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Motivations

• IoT user equipments (UEs) have limited power and computing resources, yet
require prolonged operation, emphasizing energy efficiency.

• THz technology enables low-latency and high data rate multi-access edge com-
puting (MEC) services, such as task offloading.

• UAV-aided MEC on THz mitigates propagation limits, blockages, and coverage
issues by leveraging UAVs’ mobility and short-range LoS links.
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Contributions

• The Gap: Limited research exists on energy-efficient UAV-aided MEC systems
operating on the THz band.

• The Difficulty: AI-native solutions for adapting to dynamic wireless environments
remain inherently challenging and lacking.

• Core Contribution: This work addresses the gap by proposing an AI-native algorithm
for energy efficiency maximization in UAV-aided MEC networks over the THz band.
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System Model Diagram of Multi-UAV Computation Offloading for Many IoT UEs

Multiple UAVs are deployed to provide multiple energy-limited computation-scarce ter-
restrial IoT user equipments (UEs) with accessible task offloading services on THz band.

UAV iBS Offloading Link Interfering LinkUE UAV Trajectories
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Key Considerations

To enable energy-efficient multi-UAV-assisted MEC frameworks in IoT, the following
challenges must be addressed:

◦ How to design UAV trajectories to establish high-quality ground-to-air (G2A) links
for efficient task offloading in multi-UE scenarios?

◦ How to jointly optimize communication and computation resources, including trans-
mit power, UAV-UE associations, CPU clock speeds, and time slicing, to enhance
system metrics like energy efficiency?

◦ How to develop an agile multi-agent learning framework capable of handling non-
stationarity and dynamically adapting to the challenges of MUME UAV-assisted
MEC systems?

Dr. Yuanjian Li, Research Fellow at Nanyang Technological University (NTU), Singapore Email: yuanjian.li@ntu.edu.sg
Energy-Efficient UAV-Aided Computation Offloading on THz Band: A Multi-Agent Deep Reinforcement Learning Solution 6 / 20



Motivations Contributions System Model Energy Efficiency Maximization Problem The Proposed MADRL Solution Simulation Results

The Energy Efficiency Maximization Problem under Investigation
We seek to maximize expected energy efficiency for multi-UAV multi-UE computation
offloading systems over the THz band.

max
{vu[n],fg[n],ψug [n],τug [n],Pg[n]}
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We jointly optimize communication and computation resources, including:
⇒ UAVs’ trajectories (vu[n]),
⇒ UEs’ local central processing unit (CPU) clock speeds (fg[n]),
⇒ UAV-UE associations (ψu

g [n]),
⇒ time slot slicing factor (τu

g [n]),
⇒ UEs’ offloading powers (Pg[n]).
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Why AI-Aided Solution?

Solving the formulated multi-dimensional maximization problem with classical optimiza-
tion techniques, such as game theory or convex optimization, is extremely difficult due
to the following key challenges:

◦ Non-convex objective function: The objective consists of accumulated fractional
functions with multiple summations, making it a on-convex mixed-integer non-linear
programming (MINLP) problem that is NP-hard.

◦ Coupled optimization parameters: The parameters, including discrete binary
variables ψu

g [n], vector v[n], and ranged floats fg[n], τu
g [n], and Pg[n], are intertwined

in both the objective and constraints.
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Why AI-Aided Solution?

◦ Non-convex constraints: Examples include:
• Norm inequality in the mobility constraint,
• Binary index-involved UAV-UE association constraint,
• Time slot allocation constraints.

These lead to high computational and algorithmic overheads.

Alternative Solution: An AI-native solution from a data driven perspective, i.e., model-
free DRL-aided algorithm, will be proposed to efficiently tackle the formulated optimiza-
tion problem by training with raw experiences from interactions between DRL agents
and the task offloading environment.

Dr. Yuanjian Li, Research Fellow at Nanyang Technological University (NTU), Singapore Email: yuanjian.li@ntu.edu.sg
Energy-Efficient UAV-Aided Computation Offloading on THz Band: A Multi-Agent Deep Reinforcement Learning Solution 9 / 20



Motivations Contributions System Model Energy Efficiency Maximization Problem The Proposed MADRL Solution Simulation Results

Why Multi-Agent Reinforcement Learning?

◦ Enables distributed implementation of wireless protocols at the
edge.

◦ Facilitates experience sharing, allowing less-trained agents to learn
from more skilled ones.

◦ Accommodates heterogeneous agents with diverse learning goals
and device capabilities.
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Main Difficulties in Solving the Joint Computation and Communication Resource
Management Problem

◦ High-dimensional spaces: Continuous state and action spaces cause severe di-
mensionality challenges.

◦ Exploration vs. Exploitation: Balancing new strategy exploration with exploiting
learned policies is complex in infinite action-state spaces.

◦ Non-stationarity: Dynamic environments cause state transitions and rewards to
depend on joint actions, with agent behaviors evolving over time.

◦ Scalability: Complexity grows exponentially as the number of agents, e.g., thou-
sands of devices, increases.

◦ Sample inefficiency: Multi-agent learning requires a large number of samples to
establish effective policies or equilibria.
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The Proposed MADRL Algorithm
Update the trainable parameters of the critics:

Θcj ← Θcj − αc∇Θcj $ (Θcj) ,

$ (Θcj) = E
(sm,am,sm+1,rm)∈D∼B

[ym − Q (sm, am|Θcj)]2 ,

ym = rm+γmin
j=0,1

Q
(
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u=1

{
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(
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)
+ N−

}
|Θc−j

)

Update the trainable parameters of the actors:

Θau ← Θau + αa E
sm∈D

[∇πuQ
(
sm,⊕U

u=1 {πu (sm|Θau)} |Θc0)

×∇Θauπu (sm|Θau)]
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Workflow of the Proposed DSPAC-MN Algorithm

au[n] = {vu[n], fg[n], 
u
g [n], ⌧

u
g [n], Pg[n]}
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The Joint Action

The Distributed Actor Module

The Environment

s[n] = {qu[n],Qg[n]}
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s[n+ 1] = {qu[n+ 1],Qg[n+ 1]}
<latexit sha1_base64="5i1eDxl1pjv6o/fxItVcIONLaA8=">AAACG3icbZDLSsNAFIYnXmu9RV26GSyCoJSkCLoRim5ctmAv0IQwmU7aoZNJnJkIJeQ93Pgqblwo4kpw4ds4SbPQ1h8Gfr5zDnPO78eMSmVZ38bS8srq2nplo7q5tb2za+7td2WUCEw6OGKR6PtIEkY56SiqGOnHgqDQZ6TnT27yeu+BCEkjfqemMXFDNOI0oBgpjTyzIQf81HbhFXRSJ0Rq7AfpfeYlBT2DBcKIpe3MGxXMyTyzZtWtQnDR2KWpgVItz/x0hhFOQsIVZkjKgW3Fyk2RUBQzklWdRJIY4QkakYG2HIVEumlxWwaPNRnCIBL6cQUL+nsiRaGU09DXnfmucr6Ww/9qg0QFl25KeZwowvHsoyBhUEUwDwoOqSBYsak2CAuqd4V4jATCSsdZ1SHY8ycvmm6jblt1u31ea16XcVTAITgCJ8AGF6AJbkELdAAGj+AZvII348l4Md6Nj1nrklHOHIA/Mr5+AFsNoGE=</latexit><latexit sha1_base64="5i1eDxl1pjv6o/fxItVcIONLaA8=">AAACG3icbZDLSsNAFIYnXmu9RV26GSyCoJSkCLoRim5ctmAv0IQwmU7aoZNJnJkIJeQ93Pgqblwo4kpw4ds4SbPQ1h8Gfr5zDnPO78eMSmVZ38bS8srq2nplo7q5tb2za+7td2WUCEw6OGKR6PtIEkY56SiqGOnHgqDQZ6TnT27yeu+BCEkjfqemMXFDNOI0oBgpjTyzIQf81HbhFXRSJ0Rq7AfpfeYlBT2DBcKIpe3MGxXMyTyzZtWtQnDR2KWpgVItz/x0hhFOQsIVZkjKgW3Fyk2RUBQzklWdRJIY4QkakYG2HIVEumlxWwaPNRnCIBL6cQUL+nsiRaGU09DXnfmucr6Ww/9qg0QFl25KeZwowvHsoyBhUEUwDwoOqSBYsak2CAuqd4V4jATCSsdZ1SHY8ycvmm6jblt1u31ea16XcVTAITgCJ8AGF6AJbkELdAAGj+AZvII348l4Md6Nj1nrklHOHIA/Mr5+AFsNoGE=</latexit><latexit sha1_base64="5i1eDxl1pjv6o/fxItVcIONLaA8=">AAACG3icbZDLSsNAFIYnXmu9RV26GSyCoJSkCLoRim5ctmAv0IQwmU7aoZNJnJkIJeQ93Pgqblwo4kpw4ds4SbPQ1h8Gfr5zDnPO78eMSmVZ38bS8srq2nplo7q5tb2za+7td2WUCEw6OGKR6PtIEkY56SiqGOnHgqDQZ6TnT27yeu+BCEkjfqemMXFDNOI0oBgpjTyzIQf81HbhFXRSJ0Rq7AfpfeYlBT2DBcKIpe3MGxXMyTyzZtWtQnDR2KWpgVItz/x0hhFOQsIVZkjKgW3Fyk2RUBQzklWdRJIY4QkakYG2HIVEumlxWwaPNRnCIBL6cQUL+nsiRaGU09DXnfmucr6Ww/9qg0QFl25KeZwowvHsoyBhUEUwDwoOqSBYsak2CAuqd4V4jATCSsdZ1SHY8ycvmm6jblt1u31ea16XcVTAITgCJ8AGF6AJbkELdAAGj+AZvII348l4Md6Nj1nrklHOHIA/Mr5+AFsNoGE=</latexit><latexit sha1_base64="5i1eDxl1pjv6o/fxItVcIONLaA8=">AAACG3icbZDLSsNAFIYnXmu9RV26GSyCoJSkCLoRim5ctmAv0IQwmU7aoZNJnJkIJeQ93Pgqblwo4kpw4ds4SbPQ1h8Gfr5zDnPO78eMSmVZ38bS8srq2nplo7q5tb2za+7td2WUCEw6OGKR6PtIEkY56SiqGOnHgqDQZ6TnT27yeu+BCEkjfqemMXFDNOI0oBgpjTyzIQf81HbhFXRSJ0Rq7AfpfeYlBT2DBcKIpe3MGxXMyTyzZtWtQnDR2KWpgVItz/x0hhFOQsIVZkjKgW3Fyk2RUBQzklWdRJIY4QkakYG2HIVEumlxWwaPNRnCIBL6cQUL+nsiRaGU09DXnfmucr6Ww/9qg0QFl25KeZwowvHsoyBhUEUwDwoOqSBYsak2CAuqd4V4jATCSsdZ1SHY8ycvmm6jblt1u31ea16XcVTAITgCJ8AGF6AJbkELdAAGj+AZvII348l4Md6Nj1nrklHOHIA/Mr5+AFsNoGE=</latexit>

State Transitions Common Reward

s[n]
<latexit sha1_base64="lQNZyhZaPE0Qx8dRRtfWUNOXWNs=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhCMoEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AA2Zjjs=</latexit><latexit sha1_base64="lQNZyhZaPE0Qx8dRRtfWUNOXWNs=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhCMoEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AA2Zjjs=</latexit><latexit sha1_base64="lQNZyhZaPE0Qx8dRRtfWUNOXWNs=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhCMoEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AA2Zjjs=</latexit><latexit sha1_base64="lQNZyhZaPE0Qx8dRRtfWUNOXWNs=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhCMoEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AA2Zjjs=</latexit>

a[n]
<latexit sha1_base64="pNVKy1npXvN9oQ/GjefYDG6AH6Y=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGcjOdtEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqBKiZ4JI1DTeCdRLFMAoEawfju9xvT5jSPJaPZpowP8Kh5CGnaKzk9yI0oyDMcNaVfr9SdWvuHGSVeAWpQoFGv/LVG8Q0jZg0VKDWXc9NjJ+hMpwKNiv3Us0SpGMcsq6lEiOm/WweekbOrTIgYazsk4bM1d8bGUZaT6PATuYh9bKXi/953dSEN37GZZIaJuniUJgKYmKSN0AGXDFqxNQSpIrbrISOUCE1tqeyLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmUHiCZ3iFN2fivDjvzsdidM0pdk7gD5zPHxSMkkk=</latexit><latexit sha1_base64="pNVKy1npXvN9oQ/GjefYDG6AH6Y=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGcjOdtEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqBKiZ4JI1DTeCdRLFMAoEawfju9xvT5jSPJaPZpowP8Kh5CGnaKzk9yI0oyDMcNaVfr9SdWvuHGSVeAWpQoFGv/LVG8Q0jZg0VKDWXc9NjJ+hMpwKNiv3Us0SpGMcsq6lEiOm/WweekbOrTIgYazsk4bM1d8bGUZaT6PATuYh9bKXi/953dSEN37GZZIaJuniUJgKYmKSN0AGXDFqxNQSpIrbrISOUCE1tqeyLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmUHiCZ3iFN2fivDjvzsdidM0pdk7gD5zPHxSMkkk=</latexit><latexit sha1_base64="pNVKy1npXvN9oQ/GjefYDG6AH6Y=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGcjOdtEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqBKiZ4JI1DTeCdRLFMAoEawfju9xvT5jSPJaPZpowP8Kh5CGnaKzk9yI0oyDMcNaVfr9SdWvuHGSVeAWpQoFGv/LVG8Q0jZg0VKDWXc9NjJ+hMpwKNiv3Us0SpGMcsq6lEiOm/WweekbOrTIgYazsk4bM1d8bGUZaT6PATuYh9bKXi/953dSEN37GZZIaJuniUJgKYmKSN0AGXDFqxNQSpIrbrISOUCE1tqeyLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmUHiCZ3iFN2fivDjvzsdidM0pdk7gD5zPHxSMkkk=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ABZRF6vbg7co/j/lyPndzhwZ7zY=">AAAB6XicbVBNSwMxFHxbv2qtWr16CRbBU9n1okfBi8cK9gO2S8mm2TY0ya7J20JZ+ju8eFDEP+TNf2O27UGtA4Fh5j3eZOJMCou+/+VVtrZ3dveq+7WD+uHRceOk3rVpbhjvsFSmph9Ty6XQvIMCJe9nhlMVS96Lp3el35txY0WqH3Ge8UjRsRaJYBSdFA0UxUmcFHQR6mjYaPotfwmySYI1acIa7WHjczBKWa64RiaptWHgZxgV1KBgki9qg9zyjLIpHfPQUU0Vt1GxDL0gF04ZkSQ17mkkS/XnRkGVtXMVu8kypP3rleJ/XphjchMVQmc5cs1Wh5JcEkxJ2QAZCcMZyrkjlBnhshI2oYYydD3VXAnB3y9vku5VK/BbwYMPVTiDc7iEAK7hFu6hDR1g8ATP8Apv3sx78d5XdVW8dW+n8AvexzfHsJDq</latexit><latexit sha1_base64="ABZRF6vbg7co/j/lyPndzhwZ7zY=">AAAB6XicbVBNSwMxFHxbv2qtWr16CRbBU9n1okfBi8cK9gO2S8mm2TY0ya7J20JZ+ju8eFDEP+TNf2O27UGtA4Fh5j3eZOJMCou+/+VVtrZ3dveq+7WD+uHRceOk3rVpbhjvsFSmph9Ty6XQvIMCJe9nhlMVS96Lp3el35txY0WqH3Ge8UjRsRaJYBSdFA0UxUmcFHQR6mjYaPotfwmySYI1acIa7WHjczBKWa64RiaptWHgZxgV1KBgki9qg9zyjLIpHfPQUU0Vt1GxDL0gF04ZkSQ17mkkS/XnRkGVtXMVu8kypP3rleJ/XphjchMVQmc5cs1Wh5JcEkxJ2QAZCcMZyrkjlBnhshI2oYYydD3VXAnB3y9vku5VK/BbwYMPVTiDc7iEAK7hFu6hDR1g8ATP8Apv3sx78d5XdVW8dW+n8AvexzfHsJDq</latexit><latexit sha1_base64="HHzdMkUHu7drJ66JQNBvMrYMldQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRudFl047KCfUAbymR60w6dTOLMpFBCv8ONC0Xc+jHu/BsnbRbaemDgcM693DMnSATXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udKSrNY/loZgn6ER1JHnJGjZX8fkTNOAgzOu9Jf1CtuXV3AbJOvILUoEBzUP3qD2OWRigNE1Trnucmxs+oMpwJnFf6qcaEsgkdYc9SSSPUfrYIPScXVhmSMFb2SUMW6u+NjEZaz6LATuYh9aqXi/95vdSEN37GZZIalGx5KEwFMTHJGyBDrpAZMbOEMsVtVsLGVFFmbE8VW4K3+uV10r6qe27de3BrjduijjKcwTlcggfX0IB7aEILGDzBM7zCmzN1Xpx352M5WnKKnVP4A+fzBxNMkkU=</latexit><latexit sha1_base64="pNVKy1npXvN9oQ/GjefYDG6AH6Y=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGcjOdtEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqBKiZ4JI1DTeCdRLFMAoEawfju9xvT5jSPJaPZpowP8Kh5CGnaKzk9yI0oyDMcNaVfr9SdWvuHGSVeAWpQoFGv/LVG8Q0jZg0VKDWXc9NjJ+hMpwKNiv3Us0SpGMcsq6lEiOm/WweekbOrTIgYazsk4bM1d8bGUZaT6PATuYh9bKXi/953dSEN37GZZIaJuniUJgKYmKSN0AGXDFqxNQSpIrbrISOUCE1tqeyLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmUHiCZ3iFN2fivDjvzsdidM0pdk7gD5zPHxSMkkk=</latexit><latexit sha1_base64="pNVKy1npXvN9oQ/GjefYDG6AH6Y=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGcjOdtEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqBKiZ4JI1DTeCdRLFMAoEawfju9xvT5jSPJaPZpowP8Kh5CGnaKzk9yI0oyDMcNaVfr9SdWvuHGSVeAWpQoFGv/LVG8Q0jZg0VKDWXc9NjJ+hMpwKNiv3Us0SpGMcsq6lEiOm/WweekbOrTIgYazsk4bM1d8bGUZaT6PATuYh9bKXi/953dSEN37GZZIaJuniUJgKYmKSN0AGXDFqxNQSpIrbrISOUCE1tqeyLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmUHiCZ3iFN2fivDjvzsdidM0pdk7gD5zPHxSMkkk=</latexit><latexit sha1_base64="pNVKy1npXvN9oQ/GjefYDG6AH6Y=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGcjOdtEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqBKiZ4JI1DTeCdRLFMAoEawfju9xvT5jSPJaPZpowP8Kh5CGnaKzk9yI0oyDMcNaVfr9SdWvuHGSVeAWpQoFGv/LVG8Q0jZg0VKDWXc9NjJ+hMpwKNiv3Us0SpGMcsq6lEiOm/WweekbOrTIgYazsk4bM1d8bGUZaT6PATuYh9bKXi/953dSEN37GZZIaJuniUJgKYmKSN0AGXDFqxNQSpIrbrISOUCE1tqeyLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmUHiCZ3iFN2fivDjvzsdidM0pdk7gD5zPHxSMkkk=</latexit><latexit sha1_base64="pNVKy1npXvN9oQ/GjefYDG6AH6Y=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGcjOdtEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqBKiZ4JI1DTeCdRLFMAoEawfju9xvT5jSPJaPZpowP8Kh5CGnaKzk9yI0oyDMcNaVfr9SdWvuHGSVeAWpQoFGv/LVG8Q0jZg0VKDWXc9NjJ+hMpwKNiv3Us0SpGMcsq6lEiOm/WweekbOrTIgYazsk4bM1d8bGUZaT6PATuYh9bKXi/953dSEN37GZZIaJuniUJgKYmKSN0AGXDFqxNQSpIrbrISOUCE1tqeyLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmUHiCZ3iFN2fivDjvzsdidM0pdk7gD5zPHxSMkkk=</latexit><latexit sha1_base64="pNVKy1npXvN9oQ/GjefYDG6AH6Y=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGcjOdtEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqBKiZ4JI1DTeCdRLFMAoEawfju9xvT5jSPJaPZpowP8Kh5CGnaKzk9yI0oyDMcNaVfr9SdWvuHGSVeAWpQoFGv/LVG8Q0jZg0VKDWXc9NjJ+hMpwKNiv3Us0SpGMcsq6lEiOm/WweekbOrTIgYazsk4bM1d8bGUZaT6PATuYh9bKXi/953dSEN37GZZIaJuniUJgKYmKSN0AGXDFqxNQSpIrbrISOUCE1tqeyLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmUHiCZ3iFN2fivDjvzsdidM0pdk7gD5zPHxSMkkk=</latexit><latexit sha1_base64="pNVKy1npXvN9oQ/GjefYDG6AH6Y=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGcjOdtEMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqBKiZ4JI1DTeCdRLFMAoEawfju9xvT5jSPJaPZpowP8Kh5CGnaKzk9yI0oyDMcNaVfr9SdWvuHGSVeAWpQoFGv/LVG8Q0jZg0VKDWXc9NjJ+hMpwKNiv3Us0SpGMcsq6lEiOm/WweekbOrTIgYazsk4bM1d8bGUZaT6PATuYh9bKXi/953dSEN37GZZIaJuniUJgKYmKSN0AGXDFqxNQSpIrbrISOUCE1tqeyLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmUHiCZ3iFN2fivDjvzsdidM0pdk7gD5zPHxSMkkk=</latexit>
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<latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9Uxm2PnN4h0PGfpemto0Pl5m+a4=">AAACJ3icbVDLSsNAFL2p7/qqbt0Ei6CbkrjRpeBGF0IFW4Wmlsnkph06yYSZG6GEfJMbv0RwoQtF/BGnj4VaDwxzOGcOc+8JMykMed6rU1lYXFpeWV2rrm9sbm3XdjbaRuWaY4srqfRdyAxKkWKLBEm8yzSyJJR4Gw7Px/7tA2ojVHpDowy7CeunIhackZV6tcsgVDIyo8RexVUZSIzpMOCRosDG6Kcb3AyQWHlf/I6UgRb9AR31anWv4U3gzhN/RuowQ7NXew4ixfMEU+KSGdPxvYy6BdMkuMSyGuQGM8aHrI8dS1OWoOkWk5VL98AqkRsrbU9K7kT9mShYYsYj2pcJo4H5643F/7xOTvFptxBplhOmfPpRnEuXlDvuz42ERk5yZAnjWthZXT5gmnGyLVdtCf7fledJ+7jhew3/2oNV2IN9OAQfTuAMLqAJLeDwCC/wDh/Ok/PmfE7rqjiz3nbhF5yvbyg/q8A=</latexit><latexit sha1_base64="9Uxm2PnN4h0PGfpemto0Pl5m+a4=">AAACJ3icbVDLSsNAFL2p7/qqbt0Ei6CbkrjRpeBGF0IFW4Wmlsnkph06yYSZG6GEfJMbv0RwoQtF/BGnj4VaDwxzOGcOc+8JMykMed6rU1lYXFpeWV2rrm9sbm3XdjbaRuWaY4srqfRdyAxKkWKLBEm8yzSyJJR4Gw7Px/7tA2ojVHpDowy7CeunIhackZV6tcsgVDIyo8RexVUZSIzpMOCRosDG6Kcb3AyQWHlf/I6UgRb9AR31anWv4U3gzhN/RuowQ7NXew4ixfMEU+KSGdPxvYy6BdMkuMSyGuQGM8aHrI8dS1OWoOkWk5VL98AqkRsrbU9K7kT9mShYYsYj2pcJo4H5643F/7xOTvFptxBplhOmfPpRnEuXlDvuz42ERk5yZAnjWthZXT5gmnGyLVdtCf7fledJ+7jhew3/2oNV2IN9OAQfTuAMLqAJLeDwCC/wDh/Ok/PmfE7rqjiz3nbhF5yvbyg/q8A=</latexit><latexit sha1_base64="2CYb/nePtkq8VtWz4fBIuGrPIR0=">AAACMnicbVDLSsNAFJ34rPVVdekmWATdlMSNLotudCFU6ENoYplMbtrBSSbM3Agl5Jvc+CWCC10o4taPcNJ24evCMIdz7uHee4JUcI2O82zNzS8sLi1XVqqra+sbm7Wt7a6WmWLQYVJIdR1QDYIn0EGOAq5TBTQOBPSC27NS792B0lwmbRyn4Md0mPCIM4qGGtQuvECKUI9j8+WXhScgwgOPhRI9Y8PvqtceAdLiJv9pKTzFhyM8HNTqTsOZlP0XuDNQJ7NqDWqPXihZFkOCTFCt+66Top9ThZwJKKpepiGl7JYOoW9gQmPQfj45ubD3DRPakVTmJWhP2O+OnMa6XNF0xhRH+rdWkv9p/QyjEz/nSZohJGw6KMqEjdIu87NDroChGBtAmeJmV5uNqKIMTcpVE4L7++S/oHvUcJ2Ge+XUm6ezOCpkl+yRA+KSY9Ik56RFOoSRe/JEXsmb9WC9WO/Wx7R1zpp5dsiPsj6/AJKTrVk=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit>
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<latexit sha1_base64="mrimdqrnyIdz/7US5ku0wCQu44o=">AAAB7XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cKpi2koWy2m3btZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8OONMG8/7dipr6xubW9Xt2s7u3v6Be3jU1jJXhAZEcqm6MdaUM0EDwwyn3UxRnMacduLx7czvPFGlmRQPZpLRKMVDwRJGsLFSG/eDUER9t+41vDnQKvFLUocSrb771RtIkqdUGMKx1qHvZSYqsDKMcDqt9XJNM0zGeEhDSwVOqY6K+bVTdGaVAUqksiUMmqu/Jwqcaj1JY9uZYjPSy95M/M8Lc5NcRwUTWW6oIItFSc6RkWj2OhowRYnhE0swUczeisgIK0yMDahmQ/CXX14l7YuG7zX8+8t686aMowoncArn4MMVNOEOWhAAgUd4hld4c6Tz4rw7H4vWilPOHMMfOJ8/UA2O8Q==</latexit><latexit sha1_base64="mrimdqrnyIdz/7US5ku0wCQu44o=">AAAB7XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cKpi2koWy2m3btZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8OONMG8/7dipr6xubW9Xt2s7u3v6Be3jU1jJXhAZEcqm6MdaUM0EDwwyn3UxRnMacduLx7czvPFGlmRQPZpLRKMVDwRJGsLFSG/eDUER9t+41vDnQKvFLUocSrb771RtIkqdUGMKx1qHvZSYqsDKMcDqt9XJNM0zGeEhDSwVOqY6K+bVTdGaVAUqksiUMmqu/Jwqcaj1JY9uZYjPSy95M/M8Lc5NcRwUTWW6oIItFSc6RkWj2OhowRYnhE0swUczeisgIK0yMDahmQ/CXX14l7YuG7zX8+8t686aMowoncArn4MMVNOEOWhAAgUd4hld4c6Tz4rw7H4vWilPOHMMfOJ8/UA2O8Q==</latexit><latexit sha1_base64="mrimdqrnyIdz/7US5ku0wCQu44o=">AAAB7XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cKpi2koWy2m3btZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8OONMG8/7dipr6xubW9Xt2s7u3v6Be3jU1jJXhAZEcqm6MdaUM0EDwwyn3UxRnMacduLx7czvPFGlmRQPZpLRKMVDwRJGsLFSG/eDUER9t+41vDnQKvFLUocSrb771RtIkqdUGMKx1qHvZSYqsDKMcDqt9XJNM0zGeEhDSwVOqY6K+bVTdGaVAUqksiUMmqu/Jwqcaj1JY9uZYjPSy95M/M8Lc5NcRwUTWW6oIItFSc6RkWj2OhowRYnhE0swUczeisgIK0yMDahmQ/CXX14l7YuG7zX8+8t686aMowoncArn4MMVNOEOWhAAgUd4hld4c6Tz4rw7H4vWilPOHMMfOJ8/UA2O8Q==</latexit><latexit sha1_base64="mrimdqrnyIdz/7US5ku0wCQu44o=">AAAB7XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cKpi2koWy2m3btZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8OONMG8/7dipr6xubW9Xt2s7u3v6Be3jU1jJXhAZEcqm6MdaUM0EDwwyn3UxRnMacduLx7czvPFGlmRQPZpLRKMVDwRJGsLFSG/eDUER9t+41vDnQKvFLUocSrb771RtIkqdUGMKx1qHvZSYqsDKMcDqt9XJNM0zGeEhDSwVOqY6K+bVTdGaVAUqksiUMmqu/Jwqcaj1JY9uZYjPSy95M/M8Lc5NcRwUTWW6oIItFSc6RkWj2OhowRYnhE0swUczeisgIK0yMDahmQ/CXX14l7YuG7zX8+8t686aMowoncArn4MMVNOEOWhAAgUd4hld4c6Tz4rw7H4vWilPOHMMfOJ8/UA2O8Q==</latexit>
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Shadow Actor

M
⇣
·|⇥M

⌘

<latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9Uxm2PnN4h0PGfpemto0Pl5m+a4=">AAACJ3icbVDLSsNAFL2p7/qqbt0Ei6CbkrjRpeBGF0IFW4Wmlsnkph06yYSZG6GEfJMbv0RwoQtF/BGnj4VaDwxzOGcOc+8JMykMed6rU1lYXFpeWV2rrm9sbm3XdjbaRuWaY4srqfRdyAxKkWKLBEm8yzSyJJR4Gw7Px/7tA2ojVHpDowy7CeunIhackZV6tcsgVDIyo8RexVUZSIzpMOCRosDG6Kcb3AyQWHlf/I6UgRb9AR31anWv4U3gzhN/RuowQ7NXew4ixfMEU+KSGdPxvYy6BdMkuMSyGuQGM8aHrI8dS1OWoOkWk5VL98AqkRsrbU9K7kT9mShYYsYj2pcJo4H5643F/7xOTvFptxBplhOmfPpRnEuXlDvuz42ERk5yZAnjWthZXT5gmnGyLVdtCf7fledJ+7jhew3/2oNV2IN9OAQfTuAMLqAJLeDwCC/wDh/Ok/PmfE7rqjiz3nbhF5yvbyg/q8A=</latexit><latexit sha1_base64="9Uxm2PnN4h0PGfpemto0Pl5m+a4=">AAACJ3icbVDLSsNAFL2p7/qqbt0Ei6CbkrjRpeBGF0IFW4Wmlsnkph06yYSZG6GEfJMbv0RwoQtF/BGnj4VaDwxzOGcOc+8JMykMed6rU1lYXFpeWV2rrm9sbm3XdjbaRuWaY4srqfRdyAxKkWKLBEm8yzSyJJR4Gw7Px/7tA2ojVHpDowy7CeunIhackZV6tcsgVDIyo8RexVUZSIzpMOCRosDG6Kcb3AyQWHlf/I6UgRb9AR31anWv4U3gzhN/RuowQ7NXew4ixfMEU+KSGdPxvYy6BdMkuMSyGuQGM8aHrI8dS1OWoOkWk5VL98AqkRsrbU9K7kT9mShYYsYj2pcJo4H5643F/7xOTvFptxBplhOmfPpRnEuXlDvuz42ERk5yZAnjWthZXT5gmnGyLVdtCf7fledJ+7jhew3/2oNV2IN9OAQfTuAMLqAJLeDwCC/wDh/Ok/PmfE7rqjiz3nbhF5yvbyg/q8A=</latexit><latexit sha1_base64="2CYb/nePtkq8VtWz4fBIuGrPIR0=">AAACMnicbVDLSsNAFJ34rPVVdekmWATdlMSNLotudCFU6ENoYplMbtrBSSbM3Agl5Jvc+CWCC10o4taPcNJ24evCMIdz7uHee4JUcI2O82zNzS8sLi1XVqqra+sbm7Wt7a6WmWLQYVJIdR1QDYIn0EGOAq5TBTQOBPSC27NS792B0lwmbRyn4Md0mPCIM4qGGtQuvECKUI9j8+WXhScgwgOPhRI9Y8PvqtceAdLiJv9pKTzFhyM8HNTqTsOZlP0XuDNQJ7NqDWqPXihZFkOCTFCt+66Top9ThZwJKKpepiGl7JYOoW9gQmPQfj45ubD3DRPakVTmJWhP2O+OnMa6XNF0xhRH+rdWkv9p/QyjEz/nSZohJGw6KMqEjdIu87NDroChGBtAmeJmV5uNqKIMTcpVE4L7++S/oHvUcJ2Ge+XUm6ezOCpkl+yRA+KSY9Ik56RFOoSRe/JEXsmb9WC9WO/Wx7R1zpp5dsiPsj6/AJKTrVk=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit>

⇥p1  
⇥a1+⇥p

<latexit sha1_base64="hYSiDxuvuldqSGtYnTb7TQpYU28="></latexit><latexit sha1_base64="hYSiDxuvuldqSGtYnTb7TQpYU28="></latexit><latexit sha1_base64="hYSiDxuvuldqSGtYnTb7TQpYU28="></latexit><latexit sha1_base64="hYSiDxuvuldqSGtYnTb7TQpYU28="></latexit>

⇥pU  
⇥aU+⇥p

<latexit sha1_base64="YPQkCI4pXxQlE9gA6fGnZ6E0aNU="></latexit><latexit sha1_base64="YPQkCI4pXxQlE9gA6fGnZ6E0aNU="></latexit><latexit sha1_base64="YPQkCI4pXxQlE9gA6fGnZ6E0aNU="></latexit><latexit sha1_base64="YPQkCI4pXxQlE9gA6fGnZ6E0aNU="></latexit>

⇡1

⇣
s[n]|⇥a�

1

⌘

<latexit sha1_base64="X0vMzOu+wlSan59SN1PnEgZfSwQ=">AAACH3icbVBNS8NAEN3U7/pV9eglWIR6sCQi6rHoxaNCq0ITw2Y7aZduNmF3IpTQf+LFv+LFgyLirf/GTc1BrQPLPt57w8y8MBVco+NMrMrc/MLi0vJKdXVtfWOztrV9o5NMMeiwRCTqLqQaBJfQQY4C7lIFNA4F3IbDi0K/fQCleSLbOErBj2lf8ogzioYKaideygPXExBhQ3el7xkzemEienoUmy/32gNAOr7PaeDeH449xfsDPAhqdafpTMueBW4J6qSsq6D26fUSlsUgkQmqddd1UvRzqpAzAeOql2lIKRvSPnQNlDQG7efT+8b2vmF6dpQo8yTaU/ZnR05jXaxrnDHFgf6rFeR/WjfD6MzPuUwzBMm+B0WZsDGxi7DsHlfAUIwMoExxs6vNBlRRhibSqgnB/XvyLLg5arpO070+rrfOyziWyS7ZIw3iklPSIpfkinQII4/kmbySN+vJerHerY9va8Uqe3bIr7ImX1kUo8M=</latexit><latexit sha1_base64="X0vMzOu+wlSan59SN1PnEgZfSwQ=">AAACH3icbVBNS8NAEN3U7/pV9eglWIR6sCQi6rHoxaNCq0ITw2Y7aZduNmF3IpTQf+LFv+LFgyLirf/GTc1BrQPLPt57w8y8MBVco+NMrMrc/MLi0vJKdXVtfWOztrV9o5NMMeiwRCTqLqQaBJfQQY4C7lIFNA4F3IbDi0K/fQCleSLbOErBj2lf8ogzioYKaideygPXExBhQ3el7xkzemEienoUmy/32gNAOr7PaeDeH449xfsDPAhqdafpTMueBW4J6qSsq6D26fUSlsUgkQmqddd1UvRzqpAzAeOql2lIKRvSPnQNlDQG7efT+8b2vmF6dpQo8yTaU/ZnR05jXaxrnDHFgf6rFeR/WjfD6MzPuUwzBMm+B0WZsDGxi7DsHlfAUIwMoExxs6vNBlRRhibSqgnB/XvyLLg5arpO070+rrfOyziWyS7ZIw3iklPSIpfkinQII4/kmbySN+vJerHerY9va8Uqe3bIr7ImX1kUo8M=</latexit><latexit sha1_base64="X0vMzOu+wlSan59SN1PnEgZfSwQ=">AAACH3icbVBNS8NAEN3U7/pV9eglWIR6sCQi6rHoxaNCq0ITw2Y7aZduNmF3IpTQf+LFv+LFgyLirf/GTc1BrQPLPt57w8y8MBVco+NMrMrc/MLi0vJKdXVtfWOztrV9o5NMMeiwRCTqLqQaBJfQQY4C7lIFNA4F3IbDi0K/fQCleSLbOErBj2lf8ogzioYKaideygPXExBhQ3el7xkzemEienoUmy/32gNAOr7PaeDeH449xfsDPAhqdafpTMueBW4J6qSsq6D26fUSlsUgkQmqddd1UvRzqpAzAeOql2lIKRvSPnQNlDQG7efT+8b2vmF6dpQo8yTaU/ZnR05jXaxrnDHFgf6rFeR/WjfD6MzPuUwzBMm+B0WZsDGxi7DsHlfAUIwMoExxs6vNBlRRhibSqgnB/XvyLLg5arpO070+rrfOyziWyS7ZIw3iklPSIpfkinQII4/kmbySN+vJerHerY9va8Uqe3bIr7ImX1kUo8M=</latexit><latexit sha1_base64="X0vMzOu+wlSan59SN1PnEgZfSwQ=">AAACH3icbVBNS8NAEN3U7/pV9eglWIR6sCQi6rHoxaNCq0ITw2Y7aZduNmF3IpTQf+LFv+LFgyLirf/GTc1BrQPLPt57w8y8MBVco+NMrMrc/MLi0vJKdXVtfWOztrV9o5NMMeiwRCTqLqQaBJfQQY4C7lIFNA4F3IbDi0K/fQCleSLbOErBj2lf8ogzioYKaideygPXExBhQ3el7xkzemEienoUmy/32gNAOr7PaeDeH449xfsDPAhqdafpTMueBW4J6qSsq6D26fUSlsUgkQmqddd1UvRzqpAzAeOql2lIKRvSPnQNlDQG7efT+8b2vmF6dpQo8yTaU/ZnR05jXaxrnDHFgf6rFeR/WjfD6MzPuUwzBMm+B0WZsDGxi7DsHlfAUIwMoExxs6vNBlRRhibSqgnB/XvyLLg5arpO070+rrfOyziWyS7ZIw3iklPSIpfkinQII4/kmbySN+vJerHerY9va8Uqe3bIr7ImX1kUo8M=</latexit>

⇡U

⇣
s[n]|⇥a�

U

⌘

<latexit sha1_base64="NngCByzjClpNupktFdsh5Ux165U=">AAACH3icbVBNS8NAEN34bf2KevQSLEI9WBIR9Vj04lGhqUITw2Y7aRc3m7A7EUroP/HiX/HiQRHx1n/j9uOg1oFlH++9YWZenAuu0XWH1tz8wuLS8spqZW19Y3PL3t5p6axQDHyWiUzdxVSD4BJ85CjgLldA01jAbfxwOdJvH0Fpnskm9nMIU9qVPOGMoqEi+zTIeeQHAhKs6bYMA2PGIM5ER/dT85VBswdIB/cljfz7o0GgeLeHh5FddevuuJxZ4E1BlUzrOrK/gk7GihQkMkG1bntujmFJFXImYFAJCg05ZQ+0C20DJU1Bh+X4voFzYJiOk2TKPInOmP3ZUdJUj9Y1zpRiT//VRuR/WrvA5DwsucwLBMkmg5JCOJg5o7CcDlfAUPQNoExxs6vDelRRhibSignB+3vyLGgd1z237t2cVBsX0zhWyB7ZJzXikTPSIFfkmviEkSfyQt7Iu/VsvVof1ufEOmdNe3bJr7KG386ApAs=</latexit><latexit sha1_base64="NngCByzjClpNupktFdsh5Ux165U=">AAACH3icbVBNS8NAEN34bf2KevQSLEI9WBIR9Vj04lGhqUITw2Y7aRc3m7A7EUroP/HiX/HiQRHx1n/j9uOg1oFlH++9YWZenAuu0XWH1tz8wuLS8spqZW19Y3PL3t5p6axQDHyWiUzdxVSD4BJ85CjgLldA01jAbfxwOdJvH0Fpnskm9nMIU9qVPOGMoqEi+zTIeeQHAhKs6bYMA2PGIM5ER/dT85VBswdIB/cljfz7o0GgeLeHh5FddevuuJxZ4E1BlUzrOrK/gk7GihQkMkG1bntujmFJFXImYFAJCg05ZQ+0C20DJU1Bh+X4voFzYJiOk2TKPInOmP3ZUdJUj9Y1zpRiT//VRuR/WrvA5DwsucwLBMkmg5JCOJg5o7CcDlfAUPQNoExxs6vDelRRhibSignB+3vyLGgd1z237t2cVBsX0zhWyB7ZJzXikTPSIFfkmviEkSfyQt7Iu/VsvVof1ufEOmdNe3bJr7KG386ApAs=</latexit><latexit sha1_base64="NngCByzjClpNupktFdsh5Ux165U=">AAACH3icbVBNS8NAEN34bf2KevQSLEI9WBIR9Vj04lGhqUITw2Y7aRc3m7A7EUroP/HiX/HiQRHx1n/j9uOg1oFlH++9YWZenAuu0XWH1tz8wuLS8spqZW19Y3PL3t5p6axQDHyWiUzdxVSD4BJ85CjgLldA01jAbfxwOdJvH0Fpnskm9nMIU9qVPOGMoqEi+zTIeeQHAhKs6bYMA2PGIM5ER/dT85VBswdIB/cljfz7o0GgeLeHh5FddevuuJxZ4E1BlUzrOrK/gk7GihQkMkG1bntujmFJFXImYFAJCg05ZQ+0C20DJU1Bh+X4voFzYJiOk2TKPInOmP3ZUdJUj9Y1zpRiT//VRuR/WrvA5DwsucwLBMkmg5JCOJg5o7CcDlfAUPQNoExxs6vDelRRhibSignB+3vyLGgd1z237t2cVBsX0zhWyB7ZJzXikTPSIFfkmviEkSfyQt7Iu/VsvVof1ufEOmdNe3bJr7KG386ApAs=</latexit><latexit sha1_base64="NngCByzjClpNupktFdsh5Ux165U=">AAACH3icbVBNS8NAEN34bf2KevQSLEI9WBIR9Vj04lGhqUITw2Y7aRc3m7A7EUroP/HiX/HiQRHx1n/j9uOg1oFlH++9YWZenAuu0XWH1tz8wuLS8spqZW19Y3PL3t5p6axQDHyWiUzdxVSD4BJ85CjgLldA01jAbfxwOdJvH0Fpnskm9nMIU9qVPOGMoqEi+zTIeeQHAhKs6bYMA2PGIM5ER/dT85VBswdIB/cljfz7o0GgeLeHh5FddevuuJxZ4E1BlUzrOrK/gk7GihQkMkG1bntujmFJFXImYFAJCg05ZQ+0C20DJU1Bh+X4voFzYJiOk2TKPInOmP3ZUdJUj9Y1zpRiT//VRuR/WrvA5DwsucwLBMkmg5JCOJg5o7CcDlfAUPQNoExxs6vDelRRhibSignB+3vyLGgd1z237t2cVBsX0zhWyB7ZJzXikTPSIFfkmviEkSfyQt7Iu/VsvVof1ufEOmdNe3bJr7KG386ApAs=</latexit>

⇡U (s[n]|⇥aU )
<latexit sha1_base64="020tZma/GLfH5rU/+gLkWL0itvA=">AAACHXicbVBNS8NAEN3U7/pV9eglWAS9lEQKeix68ajQqNDEsNlO2qWbTdidCCXkj3jxr3jxoIgHL+K/cdvm4NfAso/33jAzL8oE1+g4n1Ztbn5hcWl5pb66tr6x2djavtJprhh4LBWpuomoBsEleMhRwE2mgCaRgOtodDbRr+9AaZ7KLo4zCBI6kDzmjKKhwkbbz3jo+QJiPNA9GfjGjH6Uir4eJ+Yr/O4QkJa3BQ290ld8MMTDsNF0Ws607L/ArUCTVHURNt79fsryBCQyQbXuuU6GQUEVciagrPu5hoyyER1Az0BJE9BBMb2utPcN07fjVJkn0Z6y3zsKmujJssaZUBzq39qE/E/r5RifBAWXWY4g2WxQnAsbU3sSld3nChiKsQGUKW52tdmQKsrQBFo3Ibi/T/4Lro5artNyL9vNzmkVxzLZJXvkgLjkmHTIObkgHmHknjySZ/JiPVhP1qv1NrPWrKpnh/wo6+MLiQmjbA==</latexit><latexit sha1_base64="020tZma/GLfH5rU/+gLkWL0itvA=">AAACHXicbVBNS8NAEN3U7/pV9eglWAS9lEQKeix68ajQqNDEsNlO2qWbTdidCCXkj3jxr3jxoIgHL+K/cdvm4NfAso/33jAzL8oE1+g4n1Ztbn5hcWl5pb66tr6x2djavtJprhh4LBWpuomoBsEleMhRwE2mgCaRgOtodDbRr+9AaZ7KLo4zCBI6kDzmjKKhwkbbz3jo+QJiPNA9GfjGjH6Uir4eJ+Yr/O4QkJa3BQ290ld8MMTDsNF0Ws607L/ArUCTVHURNt79fsryBCQyQbXuuU6GQUEVciagrPu5hoyyER1Az0BJE9BBMb2utPcN07fjVJkn0Z6y3zsKmujJssaZUBzq39qE/E/r5RifBAWXWY4g2WxQnAsbU3sSld3nChiKsQGUKW52tdmQKsrQBFo3Ibi/T/4Lro5artNyL9vNzmkVxzLZJXvkgLjkmHTIObkgHmHknjySZ/JiPVhP1qv1NrPWrKpnh/wo6+MLiQmjbA==</latexit><latexit sha1_base64="020tZma/GLfH5rU/+gLkWL0itvA=">AAACHXicbVBNS8NAEN3U7/pV9eglWAS9lEQKeix68ajQqNDEsNlO2qWbTdidCCXkj3jxr3jxoIgHL+K/cdvm4NfAso/33jAzL8oE1+g4n1Ztbn5hcWl5pb66tr6x2djavtJprhh4LBWpuomoBsEleMhRwE2mgCaRgOtodDbRr+9AaZ7KLo4zCBI6kDzmjKKhwkbbz3jo+QJiPNA9GfjGjH6Uir4eJ+Yr/O4QkJa3BQ290ld8MMTDsNF0Ws607L/ArUCTVHURNt79fsryBCQyQbXuuU6GQUEVciagrPu5hoyyER1Az0BJE9BBMb2utPcN07fjVJkn0Z6y3zsKmujJssaZUBzq39qE/E/r5RifBAWXWY4g2WxQnAsbU3sSld3nChiKsQGUKW52tdmQKsrQBFo3Ibi/T/4Lro5artNyL9vNzmkVxzLZJXvkgLjkmHTIObkgHmHknjySZ/JiPVhP1qv1NrPWrKpnh/wo6+MLiQmjbA==</latexit><latexit sha1_base64="020tZma/GLfH5rU/+gLkWL0itvA=">AAACHXicbVBNS8NAEN3U7/pV9eglWAS9lEQKeix68ajQqNDEsNlO2qWbTdidCCXkj3jxr3jxoIgHL+K/cdvm4NfAso/33jAzL8oE1+g4n1Ztbn5hcWl5pb66tr6x2djavtJprhh4LBWpuomoBsEleMhRwE2mgCaRgOtodDbRr+9AaZ7KLo4zCBI6kDzmjKKhwkbbz3jo+QJiPNA9GfjGjH6Uir4eJ+Yr/O4QkJa3BQ290ld8MMTDsNF0Ws607L/ArUCTVHURNt79fsryBCQyQbXuuU6GQUEVciagrPu5hoyyER1Az0BJE9BBMb2utPcN07fjVJkn0Z6y3zsKmujJssaZUBzq39qE/E/r5RifBAWXWY4g2WxQnAsbU3sSld3nChiKsQGUKW52tdmQKsrQBFo3Ibi/T/4Lro5artNyL9vNzmkVxzLZJXvkgLjkmHTIObkgHmHknjySZ/JiPVhP1qv1NrPWrKpnh/wo6+MLiQmjbA==</latexit>

Online Actor

M
⇣
·|⇥M

⌘

<latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9Uxm2PnN4h0PGfpemto0Pl5m+a4=">AAACJ3icbVDLSsNAFL2p7/qqbt0Ei6CbkrjRpeBGF0IFW4Wmlsnkph06yYSZG6GEfJMbv0RwoQtF/BGnj4VaDwxzOGcOc+8JMykMed6rU1lYXFpeWV2rrm9sbm3XdjbaRuWaY4srqfRdyAxKkWKLBEm8yzSyJJR4Gw7Px/7tA2ojVHpDowy7CeunIhackZV6tcsgVDIyo8RexVUZSIzpMOCRosDG6Kcb3AyQWHlf/I6UgRb9AR31anWv4U3gzhN/RuowQ7NXew4ixfMEU+KSGdPxvYy6BdMkuMSyGuQGM8aHrI8dS1OWoOkWk5VL98AqkRsrbU9K7kT9mShYYsYj2pcJo4H5643F/7xOTvFptxBplhOmfPpRnEuXlDvuz42ERk5yZAnjWthZXT5gmnGyLVdtCf7fledJ+7jhew3/2oNV2IN9OAQfTuAMLqAJLeDwCC/wDh/Ok/PmfE7rqjiz3nbhF5yvbyg/q8A=</latexit><latexit sha1_base64="9Uxm2PnN4h0PGfpemto0Pl5m+a4=">AAACJ3icbVDLSsNAFL2p7/qqbt0Ei6CbkrjRpeBGF0IFW4Wmlsnkph06yYSZG6GEfJMbv0RwoQtF/BGnj4VaDwxzOGcOc+8JMykMed6rU1lYXFpeWV2rrm9sbm3XdjbaRuWaY4srqfRdyAxKkWKLBEm8yzSyJJR4Gw7Px/7tA2ojVHpDowy7CeunIhackZV6tcsgVDIyo8RexVUZSIzpMOCRosDG6Kcb3AyQWHlf/I6UgRb9AR31anWv4U3gzhN/RuowQ7NXew4ixfMEU+KSGdPxvYy6BdMkuMSyGuQGM8aHrI8dS1OWoOkWk5VL98AqkRsrbU9K7kT9mShYYsYj2pcJo4H5643F/7xOTvFptxBplhOmfPpRnEuXlDvuz42ERk5yZAnjWthZXT5gmnGyLVdtCf7fledJ+7jhew3/2oNV2IN9OAQfTuAMLqAJLeDwCC/wDh/Ok/PmfE7rqjiz3nbhF5yvbyg/q8A=</latexit><latexit sha1_base64="2CYb/nePtkq8VtWz4fBIuGrPIR0=">AAACMnicbVDLSsNAFJ34rPVVdekmWATdlMSNLotudCFU6ENoYplMbtrBSSbM3Agl5Jvc+CWCC10o4taPcNJ24evCMIdz7uHee4JUcI2O82zNzS8sLi1XVqqra+sbm7Wt7a6WmWLQYVJIdR1QDYIn0EGOAq5TBTQOBPSC27NS792B0lwmbRyn4Md0mPCIM4qGGtQuvECKUI9j8+WXhScgwgOPhRI9Y8PvqtceAdLiJv9pKTzFhyM8HNTqTsOZlP0XuDNQJ7NqDWqPXihZFkOCTFCt+66Top9ThZwJKKpepiGl7JYOoW9gQmPQfj45ubD3DRPakVTmJWhP2O+OnMa6XNF0xhRH+rdWkv9p/QyjEz/nSZohJGw6KMqEjdIu87NDroChGBtAmeJmV5uNqKIMTcpVE4L7++S/oHvUcJ2Ge+XUm6ezOCpkl+yRA+KSY9Ik56RFOoSRe/JEXsmb9WC9WO/Wx7R1zpp5dsiPsj6/AJKTrVk=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit><latexit sha1_base64="uh17VadLayJhdG+BfXc5ubZbpHI=">AAACMnicbVBNS8NAEN34bf2qevQSLEK9lEQEPYpe9CBUaKvQxLLZTNrFTTbsToQS8pu8+EsED3pQxKs/wm2bg1oHln28N4+ZeUEquEbHebFmZufmFxaXlisrq2vrG9XNrY6WmWLQZlJIdRNQDYIn0EaOAm5SBTQOBFwHd2cj/foelOYyaeEwBT+m/YRHnFE0VK964QVShHoYmy+/LDwBEdY9Fkr0jA1/ql5rAEiL2/y3pfAU7w9wv1etOQ1nXPY0cEtQI2U1e9UnL5QsiyFBJqjWXddJ0c+pQs4EFBUv05BSdkf70DUwoTFoPx+fXNh7hgntSCrzErTH7E9HTmM9WtF0xhQH+q82Iv/TuhlGx37OkzRDSNhkUJQJG6U9ys8OuQKGYmgAZYqbXW02oIoyNClXTAju35OnQeeg4ToN9+qwdnJaxrFEdsguqROXHJETck6apE0YeSDP5I28W4/Wq/VhfU5aZ6zSs01+lfX1DZPTrV0=</latexit>

⇡1 (s[n]|⇥a1)
<latexit sha1_base64="J0MIdcW46wtpa9lF39GvF0CzUDQ=">AAACHXicbVDLSsNAFJ34rPVVdekmWATdlEQEXYpuXFboC5IYJtObdnAyCTM3Qgn5ETf+ihsXirhwI/6N08dCqxeGOZxzLvfeE2WCa3ScL2thcWl5ZbWyVl3f2Nzaru3sdnSaKwZtlopU9SKqQXAJbeQooJcpoEkkoBvdXY317j0ozVPZwlEGQUIHksecUTRUWDv1Mx66voAYj7QnA9+Y0Y9S0dejxHyF3xoC0vK2oKFb+ooPhngc1upOw5mU/Re4M1Ans2qGtQ+/n7I8AYlMUK0918kwKKhCzgSUVT/XkFF2RwfgGShpAjooJteV9qFh+nacKvMk2hP2Z0dBEz1e1jgTikM9r43J/zQvx/g8KLjMcgTJpoPiXNiY2uOo7D5XwFCMDKBMcbOrzYZUUYYm0KoJwZ0/+S/onDRcp+HenNYvLmdxVMg+OSBHxCVn5IJckyZpE0YeyBN5Ia/Wo/VsvVnvU+uCNevZI7/K+vwGFC2jJA==</latexit><latexit sha1_base64="J0MIdcW46wtpa9lF39GvF0CzUDQ=">AAACHXicbVDLSsNAFJ34rPVVdekmWATdlEQEXYpuXFboC5IYJtObdnAyCTM3Qgn5ETf+ihsXirhwI/6N08dCqxeGOZxzLvfeE2WCa3ScL2thcWl5ZbWyVl3f2Nzaru3sdnSaKwZtlopU9SKqQXAJbeQooJcpoEkkoBvdXY317j0ozVPZwlEGQUIHksecUTRUWDv1Mx66voAYj7QnA9+Y0Y9S0dejxHyF3xoC0vK2oKFb+ooPhngc1upOw5mU/Re4M1Ans2qGtQ+/n7I8AYlMUK0918kwKKhCzgSUVT/XkFF2RwfgGShpAjooJteV9qFh+nacKvMk2hP2Z0dBEz1e1jgTikM9r43J/zQvx/g8KLjMcgTJpoPiXNiY2uOo7D5XwFCMDKBMcbOrzYZUUYYm0KoJwZ0/+S/onDRcp+HenNYvLmdxVMg+OSBHxCVn5IJckyZpE0YeyBN5Ia/Wo/VsvVnvU+uCNevZI7/K+vwGFC2jJA==</latexit><latexit sha1_base64="J0MIdcW46wtpa9lF39GvF0CzUDQ=">AAACHXicbVDLSsNAFJ34rPVVdekmWATdlEQEXYpuXFboC5IYJtObdnAyCTM3Qgn5ETf+ihsXirhwI/6N08dCqxeGOZxzLvfeE2WCa3ScL2thcWl5ZbWyVl3f2Nzaru3sdnSaKwZtlopU9SKqQXAJbeQooJcpoEkkoBvdXY317j0ozVPZwlEGQUIHksecUTRUWDv1Mx66voAYj7QnA9+Y0Y9S0dejxHyF3xoC0vK2oKFb+ooPhngc1upOw5mU/Re4M1Ans2qGtQ+/n7I8AYlMUK0918kwKKhCzgSUVT/XkFF2RwfgGShpAjooJteV9qFh+nacKvMk2hP2Z0dBEz1e1jgTikM9r43J/zQvx/g8KLjMcgTJpoPiXNiY2uOo7D5XwFCMDKBMcbOrzYZUUYYm0KoJwZ0/+S/onDRcp+HenNYvLmdxVMg+OSBHxCVn5IJckyZpE0YeyBN5Ia/Wo/VsvVnvU+uCNevZI7/K+vwGFC2jJA==</latexit><latexit sha1_base64="J0MIdcW46wtpa9lF39GvF0CzUDQ=">AAACHXicbVDLSsNAFJ34rPVVdekmWATdlEQEXYpuXFboC5IYJtObdnAyCTM3Qgn5ETf+ihsXirhwI/6N08dCqxeGOZxzLvfeE2WCa3ScL2thcWl5ZbWyVl3f2Nzaru3sdnSaKwZtlopU9SKqQXAJbeQooJcpoEkkoBvdXY317j0ozVPZwlEGQUIHksecUTRUWDv1Mx66voAYj7QnA9+Y0Y9S0dejxHyF3xoC0vK2oKFb+ooPhngc1upOw5mU/Re4M1Ans2qGtQ+/n7I8AYlMUK0918kwKKhCzgSUVT/XkFF2RwfgGShpAjooJteV9qFh+nacKvMk2hP2Z0dBEz1e1jgTikM9r43J/zQvx/g8KLjMcgTJpoPiXNiY2uOo7D5XwFCMDKBMcbOrzYZUUYYm0KoJwZ0/+S/onDRcp+HenNYvLmdxVMg+OSBHxCVn5IJckyZpE0YeyBN5Ia/Wo/VsvVnvU+uCNevZI7/K+vwGFC2jJA==</latexit>

⇡1 (s[n]|⇥p1)
<latexit sha1_base64="MDlwudSG2heoxXMtu2yXIjHG1ao=">AAACHXicbVDLSsNAFJ34rPVVdekmWATdlEQEXYpuXFboC5IYJtObdnAyCTM3Qgn5ETf+ihsXirhwI/6N08dCqxeGOZxzLvfeE2WCa3ScL2thcWl5ZbWyVl3f2Nzaru3sdnSaKwZtlopU9SKqQXAJbeQooJcpoEkkoBvdXY317j0ozVPZwlEGQUIHksecUTRUWDv1Mx66voAYj7QnA9+Y0Y9S0dejxHyF3xoC0vK2yEK39BUfDPE4rNWdhjMp+y9wZ6BOZtUMax9+P2V5AhKZoFp7rpNhUFCFnAkoq36uIaPsjg7AM1DSBHRQTK4r7UPD9O04VeZJtCfsz46CJnq8rHEmFId6XhuT/2lejvF5UHCZ5QiSTQfFubAxtcdR2X2ugKEYGUCZ4mZXmw2pogxNoFUTgjt/8l/QOWm4TsO9Oa1fXM7iqJB9ckCOiEvOyAW5Jk3SJow8kCfyQl6tR+vZerPep9YFa9azR36V9fkNK3+jMw==</latexit><latexit sha1_base64="MDlwudSG2heoxXMtu2yXIjHG1ao=">AAACHXicbVDLSsNAFJ34rPVVdekmWATdlEQEXYpuXFboC5IYJtObdnAyCTM3Qgn5ETf+ihsXirhwI/6N08dCqxeGOZxzLvfeE2WCa3ScL2thcWl5ZbWyVl3f2Nzaru3sdnSaKwZtlopU9SKqQXAJbeQooJcpoEkkoBvdXY317j0ozVPZwlEGQUIHksecUTRUWDv1Mx66voAYj7QnA9+Y0Y9S0dejxHyF3xoC0vK2yEK39BUfDPE4rNWdhjMp+y9wZ6BOZtUMax9+P2V5AhKZoFp7rpNhUFCFnAkoq36uIaPsjg7AM1DSBHRQTK4r7UPD9O04VeZJtCfsz46CJnq8rHEmFId6XhuT/2lejvF5UHCZ5QiSTQfFubAxtcdR2X2ugKEYGUCZ4mZXmw2pogxNoFUTgjt/8l/QOWm4TsO9Oa1fXM7iqJB9ckCOiEvOyAW5Jk3SJow8kCfyQl6tR+vZerPep9YFa9azR36V9fkNK3+jMw==</latexit><latexit sha1_base64="MDlwudSG2heoxXMtu2yXIjHG1ao=">AAACHXicbVDLSsNAFJ34rPVVdekmWATdlEQEXYpuXFboC5IYJtObdnAyCTM3Qgn5ETf+ihsXirhwI/6N08dCqxeGOZxzLvfeE2WCa3ScL2thcWl5ZbWyVl3f2Nzaru3sdnSaKwZtlopU9SKqQXAJbeQooJcpoEkkoBvdXY317j0ozVPZwlEGQUIHksecUTRUWDv1Mx66voAYj7QnA9+Y0Y9S0dejxHyF3xoC0vK2yEK39BUfDPE4rNWdhjMp+y9wZ6BOZtUMax9+P2V5AhKZoFp7rpNhUFCFnAkoq36uIaPsjg7AM1DSBHRQTK4r7UPD9O04VeZJtCfsz46CJnq8rHEmFId6XhuT/2lejvF5UHCZ5QiSTQfFubAxtcdR2X2ugKEYGUCZ4mZXmw2pogxNoFUTgjt/8l/QOWm4TsO9Oa1fXM7iqJB9ckCOiEvOyAW5Jk3SJow8kCfyQl6tR+vZerPep9YFa9azR36V9fkNK3+jMw==</latexit><latexit sha1_base64="MDlwudSG2heoxXMtu2yXIjHG1ao=">AAACHXicbVDLSsNAFJ34rPVVdekmWATdlEQEXYpuXFboC5IYJtObdnAyCTM3Qgn5ETf+ihsXirhwI/6N08dCqxeGOZxzLvfeE2WCa3ScL2thcWl5ZbWyVl3f2Nzaru3sdnSaKwZtlopU9SKqQXAJbeQooJcpoEkkoBvdXY317j0ozVPZwlEGQUIHksecUTRUWDv1Mx66voAYj7QnA9+Y0Y9S0dejxHyF3xoC0vK2yEK39BUfDPE4rNWdhjMp+y9wZ6BOZtUMax9+P2V5AhKZoFp7rpNhUFCFnAkoq36uIaPsjg7AM1DSBHRQTK4r7UPD9O04VeZJtCfsz46CJnq8rHEmFId6XhuT/2lejvF5UHCZ5QiSTQfFubAxtcdR2X2ugKEYGUCZ4mZXmw2pogxNoFUTgjt/8l/QOWm4TsO9Oa1fXM7iqJB9ckCOiEvOyAW5Jk3SJow8kCfyQl6tR+vZerPep9YFa9azR36V9fkNK3+jMw==</latexit>

⇡U (s[n]|⇥pU )
<latexit sha1_base64="ib93yB+Y3FpbsDBb7AVZS3PatF0=">AAACHXicbVBNS8NAEN34WetX1aOXYBHqpSQi6FH04rFC0xaaGDbbSbu42YTdiVBC/4gX/4oXD4p48CL+G7cfB20dWPbx3htm5kWZ4Bod59taWl5ZXVsvbZQ3t7Z3dit7+y2d5oqBx1KRqk5ENQguwUOOAjqZAppEAtrR/fVYbz+A0jyVTRxmECS0L3nMGUVDhZUzP+Oh5wuIsaa7MvCNGf0oFT09TMxX+M0BIB3dFVnojXzF+wM8CStVp+5Myl4E7gxUyawaYeXT76UsT0AiE1TrrutkGBRUIWcCRmU/15BRdk/70DVQ0gR0UEyuG9nHhunZcarMk2hP2N8dBU30eFnjTCgO9Lw2Jv/TujnGF0HBZZYjSDYdFOfCxtQeR2X3uAKGYmgAZYqbXW02oIoyNIGWTQju/MmLoHVad526e3tWvbyaxVEih+SI1IhLzskluSEN4hFGHskzeSVv1pP1Yr1bH1PrkjXrOSB/yvr6AaBbo3s=</latexit><latexit sha1_base64="ib93yB+Y3FpbsDBb7AVZS3PatF0=">AAACHXicbVBNS8NAEN34WetX1aOXYBHqpSQi6FH04rFC0xaaGDbbSbu42YTdiVBC/4gX/4oXD4p48CL+G7cfB20dWPbx3htm5kWZ4Bod59taWl5ZXVsvbZQ3t7Z3dit7+y2d5oqBx1KRqk5ENQguwUOOAjqZAppEAtrR/fVYbz+A0jyVTRxmECS0L3nMGUVDhZUzP+Oh5wuIsaa7MvCNGf0oFT09TMxX+M0BIB3dFVnojXzF+wM8CStVp+5Myl4E7gxUyawaYeXT76UsT0AiE1TrrutkGBRUIWcCRmU/15BRdk/70DVQ0gR0UEyuG9nHhunZcarMk2hP2N8dBU30eFnjTCgO9Lw2Jv/TujnGF0HBZZYjSDYdFOfCxtQeR2X3uAKGYmgAZYqbXW02oIoyNIGWTQju/MmLoHVad526e3tWvbyaxVEih+SI1IhLzskluSEN4hFGHskzeSVv1pP1Yr1bH1PrkjXrOSB/yvr6AaBbo3s=</latexit><latexit sha1_base64="ib93yB+Y3FpbsDBb7AVZS3PatF0=">AAACHXicbVBNS8NAEN34WetX1aOXYBHqpSQi6FH04rFC0xaaGDbbSbu42YTdiVBC/4gX/4oXD4p48CL+G7cfB20dWPbx3htm5kWZ4Bod59taWl5ZXVsvbZQ3t7Z3dit7+y2d5oqBx1KRqk5ENQguwUOOAjqZAppEAtrR/fVYbz+A0jyVTRxmECS0L3nMGUVDhZUzP+Oh5wuIsaa7MvCNGf0oFT09TMxX+M0BIB3dFVnojXzF+wM8CStVp+5Myl4E7gxUyawaYeXT76UsT0AiE1TrrutkGBRUIWcCRmU/15BRdk/70DVQ0gR0UEyuG9nHhunZcarMk2hP2N8dBU30eFnjTCgO9Lw2Jv/TujnGF0HBZZYjSDYdFOfCxtQeR2X3uAKGYmgAZYqbXW02oIoyNIGWTQju/MmLoHVad526e3tWvbyaxVEih+SI1IhLzskluSEN4hFGHskzeSVv1pP1Yr1bH1PrkjXrOSB/yvr6AaBbo3s=</latexit><latexit sha1_base64="ib93yB+Y3FpbsDBb7AVZS3PatF0=">AAACHXicbVBNS8NAEN34WetX1aOXYBHqpSQi6FH04rFC0xaaGDbbSbu42YTdiVBC/4gX/4oXD4p48CL+G7cfB20dWPbx3htm5kWZ4Bod59taWl5ZXVsvbZQ3t7Z3dit7+y2d5oqBx1KRqk5ENQguwUOOAjqZAppEAtrR/fVYbz+A0jyVTRxmECS0L3nMGUVDhZUzP+Oh5wuIsaa7MvCNGf0oFT09TMxX+M0BIB3dFVnojXzF+wM8CStVp+5Myl4E7gxUyawaYeXT76UsT0AiE1TrrutkGBRUIWcCRmU/15BRdk/70DVQ0gR0UEyuG9nHhunZcarMk2hP2N8dBU30eFnjTCgO9Lw2Jv/TujnGF0HBZZYjSDYdFOfCxtQeR2X3uAKGYmgAZYqbXW02oIoyNIGWTQju/MmLoHVad526e3tWvbyaxVEih+SI1IhLzskluSEN4hFGHskzeSVv1pP1Yr1bH1PrkjXrOSB/yvr6AaBbo3s=</latexit>

! ⇥a�
U

⌧s⇥
aU+

(1� ⌧s)⇥
a�
U

<latexit sha1_base64="myN3fysc9SpSyjoPFtGGHqFK3Yc="></latexit><latexit sha1_base64="myN3fysc9SpSyjoPFtGGHqFK3Yc="></latexit><latexit sha1_base64="myN3fysc9SpSyjoPFtGGHqFK3Yc="></latexit><latexit sha1_base64="myN3fysc9SpSyjoPFtGGHqFK3Yc="></latexit>

! ⇥a�
1

⌧s⇥
a1+

(1� ⌧s)⇥
a�
1

<latexit sha1_base64="bgjLgIfRnQNqXhNEXAABzOulZdk="></latexit><latexit sha1_base64="bgjLgIfRnQNqXhNEXAABzOulZdk="></latexit><latexit sha1_base64="bgjLgIfRnQNqXhNEXAABzOulZdk="></latexit><latexit sha1_base64="bgjLgIfRnQNqXhNEXAABzOulZdk="></latexit>

a1[n]
<latexit sha1_base64="nN8CisShGw18K/yUzUk9JYZZe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWLacCUf7CRlYUKGksecEuukNunjQIb9as2v+3OgVYILUoMCzX71qzdQNEuYtFQQYwLspzbMibacCjat9DLDUkLHZMgCRyVJmAnz+bVTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2OhpwzagVE0cI1dzdiuiIaEKtC6jiQsDLL6+S9kUd+3V8f1lr3BRxlOEETuEcMFxBA+6gCS2g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHGRGOzQ==</latexit><latexit sha1_base64="nN8CisShGw18K/yUzUk9JYZZe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWLacCUf7CRlYUKGksecEuukNunjQIb9as2v+3OgVYILUoMCzX71qzdQNEuYtFQQYwLspzbMibacCjat9DLDUkLHZMgCRyVJmAnz+bVTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2OhpwzagVE0cI1dzdiuiIaEKtC6jiQsDLL6+S9kUd+3V8f1lr3BRxlOEETuEcMFxBA+6gCS2g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHGRGOzQ==</latexit><latexit sha1_base64="nN8CisShGw18K/yUzUk9JYZZe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWLacCUf7CRlYUKGksecEuukNunjQIb9as2v+3OgVYILUoMCzX71qzdQNEuYtFQQYwLspzbMibacCjat9DLDUkLHZMgCRyVJmAnz+bVTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2OhpwzagVE0cI1dzdiuiIaEKtC6jiQsDLL6+S9kUd+3V8f1lr3BRxlOEETuEcMFxBA+6gCS2g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHGRGOzQ==</latexit><latexit sha1_base64="nN8CisShGw18K/yUzUk9JYZZe6A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWLacCUf7CRlYUKGksecEuukNunjQIb9as2v+3OgVYILUoMCzX71qzdQNEuYtFQQYwLspzbMibacCjat9DLDUkLHZMgCRyVJmAnz+bVTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2OhpwzagVE0cI1dzdiuiIaEKtC6jiQsDLL6+S9kUd+3V8f1lr3BRxlOEETuEcMFxBA+6gCS2g8AjP8ApvnvJevHfvY9Fa8oqZY/gD7/MHGRGOzQ==</latexit>

Exploratory Actor

M
⇣
·|⇥M

⌘
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<latexit sha1_base64="+X2Dzxriq+Fk3hXjeWG87IqvBSU=">AAACGnicbVBNS8NAEN34WetX1KOXxSIISklE0GPRi8cK9gOaUCbbTbt0swm7G6GE/g4v/hUvHhTxJl78N27SHLR1YNk3b94wMy9IOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEtkjMY9kNQFHOBG1ppjntJpJCFHDaCcY3eb3zQKVisbjXk4T6EQwFCxkBbai+7XocxJBTrHrCP8NeBHoUhBlMi9SQp675pcmwJwtl3645dacIvAjcEtRQGc2+/ekNYpJGVGjCQame6yTaz0BqRjidVr1U0QTIGIa0Z6CAiCo/K06b4mPDDHAYS/OExgX7uyODSKlJFBhlvrqar+Xkf7VeqsMrP2MiSTUVZDYoTDnWMc59wgMmKdF8YgAQycyumIxAAtHGzaoxwZ0/eRG0z+uuU3fvLmqN69KOCjpER+gEuegSNdAtaqIWIugRPaNX9GY9WS/Wu/Uxky5ZZc8B+hPW1w9iUp/Q</latexit><latexit sha1_base64="+X2Dzxriq+Fk3hXjeWG87IqvBSU=">AAACGnicbVBNS8NAEN34WetX1KOXxSIISklE0GPRi8cK9gOaUCbbTbt0swm7G6GE/g4v/hUvHhTxJl78N27SHLR1YNk3b94wMy9IOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEtkjMY9kNQFHOBG1ppjntJpJCFHDaCcY3eb3zQKVisbjXk4T6EQwFCxkBbai+7XocxJBTrHrCP8NeBHoUhBlMi9SQp675pcmwJwtl3645dacIvAjcEtRQGc2+/ekNYpJGVGjCQame6yTaz0BqRjidVr1U0QTIGIa0Z6CAiCo/K06b4mPDDHAYS/OExgX7uyODSKlJFBhlvrqar+Xkf7VeqsMrP2MiSTUVZDYoTDnWMc59wgMmKdF8YgAQycyumIxAAtHGzaoxwZ0/eRG0z+uuU3fvLmqN69KOCjpER+gEuegSNdAtaqIWIugRPaNX9GY9WS/Wu/Uxky5ZZc8B+hPW1w9iUp/Q</latexit><latexit sha1_base64="+X2Dzxriq+Fk3hXjeWG87IqvBSU=">AAACGnicbVBNS8NAEN34WetX1KOXxSIISklE0GPRi8cK9gOaUCbbTbt0swm7G6GE/g4v/hUvHhTxJl78N27SHLR1YNk3b94wMy9IOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEtkjMY9kNQFHOBG1ppjntJpJCFHDaCcY3eb3zQKVisbjXk4T6EQwFCxkBbai+7XocxJBTrHrCP8NeBHoUhBlMi9SQp675pcmwJwtl3645dacIvAjcEtRQGc2+/ekNYpJGVGjCQame6yTaz0BqRjidVr1U0QTIGIa0Z6CAiCo/K06b4mPDDHAYS/OExgX7uyODSKlJFBhlvrqar+Xkf7VeqsMrP2MiSTUVZDYoTDnWMc59wgMmKdF8YgAQycyumIxAAtHGzaoxwZ0/eRG0z+uuU3fvLmqN69KOCjpER+gEuegSNdAtaqIWIugRPaNX9GY9WS/Wu/Uxky5ZZc8B+hPW1w9iUp/Q</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="yzVod88plipL7ya9BS/eh2Lf+AA=">AAACD3icbVDLSgMxFL3js9aqo1s3wSIISpm40aXgxmUF+4CZoWTSTBuayQxJRihDv8ONv+LGhSLu3Pk3ZqZdaOuBkHPPuSH3nigTXBvP+3bW1jc2t7ZrO/Xdxt7+gXvY6Oo0V5R1aCpS1Y+IZoJL1jHcCNbPFCNJJFgvmtyWfu+RKc1T+WCmGQsTMpI85pQYKw1cHAgiR4Ih7cvwAgUJMeMoLsisKq14ju2tbIUCVXUO3KbX8iqgVYIXpAkLtAfuVzBMaZ4waaggWvvYy0xYEGU4FWxWD3LNMkInZMR8SyVJmA6LarUZOrXKEMWpskcaVKm/XxQk0XqaRLazHF0ve6X4n+fnJr4OCy6z3DBJ5x/FuUAmRWVOaMgVo0ZMLSFUcTsromOiCDU2zboNAS+vvEq6ly3stfC9BzU4hhM4AwxXcAN30IYOUHiCF3iDd+fZeXU+5nGtOYvcjuAPnM8fh32eSw==</latexit><latexit sha1_base64="yzVod88plipL7ya9BS/eh2Lf+AA=">AAACD3icbVDLSgMxFL3js9aqo1s3wSIISpm40aXgxmUF+4CZoWTSTBuayQxJRihDv8ONv+LGhSLu3Pk3ZqZdaOuBkHPPuSH3nigTXBvP+3bW1jc2t7ZrO/Xdxt7+gXvY6Oo0V5R1aCpS1Y+IZoJL1jHcCNbPFCNJJFgvmtyWfu+RKc1T+WCmGQsTMpI85pQYKw1cHAgiR4Ih7cvwAgUJMeMoLsisKq14ju2tbIUCVXUO3KbX8iqgVYIXpAkLtAfuVzBMaZ4waaggWvvYy0xYEGU4FWxWD3LNMkInZMR8SyVJmA6LarUZOrXKEMWpskcaVKm/XxQk0XqaRLazHF0ve6X4n+fnJr4OCy6z3DBJ5x/FuUAmRWVOaMgVo0ZMLSFUcTsromOiCDU2zboNAS+vvEq6ly3stfC9BzU4hhM4AwxXcAN30IYOUHiCF3iDd+fZeXU+5nGtOYvcjuAPnM8fh32eSw==</latexit><latexit sha1_base64="zMtenL2hfa2AGYeHNjNXdh5aQ/A=">AAACGnicbVBNS8NAEJ3Ur1q/oh69LBZBUEriRY9FLx4r2A9oQtlsN+3SzSbsboQS+ju8+Fe8eFDEm3jx37hJc9DWgWXfvHnDzLwg4Uxpx/m2Kiura+sb1c3a1vbO7p69f9BRcSoJbZOYx7IXYEU5E7Stmea0l0iKo4DTbjC5yevdByoVi8W9nibUj/BIsJARrA01sF2PYzHiFKm+8M+RF2E9DsIMz4rUkGeu+aXJkCcL5cCuOw2nCLQM3BLUoYzWwP70hjFJIyo04Vipvusk2s+w1IxwOqt5qaIJJhM8on0DBY6o8rPitBk6McwQhbE0T2hUsL87MhwpNY0Co8xXV4u1nPyv1k91eOVnTCSppoLMB4UpRzpGuU9oyCQlmk8NwEQysysiYywx0cbNmjHBXTx5GXQuGq7TcO+cevO6tKMKR3AMp+DCJTThFlrQBgKP8Ayv8GY9WS/Wu/Uxl1assucQ/oT19QNhEp/M</latexit><latexit sha1_base64="+X2Dzxriq+Fk3hXjeWG87IqvBSU=">AAACGnicbVBNS8NAEN34WetX1KOXxSIISklE0GPRi8cK9gOaUCbbTbt0swm7G6GE/g4v/hUvHhTxJl78N27SHLR1YNk3b94wMy9IOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEtkjMY9kNQFHOBG1ppjntJpJCFHDaCcY3eb3zQKVisbjXk4T6EQwFCxkBbai+7XocxJBTrHrCP8NeBHoUhBlMi9SQp675pcmwJwtl3645dacIvAjcEtRQGc2+/ekNYpJGVGjCQame6yTaz0BqRjidVr1U0QTIGIa0Z6CAiCo/K06b4mPDDHAYS/OExgX7uyODSKlJFBhlvrqar+Xkf7VeqsMrP2MiSTUVZDYoTDnWMc59wgMmKdF8YgAQycyumIxAAtHGzaoxwZ0/eRG0z+uuU3fvLmqN69KOCjpER+gEuegSNdAtaqIWIugRPaNX9GY9WS/Wu/Uxky5ZZc8B+hPW1w9iUp/Q</latexit><latexit sha1_base64="+X2Dzxriq+Fk3hXjeWG87IqvBSU=">AAACGnicbVBNS8NAEN34WetX1KOXxSIISklE0GPRi8cK9gOaUCbbTbt0swm7G6GE/g4v/hUvHhTxJl78N27SHLR1YNk3b94wMy9IOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEtkjMY9kNQFHOBG1ppjntJpJCFHDaCcY3eb3zQKVisbjXk4T6EQwFCxkBbai+7XocxJBTrHrCP8NeBHoUhBlMi9SQp675pcmwJwtl3645dacIvAjcEtRQGc2+/ekNYpJGVGjCQame6yTaz0BqRjidVr1U0QTIGIa0Z6CAiCo/K06b4mPDDHAYS/OExgX7uyODSKlJFBhlvrqar+Xkf7VeqsMrP2MiSTUVZDYoTDnWMc59wgMmKdF8YgAQycyumIxAAtHGzaoxwZ0/eRG0z+uuU3fvLmqN69KOCjpER+gEuegSNdAtaqIWIugRPaNX9GY9WS/Wu/Uxky5ZZc8B+hPW1w9iUp/Q</latexit><latexit sha1_base64="+X2Dzxriq+Fk3hXjeWG87IqvBSU=">AAACGnicbVBNS8NAEN34WetX1KOXxSIISklE0GPRi8cK9gOaUCbbTbt0swm7G6GE/g4v/hUvHhTxJl78N27SHLR1YNk3b94wMy9IOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEtkjMY9kNQFHOBG1ppjntJpJCFHDaCcY3eb3zQKVisbjXk4T6EQwFCxkBbai+7XocxJBTrHrCP8NeBHoUhBlMi9SQp675pcmwJwtl3645dacIvAjcEtRQGc2+/ekNYpJGVGjCQame6yTaz0BqRjidVr1U0QTIGIa0Z6CAiCo/K06b4mPDDHAYS/OExgX7uyODSKlJFBhlvrqar+Xkf7VeqsMrP2MiSTUVZDYoTDnWMc59wgMmKdF8YgAQycyumIxAAtHGzaoxwZ0/eRG0z+uuU3fvLmqN69KOCjpER+gEuegSNdAtaqIWIugRPaNX9GY9WS/Wu/Uxky5ZZc8B+hPW1w9iUp/Q</latexit><latexit sha1_base64="+X2Dzxriq+Fk3hXjeWG87IqvBSU=">AAACGnicbVBNS8NAEN34WetX1KOXxSIISklE0GPRi8cK9gOaUCbbTbt0swm7G6GE/g4v/hUvHhTxJl78N27SHLR1YNk3b94wMy9IOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEtkjMY9kNQFHOBG1ppjntJpJCFHDaCcY3eb3zQKVisbjXk4T6EQwFCxkBbai+7XocxJBTrHrCP8NeBHoUhBlMi9SQp675pcmwJwtl3645dacIvAjcEtRQGc2+/ekNYpJGVGjCQame6yTaz0BqRjidVr1U0QTIGIa0Z6CAiCo/K06b4mPDDHAYS/OExgX7uyODSKlJFBhlvrqar+Xkf7VeqsMrP2MiSTUVZDYoTDnWMc59wgMmKdF8YgAQycyumIxAAtHGzaoxwZ0/eRG0z+uuU3fvLmqN69KOCjpER+gEuegSNdAtaqIWIugRPaNX9GY9WS/Wu/Uxky5ZZc8B+hPW1w9iUp/Q</latexit><latexit sha1_base64="+X2Dzxriq+Fk3hXjeWG87IqvBSU=">AAACGnicbVBNS8NAEN34WetX1KOXxSIISklE0GPRi8cK9gOaUCbbTbt0swm7G6GE/g4v/hUvHhTxJl78N27SHLR1YNk3b94wMy9IOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEtkjMY9kNQFHOBG1ppjntJpJCFHDaCcY3eb3zQKVisbjXk4T6EQwFCxkBbai+7XocxJBTrHrCP8NeBHoUhBlMi9SQp675pcmwJwtl3645dacIvAjcEtRQGc2+/ekNYpJGVGjCQame6yTaz0BqRjidVr1U0QTIGIa0Z6CAiCo/K06b4mPDDHAYS/OExgX7uyODSKlJFBhlvrqar+Xkf7VeqsMrP2MiSTUVZDYoTDnWMc59wgMmKdF8YgAQycyumIxAAtHGzaoxwZ0/eRG0z+uuU3fvLmqN69KOCjpER+gEuegSNdAtaqIWIugRPaNX9GY9WS/Wu/Uxky5ZZc8B+hPW1w9iUp/Q</latexit><latexit sha1_base64="+X2Dzxriq+Fk3hXjeWG87IqvBSU=">AAACGnicbVBNS8NAEN34WetX1KOXxSIISklE0GPRi8cK9gOaUCbbTbt0swm7G6GE/g4v/hUvHhTxJl78N27SHLR1YNk3b94wMy9IOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEtkjMY9kNQFHOBG1ppjntJpJCFHDaCcY3eb3zQKVisbjXk4T6EQwFCxkBbai+7XocxJBTrHrCP8NeBHoUhBlMi9SQp675pcmwJwtl3645dacIvAjcEtRQGc2+/ekNYpJGVGjCQame6yTaz0BqRjidVr1U0QTIGIa0Z6CAiCo/K06b4mPDDHAYS/OExgX7uyODSKlJFBhlvrqar+Xkf7VeqsMrP2MiSTUVZDYoTDnWMc59wgMmKdF8YgAQycyumIxAAtHGzaoxwZ0/eRG0z+uuU3fvLmqN69KOCjpER+gEuegSNdAtaqIWIugRPaNX9GY9WS/Wu/Uxky5ZZc8B+hPW1w9iUp/Q</latexit>

Global Experience Replay Buffer

B
<latexit sha1_base64="7BVGhyqZx+UqjNoXq5pgrgMrQFc=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFnqxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQjzhIWxGQsecQpQSv1BzHBCSUia86H1ZpX9xZw14lfkBoUaA2rX4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3QurjNxIafskugv190ZGYmNmcWgn84hm1cvF/7x+itFtkHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968jrpXNV9r+4/XNcazaKOMpzBOVyCDzfQgHtoQRsoKHiGV3hz0Hlx3p2P5WjJKXZO4Q+czx9x05FY</latexit><latexit sha1_base64="7BVGhyqZx+UqjNoXq5pgrgMrQFc=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFnqxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQjzhIWxGQsecQpQSv1BzHBCSUia86H1ZpX9xZw14lfkBoUaA2rX4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3QurjNxIafskugv190ZGYmNmcWgn84hm1cvF/7x+itFtkHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968jrpXNV9r+4/XNcazaKOMpzBOVyCDzfQgHtoQRsoKHiGV3hz0Hlx3p2P5WjJKXZO4Q+czx9x05FY</latexit><latexit sha1_base64="7BVGhyqZx+UqjNoXq5pgrgMrQFc=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFnqxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQjzhIWxGQsecQpQSv1BzHBCSUia86H1ZpX9xZw14lfkBoUaA2rX4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3QurjNxIafskugv190ZGYmNmcWgn84hm1cvF/7x+itFtkHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968jrpXNV9r+4/XNcazaKOMpzBOVyCDzfQgHtoQRsoKHiGV3hz0Hlx3p2P5WjJKXZO4Q+czx9x05FY</latexit><latexit sha1_base64="7BVGhyqZx+UqjNoXq5pgrgMrQFc=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFnqxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPmAhu0PO+ndLG5tb2Tnm3srd/cHhUPT7pGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Lve7T0wbruQjzhIWxGQsecQpQSv1BzHBCSUia86H1ZpX9xZw14lfkBoUaA2rX4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3QurjNxIafskugv190ZGYmNmcWgn84hm1cvF/7x+itFtkHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968jrpXNV9r+4/XNcazaKOMpzBOVyCDzfQgHtoQRsoKHiGV3hz0Hlx3p2P5WjJKXZO4Q+czx9x05FY</latexit>

Sampled Mini-Batch Transitions
D<latexit sha1_base64="1Z6CzjBl0OMVztfQ+m452YDkcY0=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFnUhcsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AdN2RWg==</latexit><latexit sha1_base64="1Z6CzjBl0OMVztfQ+m452YDkcY0=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFnUhcsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AdN2RWg==</latexit><latexit sha1_base64="1Z6CzjBl0OMVztfQ+m452YDkcY0=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFnUhcsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AdN2RWg==</latexit><latexit sha1_base64="1Z6CzjBl0OMVztfQ+m452YDkcY0=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFnUhcsK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo64GBwzn3MueeMBHcoOd9O6W19Y3NrfJ2ZWd3b/+genjUNirVlLWoEkp3Q2KY4JK1kKNg3UQzEoeCdcLJbe53npg2XMlHnCYsiMlI8ohTglbq9WOCY0pEdjcbVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUbXQcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LVVsCf7yyaukfVH3vbr/cFlr3BR1lOEETuEcfLiCBtxDE1pAQcEzvMKbg86L8+58LEZLTrFzDH/gfP4AdN2RWg==</latexit>

(sm,am, sm+1, rm)
<latexit sha1_base64="UZnGUoSSZczSk2NO7NRhogrjxFQ=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoWEoigi6LblxWsA9oSphMJ+3QmSTM3Agl9Cfc+CtuXCjiVnDn3zhpu9DWAwNnzrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOWjlNFWZPGIladgGgmeMSawEGwTqIYkYFg7WB0k/vtB6Y0j6N7GCesJ8kg4iGnBIzk21VPsBAq2pdV7EkCwyDMyCT/aT+TZ+6kipUvPcUHQzj17bJTc6bAy8SdkzKao+HbX14/pqlkEVBBtO66TgK9jCjgVLBJyUs1SwgdkQHrGhoRyXQvm141wSdG6eMwVuZFgKfq746MSK3HMjCV+eJ60cvF/7xuCuFVL+NRkgKL6GxQmAoMMc4jwn2uGAUxNoRQxc2umA6JIhRMkCUTgrt48jJpnddcp+beXZTr1/M4iugIHaMKctElqqNb1EBNRNEjekav6M16sl6sd+tjVlqw5j2H6A+szx8QOZ4c</latexit><latexit sha1_base64="UZnGUoSSZczSk2NO7NRhogrjxFQ=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoWEoigi6LblxWsA9oSphMJ+3QmSTM3Agl9Cfc+CtuXCjiVnDn3zhpu9DWAwNnzrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOWjlNFWZPGIladgGgmeMSawEGwTqIYkYFg7WB0k/vtB6Y0j6N7GCesJ8kg4iGnBIzk21VPsBAq2pdV7EkCwyDMyCT/aT+TZ+6kipUvPcUHQzj17bJTc6bAy8SdkzKao+HbX14/pqlkEVBBtO66TgK9jCjgVLBJyUs1SwgdkQHrGhoRyXQvm141wSdG6eMwVuZFgKfq746MSK3HMjCV+eJ60cvF/7xuCuFVL+NRkgKL6GxQmAoMMc4jwn2uGAUxNoRQxc2umA6JIhRMkCUTgrt48jJpnddcp+beXZTr1/M4iugIHaMKctElqqNb1EBNRNEjekav6M16sl6sd+tjVlqw5j2H6A+szx8QOZ4c</latexit><latexit sha1_base64="UZnGUoSSZczSk2NO7NRhogrjxFQ=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoWEoigi6LblxWsA9oSphMJ+3QmSTM3Agl9Cfc+CtuXCjiVnDn3zhpu9DWAwNnzrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOWjlNFWZPGIladgGgmeMSawEGwTqIYkYFg7WB0k/vtB6Y0j6N7GCesJ8kg4iGnBIzk21VPsBAq2pdV7EkCwyDMyCT/aT+TZ+6kipUvPcUHQzj17bJTc6bAy8SdkzKao+HbX14/pqlkEVBBtO66TgK9jCjgVLBJyUs1SwgdkQHrGhoRyXQvm141wSdG6eMwVuZFgKfq746MSK3HMjCV+eJ60cvF/7xuCuFVL+NRkgKL6GxQmAoMMc4jwn2uGAUxNoRQxc2umA6JIhRMkCUTgrt48jJpnddcp+beXZTr1/M4iugIHaMKctElqqNb1EBNRNEjekav6M16sl6sd+tjVlqw5j2H6A+szx8QOZ4c</latexit><latexit sha1_base64="UZnGUoSSZczSk2NO7NRhogrjxFQ=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WoWEoigi6LblxWsA9oSphMJ+3QmSTM3Agl9Cfc+CtuXCjiVnDn3zhpu9DWAwNnzrmXe+8JEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOWjlNFWZPGIladgGgmeMSawEGwTqIYkYFg7WB0k/vtB6Y0j6N7GCesJ8kg4iGnBIzk21VPsBAq2pdV7EkCwyDMyCT/aT+TZ+6kipUvPcUHQzj17bJTc6bAy8SdkzKao+HbX14/pqlkEVBBtO66TgK9jCjgVLBJyUs1SwgdkQHrGhoRyXQvm141wSdG6eMwVuZFgKfq746MSK3HMjCV+eJ60cvF/7xuCuFVL+NRkgKL6GxQmAoMMc4jwn2uGAUxNoRQxc2umA6JIhRMkCUTgrt48jJpnddcp+beXZTr1/M4iugIHaMKctElqqNb1EBNRNEjekav6M16sl6sd+tjVlqw5j2H6A+szx8QOZ4c</latexit>
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am
<latexit sha1_base64="kcwkStoaLbXW1gRiqTcYY058R6o=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC10hpJJM21oHkOSEcrQ33DjQhG3/ow7/8ZMOwttPRA4nHMv9+TEKWfG+v63V1lb39jcqm7Xdnb39g/qh0ddozJNaIcornQvxoZyJmnHMstpL9UUi5jTx3hyW/iPT1QbpuSDnaY0EngkWcIItk4KQ4HtOE5yPBuIQb3hN/050CoJStKAEu1B/SscKpIJKi3h2Jh+4Kc2yrG2jHA6q4WZoSkmEzyifUclFtRE+TzzDJ05ZYgSpd2TFs3V3xs5FsZMRewmi4xm2SvE/7x+ZpPrKGcyzSyVZHEoyTiyChUFoCHTlFg+dQQTzVxWRMZYY2JdTTVXQrD85VXSvWgGfjO4v2y0bso6qnACp3AOAVxBC+6gDR0gkMIzvMKbl3kv3rv3sRiteOXOMfyB9/kDYi+R5Q==</latexit><latexit sha1_base64="kcwkStoaLbXW1gRiqTcYY058R6o=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC10hpJJM21oHkOSEcrQ33DjQhG3/ow7/8ZMOwttPRA4nHMv9+TEKWfG+v63V1lb39jcqm7Xdnb39g/qh0ddozJNaIcornQvxoZyJmnHMstpL9UUi5jTx3hyW/iPT1QbpuSDnaY0EngkWcIItk4KQ4HtOE5yPBuIQb3hN/050CoJStKAEu1B/SscKpIJKi3h2Jh+4Kc2yrG2jHA6q4WZoSkmEzyifUclFtRE+TzzDJ05ZYgSpd2TFs3V3xs5FsZMRewmi4xm2SvE/7x+ZpPrKGcyzSyVZHEoyTiyChUFoCHTlFg+dQQTzVxWRMZYY2JdTTVXQrD85VXSvWgGfjO4v2y0bso6qnACp3AOAVxBC+6gDR0gkMIzvMKbl3kv3rv3sRiteOXOMfyB9/kDYi+R5Q==</latexit><latexit sha1_base64="kcwkStoaLbXW1gRiqTcYY058R6o=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC10hpJJM21oHkOSEcrQ33DjQhG3/ow7/8ZMOwttPRA4nHMv9+TEKWfG+v63V1lb39jcqm7Xdnb39g/qh0ddozJNaIcornQvxoZyJmnHMstpL9UUi5jTx3hyW/iPT1QbpuSDnaY0EngkWcIItk4KQ4HtOE5yPBuIQb3hN/050CoJStKAEu1B/SscKpIJKi3h2Jh+4Kc2yrG2jHA6q4WZoSkmEzyifUclFtRE+TzzDJ05ZYgSpd2TFs3V3xs5FsZMRewmi4xm2SvE/7x+ZpPrKGcyzSyVZHEoyTiyChUFoCHTlFg+dQQTzVxWRMZYY2JdTTVXQrD85VXSvWgGfjO4v2y0bso6qnACp3AOAVxBC+6gDR0gkMIzvMKbl3kv3rv3sRiteOXOMfyB9/kDYi+R5Q==</latexit><latexit sha1_base64="kcwkStoaLbXW1gRiqTcYY058R6o=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC10hpJJM21oHkOSEcrQ33DjQhG3/ow7/8ZMOwttPRA4nHMv9+TEKWfG+v63V1lb39jcqm7Xdnb39g/qh0ddozJNaIcornQvxoZyJmnHMstpL9UUi5jTx3hyW/iPT1QbpuSDnaY0EngkWcIItk4KQ4HtOE5yPBuIQb3hN/050CoJStKAEu1B/SscKpIJKi3h2Jh+4Kc2yrG2jHA6q4WZoSkmEzyifUclFtRE+TzzDJ05ZYgSpd2TFs3V3xs5FsZMRewmi4xm2SvE/7x+ZpPrKGcyzSyVZHEoyTiyChUFoCHTlFg+dQQTzVxWRMZYY2JdTTVXQrD85VXSvWgGfjO4v2y0bso6qnACp3AOAVxBC+6gDR0gkMIzvMKbl3kv3rv3sRiteOXOMfyB9/kDYi+R5Q==</latexit>

rm
<latexit sha1_base64="pxe+CouMh83dhwrPl8D9ZQ0RTi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMedE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF18jdY=</latexit><latexit sha1_base64="pxe+CouMh83dhwrPl8D9ZQ0RTi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMedE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF18jdY=</latexit><latexit sha1_base64="pxe+CouMh83dhwrPl8D9ZQ0RTi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMedE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF18jdY=</latexit><latexit sha1_base64="pxe+CouMh83dhwrPl8D9ZQ0RTi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMedE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF18jdY=</latexit>

sm
<latexit sha1_base64="in8d5o516siePt+a+YQMdl0nMkw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeTE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF8Cjdc=</latexit><latexit sha1_base64="in8d5o516siePt+a+YQMdl0nMkw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeTE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF8Cjdc=</latexit><latexit sha1_base64="in8d5o516siePt+a+YQMdl0nMkw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeTE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF8Cjdc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="cf2URd5OjiCPYL03wQ1UwECK41A=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisaB/QDiWTZtrQJDMkd4Qy9Ce4caGI/8qd/8b0sdDWA4GPcxJy74kzJR1S+h2UtrZ3dvfK+5WD6uHRce2k2nZpbrlo8VSlthszJ5Q0ooUSlehmVjAdK9GJJ3fzvPMsrJOpecJpJiLNRkYmkjP01qMb6EGtTht0IbIJ4QrqsFJzUPvqD1Oea2GQK+ZcL6QZRgWzKLkSs0o/dyJjfMJGoufRMC1cVCxGnZEL7wxJklp/DJKF+/tFwbRzUx37m5rh2K1nc/O/rJdjchMV0mQ5CsOXHyW5IpiS+d5kKK3gqKYeGLfSz0r4mFnG0bdT8SWE6ytvQvuqEdJG+EChDGdwDpcQwjXcwj00oQUcRvACb/AeqOA1+FjWVQpWvZ3CHwWfP0FPjII=</latexit><latexit sha1_base64="cf2URd5OjiCPYL03wQ1UwECK41A=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisaB/QDiWTZtrQJDMkd4Qy9Ce4caGI/8qd/8b0sdDWA4GPcxJy74kzJR1S+h2UtrZ3dvfK+5WD6uHRce2k2nZpbrlo8VSlthszJ5Q0ooUSlehmVjAdK9GJJ3fzvPMsrJOpecJpJiLNRkYmkjP01qMb6EGtTht0IbIJ4QrqsFJzUPvqD1Oea2GQK+ZcL6QZRgWzKLkSs0o/dyJjfMJGoufRMC1cVCxGnZEL7wxJklp/DJKF+/tFwbRzUx37m5rh2K1nc/O/rJdjchMV0mQ5CsOXHyW5IpiS+d5kKK3gqKYeGLfSz0r4mFnG0bdT8SWE6ytvQvuqEdJG+EChDGdwDpcQwjXcwj00oQUcRvACb/AeqOA1+FjWVQpWvZ3CHwWfP0FPjII=</latexit><latexit sha1_base64="8irtSCLUvLUNr/ZubAj1TmBdJ8M=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2WhJtLDEKksCF7C17sGF377I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpVJY9P1vr7S2vrG5Vd6u7Ozu7R9UD4/aNskM4y2WyMR0Imq5FJq3UKDkndRwqiLJH6Pxzcx/fOLGikQ/4CTloaJDLWLBKDrp3vZVv1rz6/4cZJUEBalBgWa/+tUbJCxTXCOT1Npu4KcY5tSgYJJPK73M8pSyMR3yrqOaKm7DfH7qlJw5ZUDixLjSSObq74mcKmsnKnKdiuLILnsz8T+vm2F8FeZCpxlyzRaL4kwSTMjsbzIQhjOUE0coM8LdStiIGsrQpVNxIQTLL6+S9kU98OvBnV9rXBdxlOEETuEcAriEBtxCE1rAYAjP8ApvnvRevHfvY9Fa8oqZY/gD7/MHXcKN0w==</latexit><latexit sha1_base64="in8d5o516siePt+a+YQMdl0nMkw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeTE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF8Cjdc=</latexit><latexit sha1_base64="in8d5o516siePt+a+YQMdl0nMkw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeTE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF8Cjdc=</latexit><latexit sha1_base64="in8d5o516siePt+a+YQMdl0nMkw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeTE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF8Cjdc=</latexit><latexit sha1_base64="in8d5o516siePt+a+YQMdl0nMkw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeTE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF8Cjdc=</latexit><latexit sha1_base64="in8d5o516siePt+a+YQMdl0nMkw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeTE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF8Cjdc=</latexit><latexit sha1_base64="in8d5o516siePt+a+YQMdl0nMkw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeTE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AF8Cjdc=</latexit>

am
<latexit sha1_base64="kcwkStoaLbXW1gRiqTcYY058R6o=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC10hpJJM21oHkOSEcrQ33DjQhG3/ow7/8ZMOwttPRA4nHMv9+TEKWfG+v63V1lb39jcqm7Xdnb39g/qh0ddozJNaIcornQvxoZyJmnHMstpL9UUi5jTx3hyW/iPT1QbpuSDnaY0EngkWcIItk4KQ4HtOE5yPBuIQb3hN/050CoJStKAEu1B/SscKpIJKi3h2Jh+4Kc2yrG2jHA6q4WZoSkmEzyifUclFtRE+TzzDJ05ZYgSpd2TFs3V3xs5FsZMRewmi4xm2SvE/7x+ZpPrKGcyzSyVZHEoyTiyChUFoCHTlFg+dQQTzVxWRMZYY2JdTTVXQrD85VXSvWgGfjO4v2y0bso6qnACp3AOAVxBC+6gDR0gkMIzvMKbl3kv3rv3sRiteOXOMfyB9/kDYi+R5Q==</latexit><latexit sha1_base64="kcwkStoaLbXW1gRiqTcYY058R6o=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC10hpJJM21oHkOSEcrQ33DjQhG3/ow7/8ZMOwttPRA4nHMv9+TEKWfG+v63V1lb39jcqm7Xdnb39g/qh0ddozJNaIcornQvxoZyJmnHMstpL9UUi5jTx3hyW/iPT1QbpuSDnaY0EngkWcIItk4KQ4HtOE5yPBuIQb3hN/050CoJStKAEu1B/SscKpIJKi3h2Jh+4Kc2yrG2jHA6q4WZoSkmEzyifUclFtRE+TzzDJ05ZYgSpd2TFs3V3xs5FsZMRewmi4xm2SvE/7x+ZpPrKGcyzSyVZHEoyTiyChUFoCHTlFg+dQQTzVxWRMZYY2JdTTVXQrD85VXSvWgGfjO4v2y0bso6qnACp3AOAVxBC+6gDR0gkMIzvMKbl3kv3rv3sRiteOXOMfyB9/kDYi+R5Q==</latexit><latexit sha1_base64="kcwkStoaLbXW1gRiqTcYY058R6o=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC10hpJJM21oHkOSEcrQ33DjQhG3/ow7/8ZMOwttPRA4nHMv9+TEKWfG+v63V1lb39jcqm7Xdnb39g/qh0ddozJNaIcornQvxoZyJmnHMstpL9UUi5jTx3hyW/iPT1QbpuSDnaY0EngkWcIItk4KQ4HtOE5yPBuIQb3hN/050CoJStKAEu1B/SscKpIJKi3h2Jh+4Kc2yrG2jHA6q4WZoSkmEzyifUclFtRE+TzzDJ05ZYgSpd2TFs3V3xs5FsZMRewmi4xm2SvE/7x+ZpPrKGcyzSyVZHEoyTiyChUFoCHTlFg+dQQTzVxWRMZYY2JdTTVXQrD85VXSvWgGfjO4v2y0bso6qnACp3AOAVxBC+6gDR0gkMIzvMKbl3kv3rv3sRiteOXOMfyB9/kDYi+R5Q==</latexit><latexit sha1_base64="kcwkStoaLbXW1gRiqTcYY058R6o=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cVbC10hpJJM21oHkOSEcrQ33DjQhG3/ow7/8ZMOwttPRA4nHMv9+TEKWfG+v63V1lb39jcqm7Xdnb39g/qh0ddozJNaIcornQvxoZyJmnHMstpL9UUi5jTx3hyW/iPT1QbpuSDnaY0EngkWcIItk4KQ4HtOE5yPBuIQb3hN/050CoJStKAEu1B/SscKpIJKi3h2Jh+4Kc2yrG2jHA6q4WZoSkmEzyifUclFtRE+TzzDJ05ZYgSpd2TFs3V3xs5FsZMRewmi4xm2SvE/7x+ZpPrKGcyzSyVZHEoyTiyChUFoCHTlFg+dQQTzVxWRMZYY2JdTTVXQrD85VXSvWgGfjO4v2y0bso6qnACp3AOAVxBC+6gDR0gkMIzvMKbl3kv3rv3sRiteOXOMfyB9/kDYi+R5Q==</latexit>

sm+1
<latexit sha1_base64="FtYT9nkQL1uZmAp3HWKdgKAjlVQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MkmGzMwuM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dUSKFRd//9gpr6xubW8Xt0s7u3v5B+fCoaePUMN5gsYxNO6KWS6F5AwVK3k4MpyqSvBWN72Z+64kbK2L9iJOEh4oOtRgIRtFJLdvL1EUw7ZUrftWfg6ySICcVyFHvlb+6/ZilimtkklrbCfwEw4waFEzyaambWp5QNqZD3nFUU8VtmM3PnZIzp/TJIDauNJK5+nsio8raiYpcp6I4ssveTPzP66Q4uAkzoZMUuWaLRYNUEozJ7HfSF4YzlBNHKDPC3UrYiBrK0CVUciEEyy+vkuZlNfCrwcNVpXabx1GEEziFcwjgGmpwD3VoAIMxPMMrvHmJ9+K9ex+L1oKXzxzDH3ifP/0ej1M=</latexit><latexit sha1_base64="FtYT9nkQL1uZmAp3HWKdgKAjlVQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MkmGzMwuM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dUSKFRd//9gpr6xubW8Xt0s7u3v5B+fCoaePUMN5gsYxNO6KWS6F5AwVK3k4MpyqSvBWN72Z+64kbK2L9iJOEh4oOtRgIRtFJLdvL1EUw7ZUrftWfg6ySICcVyFHvlb+6/ZilimtkklrbCfwEw4waFEzyaambWp5QNqZD3nFUU8VtmM3PnZIzp/TJIDauNJK5+nsio8raiYpcp6I4ssveTPzP66Q4uAkzoZMUuWaLRYNUEozJ7HfSF4YzlBNHKDPC3UrYiBrK0CVUciEEyy+vkuZlNfCrwcNVpXabx1GEEziFcwjgGmpwD3VoAIMxPMMrvHmJ9+K9ex+L1oKXzxzDH3ifP/0ej1M=</latexit><latexit sha1_base64="FtYT9nkQL1uZmAp3HWKdgKAjlVQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MkmGzMwuM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dUSKFRd//9gpr6xubW8Xt0s7u3v5B+fCoaePUMN5gsYxNO6KWS6F5AwVK3k4MpyqSvBWN72Z+64kbK2L9iJOEh4oOtRgIRtFJLdvL1EUw7ZUrftWfg6ySICcVyFHvlb+6/ZilimtkklrbCfwEw4waFEzyaambWp5QNqZD3nFUU8VtmM3PnZIzp/TJIDauNJK5+nsio8raiYpcp6I4ssveTPzP66Q4uAkzoZMUuWaLRYNUEozJ7HfSF4YzlBNHKDPC3UrYiBrK0CVUciEEyy+vkuZlNfCrwcNVpXabx1GEEziFcwjgGmpwD3VoAIMxPMMrvHmJ9+K9ex+L1oKXzxzDH3ifP/0ej1M=</latexit><latexit sha1_base64="FtYT9nkQL1uZmAp3HWKdgKAjlVQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MkmGzMwuM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dUSKFRd//9gpr6xubW8Xt0s7u3v5B+fCoaePUMN5gsYxNO6KWS6F5AwVK3k4MpyqSvBWN72Z+64kbK2L9iJOEh4oOtRgIRtFJLdvL1EUw7ZUrftWfg6ySICcVyFHvlb+6/ZilimtkklrbCfwEw4waFEzyaambWp5QNqZD3nFUU8VtmM3PnZIzp/TJIDauNJK5+nsio8raiYpcp6I4ssveTPzP66Q4uAkzoZMUuWaLRYNUEozJ7HfSF4YzlBNHKDPC3UrYiBrK0CVUciEEyy+vkuZlNfCrwcNVpXabx1GEEziFcwjgGmpwD3VoAIMxPMMrvHmJ9+K9ex+L1oKXzxzDH3ifP/0ej1M=</latexit>

sm+1
<latexit sha1_base64="FtYT9nkQL1uZmAp3HWKdgKAjlVQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MkmGzMwuM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dUSKFRd//9gpr6xubW8Xt0s7u3v5B+fCoaePUMN5gsYxNO6KWS6F5AwVK3k4MpyqSvBWN72Z+64kbK2L9iJOEh4oOtRgIRtFJLdvL1EUw7ZUrftWfg6ySICcVyFHvlb+6/ZilimtkklrbCfwEw4waFEzyaambWp5QNqZD3nFUU8VtmM3PnZIzp/TJIDauNJK5+nsio8raiYpcp6I4ssveTPzP66Q4uAkzoZMUuWaLRYNUEozJ7HfSF4YzlBNHKDPC3UrYiBrK0CVUciEEyy+vkuZlNfCrwcNVpXabx1GEEziFcwjgGmpwD3VoAIMxPMMrvHmJ9+K9ex+L1oKXzxzDH3ifP/0ej1M=</latexit><latexit sha1_base64="FtYT9nkQL1uZmAp3HWKdgKAjlVQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MkmGzMwuM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dUSKFRd//9gpr6xubW8Xt0s7u3v5B+fCoaePUMN5gsYxNO6KWS6F5AwVK3k4MpyqSvBWN72Z+64kbK2L9iJOEh4oOtRgIRtFJLdvL1EUw7ZUrftWfg6ySICcVyFHvlb+6/ZilimtkklrbCfwEw4waFEzyaambWp5QNqZD3nFUU8VtmM3PnZIzp/TJIDauNJK5+nsio8raiYpcp6I4ssveTPzP66Q4uAkzoZMUuWaLRYNUEozJ7HfSF4YzlBNHKDPC3UrYiBrK0CVUciEEyy+vkuZlNfCrwcNVpXabx1GEEziFcwjgGmpwD3VoAIMxPMMrvHmJ9+K9ex+L1oKXzxzDH3ifP/0ej1M=</latexit><latexit sha1_base64="FtYT9nkQL1uZmAp3HWKdgKAjlVQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MkmGzMwuM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dUSKFRd//9gpr6xubW8Xt0s7u3v5B+fCoaePUMN5gsYxNO6KWS6F5AwVK3k4MpyqSvBWN72Z+64kbK2L9iJOEh4oOtRgIRtFJLdvL1EUw7ZUrftWfg6ySICcVyFHvlb+6/ZilimtkklrbCfwEw4waFEzyaambWp5QNqZD3nFUU8VtmM3PnZIzp/TJIDauNJK5+nsio8raiYpcp6I4ssveTPzP66Q4uAkzoZMUuWaLRYNUEozJ7HfSF4YzlBNHKDPC3UrYiBrK0CVUciEEyy+vkuZlNfCrwcNVpXabx1GEEziFcwjgGmpwD3VoAIMxPMMrvHmJ9+K9ex+L1oKXzxzDH3ifP/0ej1M=</latexit><latexit sha1_base64="FtYT9nkQL1uZmAp3HWKdgKAjlVQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6QLGF2MkmGzMwuM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dUSKFRd//9gpr6xubW8Xt0s7u3v5B+fCoaePUMN5gsYxNO6KWS6F5AwVK3k4MpyqSvBWN72Z+64kbK2L9iJOEh4oOtRgIRtFJLdvL1EUw7ZUrftWfg6ySICcVyFHvlb+6/ZilimtkklrbCfwEw4waFEzyaambWp5QNqZD3nFUU8VtmM3PnZIzp/TJIDauNJK5+nsio8raiYpcp6I4ssveTPzP66Q4uAkzoZMUuWaLRYNUEozJ7HfSF4YzlBNHKDPC3UrYiBrK0CVUciEEyy+vkuZlNfCrwcNVpXabx1GEEziFcwjgGmpwD3VoAIMxPMMrvHmJ9+K9ex+L1oKXzxzDH3ifP/0ej1M=</latexit>

ED[r⇡uQ
�
sm,�U

u=1 {⇡u (sm|⇥au)} |⇥c0
�
r⇥au⇡u (sm|⇥au)]

<latexit sha1_base64="LlVA9K+T6yYf65yllsBpwh/acwo="></latexit><latexit sha1_base64="LlVA9K+T6yYf65yllsBpwh/acwo="></latexit><latexit sha1_base64="LlVA9K+T6yYf65yllsBpwh/acwo="></latexit><latexit sha1_base64="LlVA9K+T6yYf65yllsBpwh/acwo="></latexit>

Actors’ Gradients

⇥c1  ⇥c1

� ↵cr⇥c1 ` (⇥c1)
<latexit sha1_base64="POD4DcHw5+Qwsc30T+I1ZbETA/E="></latexit><latexit sha1_base64="POD4DcHw5+Qwsc30T+I1ZbETA/E="></latexit><latexit sha1_base64="POD4DcHw5+Qwsc30T+I1ZbETA/E="></latexit><latexit sha1_base64="POD4DcHw5+Qwsc30T+I1ZbETA/E="></latexit>

⇥c0  ⇥c0

� ↵cr⇥c0 ` (⇥c0)
<latexit sha1_base64="ys66O725Qi1iBmvRWDsG/CxCuj8="></latexit><latexit sha1_base64="ys66O725Qi1iBmvRWDsG/CxCuj8="></latexit><latexit sha1_base64="ys66O725Qi1iBmvRWDsG/CxCuj8="></latexit><latexit sha1_base64="ys66O725Qi1iBmvRWDsG/CxCuj8="></latexit>

⇥c�0  ⌧s⇥
c0

+ (1� ⌧s)⇥
c�o

<latexit sha1_base64="4yoTtJtP8tlhXM2pUMVesu3Li+s="></latexit><latexit sha1_base64="4yoTtJtP8tlhXM2pUMVesu3Li+s="></latexit><latexit sha1_base64="4yoTtJtP8tlhXM2pUMVesu3Li+s="></latexit><latexit sha1_base64="4yoTtJtP8tlhXM2pUMVesu3Li+s="></latexit>

⇥c�1  ⌧s⇥
c1

+ (1� ⌧s)⇥
c�1

<latexit sha1_base64="G4Z1aDnFrspnXVJcYWGoO6OcC3Y="></latexit><latexit sha1_base64="G4Z1aDnFrspnXVJcYWGoO6OcC3Y="></latexit><latexit sha1_base64="G4Z1aDnFrspnXVJcYWGoO6OcC3Y="></latexit><latexit sha1_base64="G4Z1aDnFrspnXVJcYWGoO6OcC3Y="></latexit>

r[n]
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The Shared Critic Module

◦ Distributed Agents: explore in parallel
◦ Shared Critic: cooperative learning

◦ Modularized Inputs: balanced dimension
◦ Perturbed Actors: enhanced exploration
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Setups for System Parameters and Hyperparameters of the Learning Process
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Average Energy Efficiency versus Training Episode

◦ MADDPG: an extension of deep deterministic policy
gradient (DDPG) to handle multi-agent scenarios

◦ MATD3: an extension of twin-delayed DDPG (TD3)
to reduce overestimation bias of MADDPG

◦ DSPAC-MN-NM: DSPAC-MN without modular net-
works

◦ DSPAC-MN-NR: Regularization-less DSPAC-MN
◦ DSPAC-MN-NL: DSPAC-MN without learning rate

scheduling
◦ DSPAC-MN-B32: DSPAC-MN with batch size of 32
◦ DSPAC-MN-F200: DSPAC-MN with policy renewal

frequency of 200
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Violin Plot versus Episode Segments

◦ The metric is measured in bits/wJoule, where
wJoule accounts for a weighted sum energy
consideration, ensuring magnitude fairness be-
tween computation/offloading and propulsion
energy costs.

◦ The proposed DSPAC-MN significantly out-
performs other baselines, demonstrating its
effectiveness and efficiency through tailored
components such as perturbed actors, a shared
critic, and modularized inputs.
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Average Safe Flight Probability

◦ A safe flight criterion is violated if any UAV flies
out of bounds or if any pair of UAVs collides.

◦ The proposed DSPAC-MN approach is the only
method achieving 100% safe flight naviga-
tion, while other baselines have a higher likeli-
hood of violating the rules imposed by the op-
timization problem.
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Visualization of and Comparison on Devised Trajectories over Various Algorithms

◦ The proposed DSPAC-MN solution generates trajec-
tories that are well-separated and clear of borders.

◦ Baselines such as DSPAC-MN-B32, MADDPG, and
MATD3 fail to prevent UAVs from crashing into
borders, violating mobility constraints.

◦ Benchmarks like DSPAC-MN-NL, DSPAC-MN-NR,
DSPAC-MN-F200, and DSPAC-MN-NM produce
trajectories that result in collisions, breaching col-
lision constraints.
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Safe Flight Probability and Designed Propulsion Speed

Comparison on Safe Flight Probability

Algorithms MADDPG MATD3 DSPAC-MN-NM DSPAC-MN-NR
The last 1000 episodes 0.5729 0.59992 0.73998 0.62
The last 200 episodes 0.5853 0.6015 0.74 0.62
The last 10 episodes 0.62 0.598 0.74 0.62

Algorithms DSPAC-MN-NL DSPAC-MN-B32 DSPAC-MN-F200 DSPAC-MN
The last 1000 episodes 0.73734 0.77556 0.90374 1.0
The last 200 episodes 0.8205 0.78 0.9905 1.0
The last 10 episodes 0.848 0.78 1.0 1.0
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The End

Thanks for your attentions
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