKym0gSIzxCA9LVlKOQSC+bPJHDQ630YD8SuriCE/X3RIZCKdMw0J3FlXLeK8T/vG6i+hdeRnmcKMLxdFE/YVBFsEgE9qggWLFUE4QF1bdCPEQCYaVzK+sQ7PmXF0nrpG6f1U9v7JpzCaYogQqogiNgg3PggGvQAE2AwSN4AW/g3XgyXo0P43PaumTMZg7AHxhfPyvGnBA=</latexit>

{|iiS}

<latexit sha1_base64="atRIPJ35ndym5Df/nyqB03kLQDM=">AAACHXicbVDLSgMxFM3Ud32NunQTLIKrMiNF3QhFNy4V7AM6pWTS2zGYZIYkI5Rpf0QQf8WNC0VcuFE/xL1ppwutXgjncM693NwTJpxp43mfTmFmdm5+YXGpuLyyurbubmzWdZwqCjUa81g1Q6KBMwk1wwyHZqKAiJBDI7w+HfmNG1CaxfLS9BNoCxJJ1mOUGCt13MoZPsaBTkUniAVEBE9gkGOgiIw4BHwME3PQcUte2RsX/kv8CSlVd78+3u+K0XnHfQu6MU0FSEM50brle4lpZ0QZRjkMi0GqISH0mkTQslQSAbqdja8b4l2rdHEvVvZJg8fqz4mMCK37IrSdgpgrPe2NxP+8Vmp6R+2MySQ1IGm+qJdybGI8igp3mQJqeN8SQhWzf8X0iihCjQ20aEPwp0/+S+r7Zf+gXLnwS9UTlNci2kY7aA/56BBV0Rk6RzVE0S16QE/o2bl3Hp0X5zVvLTiTmS30q5z3b9WUpjU=</latexit>

H =
P

! !|!ih!|
Hamiltonian

Carroll+Singh 
2005.12938

Zeh 

quant-ph/0306151

Zurek 

PRD 24,1516

Hydrodynamics

Halliwell 
quant-ph/9912037

Gell-Mann+Hartle 
gr-qc/9210010
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Decoherence

Hydro histories

Sometimes

<latexit sha1_base64="6+pvwFGHOo7cgqMXoaPGk/BxxXU=">AAACCXicbVC7TsMwFHXKq7Q8AowsFgWJoaoShICxgoWxSH1JTRQ5jttadZzIdipVUVYWfoWFgQqx9g/Y+BCYcR8DtBzpSsfn3Cvfe/yYUaks69PIra1vbG7ltwvFnd29ffPgsCmjRGDSwBGLRNtHkjDKSUNRxUg7FgSFPiMtf3A39VtDIiSNeF2NYuKGqMdpl2KktOSZ0EljL3UQi/vIs8sOCyIly4t3PXMyzyxZFWsGuErsBSlVT7/Gk2Hxu+aZH04Q4SQkXGGGpOzYVqzcFAlFMSNZwUkkiREeoB7paMpRSKSbzi7J4JlWAtiNhC6u4Ez9PZGiUMpR6OvOEKm+XPam4n9eJ1HdGzelPE4U4Xj+UTdhUEVwGgsMqCBYsZEmCAuqd4W4jwTCSodX0CHYyyevkuZFxb6qXD7YpeotmCMPjsEJOAc2uAZVcA9qoAEweATP4BWMjSfjxXgz3uetOWMxcwT+wJj8AGBjnpI=</latexit>

{pω1,...,ωT } Born rule

Zurek gr-qc/9402011

Predictability

Griffiths 
JSP 53, 893

Consistent 
histories



<latexit sha1_base64="tJSOQl1yOJ/jQdVMiYzEQ99NvoQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPVi8cK9gOaUDbbbbt0s4m7k0IJ+R1ePCji1R/jzX/jts1BWx8MPN6bYWZeEAuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLVCYhmgkvWRI6CdWLFSBgI1g7GdzO/PWFK80g+4jRmfkiGkg84JWgk30u9EcH0JutJL+uVK07VmcNeJW5OKpCj0St/ef2IJiGTSAXRuus6MfopUcipYFnJSzSLCR2TIesaKknItJ/Oj87sM6P07UGkTEm05+rviZSEWk/DwHSGBEd62ZuJ/3ndBAfXfsplnCCTdLFokAgbI3uWgN3nilEUU0MIVdzcatMRUYSiyalkQnCXX14lrYuqe1mtPdQq9ds8jiKcwCmcgwtXUId7aEATKDzBM7zCmzWxXqx362PRWrDymWP4A+vzBxpKklQ=</latexit>

{Ân}
Observables

<latexit sha1_base64="eKhGi2GoWLjYTPzrpgjyUOJL518=">AAACGHicbVDJSgNBEO1xjXEb9eilMQie4owE9Rj04jFCNsiEoabTSZr0LHTXCGGYz/Dir3jxoIjX3PwbO8tBEx8UPN6roqpekEih0XG+rbX1jc2t7cJOcXdv/+DQPjpu6jhVjDdYLGPVDkBzKSLeQIGStxPFIQwkbwWj+6nfeuJKiziq4zjh3RAGkegLBmgk3770Mm8ImNVyP/NAJkPw67nHejFqumy4uZf7dskpOzPQVeIuSIksUPPtideLWRryCJkErTuuk2A3A4WCSZ4XvVTzBNgIBrxjaAQh191s9lhOz43So/1YmYqQztTfExmEWo/DwHSGgEO97E3F/7xOiv3bbiaiJEUesfmifiopxnSaEu0JxRnKsSHAlDC3UjYEBQxNlkUTgrv88ippXpXd63LlsVKq3i3iKJBTckYuiEtuSJU8kBppEEaeySt5Jx/Wi/VmfVpf89Y1azFzQv7AmvwAd2ehSg==</latexit>

{P̂↵T · · · P̂↵1}
Histories

<latexit sha1_base64="oJ8YJ0Mz56ruYpIxKfx3AttNoZY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSIIlpJIUZdFNy4r9AVNCDfTaTt0MgkzE6HEfIQbf8WNC0XcunDn3zhts9DWAxfOnHMvc+8JYkalsu1vo7Cyura+UdwsbW3v7O6Z+wdtGSUCkxaOWCS6AUjCKCctRRUj3VgQCANGOsH4Zup37omQNOJNNYmJF8KQ0wHFoLTkm2du+uDGkvqpCywege9UXNaPlKzk72bmCuBDRtzMN8t21Z7BWiZOTsooR8M3v9x+hJOQcIUZSNlz7Fh5KQhFMSNZyU0kiQGPYUh6mnIIifTS2VGZdaKVvjWIhC6urJn6eyKFUMpJGOjOENRILnpT8T+vl6jBlZdSHieKcDz/aJAwS0XWNCGrTwXBik00ASyo3tXCIxCAlc6xpENwFk9eJu3zqnNRrd3VyvXrPI4iOkLH6BQ56BLV0S1qoBbC6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PzB7w3n0M=</latexit>

{| ↵1,...,↵T i}
Branches

<latexit sha1_base64="YjPLKHeh7hjWnzezL7rrln9IblA=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqBuhKEKXFe0DmlAm00k7dJIJMxOhhHyFG3/FjQtF3Io7/8ZJG3y0Hhg4c8693HuPFzEqlWV9GoWFxaXlleJqaW19Y3PL3N5pSR4LTJqYMy46HpKE0ZA0FVWMdCJBUOAx0vZGl5nfviNCUh7eqnFE3AANQupTjJSWeuaREyA1xIgl9RSew+/fTQodrmhA5I92lfbMslWxJoDzxM5JGeRo9MwPp89xHJBQYYak7NpWpNwECUUxI2nJiSWJEB6hAelqGiI90E0mZ6XwQCt96HOhX6jgRP3dkaBAynHg6cpsRTnrZeJ/XjdW/pmb0DCKFQnxdJAfM6g4zDKCfSoIVmysCcKC6l0hHiKBsNJJlnQI9uzJ86R1XLFPKtXrarl2kcdRBHtgHxwCG5yCGqiDBmgCDO7BI3gGL8aD8WS8Gm/T0oKR9+yCPzDevwBkc5+K</latexit>

H = S ⌦ E

Bipartition

<latexit sha1_base64="ATEsy+oC0dx0EoBtPkxTp6BqL2M=">AAACEXicbVDLSsNAFJ34rPEVdelmsBS6KomIuhGKbrqsYB/QhDCZTtKhkwczE2kJ/QU3rv0LNy4UcevOjfoh7p20XdTWAxcO59zLvfd4CaNCmua3trS8srq2XtjQN7e2d3aNvf2miFOOSQPHLOZtDwnCaEQakkpG2gknKPQYaXn9q9xv3RIuaBzdyGFCnBAFEfUpRlJJrlG2QyR7GLGsNoIX0PZoEEsaEuEO4IzlDlyjaFbMMeAisaakWC39fH0+6EHdNT7sbozTkEQSMyRExzIT6WSIS4oZGel2KkiCcB8FpKNohNRSJxt/NIIlpXShH3NVkYRjdXYiQ6EQw9BTnfmRYt7Lxf+8Tir9cyejUZJKEuHJIj9lUMYwjwd2KSdYsqEiCHOqboW4hzjCUoWoqxCs+ZcXSfO4Yp1WTq6tYvUSTFAAh+AIlIEFzkAV1EAdNAAGd+ARPIMX7V570l61t0nrkjadOQB/oL3/Ajjfoa4=</latexit>

H =
N

x Hx

Spatial locality

Pointer states

<latexit sha1_base64="3ZQ2Te+HaPIHYInXolwkHVoLxtE=">AAACBHicbVDLSsNAFJ34rPUVddnN0CIIQklE1GXQjcuK9gFNCJPptB06mYSZiRBiFm78Av/BjQtF3PoR7vo3TtoutPXAhcM593LvPUHMqFSWNTaWlldW19ZLG+XNre2dXXNvvyWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHRV+O17IiSN+J1KY+KFaMBpn2KktOSbFTd7oK5AfMCIn7khUkOMWHab527umzWrbk0AF4k9IzWn6h4/j5204Zvfbi/CSUi4wgxJ2bWtWHkZEopiRvKym0gSIzxCA9LVlKOQSC+bPJHDQ630YD8SuriCE/X3RIZCKdMw0J3FlXLeK8T/vG6i+hdeRnmcKMLxdFE/YVBFsEgE9qggWLFUE4QF1bdCPEQCYaVzK+sQ7PmXF0nrpG6f1U9v7JpzCaYogQqogiNgg3PggGvQAE2AwSN4AW/g3XgyXo0P43PaumTMZg7AHxhfPyvGnBA=</latexit>

{|iiS}

<latexit sha1_base64="atRIPJ35ndym5Df/nyqB03kLQDM=">AAACHXicbVDLSgMxFM3Ud32NunQTLIKrMiNF3QhFNy4V7AM6pWTS2zGYZIYkI5Rpf0QQf8WNC0VcuFE/xL1ppwutXgjncM693NwTJpxp43mfTmFmdm5+YXGpuLyyurbubmzWdZwqCjUa81g1Q6KBMwk1wwyHZqKAiJBDI7w+HfmNG1CaxfLS9BNoCxJJ1mOUGCt13MoZPsaBTkUniAVEBE9gkGOgiIw4BHwME3PQcUte2RsX/kv8CSlVd78+3u+K0XnHfQu6MU0FSEM50brle4lpZ0QZRjkMi0GqISH0mkTQslQSAbqdja8b4l2rdHEvVvZJg8fqz4mMCK37IrSdgpgrPe2NxP+8Vmp6R+2MySQ1IGm+qJdybGI8igp3mQJqeN8SQhWzf8X0iihCjQ20aEPwp0/+S+r7Zf+gXLnwS9UTlNci2kY7aA/56BBV0Rk6RzVE0S16QE/o2bl3Hp0X5zVvLTiTmS30q5z3b9WUpjU=</latexit>

H =
P

! !|!ih!|
Hamiltonian

General bipartition

<latexit sha1_base64="uCuGmslQn8u4Yu3f9VQjEyC2/dk="></latexit>

H =
⊕

i (Si → Ei)

Carroll+Singh 
2005.12938

Zeh 

quant-ph/0306151

Zurek 

PRD 24,1516

Hydrodynamics

Halliwell 
quant-ph/9912037

Gell-Mann+Hartle 
gr-qc/9210010

Zanardi quant-ph/0103030

Kabernik et al. 
1909.12851

Special  
case

M
or

e 
fo

un
da

tio
na

l
M

or
e 

em
er

ge
nt

Decoherence

Hydro histories

Sometimes

<latexit sha1_base64="6+pvwFGHOo7cgqMXoaPGk/BxxXU=">AAACCXicbVC7TsMwFHXKq7Q8AowsFgWJoaoShICxgoWxSH1JTRQ5jttadZzIdipVUVYWfoWFgQqx9g/Y+BCYcR8DtBzpSsfn3Cvfe/yYUaks69PIra1vbG7ltwvFnd29ffPgsCmjRGDSwBGLRNtHkjDKSUNRxUg7FgSFPiMtf3A39VtDIiSNeF2NYuKGqMdpl2KktOSZ0EljL3UQi/vIs8sOCyIly4t3PXMyzyxZFWsGuErsBSlVT7/Gk2Hxu+aZH04Q4SQkXGGGpOzYVqzcFAlFMSNZwUkkiREeoB7paMpRSKSbzi7J4JlWAtiNhC6u4Ez9PZGiUMpR6OvOEKm+XPam4n9eJ1HdGzelPE4U4Xj+UTdhUEVwGgsMqCBYsZEmCAuqd4W4jwTCSodX0CHYyyevkuZFxb6qXD7YpeotmCMPjsEJOAc2uAZVcA9qoAEweATP4BWMjSfjxXgz3uetOWMxcwT+wJj8AGBjnpI=</latexit>

{pω1,...,ωT } Born rule

Zurek gr-qc/9402011

Predictability

Griffiths 
JSP 53, 893

Consistent 
histories



<latexit sha1_base64="tJSOQl1yOJ/jQdVMiYzEQ99NvoQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPVi8cK9gOaUDbbbbt0s4m7k0IJ+R1ePCji1R/jzX/jts1BWx8MPN6bYWZeEAuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLVCYhmgkvWRI6CdWLFSBgI1g7GdzO/PWFK80g+4jRmfkiGkg84JWgk30u9EcH0JutJL+uVK07VmcNeJW5OKpCj0St/ef2IJiGTSAXRuus6MfopUcipYFnJSzSLCR2TIesaKknItJ/Oj87sM6P07UGkTEm05+rviZSEWk/DwHSGBEd62ZuJ/3ndBAfXfsplnCCTdLFokAgbI3uWgN3nilEUU0MIVdzcatMRUYSiyalkQnCXX14lrYuqe1mtPdQq9ds8jiKcwCmcgwtXUId7aEATKDzBM7zCmzWxXqx362PRWrDymWP4A+vzBxpKklQ=</latexit>

{Ân}
Observables

<latexit sha1_base64="eKhGi2GoWLjYTPzrpgjyUOJL518=">AAACGHicbVDJSgNBEO1xjXEb9eilMQie4owE9Rj04jFCNsiEoabTSZr0LHTXCGGYz/Dir3jxoIjX3PwbO8tBEx8UPN6roqpekEih0XG+rbX1jc2t7cJOcXdv/+DQPjpu6jhVjDdYLGPVDkBzKSLeQIGStxPFIQwkbwWj+6nfeuJKiziq4zjh3RAGkegLBmgk3770Mm8ImNVyP/NAJkPw67nHejFqumy4uZf7dskpOzPQVeIuSIksUPPtideLWRryCJkErTuuk2A3A4WCSZ4XvVTzBNgIBrxjaAQh191s9lhOz43So/1YmYqQztTfExmEWo/DwHSGgEO97E3F/7xOiv3bbiaiJEUesfmifiopxnSaEu0JxRnKsSHAlDC3UjYEBQxNlkUTgrv88ippXpXd63LlsVKq3i3iKJBTckYuiEtuSJU8kBppEEaeySt5Jx/Wi/VmfVpf89Y1azFzQv7AmvwAd2ehSg==</latexit>

{P̂↵T · · · P̂↵1}
Histories

<latexit sha1_base64="oJ8YJ0Mz56ruYpIxKfx3AttNoZY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSIIlpJIUZdFNy4r9AVNCDfTaTt0MgkzE6HEfIQbf8WNC0XcunDn3zhts9DWAxfOnHMvc+8JYkalsu1vo7Cyura+UdwsbW3v7O6Z+wdtGSUCkxaOWCS6AUjCKCctRRUj3VgQCANGOsH4Zup37omQNOJNNYmJF8KQ0wHFoLTkm2du+uDGkvqpCywege9UXNaPlKzk72bmCuBDRtzMN8t21Z7BWiZOTsooR8M3v9x+hJOQcIUZSNlz7Fh5KQhFMSNZyU0kiQGPYUh6mnIIifTS2VGZdaKVvjWIhC6urJn6eyKFUMpJGOjOENRILnpT8T+vl6jBlZdSHieKcDz/aJAwS0XWNCGrTwXBik00ASyo3tXCIxCAlc6xpENwFk9eJu3zqnNRrd3VyvXrPI4iOkLH6BQ56BLV0S1qoBbC6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PzB7w3n0M=</latexit>

{| ↵1,...,↵T i}
Branches

<latexit sha1_base64="YjPLKHeh7hjWnzezL7rrln9IblA=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqBuhKEKXFe0DmlAm00k7dJIJMxOhhHyFG3/FjQtF3Io7/8ZJG3y0Hhg4c8693HuPFzEqlWV9GoWFxaXlleJqaW19Y3PL3N5pSR4LTJqYMy46HpKE0ZA0FVWMdCJBUOAx0vZGl5nfviNCUh7eqnFE3AANQupTjJSWeuaREyA1xIgl9RSew+/fTQodrmhA5I92lfbMslWxJoDzxM5JGeRo9MwPp89xHJBQYYak7NpWpNwECUUxI2nJiSWJEB6hAelqGiI90E0mZ6XwQCt96HOhX6jgRP3dkaBAynHg6cpsRTnrZeJ/XjdW/pmb0DCKFQnxdJAfM6g4zDKCfSoIVmysCcKC6l0hHiKBsNJJlnQI9uzJ86R1XLFPKtXrarl2kcdRBHtgHxwCG5yCGqiDBmgCDO7BI3gGL8aD8WS8Gm/T0oKR9+yCPzDevwBkc5+K</latexit>

H = S ⌦ E

Bipartition

<latexit sha1_base64="ATEsy+oC0dx0EoBtPkxTp6BqL2M=">AAACEXicbVDLSsNAFJ34rPEVdelmsBS6KomIuhGKbrqsYB/QhDCZTtKhkwczE2kJ/QU3rv0LNy4UcevOjfoh7p20XdTWAxcO59zLvfd4CaNCmua3trS8srq2XtjQN7e2d3aNvf2miFOOSQPHLOZtDwnCaEQakkpG2gknKPQYaXn9q9xv3RIuaBzdyGFCnBAFEfUpRlJJrlG2QyR7GLGsNoIX0PZoEEsaEuEO4IzlDlyjaFbMMeAisaakWC39fH0+6EHdNT7sbozTkEQSMyRExzIT6WSIS4oZGel2KkiCcB8FpKNohNRSJxt/NIIlpXShH3NVkYRjdXYiQ6EQw9BTnfmRYt7Lxf+8Tir9cyejUZJKEuHJIj9lUMYwjwd2KSdYsqEiCHOqboW4hzjCUoWoqxCs+ZcXSfO4Yp1WTq6tYvUSTFAAh+AIlIEFzkAV1EAdNAAGd+ARPIMX7V570l61t0nrkjadOQB/oL3/Ajjfoa4=</latexit>

H =
N

x Hx

Spatial locality

Pointer states

<latexit sha1_base64="3ZQ2Te+HaPIHYInXolwkHVoLxtE=">AAACBHicbVDLSsNAFJ34rPUVddnN0CIIQklE1GXQjcuK9gFNCJPptB06mYSZiRBiFm78Av/BjQtF3PoR7vo3TtoutPXAhcM593LvPUHMqFSWNTaWlldW19ZLG+XNre2dXXNvvyWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHRV+O17IiSN+J1KY+KFaMBpn2KktOSbFTd7oK5AfMCIn7khUkOMWHab527umzWrbk0AF4k9IzWn6h4/j5204Zvfbi/CSUi4wgxJ2bWtWHkZEopiRvKym0gSIzxCA9LVlKOQSC+bPJHDQ630YD8SuriCE/X3RIZCKdMw0J3FlXLeK8T/vG6i+hdeRnmcKMLxdFE/YVBFsEgE9qggWLFUE4QF1bdCPEQCYaVzK+sQ7PmXF0nrpG6f1U9v7JpzCaYogQqogiNgg3PggGvQAE2AwSN4AW/g3XgyXo0P43PaumTMZg7AHxhfPyvGnBA=</latexit>

{|iiS}

<latexit sha1_base64="atRIPJ35ndym5Df/nyqB03kLQDM=">AAACHXicbVDLSgMxFM3Ud32NunQTLIKrMiNF3QhFNy4V7AM6pWTS2zGYZIYkI5Rpf0QQf8WNC0VcuFE/xL1ppwutXgjncM693NwTJpxp43mfTmFmdm5+YXGpuLyyurbubmzWdZwqCjUa81g1Q6KBMwk1wwyHZqKAiJBDI7w+HfmNG1CaxfLS9BNoCxJJ1mOUGCt13MoZPsaBTkUniAVEBE9gkGOgiIw4BHwME3PQcUte2RsX/kv8CSlVd78+3u+K0XnHfQu6MU0FSEM50brle4lpZ0QZRjkMi0GqISH0mkTQslQSAbqdja8b4l2rdHEvVvZJg8fqz4mMCK37IrSdgpgrPe2NxP+8Vmp6R+2MySQ1IGm+qJdybGI8igp3mQJqeN8SQhWzf8X0iihCjQ20aEPwp0/+S+r7Zf+gXLnwS9UTlNci2kY7aA/56BBV0Rk6RzVE0S16QE/o2bl3Hp0X5zVvLTiTmS30q5z3b9WUpjU=</latexit>

H =
P

! !|!ih!|
Hamiltonian

General bipartition

<latexit sha1_base64="uCuGmslQn8u4Yu3f9VQjEyC2/dk="></latexit>

H =
⊕

i (Si → Ei)

Carroll+Singh 
2005.12938

Zeh 

quant-ph/0306151

Zurek 

PRD 24,1516

Cotler et al. 1702.06142 Piazza 
hep-th/0506124

Hydrodynamics

Halliwell 
quant-ph/9912037

Gell-Mann+Hartle 
gr-qc/9210010

Zanardi quant-ph/0103030

Kabernik et al. 
1909.12851

Special  
case

M
or

e 
fo

un
da

tio
na

l
M

or
e 

em
er

ge
nt

Decoherence

Hydro histories

Sometimes

<latexit sha1_base64="6+pvwFGHOo7cgqMXoaPGk/BxxXU=">AAACCXicbVC7TsMwFHXKq7Q8AowsFgWJoaoShICxgoWxSH1JTRQ5jttadZzIdipVUVYWfoWFgQqx9g/Y+BCYcR8DtBzpSsfn3Cvfe/yYUaks69PIra1vbG7ltwvFnd29ffPgsCmjRGDSwBGLRNtHkjDKSUNRxUg7FgSFPiMtf3A39VtDIiSNeF2NYuKGqMdpl2KktOSZ0EljL3UQi/vIs8sOCyIly4t3PXMyzyxZFWsGuErsBSlVT7/Gk2Hxu+aZH04Q4SQkXGGGpOzYVqzcFAlFMSNZwUkkiREeoB7paMpRSKSbzi7J4JlWAtiNhC6u4Ez9PZGiUMpR6OvOEKm+XPam4n9eJ1HdGzelPE4U4Xj+UTdhUEVwGgsMqCBYsZEmCAuqd4W4jwTCSodX0CHYyyevkuZFxb6qXD7YpeotmCMPjsEJOAc2uAZVcA9qoAEweATP4BWMjSfjxXgz3uetOWMxcwT+wJj8AGBjnpI=</latexit>

{pω1,...,ωT } Born rule

Zurek gr-qc/9402011

Predictability

Griffiths 
JSP 53, 893

Consistent 
histories



<latexit sha1_base64="tJSOQl1yOJ/jQdVMiYzEQ99NvoQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPVi8cK9gOaUDbbbbt0s4m7k0IJ+R1ePCji1R/jzX/jts1BWx8MPN6bYWZeEAuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLVCYhmgkvWRI6CdWLFSBgI1g7GdzO/PWFK80g+4jRmfkiGkg84JWgk30u9EcH0JutJL+uVK07VmcNeJW5OKpCj0St/ef2IJiGTSAXRuus6MfopUcipYFnJSzSLCR2TIesaKknItJ/Oj87sM6P07UGkTEm05+rviZSEWk/DwHSGBEd62ZuJ/3ndBAfXfsplnCCTdLFokAgbI3uWgN3nilEUU0MIVdzcatMRUYSiyalkQnCXX14lrYuqe1mtPdQq9ds8jiKcwCmcgwtXUId7aEATKDzBM7zCmzWxXqx362PRWrDymWP4A+vzBxpKklQ=</latexit>

{Ân}
Observables

<latexit sha1_base64="eKhGi2GoWLjYTPzrpgjyUOJL518=">AAACGHicbVDJSgNBEO1xjXEb9eilMQie4owE9Rj04jFCNsiEoabTSZr0LHTXCGGYz/Dir3jxoIjX3PwbO8tBEx8UPN6roqpekEih0XG+rbX1jc2t7cJOcXdv/+DQPjpu6jhVjDdYLGPVDkBzKSLeQIGStxPFIQwkbwWj+6nfeuJKiziq4zjh3RAGkegLBmgk3770Mm8ImNVyP/NAJkPw67nHejFqumy4uZf7dskpOzPQVeIuSIksUPPtideLWRryCJkErTuuk2A3A4WCSZ4XvVTzBNgIBrxjaAQh191s9lhOz43So/1YmYqQztTfExmEWo/DwHSGgEO97E3F/7xOiv3bbiaiJEUesfmifiopxnSaEu0JxRnKsSHAlDC3UjYEBQxNlkUTgrv88ippXpXd63LlsVKq3i3iKJBTckYuiEtuSJU8kBppEEaeySt5Jx/Wi/VmfVpf89Y1azFzQv7AmvwAd2ehSg==</latexit>

{P̂↵T · · · P̂↵1}
Histories

<latexit sha1_base64="oJ8YJ0Mz56ruYpIxKfx3AttNoZY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSIIlpJIUZdFNy4r9AVNCDfTaTt0MgkzE6HEfIQbf8WNC0XcunDn3zhts9DWAxfOnHMvc+8JYkalsu1vo7Cyura+UdwsbW3v7O6Z+wdtGSUCkxaOWCS6AUjCKCctRRUj3VgQCANGOsH4Zup37omQNOJNNYmJF8KQ0wHFoLTkm2du+uDGkvqpCywege9UXNaPlKzk72bmCuBDRtzMN8t21Z7BWiZOTsooR8M3v9x+hJOQcIUZSNlz7Fh5KQhFMSNZyU0kiQGPYUh6mnIIifTS2VGZdaKVvjWIhC6urJn6eyKFUMpJGOjOENRILnpT8T+vl6jBlZdSHieKcDz/aJAwS0XWNCGrTwXBik00ASyo3tXCIxCAlc6xpENwFk9eJu3zqnNRrd3VyvXrPI4iOkLH6BQ56BLV0S1qoBbC6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PzB7w3n0M=</latexit>

{| ↵1,...,↵T i}
Branches

<latexit sha1_base64="YjPLKHeh7hjWnzezL7rrln9IblA=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqBuhKEKXFe0DmlAm00k7dJIJMxOhhHyFG3/FjQtF3Io7/8ZJG3y0Hhg4c8693HuPFzEqlWV9GoWFxaXlleJqaW19Y3PL3N5pSR4LTJqYMy46HpKE0ZA0FVWMdCJBUOAx0vZGl5nfviNCUh7eqnFE3AANQupTjJSWeuaREyA1xIgl9RSew+/fTQodrmhA5I92lfbMslWxJoDzxM5JGeRo9MwPp89xHJBQYYak7NpWpNwECUUxI2nJiSWJEB6hAelqGiI90E0mZ6XwQCt96HOhX6jgRP3dkaBAynHg6cpsRTnrZeJ/XjdW/pmb0DCKFQnxdJAfM6g4zDKCfSoIVmysCcKC6l0hHiKBsNJJlnQI9uzJ86R1XLFPKtXrarl2kcdRBHtgHxwCG5yCGqiDBmgCDO7BI3gGL8aD8WS8Gm/T0oKR9+yCPzDevwBkc5+K</latexit>

H = S ⌦ E

Bipartition

<latexit sha1_base64="ATEsy+oC0dx0EoBtPkxTp6BqL2M=">AAACEXicbVDLSsNAFJ34rPEVdelmsBS6KomIuhGKbrqsYB/QhDCZTtKhkwczE2kJ/QU3rv0LNy4UcevOjfoh7p20XdTWAxcO59zLvfd4CaNCmua3trS8srq2XtjQN7e2d3aNvf2miFOOSQPHLOZtDwnCaEQakkpG2gknKPQYaXn9q9xv3RIuaBzdyGFCnBAFEfUpRlJJrlG2QyR7GLGsNoIX0PZoEEsaEuEO4IzlDlyjaFbMMeAisaakWC39fH0+6EHdNT7sbozTkEQSMyRExzIT6WSIS4oZGel2KkiCcB8FpKNohNRSJxt/NIIlpXShH3NVkYRjdXYiQ6EQw9BTnfmRYt7Lxf+8Tir9cyejUZJKEuHJIj9lUMYwjwd2KSdYsqEiCHOqboW4hzjCUoWoqxCs+ZcXSfO4Yp1WTq6tYvUSTFAAh+AIlIEFzkAV1EAdNAAGd+ARPIMX7V570l61t0nrkjadOQB/oL3/Ajjfoa4=</latexit>

H =
N

x Hx

Spatial locality

Pointer states

<latexit sha1_base64="3ZQ2Te+HaPIHYInXolwkHVoLxtE=">AAACBHicbVDLSsNAFJ34rPUVddnN0CIIQklE1GXQjcuK9gFNCJPptB06mYSZiRBiFm78Av/BjQtF3PoR7vo3TtoutPXAhcM593LvPUHMqFSWNTaWlldW19ZLG+XNre2dXXNvvyWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHRV+O17IiSN+J1KY+KFaMBpn2KktOSbFTd7oK5AfMCIn7khUkOMWHab527umzWrbk0AF4k9IzWn6h4/j5204Zvfbi/CSUi4wgxJ2bWtWHkZEopiRvKym0gSIzxCA9LVlKOQSC+bPJHDQ630YD8SuriCE/X3RIZCKdMw0J3FlXLeK8T/vG6i+hdeRnmcKMLxdFE/YVBFsEgE9qggWLFUE4QF1bdCPEQCYaVzK+sQ7PmXF0nrpG6f1U9v7JpzCaYogQqogiNgg3PggGvQAE2AwSN4AW/g3XgyXo0P43PaumTMZg7AHxhfPyvGnBA=</latexit>

{|iiS}

<latexit sha1_base64="atRIPJ35ndym5Df/nyqB03kLQDM=">AAACHXicbVDLSgMxFM3Ud32NunQTLIKrMiNF3QhFNy4V7AM6pWTS2zGYZIYkI5Rpf0QQf8WNC0VcuFE/xL1ppwutXgjncM693NwTJpxp43mfTmFmdm5+YXGpuLyyurbubmzWdZwqCjUa81g1Q6KBMwk1wwyHZqKAiJBDI7w+HfmNG1CaxfLS9BNoCxJJ1mOUGCt13MoZPsaBTkUniAVEBE9gkGOgiIw4BHwME3PQcUte2RsX/kv8CSlVd78+3u+K0XnHfQu6MU0FSEM50brle4lpZ0QZRjkMi0GqISH0mkTQslQSAbqdja8b4l2rdHEvVvZJg8fqz4mMCK37IrSdgpgrPe2NxP+8Vmp6R+2MySQ1IGm+qJdybGI8igp3mQJqeN8SQhWzf8X0iihCjQ20aEPwp0/+S+r7Zf+gXLnwS9UTlNci2kY7aA/56BBV0Rk6RzVE0S16QE/o2bl3Hp0X5zVvLTiTmS30q5z3b9WUpjU=</latexit>

H =
P

! !|!ih!|
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<latexit sha1_base64="uCuGmslQn8u4Yu3f9VQjEyC2/dk="></latexit>
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2105.04545

Taylor+McCulloch 
2308.04494

Cotler et al. 1702.06142 Piazza 
hep-th/0506124

Hydrodynamics

Halliwell 
quant-ph/9912037

Gell-Mann+Hartle 
gr-qc/9210010

Zanardi quant-ph/0103030

Kabernik et al. 
1909.12851

CJR 
1608.05377
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<latexit sha1_base64="6+pvwFGHOo7cgqMXoaPGk/BxxXU=">AAACCXicbVC7TsMwFHXKq7Q8AowsFgWJoaoShICxgoWxSH1JTRQ5jttadZzIdipVUVYWfoWFgQqx9g/Y+BCYcR8DtBzpSsfn3Cvfe/yYUaks69PIra1vbG7ltwvFnd29ffPgsCmjRGDSwBGLRNtHkjDKSUNRxUg7FgSFPiMtf3A39VtDIiSNeF2NYuKGqMdpl2KktOSZ0EljL3UQi/vIs8sOCyIly4t3PXMyzyxZFWsGuErsBSlVT7/Gk2Hxu+aZH04Q4SQkXGGGpOzYVqzcFAlFMSNZwUkkiREeoB7paMpRSKSbzi7J4JlWAtiNhC6u4Ez9PZGiUMpR6OvOEKm+XPam4n9eJ1HdGzelPE4U4Xj+UTdhUEVwGgsMqCBYsZEmCAuqd4W4jwTCSodX0CHYyyevkuZFxb6qXD7YpeotmCMPjsEJOAc2uAZVcA9qoAEweATP4BWMjSfjxXgz3uetOWMxcwT+wJj8AGBjnpI=</latexit>

{pω1,...,ωT } Born rule

Zurek gr-qc/9402011

Predictability

Griffiths 
JSP 53, 893

Consistent 
histories



<latexit sha1_base64="tJSOQl1yOJ/jQdVMiYzEQ99NvoQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPVi8cK9gOaUDbbbbt0s4m7k0IJ+R1ePCji1R/jzX/jts1BWx8MPN6bYWZeEAuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLVCYhmgkvWRI6CdWLFSBgI1g7GdzO/PWFK80g+4jRmfkiGkg84JWgk30u9EcH0JutJL+uVK07VmcNeJW5OKpCj0St/ef2IJiGTSAXRuus6MfopUcipYFnJSzSLCR2TIesaKknItJ/Oj87sM6P07UGkTEm05+rviZSEWk/DwHSGBEd62ZuJ/3ndBAfXfsplnCCTdLFokAgbI3uWgN3nilEUU0MIVdzcatMRUYSiyalkQnCXX14lrYuqe1mtPdQq9ds8jiKcwCmcgwtXUId7aEATKDzBM7zCmzWxXqx362PRWrDymWP4A+vzBxpKklQ=</latexit>

{Ân}
Observables

<latexit sha1_base64="eKhGi2GoWLjYTPzrpgjyUOJL518=">AAACGHicbVDJSgNBEO1xjXEb9eilMQie4owE9Rj04jFCNsiEoabTSZr0LHTXCGGYz/Dir3jxoIjX3PwbO8tBEx8UPN6roqpekEih0XG+rbX1jc2t7cJOcXdv/+DQPjpu6jhVjDdYLGPVDkBzKSLeQIGStxPFIQwkbwWj+6nfeuJKiziq4zjh3RAGkegLBmgk3770Mm8ImNVyP/NAJkPw67nHejFqumy4uZf7dskpOzPQVeIuSIksUPPtideLWRryCJkErTuuk2A3A4WCSZ4XvVTzBNgIBrxjaAQh191s9lhOz43So/1YmYqQztTfExmEWo/DwHSGgEO97E3F/7xOiv3bbiaiJEUesfmifiopxnSaEu0JxRnKsSHAlDC3UjYEBQxNlkUTgrv88ippXpXd63LlsVKq3i3iKJBTckYuiEtuSJU8kBppEEaeySt5Jx/Wi/VmfVpf89Y1azFzQv7AmvwAd2ehSg==</latexit>

{P̂↵T · · · P̂↵1}
Histories

<latexit sha1_base64="oJ8YJ0Mz56ruYpIxKfx3AttNoZY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSIIlpJIUZdFNy4r9AVNCDfTaTt0MgkzE6HEfIQbf8WNC0XcunDn3zhts9DWAxfOnHMvc+8JYkalsu1vo7Cyura+UdwsbW3v7O6Z+wdtGSUCkxaOWCS6AUjCKCctRRUj3VgQCANGOsH4Zup37omQNOJNNYmJF8KQ0wHFoLTkm2du+uDGkvqpCywege9UXNaPlKzk72bmCuBDRtzMN8t21Z7BWiZOTsooR8M3v9x+hJOQcIUZSNlz7Fh5KQhFMSNZyU0kiQGPYUh6mnIIifTS2VGZdaKVvjWIhC6urJn6eyKFUMpJGOjOENRILnpT8T+vl6jBlZdSHieKcDz/aJAwS0XWNCGrTwXBik00ASyo3tXCIxCAlc6xpENwFk9eJu3zqnNRrd3VyvXrPI4iOkLH6BQ56BLV0S1qoBbC6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PzB7w3n0M=</latexit>

{| ↵1,...,↵T i}
Branches

<latexit sha1_base64="YjPLKHeh7hjWnzezL7rrln9IblA=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkqBuhKEKXFe0DmlAm00k7dJIJMxOhhHyFG3/FjQtF3Io7/8ZJG3y0Hhg4c8693HuPFzEqlWV9GoWFxaXlleJqaW19Y3PL3N5pSR4LTJqYMy46HpKE0ZA0FVWMdCJBUOAx0vZGl5nfviNCUh7eqnFE3AANQupTjJSWeuaREyA1xIgl9RSew+/fTQodrmhA5I92lfbMslWxJoDzxM5JGeRo9MwPp89xHJBQYYak7NpWpNwECUUxI2nJiSWJEB6hAelqGiI90E0mZ6XwQCt96HOhX6jgRP3dkaBAynHg6cpsRTnrZeJ/XjdW/pmb0DCKFQnxdJAfM6g4zDKCfSoIVmysCcKC6l0hHiKBsNJJlnQI9uzJ86R1XLFPKtXrarl2kcdRBHtgHxwCG5yCGqiDBmgCDO7BI3gGL8aD8WS8Gm/T0oKR9+yCPzDevwBkc5+K</latexit>

H = S ⌦ E

Bipartition

<latexit sha1_base64="ATEsy+oC0dx0EoBtPkxTp6BqL2M=">AAACEXicbVDLSsNAFJ34rPEVdelmsBS6KomIuhGKbrqsYB/QhDCZTtKhkwczE2kJ/QU3rv0LNy4UcevOjfoh7p20XdTWAxcO59zLvfd4CaNCmua3trS8srq2XtjQN7e2d3aNvf2miFOOSQPHLOZtDwnCaEQakkpG2gknKPQYaXn9q9xv3RIuaBzdyGFCnBAFEfUpRlJJrlG2QyR7GLGsNoIX0PZoEEsaEuEO4IzlDlyjaFbMMeAisaakWC39fH0+6EHdNT7sbozTkEQSMyRExzIT6WSIS4oZGel2KkiCcB8FpKNohNRSJxt/NIIlpXShH3NVkYRjdXYiQ6EQw9BTnfmRYt7Lxf+8Tir9cyejUZJKEuHJIj9lUMYwjwd2KSdYsqEiCHOqboW4hzjCUoWoqxCs+ZcXSfO4Yp1WTq6tYvUSTFAAh+AIlIEFzkAV1EAdNAAGd+ARPIMX7V570l61t0nrkjadOQB/oL3/Ajjfoa4=</latexit>

H =
N

x Hx

Spatial locality

Pointer states

<latexit sha1_base64="3ZQ2Te+HaPIHYInXolwkHVoLxtE=">AAACBHicbVDLSsNAFJ34rPUVddnN0CIIQklE1GXQjcuK9gFNCJPptB06mYSZiRBiFm78Av/BjQtF3PoR7vo3TtoutPXAhcM593LvPUHMqFSWNTaWlldW19ZLG+XNre2dXXNvvyWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHRV+O17IiSN+J1KY+KFaMBpn2KktOSbFTd7oK5AfMCIn7khUkOMWHab527umzWrbk0AF4k9IzWn6h4/j5204Zvfbi/CSUi4wgxJ2bWtWHkZEopiRvKym0gSIzxCA9LVlKOQSC+bPJHDQ630YD8SuriCE/X3RIZCKdMw0J3FlXLeK8T/vG6i+hdeRnmcKMLxdFE/YVBFsEgE9qggWLFUE4QF1bdCPEQCYaVzK+sQ7PmXF0nrpG6f1U9v7JpzCaYogQqogiNgg3PggGvQAE2AwSN4AW/g3XgyXo0P43PaumTMZg7AHxhfPyvGnBA=</latexit>

{|iiS}

<latexit sha1_base64="atRIPJ35ndym5Df/nyqB03kLQDM=">AAACHXicbVDLSgMxFM3Ud32NunQTLIKrMiNF3QhFNy4V7AM6pWTS2zGYZIYkI5Rpf0QQf8WNC0VcuFE/xL1ppwutXgjncM693NwTJpxp43mfTmFmdm5+YXGpuLyyurbubmzWdZwqCjUa81g1Q6KBMwk1wwyHZqKAiJBDI7w+HfmNG1CaxfLS9BNoCxJJ1mOUGCt13MoZPsaBTkUniAVEBE9gkGOgiIw4BHwME3PQcUte2RsX/kv8CSlVd78+3u+K0XnHfQu6MU0FSEM50brle4lpZ0QZRjkMi0GqISH0mkTQslQSAbqdja8b4l2rdHEvVvZJg8fqz4mMCK37IrSdgpgrPe2NxP+8Vmp6R+2MySQ1IGm+qJdybGI8igp3mQJqeN8SQhWzf8X0iihCjQ20aEPwp0/+S+r7Zf+gXLnwS9UTlNci2kY7aA/56BBV0Rk6RzVE0S16QE/o2bl3Hp0X5zVvLTiTmS30q5z3b9WUpjU=</latexit>

H =
P

! !|!ih!|
Hamiltonian

General bipartition

<latexit sha1_base64="uCuGmslQn8u4Yu3f9VQjEyC2/dk="></latexit>

H =
⊕

i (Si → Ei)

Carroll+Singh 
2005.12938

Zeh 

quant-ph/0306151

Zurek 

PRD 24,1516
Weingarten
2105.04545

Taylor+McCulloch
2308.04494

Cotler et al. 1702.06142 Piazza 
hep-th/0506124

Hydrodynamics

Halliwell 
quant-ph/9912037

Gell-Mann+Hartle 
gr-qc/9210010

Zanardi quant-ph/0103030

Kabernik et al. 
1909.12851

CJR
1608.05377
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<latexit sha1_base64="6+pvwFGHOo7cgqMXoaPGk/BxxXU=">AAACCXicbVC7TsMwFHXKq7Q8AowsFgWJoaoShICxgoWxSH1JTRQ5jttadZzIdipVUVYWfoWFgQqx9g/Y+BCYcR8DtBzpSsfn3Cvfe/yYUaks69PIra1vbG7ltwvFnd29ffPgsCmjRGDSwBGLRNtHkjDKSUNRxUg7FgSFPiMtf3A39VtDIiSNeF2NYuKGqMdpl2KktOSZ0EljL3UQi/vIs8sOCyIly4t3PXMyzyxZFWsGuErsBSlVT7/Gk2Hxu+aZH04Q4SQkXGGGpOzYVqzcFAlFMSNZwUkkiREeoB7paMpRSKSbzi7J4JlWAtiNhC6u4Ez9PZGiUMpR6OvOEKm+XPam4n9eJ1HdGzelPE4U4Xj+UTdhUEVwGgsMqCBYsZEmCAuqd4W4jwTCSodX0CHYyyevkuZFxb6qXD7YpeotmCMPjsEJOAc2uAZVcA9qoAEweATP4BWMjSfjxXgz3uetOWMxcwT+wJj8AGBjnpI=</latexit>

{pω1,...,ωT } Born rule

Zurek gr-qc/9402011

Predictability

Griffi
JSP 53, 893

Consistent 
histories



Defining (many-body) branches

• As mentioned, there are different names for slightly 
different formulations of the quantum reality problem 
based on what is assumed and what is derived 

• “Defining many-body branches” is just shorthand for 
assuming spatial locality and deriving an orthogonal 
decomposition

<latexit sha1_base64="ATEsy+oC0dx0EoBtPkxTp6BqL2M=">AAACEXicbVDLSsNAFJ34rPEVdelmsBS6KomIuhGKbrqsYB/QhDCZTtKhkwczE2kJ/QU3rv0LNy4UcevOjfoh7p20XdTWAxcO59zLvfd4CaNCmua3trS8srq2XtjQN7e2d3aNvf2miFOOSQPHLOZtDwnCaEQakkpG2gknKPQYaXn9q9xv3RIuaBzdyGFCnBAFEfUpRlJJrlG2QyR7GLGsNoIX0PZoEEsaEuEO4IzlDlyjaFbMMeAisaakWC39fH0+6EHdNT7sbozTkEQSMyRExzIT6WSIS4oZGel2KkiCcB8FpKNohNRSJxt/NIIlpXShH3NVkYRjdXYiQ6EQw9BTnfmRYt7Lxf+8Tir9cyejUZJKEuHJIj9lUMYwjwd2KSdYsqEiCHOqboW4hzjCUoWoqxCs+ZcXSfO4Yp1WTq6tYvUSTFAAh+AIlIEFzkAV1EAdNAAGd+ARPIMX7V570l61t0nrkjadOQB/oL3/Ajjfoa4=</latexit>

H =
N

x Hx

Spatial locality

<latexit sha1_base64="oJ8YJ0Mz56ruYpIxKfx3AttNoZY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSIIlpJIUZdFNy4r9AVNCDfTaTt0MgkzE6HEfIQbf8WNC0XcunDn3zhts9DWAxfOnHMvc+8JYkalsu1vo7Cyura+UdwsbW3v7O6Z+wdtGSUCkxaOWCS6AUjCKCctRRUj3VgQCANGOsH4Zup37omQNOJNNYmJF8KQ0wHFoLTkm2du+uDGkvqpCywege9UXNaPlKzk72bmCuBDRtzMN8t21Z7BWiZOTsooR8M3v9x+hJOQcIUZSNlz7Fh5KQhFMSNZyU0kiQGPYUh6mnIIifTS2VGZdaKVvjWIhC6urJn6eyKFUMpJGOjOENRILnpT8T+vl6jBlZdSHieKcDz/aJAwS0XWNCGrTwXBik00ASyo3tXCIxCAlc6xpENwFk9eJu3zqnNRrd3VyvXrPI4iOkLH6BQ56BLV0S1qoBbC6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PzB7w3n0M=</latexit>

{| ↵1,...,↵T i}
Branches



Defining (many-body) branches

• This is essentially the most fundamental version of the quantum reality problem, with these 
caveats: 

• You might think the spectrum is more fundamental than spatial locality (a philosophical 
question), but if you buy Cotler et al. then the former recovers the latter. 

• You might think something else (neither spatial locality or the spectrum) is more 
fundamental. I haven’t seen viable proposals, but I’m all ears. 

• It’s nonrelativistic. A fundamental solution would be relativistic, relying instead on 
spacetime locality (an assumption of QFT). My framing with the nonrelativistic case is just 
the way to get started. Weingarten shows a potential way to generalize to relativistic 
case. 

• It might be strategically helpful to think about operators (history projectors, or delocalized 
algebras), rather than orthogonal decompositions, but the former recovers the latter.

<latexit sha1_base64="ATEsy+oC0dx0EoBtPkxTp6BqL2M=">AAACEXicbVDLSsNAFJ34rPEVdelmsBS6KomIuhGKbrqsYB/QhDCZTtKhkwczE2kJ/QU3rv0LNy4UcevOjfoh7p20XdTWAxcO59zLvfd4CaNCmua3trS8srq2XtjQN7e2d3aNvf2miFOOSQPHLOZtDwnCaEQakkpG2gknKPQYaXn9q9xv3RIuaBzdyGFCnBAFEfUpRlJJrlG2QyR7GLGsNoIX0PZoEEsaEuEO4IzlDlyjaFbMMeAisaakWC39fH0+6EHdNT7sbozTkEQSMyRExzIT6WSIS4oZGel2KkiCcB8FpKNohNRSJxt/NIIlpXShH3NVkYRjdXYiQ6EQw9BTnfmRYt7Lxf+8Tir9cyejUZJKEuHJIj9lUMYwjwd2KSdYsqEiCHOqboW4hzjCUoWoqxCs+ZcXSfO4Yp1WTq6tYvUSTFAAh+AIlIEFzkAV1EAdNAAGd+ARPIMX7V570l61t0nrkjadOQB/oL3/Ajjfoa4=</latexit>

H =
N

x Hx

Spatial locality

<latexit sha1_base64="oJ8YJ0Mz56ruYpIxKfx3AttNoZY=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSIIlpJIUZdFNy4r9AVNCDfTaTt0MgkzE6HEfIQbf8WNC0XcunDn3zhts9DWAxfOnHMvc+8JYkalsu1vo7Cyura+UdwsbW3v7O6Z+wdtGSUCkxaOWCS6AUjCKCctRRUj3VgQCANGOsH4Zup37omQNOJNNYmJF8KQ0wHFoLTkm2du+uDGkvqpCywege9UXNaPlKzk72bmCuBDRtzMN8t21Z7BWiZOTsooR8M3v9x+hJOQcIUZSNlz7Fh5KQhFMSNZyU0kiQGPYUh6mnIIifTS2VGZdaKVvjWIhC6urJn6eyKFUMpJGOjOENRILnpT8T+vl6jBlZdSHieKcDz/aJAwS0XWNCGrTwXBik00ASyo3tXCIxCAlc6xpENwFk9eJu3zqnNRrd3VyvXrPI4iOkLH6BQ56BLV0S1qoBbC6BE9o1f0ZjwZL8a78TFvLRj5zCH6A+PzB7w3n0M=</latexit>

{| ↵1,...,↵T i}
Branches



Three approaches
• I think there have been basically three attempts to solve this so far 

1. CJR as simultaneous eigenstates of records [1608.05377] 

• See also follow-up by Ollivier [2202.06832] 

2. Wiengarten: minimize difference of average branch complexity 
and decomposition entropy [2105.04545] 

• See also follow-up by Wiengarten [2308.05569] 

3. Taylor & McCulloch by maximizing difference of interference 
complexity and distinguishability complexity [2308.04494] 

• You’ve heard about Taylor & McCulloch so I will talk mostly about 
CJR and Wiengarten



Defining recorded PVMs
• Assume a state  on a lattice (any 

microscopic tensor-product structure): 

• A region is subsets of the lattice: 

• A projection-valued measure on a region 
(local PVM) is a complete set of orthogonal 
projectors localized to the region: 

• Two local PVMs on disjoint regions record 
each other (with respect to ) when their 
projectors are fully (classically) correlated:

<latexit sha1_base64="rQ+lnlZ8/oEDmphri0GPm78PfAY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVX98uGy1rgt4ijDCZzCOQRwDQ24hya0gMAYnuEV3jzhvXjv3seiteQVM8fwB97nDyctjlM=</latexit>

ω

<latexit sha1_base64="rQ+lnlZ8/oEDmphri0GPm78PfAY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVX98uGy1rgt4ijDCZzCOQRwDQ24hya0gMAYnuEV3jzhvXjv3seiteQVM8fwB97nDyctjlM=</latexit>

ω Pi
R1 | i = Pi

R2 | i
<latexit sha1_base64="0BhaD+PQA6qQ/DVXjg+7wtOIu9U="></latexit><latexit sha1_base64="0BhaD+PQA6qQ/DVXjg+7wtOIu9U="></latexit><latexit sha1_base64="0BhaD+PQA6qQ/DVXjg+7wtOIu9U="></latexit><latexit sha1_base64="0BhaD+PQA6qQ/DVXjg+7wtOIu9U="></latexit>

R1
<latexit sha1_base64="V4224c+yVhWBnXa8Aie2UnBLfS4=">AAACFHicbZC7TsMwFIadcivlFmBkiaiQGKooCVEvWwULY0GEVmqjyHGd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx7yeUcGEY30ppbX1jc6u8XdnZ3ds/UA+P7nmcMoQdFNOY9XzIMSURdgQRFPcShmHoU9z1J1e5333AjJM4uhPTBLshHEUkIAgKKXlqLRvML+mzke9mht5q1i27XjN0w2iYlpmD1bAv7NmtZ848tZobeWmrYBZQBUV1PPVrMIxRGuJIIAo575tGItwMMkEQxbPKIOU4gWgCR7gvMYIh5m42X2imnUllqAUxkycS2lz9PZHBkPNp6MvOEIoxX/Zy8T+vn4qg6WYkSlKBI7R4KEipJmItj0gbEoaRoFMJEDEid9XQGDKIhAyyIkMwl7+8Co6lt3Tzxq62L4s0yuAEnIJzYIIGaINr0AEOQOARPINX8KY8KS/Ku/KxaC0pxcwx+FPK5w8chJqL</latexit><latexit sha1_base64="V4224c+yVhWBnXa8Aie2UnBLfS4=">AAACFHicbZC7TsMwFIadcivlFmBkiaiQGKooCVEvWwULY0GEVmqjyHGd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx7yeUcGEY30ppbX1jc6u8XdnZ3ds/UA+P7nmcMoQdFNOY9XzIMSURdgQRFPcShmHoU9z1J1e5333AjJM4uhPTBLshHEUkIAgKKXlqLRvML+mzke9mht5q1i27XjN0w2iYlpmD1bAv7NmtZ848tZobeWmrYBZQBUV1PPVrMIxRGuJIIAo575tGItwMMkEQxbPKIOU4gWgCR7gvMYIh5m42X2imnUllqAUxkycS2lz9PZHBkPNp6MvOEIoxX/Zy8T+vn4qg6WYkSlKBI7R4KEipJmItj0gbEoaRoFMJEDEid9XQGDKIhAyyIkMwl7+8Co6lt3Tzxq62L4s0yuAEnIJzYIIGaINr0AEOQOARPINX8KY8KS/Ku/KxaC0pxcwx+FPK5w8chJqL</latexit><latexit sha1_base64="V4224c+yVhWBnXa8Aie2UnBLfS4=">AAACFHicbZC7TsMwFIadcivlFmBkiaiQGKooCVEvWwULY0GEVmqjyHGd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx7yeUcGEY30ppbX1jc6u8XdnZ3ds/UA+P7nmcMoQdFNOY9XzIMSURdgQRFPcShmHoU9z1J1e5333AjJM4uhPTBLshHEUkIAgKKXlqLRvML+mzke9mht5q1i27XjN0w2iYlpmD1bAv7NmtZ848tZobeWmrYBZQBUV1PPVrMIxRGuJIIAo575tGItwMMkEQxbPKIOU4gWgCR7gvMYIh5m42X2imnUllqAUxkycS2lz9PZHBkPNp6MvOEIoxX/Zy8T+vn4qg6WYkSlKBI7R4KEipJmItj0gbEoaRoFMJEDEid9XQGDKIhAyyIkMwl7+8Co6lt3Tzxq62L4s0yuAEnIJzYIIGaINr0AEOQOARPINX8KY8KS/Ku/KxaC0pxcwx+FPK5w8chJqL</latexit><latexit sha1_base64="V4224c+yVhWBnXa8Aie2UnBLfS4=">AAACFHicbZC7TsMwFIadcivlFmBkiaiQGKooCVEvWwULY0GEVmqjyHGd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx7yeUcGEY30ppbX1jc6u8XdnZ3ds/UA+P7nmcMoQdFNOY9XzIMSURdgQRFPcShmHoU9z1J1e5333AjJM4uhPTBLshHEUkIAgKKXlqLRvML+mzke9mht5q1i27XjN0w2iYlpmD1bAv7NmtZ848tZobeWmrYBZQBUV1PPVrMIxRGuJIIAo575tGItwMMkEQxbPKIOU4gWgCR7gvMYIh5m42X2imnUllqAUxkycS2lz9PZHBkPNp6MvOEIoxX/Zy8T+vn4qg6WYkSlKBI7R4KEipJmItj0gbEoaRoFMJEDEid9XQGDKIhAyyIkMwl7+8Co6lt3Tzxq62L4s0yuAEnIJzYIIGaINr0AEOQOARPINX8KY8KS/Ku/KxaC0pxcwx+FPK5w8chJqL</latexit>

R2
<latexit sha1_base64="5WgfDnGVM+j+nszf9dftFBBujh0=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKoqCVEvWwULY0GEVmqjynHd1qpzke0gVVFegoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx70WMCmkY31phbX1jc6u4XdrZ3ds/0A+P7kUYc0wcHLKQdz0kCKMBcSSVjHQjTpDvMdLxpleZ33kgXNAwuJOziLg+Ggd0RDGSShrolaQ/v6THx56bGNVmo2bZtYpRNYy6aZkZWHX7wk5vB1Y60MuZkRVcBTOHMsirPdC/+sMQxz4JJGZIiJ5pRNJNEJcUM5KW+rEgEcJTNCY9hQHyiXCT+UIpPFPKEI5Crk4g4Vz9PZEgX4iZ76lOH8mJWPYy8T+vF8tRw01oEMWSBHjx0ChmUIYwiwgOKSdYspkChDlVu0I8QRxhqYIsqRDM5S+vgmNVm1Xzxi63LvM0iuAEnIJzYII6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8eCJqM</latexit><latexit sha1_base64="5WgfDnGVM+j+nszf9dftFBBujh0=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKoqCVEvWwULY0GEVmqjynHd1qpzke0gVVFegoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx70WMCmkY31phbX1jc6u4XdrZ3ds/0A+P7kUYc0wcHLKQdz0kCKMBcSSVjHQjTpDvMdLxpleZ33kgXNAwuJOziLg+Ggd0RDGSShrolaQ/v6THx56bGNVmo2bZtYpRNYy6aZkZWHX7wk5vB1Y60MuZkRVcBTOHMsirPdC/+sMQxz4JJGZIiJ5pRNJNEJcUM5KW+rEgEcJTNCY9hQHyiXCT+UIpPFPKEI5Crk4g4Vz9PZEgX4iZ76lOH8mJWPYy8T+vF8tRw01oEMWSBHjx0ChmUIYwiwgOKSdYspkChDlVu0I8QRxhqYIsqRDM5S+vgmNVm1Xzxi63LvM0iuAEnIJzYII6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8eCJqM</latexit><latexit sha1_base64="5WgfDnGVM+j+nszf9dftFBBujh0=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKoqCVEvWwULY0GEVmqjynHd1qpzke0gVVFegoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx70WMCmkY31phbX1jc6u4XdrZ3ds/0A+P7kUYc0wcHLKQdz0kCKMBcSSVjHQjTpDvMdLxpleZ33kgXNAwuJOziLg+Ggd0RDGSShrolaQ/v6THx56bGNVmo2bZtYpRNYy6aZkZWHX7wk5vB1Y60MuZkRVcBTOHMsirPdC/+sMQxz4JJGZIiJ5pRNJNEJcUM5KW+rEgEcJTNCY9hQHyiXCT+UIpPFPKEI5Crk4g4Vz9PZEgX4iZ76lOH8mJWPYy8T+vF8tRw01oEMWSBHjx0ChmUIYwiwgOKSdYspkChDlVu0I8QRxhqYIsqRDM5S+vgmNVm1Xzxi63LvM0iuAEnIJzYII6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8eCJqM</latexit><latexit sha1_base64="5WgfDnGVM+j+nszf9dftFBBujh0=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKoqCVEvWwULY0GEVmqjynHd1qpzke0gVVFegoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx70WMCmkY31phbX1jc6u4XdrZ3ds/0A+P7kUYc0wcHLKQdz0kCKMBcSSVjHQjTpDvMdLxpleZ33kgXNAwuJOziLg+Ggd0RDGSShrolaQ/v6THx56bGNVmo2bZtYpRNYy6aZkZWHX7wk5vB1Y60MuZkRVcBTOHMsirPdC/+sMQxz4JJGZIiJ5pRNJNEJcUM5KW+rEgEcJTNCY9hQHyiXCT+UIpPFPKEI5Crk4g4Vz9PZEgX4iZ76lOH8mJWPYy8T+vF8tRw01oEMWSBHjx0ChmUIYwiwgOKSdYspkChDlVu0I8QRxhqYIsqRDM5S+vgmNVm1Xzxi63LvM0iuAEnIJzYII6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8eCJqM</latexit>
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H
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H
(3) · · ·

...

X

i

PR
i = I

<latexit sha1_base64="jDOY0hEmUmaUqMs9vJnPFXm+slM="></latexit>

(PR
i )† = PR

i = PR
i ⌦ IR̄

<latexit sha1_base64="w1L7cYvuICSVTA0SV6vBRmIxaws="></latexit>

PR
i PR

j = �ijP
R
i

<latexit sha1_base64="UiiKpfw+JVDeACylhI6V17GVDAc="></latexit>

<latexit sha1_base64="WSz9rbuZY4lYt4iQ5ot0E8V/Q6o=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0Wom5JIfWyEopsuK9gHNDFMppN26GQSZiZCCf0SN/6KGxeKCK70b5y0WdjWAxcO59zLvff4MaNSWdaPUVhZXVvfKG6WtrZ3dvfM/YO2jBKBSQtHLBJdH0nCKCctRRUj3VgQFPqMdPzRbeZ3HomQNOL3ahwTN0QDTgOKkdKSZ547saTQoRw6IVJDjFjamMBr6Ph0ECkaEunNWQ9phZ9OPLNsVa0p4DKxc1IGOZqe+eX0I5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppypBe76fS9CTzRSh8GkdDFFZyqfydSFEo5Dn3dmR0qF71M/M/rJSq4clPK40QRjmeLgoRBFcEsK9ingmDFxpogLKi+FeIhEggrnWhJh2AvvrxM2mdV+6Jau6uV6zd5HEVwBI5BBdjgEtRBAzRBC2DwBF7AG3g3no1X48P4nLUWjHzmEMzB+P4F+o2iaw==</latexit>

ω → H =
⊗

n

H
(n)



Defining redundant record

• Let a redundant record at 
scale L be a redundant 
record where the regions fit 
in disjoint spheres of 
diameter L

PR1
j | i = PR2

j | i = PR3
j | i = · · ·

<latexit sha1_base64="PSr1Yr+TNNK3ghRZauvRdcEtc4Y="></latexit><latexit sha1_base64="PSr1Yr+TNNK3ghRZauvRdcEtc4Y="></latexit><latexit sha1_base64="PSr1Yr+TNNK3ghRZauvRdcEtc4Y="></latexit><latexit sha1_base64="PSr1Yr+TNNK3ghRZauvRdcEtc4Y="></latexit>

R1
<latexit sha1_base64="V4224c+yVhWBnXa8Aie2UnBLfS4=">AAACFHicbZC7TsMwFIadcivlFmBkiaiQGKooCVEvWwULY0GEVmqjyHGd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx7yeUcGEY30ppbX1jc6u8XdnZ3ds/UA+P7nmcMoQdFNOY9XzIMSURdgQRFPcShmHoU9z1J1e5333AjJM4uhPTBLshHEUkIAgKKXlqLRvML+mzke9mht5q1i27XjN0w2iYlpmD1bAv7NmtZ848tZobeWmrYBZQBUV1PPVrMIxRGuJIIAo575tGItwMMkEQxbPKIOU4gWgCR7gvMYIh5m42X2imnUllqAUxkycS2lz9PZHBkPNp6MvOEIoxX/Zy8T+vn4qg6WYkSlKBI7R4KEipJmItj0gbEoaRoFMJEDEid9XQGDKIhAyyIkMwl7+8Co6lt3Tzxq62L4s0yuAEnIJzYIIGaINr0AEOQOARPINX8KY8KS/Ku/KxaC0pxcwx+FPK5w8chJqL</latexit><latexit sha1_base64="V4224c+yVhWBnXa8Aie2UnBLfS4=">AAACFHicbZC7TsMwFIadcivlFmBkiaiQGKooCVEvWwULY0GEVmqjyHGd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx7yeUcGEY30ppbX1jc6u8XdnZ3ds/UA+P7nmcMoQdFNOY9XzIMSURdgQRFPcShmHoU9z1J1e5333AjJM4uhPTBLshHEUkIAgKKXlqLRvML+mzke9mht5q1i27XjN0w2iYlpmD1bAv7NmtZ848tZobeWmrYBZQBUV1PPVrMIxRGuJIIAo575tGItwMMkEQxbPKIOU4gWgCR7gvMYIh5m42X2imnUllqAUxkycS2lz9PZHBkPNp6MvOEIoxX/Zy8T+vn4qg6WYkSlKBI7R4KEipJmItj0gbEoaRoFMJEDEid9XQGDKIhAyyIkMwl7+8Co6lt3Tzxq62L4s0yuAEnIJzYIIGaINr0AEOQOARPINX8KY8KS/Ku/KxaC0pxcwx+FPK5w8chJqL</latexit><latexit sha1_base64="V4224c+yVhWBnXa8Aie2UnBLfS4=">AAACFHicbZC7TsMwFIadcivlFmBkiaiQGKooCVEvWwULY0GEVmqjyHGd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx7yeUcGEY30ppbX1jc6u8XdnZ3ds/UA+P7nmcMoQdFNOY9XzIMSURdgQRFPcShmHoU9z1J1e5333AjJM4uhPTBLshHEUkIAgKKXlqLRvML+mzke9mht5q1i27XjN0w2iYlpmD1bAv7NmtZ848tZobeWmrYBZQBUV1PPVrMIxRGuJIIAo575tGItwMMkEQxbPKIOU4gWgCR7gvMYIh5m42X2imnUllqAUxkycS2lz9PZHBkPNp6MvOEIoxX/Zy8T+vn4qg6WYkSlKBI7R4KEipJmItj0gbEoaRoFMJEDEid9XQGDKIhAyyIkMwl7+8Co6lt3Tzxq62L4s0yuAEnIJzYIIGaINr0AEOQOARPINX8KY8KS/Ku/KxaC0pxcwx+FPK5w8chJqL</latexit><latexit sha1_base64="V4224c+yVhWBnXa8Aie2UnBLfS4=">AAACFHicbZC7TsMwFIadcivlFmBkiaiQGKooCVEvWwULY0GEVmqjyHGd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx7yeUcGEY30ppbX1jc6u8XdnZ3ds/UA+P7nmcMoQdFNOY9XzIMSURdgQRFPcShmHoU9z1J1e5333AjJM4uhPTBLshHEUkIAgKKXlqLRvML+mzke9mht5q1i27XjN0w2iYlpmD1bAv7NmtZ848tZobeWmrYBZQBUV1PPVrMIxRGuJIIAo575tGItwMMkEQxbPKIOU4gWgCR7gvMYIh5m42X2imnUllqAUxkycS2lz9PZHBkPNp6MvOEIoxX/Zy8T+vn4qg6WYkSlKBI7R4KEipJmItj0gbEoaRoFMJEDEid9XQGDKIhAyyIkMwl7+8Co6lt3Tzxq62L4s0yuAEnIJzYIIGaINr0AEOQOARPINX8KY8KS/Ku/KxaC0pxcwx+FPK5w8chJqL</latexit>

R3
<latexit sha1_base64="9NQc/5TQ+aGeV8kdGrE/Kx6QdjA=">AAACFHicbZDLTgIxFIbPeEW8oS7dNBITF4TMAOGyI7pxicYREpiQTinQ0Lmk7ZiQCS/hxldx40KNWxfufBs7MAsFT9Lky/+f057+bsiZVKb5baytb2xubWd2srt7+weHuaPjexlEglCbBDwQHRdLyplPbcUUp51QUOy5nLbdyVXitx+okCzw79Q0pI6HRz4bMoKVlvq5QtybX9IVI9eJzWKjXi1VqgWzaJo1q2QlUKpVypXZbb886+fyiZEUWgUrhTyk1ernvnqDgEQe9RXhWMquZYbKibFQjHA6y/YiSUNMJnhEuxp97FHpxPOFZuhcKwM0DIQ+vkJz9fdEjD0pp56rOz2sxnLZS8T/vG6khnUnZn4YKeqTxUPDiCMVoCQiNGCCEsWnGjARTO+KyBgLTJQOMqtDsJa/vAp2qdgoWjeVfPMyTSMDp3AGF2BBDZpwDS2wgcAjPMMrvBlPxovxbnwsWteMdOYE/pTx+QMfjJqN</latexit><latexit sha1_base64="9NQc/5TQ+aGeV8kdGrE/Kx6QdjA=">AAACFHicbZDLTgIxFIbPeEW8oS7dNBITF4TMAOGyI7pxicYREpiQTinQ0Lmk7ZiQCS/hxldx40KNWxfufBs7MAsFT9Lky/+f057+bsiZVKb5baytb2xubWd2srt7+weHuaPjexlEglCbBDwQHRdLyplPbcUUp51QUOy5nLbdyVXitx+okCzw79Q0pI6HRz4bMoKVlvq5QtybX9IVI9eJzWKjXi1VqgWzaJo1q2QlUKpVypXZbb886+fyiZEUWgUrhTyk1ernvnqDgEQe9RXhWMquZYbKibFQjHA6y/YiSUNMJnhEuxp97FHpxPOFZuhcKwM0DIQ+vkJz9fdEjD0pp56rOz2sxnLZS8T/vG6khnUnZn4YKeqTxUPDiCMVoCQiNGCCEsWnGjARTO+KyBgLTJQOMqtDsJa/vAp2qdgoWjeVfPMyTSMDp3AGF2BBDZpwDS2wgcAjPMMrvBlPxovxbnwsWteMdOYE/pTx+QMfjJqN</latexit><latexit sha1_base64="9NQc/5TQ+aGeV8kdGrE/Kx6QdjA=">AAACFHicbZDLTgIxFIbPeEW8oS7dNBITF4TMAOGyI7pxicYREpiQTinQ0Lmk7ZiQCS/hxldx40KNWxfufBs7MAsFT9Lky/+f057+bsiZVKb5baytb2xubWd2srt7+weHuaPjexlEglCbBDwQHRdLyplPbcUUp51QUOy5nLbdyVXitx+okCzw79Q0pI6HRz4bMoKVlvq5QtybX9IVI9eJzWKjXi1VqgWzaJo1q2QlUKpVypXZbb886+fyiZEUWgUrhTyk1ernvnqDgEQe9RXhWMquZYbKibFQjHA6y/YiSUNMJnhEuxp97FHpxPOFZuhcKwM0DIQ+vkJz9fdEjD0pp56rOz2sxnLZS8T/vG6khnUnZn4YKeqTxUPDiCMVoCQiNGCCEsWnGjARTO+KyBgLTJQOMqtDsJa/vAp2qdgoWjeVfPMyTSMDp3AGF2BBDZpwDS2wgcAjPMMrvBlPxovxbnwsWteMdOYE/pTx+QMfjJqN</latexit><latexit sha1_base64="9NQc/5TQ+aGeV8kdGrE/Kx6QdjA=">AAACFHicbZDLTgIxFIbPeEW8oS7dNBITF4TMAOGyI7pxicYREpiQTinQ0Lmk7ZiQCS/hxldx40KNWxfufBs7MAsFT9Lky/+f057+bsiZVKb5baytb2xubWd2srt7+weHuaPjexlEglCbBDwQHRdLyplPbcUUp51QUOy5nLbdyVXitx+okCzw79Q0pI6HRz4bMoKVlvq5QtybX9IVI9eJzWKjXi1VqgWzaJo1q2QlUKpVypXZbb886+fyiZEUWgUrhTyk1ernvnqDgEQe9RXhWMquZYbKibFQjHA6y/YiSUNMJnhEuxp97FHpxPOFZuhcKwM0DIQ+vkJz9fdEjD0pp56rOz2sxnLZS8T/vG6khnUnZn4YKeqTxUPDiCMVoCQiNGCCEsWnGjARTO+KyBgLTJQOMqtDsJa/vAp2qdgoWjeVfPMyTSMDp3AGF2BBDZpwDS2wgcAjPMMrvBlPxovxbnwsWteMdOYE/pTx+QMfjJqN</latexit>

R4
<latexit sha1_base64="kKKn/2Ey2A5ZBL6xLkw+2P7Etlw=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKooKVEvWwULY0GEVmqjyHHd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx78eMCmma31phbX1jc6u4XdrZ3ds/0A+P7kWUcEwcHLGId30kCKMhcSSVjHRjTlDgM9LxJ1eZ33kgXNAovJPTmLgBGoV0SDGSSvL0StqfX9LjI99NTaPZqFXtWsU0TLNuVa0MqnX7wp7devbM08uZkRVcBSuHMsir7elf/UGEk4CEEjMkRM8yY+mmiEuKGZmV+okgMcITNCI9hSEKiHDT+UIzeKaUARxGXJ1Qwrn6eyJFgRDTwFedAZJjsexl4n9eL5HDhpvSME4kCfHioWHCoIxgFhEcUE6wZFMFCHOqdoV4jDjCUgVZUiFYy19eBadqNA3rxi63LvM0iuAEnIJzYIE6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8hEJqO</latexit><latexit sha1_base64="kKKn/2Ey2A5ZBL6xLkw+2P7Etlw=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKooKVEvWwULY0GEVmqjyHHd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx78eMCmma31phbX1jc6u4XdrZ3ds/0A+P7kWUcEwcHLGId30kCKMhcSSVjHRjTlDgM9LxJ1eZ33kgXNAovJPTmLgBGoV0SDGSSvL0StqfX9LjI99NTaPZqFXtWsU0TLNuVa0MqnX7wp7devbM08uZkRVcBSuHMsir7elf/UGEk4CEEjMkRM8yY+mmiEuKGZmV+okgMcITNCI9hSEKiHDT+UIzeKaUARxGXJ1Qwrn6eyJFgRDTwFedAZJjsexl4n9eL5HDhpvSME4kCfHioWHCoIxgFhEcUE6wZFMFCHOqdoV4jDjCUgVZUiFYy19eBadqNA3rxi63LvM0iuAEnIJzYIE6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8hEJqO</latexit><latexit sha1_base64="kKKn/2Ey2A5ZBL6xLkw+2P7Etlw=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKooKVEvWwULY0GEVmqjyHHd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx78eMCmma31phbX1jc6u4XdrZ3ds/0A+P7kWUcEwcHLGId30kCKMhcSSVjHRjTlDgM9LxJ1eZ33kgXNAovJPTmLgBGoV0SDGSSvL0StqfX9LjI99NTaPZqFXtWsU0TLNuVa0MqnX7wp7devbM08uZkRVcBSuHMsir7elf/UGEk4CEEjMkRM8yY+mmiEuKGZmV+okgMcITNCI9hSEKiHDT+UIzeKaUARxGXJ1Qwrn6eyJFgRDTwFedAZJjsexl4n9eL5HDhpvSME4kCfHioWHCoIxgFhEcUE6wZFMFCHOqdoV4jDjCUgVZUiFYy19eBadqNA3rxi63LvM0iuAEnIJzYIE6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8hEJqO</latexit><latexit sha1_base64="kKKn/2Ey2A5ZBL6xLkw+2P7Etlw=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKooKVEvWwULY0GEVmqjyHHd1qpzke0gVVFfgoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx78eMCmma31phbX1jc6u4XdrZ3ds/0A+P7kWUcEwcHLGId30kCKMhcSSVjHRjTlDgM9LxJ1eZ33kgXNAovJPTmLgBGoV0SDGSSvL0StqfX9LjI99NTaPZqFXtWsU0TLNuVa0MqnX7wp7devbM08uZkRVcBSuHMsir7elf/UGEk4CEEjMkRM8yY+mmiEuKGZmV+okgMcITNCI9hSEKiHDT+UIzeKaUARxGXJ1Qwrn6eyJFgRDTwFedAZJjsexl4n9eL5HDhpvSME4kCfHioWHCoIxgFhEcUE6wZFMFCHOqdoV4jDjCUgVZUiFYy19eBadqNA3rxi63LvM0iuAEnIJzYIE6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8hEJqO</latexit>

R2
<latexit sha1_base64="5WgfDnGVM+j+nszf9dftFBBujh0=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKoqCVEvWwULY0GEVmqjynHd1qpzke0gVVFegoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx70WMCmkY31phbX1jc6u4XdrZ3ds/0A+P7kUYc0wcHLKQdz0kCKMBcSSVjHQjTpDvMdLxpleZ33kgXNAwuJOziLg+Ggd0RDGSShrolaQ/v6THx56bGNVmo2bZtYpRNYy6aZkZWHX7wk5vB1Y60MuZkRVcBTOHMsirPdC/+sMQxz4JJGZIiJ5pRNJNEJcUM5KW+rEgEcJTNCY9hQHyiXCT+UIpPFPKEI5Crk4g4Vz9PZEgX4iZ76lOH8mJWPYy8T+vF8tRw01oEMWSBHjx0ChmUIYwiwgOKSdYspkChDlVu0I8QRxhqYIsqRDM5S+vgmNVm1Xzxi63LvM0iuAEnIJzYII6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8eCJqM</latexit><latexit sha1_base64="5WgfDnGVM+j+nszf9dftFBBujh0=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKoqCVEvWwULY0GEVmqjynHd1qpzke0gVVFegoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx70WMCmkY31phbX1jc6u4XdrZ3ds/0A+P7kUYc0wcHLKQdz0kCKMBcSSVjHQjTpDvMdLxpleZ33kgXNAwuJOziLg+Ggd0RDGSShrolaQ/v6THx56bGNVmo2bZtYpRNYy6aZkZWHX7wk5vB1Y60MuZkRVcBTOHMsirPdC/+sMQxz4JJGZIiJ5pRNJNEJcUM5KW+rEgEcJTNCY9hQHyiXCT+UIpPFPKEI5Crk4g4Vz9PZEgX4iZ76lOH8mJWPYy8T+vF8tRw01oEMWSBHjx0ChmUIYwiwgOKSdYspkChDlVu0I8QRxhqYIsqRDM5S+vgmNVm1Xzxi63LvM0iuAEnIJzYII6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8eCJqM</latexit><latexit sha1_base64="5WgfDnGVM+j+nszf9dftFBBujh0=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKoqCVEvWwULY0GEVmqjynHd1qpzke0gVVFegoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx70WMCmkY31phbX1jc6u4XdrZ3ds/0A+P7kUYc0wcHLKQdz0kCKMBcSSVjHQjTpDvMdLxpleZ33kgXNAwuJOziLg+Ggd0RDGSShrolaQ/v6THx56bGNVmo2bZtYpRNYy6aZkZWHX7wk5vB1Y60MuZkRVcBTOHMsirPdC/+sMQxz4JJGZIiJ5pRNJNEJcUM5KW+rEgEcJTNCY9hQHyiXCT+UIpPFPKEI5Crk4g4Vz9PZEgX4iZ76lOH8mJWPYy8T+vF8tRw01oEMWSBHjx0ChmUIYwiwgOKSdYspkChDlVu0I8QRxhqYIsqRDM5S+vgmNVm1Xzxi63LvM0iuAEnIJzYII6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8eCJqM</latexit><latexit sha1_base64="5WgfDnGVM+j+nszf9dftFBBujh0=">AAACFHicbZC7TsMwFIadcivlFmBksaiQGKoqCVEvWwULY0GEVmqjynHd1qpzke0gVVFegoVXYWEAxMrAxtvgtBmg5UiWPv3/Ofbx70WMCmkY31phbX1jc6u4XdrZ3ds/0A+P7kUYc0wcHLKQdz0kCKMBcSSVjHQjTpDvMdLxpleZ33kgXNAwuJOziLg+Ggd0RDGSShrolaQ/v6THx56bGNVmo2bZtYpRNYy6aZkZWHX7wk5vB1Y60MuZkRVcBTOHMsirPdC/+sMQxz4JJGZIiJ5pRNJNEJcUM5KW+rEgEcJTNCY9hQHyiXCT+UIpPFPKEI5Crk4g4Vz9PZEgX4iZ76lOH8mJWPYy8T+vF8tRw01oEMWSBHjx0ChmUIYwiwgOKSdYspkChDlVu0I8QRxhqYIsqRDM5S+vgmNVm1Xzxi63LvM0iuAEnIJzYII6aIFr0AYOwOARPINX8KY9aS/au/axaC1o+cwx+FPa5w8eCJqM</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

• Let a redundant record be a set of 3 or more local 
PVMs that all record each other



Compatible recorded observables

R1
<latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit><latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit><latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit><latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit>

R2
<latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit><latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit><latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit><latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit>

R4
<latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit><latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit><latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit><latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit>

R3
<latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit><latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit><latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit><latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit>

• Now consider multiple redundant records, e.g., for 
different classical macroscopic outcomes



Compatible recorded observables

R1
<latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit><latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit><latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit><latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit>

R2
<latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit><latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit><latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit><latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit>

R3
<latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit><latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit><latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit><latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit>

R4
<latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit><latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit><latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit><latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit>

S1
<latexit sha1_base64="1+8tmxlm27hwBZOdCfAUtymS+ag=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUakmGxhMsYY0IIygipXmJL6vVahdQQySyLEqzQHBbfB6OIJQEPDZNU6z7BsXFTqoxgks8Lg0TzmLIpHfO+pSENuHbTxalzdGaVEfIjZSs0aKF+n0hpoPUs8GxnQM1E//Yy8S+vnxi/5qYijBPDQ7Zc5CcSmQhlf6ORUJwZObOEMiXsrYhNqKLM2HQKNoSvT9H/pFMpE1wmtxelxtUqjjycwCmcA4EqNOAGmtAGBmN4gCd4dqTz6Lw4r8vWnLOaOYYfcN4+ASBIjbE=</latexit><latexit sha1_base64="1+8tmxlm27hwBZOdCfAUtymS+ag=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUakmGxhMsYY0IIygipXmJL6vVahdQQySyLEqzQHBbfB6OIJQEPDZNU6z7BsXFTqoxgks8Lg0TzmLIpHfO+pSENuHbTxalzdGaVEfIjZSs0aKF+n0hpoPUs8GxnQM1E//Yy8S+vnxi/5qYijBPDQ7Zc5CcSmQhlf6ORUJwZObOEMiXsrYhNqKLM2HQKNoSvT9H/pFMpE1wmtxelxtUqjjycwCmcA4EqNOAGmtAGBmN4gCd4dqTz6Lw4r8vWnLOaOYYfcN4+ASBIjbE=</latexit><latexit sha1_base64="1+8tmxlm27hwBZOdCfAUtymS+ag=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUakmGxhMsYY0IIygipXmJL6vVahdQQySyLEqzQHBbfB6OIJQEPDZNU6z7BsXFTqoxgks8Lg0TzmLIpHfO+pSENuHbTxalzdGaVEfIjZSs0aKF+n0hpoPUs8GxnQM1E//Yy8S+vnxi/5qYijBPDQ7Zc5CcSmQhlf6ORUJwZObOEMiXsrYhNqKLM2HQKNoSvT9H/pFMpE1wmtxelxtUqjjycwCmcA4EqNOAGmtAGBmN4gCd4dqTz6Lw4r8vWnLOaOYYfcN4+ASBIjbE=</latexit><latexit sha1_base64="1+8tmxlm27hwBZOdCfAUtymS+ag=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUakmGxhMsYY0IIygipXmJL6vVahdQQySyLEqzQHBbfB6OIJQEPDZNU6z7BsXFTqoxgks8Lg0TzmLIpHfO+pSENuHbTxalzdGaVEfIjZSs0aKF+n0hpoPUs8GxnQM1E//Yy8S+vnxi/5qYijBPDQ7Zc5CcSmQhlf6ORUJwZObOEMiXsrYhNqKLM2HQKNoSvT9H/pFMpE1wmtxelxtUqjjycwCmcA4EqNOAGmtAGBmN4gCd4dqTz6Lw4r8vWnLOaOYYfcN4+ASBIjbE=</latexit>

S3
<latexit sha1_base64="Kll4K32YppADqL+BuoZ+tME9J/g=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkoJrkFvXiMxDwgWcLsZDYZMvtgZlYISz7BiwdFvPpF3vwbZ5MIKlrQUFR1093lxVJog/GHs7K6tr6xmdvKb+/s7u0XDg7bOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrjO/c8+VFlF4Z6YxdwM6CoUvGDVWajYH54NCEZcwxoQQlBFSucSW1GrVMqkiklkWRViiMSi894cRSwIeGiap1j2CY+OmVBnBJJ/l+4nmMWUTOuI9S0MacO2m81Nn6NQqQ+RHylZo0Fz9PpHSQOtp4NnOgJqx/u1l4l9eLzF+1U1FGCeGh2yxyE8kMhHK/kZDoTgzcmoJZUrYWxEbU0WZsenkbQhfn6L/SbtcIrhEbi+K9atlHDk4hhM4AwIVqMMNNKAFDEbwAE/w7Ejn0XlxXhetK85y5gh+wHn7BCNQjbM=</latexit><latexit sha1_base64="Kll4K32YppADqL+BuoZ+tME9J/g=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkoJrkFvXiMxDwgWcLsZDYZMvtgZlYISz7BiwdFvPpF3vwbZ5MIKlrQUFR1093lxVJog/GHs7K6tr6xmdvKb+/s7u0XDg7bOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrjO/c8+VFlF4Z6YxdwM6CoUvGDVWajYH54NCEZcwxoQQlBFSucSW1GrVMqkiklkWRViiMSi894cRSwIeGiap1j2CY+OmVBnBJJ/l+4nmMWUTOuI9S0MacO2m81Nn6NQqQ+RHylZo0Fz9PpHSQOtp4NnOgJqx/u1l4l9eLzF+1U1FGCeGh2yxyE8kMhHK/kZDoTgzcmoJZUrYWxEbU0WZsenkbQhfn6L/SbtcIrhEbi+K9atlHDk4hhM4AwIVqMMNNKAFDEbwAE/w7Ejn0XlxXhetK85y5gh+wHn7BCNQjbM=</latexit><latexit sha1_base64="Kll4K32YppADqL+BuoZ+tME9J/g=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkoJrkFvXiMxDwgWcLsZDYZMvtgZlYISz7BiwdFvPpF3vwbZ5MIKlrQUFR1093lxVJog/GHs7K6tr6xmdvKb+/s7u0XDg7bOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrjO/c8+VFlF4Z6YxdwM6CoUvGDVWajYH54NCEZcwxoQQlBFSucSW1GrVMqkiklkWRViiMSi894cRSwIeGiap1j2CY+OmVBnBJJ/l+4nmMWUTOuI9S0MacO2m81Nn6NQqQ+RHylZo0Fz9PpHSQOtp4NnOgJqx/u1l4l9eLzF+1U1FGCeGh2yxyE8kMhHK/kZDoTgzcmoJZUrYWxEbU0WZsenkbQhfn6L/SbtcIrhEbi+K9atlHDk4hhM4AwIVqMMNNKAFDEbwAE/w7Ejn0XlxXhetK85y5gh+wHn7BCNQjbM=</latexit><latexit sha1_base64="Kll4K32YppADqL+BuoZ+tME9J/g=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkoJrkFvXiMxDwgWcLsZDYZMvtgZlYISz7BiwdFvPpF3vwbZ5MIKlrQUFR1093lxVJog/GHs7K6tr6xmdvKb+/s7u0XDg7bOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrjO/c8+VFlF4Z6YxdwM6CoUvGDVWajYH54NCEZcwxoQQlBFSucSW1GrVMqkiklkWRViiMSi894cRSwIeGiap1j2CY+OmVBnBJJ/l+4nmMWUTOuI9S0MacO2m81Nn6NQqQ+RHylZo0Fz9PpHSQOtp4NnOgJqx/u1l4l9eLzF+1U1FGCeGh2yxyE8kMhHK/kZDoTgzcmoJZUrYWxEbU0WZsenkbQhfn6L/SbtcIrhEbi+K9atlHDk4hhM4AwIVqMMNNKAFDEbwAE/w7Ejn0XlxXhetK85y5gh+wHn7BCNQjbM=</latexit>

S2
<latexit sha1_base64="UHiks81z1JdDlIU6gLLL9XbeXcg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUaVobFEi5jjAkhKCOkeoktqddrFVJDJLMsSrBCc1h8H4wilgQ8NExSrfsEx8ZNqTKCST4vDBLNY8qmdMz7loY04NpNF6fO0ZlVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8mpuKME4MD9lykZ9IZCKU/Y1GQnFm5MwSypSwtyI2oYoyY9Mp2BC+PkX/k06lTHCZ3F6UGlerOPJwAqdwDgSq0IAbaEIbGIzhAZ7g2ZHOo/PivC5bc85q5hh+wHn7BCHMjbI=</latexit><latexit sha1_base64="UHiks81z1JdDlIU6gLLL9XbeXcg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUaVobFEi5jjAkhKCOkeoktqddrFVJDJLMsSrBCc1h8H4wilgQ8NExSrfsEx8ZNqTKCST4vDBLNY8qmdMz7loY04NpNF6fO0ZlVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8mpuKME4MD9lykZ9IZCKU/Y1GQnFm5MwSypSwtyI2oYoyY9Mp2BC+PkX/k06lTHCZ3F6UGlerOPJwAqdwDgSq0IAbaEIbGIzhAZ7g2ZHOo/PivC5bc85q5hh+wHn7BCHMjbI=</latexit><latexit sha1_base64="UHiks81z1JdDlIU6gLLL9XbeXcg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUaVobFEi5jjAkhKCOkeoktqddrFVJDJLMsSrBCc1h8H4wilgQ8NExSrfsEx8ZNqTKCST4vDBLNY8qmdMz7loY04NpNF6fO0ZlVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8mpuKME4MD9lykZ9IZCKU/Y1GQnFm5MwSypSwtyI2oYoyY9Mp2BC+PkX/k06lTHCZ3F6UGlerOPJwAqdwDgSq0IAbaEIbGIzhAZ7g2ZHOo/PivC5bc85q5hh+wHn7BCHMjbI=</latexit><latexit sha1_base64="UHiks81z1JdDlIU6gLLL9XbeXcg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUaVobFEi5jjAkhKCOkeoktqddrFVJDJLMsSrBCc1h8H4wilgQ8NExSrfsEx8ZNqTKCST4vDBLNY8qmdMz7loY04NpNF6fO0ZlVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8mpuKME4MD9lykZ9IZCKU/Y1GQnFm5MwSypSwtyI2oYoyY9Mp2BC+PkX/k06lTHCZ3F6UGlerOPJwAqdwDgSq0IAbaEIbGIzhAZ7g2ZHOo/PivC5bc85q5hh+wHn7BCHMjbI=</latexit>

• Now consider multiple redundant records, e.g., for 
different classical macroscopic outcomes



Compatible recorded observables

R1
<latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit><latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit><latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit><latexit sha1_base64="xtImK9dn4lE5Eb845k6sRUM8O4g=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFTIxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4U9pxPqzCyura+kZxs7S1vbO7V94/aKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzmfueeSsVicaenCfUjPBIsZARrI93eDNCgXHHs83rV9arQsR2nhlyUE7fmnXkQGSVHBSzRHJTf+8OYpBEVmnCsVA85ifYzLDUjnM5K/VTRBJMJHtGeoQJHVPnZ/NQZPDHKEIaxNCU0nKvfJzIcKTWNAtMZYT1Wv71c/MvrpTqs+xkTSaqpIItFYcqhjmH+NxwySYnmU0MwkczcCskYS0y0SadkQvj6FP5P2q6NHBtde5XGxTKOIjgCx+AUIFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzHbjbw=</latexit>

R2
<latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit><latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit><latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit><latexit sha1_base64="BSY2wRn/8coGpoIDWUV4UQgrC4A=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A3dQriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzNfjb0=</latexit>

R3
<latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit><latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit><latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit><latexit sha1_base64="907lpSHAbOJpwcP0Xq1gjeeuZnI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSZpaOuu6MZlfbQW2lAm00k7dDIJMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzCyura+kZxs7S1vbO7V94/6Kg4lYS2Scxj2Q2wopwJ2tZMc9pNJMVRwOldMLnI/bt7KhWLxa2eJtSP8EiwkBGsjXRzPagOyhVknzVqrleDyEao7rhOTty6V/WgY5QcFbBEa1B+7w9jkkZUaMKxUj0HJdrPsNSMcDor9VNFE0wmeER7hgocUeVn81Nn8MQoQxjG0pTQcK5+n8hwpNQ0CkxnhPVY/fZy8S+vl+qw4WdMJKmmgiwWhSmHOob533DIJCWaTw3BRDJzKyRjLDHRJp2SCeHrU/g/6bi2g2znyqs0z5dxFMEROAanwAF10ASXoAXagIAReABP4Nni1qP1Yr0uWgvWcuYQ/ID19gk0442+</latexit>

R4
<latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit><latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit><latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit><latexit sha1_base64="xeEcRVRJb5ykvjD1g7k4atQAyNI=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdOOyPvqANpTJdNIOnUzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0g4UxqhD6uwsrq2vlHcLG1t7+zulfcP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJpe537mnUrFY3OlpQv0IjwQLGcHaSLc3A29QriD7vF51vSpENkI1x3Vy4ta8Mw86RslRAUs0B+X3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ7rfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Ttms7yHauvUrjYhlHERyBY3AKHFADDXAFmqAFCBiBB/AEni1uPVov1uuitWAtZw7BD1hvnzZnjb8=</latexit>

S1
<latexit sha1_base64="1+8tmxlm27hwBZOdCfAUtymS+ag=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUakmGxhMsYY0IIygipXmJL6vVahdQQySyLEqzQHBbfB6OIJQEPDZNU6z7BsXFTqoxgks8Lg0TzmLIpHfO+pSENuHbTxalzdGaVEfIjZSs0aKF+n0hpoPUs8GxnQM1E//Yy8S+vnxi/5qYijBPDQ7Zc5CcSmQhlf6ORUJwZObOEMiXsrYhNqKLM2HQKNoSvT9H/pFMpE1wmtxelxtUqjjycwCmcA4EqNOAGmtAGBmN4gCd4dqTz6Lw4r8vWnLOaOYYfcN4+ASBIjbE=</latexit><latexit sha1_base64="1+8tmxlm27hwBZOdCfAUtymS+ag=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUakmGxhMsYY0IIygipXmJL6vVahdQQySyLEqzQHBbfB6OIJQEPDZNU6z7BsXFTqoxgks8Lg0TzmLIpHfO+pSENuHbTxalzdGaVEfIjZSs0aKF+n0hpoPUs8GxnQM1E//Yy8S+vnxi/5qYijBPDQ7Zc5CcSmQhlf6ORUJwZObOEMiXsrYhNqKLM2HQKNoSvT9H/pFMpE1wmtxelxtUqjjycwCmcA4EqNOAGmtAGBmN4gCd4dqTz6Lw4r8vWnLOaOYYfcN4+ASBIjbE=</latexit><latexit sha1_base64="1+8tmxlm27hwBZOdCfAUtymS+ag=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUakmGxhMsYY0IIygipXmJL6vVahdQQySyLEqzQHBbfB6OIJQEPDZNU6z7BsXFTqoxgks8Lg0TzmLIpHfO+pSENuHbTxalzdGaVEfIjZSs0aKF+n0hpoPUs8GxnQM1E//Yy8S+vnxi/5qYijBPDQ7Zc5CcSmQhlf6ORUJwZObOEMiXsrYhNqKLM2HQKNoSvT9H/pFMpE1wmtxelxtUqjjycwCmcA4EqNOAGmtAGBmN4gCd4dqTz6Lw4r8vWnLOaOYYfcN4+ASBIjbE=</latexit><latexit sha1_base64="1+8tmxlm27hwBZOdCfAUtymS+ag=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUakmGxhMsYY0IIygipXmJL6vVahdQQySyLEqzQHBbfB6OIJQEPDZNU6z7BsXFTqoxgks8Lg0TzmLIpHfO+pSENuHbTxalzdGaVEfIjZSs0aKF+n0hpoPUs8GxnQM1E//Yy8S+vnxi/5qYijBPDQ7Zc5CcSmQhlf6ORUJwZObOEMiXsrYhNqKLM2HQKNoSvT9H/pFMpE1wmtxelxtUqjjycwCmcA4EqNOAGmtAGBmN4gCd4dqTz6Lw4r8vWnLOaOYYfcN4+ASBIjbE=</latexit>

S2
<latexit sha1_base64="UHiks81z1JdDlIU6gLLL9XbeXcg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUaVobFEi5jjAkhKCOkeoktqddrFVJDJLMsSrBCc1h8H4wilgQ8NExSrfsEx8ZNqTKCST4vDBLNY8qmdMz7loY04NpNF6fO0ZlVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8mpuKME4MD9lykZ9IZCKU/Y1GQnFm5MwSypSwtyI2oYoyY9Mp2BC+PkX/k06lTHCZ3F6UGlerOPJwAqdwDgSq0IAbaEIbGIzhAZ7g2ZHOo/PivC5bc85q5hh+wHn7BCHMjbI=</latexit><latexit sha1_base64="UHiks81z1JdDlIU6gLLL9XbeXcg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUaVobFEi5jjAkhKCOkeoktqddrFVJDJLMsSrBCc1h8H4wilgQ8NExSrfsEx8ZNqTKCST4vDBLNY8qmdMz7loY04NpNF6fO0ZlVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8mpuKME4MD9lykZ9IZCKU/Y1GQnFm5MwSypSwtyI2oYoyY9Mp2BC+PkX/k06lTHCZ3F6UGlerOPJwAqdwDgSq0IAbaEIbGIzhAZ7g2ZHOo/PivC5bc85q5hh+wHn7BCHMjbI=</latexit><latexit sha1_base64="UHiks81z1JdDlIU6gLLL9XbeXcg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUaVobFEi5jjAkhKCOkeoktqddrFVJDJLMsSrBCc1h8H4wilgQ8NExSrfsEx8ZNqTKCST4vDBLNY8qmdMz7loY04NpNF6fO0ZlVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8mpuKME4MD9lykZ9IZCKU/Y1GQnFm5MwSypSwtyI2oYoyY9Mp2BC+PkX/k06lTHCZ3F6UGlerOPJwAqdwDgSq0IAbaEIbGIzhAZ7g2ZHOo/PivC5bc85q5hh+wHn7BCHMjbI=</latexit><latexit sha1_base64="UHiks81z1JdDlIU6gLLL9XbeXcg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMckt6MVjJOYByRJmJ7PJkNkHM7NCWPIJXjwo4tUv8ubfOJtEUNGChqKqm+4uL5ZCG4w/nNza+sbmVn67sLO7t39QPDzq6ChRjLdZJCPV86jmUoS8bYSRvBcrTgNP8q43vc787j1XWkThnZnF3A3oOBS+YNRYqdUaVobFEi5jjAkhKCOkeoktqddrFVJDJLMsSrBCc1h8H4wilgQ8NExSrfsEx8ZNqTKCST4vDBLNY8qmdMz7loY04NpNF6fO0ZlVRsiPlK3QoIX6fSKlgdazwLOdATUT/dvLxL+8fmL8mpuKME4MD9lykZ9IZCKU/Y1GQnFm5MwSypSwtyI2oYoyY9Mp2BC+PkX/k06lTHCZ3F6UGlerOPJwAqdwDgSq0IAbaEIbGIzhAZ7g2ZHOo/PivC5bc85q5hh+wHn7BCHMjbI=</latexit>

S3
<latexit sha1_base64="Kll4K32YppADqL+BuoZ+tME9J/g=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkoJrkFvXiMxDwgWcLsZDYZMvtgZlYISz7BiwdFvPpF3vwbZ5MIKlrQUFR1093lxVJog/GHs7K6tr6xmdvKb+/s7u0XDg7bOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrjO/c8+VFlF4Z6YxdwM6CoUvGDVWajYH54NCEZcwxoQQlBFSucSW1GrVMqkiklkWRViiMSi894cRSwIeGiap1j2CY+OmVBnBJJ/l+4nmMWUTOuI9S0MacO2m81Nn6NQqQ+RHylZo0Fz9PpHSQOtp4NnOgJqx/u1l4l9eLzF+1U1FGCeGh2yxyE8kMhHK/kZDoTgzcmoJZUrYWxEbU0WZsenkbQhfn6L/SbtcIrhEbi+K9atlHDk4hhM4AwIVqMMNNKAFDEbwAE/w7Ejn0XlxXhetK85y5gh+wHn7BCNQjbM=</latexit><latexit sha1_base64="Kll4K32YppADqL+BuoZ+tME9J/g=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkoJrkFvXiMxDwgWcLsZDYZMvtgZlYISz7BiwdFvPpF3vwbZ5MIKlrQUFR1093lxVJog/GHs7K6tr6xmdvKb+/s7u0XDg7bOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrjO/c8+VFlF4Z6YxdwM6CoUvGDVWajYH54NCEZcwxoQQlBFSucSW1GrVMqkiklkWRViiMSi894cRSwIeGiap1j2CY+OmVBnBJJ/l+4nmMWUTOuI9S0MacO2m81Nn6NQqQ+RHylZo0Fz9PpHSQOtp4NnOgJqx/u1l4l9eLzF+1U1FGCeGh2yxyE8kMhHK/kZDoTgzcmoJZUrYWxEbU0WZsenkbQhfn6L/SbtcIrhEbi+K9atlHDk4hhM4AwIVqMMNNKAFDEbwAE/w7Ejn0XlxXhetK85y5gh+wHn7BCNQjbM=</latexit><latexit sha1_base64="Kll4K32YppADqL+BuoZ+tME9J/g=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkoJrkFvXiMxDwgWcLsZDYZMvtgZlYISz7BiwdFvPpF3vwbZ5MIKlrQUFR1093lxVJog/GHs7K6tr6xmdvKb+/s7u0XDg7bOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrjO/c8+VFlF4Z6YxdwM6CoUvGDVWajYH54NCEZcwxoQQlBFSucSW1GrVMqkiklkWRViiMSi894cRSwIeGiap1j2CY+OmVBnBJJ/l+4nmMWUTOuI9S0MacO2m81Nn6NQqQ+RHylZo0Fz9PpHSQOtp4NnOgJqx/u1l4l9eLzF+1U1FGCeGh2yxyE8kMhHK/kZDoTgzcmoJZUrYWxEbU0WZsenkbQhfn6L/SbtcIrhEbi+K9atlHDk4hhM4AwIVqMMNNKAFDEbwAE/w7Ejn0XlxXhetK85y5gh+wHn7BCNQjbM=</latexit><latexit sha1_base64="Kll4K32YppADqL+BuoZ+tME9J/g=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZkoJrkFvXiMxDwgWcLsZDYZMvtgZlYISz7BiwdFvPpF3vwbZ5MIKlrQUFR1093lxVJog/GHs7K6tr6xmdvKb+/s7u0XDg7bOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrjO/c8+VFlF4Z6YxdwM6CoUvGDVWajYH54NCEZcwxoQQlBFSucSW1GrVMqkiklkWRViiMSi894cRSwIeGiap1j2CY+OmVBnBJJ/l+4nmMWUTOuI9S0MacO2m81Nn6NQqQ+RHylZo0Fz9PpHSQOtp4NnOgJqx/u1l4l9eLzF+1U1FGCeGh2yxyE8kMhHK/kZDoTgzcmoJZUrYWxEbU0WZsenkbQhfn6L/SbtcIrhEbi+K9atlHDk4hhM4AwIVqMMNNKAFDEbwAE/w7Ejn0XlxXhetK85y5gh+wHn7BCNQjbM=</latexit>

T1
<latexit sha1_base64="BHUZ5zaCF7WhSNGcA7i4o7gruRA=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhKt7bgrunFZsS9oh5JJM21oJjMkGaEM/QQ3LhRx6xe5829MH4KKHrhwOOde7r0nSATXBqEPJ7eyura+kd8sbG3v7O4V9w9aOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g7G1zO/fc+U5rFsmEnC/IgMJQ85JcZKd40+7hdLyMWois8vIXI9fFEue5YgXKl4VYhdNEcJLFHvF997g5imEZOGCqJ1F6PE+BlRhlPBpoVeqllC6JgMWddSSSKm/Wx+6hSeWGUAw1jZkgbO1e8TGYm0nkSB7YyIGenf3kz8y+umJvT8jMskNUzSxaIwFdDEcPY3HHDFqBETSwhV3N4K6YgoQo1Np2BD+PoU/k9aZzYoF9+WS7WrZRx5cASOwSnAoApq4AbUQRNQMAQP4Ak8O8J5dF6c10VrzlnOHIIfcN4+AUa5jcs=</latexit><latexit sha1_base64="BHUZ5zaCF7WhSNGcA7i4o7gruRA=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhKt7bgrunFZsS9oh5JJM21oJjMkGaEM/QQ3LhRx6xe5829MH4KKHrhwOOde7r0nSATXBqEPJ7eyura+kd8sbG3v7O4V9w9aOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g7G1zO/fc+U5rFsmEnC/IgMJQ85JcZKd40+7hdLyMWois8vIXI9fFEue5YgXKl4VYhdNEcJLFHvF997g5imEZOGCqJ1F6PE+BlRhlPBpoVeqllC6JgMWddSSSKm/Wx+6hSeWGUAw1jZkgbO1e8TGYm0nkSB7YyIGenf3kz8y+umJvT8jMskNUzSxaIwFdDEcPY3HHDFqBETSwhV3N4K6YgoQo1Np2BD+PoU/k9aZzYoF9+WS7WrZRx5cASOwSnAoApq4AbUQRNQMAQP4Ak8O8J5dF6c10VrzlnOHIIfcN4+AUa5jcs=</latexit><latexit sha1_base64="BHUZ5zaCF7WhSNGcA7i4o7gruRA=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhKt7bgrunFZsS9oh5JJM21oJjMkGaEM/QQ3LhRx6xe5829MH4KKHrhwOOde7r0nSATXBqEPJ7eyura+kd8sbG3v7O4V9w9aOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g7G1zO/fc+U5rFsmEnC/IgMJQ85JcZKd40+7hdLyMWois8vIXI9fFEue5YgXKl4VYhdNEcJLFHvF997g5imEZOGCqJ1F6PE+BlRhlPBpoVeqllC6JgMWddSSSKm/Wx+6hSeWGUAw1jZkgbO1e8TGYm0nkSB7YyIGenf3kz8y+umJvT8jMskNUzSxaIwFdDEcPY3HHDFqBETSwhV3N4K6YgoQo1Np2BD+PoU/k9aZzYoF9+WS7WrZRx5cASOwSnAoApq4AbUQRNQMAQP4Ak8O8J5dF6c10VrzlnOHIIfcN4+AUa5jcs=</latexit><latexit sha1_base64="BHUZ5zaCF7WhSNGcA7i4o7gruRA=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhKt7bgrunFZsS9oh5JJM21oJjMkGaEM/QQ3LhRx6xe5829MH4KKHrhwOOde7r0nSATXBqEPJ7eyura+kd8sbG3v7O4V9w9aOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g7G1zO/fc+U5rFsmEnC/IgMJQ85JcZKd40+7hdLyMWois8vIXI9fFEue5YgXKl4VYhdNEcJLFHvF997g5imEZOGCqJ1F6PE+BlRhlPBpoVeqllC6JgMWddSSSKm/Wx+6hSeWGUAw1jZkgbO1e8TGYm0nkSB7YyIGenf3kz8y+umJvT8jMskNUzSxaIwFdDEcPY3HHDFqBETSwhV3N4K6YgoQo1Np2BD+PoU/k9aZzYoF9+WS7WrZRx5cASOwSnAoApq4AbUQRNQMAQP4Ak8O8J5dF6c10VrzlnOHIIfcN4+AUa5jcs=</latexit>

T2
<latexit sha1_base64="1Bha9U9T816/Ld1ENA7RvIrQVu8=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ1JrO+6KblxW7AvaoWTSTBuayQxJRihDP8GNC0Xc+kXu/BvTh6CiBy4czrmXe+8JEsG1QejDWVldW9/YzG3lt3d29/YLB4ctHaeKsiaNRaw6AdFMcMmahhvBOoliJAoEawfj65nfvmdK81g2zCRhfkSGkoecEmOlu0a/1C8UkYtRFZ9fQuR6+KJc9ixBuFLxqhC7aI4iWKLeL7z3BjFNIyYNFUTrLkaJ8TOiDKeCTfO9VLOE0DEZsq6lkkRM+9n81Ck8tcoAhrGyJQ2cq98nMhJpPYkC2xkRM9K/vZn4l9dNTej5GZdJapiki0VhKqCJ4exvOOCKUSMmlhCquL0V0hFRhBqbTt6G8PUp/J+0SjYoF9+Wi7WrZRw5cAxOwBnAoApq4AbUQRNQMAQP4Ak8O8J5dF6c10XrirOcOQI/4Lx9Akg9jcw=</latexit><latexit sha1_base64="1Bha9U9T816/Ld1ENA7RvIrQVu8=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ1JrO+6KblxW7AvaoWTSTBuayQxJRihDP8GNC0Xc+kXu/BvTh6CiBy4czrmXe+8JEsG1QejDWVldW9/YzG3lt3d29/YLB4ctHaeKsiaNRaw6AdFMcMmahhvBOoliJAoEawfj65nfvmdK81g2zCRhfkSGkoecEmOlu0a/1C8UkYtRFZ9fQuR6+KJc9ixBuFLxqhC7aI4iWKLeL7z3BjFNIyYNFUTrLkaJ8TOiDKeCTfO9VLOE0DEZsq6lkkRM+9n81Ck8tcoAhrGyJQ2cq98nMhJpPYkC2xkRM9K/vZn4l9dNTej5GZdJapiki0VhKqCJ4exvOOCKUSMmlhCquL0V0hFRhBqbTt6G8PUp/J+0SjYoF9+Wi7WrZRw5cAxOwBnAoApq4AbUQRNQMAQP4Ak8O8J5dF6c10XrirOcOQI/4Lx9Akg9jcw=</latexit><latexit sha1_base64="1Bha9U9T816/Ld1ENA7RvIrQVu8=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ1JrO+6KblxW7AvaoWTSTBuayQxJRihDP8GNC0Xc+kXu/BvTh6CiBy4czrmXe+8JEsG1QejDWVldW9/YzG3lt3d29/YLB4ctHaeKsiaNRaw6AdFMcMmahhvBOoliJAoEawfj65nfvmdK81g2zCRhfkSGkoecEmOlu0a/1C8UkYtRFZ9fQuR6+KJc9ixBuFLxqhC7aI4iWKLeL7z3BjFNIyYNFUTrLkaJ8TOiDKeCTfO9VLOE0DEZsq6lkkRM+9n81Ck8tcoAhrGyJQ2cq98nMhJpPYkC2xkRM9K/vZn4l9dNTej5GZdJapiki0VhKqCJ4exvOOCKUSMmlhCquL0V0hFRhBqbTt6G8PUp/J+0SjYoF9+Wi7WrZRw5cAxOwBnAoApq4AbUQRNQMAQP4Ak8O8J5dF6c10XrirOcOQI/4Lx9Akg9jcw=</latexit><latexit sha1_base64="1Bha9U9T816/Ld1ENA7RvIrQVu8=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ1JrO+6KblxW7AvaoWTSTBuayQxJRihDP8GNC0Xc+kXu/BvTh6CiBy4czrmXe+8JEsG1QejDWVldW9/YzG3lt3d29/YLB4ctHaeKsiaNRaw6AdFMcMmahhvBOoliJAoEawfj65nfvmdK81g2zCRhfkSGkoecEmOlu0a/1C8UkYtRFZ9fQuR6+KJc9ixBuFLxqhC7aI4iWKLeL7z3BjFNIyYNFUTrLkaJ8TOiDKeCTfO9VLOE0DEZsq6lkkRM+9n81Ck8tcoAhrGyJQ2cq98nMhJpPYkC2xkRM9K/vZn4l9dNTej5GZdJapiki0VhKqCJ4exvOOCKUSMmlhCquL0V0hFRhBqbTt6G8PUp/J+0SjYoF9+Wi7WrZRw5cAxOwBnAoApq4AbUQRNQMAQP4Ak8O8J5dF6c10XrirOcOQI/4Lx9Akg9jcw=</latexit>

T3
<latexit sha1_base64="/SjyFLr6syPdQNOrfpE+5IaRfHY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhKt7bgrunFZsS9oh5JJM21oJjMkGaEM/QQ3LhRx6xe5829MH4KKHrhwOOde7r0nSATXBqEPJ7eyura+kd8sbG3v7O4V9w9aOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g7G1zO/fc+U5rFsmEnC/IgMJQ85JcZKd43+eb9YQi5GVXx+CZHr4Yty2bME4UrFq0LsojlKYIl6v/jeG8Q0jZg0VBCtuxglxs+IMpwKNi30Us0SQsdkyLqWShIx7WfzU6fwxCoDGMbKljRwrn6fyEik9SQKbGdEzEj/9mbiX143NaHnZ1wmqWGSLhaFqYAmhrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbwten8H/SOrNBufi2XKpdLePIgyNwDE4BBlVQAzegDpqAgiF4AE/g2RHOo/PivC5ac85y5hD8gPP2CUnBjc0=</latexit><latexit sha1_base64="/SjyFLr6syPdQNOrfpE+5IaRfHY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhKt7bgrunFZsS9oh5JJM21oJjMkGaEM/QQ3LhRx6xe5829MH4KKHrhwOOde7r0nSATXBqEPJ7eyura+kd8sbG3v7O4V9w9aOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g7G1zO/fc+U5rFsmEnC/IgMJQ85JcZKd43+eb9YQi5GVXx+CZHr4Yty2bME4UrFq0LsojlKYIl6v/jeG8Q0jZg0VBCtuxglxs+IMpwKNi30Us0SQsdkyLqWShIx7WfzU6fwxCoDGMbKljRwrn6fyEik9SQKbGdEzEj/9mbiX143NaHnZ1wmqWGSLhaFqYAmhrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbwten8H/SOrNBufi2XKpdLePIgyNwDE4BBlVQAzegDpqAgiF4AE/g2RHOo/PivC5ac85y5hD8gPP2CUnBjc0=</latexit><latexit sha1_base64="/SjyFLr6syPdQNOrfpE+5IaRfHY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhKt7bgrunFZsS9oh5JJM21oJjMkGaEM/QQ3LhRx6xe5829MH4KKHrhwOOde7r0nSATXBqEPJ7eyura+kd8sbG3v7O4V9w9aOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g7G1zO/fc+U5rFsmEnC/IgMJQ85JcZKd43+eb9YQi5GVXx+CZHr4Yty2bME4UrFq0LsojlKYIl6v/jeG8Q0jZg0VBCtuxglxs+IMpwKNi30Us0SQsdkyLqWShIx7WfzU6fwxCoDGMbKljRwrn6fyEik9SQKbGdEzEj/9mbiX143NaHnZ1wmqWGSLhaFqYAmhrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbwten8H/SOrNBufi2XKpdLePIgyNwDE4BBlVQAzegDpqAgiF4AE/g2RHOo/PivC5ac85y5hD8gPP2CUnBjc0=</latexit><latexit sha1_base64="/SjyFLr6syPdQNOrfpE+5IaRfHY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhKt7bgrunFZsS9oh5JJM21oJjMkGaEM/QQ3LhRx6xe5829MH4KKHrhwOOde7r0nSATXBqEPJ7eyura+kd8sbG3v7O4V9w9aOk4VZU0ai1h1AqKZ4JI1DTeCdRLFSBQI1g7G1zO/fc+U5rFsmEnC/IgMJQ85JcZKd43+eb9YQi5GVXx+CZHr4Yty2bME4UrFq0LsojlKYIl6v/jeG8Q0jZg0VBCtuxglxs+IMpwKNi30Us0SQsdkyLqWShIx7WfzU6fwxCoDGMbKljRwrn6fyEik9SQKbGdEzEj/9mbiX143NaHnZ1wmqWGSLhaFqYAmhrO/4YArRo2YWEKo4vZWSEdEEWpsOgUbwten8H/SOrNBufi2XKpdLePIgyNwDE4BBlVQAzegDpqAgiF4AE/g2RHOo/PivC5ac85y5hD8gPP2CUnBjc0=</latexit>

• Now consider multiple redundant records, e.g., for 
different classical macroscopic outcomes



• Theorem: All projectors in all PVMs of 
all redundant records at the same scale 
are necessarily commuting on the state:

Uniqueness of branch structure at fixed scale

<latexit sha1_base64="eXtC729oF9ckAxilrGRnd/uO1/Q="></latexit>

ω =
∑

I=(i,j,k,...)

ωI =
∑

i

∑

j

∑

k

· · ·ω(i,j,k,...)

<latexit sha1_base64="wTUhnk8NA8FtOTGjcWnHJracg8c="></latexit>

ω(i,j,k,...) := PRa
i PSb

j PTc
k · · ·ω

Outcomes
Regions

<latexit sha1_base64="SOBovEy/DWXCJlhHkww5o7Hx77o="></latexit>

Q,Q→ → ↑{PRa
i }i,a, {PSb

j }j,b, {PTc
k }k,c, · · · ↓

<latexit sha1_base64="px85jOeq3ehGHoKzhsd6As5lAw4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1hEF6UkUtSNUHTjsgX7gDSUyXTSDp1MwsxEqKFf4saFIm79FHf+jdPHQlsPXDiccy/33hMknCntON9Wbm19Y3Mrv13Y2d3bL9oHhy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6O7qd9+pFKxWDzocUL9CA8ECxnB2kg9u+g1yo0zv5sohm6QU+7ZJafizIBWibsgJVig3rO/uv2YpBEVmnCslOc6ifYzLDUjnE4K3VTRBJMRHlDPUIEjqvxsdvgEnRqlj8JYmhIazdTfExmOlBpHgemMsB6qZW8q/ud5qQ6v/YyJJNVUkPmiMOVIx2iaAuozSYnmY0MwkczcisgQS0y0yapgQnCXX14lrYuKe1mpNqql2u0ijjwcwwmcgwtXUIN7qEMTCKTwDK/wZj1ZL9a79TFvzVmLmSP4A+vzByYskXg=</latexit>

[Q,Q→]ω = 0,

• Define redundancy branches at scale L to be the simultaneous 
eigenstates:

Generated algebra 
(Products and 
linear combos)



Comments on redundancy branches

• For L≈10 cm, these branches are eigenstates of “everything known to 
at least three human brains” 

• Different L can in principle give different decompositions, although it 
requires  to be a really weird error-correction-code type state 

• This is not viable fundamental candidate mainly because 

• L-dependence is ugly 

• It doesn’t capture irreversibility; (huge) matter interferometers are 
incorrectly “branched” 

• But shows that it’s possible to construct a preferred decomposition 
based only many-body entanglement structure with no reference to a 
preferred system

<latexit sha1_base64="rQ+lnlZ8/oEDmphri0GPm78PfAY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVX98uGy1rgt4ijDCZzCOQRwDQ24hya0gMAYnuEV3jzhvXjv3seiteQVM8fwB97nDyctjlM=</latexit>

ω



Complexity for branches
• Both Weingarten and Taylor & McCulloch use quantum state complexity to construct branches 

• (Weingarten uses Nielsen complexity and Taylor & McCulloch use traditional circuit complexity, but 
I will elide the difference.) 

• They rely crucially on some form of the the generic asymptotic linear growth of complexity (“2nd law of 
quantum complexity”), forms of which have very recently been proven rigorously.  

• This is a quantum correlate of the generic linear growth of entropy in classical non-integrable 
systems 

• Definition: Fix a set of “elementary” unitary operations. The relative complexity  between state 
vectors  and  is the minimum number of elementary operations needed to compose a unitary 
operator  that maps  and  up to some accuracy : 

• On a lattice, the elementary operations are usually N-qubit operators (e.g., N=2), thereby encoding 
the notion of spatial locality 

• There is yet no principled choice single obvious choice of elementary set in the continuum limit 
relevant to QFT, but Brown et al. have some results suggesting the renormalization-group ideas 
dramatically narrow down the plausible candidates

<latexit sha1_base64="ig98tdU4GAc0eNjlu7lERfmzzC0=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJUkLIrRT0We/FYwX5AdynZNNuGZrMhyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777aytb2xubRd2irt7+weHpaPjtk5SRWiLJDxR3RBrypmgLcMMp12pKI5DTjvhuDHzO09UaZaIRzORNIjxULCIEWys5DcqvhyxS5+M2EW/VHar7hxolXg5KUOOZr/05Q8SksZUGMKx1j3PlSbIsDKMcDot+qmmEpMxHtKepQLHVAfZ/OYpOrfKAEWJsiUMmqu/JzIcaz2JQ9sZYzPSy95M/M/rpSa6DTImZGqoIItFUcqRSdAsADRgihLDJ5Zgopi9FZERVpgYG1PRhuAtv7xK2ldV77pae6iV63d5HAU4hTOogAc3UId7aEILCEh4hld4c1LnxXl3Phata04+cwJ/4Hz+ANJHkOg=</latexit>

C(ω,ε)
<latexit sha1_base64="IbEVhLqGOYxfqZcu0tdWU4xRDBU=">AAAB63icbZDLSgMxFIbPeK31VnWpSLAIrsqMiLosunHZgr1AO5RMmmlDk8yQZIQydOnWjQtF3PoOfQ53PoMvYabtQlt/CHz8/znknBPEnGnjul/O0vLK6tp6biO/ubW9s1vY26/rKFGE1kjEI9UMsKacSVozzHDajBXFIuC0EQxus7zxQJVmkbw3w5j6AvckCxnBJrPacZ91CkW35E6EFsGbQbF8NK5+Px6PK53CZ7sbkURQaQjHWrc8NzZ+ipVhhNNRvp1oGmMywD3asiixoNpPJ7OO0Kl1uiiMlH3SoIn7uyPFQuuhCGylwKav57PM/C9rJSa89lMm48RQSaYfhQlHJkLZ4qjLFCWGDy1gopidFZE+VpgYe568PYI3v/Ii1M9L3mXpouoVyzcwVQ4O4QTOwIMrKMMdVKAGBPrwBC/w6gjn2Xlz3qelS86s5wD+yPn4AQPFkfA=</latexit>

ω
<latexit sha1_base64="90sQIrcZaO+/nPLsBXo7Of8T4TQ=">AAAB63icbZDLSgMxFIbPeK31VnWpSLAIrsqMiLosunHZgr1AO5RMmmlDk8yQZIQydOnWjQtF3PoOfQ53PoMvYabtQlt/CHz8/znknBPEnGnjul/O0vLK6tp6biO/ubW9s1vY26/rKFGE1kjEI9UMsKacSVozzHDajBXFIuC0EQxus7zxQJVmkbw3w5j6AvckCxnBJrPapM86haJbcidCi+DNoFg+Gle/H4/HlU7hs92NSCKoNIRjrVueGxs/xcowwuko3040jTEZ4B5tWZRYUO2nk1lH6NQ6XRRGyj5p0MT93ZFiofVQBLZSYNPX81lm/pe1EhNe+ymTcWKoJNOPwoQjE6FscdRlihLDhxYwUczOikgfK0yMPU/eHsGbX3kR6ucl77J0UfWK5RuYKgeHcAJn4MEVlOEOKlADAn14ghd4dYTz7Lw579PSJWfWcwB/5Hz8AO/okeM=</latexit>ω

<latexit sha1_base64="jGnO3r1acxhB5ey6K8sAzv9JIt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48tmFpoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJH3ZpxiENOB5BFn1Fip6ffKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+S1kXVu6zWmrVK/SaPowgncArn4MEV1OEOGuADA4RneIU359F5cd6dj0VrwclnjuEPnM8ftBuM4g==</latexit>

U
<latexit sha1_base64="IbEVhLqGOYxfqZcu0tdWU4xRDBU=">AAAB63icbZDLSgMxFIbPeK31VnWpSLAIrsqMiLosunHZgr1AO5RMmmlDk8yQZIQydOnWjQtF3PoOfQ53PoMvYabtQlt/CHz8/znknBPEnGnjul/O0vLK6tp6biO/ubW9s1vY26/rKFGE1kjEI9UMsKacSVozzHDajBXFIuC0EQxus7zxQJVmkbw3w5j6AvckCxnBJrPacZ91CkW35E6EFsGbQbF8NK5+Px6PK53CZ7sbkURQaQjHWrc8NzZ+ipVhhNNRvp1oGmMywD3asiixoNpPJ7OO0Kl1uiiMlH3SoIn7uyPFQuuhCGylwKav57PM/C9rJSa89lMm48RQSaYfhQlHJkLZ4qjLFCWGDy1gopidFZE+VpgYe568PYI3v/Ii1M9L3mXpouoVyzcwVQ4O4QTOwIMrKMMdVKAGBPrwBC/w6gjn2Xlz3qelS86s5wD+yPn4AQPFkfA=</latexit>

ω
<latexit sha1_base64="90sQIrcZaO+/nPLsBXo7Of8T4TQ=">AAAB63icbZDLSgMxFIbPeK31VnWpSLAIrsqMiLosunHZgr1AO5RMmmlDk8yQZIQydOnWjQtF3PoOfQ53PoMvYabtQlt/CHz8/znknBPEnGnjul/O0vLK6tp6biO/ubW9s1vY26/rKFGE1kjEI9UMsKacSVozzHDajBXFIuC0EQxus7zxQJVmkbw3w5j6AvckCxnBJrPapM86haJbcidCi+DNoFg+Gle/H4/HlU7hs92NSCKoNIRjrVueGxs/xcowwuko3040jTEZ4B5tWZRYUO2nk1lH6NQ6XRRGyj5p0MT93ZFiofVQBLZSYNPX81lm/pe1EhNe+ymTcWKoJNOPwoQjE6FscdRlihLDhxYwUczOikgfK0yMPU/eHsGbX3kR6ucl77J0UfWK5RuYKgeHcAJn4MEVlOEOKlADAn14ghd4dYTz7Lw579PSJWfWcwB/5Hz8AO/okeM=</latexit>ω

<latexit sha1_base64="RQ37R6BtM49nZe64pY8NOZ2sL9g=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBg5REinos6sFjBfsBSSib7aRdutmE3U2hhP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7d/YB8etVWSSQotmvBEdkOigDMBLc00h24qgcQhh044upv5nTFIxRLxpCcpBDEZCBYxSrSRerbt3wPXBPtMYM+5cIOeXXVqzhx4lbgFqaICzZ795fcTmsUgNOVEKc91Uh3kRGpGOUwrfqYgJXREBuAZKkgMKsjnl0/xmVH6OEqkKaHxXP09kZNYqUkcms6Y6KFa9mbif56X6egmyJlIMw2CLhZFGcc6wbMYcJ9JoJpPDCFUMnMrpkMiCdUmrIoJwV1+eZW0L2vuVa3+WK82bos4yugEnaJz5KJr1EAPqIlaiKIxekav6M3KrRfr3fpYtJasYuYY/YH1+QOPgpJS</latexit>

! → [0, 1]
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|→ω|U |ε↑| ↓ !



Weingarten branches
• Weingarten propose that the proper branch decomposition of a state  is the 

orthogonal decomposition  that minimizes a weighted sum of the 
expected squared complexity of the branches and the Shannon entropy of their 
squared norms: 

• Here,  

•  is the QFT vacuum state 

•  is the mean squared branch complexity 

•  is the Shannon entropy of the branch 
decomposition  

•  is weakly constrained new constant of nature
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ω
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ω =
∑

ω ωω
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!
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C̄2({ωω}) :=
∑

ω |ωω|2C(ωω,!)2

<latexit sha1_base64="odwqN3dak5RNUPHAwpm+raDgzro="></latexit>

S({ωω}) := →
∑

ω |ωω|2 ln |ωω|2
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Q({ωω}) :=
∑

ω

|ωω|2
[
C(ωω,!)

2 → b|ωω|2
]

= C̄2({ωω}) + b S({ωω})



Weingarten branches

• Q is better motivated than it first appears:  

• We want a way of decomposing the highly entangled global state into branches 
that are less entangled, but we don’t want to simply decompose it into product 
states with zero entanglement: there is a trade off between complicatedness of 
the decomposition and the complicatedness of the components 

• Complexity is used because, by the 2nd law, that’s the thing that reliably 
increases under unitary time evolution  

• Shannon entropy (rather than, e.g., Rényi entropy) and the additive form are 
used to guarantee independent branching on uncorrelated regions
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∑
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|ωω|2
[
C(ωω,!)

2 → b|ωω|2
]

= C̄2({ωω}) + b S({ωω})



Weingarten branches
• The decomposition is manifestly invariant under translations, 

rotation, and internal symmetries 

• Weingarten gives evidence that… 

• The definition can be made Lorentz covariant by using 
Kent’s asymptotic late-time construction 

• The decomposition is stable in the continuum limit! This 
allows for a branch decomposition in quantum field theory 
by taking the limit of lattice QFT 

• Branches are exceedingly unlikely to recombine at a later 
time; first case of using 2nd law of complexity to capture 
irreversibility in branching



Weingarten branches

• Issue #1: Depends on a preferred length scale b. Weingarten proposes 
this as a new constant of the universe, but I am very skeptical 

• Issue #2: Still lots of work to be done to tell whether this actually 
recovers existing knowledge of branches, e.g., all of decoherence 
theory 

• Issue #3: Inefficient to compute. Would need heuristics to use for 
simulation 

• Nevertheless, I think this is a very impressive result that should be 
studied carefully. Read it!

D. Weingarten, “Macroscopic Reality from Quantum Complexity” 
Foundations of Physics 52, 45, (2022) [2105.04545]



Objections to branches generally

• Objection: such-and-such interpretation of QM says I don’t 
have to worry about this 

• Response: OK, forget interpretation if you must. I am 
pointing to a beautiful mathematical phenomenon with 
global applicability.  Let’s understand it! 

• Objection: This doesn’t have applications 

• Response: There’s reason to think this could allow 
classical simulation of real world quantum systems 

• Jordan Taylor presented our numerical evidence; it will be 
in his thesis and our forthcoming paper



Best objection
• The best objection I hear: this is too hard 

• Yes. It looks hard. 

• But hardly anyone has tried! This is not quantum gravity or P≠NP! 

• The prize is potentially immense: removing a fundamental ambiguity 
in the axioms of QM, speeding up numerical simulations, and 
understanding beautiful ubiquitous structure 

• If you think it’s soooooo hard that no progress can be made, then 
prove a no-go theorem! Or just elucidate the problems with existing 
attempts. 

• Consider: do the objections about how hard it must be to make 
progress apply to pre-decoherence quantum mechanics?



The End
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