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How can we solve the persistent puzzles of 
cosmology?
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Inflation as a prod toward open quantum systems

?

Us

Does the exponentially larger volume 
generated by inflation matter for inferring 
microphysics of inflation?

Yes, when locally observed degrees of 
freedom are coupled to unobservable 
modes

Nelson, Shandera, PRL 110 (2013) 1212.4550 Shandera, Agarwal, Kamal, 1708.00493, PRD. 

No natural scale of separation of dynamics 
that coincides with sys/environment 
boundary
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Data: we collect ensembles of partial observations  

Limits include

• Spatial extent (horizons)

• Spatial resolution

• Time

• Intensity

• Charges (electromagnetism)

The objects in this image are macroscopic; we’d like to apply a similar logic to the 
microphysical degrees of freedom
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OQS: An opportunity bigger than, eg, inflation…

• Open quantum systems


• are required for cosmology and gravity


• are an active research field across disciplines


• suggest paradigm-shifting ideas


• Quantum correlations play a key role in the tricky parts of OQS behavior


• Quantum correlations (and tricky parts) depend on definition of 
subsystem/what is observable
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What should the foundational theory look like?

Take very seriously two features of the universe 
we have:
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What should the foundational theory look like?

Take very seriously two features of the universe 
we have:

•Observers modeling quantum fields in 
(classical) gravity need an open quantum 
systems formulation designed for this specific 
problem


•The universe is not in equilibrium
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What should the foundational theory look like?

Take very seriously two features of the universe 
we have:

A quantum-first approach

•Observers modeling quantum fields in 
(classical) gravity need an open quantum 
systems formulation designed for this specific 
problem


•The universe is not in equilibrium
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The accessible observables define the (open) 
system

• What can be observed? A collection (algebra) of 
operators


• These define a partition of the Hilbert space… 


• into observed system and the rest


• and a tensor product structure on the system


• Which determines the notion of quantum 
correlations between system and environment 

System

Environment

Interactions
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The accessible observables define the (open) 
system

• What can be observed? A collection (algebra) of 
operators


• These define a partition of the Hilbert space… 


• into observed system and the rest


• and a tensor product structure on the system


• Which determines the notion of quantum 
correlations between system and environment 

System

Environment

Interactions

What information about global dynamics and state is available locally?

(Including non-Gaussianity; Blahnik, Shandera; PRD 112, (2025) 10)
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This talk: no background spacetime

• Basic ingredient is a (finite dimensional) Hilbert space + symmetry


• ‘Local’ is defined by the tensor product structure and interaction structure 
of the dynamics 


• Ultimately, we’d like a principle for selecting a notion of local interactions

A quantum-first approach
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Limits on which subsystems are in principle measurable 

• Spatial extent

• Spatial resolution/field of view

• Time
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Partial observations of simple systems
• A network of qubits (an assumed Hilbert space partition)

Limits on which subsystems are in principle measurable 

• Spatial extent

• Spatial resolution/field of view

• Time

• Observable subsystems 
need not correspond to 
quantum-independent, 
“fundamental” degrees of 
freedom at some other time
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• A formalism not afraid of the messy part 

(quantum correlations; non-Markovianity, 
memory)
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So what do we want?

• No special quantum structure required at the 
‘initial’ time

• A framework for putting partial observations 
together

• An understanding of what can be learned 
from local measurements (inference)

• A formalism not afraid of the messy part 
(quantum correlations; non-Markovianity, 
memory)
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So what do we want?

• No special quantum structure required at the 
‘initial’ time

The “process tensor” (Pollack et al, 1512.00589) does some of this; 
A. Lerose, M. Sonner, D. Abanin some as well

• A framework for putting partial observations 
together

• An understanding of what can be learned 
from local measurements (inference)

• A formalism not afraid of the messy part 
(quantum correlations; non-Markovianity, 
memory)
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First ingredient: 
Open dynamics, but not a master equation

Instead of generalizing the Hamiltonian:
d

dt
(system) = (Hamiltonian of the system)

+ (losses to/gains from environment)
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First ingredient: 
Open dynamics, but not a master equation

Instead of generalizing the Hamiltonian:

Generalize the notion of unitary operators:
<latexit sha1_base64="+LXzI4mmen4XX+R6+s/oAUegVeg=">AAACCnicbZBPS8MwGMZT/875r+rRS3UI22W0MtSLMPTicYLdBmsdaZpuYWlSklQYZWcvfhUvHhTx6ifw5rcx63rQzRcSfjzP+5K8T5BQIpVtfxtLyyura+uljfLm1vbOrrm335Y8FQi7iFMuugGUmBKGXUUUxd1EYBgHFHeC0fXU7zxgIQlnd2qcYD+GA0YigqDSUt888sSQV1Xt0tVXznbNvc+8EA4GWEy02Dcrdt3Oy1oEp4AKKKrVN7+8kKM0xkwhCqXsOXai/AwKRRDFk7KXSpxANIID3NPIYIyln+WrTKwTrYRWxIU+TFm5+nsig7GU4zjQnTFUQznvTcX/vF6qogs/IyxJFWZo9lCUUktxa5qLFRKBkaJjDRAJov9qoSEUECmdXlmH4MyvvAjt07pzVm/cNirNqyKOEjgEx6AKHHAOmuAGtIALEHgEz+AVvBlPxovxbnzMWpeMYuYA/Cnj8wfVuZkb</latexit>

⇢(t) = U(t)⇢(0)U †(t)
<latexit sha1_base64="FWLB4V9vbw1qxcoo3cPOFQCZGPc=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSFEvQtGL3iqYttDEstls0qWbTdjdCCXk4l/x4kERr/4Mb/4bN20P2vpg4PHeDDPz/JRRqSzr26gsLa+srlXXaxubW9s75u5eRyaZwMTBCUtEz0eSMMqJo6hipJcKgmKfka4/ui797iMRkib8Xo1T4sUo4jSkGCktDcwD5yF3AxRFRBTOpRsjNfT9/LYYmHWrYU0AF4k9I3UwQ3tgfrlBgrOYcIUZkrJvW6nyciQUxYwUNTeTJEV4hCLS15SjmEgvnzxQwGOtBDBMhC6u4ET9PZGjWMpx7OvO8kI575Xif14/U+GFl1OeZopwPF0UZgyqBJZpwIAKghUba4KwoPpWiIdIIKx0ZjUdgj3/8iLpnDbss0bzrllvXc3iqIJDcAROgA3OQQvcgDZwAAYFeAav4M14Ml6Md+Nj2loxZjP74A+Mzx/2JJao</latexit>

U†U = I

Sudarshan, 1961; A recent review: Jagadish, Petruccione, 1902.00909

d

dt
(system) = (Hamiltonian of the system)

+ (losses to/gains from environment)
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First ingredient: 
Open dynamics, but not a master equation

Instead of generalizing the Hamiltonian:

Generalize the notion of unitary operators:
<latexit sha1_base64="+LXzI4mmen4XX+R6+s/oAUegVeg=">AAACCnicbZBPS8MwGMZT/875r+rRS3UI22W0MtSLMPTicYLdBmsdaZpuYWlSklQYZWcvfhUvHhTx6ifw5rcx63rQzRcSfjzP+5K8T5BQIpVtfxtLyyura+uljfLm1vbOrrm335Y8FQi7iFMuugGUmBKGXUUUxd1EYBgHFHeC0fXU7zxgIQlnd2qcYD+GA0YigqDSUt888sSQV1Xt0tVXznbNvc+8EA4GWEy02Dcrdt3Oy1oEp4AKKKrVN7+8kKM0xkwhCqXsOXai/AwKRRDFk7KXSpxANIID3NPIYIyln+WrTKwTrYRWxIU+TFm5+nsig7GU4zjQnTFUQznvTcX/vF6qogs/IyxJFWZo9lCUUktxa5qLFRKBkaJjDRAJov9qoSEUECmdXlmH4MyvvAjt07pzVm/cNirNqyKOEjgEx6AKHHAOmuAGtIALEHgEz+AVvBlPxovxbnzMWpeMYuYA/Cnj8wfVuZkb</latexit>

⇢(t) = U(t)⇢(0)U †(t)
<latexit sha1_base64="FWLB4V9vbw1qxcoo3cPOFQCZGPc=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSFEvQtGL3iqYttDEstls0qWbTdjdCCXk4l/x4kERr/4Mb/4bN20P2vpg4PHeDDPz/JRRqSzr26gsLa+srlXXaxubW9s75u5eRyaZwMTBCUtEz0eSMMqJo6hipJcKgmKfka4/ui797iMRkib8Xo1T4sUo4jSkGCktDcwD5yF3AxRFRBTOpRsjNfT9/LYYmHWrYU0AF4k9I3UwQ3tgfrlBgrOYcIUZkrJvW6nyciQUxYwUNTeTJEV4hCLS15SjmEgvnzxQwGOtBDBMhC6u4ET9PZGjWMpx7OvO8kI575Xif14/U+GFl1OeZopwPF0UZgyqBJZpwIAKghUba4KwoPpWiIdIIKx0ZjUdgj3/8iLpnDbss0bzrllvXc3iqIJDcAROgA3OQQvcgDZwAAYFeAav4M14Ml6Md+Nj2loxZjP74A+Mzx/2JJao</latexit>

U†U = I

Dynamical maps/propagators are the open-systems generalization:
<latexit sha1_base64="VAnDQ685EBgVehoXRAOkgLiX4R4=">AAACF3icbVDLSgMxFM3UV62vqks3g0VoQcqMFBVXRTcuXFSwD+iUIZPJtGkzkyG5o5TSv3Djr7hxoYhb3fk3pu0stPVA4OScc0nu8WLOFFjWt5FZWl5ZXcuu5zY2t7Z38rt7DSUSSWidCC5ky8OKchbROjDgtBVLikOP06Y3uJr4zXsqFRPRHQxj2glxN2IBIxi05ObLzo0O+7gILjsGt1+6cGRPTG4lR7JuD7CU4iHV+iU3X7DK1hTmIrFTUkApam7+y/EFSUIaAeFYqbZtxdAZYQmMcDrOOYmiMSYD3KVtTSMcUtUZTfcam0da8c1ASH0iMKfq74kRDpUahp5Ohhh6at6biP957QSC886IRXECNCKzh4KEmyDMSUmmzyQlwIeaYCKZ/qtJelhiArrKnC7Bnl95kTROyvZpuXJbKVQv0zqy6AAdoiKy0RmqomtUQ3VE0CN 6Rq/ozXgyXox342MWzRjpzD76A+PzBy74n1c=</latexit>

⇤(ti, tj) : ⇢(ti) ! ⇢(tj)

Sudarshan, 1961; A recent review: Jagadish, Petruccione, 1902.00909

d

dt
(system) = (Hamiltonian of the system)

+ (losses to/gains from environment)

See Yukinao’s talk for a nice introduction
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More on maps/propagators
• You can derive them from unitary dynamics

• Or, you can parameterize them based on symmetry

• Domain of applicability


• Determined by evolving quantum correlations between system 
and environment 


• More general than universal quantum “channels” (can be applied 
to any sub-system)

• No need for them to be equivalent to a simple master equation

See Yukinao’s talk for a nice introduction
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Why propagators? No privileged initial time

A trajectory in state 
space of a high 
dimensional system

An observer defines 

• Subsystem, and

• Parameterization along 

trajectory, and “origin”
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<latexit sha1_base64="O5/Rs1/PBCHbOYBhLfcIJTHxIog=">AAACC3icbVBPSwJBHJ21f2b/tjp2GZRAQWRXpAIvUpeOBmmCKzI7jjo4O7vM/DYQ8d6lr9KlQxFd+wLd+jaNugfTHgy8ee/3mPk9PxJcg+P8WKmNza3tnfRuZm//4PDIPj5p6jBWlDVoKELV8olmgkvWAA6CtSLFSOAL9uCPbmb+wyNTmofyHsYR6wRkIHmfUwJG6tpZTw1Dr+pV89B1C0W8dC0Xil4vBN21c07JmQOvEzchOZSg3rW/TY7GAZNABdG67ToRdCZEAaeCTTNerFlE6IgMWNtQSQKmO5P5LlN8bpQe7ofKHAl4ri4nJiTQehz4ZjIgMNSr3kz8z2vH0L/qTLiMYmCSLh7qxwJDiGfF4B5XjIIYG0Ko4uavmA6JIhRMfRlTgru68jpplkvuRalyV8nVrpM60ugMZVEeuegS1dAtqqMGougJvaA39G49W6/Wh/W5GE1ZSeYU/YH19QugtJjn</latexit>

⇢ (t1), ⇢ (t2), . . .

Partial quantum observations
Description of the state: 

ABCD

DE
Description of the dynamics: 

<latexit sha1_base64="WTYiGET/YZDFfaJi60JG8PNVYxY=">AAACCnicbVDLSsNAFJ3UV62vqEs30SJUkJLUokI3RTcuK9gHNCFMppN26OTBzI1QQtdu/BU3LhRx6xe482+ctlnU1gsD555zD3fu8WLOJJjmj5ZbWV1b38hvFra2d3b39P2DlowSQWiTRDwSHQ9LyllIm8CA004sKA48Ttve8Haitx+pkCwKH2AUUyfA/ZD5jGBQlKsf22IQ2TW7VgK3cnY+112orheBdPWiWTanZSwDKwNFlFXD1b+VjyQBDYFwLGXXMmNwUiyAEU7HBTuRNMZkiPu0q2CIAyqddHrK2DhVTM/wI6FeCMaUnXekOJByFHhqMsAwkIvahPxP6ybgXzspC+MEaEhmi/yEGxAZk1yMHhOUAB8pgIlg6q8GGWCBCaj0CioEa/HkZdCqlK3LcvW+WqzfZHHk0RE6QSVkoStUR3eogZqIoCf0gt7Qu/asvWof2udsNKdlnkP0p7SvX0dhmL8=</latexit>

⇢ (t2), ⇢ (t3), . . .

<latexit sha1_base64="Hb1IGI4sogzLsXyYbsDy36Yg3ZU=">AAACA3icbVDLSsNAFJ34rPUVdaebYBEqlJLUokI3RTcuXFSwD2hCmEwm7dDJg5kboZSCG3/FjQtF3PoT7vwbp20W2npg4HDOudy5x0s4k2Ca39rS8srq2npuI7+5tb2zq+/tt2ScCkKbJOax6HhYUs4i2gQGnHYSQXHocdr2BtcTv/1AhWRxdA/DhDoh7kUsYASDklz90L5VYR/bNbtWBPesBG7ltGT7MUhXL5hlcwpjkVgZKaAMDVf/UnMkDWkEhGMpu5aZgDPCAhjhdJy3U0kTTAa4R7uKRjik0hlNbxgbJ0rxjSAW6kVgTNXfEyMcSjkMPZUMMfTlvDcR//O6KQSXzohFSQo0IrNFQcoNiI1JIYbPBCXAh4pgIpj6q0H6WGACqra8KsGaP3mRtCpl67xcvasW6ldZHTl0hI5REVnoAtXRDWqgJiLoET2jV/SmPWkv2rv2MYsuadnMAfoD7fMHtzGWTQ==</latexit>

⇤ (t3, t2), . . .

<latexit sha1_base64="KPyEX/GTii17lzAhhvGlxLR6phg=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItQoZSkFBW6Kbpx4aKCfUATwmQyaYdOHszcCKUU3Pgrblwo4tafcOffOG2z0NYDA4dzzuXOPV7CmQTT/NZyK6tr6xv5zcLW9s7unr5/0JZxKghtkZjHouthSTmLaAsYcNpNBMWhx2nHG15P/c4DFZLF0T2MEuqEuB+xgBEMSnL1I/tWhX1s1+16CdxqGVzrrGz7MUhXL5oVcwZjmVgZKaIMTVf/UnMkDWkEhGMpe5aZgDPGAhjhdFKwU0kTTIa4T3uKRjik0hnPbpgYp0rxjSAW6kVgzNTfE2McSjkKPZUMMQzkojcV//N6KQSXzphFSQo0IvNFQcoNiI1pIYbPBCXAR4pgIpj6q0EGWGACqraCKsFaPHmZtKsV67xSu6sVG1dZHXl0jE5QCVnoAjXQDWqiFiLoET2jV/SmPWkv2rv2MY/mtGzmEP2B9vkDtBeWSw==</latexit>

⇤ (t2, t1), . . .



Shandera, IPMU, Aug 2026

No subsystem is preferred
So, to understand what observers can see, 
we need the ensemble of open-system data

<latexit sha1_base64="O5/Rs1/PBCHbOYBhLfcIJTHxIog=">AAACC3icbVBPSwJBHJ21f2b/tjp2GZRAQWRXpAIvUpeOBmmCKzI7jjo4O7vM/DYQ8d6lr9KlQxFd+wLd+jaNugfTHgy8ee/3mPk9PxJcg+P8WKmNza3tnfRuZm//4PDIPj5p6jBWlDVoKELV8olmgkvWAA6CtSLFSOAL9uCPbmb+wyNTmofyHsYR6wRkIHmfUwJG6tpZTw1Dr+pV89B1C0W8dC0Xil4vBN21c07JmQOvEzchOZSg3rW/TY7GAZNABdG67ToRdCZEAaeCTTNerFlE6IgMWNtQSQKmO5P5LlN8bpQe7ofKHAl4ri4nJiTQehz4ZjIgMNSr3kz8z2vH0L/qTLiMYmCSLh7qxwJDiGfF4B5XjIIYG0Ko4uavmA6JIhRMfRlTgru68jpplkvuRalyV8nVrpM60ugMZVEeuegS1dAtqqMGougJvaA39G49W6/Wh/W5GE1ZSeYU/YH19QugtJjn</latexit>

⇢ (t1), ⇢ (t2), . . .
<latexit sha1_base64="WTYiGET/YZDFfaJi60JG8PNVYxY=">AAACCnicbVDLSsNAFJ3UV62vqEs30SJUkJLUokI3RTcuK9gHNCFMppN26OTBzI1QQtdu/BU3LhRx6xe482+ctlnU1gsD555zD3fu8WLOJJjmj5ZbWV1b38hvFra2d3b39P2DlowSQWiTRDwSHQ9LyllIm8CA004sKA48Ttve8Haitx+pkCwKH2AUUyfA/ZD5jGBQlKsf22IQ2TW7VgK3cnY+112orheBdPWiWTanZSwDKwNFlFXD1b+VjyQBDYFwLGXXMmNwUiyAEU7HBTuRNMZkiPu0q2CIAyqddHrK2DhVTM/wI6FeCMaUnXekOJByFHhqMsAwkIvahPxP6ybgXzspC+MEaEhmi/yEGxAZk1yMHhOUAB8pgIlg6q8GGWCBCaj0CioEa/HkZdCqlK3LcvW+WqzfZHHk0RE6QSVkoStUR3eogZqIoCf0gt7Qu/asvWof2udsNKdlnkP0p7SvX0dhmL8=</latexit>

⇢ (t2), ⇢ (t3), . . .{ }<latexit sha1_base64="WTYiGET/YZDFfaJi60JG8PNVYxY=">AAACCnicbVDLSsNAFJ3UV62vqEs30SJUkJLUokI3RTcuK9gHNCFMppN26OTBzI1QQtdu/BU3LhRx6xe482+ctlnU1gsD555zD3fu8WLOJJjmj5ZbWV1b38hvFra2d3b39P2DlowSQWiTRDwSHQ9LyllIm8CA004sKA48Ttve8Haitx+pkCwKH2AUUyfA/ZD5jGBQlKsf22IQ2TW7VgK3cnY+112orheBdPWiWTanZSwDKwNFlFXD1b+VjyQBDYFwLGXXMmNwUiyAEU7HBTuRNMZkiPu0q2CIAyqddHrK2DhVTM/wI6FeCMaUnXekOJByFHhqMsAwkIvahPxP6ybgXzspC+MEaEhmi/yEGxAZk1yMHhOUAB8pgIlg6q8GGWCBCaj0CioEa/HkZdCqlK3LcvW+WqzfZHHk0RE6QSVkoStUR3eogZqIoCf0gt7Qu/asvWof2udsNKdlnkP0p7SvX0dhmL8=</latexit>

⇢ (t2), ⇢ (t3), . . .

<latexit sha1_base64="Hb1IGI4sogzLsXyYbsDy36Yg3ZU=">AAACA3icbVDLSsNAFJ34rPUVdaebYBEqlJLUokI3RTcuXFSwD2hCmEwm7dDJg5kboZSCG3/FjQtF3PoT7vwbp20W2npg4HDOudy5x0s4k2Ca39rS8srq2npuI7+5tb2zq+/tt2ScCkKbJOax6HhYUs4i2gQGnHYSQXHocdr2BtcTv/1AhWRxdA/DhDoh7kUsYASDklz90L5VYR/bNbtWBPesBG7ltGT7MUhXL5hlcwpjkVgZKaAMDVf/UnMkDWkEhGMpu5aZgDPCAhjhdJy3U0kTTAa4R7uKRjik0hlNbxgbJ0rxjSAW6kVgTNXfEyMcSjkMPZUMMfTlvDcR//O6KQSXzohFSQo0IrNFQcoNiI1JIYbPBCXAh4pgIpj6q0H6WGACqra8KsGaP3mRtCpl67xcvasW6ldZHTl0hI5REVnoAtXRDWqgJiLoET2jV/SmPWkv2rv2MYsuadnMAfoD7fMHtzGWTQ==</latexit>

⇤ (t3, t2), . . .
<latexit sha1_base64="KPyEX/GTii17lzAhhvGlxLR6phg=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItQoZSkFBW6Kbpx4aKCfUATwmQyaYdOHszcCKUU3Pgrblwo4tafcOffOG2z0NYDA4dzzuXOPV7CmQTT/NZyK6tr6xv5zcLW9s7unr5/0JZxKghtkZjHouthSTmLaAsYcNpNBMWhx2nHG15P/c4DFZLF0T2MEuqEuB+xgBEMSnL1I/tWhX1s1+16CdxqGVzrrGz7MUhXL5oVcwZjmVgZKaIMTVf/UnMkDWkEhGMpe5aZgDPGAhjhdFKwU0kTTIa4T3uKRjik0hnPbpgYp0rxjSAW6kVgzNTfE2McSjkKPZUMMQzkojcV//N6KQSXzphFSQo0IvNFQcoNiI1pIYbPBCXAR4pgIpj6q0EGWGACqraCKsFaPHmZtKsV67xSu6sVG1dZHXl0jE5QCVnoAjXQDWqiFiLoET2jV/SmPWkv2rv2MY/mtGzmEP2B9vkDtBeWSw==</latexit>

⇤ (t2, t1), . . .{ <latexit sha1_base64="Hb1IGI4sogzLsXyYbsDy36Yg3ZU=">AAACA3icbVDLSsNAFJ34rPUVdaebYBEqlJLUokI3RTcuXFSwD2hCmEwm7dDJg5kboZSCG3/FjQtF3PoT7vwbp20W2npg4HDOudy5x0s4k2Ca39rS8srq2npuI7+5tb2zq+/tt2ScCkKbJOax6HhYUs4i2gQGnHYSQXHocdr2BtcTv/1AhWRxdA/DhDoh7kUsYASDklz90L5VYR/bNbtWBPesBG7ltGT7MUhXL5hlcwpjkVgZKaAMDVf/UnMkDWkEhGMpu5aZgDPCAhjhdJy3U0kTTAa4R7uKRjik0hlNbxgbJ0rxjSAW6kVgTNXfEyMcSjkMPZUMMfTlvDcR//O6KQSXzohFSQo0IrNFQcoNiI1JIYbPBCXAh4pgIpj6q0H6WGACqra8KsGaP3mRtCpl67xcvasW6ldZHTl0hI5REVnoAtXRDWqgJiLoET2jV/SmPWkv2rv2MYsuadnMAfoD7fMHtzGWTQ==</latexit>

⇤ (t3, t2), . . . }



Shandera, IPMU, Aug 2026

What do closed systems look like as 
ensembles of smaller, open systems?

Some examples:



Shandera, IPMU, Aug 2026

What do closed systems look like as 
ensembles of smaller, open systems?

1. Exact expressions for closed, Hamiltonian systems


2. Derive them from unitary quantum circuits, engineered to give 
“interesting” dynamics

T. Chin, Shandera 2605.15036; Prudhoe, Akhouri, Chin, Shandera, 2404.15223 (OSID)

Akhouri, Shandera, Henry 2505.00116 (PRE); Akhouri, Huang, Rose, Shandera 2603.18217

Some examples:



Shandera, JHU, March 2026

All these examples will share a common symmetry

<latexit sha1_base64="LcLA2xqHL6Eg9QXCbL2csuJMe3o=">AAAB/nicbZBPS8MwGMZT/875ryqevASH4EFGKqJehKGXHSfYbdCVkmbpFpamJUmFUQp+FS8eFPHq5/DmtzHrdtDNBwI/nvd9ed88YcqZ0gh9W0vLK6tr65WN6ubW9s6uvbffVkkmCXVJwhPZDbGinAnqaqY57aaS4jjktBOO7ib1ziOViiXiQY9T6sd4IFjECNbGCuxDrzfEOm8WAToryS38GxTYNVRHpeAiODOogZlagf3V6ycki6nQhGOlPAel2s+x1IxwWlR7maIpJiM8oJ5BgWOq/Lw8v4AnxunDKJHmCQ1L9/dEjmOlxnFoOmOsh2q+NjH/q3mZjq79nIk001SQ6aIo41AncJIF7DNJieZjA5hIZm6FZIglJtokVjUhOPNfXoT2ed25rKP7i1rjdhZHBRyBY3AKHHAFGqAJWsAFBOTgGbyCN+vJerHerY9p65I1mzkAf2R9/gBqRpUh</latexit>

[Ĥ0, Û ] = 0

(Weak symmetry for the open subsystems)



Shandera, JHU, March 2026

All these examples will share a common symmetry

<latexit sha1_base64="LcLA2xqHL6Eg9QXCbL2csuJMe3o=">AAAB/nicbZBPS8MwGMZT/875ryqevASH4EFGKqJehKGXHSfYbdCVkmbpFpamJUmFUQp+FS8eFPHq5/DmtzHrdtDNBwI/nvd9ed88YcqZ0gh9W0vLK6tr65WN6ubW9s6uvbffVkkmCXVJwhPZDbGinAnqaqY57aaS4jjktBOO7ib1ziOViiXiQY9T6sd4IFjECNbGCuxDrzfEOm8WAToryS38GxTYNVRHpeAiODOogZlagf3V6ycki6nQhGOlPAel2s+x1IxwWlR7maIpJiM8oJ5BgWOq/Lw8v4AnxunDKJHmCQ1L9/dEjmOlxnFoOmOsh2q+NjH/q3mZjq79nIk001SQ6aIo41AncJIF7DNJieZjA5hIZm6FZIglJtokVjUhOPNfXoT2ed25rKP7i1rjdhZHBRyBY3AKHHAFGqAJWsAFBOTgGbyCN+vJerHerY9p65I1mzkAf2R9/gBqRpUh</latexit>

[Ĥ0, Û ] = 0 ( )<latexit sha1_base64="dmEOpfNFFwfYTFJnhNbeFXetQCk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OJJKpi20Iay2W7bpZtN3J0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeWEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGHiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MRzdTv/nEtRGxesBxwoOIDpToC0bRSq3OkGLmT6675YpbdWcgy8TLSQVy1Lvlr04vZmnEFTJJjWl7boJBRjUKJvmk1EkNTygb0QFvW6poxE2Qze6dkBOr9Eg/1rYUkpn6eyKjkTHjKLSdEcWhWfSm4n9eO8X+VZAJlaTIFZsv6qeSYEymz5Oe0JyhHFtCmRb2VsKGVFOGNqKSDcFbfHmZNM6q3kX1/P68UrvL4yjCERzDKXhwCTW4hTr4wEDCM7zCm/PovDjvzse8teDkM4fwB87nDwXwkAI=</latexit>

Û =

(Weak symmetry for the open subsystems)



Shandera, JHU, March 2026

All these examples will share a common symmetry

<latexit sha1_base64="LcLA2xqHL6Eg9QXCbL2csuJMe3o=">AAAB/nicbZBPS8MwGMZT/875ryqevASH4EFGKqJehKGXHSfYbdCVkmbpFpamJUmFUQp+FS8eFPHq5/DmtzHrdtDNBwI/nvd9ed88YcqZ0gh9W0vLK6tr65WN6ubW9s6uvbffVkkmCXVJwhPZDbGinAnqaqY57aaS4jjktBOO7ib1ziOViiXiQY9T6sd4IFjECNbGCuxDrzfEOm8WAToryS38GxTYNVRHpeAiODOogZlagf3V6ycki6nQhGOlPAel2s+x1IxwWlR7maIpJiM8oJ5BgWOq/Lw8v4AnxunDKJHmCQ1L9/dEjmOlxnFoOmOsh2q+NjH/q3mZjq79nIk001SQ6aIo41AncJIF7DNJieZjA5hIZm6FZIglJtokVjUhOPNfXoT2ed25rKP7i1rjdhZHBRyBY3AKHHAFGqAJWsAFBOTgGbyCN+vJerHerY9p65I1mzkAf2R9/gBqRpUh</latexit>

[Ĥ0, Û ] = 0 ( )<latexit sha1_base64="dmEOpfNFFwfYTFJnhNbeFXetQCk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OJJKpi20Iay2W7bpZtN3J0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeWEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGHiVDPus1jGuhVSw6VQ3EeBkrcSzWkUSt4MRzdTv/nEtRGxesBxwoOIDpToC0bRSq3OkGLmT6675YpbdWcgy8TLSQVy1Lvlr04vZmnEFTJJjWl7boJBRjUKJvmk1EkNTygb0QFvW6poxE2Qze6dkBOr9Eg/1rYUkpn6eyKjkTHjKLSdEcWhWfSm4n9eO8X+VZAJlaTIFZsv6qeSYEymz5Oe0JyhHFtCmRb2VsKGVFOGNqKSDcFbfHmZNM6q3kX1/P68UrvL4yjCERzDKXhwCTW4hTr4wEDCM7zCm/PovDjvzse8teDkM4fwB87nDwXwkAI=</latexit>

Û =

<latexit sha1_base64="bLng2ihOfoINmuBX0AxLRNqx+nU=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQNsTRiqgHhaEXjxPcC6x1pFm2haVpSVJhtPsyXvwqXjw4RPDkVzHretDNB0L+/P7PQ/L8vZBRqSzry8gtLa+sruXXCxubW9s75u5eQwaRwKSOAxaIlockYZSTuqKKkVYoCPI9Rpre8HbqN5+IkDTgD2oUEtdHfU57FCOlUce8csQgeIxLtDy+LtknYYeWE8sRiPcZcVh6QSs51jyx57CddMyiVbHSgovCzkQRZFXrmBOnG+DIJ1xhhqRs21ao3BgJRTEj44ITSRIiPER90taSI59IN063HMMjTbqwFwh9uIIp/T0RI1/Kke/pTh+pgZz3pvA/rx2p3qUbUx5GinA8e6gXMagCOI0MdqkgWLGRFggLqv8K8QAJhJUOtqBDsOdXXhSN04p9XrHuz4rVmyyOPDgAh6AEbHABquAO1EAdYPAMXsE7mBgvxpvxYXzOWnNGNrMP/pTx/QM1NqR+</latexit>

⇢(i) = (1� pi)|0ih0|+ pi|1ih1|

And, “seed” state is a tensor product of factors like this:

(Weak symmetry for the open subsystems)



Shandera, JHU, March 2026

This means all single-qubit maps are simple

(These are the well-studied ‘phase covariant’ class; unitary part suppressed)

<latexit sha1_base64="c236ysqfZYbORARYF/uWeQG4d+E="></latexit>

⇤(t, 0) =

0

BB@

1 0 0 0
0 �1(t) ��1(t) 0
0 �1(t) �1(t) 0

⌧3(t) 0 0 �3(t)

1

CCA

<latexit sha1_base64="GINOv5FMtlvEJV8Msp8c8ulQClI="></latexit>

⇢ =
1

2
(I+ az�z + ay�y + az�z) !

1

2

0

BB@

1
ax
ay
az

1

CCA



Shandera, IPMU, Aug 2026

The team

Tommy Chin Jeysen Flores-VelazquezStefan Eccles Hamza Patwa

Elliott Rose 
PSU undergrad -> UMD

Unnati Akhouri Pei-Jun Huang 
Brown->PSU REU->PSU astro

Jackson HenrySean Prudhoe



Shandera, IPMU, Aug 2026

The team

Prudhoe, Akhouri, Chin, Shandera, 2404.15223;  Prudhoe, Kumar, Shandera 2310.01550, 
Akhouri, Shandera, Yesmurzayeva, 2203.10928.

Tommy Chin Jeysen Flores-VelazquezStefan Eccles Hamza Patwa

Elliott Rose 
PSU undergrad -> UMD

Unnati Akhouri Pei-Jun Huang 
Brown->PSU REU->PSU astro

Jackson HenrySean Prudhoe



Example 1: exact expressions 
for Hamiltonian systems



Shandera, IPMU, Aug 2026

• All-to-all interactions, coupling constant J 

• Simple “seed” state


• Two classes of open dynamics:

Example 1: Hamiltonian system

<latexit sha1_base64="PgEpq0qoTVJRdE8p+3iEMBWyvf0=">AAACInicbVDLSsNAFJ3UV62vqEs3wSK0EEpSio9d0Y2gSAXbCk0Mk+m0HTp5MHMjlNBvceOvuHGhqCvBj3H6ALX1wMDhnHO5c48fcybBsj61zMLi0vJKdjW3tr6xuaVv7zRklAhC6yTikbj1saSchbQODDi9jQXFgc9p0++fjfzmPRWSReENDGLqBrgbsg4jGJTk6SdO6lyqeBvfpQXbvDCvisMCeGUTPLto/ljWjOUMPT1vlawxjHliT0keTVHz9HenHZEkoCEQjqVs2VYMbooFMMLpMOckksaY9HGXthQNcUClm45PHBoHSmkbnUioF4IxVn9PpDiQchD4Khlg6MlZbyT+57US6By7KQvjBGhIJos6CTcgMkZ9GW0mKAE+UAQTwdRfDdLDAhNQreZUCfbsyfOkUS7Zh6XKdSVfPZ3WkUV7aB8VkI2OUBWdoxqqI4Ie0BN6Qa/ao/asvWkfk2hGm87soj/Qvr4Bn+ugoQ==</latexit>

{⇤(1,K,N)(t2, t1),⇤
(0,K,N)(t2, t1)}

T. Chin, S. Shandera 2605.15036

<latexit sha1_base64="ctTmCz9gzAyV0te4gvUgdbFdxH4=">AAACCnicbVDLSsNAFL2pr1pfUZduokVwVRIp6kYounFZwT6gCWEynbRDJ5MwMxFK2rUbf8WNC0Xc+gXu/BunbQRtPTBwOOce7twTJIxKZdtfRmFpeWV1rbhe2tjc2t4xd/eaMk4FJg0cs1i0AyQJo5w0FFWMtBNBUBQw0goG1xO/dU+EpDG/U8OEeBHqcRpSjJSWfPNw5CaS+tIViPcYuRw5tobbjdWP5Jtlu2JPYS0SJydlyFH3zU8dx2lEuMIMSdlx7ER5GRKKYkbGJTeVJEF4gHqkoylHEZFeNj1lbB1rpWuFsdCPK2uq/k5kKJJyGAV6MkKqL+e9ifif10lVeOFllCepIhzPFoUps1RsTXqxulQQrNhQE4QF1X+1cB8JhJVur6RLcOZPXiTN04pzVqneVsu1q7yOIhzAEZyAA+dQgxuoQwMwPMATvMCr8Wg8G2/G+2y0YOSZffgD4+Mb2U2aXg==</latexit>

| si = |10000 . . . i



Shandera, IPMU, Aug 2026

• All-to-all interactions, coupling constant J 

• Simple “seed” state


• Two classes of open dynamics:

Example 1: Hamiltonian system

<latexit sha1_base64="bSWlGvO9GtarYFyKEhopieY4vOo="></latexit>

Ĥ =
1

2

X

i 6=j

h
J
�
�̂
x
i �̂

x
j + �̂

y
i �̂

y
j

�
+ Jz�̂

z
i �̂

z
j

i
+
X

i

h�̂
z
i

<latexit sha1_base64="PgEpq0qoTVJRdE8p+3iEMBWyvf0=">AAACInicbVDLSsNAFJ3UV62vqEs3wSK0EEpSio9d0Y2gSAXbCk0Mk+m0HTp5MHMjlNBvceOvuHGhqCvBj3H6ALX1wMDhnHO5c48fcybBsj61zMLi0vJKdjW3tr6xuaVv7zRklAhC6yTikbj1saSchbQODDi9jQXFgc9p0++fjfzmPRWSReENDGLqBrgbsg4jGJTk6SdO6lyqeBvfpQXbvDCvisMCeGUTPLto/ljWjOUMPT1vlawxjHliT0keTVHz9HenHZEkoCEQjqVs2VYMbooFMMLpMOckksaY9HGXthQNcUClm45PHBoHSmkbnUioF4IxVn9PpDiQchD4Khlg6MlZbyT+57US6By7KQvjBGhIJos6CTcgMkZ9GW0mKAE+UAQTwdRfDdLDAhNQreZUCfbsyfOkUS7Zh6XKdSVfPZ3WkUV7aB8VkI2OUBWdoxqqI4Ie0BN6Qa/ao/asvWkfk2hGm87soj/Qvr4Bn+ugoQ==</latexit>

{⇤(1,K,N)(t2, t1),⇤
(0,K,N)(t2, t1)}

T. Chin, S. Shandera 2605.15036

<latexit sha1_base64="ctTmCz9gzAyV0te4gvUgdbFdxH4=">AAACCnicbVDLSsNAFL2pr1pfUZduokVwVRIp6kYounFZwT6gCWEynbRDJ5MwMxFK2rUbf8WNC0Xc+gXu/BunbQRtPTBwOOce7twTJIxKZdtfRmFpeWV1rbhe2tjc2t4xd/eaMk4FJg0cs1i0AyQJo5w0FFWMtBNBUBQw0goG1xO/dU+EpDG/U8OEeBHqcRpSjJSWfPNw5CaS+tIViPcYuRw5tobbjdWP5Jtlu2JPYS0SJydlyFH3zU8dx2lEuMIMSdlx7ER5GRKKYkbGJTeVJEF4gHqkoylHEZFeNj1lbB1rpWuFsdCPK2uq/k5kKJJyGAV6MkKqL+e9ifif10lVeOFllCepIhzPFoUps1RsTXqxulQQrNhQE4QF1X+1cB8JhJVur6RLcOZPXiTN04pzVqneVsu1q7yOIhzAEZyAA+dQgxuoQwMwPMATvMCr8Wg8G2/G+2y0YOSZffgD4+Mb2U2aXg==</latexit>

| si = |10000 . . . i



Shandera, IPMU, Aug 2026

Example 1: Hamiltonian system
Can find analytic, exact open system dynamics for any 

subsystem, between any two times 

<latexit sha1_base64="IR6qSm6q0zVgluSI6tLcBRNrtgA=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIvQQilJKeqy6EZQpIJ9QBPDZDpth04ezNwIJWTjxl9x40IRt/6DO//G6WOhrQcGDuecy517vIgzCab5rWWWlldW17LruY3Nre0dfXevKcNYENogIQ9F28OSchbQBjDgtB0Jin2P05Y3vBj7rQcqJAuDOxhF1PFxP2A9RjAoydUP7cS+VvEuvk8KV6WbYloAt1IC1yraqavnzbI5gbFIrBnJoxnqrv5ld0MS+zQAwrGUHcuMwEmwAEY4TXN2LGmEyRD3aUfRAPtUOsnkitQ4VkrX6IVCvQCMifp7IsG+lCPfU0kfw0DOe2PxP68TQ+/MSVgQxUADMl3Ui7kBoTGuxOgyQQnwkSKYCKb+apABFpiAKi6nSrDmT14kzUrZOilXb6v52vmsjiw6QEeogCx0imroEtVRAxH0iJ7RK3rTnrQX7V37mEYz2mxmH/2B9vkDGrqXCw==</latexit>

{⇤(K,N)(t2, t1)}

N qubits in the full system


K qubits in the subsystem

T. Chin, S. Shandera 2605.15036;  
smaller systems, less symmetry: Prudhoe, Akhouri, Chin, Shandera, 2404.15223

!"!!(2)

!"!"(2)

!"!#(1)

!"!$(3)



Shandera, IPMU, Aug 2026

Example 1: Hamiltonian system
Can find analytic, exact open system dynamics for any 

subsystem, between any two times 

<latexit sha1_base64="IR6qSm6q0zVgluSI6tLcBRNrtgA=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIvQQilJKeqy6EZQpIJ9QBPDZDpth04ezNwIJWTjxl9x40IRt/6DO//G6WOhrQcGDuecy517vIgzCab5rWWWlldW17LruY3Nre0dfXevKcNYENogIQ9F28OSchbQBjDgtB0Jin2P05Y3vBj7rQcqJAuDOxhF1PFxP2A9RjAoydUP7cS+VvEuvk8KV6WbYloAt1IC1yraqavnzbI5gbFIrBnJoxnqrv5ld0MS+zQAwrGUHcuMwEmwAEY4TXN2LGmEyRD3aUfRAPtUOsnkitQ4VkrX6IVCvQCMifp7IsG+lCPfU0kfw0DOe2PxP68TQ+/MSVgQxUADMl3Ui7kBoTGuxOgyQQnwkSKYCKb+apABFpiAKi6nSrDmT14kzUrZOilXb6v52vmsjiw6QEeogCx0imroEtVRAxH0iJ7RK3rTnrQX7V37mEYz2mxmH/2B9vkDGrqXCw==</latexit>

{⇤(K,N)(t2, t1)}

N qubits in the full system


K qubits in the subsystem

Tractable thanks to symmetry, 
choice of state

T. Chin, S. Shandera 2605.15036;  
smaller systems, less symmetry: Prudhoe, Akhouri, Chin, Shandera, 2404.15223

!"!!(2)

!"!"(2)

!"!#(1)

!"!$(3)



Shandera, IPMU, Aug 2026

Ensemble questions

Can you pick up a state transformation 
for one qubit in this network and act with 
it on another?

Channels can always be applied 
anywhere

What consistency conditions exist for 
ensembles of propagators from closed 
dynamics?



Shandera, IPMU, Aug 2026

Most commonly:

A note about propagators: 
Often, for a composite system, we enforce CP

At           , require are no quantum correlations between the observed 
subsystem and the unobserved part

<latexit sha1_base64="nPnpmxENyuuNurHMaKiIE+/9tEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9IDXbq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oX1fP780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/TSY2C</latexit>

t = 0

<latexit sha1_base64="K16uYrD0eES3QbDURZgql0NGoBg=">AAACDnicbVDLSsNAFJ3UV62vqks3wVKom5JIUTeFohuXldoHNCFMppN26CQTZm6EEvIFbvwVNy4UcevanX/j9LHQ1gMD555zL3fu8WPOFFjWt5FbW9/Y3MpvF3Z29/YPiodHHSUSSWibCC5kz8eKchbRNjDgtBdLikOf064/vpn63QcqFRPRPUxi6oZ4GLGAEQxa8oplR45EBerWWX3KvJYjgIVUzYrU8bFMW1nmFUtW1ZrBXCX2gpTQAk2v+OUMBElCGgHhWKm+bcXgplgCI5xmBSdRNMZkjIe0r2mE9Uo3nZ2TmWWtDMxASP0iMGfq74kUh0pNQl93hhhGatmbiv95/QSCKzdlUZwAjch8UZBwE4Q5zcYcMEkJ8IkmmEim/2qSEZaYgE6woEOwl09eJZ3zqn1Rrd3VSo3rRRx5dIJOUQXZ6BI10C1qojYi6BE9o1f0ZjwZL8a78TFvzRmLmWP0B8bnD1YJnFY=</latexit>

⇢(t = 0) = ⇢S ⌦ ⇢S̄

e.g., Shabani, Lidar (2016 erratum to 0808.0175) Modi et al 1203.5209; Jagadish, Srikanth, Petruccione 2012.12292

Sufficient, but not necessary condition



Shandera, IPMU, Aug 2026

Most commonly:

A note about propagators: 
Often, for a composite system, we enforce CP

At           , require are no quantum correlations between the observed 
subsystem and the unobserved part

<latexit sha1_base64="nPnpmxENyuuNurHMaKiIE+/9tEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9IDXbq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oX1fP780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/TSY2C</latexit>

t = 0

<latexit sha1_base64="K16uYrD0eES3QbDURZgql0NGoBg=">AAACDnicbVDLSsNAFJ3UV62vqks3wVKom5JIUTeFohuXldoHNCFMppN26CQTZm6EEvIFbvwVNy4UcevanX/j9LHQ1gMD555zL3fu8WPOFFjWt5FbW9/Y3MpvF3Z29/YPiodHHSUSSWibCC5kz8eKchbRNjDgtBdLikOf064/vpn63QcqFRPRPUxi6oZ4GLGAEQxa8oplR45EBerWWX3KvJYjgIVUzYrU8bFMW1nmFUtW1ZrBXCX2gpTQAk2v+OUMBElCGgHhWKm+bcXgplgCI5xmBSdRNMZkjIe0r2mE9Uo3nZ2TmWWtDMxASP0iMGfq74kUh0pNQl93hhhGatmbiv95/QSCKzdlUZwAjch8UZBwE4Q5zcYcMEkJ8IkmmEim/2qSEZaYgE6woEOwl09eJZ3zqn1Rrd3VSo3rRRx5dIJOUQXZ6BI10C1qojYi6BE9o1f0ZjwZL8a78TFvzRmLmWP0B8bnD1YJnFY=</latexit>

⇢(t = 0) = ⇢S ⌦ ⇢S̄

But, 

• Generic subsystems in a many-body system are quantum-correlated 

at most times

• It’s known that quantum correlated initial states can still give (C)P 

maps, depending on what unitary is applied to system + environment
e.g., Shabani, Lidar (2016 erratum to 0808.0175) Modi et al 1203.5209; Jagadish, Srikanth, Petruccione 2012.12292

Sufficient, but not necessary condition
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In this case: at nearly all times, any subsystem is 
entangled  with the complement

<latexit sha1_base64="K15wCxLr76WFqsGX1UYO39NB1HQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKfFyEoBdPEsE8IFnC7GQ2GTIzu8zMCmHJL3jxoIhXf8ibf+NssgdNLGgoqrrp7gpizrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6ShShTRLxSHUCrClnkjYNM5x2YkWxCDhtB+PbzG8/UaVZJB/NJKa+wEPJQkawyaT763O3X664VXcGtEy8nFQgR6Nf/uoNIpIIKg3hWOuu58bGT7EyjHA6LfUSTWNMxnhIu5ZKLKj209mtU3RilQEKI2VLGjRTf0+kWGg9EYHtFNiM9KKXif953cSEV37KZJwYKsl8UZhwZCKUPY4GTFFi+MQSTBSztyIywgoTY+Mp2RC8xZeXSeus6l1Uaw+1Sv0mj6MIR3AMp+DBJdThDhrQBAIjeIZXeHOE8+K8Ox/z1oKTzxzCHzifPw9wjZs=</latexit>

N = 50



Shandera, IPMU, Aug 2026

Single-qubit domain of positivity
•Propagator maps 
over contractive 
intervals are 
positive, no matter 

<latexit sha1_base64="2gUKM8xh6wWEJDe6v1gIyww8gmo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwiGjaU=</latexit>

t1

•States in the 
domain of 
positivity of both 
classes are never 
reached by 
dynamics
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Ensemble summary

Over some time intervals, every propagator, for any subsystem, of any size, is 
non-positive and non-CP; over others, every map is CP

For single-qubit propagators for qubits initialized in (1), the states of qubits 
initialized in 0(1) are, at any times, in the domain of positivity 

The single-qubit states that are always in the domain of positivity of all 
propagators are never reached by the dynamics

P and CP correspond to dynamics moving toward the (universal) fixed point 
of either class (initialized in 0 or initialized in 1)



Shandera, IPMU, Aug 2026

Ensemble intuition

Can you pick up a state transformation 
for one qubit in this network and act with 
it on another?

Channels can always be applied 
anywhere

What consistency conditions exist for 
ensembles of propagators from closed 
dynamics?



Shandera, IPMU, Aug 2026

Caveats? Other examples?

Doing this for arbitrary Hamiltonians is hard

Condensed matter Hamiltonians are a special set


•  time independent


•  Lab/materials-oriented

Circuit models allow much more flexibility: broad exploration of dynamics

The symmetry and initial state make this example special
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Caveats? Other examples?

Doing this for arbitrary Hamiltonians is hard

Condensed matter Hamiltonians are a special set


•  time independent


•  Lab/materials-oriented

Circuit models allow much more flexibility: broad exploration of dynamics

CP ensembles from less symmetric cases: Prudhoe, Akhouri, Chin, Shandera, 2404.15223 (OSID)

The symmetry and initial state make this example special



Example 2: Generating 
“interesting” ensembles



Shandera, IPMU, Aug 2026

The most interesting ensembles are the 
inhomogeneous ones

Akhouri, Shandera, Henry 2505.00116 (PRE);
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The most interesting ensembles are the 
inhomogeneous ones

Akhouri, Shandera, Henry 2505.00116 (PRE);

<latexit sha1_base64="I2RFuQfP3HTN7NgTqXmkK5IOeBg=">AAACJHicbVDLSgMxFM34rPVVdekmWIR2U2ZEVHAjunFZwarQGYdMeluDSWZMMkId+jFu/BU3Lnzgwo3fYtoZQasHwj2ccy8390QJZ9q47oczMTk1PTNbmivPLywuLVdWVs90nCoKLRrzWF1ERANnElqGGQ4XiQIiIg7n0fXR0D+/BaVZLE9NP4FAkJ5kXUaJsVJY2fc5kT0O30WzniDh3WVWu6kPaj5wXvdVbuUlzHwlMEjdGISVqttwR8B/iVeQKirQDCuvfiemqQBpKCdatz03MUFGlGGUw6DspxoSQq9JD9qWSiJAB9noyAHetEoHd2NlnzR4pP6cyIjQui8i2ymIudLj3lD8z2unprsXZEwmqQFJ80XdlGMT42FiuMMUUMP7lhCqmP0rpldEEWpsrmUbgjd+8l9yttXwdhrbJ9vVg8MijhJaRxuohjy0iw7QMWqiFqLoHj2iZ/TiPDhPzpvznrdOOMXMGvoF5/MLH6aluA==</latexit>

hh�(q)
z (`)iiens.

Circuit layer
0

Each square is

<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`

Random

layers
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The most interesting ensembles are the 
inhomogeneous ones

Compare:

Akhouri, Shandera, Henry 2505.00116 (PRE);

<latexit sha1_base64="I2RFuQfP3HTN7NgTqXmkK5IOeBg=">AAACJHicbVDLSgMxFM34rPVVdekmWIR2U2ZEVHAjunFZwarQGYdMeluDSWZMMkId+jFu/BU3Lnzgwo3fYtoZQasHwj2ccy8390QJZ9q47oczMTk1PTNbmivPLywuLVdWVs90nCoKLRrzWF1ERANnElqGGQ4XiQIiIg7n0fXR0D+/BaVZLE9NP4FAkJ5kXUaJsVJY2fc5kT0O30WzniDh3WVWu6kPaj5wXvdVbuUlzHwlMEjdGISVqttwR8B/iVeQKirQDCuvfiemqQBpKCdatz03MUFGlGGUw6DspxoSQq9JD9qWSiJAB9noyAHetEoHd2NlnzR4pP6cyIjQui8i2ymIudLj3lD8z2unprsXZEwmqQFJ80XdlGMT42FiuMMUUMP7lhCqmP0rpldEEWpsrmUbgjd+8l9yttXwdhrbJ9vVg8MijhJaRxuohjy0iw7QMWqiFqLoHj2iZ/TiPDhPzpvznrdOOMXMGvoF5/MLH6aluA==</latexit>

hh�(q)
z (`)iiens.

Circuit layer
0

Each square is

<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`

Random

layers



Shandera, IPMU, Aug 2026

Engineering interesting ensembles

Akhouri, Shandera, Henry 2505.00116 (PRE);

Restrict via symmetry:

<latexit sha1_base64="lpBrWQE/DYMwBtZ6Etgi7oCCysM="></latexit>

Ĥ0 =
NX

i=1

1

2

⇣
I� �̂

(i)
z

⌘

<latexit sha1_base64="7j8lohyw7EPWsO1nnIDmhS8UydQ=">AAACBHicbVDLSsNAFJ3UV62vqMtuQovQopRERN0IRTddVrAPSGKYTCfN0MmDmYkQQhZu/AL/wY0LRdz6Ee76N04fC209cOFwzr3ce48bU8KFro+Vwsrq2vpGcbO0tb2zu6fuH3R5lDCEOyiiEeu7kGNKQtwRRFDcjxmGgUtxzx3dTPzeA2acROGdSGNsB3AYEo8gKKTkqGXT8qHIWrmjn1jMj+6zGqnnNb1uX+mOWtUb+hTaMjHmpNqsWMfP42badtRvaxChJMChQBRybhp6LOwMMkEQxXnJSjiOIRrBITYlDWGAuZ1Nn8i1I6kMNC9iskKhTdXfExkMOE8DV3YGUPh80ZuI/3lmIrxLOyNhnAgcotkiL6GaiLRJItqAMIwETSWBiBF5q4Z8yCASMreSDMFYfHmZdE8bxnnj7FamcQ1mKIIyqIAaMMAFaIIWaIMOQOARvIA38K48Ka/Kh/I5ay0o85lD8AfK1w+TBZm8</latexit>

[Ĥ0, ⇢
(i)(0)] = 0

<latexit sha1_base64="mNdk/UovHYXQz5LAJddeuxLk9eg=">AAACGXicbZDLSsNAFIYnXmu9VV26CS1Ci1ASEXUjFN24kgr2Ak0sk+m0HTrJhJkToYS8hbjxVdy4UMSlrvo2TpsK2npg4OP/z8yZ83shZwosa2QsLC4tr6xm1rLrG5tb27md3boSkSS0RgQXsulhRTkLaA0YcNoMJcW+x2nDG1yO/cY9lYqJ4BaGIXV93AtYlxEMWmrnLEf2RdEquedjuIuLdilxBDCfKqcjQP1wal6XknauYJWtSZnzYE+hUMk7hw+jyrDazn3qh0jk0wAIx0q1bCsEN8YSGOE0yTqRoiEmA9yjLY0B1uPceLJZYh5opWN2hdQnAHOi/r4RY1+poe/pTh9DX816Y/E/rxVB98yNWRBGQAOSDupG3ARhjmMyO0xSAnyoARPJ9F9N0scSE9BhZnUI9uzK81A/Ktsn5eMbncYFSiuD9lEeFZGNTlEFXaEqqiGCHtEzekVvxpPxYrwbH2nrgjG9s4f+lPH1DSEJo2Y=</latexit>

⇢(0)] = ⇢(1) ⌦ · · ·⌦ ⇢(N)

<latexit sha1_base64="2CCu3rfUyxiFpj2uQHBX+B9TEM8=">AAACAXicbZDNSsNAFIUn/tb6F3UjuAktgmApiYi6EYpuuqxg2kISwmQ6aYdOJmFmIoRQN76Cj+DGhSJufQt3fRunaRfaemDg49x7uXNPkFAipGmOtaXlldW19dJGeXNre2dX39tvizjlCNsopjHvBlBgShi2JZEUdxOOYRRQ3AmGt5N65wFzQWJ2L7MEexHsMxISBKWyfP3QcQdQ5s2Rb9YKskfetenWar5eNetmIWMRrBlUGxX39HncyFq+/u32YpRGmElEoRCOZSbSyyGXBFE8KrupwAlEQ9jHjkIGIyy8vLhgZBwrp2eEMVePSaNwf0/kMBIiiwLVGUE5EPO1iflfzUlleOXlhCWpxAxNF4UpNWRsTOIweoRjJGmmACJO1F8NNIAcIqlCK6sQrPmTF6F9Vrcu6ud3Ko0bMFUJHIEKOAEWuAQN0AQtYAMEHsELeAPv2pP2qn1on9PWJW02cwD+SPv6AR5tmQI=</latexit>

[Ĥ0, Û ] = 0 ,



Shandera, IPMU, Aug 2026

Engineering interesting ensembles

Akhouri, Shandera, Henry 2505.00116 (PRE);

Restrict via symmetry:

<latexit sha1_base64="lpBrWQE/DYMwBtZ6Etgi7oCCysM="></latexit>

Ĥ0 =
NX

i=1

1

2

⇣
I� �̂

(i)
z

⌘

Open dynamics are “phase-covariant”

<latexit sha1_base64="7j8lohyw7EPWsO1nnIDmhS8UydQ=">AAACBHicbVDLSsNAFJ3UV62vqMtuQovQopRERN0IRTddVrAPSGKYTCfN0MmDmYkQQhZu/AL/wY0LRdz6Ee76N04fC209cOFwzr3ce48bU8KFro+Vwsrq2vpGcbO0tb2zu6fuH3R5lDCEOyiiEeu7kGNKQtwRRFDcjxmGgUtxzx3dTPzeA2acROGdSGNsB3AYEo8gKKTkqGXT8qHIWrmjn1jMj+6zGqnnNb1uX+mOWtUb+hTaMjHmpNqsWMfP42badtRvaxChJMChQBRybhp6LOwMMkEQxXnJSjiOIRrBITYlDWGAuZ1Nn8i1I6kMNC9iskKhTdXfExkMOE8DV3YGUPh80ZuI/3lmIrxLOyNhnAgcotkiL6GaiLRJItqAMIwETSWBiBF5q4Z8yCASMreSDMFYfHmZdE8bxnnj7FamcQ1mKIIyqIAaMMAFaIIWaIMOQOARvIA38K48Ka/Kh/I5ay0o85lD8AfK1w+TBZm8</latexit>

[Ĥ0, ⇢
(i)(0)] = 0

<latexit sha1_base64="mNdk/UovHYXQz5LAJddeuxLk9eg=">AAACGXicbZDLSsNAFIYnXmu9VV26CS1Ci1ASEXUjFN24kgr2Ak0sk+m0HTrJhJkToYS8hbjxVdy4UMSlrvo2TpsK2npg4OP/z8yZ83shZwosa2QsLC4tr6xm1rLrG5tb27md3boSkSS0RgQXsulhRTkLaA0YcNoMJcW+x2nDG1yO/cY9lYqJ4BaGIXV93AtYlxEMWmrnLEf2RdEquedjuIuLdilxBDCfKqcjQP1wal6XknauYJWtSZnzYE+hUMk7hw+jyrDazn3qh0jk0wAIx0q1bCsEN8YSGOE0yTqRoiEmA9yjLY0B1uPceLJZYh5opWN2hdQnAHOi/r4RY1+poe/pTh9DX816Y/E/rxVB98yNWRBGQAOSDupG3ARhjmMyO0xSAnyoARPJ9F9N0scSE9BhZnUI9uzK81A/Ktsn5eMbncYFSiuD9lEeFZGNTlEFXaEqqiGCHtEzekVvxpPxYrwbH2nrgjG9s4f+lPH1DSEJo2Y=</latexit>

⇢(0)] = ⇢(1) ⌦ · · ·⌦ ⇢(N)

<latexit sha1_base64="2CCu3rfUyxiFpj2uQHBX+B9TEM8=">AAACAXicbZDNSsNAFIUn/tb6F3UjuAktgmApiYi6EYpuuqxg2kISwmQ6aYdOJmFmIoRQN76Cj+DGhSJufQt3fRunaRfaemDg49x7uXNPkFAipGmOtaXlldW19dJGeXNre2dX39tvizjlCNsopjHvBlBgShi2JZEUdxOOYRRQ3AmGt5N65wFzQWJ2L7MEexHsMxISBKWyfP3QcQdQ5s2Rb9YKskfetenWar5eNetmIWMRrBlUGxX39HncyFq+/u32YpRGmElEoRCOZSbSyyGXBFE8KrupwAlEQ9jHjkIGIyy8vLhgZBwrp2eEMVePSaNwf0/kMBIiiwLVGUE5EPO1iflfzUlleOXlhCWpxAxNF4UpNWRsTOIweoRjJGmmACJO1F8NNIAcIqlCK6sQrPmTF6F9Vrcu6ud3Ko0bMFUJHIEKOAEWuAQN0AQtYAMEHsELeAPv2pP2qn1on9PWJW02cwD+SPv6AR5tmQI=</latexit>

[Ĥ0, Û ] = 0 ,



Shandera, IPMU, Aug 2026

Engineering interesting ensembles

Akhouri, Shandera, Henry 2505.00116 (PRE);

Restrict via symmetry:

<latexit sha1_base64="lpBrWQE/DYMwBtZ6Etgi7oCCysM="></latexit>

Ĥ0 =
NX

i=1

1

2

⇣
I� �̂

(i)
z

⌘

Open dynamics are “phase-covariant”

<latexit sha1_base64="7j8lohyw7EPWsO1nnIDmhS8UydQ=">AAACBHicbVDLSsNAFJ3UV62vqMtuQovQopRERN0IRTddVrAPSGKYTCfN0MmDmYkQQhZu/AL/wY0LRdz6Ee76N04fC209cOFwzr3ce48bU8KFro+Vwsrq2vpGcbO0tb2zu6fuH3R5lDCEOyiiEeu7kGNKQtwRRFDcjxmGgUtxzx3dTPzeA2acROGdSGNsB3AYEo8gKKTkqGXT8qHIWrmjn1jMj+6zGqnnNb1uX+mOWtUb+hTaMjHmpNqsWMfP42badtRvaxChJMChQBRybhp6LOwMMkEQxXnJSjiOIRrBITYlDWGAuZ1Nn8i1I6kMNC9iskKhTdXfExkMOE8DV3YGUPh80ZuI/3lmIrxLOyNhnAgcotkiL6GaiLRJItqAMIwETSWBiBF5q4Z8yCASMreSDMFYfHmZdE8bxnnj7FamcQ1mKIIyqIAaMMAFaIIWaIMOQOARvIA38K48Ka/Kh/I5ay0o85lD8AfK1w+TBZm8</latexit>

[Ĥ0, ⇢
(i)(0)] = 0

<latexit sha1_base64="mNdk/UovHYXQz5LAJddeuxLk9eg=">AAACGXicbZDLSsNAFIYnXmu9VV26CS1Ci1ASEXUjFN24kgr2Ak0sk+m0HTrJhJkToYS8hbjxVdy4UMSlrvo2TpsK2npg4OP/z8yZ83shZwosa2QsLC4tr6xm1rLrG5tb27md3boSkSS0RgQXsulhRTkLaA0YcNoMJcW+x2nDG1yO/cY9lYqJ4BaGIXV93AtYlxEMWmrnLEf2RdEquedjuIuLdilxBDCfKqcjQP1wal6XknauYJWtSZnzYE+hUMk7hw+jyrDazn3qh0jk0wAIx0q1bCsEN8YSGOE0yTqRoiEmA9yjLY0B1uPceLJZYh5opWN2hdQnAHOi/r4RY1+poe/pTh9DX816Y/E/rxVB98yNWRBGQAOSDupG3ARhjmMyO0xSAnyoARPJ9F9N0scSE9BhZnUI9uzK81A/Ktsn5eMbncYFSiuD9lEeFZGNTlEFXaEqqiGCHtEzekVvxpPxYrwbH2nrgjG9s4f+lPH1DSEJo2Y=</latexit>

⇢(0)] = ⇢(1) ⌦ · · ·⌦ ⇢(N)

<latexit sha1_base64="2CCu3rfUyxiFpj2uQHBX+B9TEM8=">AAACAXicbZDNSsNAFIUn/tb6F3UjuAktgmApiYi6EYpuuqxg2kISwmQ6aYdOJmFmIoRQN76Cj+DGhSJufQt3fRunaRfaemDg49x7uXNPkFAipGmOtaXlldW19dJGeXNre2dX39tvizjlCNsopjHvBlBgShi2JZEUdxOOYRRQ3AmGt5N65wFzQWJ2L7MEexHsMxISBKWyfP3QcQdQ5s2Rb9YKskfetenWar5eNetmIWMRrBlUGxX39HncyFq+/u32YpRGmElEoRCOZSbSyyGXBFE8KrupwAlEQ9jHjkIGIyy8vLhgZBwrp2eEMVePSaNwf0/kMBIiiwLVGUE5EPO1iflfzUlleOXlhCWpxAxNF4UpNWRsTOIweoRjJGmmACJO1F8NNIAcIqlCK6sQrPmTF6F9Vrcu6ud3Ko0bMFUJHIEKOAEWuAQN0AQtYAMEHsELeAPv2pP2qn1on9PWJW02cwD+SPv6AR5tmQI=</latexit>

[Ĥ0, Û ] = 0 ,

Initial state defines homogeneous ensemble
<latexit sha1_base64="/V7vgcxBo+jrEOCSenXhsrHapGU="></latexit>

⇢̄ =
1

2

✓
I+ M

N

◆

<latexit sha1_base64="7qEHNS+n/lwQJGtFIiyOC9lNJ+M="></latexit>

⇢̄(N) s.t. ⇢̄ = Trq̄i [⇢
(N)] , 8i
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Engineering interesting ensembles

Akhouri, Shandera, Henry 2505.00116 (PRE);

Restrict via symmetry:

<latexit sha1_base64="lpBrWQE/DYMwBtZ6Etgi7oCCysM="></latexit>

Ĥ0 =
NX

i=1

1

2

⇣
I� �̂

(i)
z

⌘

Open dynamics are “phase-covariant”

<latexit sha1_base64="7j8lohyw7EPWsO1nnIDmhS8UydQ=">AAACBHicbVDLSsNAFJ3UV62vqMtuQovQopRERN0IRTddVrAPSGKYTCfN0MmDmYkQQhZu/AL/wY0LRdz6Ee76N04fC209cOFwzr3ce48bU8KFro+Vwsrq2vpGcbO0tb2zu6fuH3R5lDCEOyiiEeu7kGNKQtwRRFDcjxmGgUtxzx3dTPzeA2acROGdSGNsB3AYEo8gKKTkqGXT8qHIWrmjn1jMj+6zGqnnNb1uX+mOWtUb+hTaMjHmpNqsWMfP42badtRvaxChJMChQBRybhp6LOwMMkEQxXnJSjiOIRrBITYlDWGAuZ1Nn8i1I6kMNC9iskKhTdXfExkMOE8DV3YGUPh80ZuI/3lmIrxLOyNhnAgcotkiL6GaiLRJItqAMIwETSWBiBF5q4Z8yCASMreSDMFYfHmZdE8bxnnj7FamcQ1mKIIyqIAaMMAFaIIWaIMOQOARvIA38K48Ka/Kh/I5ay0o85lD8AfK1w+TBZm8</latexit>

[Ĥ0, ⇢
(i)(0)] = 0

<latexit sha1_base64="mNdk/UovHYXQz5LAJddeuxLk9eg=">AAACGXicbZDLSsNAFIYnXmu9VV26CS1Ci1ASEXUjFN24kgr2Ak0sk+m0HTrJhJkToYS8hbjxVdy4UMSlrvo2TpsK2npg4OP/z8yZ83shZwosa2QsLC4tr6xm1rLrG5tb27md3boSkSS0RgQXsulhRTkLaA0YcNoMJcW+x2nDG1yO/cY9lYqJ4BaGIXV93AtYlxEMWmrnLEf2RdEquedjuIuLdilxBDCfKqcjQP1wal6XknauYJWtSZnzYE+hUMk7hw+jyrDazn3qh0jk0wAIx0q1bCsEN8YSGOE0yTqRoiEmA9yjLY0B1uPceLJZYh5opWN2hdQnAHOi/r4RY1+poe/pTh9DX816Y/E/rxVB98yNWRBGQAOSDupG3ARhjmMyO0xSAnyoARPJ9F9N0scSE9BhZnUI9uzK81A/Ktsn5eMbncYFSiuD9lEeFZGNTlEFXaEqqiGCHtEzekVvxpPxYrwbH2nrgjG9s4f+lPH1DSEJo2Y=</latexit>

⇢(0)] = ⇢(1) ⌦ · · ·⌦ ⇢(N)

<latexit sha1_base64="2CCu3rfUyxiFpj2uQHBX+B9TEM8=">AAACAXicbZDNSsNAFIUn/tb6F3UjuAktgmApiYi6EYpuuqxg2kISwmQ6aYdOJmFmIoRQN76Cj+DGhSJufQt3fRunaRfaemDg49x7uXNPkFAipGmOtaXlldW19dJGeXNre2dX39tvizjlCNsopjHvBlBgShi2JZEUdxOOYRRQ3AmGt5N65wFzQWJ2L7MEexHsMxISBKWyfP3QcQdQ5s2Rb9YKskfetenWar5eNetmIWMRrBlUGxX39HncyFq+/u32YpRGmElEoRCOZSbSyyGXBFE8KrupwAlEQ9jHjkIGIyy8vLhgZBwrp2eEMVePSaNwf0/kMBIiiwLVGUE5EPO1iflfzUlleOXlhCWpxAxNF4UpNWRsTOIweoRjJGmmACJO1F8NNIAcIqlCK6sQrPmTF6F9Vrcu6ud3Ko0bMFUJHIEKOAEWuAQN0AQtYAMEHsELeAPv2pP2qn1on9PWJW02cwD+SPv6AR5tmQI=</latexit>

[Ĥ0, Û ] = 0 ,

There is a CP qubit map with fixed point
<latexit sha1_base64="qK4LGiGBw9o/96ssmLydZE0YeRU=">AAAB8XicbVDLSgNBEOyNrxhfUY+KDAbBU9gVUY9BLx4TMA/MLmF2MkmGzM4sM7NCWHL0D7x4UMSrP5Dv8OY3+BNOHgdNLGgoqrrp7gpjzrRx3S8ns7S8srqWXc9tbG5t7+R392paJorQKpFcqkaINeVM0KphhtNGrCiOQk7rYf9m7NcfqNJMijsziGkQ4a5gHUawsdK9H2KV+qonh618wS26E6BF4s1IoXQ4qnw/Ho3Krfyn35YkiagwhGOtm54bmyDFyjDC6TDnJ5rGmPRxlzYtFTiiOkgnFw/RiVXaqCOVLWHQRP09keJI60EU2s4Im56e98bif14zMZ2rIGUiTgwVZLqok3BkJBq/j9pMUWL4wBJMFLO3ItLDChNjQ8rZELz5lxdJ7azoXRTPKzaNa5giCwdwDKfgwSWU4BbKUAUCAp7gBV4d7Tw7b877tDXjzGb24Q+cjx/UvpS8</latexit>

⇢̄

Initial state defines homogeneous ensemble
<latexit sha1_base64="/V7vgcxBo+jrEOCSenXhsrHapGU="></latexit>

⇢̄ =
1

2

✓
I+ M

N

◆

<latexit sha1_base64="7qEHNS+n/lwQJGtFIiyOC9lNJ+M="></latexit>

⇢̄(N) s.t. ⇢̄ = Trq̄i [⇢
(N)] , 8i



Shandera, IPMU, Aug 2026

A homogeneous ensemble of local dynamics

Akhouri, Shandera, Henry 2505.00116 (PRE);

<latexit sha1_base64="I2RFuQfP3HTN7NgTqXmkK5IOeBg=">AAACJHicbVDLSgMxFM34rPVVdekmWIR2U2ZEVHAjunFZwarQGYdMeluDSWZMMkId+jFu/BU3Lnzgwo3fYtoZQasHwj2ccy8390QJZ9q47oczMTk1PTNbmivPLywuLVdWVs90nCoKLRrzWF1ERANnElqGGQ4XiQIiIg7n0fXR0D+/BaVZLE9NP4FAkJ5kXUaJsVJY2fc5kT0O30WzniDh3WVWu6kPaj5wXvdVbuUlzHwlMEjdGISVqttwR8B/iVeQKirQDCuvfiemqQBpKCdatz03MUFGlGGUw6DspxoSQq9JD9qWSiJAB9noyAHetEoHd2NlnzR4pP6cyIjQui8i2ymIudLj3lD8z2unprsXZEwmqQFJ80XdlGMT42FiuMMUUMP7lhCqmP0rpldEEWpsrmUbgjd+8l9yttXwdhrbJ9vVg8MijhJaRxuohjy0iw7QMWqiFqLoHj2iZ/TiPDhPzpvznrdOOMXMGvoF5/MLH6aluA==</latexit>

hh�(q)
z (`)iiens.

Circuit layer
0

Each square is

<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`

Random

layers

After many layers, maps are nearly the ‘thermalizing’ map (Markovian dynamics)



Shandera, IPMU, Aug 2026

Engineering interesting ensembles

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

Akhouri, Shandera, Henry 2505.00116 (PRE);

Choose physical connectivity

Choose size of gate (k-local)

Dynamics:

Define an algorithm to choose graph 
subdivisions,        , at each layer

<latexit sha1_base64="jnhFep7XzzpnmObh9vCdQo93n4Y=">AAAB+nicbVDLSsNAFL2pr1pfqbpzM1gEVyURUZfFbly4qGAfkIQymU7aoZOHMxOlxH6KGxeKuPUL/AR3/o2TtgttPTBwOOde7pnjJ5xJZVnfRmFpeWV1rbhe2tjc2t4xy7stGaeC0CaJeSw6PpaUs4g2FVOcdhJBcehz2vaH9dxv31MhWRzdqlFCvRD3IxYwgpWWumbZDbEaEMyz+tjt0zs07JoVq2pNgBaJPSOV2v71Z0MUnUbX/HJ7MUlDGinCsZSObSXKy7BQjHA6LrmppAkmQ9ynjqYRDqn0skn0MTrSSg8FsdAvUmii/t7IcCjlKPT1ZB5Uznu5+J/npCq48DIWJamiEZkeClKOVIzyHlCPCUoUH2mCiWA6KyIDLDBRuq2SLsGe//IiaZ1U7bPq6Y1u4xKmKMIBHMIx2HAONbiCBjSBwAM8wQu8Go/Gs/FmvE9HC8ZsZw/+wPj4AZCZlnY=</latexit>

C � k
<latexit sha1_base64="X3FlfnWiGSf8A9qUyEfOqCxmudo=">AAAB9HicbVDLSgMxFL1TX3V8VV26CRbBVZkpom6KxW5cVrAPaIeSSdM2NJMZk0yhDP0ONy6U4tbfcO9G/BszbRfaeiBwOOde7snxI86UdpxvK7O2vrG5ld22d3b39g9yh0d1FcaS0BoJeSibPlaUM0FrmmlOm5GkOPA5bfjDSuo3RlQqFooHPY6oF+C+YD1GsDaS1w6wHhDMk8qkVOzk8k7BmQGtEndB8jcfdimaftnVTu6z3Q1JHFChCcdKtVwn0l6CpWaE04ndjhWNMBniPm0ZKnBAlZfMQk/QmVG6qBdK84RGM/X3RoIDpcaBbybTkGrZS8X/vFase9dewkQUayrI/FAv5kiHKG0AdZmkRPOxIZhIZrIiMsASE216sk0J7vKXV0m9WHAvCxf3Tr58C3Nk4QRO4RxcuIIy3EEVakDgEZ7gBV6tkfVsTa23+WjGWuwcwx9Y7z/RKZUi</latexit>

C = 2

<latexit sha1_base64="pf6r4EN2PFNxUctp5yRx/IYIB7E=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmRGo3xaIbV1LRXqAdSibNtKGZzJBkhDL0Edy4UMSlvot7N+LbmF4W2vpD4OP/zyHnHD/mTGnH+bYyS8srq2vZdXtjc2t7J7e7V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7gc5417KhWLxJ0extQLcU+wgBGsjXV7XS51cnmn4EyEFsGdQf78wy7Hb192tZP7bHcjkoRUaMKxUi3XibWXYqkZ4XRktxNFY0wGuEdbBgUOqfLSyagjdGScLgoiaZ7QaOL+7khxqNQw9E1liHVfzWdj87+sleig5KVMxImmgkw/ChKOdITGe6Muk5RoPjSAiWRmVkT6WGKizXVscwR3fuVFqJ8U3GLh9MbJVy5gqiwcwCEcgwtnUIErqEINCPTgAZ7g2eLWo/VivU5LM9asZx/+yHr/AQUbkKE=</latexit>

N = 8
<latexit sha1_base64="8PAgKYueW4LQXx1owlCgt5oHBs8=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJEXVTLLpxWdFeoA1lMp20QyeTMDMRSugjuHGhiEt9F/duxLdxello6w8DH/9/DnPOCRLOlHbdbyu3tLyyupZftzc2t7Z3nN29uopTSWiNxDyWzQArypmgNc00p81EUhwFnDaCwdU4b9xTqVgs7vQwoX6Ee4KFjGBtrNtBudRxCm7RnQgtgjeDwsWHXU7evuxqx/lsd2OSRlRowrFSLc9NtJ9hqRnhdGS3U0UTTAa4R1sGBY6o8rPJqCN0ZJwuCmNpntBo4v7uyHCk1DAKTGWEdV/NZ2Pzv6yV6vDcz5hIUk0FmX4UphzpGI33Rl0mKdF8aAATycysiPSxxESb69jmCN78yotQLxW90+LJjVuoXMJUeTiAQzgGD86gAtdQhRoQ6MEDPMGzxa1H68V6nZbmrFnPPvyR9f4DKDGQuA==</latexit>

k = 2

<latexit sha1_base64="UjPYleBSvDZ09v/ZqwfvUOHDR9U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi+Clov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqt564NiJWjzhOuB/RgRKhYBSt9HDXG/XKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTohJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDKz4RKUuSKzReFqSQYk+nfpC80ZyjHllCmhb2VsCHVlKFNp2RD8BZfXibNs6p3UT2/P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzovzrvzMW8tOPnMIfyB8/kDIfiNtg==</latexit>

Kk



Shandera, IPMU, Aug 2026

Engineering interesting ensembles

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

Akhouri, Shandera, Henry 2505.00116 (PRE);

Choose physical connectivity

Choose size of gate (k-local)

Dynamics:

Define an algorithm to choose graph 
subdivisions,        , at each layer

<latexit sha1_base64="jnhFep7XzzpnmObh9vCdQo93n4Y=">AAAB+nicbVDLSsNAFL2pr1pfqbpzM1gEVyURUZfFbly4qGAfkIQymU7aoZOHMxOlxH6KGxeKuPUL/AR3/o2TtgttPTBwOOde7pnjJ5xJZVnfRmFpeWV1rbhe2tjc2t4xy7stGaeC0CaJeSw6PpaUs4g2FVOcdhJBcehz2vaH9dxv31MhWRzdqlFCvRD3IxYwgpWWumbZDbEaEMyz+tjt0zs07JoVq2pNgBaJPSOV2v71Z0MUnUbX/HJ7MUlDGinCsZSObSXKy7BQjHA6LrmppAkmQ9ynjqYRDqn0skn0MTrSSg8FsdAvUmii/t7IcCjlKPT1ZB5Uznu5+J/npCq48DIWJamiEZkeClKOVIzyHlCPCUoUH2mCiWA6KyIDLDBRuq2SLsGe//IiaZ1U7bPq6Y1u4xKmKMIBHMIx2HAONbiCBjSBwAM8wQu8Go/Gs/FmvE9HC8ZsZw/+wPj4AZCZlnY=</latexit>

C � k
<latexit sha1_base64="X3FlfnWiGSf8A9qUyEfOqCxmudo=">AAAB9HicbVDLSgMxFL1TX3V8VV26CRbBVZkpom6KxW5cVrAPaIeSSdM2NJMZk0yhDP0ONy6U4tbfcO9G/BszbRfaeiBwOOde7snxI86UdpxvK7O2vrG5ld22d3b39g9yh0d1FcaS0BoJeSibPlaUM0FrmmlOm5GkOPA5bfjDSuo3RlQqFooHPY6oF+C+YD1GsDaS1w6wHhDMk8qkVOzk8k7BmQGtEndB8jcfdimaftnVTu6z3Q1JHFChCcdKtVwn0l6CpWaE04ndjhWNMBniPm0ZKnBAlZfMQk/QmVG6qBdK84RGM/X3RoIDpcaBbybTkGrZS8X/vFase9dewkQUayrI/FAv5kiHKG0AdZmkRPOxIZhIZrIiMsASE216sk0J7vKXV0m9WHAvCxf3Tr58C3Nk4QRO4RxcuIIy3EEVakDgEZ7gBV6tkfVsTa23+WjGWuwcwx9Y7z/RKZUi</latexit>

C = 2

<latexit sha1_base64="pf6r4EN2PFNxUctp5yRx/IYIB7E=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmRGo3xaIbV1LRXqAdSibNtKGZzJBkhDL0Edy4UMSlvot7N+LbmF4W2vpD4OP/zyHnHD/mTGnH+bYyS8srq2vZdXtjc2t7J7e7V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7gc5417KhWLxJ0extQLcU+wgBGsjXV7XS51cnmn4EyEFsGdQf78wy7Hb192tZP7bHcjkoRUaMKxUi3XibWXYqkZ4XRktxNFY0wGuEdbBgUOqfLSyagjdGScLgoiaZ7QaOL+7khxqNQw9E1liHVfzWdj87+sleig5KVMxImmgkw/ChKOdITGe6Muk5RoPjSAiWRmVkT6WGKizXVscwR3fuVFqJ8U3GLh9MbJVy5gqiwcwCEcgwtnUIErqEINCPTgAZ7g2eLWo/VivU5LM9asZx/+yHr/AQUbkKE=</latexit>

N = 8
<latexit sha1_base64="8PAgKYueW4LQXx1owlCgt5oHBs8=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJEXVTLLpxWdFeoA1lMp20QyeTMDMRSugjuHGhiEt9F/duxLdxello6w8DH/9/DnPOCRLOlHbdbyu3tLyyupZftzc2t7Z3nN29uopTSWiNxDyWzQArypmgNc00p81EUhwFnDaCwdU4b9xTqVgs7vQwoX6Ee4KFjGBtrNtBudRxCm7RnQgtgjeDwsWHXU7evuxqx/lsd2OSRlRowrFSLc9NtJ9hqRnhdGS3U0UTTAa4R1sGBY6o8rPJqCN0ZJwuCmNpntBo4v7uyHCk1DAKTGWEdV/NZ2Pzv6yV6vDcz5hIUk0FmX4UphzpGI33Rl0mKdF8aAATycysiPSxxESb69jmCN78yotQLxW90+LJjVuoXMJUeTiAQzgGD86gAtdQhRoQ6MEDPMGzxa1H68V6nZbmrFnPPvyR9f4DKDGQuA==</latexit>

k = 2

<latexit sha1_base64="UjPYleBSvDZ09v/ZqwfvUOHDR9U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi+Clov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqt564NiJWjzhOuB/RgRKhYBSt9HDXG/XKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTohJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDKz4RKUuSKzReFqSQYk+nfpC80ZyjHllCmhb2VsCHVlKFNp2RD8BZfXibNs6p3UT2/P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzovzrvzMW8tOPnMIfyB8/kDIfiNtg==</latexit>

Kk



Shandera, IPMU, Aug 2026

Engineering interesting ensembles

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

Akhouri, Shandera, Henry 2505.00116 (PRE);

Choose physical connectivity

Choose size of gate (k-local)

Dynamics:

Define an algorithm to choose graph 
subdivisions,        , at each layer

<latexit sha1_base64="jnhFep7XzzpnmObh9vCdQo93n4Y=">AAAB+nicbVDLSsNAFL2pr1pfqbpzM1gEVyURUZfFbly4qGAfkIQymU7aoZOHMxOlxH6KGxeKuPUL/AR3/o2TtgttPTBwOOde7pnjJ5xJZVnfRmFpeWV1rbhe2tjc2t4xy7stGaeC0CaJeSw6PpaUs4g2FVOcdhJBcehz2vaH9dxv31MhWRzdqlFCvRD3IxYwgpWWumbZDbEaEMyz+tjt0zs07JoVq2pNgBaJPSOV2v71Z0MUnUbX/HJ7MUlDGinCsZSObSXKy7BQjHA6LrmppAkmQ9ynjqYRDqn0skn0MTrSSg8FsdAvUmii/t7IcCjlKPT1ZB5Uznu5+J/npCq48DIWJamiEZkeClKOVIzyHlCPCUoUH2mCiWA6KyIDLDBRuq2SLsGe//IiaZ1U7bPq6Y1u4xKmKMIBHMIx2HAONbiCBjSBwAM8wQu8Go/Gs/FmvE9HC8ZsZw/+wPj4AZCZlnY=</latexit>

C � k
<latexit sha1_base64="X3FlfnWiGSf8A9qUyEfOqCxmudo=">AAAB9HicbVDLSgMxFL1TX3V8VV26CRbBVZkpom6KxW5cVrAPaIeSSdM2NJMZk0yhDP0ONy6U4tbfcO9G/BszbRfaeiBwOOde7snxI86UdpxvK7O2vrG5ld22d3b39g9yh0d1FcaS0BoJeSibPlaUM0FrmmlOm5GkOPA5bfjDSuo3RlQqFooHPY6oF+C+YD1GsDaS1w6wHhDMk8qkVOzk8k7BmQGtEndB8jcfdimaftnVTu6z3Q1JHFChCcdKtVwn0l6CpWaE04ndjhWNMBniPm0ZKnBAlZfMQk/QmVG6qBdK84RGM/X3RoIDpcaBbybTkGrZS8X/vFase9dewkQUayrI/FAv5kiHKG0AdZmkRPOxIZhIZrIiMsASE216sk0J7vKXV0m9WHAvCxf3Tr58C3Nk4QRO4RxcuIIy3EEVakDgEZ7gBV6tkfVsTa23+WjGWuwcwx9Y7z/RKZUi</latexit>

C = 2

<latexit sha1_base64="pf6r4EN2PFNxUctp5yRx/IYIB7E=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmRGo3xaIbV1LRXqAdSibNtKGZzJBkhDL0Edy4UMSlvot7N+LbmF4W2vpD4OP/zyHnHD/mTGnH+bYyS8srq2vZdXtjc2t7J7e7V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7gc5417KhWLxJ0extQLcU+wgBGsjXV7XS51cnmn4EyEFsGdQf78wy7Hb192tZP7bHcjkoRUaMKxUi3XibWXYqkZ4XRktxNFY0wGuEdbBgUOqfLSyagjdGScLgoiaZ7QaOL+7khxqNQw9E1liHVfzWdj87+sleig5KVMxImmgkw/ChKOdITGe6Muk5RoPjSAiWRmVkT6WGKizXVscwR3fuVFqJ8U3GLh9MbJVy5gqiwcwCEcgwtnUIErqEINCPTgAZ7g2eLWo/VivU5LM9asZx/+yHr/AQUbkKE=</latexit>

N = 8
<latexit sha1_base64="8PAgKYueW4LQXx1owlCgt5oHBs8=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJEXVTLLpxWdFeoA1lMp20QyeTMDMRSugjuHGhiEt9F/duxLdxello6w8DH/9/DnPOCRLOlHbdbyu3tLyyupZftzc2t7Z3nN29uopTSWiNxDyWzQArypmgNc00p81EUhwFnDaCwdU4b9xTqVgs7vQwoX6Ee4KFjGBtrNtBudRxCm7RnQgtgjeDwsWHXU7evuxqx/lsd2OSRlRowrFSLc9NtJ9hqRnhdGS3U0UTTAa4R1sGBY6o8rPJqCN0ZJwuCmNpntBo4v7uyHCk1DAKTGWEdV/NZ2Pzv6yV6vDcz5hIUk0FmX4UphzpGI33Rl0mKdF8aAATycysiPSxxESb69jmCN78yotQLxW90+LJjVuoXMJUeTiAQzgGD86gAtdQhRoQ6MEDPMGzxa1H68V6nZbmrFnPPvyR9f4DKDGQuA==</latexit>

k = 2

<latexit sha1_base64="UjPYleBSvDZ09v/ZqwfvUOHDR9U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi+Clov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqt564NiJWjzhOuB/RgRKhYBSt9HDXG/XKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTohJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDKz4RKUuSKzReFqSQYk+nfpC80ZyjHllCmhb2VsCHVlKFNp2RD8BZfXibNs6p3UT2/P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzovzrvzMW8tOPnMIfyB8/kDIfiNtg==</latexit>

Kk



Shandera, IPMU, Aug 2026

Engineering interesting ensembles

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

Akhouri, Shandera, Henry 2505.00116 (PRE);

Choose physical connectivity

Choose size of gate (k-local)

Dynamics:

Define an algorithm to choose graph 
subdivisions,        , at each layer

<latexit sha1_base64="jnhFep7XzzpnmObh9vCdQo93n4Y=">AAAB+nicbVDLSsNAFL2pr1pfqbpzM1gEVyURUZfFbly4qGAfkIQymU7aoZOHMxOlxH6KGxeKuPUL/AR3/o2TtgttPTBwOOde7pnjJ5xJZVnfRmFpeWV1rbhe2tjc2t4xy7stGaeC0CaJeSw6PpaUs4g2FVOcdhJBcehz2vaH9dxv31MhWRzdqlFCvRD3IxYwgpWWumbZDbEaEMyz+tjt0zs07JoVq2pNgBaJPSOV2v71Z0MUnUbX/HJ7MUlDGinCsZSObSXKy7BQjHA6LrmppAkmQ9ynjqYRDqn0skn0MTrSSg8FsdAvUmii/t7IcCjlKPT1ZB5Uznu5+J/npCq48DIWJamiEZkeClKOVIzyHlCPCUoUH2mCiWA6KyIDLDBRuq2SLsGe//IiaZ1U7bPq6Y1u4xKmKMIBHMIx2HAONbiCBjSBwAM8wQu8Go/Gs/FmvE9HC8ZsZw/+wPj4AZCZlnY=</latexit>

C � k
<latexit sha1_base64="X3FlfnWiGSf8A9qUyEfOqCxmudo=">AAAB9HicbVDLSgMxFL1TX3V8VV26CRbBVZkpom6KxW5cVrAPaIeSSdM2NJMZk0yhDP0ONy6U4tbfcO9G/BszbRfaeiBwOOde7snxI86UdpxvK7O2vrG5ld22d3b39g9yh0d1FcaS0BoJeSibPlaUM0FrmmlOm5GkOPA5bfjDSuo3RlQqFooHPY6oF+C+YD1GsDaS1w6wHhDMk8qkVOzk8k7BmQGtEndB8jcfdimaftnVTu6z3Q1JHFChCcdKtVwn0l6CpWaE04ndjhWNMBniPm0ZKnBAlZfMQk/QmVG6qBdK84RGM/X3RoIDpcaBbybTkGrZS8X/vFase9dewkQUayrI/FAv5kiHKG0AdZmkRPOxIZhIZrIiMsASE216sk0J7vKXV0m9WHAvCxf3Tr58C3Nk4QRO4RxcuIIy3EEVakDgEZ7gBV6tkfVsTa23+WjGWuwcwx9Y7z/RKZUi</latexit>

C = 2

<latexit sha1_base64="pf6r4EN2PFNxUctp5yRx/IYIB7E=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmRGo3xaIbV1LRXqAdSibNtKGZzJBkhDL0Edy4UMSlvot7N+LbmF4W2vpD4OP/zyHnHD/mTGnH+bYyS8srq2vZdXtjc2t7J7e7V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7gc5417KhWLxJ0extQLcU+wgBGsjXV7XS51cnmn4EyEFsGdQf78wy7Hb192tZP7bHcjkoRUaMKxUi3XibWXYqkZ4XRktxNFY0wGuEdbBgUOqfLSyagjdGScLgoiaZ7QaOL+7khxqNQw9E1liHVfzWdj87+sleig5KVMxImmgkw/ChKOdITGe6Muk5RoPjSAiWRmVkT6WGKizXVscwR3fuVFqJ8U3GLh9MbJVy5gqiwcwCEcgwtnUIErqEINCPTgAZ7g2eLWo/VivU5LM9asZx/+yHr/AQUbkKE=</latexit>

N = 8
<latexit sha1_base64="8PAgKYueW4LQXx1owlCgt5oHBs8=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJEXVTLLpxWdFeoA1lMp20QyeTMDMRSugjuHGhiEt9F/duxLdxello6w8DH/9/DnPOCRLOlHbdbyu3tLyyupZftzc2t7Z3nN29uopTSWiNxDyWzQArypmgNc00p81EUhwFnDaCwdU4b9xTqVgs7vQwoX6Ee4KFjGBtrNtBudRxCm7RnQgtgjeDwsWHXU7evuxqx/lsd2OSRlRowrFSLc9NtJ9hqRnhdGS3U0UTTAa4R1sGBY6o8rPJqCN0ZJwuCmNpntBo4v7uyHCk1DAKTGWEdV/NZ2Pzv6yV6vDcz5hIUk0FmX4UphzpGI33Rl0mKdF8aAATycysiPSxxESb69jmCN78yotQLxW90+LJjVuoXMJUeTiAQzgGD86gAtdQhRoQ6MEDPMGzxa1H68V6nZbmrFnPPvyR9f4DKDGQuA==</latexit>

k = 2

<latexit sha1_base64="UjPYleBSvDZ09v/ZqwfvUOHDR9U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi+Clov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqt564NiJWjzhOuB/RgRKhYBSt9HDXG/XKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTohJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDKz4RKUuSKzReFqSQYk+nfpC80ZyjHllCmhb2VsCHVlKFNp2RD8BZfXibNs6p3UT2/P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzovzrvzMW8tOPnMIfyB8/kDIfiNtg==</latexit>

Kk
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Engineering interesting ensembles
<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1
<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3
<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4
<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6
<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="9BIRjEk4E4yS6jzPbt8wuyTiUrk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce31yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAEYI7G</latexit>

` = 1
<latexit sha1_base64="Yd5Aj7aOWR/OLibFqDuxf27IHds=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEcwDkiXMTnqTMbM7y8ysEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKoYNJoVU7YBqFDzGhuFGYDtRSKNAYCsY3c781hMqzWX8YMYJ+hEdxDzkjBorNbsoxHWlVyy5ZXcOskq8jJQgQ71X/Or2JUsjjA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqUxjVD7k/m1U3JmlT4JpbIVGzJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Mqf8DhJDcZssShMBTGSzF4nfa6QGTG2hDLF7a2EDamizNiACjYEb/nlVdKslL2LcvW+WqrdZHHk4QRO4Rw8uIQa3EEdGsDgEZ7hFd4c6bw4787HojXnZDPH8AfO5w8F5I7H</latexit>

` = 2

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

<latexit sha1_base64="zyQd0E7ZhTC2GNPHLiZLl/TBVvg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHCOYByRJmJ51kzOzsMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWanRQiOvzbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76ezaCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/8pPuYwTg5LNF/UTQUxEpq+THlfIjBhbQpni9lbChlRRZmxABRuCt/jyMmmclb2LcuW+UqreZHHk4QiO4RQ8uIQq3EEN6sDgEZ7hFd6cyHlx3p2PeWvOyWYO4Q+czx8HaI7I</latexit>

` = 3
<latexit sha1_base64="b2EqV7Z+vYSTMsPFxMArr1Sx8Tw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJn67SdUmsfy3owT9CM6lDzkjBortXooxFWtX664VXcGsky8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclHqpxoSyRzrErqWSRqj9bHbthJxYZUDCWNmShszU3xMZjbQeR4HtjKgZ6UVvKv7ndVMTXvoZl0lqULL5ojAVxMRk+joZcIXMiLEllClubyVsRBVlxgZUsiF4iy8vk9ZZ1Tuv1u5qlfp1HkcRjuAYTsGDC6jDLTSgCQwe4Ble4c2JnRfn3fmYtxacfOYQ/sD5/AEI7I7J</latexit>

` = 4

<latexit sha1_base64="/f76tL2osuWhBQSWhBkXmhePNJo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6sVjRNMW2lA22027dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpBwprRtf1uFldW19Y3iZmlre2d3r7x/0FBxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4LQZDG+nfnNEpWKxeNTjhPoR7gsWMoK1kXzvKuvICLkPzWt30i1X7Ko9A1omTk4qkMPtlr86vZikERWacKxU27ET7WdYakY4nZQ6qaIJJkPcp21DBY6o8rPZ0RN0YpQeCmNpSmg0U39PZDhSahwFpjPCeqAWvan4n9dOdXjpZ0wkqaaCzBeFKUc6RtMEUI9JSjQfG4KJZOZWRAZYYqJNTiUTgrP48jJpnFWd82rtvlap3+RxFOEIjuEUHLiAOtyBCx4QeIJneIU3a2S9WO/Wx7y1YOUzh/AH1ucPw1aRdQ==</latexit>

U = PSWAP

In Q=1 subspace
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Engineering interesting ensembles
<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1
<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3
<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4
<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6
<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="9BIRjEk4E4yS6jzPbt8wuyTiUrk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce31yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAEYI7G</latexit>

` = 1
<latexit sha1_base64="Yd5Aj7aOWR/OLibFqDuxf27IHds=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEcwDkiXMTnqTMbM7y8ysEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKoYNJoVU7YBqFDzGhuFGYDtRSKNAYCsY3c781hMqzWX8YMYJ+hEdxDzkjBorNbsoxHWlVyy5ZXcOskq8jJQgQ71X/Or2JUsjjA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqUxjVD7k/m1U3JmlT4JpbIVGzJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Mqf8DhJDcZssShMBTGSzF4nfa6QGTG2hDLF7a2EDamizNiACjYEb/nlVdKslL2LcvW+WqrdZHHk4QRO4Rw8uIQa3EEdGsDgEZ7hFd4c6bw4787HojXnZDPH8AfO5w8F5I7H</latexit>

` = 2

A

U

U

U

U

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

<latexit sha1_base64="zyQd0E7ZhTC2GNPHLiZLl/TBVvg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHCOYByRJmJ51kzOzsMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWanRQiOvzbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76ezaCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/8pPuYwTg5LNF/UTQUxEpq+THlfIjBhbQpni9lbChlRRZmxABRuCt/jyMmmclb2LcuW+UqreZHHk4QiO4RQ8uIQq3EEN6sDgEZ7hFd6cyHlx3p2PeWvOyWYO4Q+czx8HaI7I</latexit>

` = 3
<latexit sha1_base64="b2EqV7Z+vYSTMsPFxMArr1Sx8Tw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJn67SdUmsfy3owT9CM6lDzkjBortXooxFWtX664VXcGsky8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclHqpxoSyRzrErqWSRqj9bHbthJxYZUDCWNmShszU3xMZjbQeR4HtjKgZ6UVvKv7ndVMTXvoZl0lqULL5ojAVxMRk+joZcIXMiLEllClubyVsRBVlxgZUsiF4iy8vk9ZZ1Tuv1u5qlfp1HkcRjuAYTsGDC6jDLTSgCQwe4Ble4c2JnRfn3fmYtxacfOYQ/sD5/AEI7I7J</latexit>

` = 4

<latexit sha1_base64="/f76tL2osuWhBQSWhBkXmhePNJo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6sVjRNMW2lA22027dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpBwprRtf1uFldW19Y3iZmlre2d3r7x/0FBxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4LQZDG+nfnNEpWKxeNTjhPoR7gsWMoK1kXzvKuvICLkPzWt30i1X7Ko9A1omTk4qkMPtlr86vZikERWacKxU27ET7WdYakY4nZQ6qaIJJkPcp21DBY6o8rPZ0RN0YpQeCmNpSmg0U39PZDhSahwFpjPCeqAWvan4n9dOdXjpZ0wkqaaCzBeFKUc6RtMEUI9JSjQfG4KJZOZWRAZYYqJNTiUTgrP48jJpnFWd82rtvlap3+RxFOEIjuEUHLiAOtyBCx4QeIJneIU3a2S9WO/Wx7y1YOUzh/AH1ucPw1aRdQ==</latexit>

U = PSWAP

In Q=1 subspace
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Engineering interesting ensembles
<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1
<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3
<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4
<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6
<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="9BIRjEk4E4yS6jzPbt8wuyTiUrk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce31yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAEYI7G</latexit>

` = 1
<latexit sha1_base64="Yd5Aj7aOWR/OLibFqDuxf27IHds=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEcwDkiXMTnqTMbM7y8ysEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKoYNJoVU7YBqFDzGhuFGYDtRSKNAYCsY3c781hMqzWX8YMYJ+hEdxDzkjBorNbsoxHWlVyy5ZXcOskq8jJQgQ71X/Or2JUsjjA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqUxjVD7k/m1U3JmlT4JpbIVGzJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Mqf8DhJDcZssShMBTGSzF4nfa6QGTG2hDLF7a2EDamizNiACjYEb/nlVdKslL2LcvW+WqrdZHHk4QRO4Rw8uIQa3EEdGsDgEZ7hFd4c6bw4787HojXnZDPH8AfO5w8F5I7H</latexit>

` = 2

A

U

U

U

U

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

<latexit sha1_base64="zyQd0E7ZhTC2GNPHLiZLl/TBVvg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHCOYByRJmJ51kzOzsMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWanRQiOvzbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76ezaCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/8pPuYwTg5LNF/UTQUxEpq+THlfIjBhbQpni9lbChlRRZmxABRuCt/jyMmmclb2LcuW+UqreZHHk4QiO4RQ8uIQq3EEN6sDgEZ7hFd6cyHlx3p2PeWvOyWYO4Q+czx8HaI7I</latexit>

` = 3
<latexit sha1_base64="b2EqV7Z+vYSTMsPFxMArr1Sx8Tw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJn67SdUmsfy3owT9CM6lDzkjBortXooxFWtX664VXcGsky8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclHqpxoSyRzrErqWSRqj9bHbthJxYZUDCWNmShszU3xMZjbQeR4HtjKgZ6UVvKv7ndVMTXvoZl0lqULL5ojAVxMRk+joZcIXMiLEllClubyVsRBVlxgZUsiF4iy8vk9ZZ1Tuv1u5qlfp1HkcRjuAYTsGDC6jDLTSgCQwe4Ble4c2JnRfn3fmYtxacfOYQ/sD5/AEI7I7J</latexit>

` = 4

<latexit sha1_base64="/f76tL2osuWhBQSWhBkXmhePNJo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6sVjRNMW2lA22027dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpBwprRtf1uFldW19Y3iZmlre2d3r7x/0FBxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4LQZDG+nfnNEpWKxeNTjhPoR7gsWMoK1kXzvKuvICLkPzWt30i1X7Ko9A1omTk4qkMPtlr86vZikERWacKxU27ET7WdYakY4nZQ6qaIJJkPcp21DBY6o8rPZ0RN0YpQeCmNpSmg0U39PZDhSahwFpjPCeqAWvan4n9dOdXjpZ0wkqaaCzBeFKUc6RtMEUI9JSjQfG4KJZOZWRAZYYqJNTiUTgrP48jJpnFWd82rtvlap3+RxFOEIjuEUHLiAOtyBCx4QeIJneIU3a2S9WO/Wx7y1YOUzh/AH1ucPw1aRdQ==</latexit>

U = PSWAP

In Q=1 subspace
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Engineering interesting ensembles
<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1
<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3
<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4
<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6
<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="9BIRjEk4E4yS6jzPbt8wuyTiUrk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce31yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAEYI7G</latexit>

` = 1
<latexit sha1_base64="Yd5Aj7aOWR/OLibFqDuxf27IHds=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEcwDkiXMTnqTMbM7y8ysEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKoYNJoVU7YBqFDzGhuFGYDtRSKNAYCsY3c781hMqzWX8YMYJ+hEdxDzkjBorNbsoxHWlVyy5ZXcOskq8jJQgQ71X/Or2JUsjjA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqUxjVD7k/m1U3JmlT4JpbIVGzJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Mqf8DhJDcZssShMBTGSzF4nfa6QGTG2hDLF7a2EDamizNiACjYEb/nlVdKslL2LcvW+WqrdZHHk4QRO4Rw8uIQa3EEdGsDgEZ7hFd4c6bw4787HojXnZDPH8AfO5w8F5I7H</latexit>

` = 2

A

U

U

U

U

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

U

U

U

{A,B}

U

U

U

U

<latexit sha1_base64="zyQd0E7ZhTC2GNPHLiZLl/TBVvg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHCOYByRJmJ51kzOzsMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWanRQiOvzbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76ezaCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/8pPuYwTg5LNF/UTQUxEpq+THlfIjBhbQpni9lbChlRRZmxABRuCt/jyMmmclb2LcuW+UqreZHHk4QiO4RQ8uIQq3EEN6sDgEZ7hFd6cyHlx3p2PeWvOyWYO4Q+czx8HaI7I</latexit>

` = 3
<latexit sha1_base64="b2EqV7Z+vYSTMsPFxMArr1Sx8Tw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJn67SdUmsfy3owT9CM6lDzkjBortXooxFWtX664VXcGsky8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclHqpxoSyRzrErqWSRqj9bHbthJxYZUDCWNmShszU3xMZjbQeR4HtjKgZ6UVvKv7ndVMTXvoZl0lqULL5ojAVxMRk+joZcIXMiLEllClubyVsRBVlxgZUsiF4iy8vk9ZZ1Tuv1u5qlfp1HkcRjuAYTsGDC6jDLTSgCQwe4Ble4c2JnRfn3fmYtxacfOYQ/sD5/AEI7I7J</latexit>

` = 4

<latexit sha1_base64="/f76tL2osuWhBQSWhBkXmhePNJo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6sVjRNMW2lA22027dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpBwprRtf1uFldW19Y3iZmlre2d3r7x/0FBxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4LQZDG+nfnNEpWKxeNTjhPoR7gsWMoK1kXzvKuvICLkPzWt30i1X7Ko9A1omTk4qkMPtlr86vZikERWacKxU27ET7WdYakY4nZQ6qaIJJkPcp21DBY6o8rPZ0RN0YpQeCmNpSmg0U39PZDhSahwFpjPCeqAWvan4n9dOdXjpZ0wkqaaCzBeFKUc6RtMEUI9JSjQfG4KJZOZWRAZYYqJNTiUTgrP48jJpnFWd82rtvlap3+RxFOEIjuEUHLiAOtyBCx4QeIJneIU3a2S9WO/Wx7y1YOUzh/AH1ucPw1aRdQ==</latexit>

U = PSWAP

In Q=1 subspace
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Engineering interesting ensembles
<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1
<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3
<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4
<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6
<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="9BIRjEk4E4yS6jzPbt8wuyTiUrk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce31yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAEYI7G</latexit>

` = 1
<latexit sha1_base64="Yd5Aj7aOWR/OLibFqDuxf27IHds=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEcwDkiXMTnqTMbM7y8ysEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKoYNJoVU7YBqFDzGhuFGYDtRSKNAYCsY3c781hMqzWX8YMYJ+hEdxDzkjBorNbsoxHWlVyy5ZXcOskq8jJQgQ71X/Or2JUsjjA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqUxjVD7k/m1U3JmlT4JpbIVGzJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Mqf8DhJDcZssShMBTGSzF4nfa6QGTG2hDLF7a2EDamizNiACjYEb/nlVdKslL2LcvW+WqrdZHHk4QRO4Rw8uIQa3EEdGsDgEZ7hFd4c6bw4787HojXnZDPH8AfO5w8F5I7H</latexit>

` = 2

A

U

U

U

U

Next layer: optimization criteria, based on subsystem states
<latexit sha1_base64="chjhVoFl7IunADcXlXTmMvC9ImI="></latexit>

NX

i=1

Tr|⇢(i) � ⇢̄|max

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

U

U

U

{A,B}

U

U

U

U

<latexit sha1_base64="zyQd0E7ZhTC2GNPHLiZLl/TBVvg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHCOYByRJmJ51kzOzsMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWanRQiOvzbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76ezaCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/8pPuYwTg5LNF/UTQUxEpq+THlfIjBhbQpni9lbChlRRZmxABRuCt/jyMmmclb2LcuW+UqreZHHk4QiO4RQ8uIQq3EEN6sDgEZ7hFd6cyHlx3p2PeWvOyWYO4Q+czx8HaI7I</latexit>

` = 3
<latexit sha1_base64="b2EqV7Z+vYSTMsPFxMArr1Sx8Tw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJn67SdUmsfy3owT9CM6lDzkjBortXooxFWtX664VXcGsky8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclHqpxoSyRzrErqWSRqj9bHbthJxYZUDCWNmShszU3xMZjbQeR4HtjKgZ6UVvKv7ndVMTXvoZl0lqULL5ojAVxMRk+joZcIXMiLEllClubyVsRBVlxgZUsiF4iy8vk9ZZ1Tuv1u5qlfp1HkcRjuAYTsGDC6jDLTSgCQwe4Ble4c2JnRfn3fmYtxacfOYQ/sD5/AEI7I7J</latexit>

` = 4

<latexit sha1_base64="/f76tL2osuWhBQSWhBkXmhePNJo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6sVjRNMW2lA22027dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpBwprRtf1uFldW19Y3iZmlre2d3r7x/0FBxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4LQZDG+nfnNEpWKxeNTjhPoR7gsWMoK1kXzvKuvICLkPzWt30i1X7Ko9A1omTk4qkMPtlr86vZikERWacKxU27ET7WdYakY4nZQ6qaIJJkPcp21DBY6o8rPZ0RN0YpQeCmNpSmg0U39PZDhSahwFpjPCeqAWvan4n9dOdXjpZ0wkqaaCzBeFKUc6RtMEUI9JSjQfG4KJZOZWRAZYYqJNTiUTgrP48jJpnFWd82rtvlap3+RxFOEIjuEUHLiAOtyBCx4QeIJneIU3a2S9WO/Wx7y1YOUzh/AH1ucPw1aRdQ==</latexit>

U = PSWAP

In Q=1 subspace
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Engineering interesting ensembles
<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1
<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3
<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4
<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6
<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="9BIRjEk4E4yS6jzPbt8wuyTiUrk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce31yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAEYI7G</latexit>

` = 1
<latexit sha1_base64="Yd5Aj7aOWR/OLibFqDuxf27IHds=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEcwDkiXMTnqTMbM7y8ysEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKoYNJoVU7YBqFDzGhuFGYDtRSKNAYCsY3c781hMqzWX8YMYJ+hEdxDzkjBorNbsoxHWlVyy5ZXcOskq8jJQgQ71X/Or2JUsjjA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqUxjVD7k/m1U3JmlT4JpbIVGzJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Mqf8DhJDcZssShMBTGSzF4nfa6QGTG2hDLF7a2EDamizNiACjYEb/nlVdKslL2LcvW+WqrdZHHk4QRO4Rw8uIQa3EEdGsDgEZ7hFd4c6bw4787HojXnZDPH8AfO5w8F5I7H</latexit>

` = 2

A

U

U

U

U
U

U

U

Next layer: optimization criteria, based on subsystem states
<latexit sha1_base64="chjhVoFl7IunADcXlXTmMvC9ImI="></latexit>

NX

i=1

Tr|⇢(i) � ⇢̄|max

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

B

<latexit sha1_base64="zyQd0E7ZhTC2GNPHLiZLl/TBVvg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHCOYByRJmJ51kzOzsMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWanRQiOvzbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76ezaCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/8pPuYwTg5LNF/UTQUxEpq+THlfIjBhbQpni9lbChlRRZmxABRuCt/jyMmmclb2LcuW+UqreZHHk4QiO4RQ8uIQq3EEN6sDgEZ7hFd6cyHlx3p2PeWvOyWYO4Q+czx8HaI7I</latexit>

` = 3
<latexit sha1_base64="b2EqV7Z+vYSTMsPFxMArr1Sx8Tw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJn67SdUmsfy3owT9CM6lDzkjBortXooxFWtX664VXcGsky8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclHqpxoSyRzrErqWSRqj9bHbthJxYZUDCWNmShszU3xMZjbQeR4HtjKgZ6UVvKv7ndVMTXvoZl0lqULL5ojAVxMRk+joZcIXMiLEllClubyVsRBVlxgZUsiF4iy8vk9ZZ1Tuv1u5qlfp1HkcRjuAYTsGDC6jDLTSgCQwe4Ble4c2JnRfn3fmYtxacfOYQ/sD5/AEI7I7J</latexit>

` = 4

<latexit sha1_base64="/f76tL2osuWhBQSWhBkXmhePNJo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6sVjRNMW2lA22027dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpBwprRtf1uFldW19Y3iZmlre2d3r7x/0FBxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4LQZDG+nfnNEpWKxeNTjhPoR7gsWMoK1kXzvKuvICLkPzWt30i1X7Ko9A1omTk4qkMPtlr86vZikERWacKxU27ET7WdYakY4nZQ6qaIJJkPcp21DBY6o8rPZ0RN0YpQeCmNpSmg0U39PZDhSahwFpjPCeqAWvan4n9dOdXjpZ0wkqaaCzBeFKUc6RtMEUI9JSjQfG4KJZOZWRAZYYqJNTiUTgrP48jJpnFWd82rtvlap3+RxFOEIjuEUHLiAOtyBCx4QeIJneIU3a2S9WO/Wx7y1YOUzh/AH1ucPw1aRdQ==</latexit>

U = PSWAP

In Q=1 subspace
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Engineering interesting ensembles
<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1
<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3
<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4
<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6
<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="9BIRjEk4E4yS6jzPbt8wuyTiUrk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce31yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAEYI7G</latexit>

` = 1
<latexit sha1_base64="Yd5Aj7aOWR/OLibFqDuxf27IHds=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEcwDkiXMTnqTMbM7y8ysEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKoYNJoVU7YBqFDzGhuFGYDtRSKNAYCsY3c781hMqzWX8YMYJ+hEdxDzkjBorNbsoxHWlVyy5ZXcOskq8jJQgQ71X/Or2JUsjjA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqUxjVD7k/m1U3JmlT4JpbIVGzJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Mqf8DhJDcZssShMBTGSzF4nfa6QGTG2hDLF7a2EDamizNiACjYEb/nlVdKslL2LcvW+WqrdZHHk4QRO4Rw8uIQa3EEdGsDgEZ7hFd4c6bw4787HojXnZDPH8AfO5w8F5I7H</latexit>

` = 2

A

U

U

U

U
U

U

U

Next layer: optimization criteria, based on subsystem states
<latexit sha1_base64="chjhVoFl7IunADcXlXTmMvC9ImI="></latexit>

NX

i=1

Tr|⇢(i) � ⇢̄|max

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

B

<latexit sha1_base64="zyQd0E7ZhTC2GNPHLiZLl/TBVvg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHCOYByRJmJ51kzOzsMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWanRQiOvzbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76ezaCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/8pPuYwTg5LNF/UTQUxEpq+THlfIjBhbQpni9lbChlRRZmxABRuCt/jyMmmclb2LcuW+UqreZHHk4QiO4RQ8uIQq3EEN6sDgEZ7hFd6cyHlx3p2PeWvOyWYO4Q+czx8HaI7I</latexit>

` = 3
<latexit sha1_base64="b2EqV7Z+vYSTMsPFxMArr1Sx8Tw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJn67SdUmsfy3owT9CM6lDzkjBortXooxFWtX664VXcGsky8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclHqpxoSyRzrErqWSRqj9bHbthJxYZUDCWNmShszU3xMZjbQeR4HtjKgZ6UVvKv7ndVMTXvoZl0lqULL5ojAVxMRk+joZcIXMiLEllClubyVsRBVlxgZUsiF4iy8vk9ZZ1Tuv1u5qlfp1HkcRjuAYTsGDC6jDLTSgCQwe4Ble4c2JnRfn3fmYtxacfOYQ/sD5/AEI7I7J</latexit>

` = 4

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="/f76tL2osuWhBQSWhBkXmhePNJo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6sVjRNMW2lA22027dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpBwprRtf1uFldW19Y3iZmlre2d3r7x/0FBxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4LQZDG+nfnNEpWKxeNTjhPoR7gsWMoK1kXzvKuvICLkPzWt30i1X7Ko9A1omTk4qkMPtlr86vZikERWacKxU27ET7WdYakY4nZQ6qaIJJkPcp21DBY6o8rPZ0RN0YpQeCmNpSmg0U39PZDhSahwFpjPCeqAWvan4n9dOdXjpZ0wkqaaCzBeFKUc6RtMEUI9JSjQfG4KJZOZWRAZYYqJNTiUTgrP48jJpnFWd82rtvlap3+RxFOEIjuEUHLiAOtyBCx4QeIJneIU3a2S9WO/Wx7y1YOUzh/AH1ucPw1aRdQ==</latexit>

U = PSWAP

In Q=1 subspace
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Engineering interesting ensembles
<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1
<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3
<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4
<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6
<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="9BIRjEk4E4yS6jzPbt8wuyTiUrk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce31yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAEYI7G</latexit>

` = 1
<latexit sha1_base64="Yd5Aj7aOWR/OLibFqDuxf27IHds=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEcwDkiXMTnqTMbM7y8ysEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKoYNJoVU7YBqFDzGhuFGYDtRSKNAYCsY3c781hMqzWX8YMYJ+hEdxDzkjBorNbsoxHWlVyy5ZXcOskq8jJQgQ71X/Or2JUsjjA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqUxjVD7k/m1U3JmlT4JpbIVGzJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Mqf8DhJDcZssShMBTGSzF4nfa6QGTG2hDLF7a2EDamizNiACjYEb/nlVdKslL2LcvW+WqrdZHHk4QRO4Rw8uIQa3EEdGsDgEZ7hFd4c6bw4787HojXnZDPH8AfO5w8F5I7H</latexit>

` = 2

A

U

U

U

U
U

U

U

Next layer: optimization criteria, based on subsystem states
<latexit sha1_base64="chjhVoFl7IunADcXlXTmMvC9ImI="></latexit>

NX

i=1

Tr|⇢(i) � ⇢̄|max

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

B

<latexit sha1_base64="zyQd0E7ZhTC2GNPHLiZLl/TBVvg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHCOYByRJmJ51kzOzsMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWanRQiOvzbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76ezaCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/8pPuYwTg5LNF/UTQUxEpq+THlfIjBhbQpni9lbChlRRZmxABRuCt/jyMmmclb2LcuW+UqreZHHk4QiO4RQ8uIQq3EEN6sDgEZ7hFd6cyHlx3p2PeWvOyWYO4Q+czx8HaI7I</latexit>

` = 3
<latexit sha1_base64="b2EqV7Z+vYSTMsPFxMArr1Sx8Tw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJn67SdUmsfy3owT9CM6lDzkjBortXooxFWtX664VXcGsky8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclHqpxoSyRzrErqWSRqj9bHbthJxYZUDCWNmShszU3xMZjbQeR4HtjKgZ6UVvKv7ndVMTXvoZl0lqULL5ojAVxMRk+joZcIXMiLEllClubyVsRBVlxgZUsiF4iy8vk9ZZ1Tuv1u5qlfp1HkcRjuAYTsGDC6jDLTSgCQwe4Ble4c2JnRfn3fmYtxacfOYQ/sD5/AEI7I7J</latexit>

` = 4

U

U

U

U

U

U

U

U

A A

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2

Akhouri, Shandera, Henry 2505.00116 (PRE);

<latexit sha1_base64="/f76tL2osuWhBQSWhBkXmhePNJo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6sVjRNMW2lA22027dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpBwprRtf1uFldW19Y3iZmlre2d3r7x/0FBxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4LQZDG+nfnNEpWKxeNTjhPoR7gsWMoK1kXzvKuvICLkPzWt30i1X7Ko9A1omTk4qkMPtlr86vZikERWacKxU27ET7WdYakY4nZQ6qaIJJkPcp21DBY6o8rPZ0RN0YpQeCmNpSmg0U39PZDhSahwFpjPCeqAWvan4n9dOdXjpZ0wkqaaCzBeFKUc6RtMEUI9JSjQfG4KJZOZWRAZYYqJNTiUTgrP48jJpnFWd82rtvlap3+RxFOEIjuEUHLiAOtyBCx4QeIJneIU3a2S9WO/Wx7y1YOUzh/AH1ucPw1aRdQ==</latexit>

U = PSWAP

In Q=1 subspace



Shandera, IPMU, Aug 2026

Statistics: from nearby initial states

For a central state, allow 10 layers of 
2-qubit interactions, with pairs chosen 
at Radom from an all-to-all connected 
network



Shandera, IPMU, Aug 2026

An inhomogeneous ensemble

At late times, maps remain inhomogeneous (non-Markovian dynamics)

Akhouri, Shandera, Henry 2505.00116 (PRE);

Many different optimization rules possible….



Shandera, IPMU, Aug 2026

 A global view of the dynamics: Krylov dimension 
of operator spreading

Ceiling = 75

N=8



Shandera, IPMU, Aug 2026

Now for physical initial states:  
1. Optimization rule results are initial-state dependent

Initial state families:

Random

Akhouri, Shandera, Henry 2505.00116 (PRE);



Shandera, IPMU, Aug 2026

Optimized

Now for physical initial states:  
1. Optimization rule results are initial-state dependent

Initial state families:

Random

Akhouri, Shandera, Henry 2505.00116 (PRE);



Shandera, IPMU, Aug 2026

2. Initial-state dependent subsystem steady states

Rules:



Shandera, IPMU, Aug 2026

2. Initial-state dependent subsystem steady states

Rules:

Memory of initial 
conditions

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7
<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6

<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4

<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3

<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
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Memory and Markovianity

Rather than considering the 
optimization rule, examine the 
‘emitted’ gate sequence

These sequences turn out 
to be k-Markov
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Memory and Markovianity

Rather than considering the 
optimization rule, examine the 
‘emitted’ gate sequence

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1
<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3
<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4
<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6
<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="9BIRjEk4E4yS6jzPbt8wuyTiUrk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce31yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAEYI7G</latexit>

` = 1
<latexit sha1_base64="Yd5Aj7aOWR/OLibFqDuxf27IHds=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEcwDkiXMTnqTMbM7y8ysEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKoYNJoVU7YBqFDzGhuFGYDtRSKNAYCsY3c781hMqzWX8YMYJ+hEdxDzkjBorNbsoxHWlVyy5ZXcOskq8jJQgQ71X/Or2JUsjjA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqUxjVD7k/m1U3JmlT4JpbIVGzJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Mqf8DhJDcZssShMBTGSzF4nfa6QGTG2hDLF7a2EDamizNiACjYEb/nlVdKslL2LcvW+WqrdZHHk4QRO4Rw8uIQa3EEdGsDgEZ7hFd4c6bw4787HojXnZDPH8AfO5w8F5I7H</latexit>

` = 2

A

U

U

U

U
U

U

U

B

<latexit sha1_base64="zyQd0E7ZhTC2GNPHLiZLl/TBVvg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHCOYByRJmJ51kzOzsMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWanRQiOvzbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76ezaCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/8pPuYwTg5LNF/UTQUxEpq+THlfIjBhbQpni9lbChlRRZmxABRuCt/jyMmmclb2LcuW+UqreZHHk4QiO4RQ8uIQq3EEN6sDgEZ7hFd6cyHlx3p2PeWvOyWYO4Q+czx8HaI7I</latexit>

` = 3
<latexit sha1_base64="b2EqV7Z+vYSTMsPFxMArr1Sx8Tw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJn67SdUmsfy3owT9CM6lDzkjBortXooxFWtX664VXcGsky8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclHqpxoSyRzrErqWSRqj9bHbthJxYZUDCWNmShszU3xMZjbQeR4HtjKgZ6UVvKv7ndVMTXvoZl0lqULL5ojAVxMRk+joZcIXMiLEllClubyVsRBVlxgZUsiF4iy8vk9ZZ1Tuv1u5qlfp1HkcRjuAYTsGDC6jDLTSgCQwe4Ble4c2JnRfn3fmYtxacfOYQ/sD5/AEI7I7J</latexit>

` = 4

U

U

U

U

U

U

U

U

A A

Where U is a fixed 2-local, U(1) unitary

These sequences turn out 
to be k-Markov
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k-Markov gate sequences

A B A A A B A B BA A A A A B A B B B B B B BA A B A A B A A A B
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k-Markov gate sequences

Optimized rules lead to non-Markovian 
sequences of global unitaries A, B:


To predict the gate at layer 15, need to know 
previous k gates

A B A A A B A B BA A A A A B A B B B B B B BA A B A A B A A A B
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k-Markov sequences capture some (not all) of the 
behavior of the optimized circuits

k-Markov circuit misses the correlation of sequence with initial state
N=8
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Another view

Thick: mean


Faint: single realizations

N=8
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k-Markov gate sequences as a tool

Akhouri, Huang, Rose, Shandera 2603.18217

<latexit sha1_base64="toiTPjG3roLxaE9xBomMFYy1q34=">AAACHnicbVDJSgNBEO1xjXGLevQyGIQEJcxIXC5C0IvHGEwiZGLo6dQkTXoWumuEMORLvPgrXjwoInjSv7GTDLg+KHi8V0VVPTcSXKFlfRgzs3PzC4uZpezyyuraem5js6HCWDKos1CE8tqlCgQPoI4cBVxHEqjvCmi6g/Ox37wFqXgYXOEwgrZPewH3OKOopU7u0BHgYaHeSfg+37NHBQf7gLToSN7rY/EmqY1Ov8xa6nZyeatkTWD+JXZK8iRFtZN7c7ohi30IkAmqVMu2ImwnVCJnAkZZJ1YQUTagPWhpGlAfVDuZvDcyd7XSNb1Q6grQnKjfJxLqKzX0Xd3pU+yr395Y/M9rxeidtBMeRDFCwKaLvFiYGJrjrMwul8BQDDWhTHJ9q8n6VFKGOtGsDsH+/fJf0jgo2Uel8mU5XzlL48iQbbJDCsQmx6RCLkiV1Akjd+SBPJFn4954NF6M12nrjJHObJEfMN4/AVUSoWE=</latexit>

(Ui,i+1(✓))
R = Ui,i+1(R✓)

For two A or B type layers in a row:

<latexit sha1_base64="fLBtl6TNaquBK8XFyaaEno/il44="></latexit>

U(`) =
Y

j

U(RA,`✓)2j�1,2j

Y

j

U(RB,`✓)2j,2j+1

So these compressed into 
brickwork circuits:

Where the angles depend on the 
statistics of same-letter runs in the 
sequence
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k-Markov gate sequences as a tool

Akhouri, Huang, Rose, Shandera 2603.18217

<latexit sha1_base64="ZjMf5MMnoSBsGe0tTRi+4Qconsc=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbnA3dQrjhVZwG8TtycVCBHY1D+6g8jmoRMGiqI1j3XiY2XEmU4FWxe6ieaxYROyIj1LJUkZNpLF6Hn+MIqQxxEyj5p8EL9vZGSUOtZ6NvJLKRe9TLxP6+XmODWS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xd62qtWavU7/I6inAG53AJLtxAHR6gAS2g8ATP8ApvaIpe0Dv6WI4WUL5zCn+APn8AuSqSFA==</latexit>

Q1
<latexit sha1_base64="jKhAcGSo9ivoeW6gxYtMUEz5zVM=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klRD0SvXiERMAENqRbutDQdte2S0I2/A4vHjTGqz/Gm//GLuxBwUmaTGbey5tOEHOmjet+O4WNza3tneJuaW//4PCofHzS0VGiCG2TiEfqMcCaciZp2zDD6WOsKBYBp91gcpf53SlVmkXywcxi6gs8kixkBBsr+X2BzZhgnrbmg9qgXHGr7gJonXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRe6ieaxphM8Ij2LJVYUO2ni9BzdGGVIQojZZ80aKH+3kix0HomAjuZhdSrXib+5/USE974KZNxYqgky0NhwpGJUNYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiedWtW7qtZb9UrjNq+jCGdwDpfgwTU04B6a0AYCT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBuq6SFQ==</latexit>

Q2
<latexit sha1_base64="bjDL8vUeBkRo27p8qFMI4/fA6+c=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkt6rLoxmUL9gHtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7BT3N3bPzgsHR23tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/VLZbfizoFWiZeTMuSo90tfvYEkSUSFIRxr3fXc2PgpVoYRTmfFXqJpjMkYD2nXUoEjqv10HnqGzq0yQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieirYEb/nLq6R1WfGuK9VGtVy7y+sowCmcwQV4cAM1eIA6NIHAEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AvDKSFg==</latexit>

Q3
<latexit sha1_base64="fseqkLSZWs56RZg34dJ4MgAWF3E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakqMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq619Vas1ap3+V1FOEMzuESXLiBOjxAA1pA4Qme4RXe0BS9oHf0sRwtoHznFP4Aff4AvbaSFw==</latexit>

Q4
<latexit sha1_base64="GVgNDcqJrLYIMgoutMuzQ3/X1CE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsW7APaoWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfTmFtfWNzq7hd2tnd2z8oHx61tEwUoU0iuVSdAGvKmaBNwwynnVhRHAWctoPxfea3J1RpJsWjmcbUj/BQsJARbKzk9yJsRgTztDHrX/XLFbfqzoFWiZeTCuSo98tfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhLd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfWuq5eNy0rtLq+jCCdwCufgwQ3U4AHq0AQCT/AMr/DmTJwX5935WIwWnHznGP7A+fwBvzqSGA==</latexit>

Q5

<latexit sha1_base64="yxvkuC02pxu2ZltOH0BofhpENHA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEqsuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6tep187pSv8vrKMIZnMMluHADdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwL6SGQ==</latexit>

Q6
<latexit sha1_base64="Fj7Rvld1oMONHP+WZJRGcWpLnlk=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZErMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMcGtl3IZJ4ZJujwUJAKbCGcN4CFXjBoxs4RQxW1WTMdEEWpsTyVbgrv65XXSvqq6N9Xr5nWlfpfXUYQzOIdLcKEGdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBwkKSGg==</latexit>

Q7

<latexit sha1_base64="Zf1qMg4DYAEg+kmVeiAmSOP6Yy4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEtMuiG5ct2Ae0Q8mkmTY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck+OHwuujeN8o8LG5tb2TnG3tLd/cHhUPj5p6yhRlLVoJCLV9YlmgkvWMtwI1o0VI6EvWMef3Gd+Z8qU5pF8NLOYeSEZSR5wSoyVvH5IzJgSkTbng9qgXHGqzgJ4nbg5qUCOxqD81R9GNAmZNFQQrXuuExsvJcpwKti81E80iwmdkBHrWSpJyLSXLkLP8YVVhjiIlH3S4IX6eyMlodaz0LeTWUi96mXif14vMUHNS7mME8MkXR4KEoFNhLMG8JArRo2YWUKo4jYrpmOiCDW2p5ItwV398jppX1Xdm+p187pSv8vrKMIZnMMluHALdXiABrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBw8aSGw==</latexit>

Q8

<latexit sha1_base64="9BIRjEk4E4yS6jzPbt8wuyTiUrk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtKu3WTD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmlqmimGDSSFVO6AaBY+xYbgR2E4U0igQ2ApGt1O/9YRKcxk/mHGCfkQHMQ85o8ZKzS4Kce31yhW36s5AlomXkwrkqPfKX92+ZGmEsWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWBrTCLWfza6dkBOr9Ekola3YkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jcZIajNl8UZgKYiSZvk76XCEzYmwJZYrbWwkbUkWZsQGVbAje4svLpHlW9S6q5/fnldpNHkcRjuAYTsGDS6jBHdShAQwe4Rle4c2Rzovz7nzMWwtOPnMIf+B8/gAEYI7G</latexit>

` = 1
<latexit sha1_base64="Yd5Aj7aOWR/OLibFqDuxf27IHds=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEcwDkiXMTnqTMbM7y8ysEEL+wYsHRbz6P978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8amqZKoYNJoVU7YBqFDzGhuFGYDtRSKNAYCsY3c781hMqzWX8YMYJ+hEdxDzkjBorNbsoxHWlVyy5ZXcOskq8jJQgQ71X/Or2JUsjjA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqUxjVD7k/m1U3JmlT4JpbIVGzJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Mqf8DhJDcZssShMBTGSzF4nfa6QGTG2hDLF7a2EDamizNiACjYEb/nlVdKslL2LcvW+WqrdZHHk4QRO4Rw8uIQa3EEdGsDgEZ7hFd4c6bw4787HojXnZDPH8AfO5w8F5I7H</latexit>

` = 2

A

U

U

U

U
U

U

U

B

<latexit sha1_base64="zyQd0E7ZhTC2GNPHLiZLl/TBVvg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHCOYByRJmJ51kzOzsMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWanRQiOvzbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76ezaCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/8pPuYwTg5LNF/UTQUxEpq+THlfIjBhbQpni9lbChlRRZmxABRuCt/jyMmmclb2LcuW+UqreZHHk4QiO4RQ8uIQq3EEN6sDgEZ7hFd6cyHlx3p2PeWvOyWYO4Q+czx8HaI7I</latexit>

` = 3
<latexit sha1_base64="b2EqV7Z+vYSTMsPFxMArr1Sx8Tw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJn67SdUmsfy3owT9CM6lDzkjBortXooxFWtX664VXcGsky8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclHqpxoSyRzrErqWSRqj9bHbthJxYZUDCWNmShszU3xMZjbQeR4HtjKgZ6UVvKv7ndVMTXvoZl0lqULL5ojAVxMRk+joZcIXMiLEllClubyVsRBVlxgZUsiF4iy8vk9ZZ1Tuv1u5qlfp1HkcRjuAYTsGDC6jDLTSgCQwe4Ble4c2JnRfn3fmYtxacfOYQ/sD5/AEI7I7J</latexit>

` = 4

U

U

U

U

U

U

U

U

A A

Where U is a fixed 2-local, U(1) PSWAP

<latexit sha1_base64="toiTPjG3roLxaE9xBomMFYy1q34=">AAACHnicbVDJSgNBEO1xjXGLevQyGIQEJcxIXC5C0IvHGEwiZGLo6dQkTXoWumuEMORLvPgrXjwoInjSv7GTDLg+KHi8V0VVPTcSXKFlfRgzs3PzC4uZpezyyuraem5js6HCWDKos1CE8tqlCgQPoI4cBVxHEqjvCmi6g/Ox37wFqXgYXOEwgrZPewH3OKOopU7u0BHgYaHeSfg+37NHBQf7gLToSN7rY/EmqY1Ov8xa6nZyeatkTWD+JXZK8iRFtZN7c7ohi30IkAmqVMu2ImwnVCJnAkZZJ1YQUTagPWhpGlAfVDuZvDcyd7XSNb1Q6grQnKjfJxLqKzX0Xd3pU+yr395Y/M9rxeidtBMeRDFCwKaLvFiYGJrjrMwul8BQDDWhTHJ9q8n6VFKGOtGsDsH+/fJf0jgo2Uel8mU5XzlL48iQbbJDCsQmx6RCLkiV1Akjd+SBPJFn4954NF6M12nrjJHObJEfMN4/AVUSoWE=</latexit>

(Ui,i+1(✓))
R = Ui,i+1(R✓)

For two A or B type layers in a row:

<latexit sha1_base64="fLBtl6TNaquBK8XFyaaEno/il44="></latexit>

U(`) =
Y

j

U(RA,`✓)2j�1,2j

Y

j

U(RB,`✓)2j,2j+1

So these compressed into 
brickwork circuits:

Where the angles depend on the 
statistics of same-letter runs in the 
sequence



Shandera, IPMU, Aug 2026

k-Markov gate sequences and operator spreading

To analyze the consequences, consider operator spreading instead of 
state evolution: initialize a single-site 

Akhouri, Huang, Rose, Shandera 2603.18217

<latexit sha1_base64="Rhuz7w8Z/9vq91Ec46XmFZCm4bg=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0ya5JVqhL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemTa8Fjd23HCAkkGikecEuukdtfwgSS9p1654lW9GfAy8XNSgRz1Xvmr249pKpmyVBBjOr6X2CAj2nIq2KTUTQ1LCB2RAes4qohkJshm907wiVP6OIq1K2XxTP09kRFpzFiGrlMSOzSL3lT8z+ukNroKMq6S1DJF54uiVGAb4+nzuM81o1aMHSFUc3crpkOiCbUuopILwV98eZk0z6r+RfX87rxSu87jKMIRHMMp+HAJNbiFOjSAgoBneIU39IBe0Dv6mLcWUD5zCH+APn8AN2aQGQ==</latexit>�z

Then, consider the evolution of the operator, expressed in the Pauli basis
<latexit sha1_base64="I4Mj8rdShO8jUomjf1KaH0inKMc="></latexit>

O(`) = U †
`O(0)U` =

X

↵

c↵(`)P↵

<latexit sha1_base64="LeNljds27i61oo/9dmHJiVBeoU4=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMlKJuhKIblxXsBTrjkEnTNjTJDElGKNNu3fgqblwo4tY3cOfbmLaz0NYfAh//OYeT84cxo0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEolJA0csku0QKcKoIA1NNSPtWBLEQ0Za4fB6Wm89EKloJO70KCY+R31BexQjbazAhp5KeOAhFg8QHOOMSh5h7HR8X7l0A7volJ2Z4DK4GRRBpnpgf3ndCCecCI0ZUqrjOrH2UyQ1xYxMCl6iSIzwEPVJx6BAnCg/nV0ygSfG6cJeJM0TGs7c3xMp4kqNeGg6OdIDtVibmv/VOonuXfgpFXGiicDzRb2EQR3BaSywSyXBmo0MICyp+SvEAyQR1ia8ggnBXTx5GZqVsntWrt5Wi7WrLI48OALHoARccA5q4AbUQQNg8AiewSt4s56sF+vd+pi35qxs5hD8kfX5A3ejmYo=</latexit>X

↵

|c↵(`)|2 = 1



Shandera, IPMU, Aug 2026

k-Markov gate sequences and operator spreading

Akhouri, Huang, Rose, Shandera 2603.18217

To visualize the 
evolution, consider the 
average occupation of 
each site:

<latexit sha1_base64="Cs7T6iy/V0TYNUUuOQgJ1O2479Q=">AAACJXicbVDLSsNAFJ34tr6qLt0MFsGFlKSIiigU3eiugrWFJoabybQdOpnEmYlQ0vyMG3/FjQtFBFf+itNawdeBgcM593LnnCDhTGnbfrMmJqemZ2bn5gsLi0vLK8XVtSsVp5LQOol5LJsBKMqZoHXNNKfNRFKIAk4bQe906DduqVQsFpe6n1Avgo5gbUZAG8kvHoU+O3ZVGvmZCzzpwqEbge4S4Fkt/9J2WO4KeoPP8wH50vLBdcUvluyyPQL+S5wxKaExan7x2Q1jkkZUaMJBqZZjJ9rLQGpGOM0LbqpoAqQHHdoyVEBElZeNUuZ4yyghbsfSPKHxSP2+kUGkVD8KzOQwgvrtDcX/vFaq2wdexkSSairI56F2yrGO8bAyHDJJieZ9Q4BIZv6KSRckEG2KLZgSnN+R/5KrStnZK+9e7JaqJ+M65tAG2kTbyEH7qIrOUA3VEUF36AE9oWfr3nq0XqzXz9EJa7yzjn7Aev8Anlumkg==</latexit>

di =
X

↵:P↵,i 6=I

|c↵|2

Layer where operator weight equilibrates, <latexit sha1_base64="a8rCo/puqpejbf2ZM+xPYzbPLqc=">AAAB9XicbVDLTgIxFO3gC/GFunTTSExcjTMGH0uiG1cGE3kkMJJO6UBDp23ajkgm/IcbFxrj1n9x599YYBYKnuQmJ+fcm3vvCSWj2njet5NbWl5ZXcuvFzY2t7Z3irt7dS0ShUkNCyZUM0SaMMpJzVDDSFMqguKQkUY4uJ74jUeiNBX83owkCWLU4zSiGBkrPQxPbttISiWeoOeedYolz/WmgIvEz0gJZKh2il/trsBJTLjBDGnd8j1pghQpQzEj40I70UQiPEA90rKUo5joIJ1ePYZHVunCSChb3MCp+nsiRbHWozi0nTEyfT3vTcT/vFZiossgpVwmhnA8WxQlDBoBJxHALlUEGzayBGFF7a0Q95FC2NigCjYEf/7lRVI/df1zt3xXLlWusjjy4AAcgmPggwtQATegCmoAAwWewSt4c4bOi/PufMxac042sw/+wPn8ATLBkaw=</latexit>

w/N ⇡ 0.5



Shandera, IPMU, Aug 2026

k-Markov consequences, cont’d

Akhouri, Huang, Rose, Shandera 2603.18217

Approach to the equilibrium, determined by operator orbit, differs

Correlations persist even after equilibration

<latexit sha1_base64="QIB1mvr6sB/QELt3kRNNRSG6kZ0="></latexit>

C(�x,�t) =
hdi(x, t)di(x+�x, t+�t)i � hdi(x, t)i2

h(di(x, t)� hdi(x, t)i)2i



Shandera, IPMU, Aug 2026

And the map ensembles
Symmetry + simple circuit reduce each map to one independent parameter

Distribution of shift of the center of the Bloch ball along z-axis

At late times:



Shandera, IPMU, Aug 2026

k-Markov sequences capture some (not all) of the 
behavior of the optimized circuits

N=8



Shandera, IPMU, Aug 2026

Return to the homogenizing case

Akhouri, Shandera, Henry 2505.00116 (PRE);

<latexit sha1_base64="I2RFuQfP3HTN7NgTqXmkK5IOeBg=">AAACJHicbVDLSgMxFM34rPVVdekmWIR2U2ZEVHAjunFZwarQGYdMeluDSWZMMkId+jFu/BU3Lnzgwo3fYtoZQasHwj2ccy8390QJZ9q47oczMTk1PTNbmivPLywuLVdWVs90nCoKLRrzWF1ERANnElqGGQ4XiQIiIg7n0fXR0D+/BaVZLE9NP4FAkJ5kXUaJsVJY2fc5kT0O30WzniDh3WVWu6kPaj5wXvdVbuUlzHwlMEjdGISVqttwR8B/iVeQKirQDCuvfiemqQBpKCdatz03MUFGlGGUw6DspxoSQq9JD9qWSiJAB9noyAHetEoHd2NlnzR4pP6cyIjQui8i2ymIudLj3lD8z2unprsXZEwmqQFJ80XdlGMT42FiuMMUUMP7lhCqmP0rpldEEWpsrmUbgjd+8l9yttXwdhrbJ9vVg8MijhJaRxuohjy0iw7QMWqiFqLoHj2iZ/TiPDhPzpvznrdOOMXMGvoF5/MLH6aluA==</latexit>

hh�(q)
z (`)iiens.

Circuit layer
0

Each square is

<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`

Random

layers

After many layers, expect maps are nearly the ‘thermalizing’ map

(Markovian dynamics)

We didn’t quite see that (finite size effects)



Shandera, IPMU, Aug 2026

But, another view of the non-CP propagators

Calculate the propagators 
between average states at 
each layer

Removes all non-CP from 
random circuit
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The structure of correlations is what turns up in 
the propagators

Example mutual information network for one initial state:
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The structure of correlations is what turns up in 
the propagators

<latexit sha1_base64="sMoW3mbHMiBZ3jCmO8nJ+OaU008=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZKeqy2I3LCvYB7Thk0kwbmskMSUZa0nHjr7hxoYhb/8Kdf2P6WGjrgQuHc+7l3nuChFGpHOfbyq2srq1v5DcLW9s7u3v2/kFDxqnApI5jFotWgCRhlJO6ooqRViIIigJGmsGgOvGbD0RIGvM7NUqIF6EepyHFSBnJt486oUBYu5kuZ+Oqr1GQ3evhMBv7dtEpOVPAZeLOSRHMUfPtr043xmlEuMIMSdl2nUR5GglFMSNZoZNKkiA8QD3SNpSjiEhPTz/I4KlRujCMhSmu4FT9PaFRJOUoCkxnhFRfLnoT8T+vnarwytOUJ6kiHM8WhSmDKoaTOGCXCoIVGxmCsKDmVoj7yESiTGgFE4K7+PIyaZyX3ItS+bZcrFzP48iDY3ACzoALLkEF3IAaqAMMHsEzeAVv1pP1Yr1bH7PWnDWfOQR/YH3+AHCnl4w=</latexit>

1

4
|Cxx

ab |Histograms of the correlation that drives non-(C)P
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Back to the question of locality

Suppose an observer views the dynamics above in a different tensor 
product decomposition of the space (a different frame)

We will only consider frame changes that maintain the symmetry 
structure of the whole system: each single qubit still has phase-
covariant dynamics

Within that set, we have a choice of how big of a subspace to rotate 
the frame in: rotate in the subspace of b qubits, b=2, 4, 6, …
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Viewing the dynamics in a different frame erases 
inhomogeneity/late time memory
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In other words…

Both frames have single-qubit subsystems that are equally ‘classical’ 


But the information 
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So far
• Built a bunch of ensembles of open systems


• Developed new tools to construct such ensembles


• Used standard QI tools to classify the dynamics


• We worked with ensembles of “maps”


•  removed privileged “initial” time
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So far
• Built a bunch of ensembles of open systems


• Developed new tools to construct such ensembles


• Used standard QI tools to classify the dynamics


• We worked with ensembles of “maps”


•  removed privileged “initial” time

• Tools allow us to explore locality


• Suggests some future directions for organizing effective 
open theories and for understanding inference
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Past ~10 years
Growing literature on OQS in particle physics and cosmology

Continued progress in OQS thanks to laboratory many-body physics, 
AMO, quantum computers

Theory moves forward when there is data
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Past ~10 years
Growing literature on OQS in particle physics and cosmology

Continued progress in OQS thanks to laboratory many-body physics, 
AMO, quantum computers

Theory moves forward when there is data

R. Trivedi
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Summary

• Quantum systems in gravitational backgrounds are open quantum systems


• Bet: Theory framework should be, at its foundations, a natural home for 
open quantum systems, including out-of-equilbrium systems


• This is a long-term project!


• Opportunity to bring advances in open, out-of-equilibrium quantum 
systems into the toolkit of cosmology


