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Why UAV-Aided Network?
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LoS A2G Link

NLoS A2G Link

◦ Enhanced coverage and connectivity

◦ More likely to establish line-of-sight
(LoS) air-to-ground (A2G) wireless
links due to high altitude

◦ Configurable mobility and on-demand
deployment

◦ Support for IoT & smart applications
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Some Examples of UAV-Assisted IoT Application Scenarios

SN. Cheng, S. Wu, X. Wang, Z. Yin, C. Li, W. Chen, and F. Chen, “AI for UAV-assisted IoT applications: A comprehensive review,”IEEE Internet
Things J., vol. 10, no. 16, pp. 14 438–14 461, 2023.
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What is Cellular-Connected UAVs Networks?

Served by Stronger Sidelobe

Served by 
Weaker Sidelobe

◦ Beyond visual and radio LoS (BVR-
LoS) communications

◦ Reuse cellular networks thus cost-
effective

◦ Compensate GPS coverage for better
UAV navigation

◦ Main lobes of terrestrial base stations
(BSs) are downtitled towards ground

◦ UAVs can be served by side lobes
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The Cellular-Connected UAV Environment

Example: Parcel Collection to the Distribution Centre of Delivery Firm
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What is Reinforcement Learning and How It Works?

ChatGPT Tesla Autopilot AlphaGO

Reinforcement learning works by allowing an agent
to learn optimal behavior through trial and error,
receiving feedback in the form of rewards from its
environment to achieve intelligent decision making.

Qu (s, a|π) = E
[∑+∞

t=0 γ
tru,t+1|s0 = s, a0 = a,π

]
To find the optimal polity π that can maximize
the long-term accumulated discounted rewards Qu.

◦ State (st): Agent’s current state

◦ Action (at): Agent’s selected action

◦ Reward (rt): The feedback from the
environment based on the action taken

◦ Next State (st+1): The next state the
agent would be in
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The Proposed Quantum-Enhanced Deep Reinforcement Learning Algorithm

Sample Mini-Batch

Quantum Initialization Phase
on the 𝑘-th Qubit, i.e.,

Newly-Recorded Transition 
at the 𝑘-th Location 

The QiER Buffer

Sample A Transition Stored at 
the 𝑑-th Location to Compose 

the Mini-Batch

Batch Training on 
the Agent 

Update TD error

Reset the 𝑑-th Qubit to the 
Initial Quantum State Quantum Preparation 

Phase, i.e.,

| ki = |0i
<latexit sha1_base64="hsJvS1RoNXtwudcYKXc6/MLmQ7Y=">AAACFHicbVDLSsNAFJ3UV62vqODGzWARXJVEBN0IRTcuK9gHNCFMppN2yGQSZiZCiPkNP8CtfoI7ceveL/A3nKZZ2NYDF849517u5fgJo1JZ1rdRW1ldW9+obza2tnd298z9g56MU4FJF8csFgMfScIoJ11FFSODRBAU+Yz0/fB26vcfiZA05g8qS4gboTGnAcVIackzj5yQqNzpSOrlYVFcl61VeGbTalkl4DKxK9IEFTqe+eOMYpxGhCvMkJRD20qUmyOhKGakaDipJAnCIRqToaYcRUS6efl/AU+1MoJBLHRxBUv170aOIimzyNeTEVITuehNxf+8YaqCKzenPEkV4Xh2KEgZVDGchgFHVBCsWKYJwoLqXyGeIIGw0pHNXUkmmaRYFg2djL2YwzLpnbdsq2XfXzTbN1VGdXAMTsAZsMElaIM70AFdgMETeAGv4M14Nt6ND+NzNlozqp1DMAfj6xcmPZ9m</latexit><latexit sha1_base64="hsJvS1RoNXtwudcYKXc6/MLmQ7Y=">AAACFHicbVDLSsNAFJ3UV62vqODGzWARXJVEBN0IRTcuK9gHNCFMppN2yGQSZiZCiPkNP8CtfoI7ceveL/A3nKZZ2NYDF849517u5fgJo1JZ1rdRW1ldW9+obza2tnd298z9g56MU4FJF8csFgMfScIoJ11FFSODRBAU+Yz0/fB26vcfiZA05g8qS4gboTGnAcVIackzj5yQqNzpSOrlYVFcl61VeGbTalkl4DKxK9IEFTqe+eOMYpxGhCvMkJRD20qUmyOhKGakaDipJAnCIRqToaYcRUS6efl/AU+1MoJBLHRxBUv170aOIimzyNeTEVITuehNxf+8YaqCKzenPEkV4Xh2KEgZVDGchgFHVBCsWKYJwoLqXyGeIIGw0pHNXUkmmaRYFg2djL2YwzLpnbdsq2XfXzTbN1VGdXAMTsAZsMElaIM70AFdgMETeAGv4M14Nt6ND+NzNlozqp1DMAfj6xcmPZ9m</latexit><latexit sha1_base64="hsJvS1RoNXtwudcYKXc6/MLmQ7Y=">AAACFHicbVDLSsNAFJ3UV62vqODGzWARXJVEBN0IRTcuK9gHNCFMppN2yGQSZiZCiPkNP8CtfoI7ceveL/A3nKZZ2NYDF849517u5fgJo1JZ1rdRW1ldW9+obza2tnd298z9g56MU4FJF8csFgMfScIoJ11FFSODRBAU+Yz0/fB26vcfiZA05g8qS4gboTGnAcVIackzj5yQqNzpSOrlYVFcl61VeGbTalkl4DKxK9IEFTqe+eOMYpxGhCvMkJRD20qUmyOhKGakaDipJAnCIRqToaYcRUS6efl/AU+1MoJBLHRxBUv170aOIimzyNeTEVITuehNxf+8YaqCKzenPEkV4Xh2KEgZVDGchgFHVBCsWKYJwoLqXyGeIIGw0pHNXUkmmaRYFg2djL2YwzLpnbdsq2XfXzTbN1VGdXAMTsAZsMElaIM70AFdgMETeAGv4M14Nt6ND+NzNlozqp1DMAfj6xcmPZ9m</latexit><latexit sha1_base64="hsJvS1RoNXtwudcYKXc6/MLmQ7Y=">AAACFHicbVDLSsNAFJ3UV62vqODGzWARXJVEBN0IRTcuK9gHNCFMppN2yGQSZiZCiPkNP8CtfoI7ceveL/A3nKZZ2NYDF849517u5fgJo1JZ1rdRW1ldW9+obza2tnd298z9g56MU4FJF8csFgMfScIoJ11FFSODRBAU+Yz0/fB26vcfiZA05g8qS4gboTGnAcVIackzj5yQqNzpSOrlYVFcl61VeGbTalkl4DKxK9IEFTqe+eOMYpxGhCvMkJRD20qUmyOhKGakaDipJAnCIRqToaYcRUS6efl/AU+1MoJBLHRxBUv170aOIimzyNeTEVITuehNxf+8YaqCKzenPEkV4Xh2KEgZVDGchgFHVBCsWKYJwoLqXyGeIIGw0pHNXUkmmaRYFg2djL2YwzLpnbdsq2XfXzTbN1VGdXAMTsAZsMElaIM70AFdgMETeAGv4M14Nt6ND+NzNlozqp1DMAfj6xcmPZ9m</latexit>

Quantum Measurement Phase 
on All Qubits

The Replay Time of the 
Sampled Transition

| di = U |+iU |0i |+i
<latexit sha1_base64="9t1v/gG52wVBXShaYatlWmbuosI="></latexit><latexit sha1_base64="9t1v/gG52wVBXShaYatlWmbuosI="></latexit><latexit sha1_base64="9t1v/gG52wVBXShaYatlWmbuosI="></latexit><latexit sha1_base64="9t1v/gG52wVBXShaYatlWmbuosI="></latexit>

Store Transition

D3QN Agent

Environment

into the Sliding Buffer Then Generate Multi-Step 
Transition and Record it into the QiER Buffer  

~qu(n)
<latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="QlnF69nKIUEj+379/op/CkqBQ60=">AAAB6nicbZBLSwMxFIXv1FetVatbN8Ei1E2ZcWOXghuXFewD2rFk0jttaCYzJplKGeZ/uHGhiD/Inf/G9LHQ1gOBj3MS7s0JEsG1cd1vp7C1vbO7V9wvHZQPj44rJ+W2jlPFsMViEatuQDUKLrFluBHYTRTSKBDYCSa387wzRaV5LB/MLEE/oiPJQ86osdZjf4ose8oHWZrX5OWgUnXr7kJkE7wVVGGl5qDy1R/GLI1QGiao1j3PTYyfUWU4E5iX+qnGhLIJHWHPoqQRaj9bbJ2TC+sMSRgre6QhC/f3i4xGWs+iwN6MqBnr9Wxu/pf1UhM2/IzLJDUo2XJQmApiYjKvgAy5QmbEzAJlittdCRtTRZmxRZVsCd76lzehfVX33Lp370IRzuAcauDBNdzAHTShBQwUvMAbvDvPzqvzsayr4Kx6O4U/cj5/AFLYkTQ=</latexit><latexit sha1_base64="QlnF69nKIUEj+379/op/CkqBQ60=">AAAB6nicbZBLSwMxFIXv1FetVatbN8Ei1E2ZcWOXghuXFewD2rFk0jttaCYzJplKGeZ/uHGhiD/Inf/G9LHQ1gOBj3MS7s0JEsG1cd1vp7C1vbO7V9wvHZQPj44rJ+W2jlPFsMViEatuQDUKLrFluBHYTRTSKBDYCSa387wzRaV5LB/MLEE/oiPJQ86osdZjf4ose8oHWZrX5OWgUnXr7kJkE7wVVGGl5qDy1R/GLI1QGiao1j3PTYyfUWU4E5iX+qnGhLIJHWHPoqQRaj9bbJ2TC+sMSRgre6QhC/f3i4xGWs+iwN6MqBnr9Wxu/pf1UhM2/IzLJDUo2XJQmApiYjKvgAy5QmbEzAJlittdCRtTRZmxRZVsCd76lzehfVX33Lp370IRzuAcauDBNdzAHTShBQwUvMAbvDvPzqvzsayr4Kx6O4U/cj5/AFLYkTQ=</latexit><latexit sha1_base64="SBTKts7lk5AfQXGW5Wz0lKVLf9I=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHBC2m96JHoxSMm8pFAJdtlChu227q7xZCm/8OLB43x6n/x5r9xgR4UfMkkL+/NZGaeH3OmtON8W4W19Y3NreJ2aWd3b/+gfHjUUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74Zua3JygVi8S9nsbohWQoWMAo0UZ66E2Qpo9ZP02yqjjvlytOzZnDXiVuTiqQo9Evf/UGEU1CFJpyolTXdWLtpURqRjlmpV6iMCZ0TIbYNVSQEJWXzq/O7DOjDOwgkqaEtufq74mUhEpNQ990hkSP1LI3E//zuokOrryUiTjRKOhiUZBwW0f2LAJ7wCRSzaeGECqZudWmIyIJ1SaokgnBXX55lbQuaq5Tc++cSv06j6MIJ3AKVXDhEupwCw1oAgUJz/AKb9aT9WK9Wx+L1oKVzxzDH1ifP6FwkpA=</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit>
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<latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="QlnF69nKIUEj+379/op/CkqBQ60=">AAAB6nicbZBLSwMxFIXv1FetVatbN8Ei1E2ZcWOXghuXFewD2rFk0jttaCYzJplKGeZ/uHGhiD/Inf/G9LHQ1gOBj3MS7s0JEsG1cd1vp7C1vbO7V9wvHZQPj44rJ+W2jlPFsMViEatuQDUKLrFluBHYTRTSKBDYCSa387wzRaV5LB/MLEE/oiPJQ86osdZjf4ose8oHWZrX5OWgUnXr7kJkE7wVVGGl5qDy1R/GLI1QGiao1j3PTYyfUWU4E5iX+qnGhLIJHWHPoqQRaj9bbJ2TC+sMSRgre6QhC/f3i4xGWs+iwN6MqBnr9Wxu/pf1UhM2/IzLJDUo2XJQmApiYjKvgAy5QmbEzAJlittdCRtTRZmxRZVsCd76lzehfVX33Lp370IRzuAcauDBNdzAHTShBQwUvMAbvDvPzqvzsayr4Kx6O4U/cj5/AFLYkTQ=</latexit><latexit sha1_base64="QlnF69nKIUEj+379/op/CkqBQ60=">AAAB6nicbZBLSwMxFIXv1FetVatbN8Ei1E2ZcWOXghuXFewD2rFk0jttaCYzJplKGeZ/uHGhiD/Inf/G9LHQ1gOBj3MS7s0JEsG1cd1vp7C1vbO7V9wvHZQPj44rJ+W2jlPFsMViEatuQDUKLrFluBHYTRTSKBDYCSa387wzRaV5LB/MLEE/oiPJQ86osdZjf4ose8oHWZrX5OWgUnXr7kJkE7wVVGGl5qDy1R/GLI1QGiao1j3PTYyfUWU4E5iX+qnGhLIJHWHPoqQRaj9bbJ2TC+sMSRgre6QhC/f3i4xGWs+iwN6MqBnr9Wxu/pf1UhM2/IzLJDUo2XJQmApiYjKvgAy5QmbEzAJlittdCRtTRZmxRZVsCd76lzehfVX33Lp370IRzuAcauDBNdzAHTShBQwUvMAbvDvPzqvzsayr4Kx6O4U/cj5/AFLYkTQ=</latexit><latexit sha1_base64="SBTKts7lk5AfQXGW5Wz0lKVLf9I=">AAAB9XicbVBNT8JAEJ3iF+IX6tFLIzHBC2m96JHoxSMm8pFAJdtlChu227q7xZCm/8OLB43x6n/x5r9xgR4UfMkkL+/NZGaeH3OmtON8W4W19Y3NreJ2aWd3b/+gfHjUUlEiKTZpxCPZ8YlCzgQ2NdMcO7FEEvoc2/74Zua3JygVi8S9nsbohWQoWMAo0UZ66E2Qpo9ZP02yqjjvlytOzZnDXiVuTiqQo9Evf/UGEU1CFJpyolTXdWLtpURqRjlmpV6iMCZ0TIbYNVSQEJWXzq/O7DOjDOwgkqaEtufq74mUhEpNQ990hkSP1LI3E//zuokOrryUiTjRKOhiUZBwW0f2LAJ7wCRSzaeGECqZudWmIyIJ1SaokgnBXX55lbQuaq5Tc++cSv06j6MIJ3AKVXDhEupwCw1oAgUJz/AKb9aT9WK9Wx+L1oKVzxzDH1ifP6FwkpA=</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit><latexit sha1_base64="BkIZfljMVBSLQ6TpAg84V+1G7mg=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSQi6LHoxWMF+wFtLJvtpF262cTdTaWE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjzlT2nG+rZXVtfWNzcJWcXtnd2+/dHDYVFEiKTZoxCPZ9olCzgQ2NNMc27FEEvocW/7oZuq3xigVi8S9nsTohWQgWMAo0UZ66I6Rpo9ZL02yijjrlcpO1ZnBXiZuTsqQo94rfXX7EU1CFJpyolTHdWLtpURqRjlmxW6iMCZ0RAbYMVSQEJWXzq7O7FOj9O0gkqaEtmfq74mUhEpNQt90hkQP1aI3Ff/zOokOrryUiTjRKOh8UZBwW0f2NAK7zyRSzSeGECqZudWmQyIJ1SaoognBXXx5mTTPq65Tde8uyrXrPI4CHMMJVMCFS6jBLdShARQkPMMrvFlP1ov1bn3MW1esfOYI/sD6/AGisJKU</latexit>

~qu(n+ 1)
<latexit sha1_base64="MU69tFqbeQ+/QR1bn4mR4/I1CKw=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahIpREBD0WvXisYD+gDWGznbRLN5u4uymUkH/ixYMiXv0n3vw3btsctPXBwOO9GWbmBQlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtopTSaFFYx7LbkAUcCagpZnm0E0kkCjg0AnGdzO/MwGpWCwe9TQBLyJDwUJGiTaSb9v9CdDsKfezNK+JC/fct6tO3ZkDrxK3IFVUoOnbX/1BTNMIhKacKNVznUR7GZGaUQ55pZ8qSAgdkyH0DBUkAuVl88tzfGaUAQ5jaUpoPFd/T2QkUmoaBaYzInqklr2Z+J/XS3V442VMJKkGQReLwpRjHeNZDHjAJFDNp4YQKpm5FdMRkYRqE1bFhOAuv7xK2pd116m7D1fVxm0RRxmdoFNUQy66Rg10j5qohSiaoGf0it6szHqx3q2PRWvJKmaO0R9Ynz/7UpM1</latexit><latexit sha1_base64="MU69tFqbeQ+/QR1bn4mR4/I1CKw=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahIpREBD0WvXisYD+gDWGznbRLN5u4uymUkH/ixYMiXv0n3vw3btsctPXBwOO9GWbmBQlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtopTSaFFYx7LbkAUcCagpZnm0E0kkCjg0AnGdzO/MwGpWCwe9TQBLyJDwUJGiTaSb9v9CdDsKfezNK+JC/fct6tO3ZkDrxK3IFVUoOnbX/1BTNMIhKacKNVznUR7GZGaUQ55pZ8qSAgdkyH0DBUkAuVl88tzfGaUAQ5jaUpoPFd/T2QkUmoaBaYzInqklr2Z+J/XS3V442VMJKkGQReLwpRjHeNZDHjAJFDNp4YQKpm5FdMRkYRqE1bFhOAuv7xK2pd116m7D1fVxm0RRxmdoFNUQy66Rg10j5qohSiaoGf0it6szHqx3q2PRWvJKmaO0R9Ynz/7UpM1</latexit><latexit sha1_base64="MU69tFqbeQ+/QR1bn4mR4/I1CKw=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahIpREBD0WvXisYD+gDWGznbRLN5u4uymUkH/ixYMiXv0n3vw3btsctPXBwOO9GWbmBQlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtopTSaFFYx7LbkAUcCagpZnm0E0kkCjg0AnGdzO/MwGpWCwe9TQBLyJDwUJGiTaSb9v9CdDsKfezNK+JC/fct6tO3ZkDrxK3IFVUoOnbX/1BTNMIhKacKNVznUR7GZGaUQ55pZ8qSAgdkyH0DBUkAuVl88tzfGaUAQ5jaUpoPFd/T2QkUmoaBaYzInqklr2Z+J/XS3V442VMJKkGQReLwpRjHeNZDHjAJFDNp4YQKpm5FdMRkYRqE1bFhOAuv7xK2pd116m7D1fVxm0RRxmdoFNUQy66Rg10j5qohSiaoGf0it6szHqx3q2PRWvJKmaO0R9Ynz/7UpM1</latexit><latexit sha1_base64="MU69tFqbeQ+/QR1bn4mR4/I1CKw=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahIpREBD0WvXisYD+gDWGznbRLN5u4uymUkH/ixYMiXv0n3vw3btsctPXBwOO9GWbmBQlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtopTSaFFYx7LbkAUcCagpZnm0E0kkCjg0AnGdzO/MwGpWCwe9TQBLyJDwUJGiTaSb9v9CdDsKfezNK+JC/fct6tO3ZkDrxK3IFVUoOnbX/1BTNMIhKacKNVznUR7GZGaUQ55pZ8qSAgdkyH0DBUkAuVl88tzfGaUAQ5jaUpoPFd/T2QkUmoaBaYzInqklr2Z+J/XS3V442VMJKkGQReLwpRjHeNZDHjAJFDNp4YQKpm5FdMRkYRqE1bFhOAuv7xK2pd116m7D1fVxm0RRxmdoFNUQy66Rg10j5qohSiaoGf0it6szHqx3q2PRWvJKmaO0R9Ynz/7UpM1</latexit>

rn
<latexit sha1_base64="50GXvTYmwJGFxbTrH6EIfgUfd38=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwe5mg2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+gmyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IGBgGd4hTdHOS/Ou/OxbC05xcwp/IHz+QMj1o7j</latexit><latexit sha1_base64="50GXvTYmwJGFxbTrH6EIfgUfd38=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwe5mg2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+gmyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IGBgGd4hTdHOS/Ou/OxbC05xcwp/IHz+QMj1o7j</latexit><latexit sha1_base64="50GXvTYmwJGFxbTrH6EIfgUfd38=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwe5mg2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+gmyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IGBgGd4hTdHOS/Ou/OxbC05xcwp/IHz+QMj1o7j</latexit><latexit sha1_base64="50GXvTYmwJGFxbTrH6EIfgUfd38=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSrwe5mg2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+gmyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IGBgGd4hTdHOS/Ou/OxbC05xcwp/IHz+QMj1o7j</latexit>

an
<latexit sha1_base64="7ajTrLVH9I7mebqoHpQ8cBdOWUo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSTwe5mg2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+gmyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IGBgGd4hTdHOS/Ou/OxbC05xcwp/IHz+QMJzo7S</latexit><latexit sha1_base64="7ajTrLVH9I7mebqoHpQ8cBdOWUo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSTwe5mg2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+gmyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IGBgGd4hTdHOS/Ou/OxbC05xcwp/IHz+QMJzo7S</latexit><latexit sha1_base64="7ajTrLVH9I7mebqoHpQ8cBdOWUo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSTwe5mg2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+gmyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IGBgGd4hTdHOS/Ou/OxbC05xcwp/IHz+QMJzo7S</latexit><latexit sha1_base64="7ajTrLVH9I7mebqoHpQ8cBdOWUo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSSTwe5mg2qNbfuLkDWiVeQGhRoDapf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+gmyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiftq7rn1r2H61rztoijDGdwDpfgQQOacA8t8IGBgGd4hTdHOS/Ou/OxbC05xcwp/IHz+QMJzo7S</latexit>

rn
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3 phases: Quantum Initialization, Quantum Preparation, and Quantum Measurement
Associate the quantum collapse distribution with the probability whether picking one particular experience sample from the buffer

QiER is short for quantum-inspired experience replay, which invokes quantum
computing to aid in DRL learning frameworks.
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How Quantum-Inspired Experience Replay Works?

|Ψc⟩ = |Ψ1⟩ ⊗ |Ψ2⟩ ⊗ · · · ⊗ |Ψn̂⟩ =
∑ n̂︷ ︸︸ ︷

11...1
p=00...0 hp |p⟩

◦ Quantum superposition: |Ψ⟩ = α |0⟩+ β |1⟩

◦ Probability amplitude: α = ⟨0|Ψ⟩, β = ⟨1|Ψ⟩

◦ |α|2 + |β|2 = 1

◦ After measurement, |Ψ⟩ will collapse onto one
of its eigenstates |0⟩ and |1⟩ with probabilities
|α|2 and |β|2, respectively.

◦ The idea is to use Grover iteration from quan-
tum computing to manipulate the collapse dis-
tribution

Dr. Yuanjian Li, Research Fellow at Nanyang Technological University (NTU), Singapore Email: yuanjian.li@ntu.edu.sg
AI for Next-Generation Wireless Networks: Communication and Computation Resource Management, and Channel Estimation 11 / 41



Next-Gen Wireless Cellular-Connected UAV Navigation Multi-UAV-Aided MEC THz Channel Estimation Quantum ML for Wireless

Training Return History and Designed UAV Trajectories
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Performance Comparison on Ergodic Outage Duration (EOD) and Time Cost
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Circular BS-Approaching DRL-QiER
Time Cost 28.440 s 31.916 s 31.234 s
EOD 10.469 s 12.128 s 8.136 s
Weighted Sum of
Time Cost and EOD 551.890 638.316 438.034
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System Model Diagram of Many-UAV-Enabled Computation Offloading for Terrestrial
IoT Users

Multiple unmanned aerial vehicles (UAVs) are deployed to provide energy-limited computation-
scarce terrestrial IoT user equipments (UEs) with accessible task offloading services.

UAV iBS Offloading Link Interfering LinkUE UAV Trajectories
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Mang-Agent Deep Reinforcement Learning (MADRL)-Aided Communication and
Computing Resource Coordination for Multi-Access Edge Computing (MEC) Systems

This work focuses on developing MADRL-driven strategies to optimize key performance
metrics, such as energy efficiency, in MEC systems.

max
{vu[n],fg[n],ψug [n],τug [n],Pg[n]}

1

N

N∑
n=1

d[n]
E[n]

The optimization process jointly considers communication and computation resources,
including UAVs’ trajectories, UEs’ local central processing unit (CPU) clock speeds,
UAV-UE associations, time slot slicing, and UEs’ offloading powers, after mapping the
original problem into a stochastic (Markov) game.
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Workflow of the Proposed Duo-Staggered Perturbed Actor-Critic with Modular Networks
(DSPAC-MN) Algorithm in MADRL Setups

au[n] = {vu[n], fg[n], 
u
g [n], ⌧

u
g [n], Pg[n]}

<latexit sha1_base64="GZuK8Wt/5e+Zhc7XYhaeu7dezqs=">AAACL3icbVBdS8MwFE39nPOr6qMvwSH4IKMVQV+EoSA+TnAf0NaSZukWlqYlSQej7B/54l/Zi4givvovTLsiunkg5OSce7m5J0gYlcqyXo2l5ZXVtfXKRnVza3tn19zbb8s4FZi0cMxi0Q2QJIxy0lJUMdJNBEFRwEgnGN7kfmdEhKQxf1DjhHgR6nMaUoyUlnzzFvmpwz14Bd3MjZAaBGE2mhTaKQz9fnG7iaR+/3EmugqlP49mUeFOfLNm1a0CcJHYJamBEk3fnLq9GKcR4QozJKVjW4nyMiQUxYxMqm4qSYLwEPWJoylHEZFeVuw7gcda6cEwFvpwBQv1d0eGIinHUaAr85XkvJeL/3lOqsJLL6M8SRXheDYoTBlUMczDgz0qCFZsrAnCguq/QjxAAmGlI67qEOz5lRdJ+6xuW3X7/rzWuC7jqIBDcAROgA0uQAPcgSZoAQyewBS8gXfj2XgxPozPWemSUfYcgD8wvr4BcRuorw==</latexit><latexit sha1_base64="GZuK8Wt/5e+Zhc7XYhaeu7dezqs=">AAACL3icbVBdS8MwFE39nPOr6qMvwSH4IKMVQV+EoSA+TnAf0NaSZukWlqYlSQej7B/54l/Zi4givvovTLsiunkg5OSce7m5J0gYlcqyXo2l5ZXVtfXKRnVza3tn19zbb8s4FZi0cMxi0Q2QJIxy0lJUMdJNBEFRwEgnGN7kfmdEhKQxf1DjhHgR6nMaUoyUlnzzFvmpwz14Bd3MjZAaBGE2mhTaKQz9fnG7iaR+/3EmugqlP49mUeFOfLNm1a0CcJHYJamBEk3fnLq9GKcR4QozJKVjW4nyMiQUxYxMqm4qSYLwEPWJoylHEZFeVuw7gcda6cEwFvpwBQv1d0eGIinHUaAr85XkvJeL/3lOqsJLL6M8SRXheDYoTBlUMczDgz0qCFZsrAnCguq/QjxAAmGlI67qEOz5lRdJ+6xuW3X7/rzWuC7jqIBDcAROgA0uQAPcgSZoAQyewBS8gXfj2XgxPozPWemSUfYcgD8wvr4BcRuorw==</latexit><latexit sha1_base64="GZuK8Wt/5e+Zhc7XYhaeu7dezqs=">AAACL3icbVBdS8MwFE39nPOr6qMvwSH4IKMVQV+EoSA+TnAf0NaSZukWlqYlSQej7B/54l/Zi4givvovTLsiunkg5OSce7m5J0gYlcqyXo2l5ZXVtfXKRnVza3tn19zbb8s4FZi0cMxi0Q2QJIxy0lJUMdJNBEFRwEgnGN7kfmdEhKQxf1DjhHgR6nMaUoyUlnzzFvmpwz14Bd3MjZAaBGE2mhTaKQz9fnG7iaR+/3EmugqlP49mUeFOfLNm1a0CcJHYJamBEk3fnLq9GKcR4QozJKVjW4nyMiQUxYxMqm4qSYLwEPWJoylHEZFeVuw7gcda6cEwFvpwBQv1d0eGIinHUaAr85XkvJeL/3lOqsJLL6M8SRXheDYoTBlUMczDgz0qCFZsrAnCguq/QjxAAmGlI67qEOz5lRdJ+6xuW3X7/rzWuC7jqIBDcAROgA0uQAPcgSZoAQyewBS8gXfj2XgxPozPWemSUfYcgD8wvr4BcRuorw==</latexit><latexit sha1_base64="GZuK8Wt/5e+Zhc7XYhaeu7dezqs=">AAACL3icbVBdS8MwFE39nPOr6qMvwSH4IKMVQV+EoSA+TnAf0NaSZukWlqYlSQej7B/54l/Zi4givvovTLsiunkg5OSce7m5J0gYlcqyXo2l5ZXVtfXKRnVza3tn19zbb8s4FZi0cMxi0Q2QJIxy0lJUMdJNBEFRwEgnGN7kfmdEhKQxf1DjhHgR6nMaUoyUlnzzFvmpwz14Bd3MjZAaBGE2mhTaKQz9fnG7iaR+/3EmugqlP49mUeFOfLNm1a0CcJHYJamBEk3fnLq9GKcR4QozJKVjW4nyMiQUxYxMqm4qSYLwEPWJoylHEZFeVuw7gcda6cEwFvpwBQv1d0eGIinHUaAr85XkvJeL/3lOqsJLL6M8SRXheDYoTBlUMczDgz0qCFZsrAnCguq/QjxAAmGlI67qEOz5lRdJ+6xuW3X7/rzWuC7jqIBDcAROgA0uQAPcgSZoAQyewBS8gXfj2XgxPozPWemSUfYcgD8wvr4BcRuorw==</latexit>

a[n] = [a1[n], · · · , aU [n]]
<latexit sha1_base64="rb/oFej/RDHC6NS77+MyicbKQOM=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahh1ISEfQiFL14rGBbIQ1hst20SzebsLsRSuhf8OJf8eJBEa/evPlv3LY5aOuDhbfvzTAzL0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8fdFSSSULbJOGJvA9BUc4EbWumOb1PJYU45LQbjq6nfveBSsUScafHKfVjGAgWMQLaSIFd68Wgh2GUw8QTPr7EHgSuYXXcI/1EqzqGoG3+fmBXnYYzA14mbkGqqEArsL96/YRkMRWacFDKc51U+zlIzQink0ovUzQFMoIB9QwVEFPl57OLJvjEKH0cJdI8ofFM/d2RQ6zUOA5N5XR/tehNxf88L9PRhZ8zkWaaCjIfFGUc6wRP48F9JinRfGwIEMnMrpgMQQLRJsSKCcFdPHmZdE4brtNwb8+qzasijjI6Qseohlx0jproBrVQGxH0iJ7RK3qznqwX6936mJeWrKLnEP2B9fkDdt6cIA==</latexit><latexit sha1_base64="rb/oFej/RDHC6NS77+MyicbKQOM=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahh1ISEfQiFL14rGBbIQ1hst20SzebsLsRSuhf8OJf8eJBEa/evPlv3LY5aOuDhbfvzTAzL0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8fdFSSSULbJOGJvA9BUc4EbWumOb1PJYU45LQbjq6nfveBSsUScafHKfVjGAgWMQLaSIFd68Wgh2GUw8QTPr7EHgSuYXXcI/1EqzqGoG3+fmBXnYYzA14mbkGqqEArsL96/YRkMRWacFDKc51U+zlIzQink0ovUzQFMoIB9QwVEFPl57OLJvjEKH0cJdI8ofFM/d2RQ6zUOA5N5XR/tehNxf88L9PRhZ8zkWaaCjIfFGUc6wRP48F9JinRfGwIEMnMrpgMQQLRJsSKCcFdPHmZdE4brtNwb8+qzasijjI6Qseohlx0jproBrVQGxH0iJ7RK3qznqwX6936mJeWrKLnEP2B9fkDdt6cIA==</latexit><latexit sha1_base64="rb/oFej/RDHC6NS77+MyicbKQOM=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahh1ISEfQiFL14rGBbIQ1hst20SzebsLsRSuhf8OJf8eJBEa/evPlv3LY5aOuDhbfvzTAzL0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8fdFSSSULbJOGJvA9BUc4EbWumOb1PJYU45LQbjq6nfveBSsUScafHKfVjGAgWMQLaSIFd68Wgh2GUw8QTPr7EHgSuYXXcI/1EqzqGoG3+fmBXnYYzA14mbkGqqEArsL96/YRkMRWacFDKc51U+zlIzQink0ovUzQFMoIB9QwVEFPl57OLJvjEKH0cJdI8ofFM/d2RQ6zUOA5N5XR/tehNxf88L9PRhZ8zkWaaCjIfFGUc6wRP48F9JinRfGwIEMnMrpgMQQLRJsSKCcFdPHmZdE4brtNwb8+qzasijjI6Qseohlx0jproBrVQGxH0iJ7RK3qznqwX6936mJeWrKLnEP2B9fkDdt6cIA==</latexit><latexit sha1_base64="rb/oFej/RDHC6NS77+MyicbKQOM=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBahh1ISEfQiFL14rGBbIQ1hst20SzebsLsRSuhf8OJf8eJBEa/evPlv3LY5aOuDhbfvzTAzL0w5U9pxvq3Syura+kZ5s7K1vbO7Z+8fdFSSSULbJOGJvA9BUc4EbWumOb1PJYU45LQbjq6nfveBSsUScafHKfVjGAgWMQLaSIFd68Wgh2GUw8QTPr7EHgSuYXXcI/1EqzqGoG3+fmBXnYYzA14mbkGqqEArsL96/YRkMRWacFDKc51U+zlIzQink0ovUzQFMoIB9QwVEFPl57OLJvjEKH0cJdI8ofFM/d2RQ6zUOA5N5XR/tehNxf88L9PRhZ8zkWaaCjIfFGUc6wRP48F9JinRfGwIEMnMrpgMQQLRJsSKCcFdPHmZdE4brtNwb8+qzasijjI6Qseohlx0jproBrVQGxH0iJ7RK3qznqwX6936mJeWrKLnEP2B9fkDdt6cIA==</latexit>

The Joint Action

The Distributed Actor Module

The Environment

s[n] = {qu[n],Qg[n]}
<latexit sha1_base64="7tJoF0b6DG1gRJD32aSOUazusqw=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXJSSiKAboejGZQv2AkkIk+mkHTqZxJmJUEJewo2v4saFIm4Fd76N0zQLbf1h4Oc75zDn/EHCqFSW9W1UVlbX1jeqm7Wt7Z3dPXP/oCfjVGDSxTGLxSBAkjDKSVdRxcggEQRFASP9YHIzq/cfiJA05ndqmhAvQiNOQ4qR0sg3G9LhHryCbuZGSI2DMLvP/VSzBiwARizr5P5IEzf3zbrVtArBZWOXpg5KtX3zyx3GOI0IV5ghKR3bSpSXIaEoZiSvuakkCcITNCKOthxFRHpZcVUOTzQZwjAW+nEFC/p7IkORlNMo0J2zTeVibQb/qzmpCi+9jPIkVYTj+UdhyqCK4SwiOKSCYMWm2iAsqN4V4jESCCsdZE2HYC+evGx6Z03batqd83rruoyjCo7AMTgFNrgALXAL2qALMHgEz+AVvBlPxovxbnzMWytGOXMI/sj4/AGLbZ8R</latexit><latexit sha1_base64="7tJoF0b6DG1gRJD32aSOUazusqw=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXJSSiKAboejGZQv2AkkIk+mkHTqZxJmJUEJewo2v4saFIm4Fd76N0zQLbf1h4Oc75zDn/EHCqFSW9W1UVlbX1jeqm7Wt7Z3dPXP/oCfjVGDSxTGLxSBAkjDKSVdRxcggEQRFASP9YHIzq/cfiJA05ndqmhAvQiNOQ4qR0sg3G9LhHryCbuZGSI2DMLvP/VSzBiwARizr5P5IEzf3zbrVtArBZWOXpg5KtX3zyx3GOI0IV5ghKR3bSpSXIaEoZiSvuakkCcITNCKOthxFRHpZcVUOTzQZwjAW+nEFC/p7IkORlNMo0J2zTeVibQb/qzmpCi+9jPIkVYTj+UdhyqCK4SwiOKSCYMWm2iAsqN4V4jESCCsdZE2HYC+evGx6Z03batqd83rruoyjCo7AMTgFNrgALXAL2qALMHgEz+AVvBlPxovxbnzMWytGOXMI/sj4/AGLbZ8R</latexit><latexit sha1_base64="7tJoF0b6DG1gRJD32aSOUazusqw=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXJSSiKAboejGZQv2AkkIk+mkHTqZxJmJUEJewo2v4saFIm4Fd76N0zQLbf1h4Oc75zDn/EHCqFSW9W1UVlbX1jeqm7Wt7Z3dPXP/oCfjVGDSxTGLxSBAkjDKSVdRxcggEQRFASP9YHIzq/cfiJA05ndqmhAvQiNOQ4qR0sg3G9LhHryCbuZGSI2DMLvP/VSzBiwARizr5P5IEzf3zbrVtArBZWOXpg5KtX3zyx3GOI0IV5ghKR3bSpSXIaEoZiSvuakkCcITNCKOthxFRHpZcVUOTzQZwjAW+nEFC/p7IkORlNMo0J2zTeVibQb/qzmpCi+9jPIkVYTj+UdhyqCK4SwiOKSCYMWm2iAsqN4V4jESCCsdZE2HYC+evGx6Z03batqd83rruoyjCo7AMTgFNrgALXAL2qALMHgEz+AVvBlPxovxbnzMWytGOXMI/sj4/AGLbZ8R</latexit><latexit sha1_base64="7tJoF0b6DG1gRJD32aSOUazusqw=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXJSSiKAboejGZQv2AkkIk+mkHTqZxJmJUEJewo2v4saFIm4Fd76N0zQLbf1h4Oc75zDn/EHCqFSW9W1UVlbX1jeqm7Wt7Z3dPXP/oCfjVGDSxTGLxSBAkjDKSVdRxcggEQRFASP9YHIzq/cfiJA05ndqmhAvQiNOQ4qR0sg3G9LhHryCbuZGSI2DMLvP/VSzBiwARizr5P5IEzf3zbrVtArBZWOXpg5KtX3zyx3GOI0IV5ghKR3bSpSXIaEoZiSvuakkCcITNCKOthxFRHpZcVUOTzQZwjAW+nEFC/p7IkORlNMo0J2zTeVibQb/qzmpCi+9jPIkVYTj+UdhyqCK4SwiOKSCYMWm2iAsqN4V4jESCCsdZE2HYC+evGx6Z03batqd83rruoyjCo7AMTgFNrgALXAL2qALMHgEz+AVvBlPxovxbnzMWytGOXMI/sj4/AGLbZ8R</latexit>

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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<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>

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>

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

⌘

<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>

N<latexit sha1_base64="2848wsNxqsi+ies80aitkmiboJ4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF09SwdZiG8pm+9Iu3WzC7kYoof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMr3P/4QmV5rG8N5ME/YgOJQ85o8ZKj72ImlEQZrfTfrXm1t0ZyDLxClKDAs1+9as3iFkaoTRMUK27npsYP6PKcCZwWumlGhPKxnSIXUsljVD72SzxlJxYZUDCWNknDZmpvzcyGmk9iQI7mSfUi14u/ud1UxNe+hmXSWpQsvlHYSqIiUl+PhlwhcyIiSWUKW6zEjaiijJjS6rYErzFk5dJ+6zuuXXv7rzWuCrqKMMRHMMpeHABDbiBJrSAgYRneIU3RzsvzrvzMR8tOcXOIfyB8/kDvWeQ8g==</latexit><latexit sha1_base64="2848wsNxqsi+ies80aitkmiboJ4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF09SwdZiG8pm+9Iu3WzC7kYoof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMr3P/4QmV5rG8N5ME/YgOJQ85o8ZKj72ImlEQZrfTfrXm1t0ZyDLxClKDAs1+9as3iFkaoTRMUK27npsYP6PKcCZwWumlGhPKxnSIXUsljVD72SzxlJxYZUDCWNknDZmpvzcyGmk9iQI7mSfUi14u/ud1UxNe+hmXSWpQsvlHYSqIiUl+PhlwhcyIiSWUKW6zEjaiijJjS6rYErzFk5dJ+6zuuXXv7rzWuCrqKMMRHMMpeHABDbiBJrSAgYRneIU3RzsvzrvzMR8tOcXOIfyB8/kDvWeQ8g==</latexit><latexit sha1_base64="2848wsNxqsi+ies80aitkmiboJ4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF09SwdZiG8pm+9Iu3WzC7kYoof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMr3P/4QmV5rG8N5ME/YgOJQ85o8ZKj72ImlEQZrfTfrXm1t0ZyDLxClKDAs1+9as3iFkaoTRMUK27npsYP6PKcCZwWumlGhPKxnSIXUsljVD72SzxlJxYZUDCWNknDZmpvzcyGmk9iQI7mSfUi14u/ud1UxNe+hmXSWpQsvlHYSqIiUl+PhlwhcyIiSWUKW6zEjaiijJjS6rYErzFk5dJ+6zuuXXv7rzWuCrqKMMRHMMpeHABDbiBJrSAgYRneIU3RzsvzrvzMR8tOcXOIfyB8/kDvWeQ8g==</latexit><latexit sha1_base64="2848wsNxqsi+ies80aitkmiboJ4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF09SwdZiG8pm+9Iu3WzC7kYoof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMr3P/4QmV5rG8N5ME/YgOJQ85o8ZKj72ImlEQZrfTfrXm1t0ZyDLxClKDAs1+9as3iFkaoTRMUK27npsYP6PKcCZwWumlGhPKxnSIXUsljVD72SzxlJxYZUDCWNknDZmpvzcyGmk9iQI7mSfUi14u/ud1UxNe+hmXSWpQsvlHYSqIiUl+PhlwhcyIiSWUKW6zEjaiijJjS6rYErzFk5dJ+6zuuXXv7rzWuCrqKMMRHMMpeHABDbiBJrSAgYRneIU3RzsvzrvzMR8tOcXOIfyB8/kDvWeQ8g==</latexit>

N<latexit sha1_base64="2848wsNxqsi+ies80aitkmiboJ4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF09SwdZiG8pm+9Iu3WzC7kYoof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMr3P/4QmV5rG8N5ME/YgOJQ85o8ZKj72ImlEQZrfTfrXm1t0ZyDLxClKDAs1+9as3iFkaoTRMUK27npsYP6PKcCZwWumlGhPKxnSIXUsljVD72SzxlJxYZUDCWNknDZmpvzcyGmk9iQI7mSfUi14u/ud1UxNe+hmXSWpQsvlHYSqIiUl+PhlwhcyIiSWUKW6zEjaiijJjS6rYErzFk5dJ+6zuuXXv7rzWuCrqKMMRHMMpeHABDbiBJrSAgYRneIU3RzsvzrvzMR8tOcXOIfyB8/kDvWeQ8g==</latexit><latexit sha1_base64="2848wsNxqsi+ies80aitkmiboJ4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF09SwdZiG8pm+9Iu3WzC7kYoof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMr3P/4QmV5rG8N5ME/YgOJQ85o8ZKj72ImlEQZrfTfrXm1t0ZyDLxClKDAs1+9as3iFkaoTRMUK27npsYP6PKcCZwWumlGhPKxnSIXUsljVD72SzxlJxYZUDCWNknDZmpvzcyGmk9iQI7mSfUi14u/ud1UxNe+hmXSWpQsvlHYSqIiUl+PhlwhcyIiSWUKW6zEjaiijJjS6rYErzFk5dJ+6zuuXXv7rzWuCrqKMMRHMMpeHABDbiBJrSAgYRneIU3RzsvzrvzMR8tOcXOIfyB8/kDvWeQ8g==</latexit><latexit sha1_base64="2848wsNxqsi+ies80aitkmiboJ4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF09SwdZiG8pm+9Iu3WzC7kYoof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMr3P/4QmV5rG8N5ME/YgOJQ85o8ZKj72ImlEQZrfTfrXm1t0ZyDLxClKDAs1+9as3iFkaoTRMUK27npsYP6PKcCZwWumlGhPKxnSIXUsljVD72SzxlJxYZUDCWNknDZmpvzcyGmk9iQI7mSfUi14u/ud1UxNe+hmXSWpQsvlHYSqIiUl+PhlwhcyIiSWUKW6zEjaiijJjS6rYErzFk5dJ+6zuuXXv7rzWuCrqKMMRHMMpeHABDbiBJrSAgYRneIU3RzsvzrvzMR8tOcXOIfyB8/kDvWeQ8g==</latexit><latexit sha1_base64="2848wsNxqsi+ies80aitkmiboJ4=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF09SwdZiG8pm+9Iu3WzC7kYoof/CiwdFvPpvvPlv3LQ5aOvAwjDzHjtvgkRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMr3P/4QmV5rG8N5ME/YgOJQ85o8ZKj72ImlEQZrfTfrXm1t0ZyDLxClKDAs1+9as3iFkaoTRMUK27npsYP6PKcCZwWumlGhPKxnSIXUsljVD72SzxlJxYZUDCWNknDZmpvzcyGmk9iQI7mSfUi14u/ud1UxNe+hmXSWpQsvlHYSqIiUl+PhlwhcyIiSWUKW6zEjaiijJjS6rYErzFk5dJ+6zuuXXv7rzWuCrqKMMRHMMpeHABDbiBJrSAgYRneIU3RzsvzrvzMR8tOcXOIfyB8/kDvWeQ8g==</latexit>

hs[n],a[n], s[n+ 1], r[n]i
<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>

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
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�U
u=1 {⇡u (sm|⇥au)}

<latexit sha1_base64="Mt7nrKTx7edd8z89RH1wmx1b3U0="></latexit><latexit sha1_base64="Mt7nrKTx7edd8z89RH1wmx1b3U0="></latexit><latexit sha1_base64="Mt7nrKTx7edd8z89RH1wmx1b3U0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="rgDuMhfydaQ0l7ocvkXBOkvaXb8="></latexit><latexit sha1_base64="rgDuMhfydaQ0l7ocvkXBOkvaXb8="></latexit><latexit sha1_base64="cBu+4xnRtuhHkNSDViUnhO1wTtk="></latexit><latexit sha1_base64="Mt7nrKTx7edd8z89RH1wmx1b3U0="></latexit><latexit sha1_base64="Mt7nrKTx7edd8z89RH1wmx1b3U0="></latexit><latexit sha1_base64="Mt7nrKTx7edd8z89RH1wmx1b3U0="></latexit><latexit sha1_base64="Mt7nrKTx7edd8z89RH1wmx1b3U0="></latexit><latexit sha1_base64="Mt7nrKTx7edd8z89RH1wmx1b3U0="></latexit><latexit sha1_base64="Mt7nrKTx7edd8z89RH1wmx1b3U0="></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>

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]
<latexit sha1_base64="Wfsa2h3qTeMKwiA3vFq/TKY1LRA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhC0oEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AAwSjjo=</latexit><latexit sha1_base64="Wfsa2h3qTeMKwiA3vFq/TKY1LRA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhC0oEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AAwSjjo=</latexit><latexit sha1_base64="Wfsa2h3qTeMKwiA3vFq/TKY1LRA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhC0oEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AAwSjjo=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="O0R78MgwzlAaRqovwfQXivF0tHA=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOygv2B6VAy6Z02NMkMSaZQhr6CGxeK+FTufBszbRfaeiDwcU5C7j1xJrixvv/tVXZ29/YPqoe1o/rxyWnjrN41aa4ZdlgqUt2PqUHBFXYstwL7mUYqY4G9ePpQ5r0ZasNT9WznGUaSjhVPOKO2tHSoomGj6bf8pcg2BGtowlrtYeNrMEpZLlFZJqgxYeBnNiqotpwJXNQGucGMsikdY+hQUYkmKpazLsiVc0YkSbU7ypKl+/tFQaUxcxm7m5LaidnMSvO/LMxtchcVXGW5RcVWHyW5IDYl5eJkxDUyK+YOKNPczUrYhGrKrKun5koINlfehu5NK/BbwZMPVbiAS7iGAG7hHh6hDR1gMIEXeIN3T3qv3seqroq37u0c/sj7/AHqPYzk</latexit><latexit sha1_base64="O0R78MgwzlAaRqovwfQXivF0tHA=">AAAB4HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOygv2B6VAy6Z02NMkMSaZQhr6CGxeK+FTufBszbRfaeiDwcU5C7j1xJrixvv/tVXZ29/YPqoe1o/rxyWnjrN41aa4ZdlgqUt2PqUHBFXYstwL7mUYqY4G9ePpQ5r0ZasNT9WznGUaSjhVPOKO2tHSoomGj6bf8pcg2BGtowlrtYeNrMEpZLlFZJqgxYeBnNiqotpwJXNQGucGMsikdY+hQUYkmKpazLsiVc0YkSbU7ypKl+/tFQaUxcxm7m5LaidnMSvO/LMxtchcVXGW5RcVWHyW5IDYl5eJkxDUyK+YOKNPczUrYhGrKrKun5koINlfehu5NK/BbwZMPVbiAS7iGAG7hHh6hDR1gMIEXeIN3T3qv3seqroq37u0c/sj7/AHqPYzk</latexit><latexit sha1_base64="VBXYqk0xTN4GT7nxY0DN8dwoFlc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqex60WPRi8cK9gO2S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvSgU31vO+UWVjc2t7p7pb29s/ODyqH590TZJpyjo0EYnuR8QwwRXrWG4F66eaERkJ1oumd4Xfe2La8EQ92lnKQknGisecEltIOlDhsN7wmt4CeJ34JWlAifaw/jUYJTSTTFkqiDGB76U2zIm2nAo2rw0yw1JCp2TMAkcVkcyE+eLWOb5wygjHiXalLF6ovydyIo2Zych1SmInZtUrxP+8ILPxTZhzlWaWKbpcFGcC2wQXj+MR14xaMXOEUM3drZhOiCbUunhqLgR/9eV10r1q+l7Tf/AardsyjiqcwTlcgg/X0IJ7aEMHKEzgGV7hDUn0gt7Rx7K1gsqZU/gD9PkDCtKONg==</latexit><latexit sha1_base64="Wfsa2h3qTeMKwiA3vFq/TKY1LRA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhC0oEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AAwSjjo=</latexit><latexit sha1_base64="Wfsa2h3qTeMKwiA3vFq/TKY1LRA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhC0oEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AAwSjjo=</latexit><latexit sha1_base64="Wfsa2h3qTeMKwiA3vFq/TKY1LRA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhC0oEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AAwSjjo=</latexit><latexit sha1_base64="Wfsa2h3qTeMKwiA3vFq/TKY1LRA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhC0oEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AAwSjjo=</latexit><latexit sha1_base64="Wfsa2h3qTeMKwiA3vFq/TKY1LRA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhC0oEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AAwSjjo=</latexit><latexit sha1_base64="Wfsa2h3qTeMKwiA3vFq/TKY1LRA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC1sl5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdi4hhgivWsdwK1ks1IzIS7DGa3Bb+4xPThifqwU5TFkoyUjzmlNhC0oEKB/WG1/TmwKvEL0kDSrQH9a/+MKGZZMpSQYwJfC+1YU605VSwWa2fGZYSOiEjFjiqiGQmzOe3zvCZU4Y4TrQrZfFc/T2RE2nMVEauUxI7NsteIf7nBZmNr8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy+vku5F0/ea/v1lo3VTxlGFEziFc/DhClpwB23oAIUxPMMrvCGJXtA7+li0VlA5cwx/gD5/AAwSjjo=</latexit>

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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Return History of the Online Training Process
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◦ 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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Box and Violin Plots of Performance Comparison on Expected Energy Efficiency
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Visualization of and Comparison on Devised Trajectories over Various Algorithms
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◦ the proposed DSPAC-MN solution can generate tra-
jectories that are not only sufficiently separated from
each other but also away from the borders

◦ baselines DSPAC-MN-B32, MADDPG and MATD3
cannot avoid UAVs from crushing onto borders

◦ benchmarks DSPAC-MN-NL, DSPAC-MN-NR,
DSPAC-MN-F200 and DSPAC-MN-NM design
trajectories that end up colliding with each other
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Why Terahertz (THz) Communications?

Terahertz (THz) transmissions, operating in the 0.1-10 THz frequency range, offer the
potential for ultra-high data rates, reaching up to several Terabits per second (Tbps) with
ultra-broad spectrum blocks (bandwidth). This capability is considered a key building
block of the forthcoming 6G communications in supporting applications such as immer-
sive virtual reality (VR) and holographic communications.
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Why Ultra-Massive Multiple-Input Multiple-Output (UM-MIMO) for THz Transmissions?

However, the appealing multi-Gigahertz bandwidth comes with severe propagation at-
tenuation due to substantial atmospheric and spreading losses from molecular absorption
and high carrier frequency, respectively. An emerging solution to broadening THz trans-
mission coverage is ultra-massive multiple-input multi-output (UM-MIMO) technology,
which offers high-level array gain to compensate THz propagation losses by forming
pencil-thin directional radiation beams.
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An Example of the Large-Scale Path Loss Model on the THz Band

PL
[

d , f
]
=
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 c
4πdf

 exp
[
−1

2
κ ( f, µ )d

]
exp

[
−j2πf d

c

]∣∣∣∣∣∣
2

Distance

Carrier Frequency

Speed of Light

the volume of the mixing ratio of water vapor

Molecular Absorption Coefficient

time-of-arrial

Distance-Dependent and Frequency-Selective!
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Attenuation versus Frequency for the Different Weather Conditions

Han, Chong, et al. ”Molecular absorption effect: A double-edged sword of terahertz communications.” IEEE Wireless Communications (2022).
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Machine Learning (ML)-Enabled Channel Estimation for Terahertz (THz) Ultra-Massive
Multi-Input-Multi-Output (UM-MIMO) Communications

To facilitate efficient THz communications, UM-MIMO systems that provide substantial
beamforming gains are essential. However,

:::::::
tailored

:::::::
channel

:::::::::::
estimation

:::::::::
solutions are

necessary to fully leverage UM-MIMO for THz transmissions. This involves practical
modeling of the near-field propagation characteristics, molecular absorption, and scatter
reflection effects. To address challenges such as angular-domain energy spread and the
beam split effect, a dictionary learning framework that creates an adaptive sparsifying
matrix from the THz channel dataset is proposed. Then, a Bayesian learning channel
estimation solution is adopted. Furthermore, a model-driven deep learning approach is
introduced, which unrolls iterative algorithms into a finite-length, layer-wise deep neural
network designed to learn the sparse representation of the THz channel from the THz
channel dataset and received pilot signals.
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Array-of-Subarray (AoSA)-Based UM-MIMO Architecture

RE AoSASA
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◦ Each subarray (SA) comprises N̄SA = N̄ × M̄
radiating elements (REs), antennas

◦ The amount of SAs is denoted by NSA = N×M

◦ The AoSA consists of A = N̄SANSA anten-
nas/REs in total

◦ RE displacement DRE = λc/2 in each SA

◦ SA displacement DSA = wDRE, where w ≫ 1
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···
<latexit sha1_base64="pRiApoXVTlOs20OhrF9kUohWeJo=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuwiSmmO6KblxWsA9oQ5lMJu3YSSbMTIQS+g9uXCji1v9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYViKXhLaI4EJ2Q6woZyltaaY57WaS4iTktBOOr2Z+555KxUR6qycZDRI8TFnMCNZGavdJJLQaVKrIrteR5/kQ2TXkul7NEHTu+r4DHRvNUQVLNAeV934kSJ7QVBOOleo5KNNBgaVmhNNpuZ8rmmEyxkPaMzTFCVVBMb92Ck+NEsFYSFOphnP1+0SBE6UmSWg6E6xH6rc3E//yermO/aBgaZZrmpLFojjnUAs4ex1GTFKi+cQQTCQzt0IywhITbQIqmxC+PoX/k7ZrO8h2brxq43IZRwkcgxNwBhxwARrgGjRBCxBwBx7AE3i2hPVovVivi9YVazlzBH7AevsEGeCPeQ==</latexit><latexit sha1_base64="pRiApoXVTlOs20OhrF9kUohWeJo=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuwiSmmO6KblxWsA9oQ5lMJu3YSSbMTIQS+g9uXCji1v9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYViKXhLaI4EJ2Q6woZyltaaY57WaS4iTktBOOr2Z+555KxUR6qycZDRI8TFnMCNZGavdJJLQaVKrIrteR5/kQ2TXkul7NEHTu+r4DHRvNUQVLNAeV934kSJ7QVBOOleo5KNNBgaVmhNNpuZ8rmmEyxkPaMzTFCVVBMb92Ck+NEsFYSFOphnP1+0SBE6UmSWg6E6xH6rc3E//yermO/aBgaZZrmpLFojjnUAs4ex1GTFKi+cQQTCQzt0IywhITbQIqmxC+PoX/k7ZrO8h2brxq43IZRwkcgxNwBhxwARrgGjRBCxBwBx7AE3i2hPVovVivi9YVazlzBH7AevsEGeCPeQ==</latexit><latexit sha1_base64="pRiApoXVTlOs20OhrF9kUohWeJo=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuwiSmmO6KblxWsA9oQ5lMJu3YSSbMTIQS+g9uXCji1v9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYViKXhLaI4EJ2Q6woZyltaaY57WaS4iTktBOOr2Z+555KxUR6qycZDRI8TFnMCNZGavdJJLQaVKrIrteR5/kQ2TXkul7NEHTu+r4DHRvNUQVLNAeV934kSJ7QVBOOleo5KNNBgaVmhNNpuZ8rmmEyxkPaMzTFCVVBMb92Ck+NEsFYSFOphnP1+0SBE6UmSWg6E6xH6rc3E//yermO/aBgaZZrmpLFojjnUAs4ex1GTFKi+cQQTCQzt0IywhITbQIqmxC+PoX/k7ZrO8h2brxq43IZRwkcgxNwBhxwARrgGjRBCxBwBx7AE3i2hPVovVivi9YVazlzBH7AevsEGeCPeQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Pa+nic3fbkxDAjXAQ8ApMX+Jbqw=">AAAB4nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOygv2BdiiZTKaNzSRDckcoQ9/BjQtFfCh3vo2ZtgttPRD4OCch954ok8Ki7397la3tnd296n7toH54dNw4qXetzg3jHaalNv2IWi6F4h0UKHk/M5ymkeS9aHpX5r1nbqzQ6hFnGQ9TOlYiEYyis7pDFmu0o0bTb/kLkU0IVtCEldqjxtcw1ixPuUImqbWDwM8wLKhBwSSf14a55RllUzrmA4eKptyGxWLaOblwTkwSbdxRSBbu7xcFTa2dpZG7mVKc2PWsNP/LBjkmN2EhVJYjV2z5UZJLgpqUq5NYGM5QzhxQZoSblbAJNZShK6jmSgjWV96E7lUr8FvBgw9VOINzuIQAruEW7qENHWDwBC/wBu+e9l69j2VdFW/V2yn8kff5A4Jmjdc=</latexit><latexit sha1_base64="1CT9TwMmyZJ0yiRuBBpqFCfk+0o=">AAAB4nicdVBNSwMxEJ2tX7VWrV69BIvgacmuLW5vghePFewHtEvJpmkbm90sSVYoS/+DFw+K+KO8+W9MPwQVfTDweG+GmXlRKrg2GH84hY3Nre2d4m5pr7x/cFg5Kre1zBRlLSqFVN2IaCZ4wlqGG8G6qWIkjgTrRNPrhd95YEpzmdyZWcrCmIwTPuKUGCu1+3QojR5UqthtNHCtFiDs1rHv1+qW4As/CDzkuXiJKqzRHFTe+0NJs5glhgqidc/DqQlzogyngs1L/UyzlNApGbOepQmJmQ7z5bVzdGaVIRpJZSsxaKl+n8hJrPUsjmxnTMxE//YW4l9eLzOjIMx5kmaGJXS1aJQJZCRavI6GXDFqxMwSQhW3tyI6IYpQYwMq2RC+PkX/k7bvetj1bjEU4QRO4Rw8uIQruIEmtIDCPTzCM7w40nlyXldxFZx1bsfwA87bJ+qyjiE=</latexit><latexit sha1_base64="3xK4rptypLDIVADCCNpMBco1C5U=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6a2ON0V3bisYB/QDiWTybSxmWRIMkIZ+g9uXCji1v9x59+YPgQVPXDhcM693HtPmHKmDUIfzsrq2vrGZmGruL2zu7dfOjhsa5kpQltEcqm6IdaUM0FbhhlOu6miOAk57YTjq5nfuadKMyluzSSlQYKHgsWMYGOldp9E0uhBqYzceh1Vqz5Ebg1VKtWaJei84vse9Fw0Rxks0RyU3vuRJFlChSEca93zUGqCHCvDCKfTYj/TNMVkjIe0Z6nACdVBPr92Ck+tEsFYKlvCwLn6fSLHidaTJLSdCTYj/dubiX95vczEfpAzkWaGCrJYFGccGglnr8OIKUoMn1iCiWL2VkhGWGFibEBFG8LXp/B/0q64HnK9G1RuXC7jKIBjcALOgAcuQANcgyZoAQLuwAN4As+OdB6dF+d10briLGeOwA84b58YoI91</latexit><latexit sha1_base64="pRiApoXVTlOs20OhrF9kUohWeJo=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuwiSmmO6KblxWsA9oQ5lMJu3YSSbMTIQS+g9uXCji1v9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYViKXhLaI4EJ2Q6woZyltaaY57WaS4iTktBOOr2Z+555KxUR6qycZDRI8TFnMCNZGavdJJLQaVKrIrteR5/kQ2TXkul7NEHTu+r4DHRvNUQVLNAeV934kSJ7QVBOOleo5KNNBgaVmhNNpuZ8rmmEyxkPaMzTFCVVBMb92Ck+NEsFYSFOphnP1+0SBE6UmSWg6E6xH6rc3E//yermO/aBgaZZrmpLFojjnUAs4ex1GTFKi+cQQTCQzt0IywhITbQIqmxC+PoX/k7ZrO8h2brxq43IZRwkcgxNwBhxwARrgGjRBCxBwBx7AE3i2hPVovVivi9YVazlzBH7AevsEGeCPeQ==</latexit><latexit sha1_base64="pRiApoXVTlOs20OhrF9kUohWeJo=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuwiSmmO6KblxWsA9oQ5lMJu3YSSbMTIQS+g9uXCji1v9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYViKXhLaI4EJ2Q6woZyltaaY57WaS4iTktBOOr2Z+555KxUR6qycZDRI8TFnMCNZGavdJJLQaVKrIrteR5/kQ2TXkul7NEHTu+r4DHRvNUQVLNAeV934kSJ7QVBOOleo5KNNBgaVmhNNpuZ8rmmEyxkPaMzTFCVVBMb92Ck+NEsFYSFOphnP1+0SBE6UmSWg6E6xH6rc3E//yermO/aBgaZZrmpLFojjnUAs4ex1GTFKi+cQQTCQzt0IywhITbQIqmxC+PoX/k7ZrO8h2brxq43IZRwkcgxNwBhxwARrgGjRBCxBwBx7AE3i2hPVovVivi9YVazlzBH7AevsEGeCPeQ==</latexit><latexit sha1_base64="pRiApoXVTlOs20OhrF9kUohWeJo=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuwiSmmO6KblxWsA9oQ5lMJu3YSSbMTIQS+g9uXCji1v9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYViKXhLaI4EJ2Q6woZyltaaY57WaS4iTktBOOr2Z+555KxUR6qycZDRI8TFnMCNZGavdJJLQaVKrIrteR5/kQ2TXkul7NEHTu+r4DHRvNUQVLNAeV934kSJ7QVBOOleo5KNNBgaVmhNNpuZ8rmmEyxkPaMzTFCVVBMb92Ck+NEsFYSFOphnP1+0SBE6UmSWg6E6xH6rc3E//yermO/aBgaZZrmpLFojjnUAs4ex1GTFKi+cQQTCQzt0IywhITbQIqmxC+PoX/k7ZrO8h2brxq43IZRwkcgxNwBhxwARrgGjRBCxBwBx7AE3i2hPVovVivi9YVazlzBH7AevsEGeCPeQ==</latexit><latexit sha1_base64="pRiApoXVTlOs20OhrF9kUohWeJo=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuwiSmmO6KblxWsA9oQ5lMJu3YSSbMTIQS+g9uXCji1v9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYViKXhLaI4EJ2Q6woZyltaaY57WaS4iTktBOOr2Z+555KxUR6qycZDRI8TFnMCNZGavdJJLQaVKrIrteR5/kQ2TXkul7NEHTu+r4DHRvNUQVLNAeV934kSJ7QVBOOleo5KNNBgaVmhNNpuZ8rmmEyxkPaMzTFCVVBMb92Ck+NEsFYSFOphnP1+0SBE6UmSWg6E6xH6rc3E//yermO/aBgaZZrmpLFojjnUAs4ex1GTFKi+cQQTCQzt0IywhITbQIqmxC+PoX/k7ZrO8h2brxq43IZRwkcgxNwBhxwARrgGjRBCxBwBx7AE3i2hPVovVivi9YVazlzBH7AevsEGeCPeQ==</latexit><latexit sha1_base64="pRiApoXVTlOs20OhrF9kUohWeJo=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuwiSmmO6KblxWsA9oQ5lMJu3YSSbMTIQS+g9uXCji1v9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYViKXhLaI4EJ2Q6woZyltaaY57WaS4iTktBOOr2Z+555KxUR6qycZDRI8TFnMCNZGavdJJLQaVKrIrteR5/kQ2TXkul7NEHTu+r4DHRvNUQVLNAeV934kSJ7QVBOOleo5KNNBgaVmhNNpuZ8rmmEyxkPaMzTFCVVBMb92Ck+NEsFYSFOphnP1+0SBE6UmSWg6E6xH6rc3E//yermO/aBgaZZrmpLFojjnUAs4ex1GTFKi+cQQTCQzt0IywhITbQIqmxC+PoX/k7ZrO8h2brxq43IZRwkcgxNwBhxwARrgGjRBCxBwBx7AE3i2hPVovVivi9YVazlzBH7AevsEGeCPeQ==</latexit><latexit sha1_base64="pRiApoXVTlOs20OhrF9kUohWeJo=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAiuwiSmmO6KblxWsA9oQ5lMJu3YSSbMTIQS+g9uXCji1v9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYViKXhLaI4EJ2Q6woZyltaaY57WaS4iTktBOOr2Z+555KxUR6qycZDRI8TFnMCNZGavdJJLQaVKrIrteR5/kQ2TXkul7NEHTu+r4DHRvNUQVLNAeV934kSJ7QVBOOleo5KNNBgaVmhNNpuZ8rmmEyxkPaMzTFCVVBMb92Ck+NEsFYSFOphnP1+0SBE6UmSWg6E6xH6rc3E//yermO/aBgaZZrmpLFojjnUAs4ex1GTFKi+cQQTCQzt0IywhITbQIqmxC+PoX/k7ZrO8h2brxq43IZRwkcgxNwBhxwARrgGjRBCxBwBx7AE3i2hPVovVivi9YVazlzBH7AevsEGeCPeQ==</latexit>

···
<latexit sha1_base64="d+g4G04VtDQC3KswB5oap0/afkw=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIroaM1qq7ohuXFewF2qFkMpk2mpkMyRmhDH0HNy4Ucev7uPNtTC+Civ4QOHz/OeScP0ilMEDIh1NYWFxaXimultbWNza3yts7LaMyzXiTKal0J6CGS5HwJgiQvJNqTuNA8nZwdznx2/dcG6GSGxil3I/pIBGRYBQsavVYqMD0yxXinhDvvHaMiUusqjU8JzXsTQkhFTRXo19+74WKZTFPgElqTNcjKfg51SCY5ONSLzM8peyODnjXlgmNufHz6bZjfGBJiCOl7UsAT+n3iZzGxoziwHbGFIbmtzeBf3ndDKIzPxdJmgFP2OyjKJMYFJ6cjkOhOQM5sgVlWthdMRtSTRnYgEo2hK9L8f9F68j1iOtdVyv1i3kcRbSH9tEh8tApqqMr1EBNxNAtekBP6NlRzqPz4rzOWgvOfGYX/ZDz9gkGZ49s</latexit><latexit sha1_base64="d+g4G04VtDQC3KswB5oap0/afkw=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIroaM1qq7ohuXFewF2qFkMpk2mpkMyRmhDH0HNy4Ucev7uPNtTC+Civ4QOHz/OeScP0ilMEDIh1NYWFxaXimultbWNza3yts7LaMyzXiTKal0J6CGS5HwJgiQvJNqTuNA8nZwdznx2/dcG6GSGxil3I/pIBGRYBQsavVYqMD0yxXinhDvvHaMiUusqjU8JzXsTQkhFTRXo19+74WKZTFPgElqTNcjKfg51SCY5ONSLzM8peyODnjXlgmNufHz6bZjfGBJiCOl7UsAT+n3iZzGxoziwHbGFIbmtzeBf3ndDKIzPxdJmgFP2OyjKJMYFJ6cjkOhOQM5sgVlWthdMRtSTRnYgEo2hK9L8f9F68j1iOtdVyv1i3kcRbSH9tEh8tApqqMr1EBNxNAtekBP6NlRzqPz4rzOWgvOfGYX/ZDz9gkGZ49s</latexit><latexit sha1_base64="d+g4G04VtDQC3KswB5oap0/afkw=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIroaM1qq7ohuXFewF2qFkMpk2mpkMyRmhDH0HNy4Ucev7uPNtTC+Civ4QOHz/OeScP0ilMEDIh1NYWFxaXimultbWNza3yts7LaMyzXiTKal0J6CGS5HwJgiQvJNqTuNA8nZwdznx2/dcG6GSGxil3I/pIBGRYBQsavVYqMD0yxXinhDvvHaMiUusqjU8JzXsTQkhFTRXo19+74WKZTFPgElqTNcjKfg51SCY5ONSLzM8peyODnjXlgmNufHz6bZjfGBJiCOl7UsAT+n3iZzGxoziwHbGFIbmtzeBf3ndDKIzPxdJmgFP2OyjKJMYFJ6cjkOhOQM5sgVlWthdMRtSTRnYgEo2hK9L8f9F68j1iOtdVyv1i3kcRbSH9tEh8tApqqMr1EBNxNAtekBP6NlRzqPz4rzOWgvOfGYX/ZDz9gkGZ49s</latexit><latexit sha1_base64="d+g4G04VtDQC3KswB5oap0/afkw=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIroaM1qq7ohuXFewF2qFkMpk2mpkMyRmhDH0HNy4Ucev7uPNtTC+Civ4QOHz/OeScP0ilMEDIh1NYWFxaXimultbWNza3yts7LaMyzXiTKal0J6CGS5HwJgiQvJNqTuNA8nZwdznx2/dcG6GSGxil3I/pIBGRYBQsavVYqMD0yxXinhDvvHaMiUusqjU8JzXsTQkhFTRXo19+74WKZTFPgElqTNcjKfg51SCY5ONSLzM8peyODnjXlgmNufHz6bZjfGBJiCOl7UsAT+n3iZzGxoziwHbGFIbmtzeBf3ndDKIzPxdJmgFP2OyjKJMYFJ6cjkOhOQM5sgVlWthdMRtSTRnYgEo2hK9L8f9F68j1iOtdVyv1i3kcRbSH9tEh8tApqqMr1EBNxNAtekBP6NlRzqPz4rzOWgvOfGYX/ZDz9gkGZ49s</latexit>
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<latexit sha1_base64="nryPG2HaFSN4i+1vxUe5OyAQ28Y=">AAACJHicbVDLSgMxFM34rPU16lIXwSK4KjMi6LIqiCupaB/QGYZMJm1DMw+STLGE2fgx4la/w524cOM/+Aem01nY1gOBwzn33hyOnzAqpGV9GQuLS8srq6W18vrG5ta2ubPbFHHKMWngmMW87SNBGI1IQ1LJSDvhBIU+Iy1/cDX2W0PCBY2jBzlKiBuiXkS7FCOpJc88cPIb6jrFfUFRpm4zTzk8VPcXWeaZFatq5YDzxC5IBRSoe+aPE8Q4DUkkMUNCdGwrka5CXFLMSFZ2UkEShAeoRzqaRigkwlV5ggweaSWA3ZjrF0mYq383FAqFGIW+ngyR7ItZbyz+53VS2T13FY2SVJIITz7qpgzKGI4rgQHlBEs20gRhTnVWiPuIIyx1cVOXgiFNRJH6cRJbd2TPNjJPmidV26rad6eV2mXRVgnsg0NwDGxwBmrgBtRBA2DwBF7AK3gzno1348P4nIwuGMXOHpiC8f0LlL+nDQ==</latexit><latexit sha1_base64="nryPG2HaFSN4i+1vxUe5OyAQ28Y=">AAACJHicbVDLSgMxFM34rPU16lIXwSK4KjMi6LIqiCupaB/QGYZMJm1DMw+STLGE2fgx4la/w524cOM/+Aem01nY1gOBwzn33hyOnzAqpGV9GQuLS8srq6W18vrG5ta2ubPbFHHKMWngmMW87SNBGI1IQ1LJSDvhBIU+Iy1/cDX2W0PCBY2jBzlKiBuiXkS7FCOpJc88cPIb6jrFfUFRpm4zTzk8VPcXWeaZFatq5YDzxC5IBRSoe+aPE8Q4DUkkMUNCdGwrka5CXFLMSFZ2UkEShAeoRzqaRigkwlV5ggweaSWA3ZjrF0mYq383FAqFGIW+ngyR7ItZbyz+53VS2T13FY2SVJIITz7qpgzKGI4rgQHlBEs20gRhTnVWiPuIIyx1cVOXgiFNRJH6cRJbd2TPNjJPmidV26rad6eV2mXRVgnsg0NwDGxwBmrgBtRBA2DwBF7AK3gzno1348P4nIwuGMXOHpiC8f0LlL+nDQ==</latexit><latexit sha1_base64="nryPG2HaFSN4i+1vxUe5OyAQ28Y=">AAACJHicbVDLSgMxFM34rPU16lIXwSK4KjMi6LIqiCupaB/QGYZMJm1DMw+STLGE2fgx4la/w524cOM/+Aem01nY1gOBwzn33hyOnzAqpGV9GQuLS8srq6W18vrG5ta2ubPbFHHKMWngmMW87SNBGI1IQ1LJSDvhBIU+Iy1/cDX2W0PCBY2jBzlKiBuiXkS7FCOpJc88cPIb6jrFfUFRpm4zTzk8VPcXWeaZFatq5YDzxC5IBRSoe+aPE8Q4DUkkMUNCdGwrka5CXFLMSFZ2UkEShAeoRzqaRigkwlV5ggweaSWA3ZjrF0mYq383FAqFGIW+ngyR7ItZbyz+53VS2T13FY2SVJIITz7qpgzKGI4rgQHlBEs20gRhTnVWiPuIIyx1cVOXgiFNRJH6cRJbd2TPNjJPmidV26rad6eV2mXRVgnsg0NwDGxwBmrgBtRBA2DwBF7AK3gzno1348P4nIwuGMXOHpiC8f0LlL+nDQ==</latexit><latexit sha1_base64="nryPG2HaFSN4i+1vxUe5OyAQ28Y=">AAACJHicbVDLSgMxFM34rPU16lIXwSK4KjMi6LIqiCupaB/QGYZMJm1DMw+STLGE2fgx4la/w524cOM/+Aem01nY1gOBwzn33hyOnzAqpGV9GQuLS8srq6W18vrG5ta2ubPbFHHKMWngmMW87SNBGI1IQ1LJSDvhBIU+Iy1/cDX2W0PCBY2jBzlKiBuiXkS7FCOpJc88cPIb6jrFfUFRpm4zTzk8VPcXWeaZFatq5YDzxC5IBRSoe+aPE8Q4DUkkMUNCdGwrka5CXFLMSFZ2UkEShAeoRzqaRigkwlV5ggweaSWA3ZjrF0mYq383FAqFGIW+ngyR7ItZbyz+53VS2T13FY2SVJIITz7qpgzKGI4rgQHlBEs20gRhTnVWiPuIIyx1cVOXgiFNRJH6cRJbd2TPNjJPmidV26rad6eV2mXRVgnsg0NwDGxwBmrgBtRBA2DwBF7AK3gzno1348P4nIwuGMXOHpiC8f0LlL+nDQ==</latexit>

…
…NRF

<latexit sha1_base64="VW/cig7tOMdfBT0W7rPL0XSorqQ=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokIuiwK4kqq2AekoUymk3boPMLMjVBCPsONC0Xc+jXu/BunbRbaeuDC4Zx7ufeeKOHMgOd9O6WV1bX1jfJmZWt7Z3evun/QNirVhLaI4kp3I2woZ5K2gAGn3URTLCJOO9H4eup3nqg2TMlHmCQ0FHgoWcwIBisFd/2sp0X2cJPn/WrNq3szuMvEL0gNFWj2q1+9gSKpoBIIx8YEvpdAmGENjHCaV3qpoQkmYzykgaUSC2rCbHZy7p5YZeDGStuS4M7U3xMZFsZMRGQ7BYaRWfSm4n9ekEJ8GWZMJilQSeaL4pS7oNzp/+6AaUqATyzBRDN7q0tGWGMCNqWKDcFffHmZtM/qvlf3789rjasijjI6QsfoFPnoAjXQLWqiFiJIoWf0it4ccF6cd+dj3lpyiplD9AfO5w9xSpFY</latexit><latexit sha1_base64="VW/cig7tOMdfBT0W7rPL0XSorqQ=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokIuiwK4kqq2AekoUymk3boPMLMjVBCPsONC0Xc+jXu/BunbRbaeuDC4Zx7ufeeKOHMgOd9O6WV1bX1jfJmZWt7Z3evun/QNirVhLaI4kp3I2woZ5K2gAGn3URTLCJOO9H4eup3nqg2TMlHmCQ0FHgoWcwIBisFd/2sp0X2cJPn/WrNq3szuMvEL0gNFWj2q1+9gSKpoBIIx8YEvpdAmGENjHCaV3qpoQkmYzykgaUSC2rCbHZy7p5YZeDGStuS4M7U3xMZFsZMRGQ7BYaRWfSm4n9ekEJ8GWZMJilQSeaL4pS7oNzp/+6AaUqATyzBRDN7q0tGWGMCNqWKDcFffHmZtM/qvlf3789rjasijjI6QsfoFPnoAjXQLWqiFiJIoWf0it4ccF6cd+dj3lpyiplD9AfO5w9xSpFY</latexit><latexit sha1_base64="VW/cig7tOMdfBT0W7rPL0XSorqQ=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokIuiwK4kqq2AekoUymk3boPMLMjVBCPsONC0Xc+jXu/BunbRbaeuDC4Zx7ufeeKOHMgOd9O6WV1bX1jfJmZWt7Z3evun/QNirVhLaI4kp3I2woZ5K2gAGn3URTLCJOO9H4eup3nqg2TMlHmCQ0FHgoWcwIBisFd/2sp0X2cJPn/WrNq3szuMvEL0gNFWj2q1+9gSKpoBIIx8YEvpdAmGENjHCaV3qpoQkmYzykgaUSC2rCbHZy7p5YZeDGStuS4M7U3xMZFsZMRGQ7BYaRWfSm4n9ekEJ8GWZMJilQSeaL4pS7oNzp/+6AaUqATyzBRDN7q0tGWGMCNqWKDcFffHmZtM/qvlf3789rjasijjI6QsfoFPnoAjXQLWqiFiJIoWf0it4ccF6cd+dj3lpyiplD9AfO5w9xSpFY</latexit><latexit sha1_base64="VW/cig7tOMdfBT0W7rPL0XSorqQ=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4KokIuiwK4kqq2AekoUymk3boPMLMjVBCPsONC0Xc+jXu/BunbRbaeuDC4Zx7ufeeKOHMgOd9O6WV1bX1jfJmZWt7Z3evun/QNirVhLaI4kp3I2woZ5K2gAGn3URTLCJOO9H4eup3nqg2TMlHmCQ0FHgoWcwIBisFd/2sp0X2cJPn/WrNq3szuMvEL0gNFWj2q1+9gSKpoBIIx8YEvpdAmGENjHCaV3qpoQkmYzykgaUSC2rCbHZy7p5YZeDGStuS4M7U3xMZFsZMRGQ7BYaRWfSm4n9ekEJ8GWZMJilQSeaL4pS7oNzp/+6AaUqATyzBRDN7q0tGWGMCNqWKDcFffHmZtM/qvlf3789rjasijjI6QsfoFPnoAjXQLWqiFiJIoWf0it4ccF6cd+dj3lpyiplD9AfO5w9xSpFY</latexit>

···
<latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit>

···
<latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit>

···
<latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit>

···
<latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit><latexit sha1_base64="Sus68tFoRBXsi/bbSWDLIvwiueo=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQplMJu3QSSbMTJQair/ixoUibv0Pd/6N0zQLbT1w4XDOvXPnniDlTGnH+bYqS8srq2vV9drG5tb2jr2711Eik4S2ieBC3gVYUc4S2tZMc3qXSorjgNNuMLqa+t17KhUTya0ep9SP8SBhESNYG6lvH3jFG/mYci4eJh4JhVZ9u+40nAJokbglqUOJVt/+8kJBspgmmnCsVM91Uu3nWGpGOJ3UvEzRFJMRHtCeoQmOqfLzYvMEHRslRJGQphKNCvX3RI5jpcZxYDpjrIdq3puK/3m9TEcXfs6SNNM0IbNFUcaRFmgaBQqZpETzsSGYSGb+isgQS0y0CaxmQnDnT14kndOG6zTcm7N687KMowqHcAQn4MI5NOEaWtAGAo/wDK/wZj1ZL9a79TFrrVjlzD78gfX5A6Zklfs=</latexit>
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◦ An energy-efficient hybrid combining strategy
are implemented at the AoSA, where REs in each
SA

:::::
share

::::
the

:::::
same

:::
RF chain via dedicated ana-

log combiner, in a partially-connected manner,
i.e., the amount of RF chains NRF = NSA ≪ A.

◦ Following each RF chain, an analog-to-digital
converter (ADC) is adopted to sample and quan-
tize the analog waveform,

::::::::::::
transforming it into

digitalized data for baseband signal processing.
◦ The fully-connected hybrid combining architec-

ture: NRF × A RF links, while the partially-
connected strategy: A links.

Dr. Yuanjian Li, Research Fellow at Nanyang Technological University (NTU), Singapore Email: yuanjian.li@ntu.edu.sg
AI for Next-Generation Wireless Networks: Communication and Computation Resource Management, and Channel Estimation 26 / 41



Next-Gen Wireless Cellular-Connected UAV Navigation Multi-UAV-Aided MEC THz Channel Estimation Quantum ML for Wireless

AoSA-Based UM-MIMO with Partially-Connected Hybrid Combining

x

"

#

$!

%!
&

rl cos (✓l)
<latexit sha1_base64="NsaenWV3SefRwUQ0PoH9x0FSeVQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECxCvZREBD0WvXisYD+gCWGznTRLNx/sToRSevHiX/HiQRGv/gdv/hu3bQ7a+mDg8d4MM/OCTHCFtv1tlFZW19Y3ypuVre2d3T1z/6Ct0lwyaLFUpLIbUAWCJ9BCjgK6mQQaBwI6wfBm6nceQCqeJvc4ysCL6SDhIWcUteSbx9IXLkuVKyDEmosRINWK5IMIz3yzatftGaxl4hSkSgo0ffPL7acsjyFBJqhSPcfO0BtTiZwJmFTcXEFG2ZAOoKdpQmNQ3nj2xcQ61UrfClOpK0Frpv6eGNNYqVEc6M6YYqQWvan4n9fLMbzyxjzJcoSEzReFubAwtaaRWH0ugaEYaUKZ5PpWi0VUUoY6uIoOwVl8eZm0z+uOXXfuLqqN6yKOMjkiJ6RGHHJJGuSWNEmLMPJInskreTOejBfj3fiYt5aMYuaQ/IHx+QO2u5iw</latexit><latexit sha1_base64="NsaenWV3SefRwUQ0PoH9x0FSeVQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECxCvZREBD0WvXisYD+gCWGznTRLNx/sToRSevHiX/HiQRGv/gdv/hu3bQ7a+mDg8d4MM/OCTHCFtv1tlFZW19Y3ypuVre2d3T1z/6Ct0lwyaLFUpLIbUAWCJ9BCjgK6mQQaBwI6wfBm6nceQCqeJvc4ysCL6SDhIWcUteSbx9IXLkuVKyDEmosRINWK5IMIz3yzatftGaxl4hSkSgo0ffPL7acsjyFBJqhSPcfO0BtTiZwJmFTcXEFG2ZAOoKdpQmNQ3nj2xcQ61UrfClOpK0Frpv6eGNNYqVEc6M6YYqQWvan4n9fLMbzyxjzJcoSEzReFubAwtaaRWH0ugaEYaUKZ5PpWi0VUUoY6uIoOwVl8eZm0z+uOXXfuLqqN6yKOMjkiJ6RGHHJJGuSWNEmLMPJInskreTOejBfj3fiYt5aMYuaQ/IHx+QO2u5iw</latexit><latexit sha1_base64="NsaenWV3SefRwUQ0PoH9x0FSeVQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECxCvZREBD0WvXisYD+gCWGznTRLNx/sToRSevHiX/HiQRGv/gdv/hu3bQ7a+mDg8d4MM/OCTHCFtv1tlFZW19Y3ypuVre2d3T1z/6Ct0lwyaLFUpLIbUAWCJ9BCjgK6mQQaBwI6wfBm6nceQCqeJvc4ysCL6SDhIWcUteSbx9IXLkuVKyDEmosRINWK5IMIz3yzatftGaxl4hSkSgo0ffPL7acsjyFBJqhSPcfO0BtTiZwJmFTcXEFG2ZAOoKdpQmNQ3nj2xcQ61UrfClOpK0Frpv6eGNNYqVEc6M6YYqQWvan4n9fLMbzyxjzJcoSEzReFubAwtaaRWH0ugaEYaUKZ5PpWi0VUUoY6uIoOwVl8eZm0z+uOXXfuLqqN6yKOMjkiJ6RGHHJJGuSWNEmLMPJInskreTOejBfj3fiYt5aMYuaQ/IHx+QO2u5iw</latexit><latexit sha1_base64="NsaenWV3SefRwUQ0PoH9x0FSeVQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECxCvZREBD0WvXisYD+gCWGznTRLNx/sToRSevHiX/HiQRGv/gdv/hu3bQ7a+mDg8d4MM/OCTHCFtv1tlFZW19Y3ypuVre2d3T1z/6Ct0lwyaLFUpLIbUAWCJ9BCjgK6mQQaBwI6wfBm6nceQCqeJvc4ysCL6SDhIWcUteSbx9IXLkuVKyDEmosRINWK5IMIz3yzatftGaxl4hSkSgo0ffPL7acsjyFBJqhSPcfO0BtTiZwJmFTcXEFG2ZAOoKdpQmNQ3nj2xcQ61UrfClOpK0Frpv6eGNNYqVEc6M6YYqQWvan4n9fLMbzyxjzJcoSEzReFubAwtaaRWH0ugaEYaUKZ5PpWi0VUUoY6uIoOwVl8eZm0z+uOXXfuLqqN6yKOMjkiJ6RGHHJJGuSWNEmLMPJInskreTOejBfj3fiYt5aMYuaQ/IHx+QO2u5iw</latexit>

rl sin (✓l)
<latexit sha1_base64="pghHq1EF6w2q9Oa15fkipj1f2Ow=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECxCvZREBD0WvXisYD+gCWWznbRLN5uwOxFK6cWLf8WLB0W8+h+8+W/ctjlo64OBx3szzMwLU8E1uu63VVhZXVvfKG6WtrZ3dvfs/YOmTjLFoMESkah2SDUILqGBHAW0UwU0DgW0wuHN1G89gNI8kfc4SiGIaV/yiDOKRurax6orfM2lLyDCio8DQGoUxfsDPOvaZbfqzuAsEy8nZZKj3rW//F7CshgkMkG17nhuisGYKuRMwKTkZxpSyoa0Dx1DJY1BB+PZFxPn1Cg9J0qUKYnOTP09Maax1qM4NJ0xxYFe9Kbif14nw+gqGHOZZgiSzRdFmXAwcaaROD2ugKEYGUKZ4uZWhw2oogxNcCUTgrf48jJpnlc9t+rdXZRr13kcRXJETkiFeOSS1MgtqZMGYeSRPJNX8mY9WS/Wu/Uxby1Y+cwh+QPr8we+0pi1</latexit><latexit sha1_base64="pghHq1EF6w2q9Oa15fkipj1f2Ow=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECxCvZREBD0WvXisYD+gCWWznbRLN5uwOxFK6cWLf8WLB0W8+h+8+W/ctjlo64OBx3szzMwLU8E1uu63VVhZXVvfKG6WtrZ3dvfs/YOmTjLFoMESkah2SDUILqGBHAW0UwU0DgW0wuHN1G89gNI8kfc4SiGIaV/yiDOKRurax6orfM2lLyDCio8DQGoUxfsDPOvaZbfqzuAsEy8nZZKj3rW//F7CshgkMkG17nhuisGYKuRMwKTkZxpSyoa0Dx1DJY1BB+PZFxPn1Cg9J0qUKYnOTP09Maax1qM4NJ0xxYFe9Kbif14nw+gqGHOZZgiSzRdFmXAwcaaROD2ugKEYGUKZ4uZWhw2oogxNcCUTgrf48jJpnlc9t+rdXZRr13kcRXJETkiFeOSS1MgtqZMGYeSRPJNX8mY9WS/Wu/Uxby1Y+cwh+QPr8we+0pi1</latexit><latexit sha1_base64="pghHq1EF6w2q9Oa15fkipj1f2Ow=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECxCvZREBD0WvXisYD+gCWWznbRLN5uwOxFK6cWLf8WLB0W8+h+8+W/ctjlo64OBx3szzMwLU8E1uu63VVhZXVvfKG6WtrZ3dvfs/YOmTjLFoMESkah2SDUILqGBHAW0UwU0DgW0wuHN1G89gNI8kfc4SiGIaV/yiDOKRurax6orfM2lLyDCio8DQGoUxfsDPOvaZbfqzuAsEy8nZZKj3rW//F7CshgkMkG17nhuisGYKuRMwKTkZxpSyoa0Dx1DJY1BB+PZFxPn1Cg9J0qUKYnOTP09Maax1qM4NJ0xxYFe9Kbif14nw+gqGHOZZgiSzRdFmXAwcaaROD2ugKEYGUKZ4uZWhw2oogxNcCUTgrf48jJpnlc9t+rdXZRr13kcRXJETkiFeOSS1MgtqZMGYeSRPJNX8mY9WS/Wu/Uxby1Y+cwh+QPr8we+0pi1</latexit><latexit sha1_base64="pghHq1EF6w2q9Oa15fkipj1f2Ow=">AAACBXicbVBNS8NAEN3Ur1q/oh71ECxCvZREBD0WvXisYD+gCWWznbRLN5uwOxFK6cWLf8WLB0W8+h+8+W/ctjlo64OBx3szzMwLU8E1uu63VVhZXVvfKG6WtrZ3dvfs/YOmTjLFoMESkah2SDUILqGBHAW0UwU0DgW0wuHN1G89gNI8kfc4SiGIaV/yiDOKRurax6orfM2lLyDCio8DQGoUxfsDPOvaZbfqzuAsEy8nZZKj3rW//F7CshgkMkG17nhuisGYKuRMwKTkZxpSyoa0Dx1DJY1BB+PZFxPn1Cg9J0qUKYnOTP09Maax1qM4NJ0xxYFe9Kbif14nw+gqGHOZZgiSzRdFmXAwcaaROD2ugKEYGUKZ4uZWhw2oogxNcCUTgrf48jJpnlc9t+rdXZRr13kcRXJETkiFeOSS1MgtqZMGYeSRPJNX8mY9WS/Wu/Uxby1Y+cwh+QPr8we+0pi1</latexit>

r l s
in
(✓ l
) c
os
(� l)

<latexit sha1_base64="rYTJuTxVuJFt84iRAXKIyvzXF50=">AAACHHicbZBNS8NAEIY3ftb6VfXoJViEeimJCnosevFYwX5AU8pmO2mWbjZhdyKU0B/ixb/ixYMiXjwI/hu3bRBtHVh4ed4ZZuf1E8E1Os6XtbS8srq2Xtgobm5t7+yW9vabOk4VgwaLRazaPtUguIQGchTQThTQyBfQ8ofXE791D0rzWN7hKIFuRAeSB5xRNKhXOlM94WkuPQEBVjwMAakhig9CPPFYrHMjCfkP7pXKTtWZlr0o3FyUSV71XunD68csjUAiE1Trjusk2M2oQs4EjIteqiGhbEgH0DFS0gh0N5seN7aPDenbQazMk2hP6e+JjEZajyLfdEYUQz3vTeB/XifF4LKbcZmkCJLNFgWpsDG2J0nZfa6AoRgZQZni5q82C6miDE2eRROCO3/yomieVl2n6t6el2tXeRwFckiOSIW45ILUyA2pkwZh5IE8kRfyaj1az9ab9T5rXbLymQPyp6zPb+R5onY=</latexit><latexit sha1_base64="rYTJuTxVuJFt84iRAXKIyvzXF50=">AAACHHicbZBNS8NAEIY3ftb6VfXoJViEeimJCnosevFYwX5AU8pmO2mWbjZhdyKU0B/ixb/ixYMiXjwI/hu3bRBtHVh4ed4ZZuf1E8E1Os6XtbS8srq2Xtgobm5t7+yW9vabOk4VgwaLRazaPtUguIQGchTQThTQyBfQ8ofXE791D0rzWN7hKIFuRAeSB5xRNKhXOlM94WkuPQEBVjwMAakhig9CPPFYrHMjCfkP7pXKTtWZlr0o3FyUSV71XunD68csjUAiE1Trjusk2M2oQs4EjIteqiGhbEgH0DFS0gh0N5seN7aPDenbQazMk2hP6e+JjEZajyLfdEYUQz3vTeB/XifF4LKbcZmkCJLNFgWpsDG2J0nZfa6AoRgZQZni5q82C6miDE2eRROCO3/yomieVl2n6t6el2tXeRwFckiOSIW45ILUyA2pkwZh5IE8kRfyaj1az9ab9T5rXbLymQPyp6zPb+R5onY=</latexit><latexit sha1_base64="rYTJuTxVuJFt84iRAXKIyvzXF50=">AAACHHicbZBNS8NAEIY3ftb6VfXoJViEeimJCnosevFYwX5AU8pmO2mWbjZhdyKU0B/ixb/ixYMiXjwI/hu3bRBtHVh4ed4ZZuf1E8E1Os6XtbS8srq2Xtgobm5t7+yW9vabOk4VgwaLRazaPtUguIQGchTQThTQyBfQ8ofXE791D0rzWN7hKIFuRAeSB5xRNKhXOlM94WkuPQEBVjwMAakhig9CPPFYrHMjCfkP7pXKTtWZlr0o3FyUSV71XunD68csjUAiE1Trjusk2M2oQs4EjIteqiGhbEgH0DFS0gh0N5seN7aPDenbQazMk2hP6e+JjEZajyLfdEYUQz3vTeB/XifF4LKbcZmkCJLNFgWpsDG2J0nZfa6AoRgZQZni5q82C6miDE2eRROCO3/yomieVl2n6t6el2tXeRwFckiOSIW45ILUyA2pkwZh5IE8kRfyaj1az9ab9T5rXbLymQPyp6zPb+R5onY=</latexit><latexit sha1_base64="rYTJuTxVuJFt84iRAXKIyvzXF50=">AAACHHicbZBNS8NAEIY3ftb6VfXoJViEeimJCnosevFYwX5AU8pmO2mWbjZhdyKU0B/ixb/ixYMiXjwI/hu3bRBtHVh4ed4ZZuf1E8E1Os6XtbS8srq2Xtgobm5t7+yW9vabOk4VgwaLRazaPtUguIQGchTQThTQyBfQ8ofXE791D0rzWN7hKIFuRAeSB5xRNKhXOlM94WkuPQEBVjwMAakhig9CPPFYrHMjCfkP7pXKTtWZlr0o3FyUSV71XunD68csjUAiE1Trjusk2M2oQs4EjIteqiGhbEgH0DFS0gh0N5seN7aPDenbQazMk2hP6e+JjEZajyLfdEYUQz3vTeB/XifF4LKbcZmkCJLNFgWpsDG2J0nZfa6AoRgZQZni5q82C6miDE2eRROCO3/yomieVl2n6t6el2tXeRwFckiOSIW45ILUyA2pkwZh5IE8kRfyaj1az9ab9T5rXbLymQPyp6zPb+R5onY=</latexit>

r l
si
n
(✓

l)
si
n
(�

l)
<latexit sha1_base64="KOS79oLwKm8CtkbybvzN1ZPvkoI=">AAACHHicbZBNS8NAEIY39avWr6pHL8Ei1EtJVNBj0YvHCvYDmlI220mzdLMJuxOhlP4QL/4VLx4U8eJB8N+4bYPU1oGFl+edYXZePxFco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNRZLGLV8qkGwSXUkaOAVqKARr6Apj+4mfjNB1Cax/Iehwl0ItqXPOCMokHd4rnqCk9z6QkIsOxhCEgNUbwf4umckYT8F3eLJafiTMteFm4mSiSrWrf46fVilkYgkQmqddt1EuyMqELOBIwLXqohoWxA+9A2UtIIdGc0PW5snxjSs4NYmSfRntL5iRGNtB5GvumMKIZ60ZvA/7x2isFVZ8RlkiJINlsUpMLG2J4kZfe4AoZiaARlipu/2iykijI0eRZMCO7iycuicVZxnYp7d1GqXmdx5MkROSZl4pJLUiW3pEbqhJFH8kxeyZv1ZL1Y79bHrDVnZTOH5E9ZXz/shqJ7</latexit><latexit sha1_base64="KOS79oLwKm8CtkbybvzN1ZPvkoI=">AAACHHicbZBNS8NAEIY39avWr6pHL8Ei1EtJVNBj0YvHCvYDmlI220mzdLMJuxOhlP4QL/4VLx4U8eJB8N+4bYPU1oGFl+edYXZePxFco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNRZLGLV8qkGwSXUkaOAVqKARr6Apj+4mfjNB1Cax/Iehwl0ItqXPOCMokHd4rnqCk9z6QkIsOxhCEgNUbwf4umckYT8F3eLJafiTMteFm4mSiSrWrf46fVilkYgkQmqddt1EuyMqELOBIwLXqohoWxA+9A2UtIIdGc0PW5snxjSs4NYmSfRntL5iRGNtB5GvumMKIZ60ZvA/7x2isFVZ8RlkiJINlsUpMLG2J4kZfe4AoZiaARlipu/2iykijI0eRZMCO7iycuicVZxnYp7d1GqXmdx5MkROSZl4pJLUiW3pEbqhJFH8kxeyZv1ZL1Y79bHrDVnZTOH5E9ZXz/shqJ7</latexit><latexit sha1_base64="KOS79oLwKm8CtkbybvzN1ZPvkoI=">AAACHHicbZBNS8NAEIY39avWr6pHL8Ei1EtJVNBj0YvHCvYDmlI220mzdLMJuxOhlP4QL/4VLx4U8eJB8N+4bYPU1oGFl+edYXZePxFco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNRZLGLV8qkGwSXUkaOAVqKARr6Apj+4mfjNB1Cax/Iehwl0ItqXPOCMokHd4rnqCk9z6QkIsOxhCEgNUbwf4umckYT8F3eLJafiTMteFm4mSiSrWrf46fVilkYgkQmqddt1EuyMqELOBIwLXqohoWxA+9A2UtIIdGc0PW5snxjSs4NYmSfRntL5iRGNtB5GvumMKIZ60ZvA/7x2isFVZ8RlkiJINlsUpMLG2J4kZfe4AoZiaARlipu/2iykijI0eRZMCO7iycuicVZxnYp7d1GqXmdx5MkROSZl4pJLUiW3pEbqhJFH8kxeyZv1ZL1Y79bHrDVnZTOH5E9ZXz/shqJ7</latexit><latexit sha1_base64="KOS79oLwKm8CtkbybvzN1ZPvkoI=">AAACHHicbZBNS8NAEIY39avWr6pHL8Ei1EtJVNBj0YvHCvYDmlI220mzdLMJuxOhlP4QL/4VLx4U8eJB8N+4bYPU1oGFl+edYXZePxFco+N8W7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNRZLGLV8qkGwSXUkaOAVqKARr6Apj+4mfjNB1Cax/Iehwl0ItqXPOCMokHd4rnqCk9z6QkIsOxhCEgNUbwf4umckYT8F3eLJafiTMteFm4mSiSrWrf46fVilkYgkQmqddt1EuyMqELOBIwLXqohoWxA+9A2UtIIdGc0PW5snxjSs4NYmSfRntL5iRGNtB5GvumMKIZ60ZvA/7x2isFVZ8RlkiJINlsUpMLG2J4kZfe4AoZiaARlipu/2iykijI0eRZMCO7iycuicVZxnYp7d1GqXmdx5MkROSZl4pJLUiW3pEbqhJFH8kxeyZv1ZL1Y79bHrDVnZTOH5E9ZXz/shqJ7</latexit>

The !-th Scatter
n;
n̄

<latexit sha1_base64="khDcREQAhV/xj0/EznLaQP82G6k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqOCl6MVjBfuBbSiT7aZdutmE3Y1QQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKx0qO8Jr0AVSan/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcxfobKcCrYtNRLNUuQjnHIupZKjJj2s/nFU3JmlQEJY2VLGjJXf09kGGk9iQLbGaEZ6WVvJv7ndVMTXvkZl0lqmKSLRWEqiInJ7H0y4IpRIyaWIFXc3kroCBVSY0Mq2RC85ZdXSeui6rlV7/6yUr/J4yjCCZzCOXhQgzrcQQOaQEHCM7zCm6OdF+fd+Vi0Fpx85hj+wPn8ATr0kJ4=</latexit><latexit sha1_base64="khDcREQAhV/xj0/EznLaQP82G6k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqOCl6MVjBfuBbSiT7aZdutmE3Y1QQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKx0qO8Jr0AVSan/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcxfobKcCrYtNRLNUuQjnHIupZKjJj2s/nFU3JmlQEJY2VLGjJXf09kGGk9iQLbGaEZ6WVvJv7ndVMTXvkZl0lqmKSLRWEqiInJ7H0y4IpRIyaWIFXc3kroCBVSY0Mq2RC85ZdXSeui6rlV7/6yUr/J4yjCCZzCOXhQgzrcQQOaQEHCM7zCm6OdF+fd+Vi0Fpx85hj+wPn8ATr0kJ4=</latexit><latexit sha1_base64="khDcREQAhV/xj0/EznLaQP82G6k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqOCl6MVjBfuBbSiT7aZdutmE3Y1QQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKx0qO8Jr0AVSan/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcxfobKcCrYtNRLNUuQjnHIupZKjJj2s/nFU3JmlQEJY2VLGjJXf09kGGk9iQLbGaEZ6WVvJv7ndVMTXvkZl0lqmKSLRWEqiInJ7H0y4IpRIyaWIFXc3kroCBVSY0Mq2RC85ZdXSeui6rlV7/6yUr/J4yjCCZzCOXhQgzrcQQOaQEHCM7zCm6OdF+fd+Vi0Fpx85hj+wPn8ATr0kJ4=</latexit><latexit sha1_base64="khDcREQAhV/xj0/EznLaQP82G6k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqOCl6MVjBfuBbSiT7aZdutmE3Y1QQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKx0qO8Jr0AVSan/XLFrbpzkFXi5aQCORr98ldvENM0YtJQgVp3PTcxfobKcCrYtNRLNUuQjnHIupZKjJj2s/nFU3JmlQEJY2VLGjJXf09kGGk9iQLbGaEZ6WVvJv7ndVMTXvkZl0lqmKSLRWEqiInJ7H0y4IpRIyaWIFXc3kroCBVSY0Mq2RC85ZdXSeui6rlV7/6yUr/J4yjCCZzCOXhQgzrcQQOaQEHCM7zCm6OdF+fd+Vi0Fpx85hj+wPn8ATr0kJ4=</latexit>

m
;m̄

<latexit sha1_base64="PDZhCzk1ZJDEjEIUfpQXOnXIFYI=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EULAJ2lhGMDGYHGFus0mW7O4du3tCOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmiZONWUNGotYtyI0THDFGpZbwVqJZigjwR6i0c3Uf3hi2vBY3dtxwkKJA8X7nKJ10qO8Ip0IdSYn3XLFr/ozkGUS5KQCOerd8lenF9NUMmWpQGPagZ/YMENtORVsUuqkhiVIRzhgbUcVSmbCbHbxhJw4pUf6sXalLJmpvycylMaMZeQ6JdqhWfSm4n9eO7X9yzDjKkktU3S+qJ8KYmMyfZ/0uGbUirEjSDV3txI6RI3UupBKLoRg8eVl0jyrBn41uDuv1K7zOIpwBMdwCgFcQA1uoQ4NoKDgGV7hzTPei/fufcxbC14+cwh/4H3+ADfikJw=</latexit><latexit sha1_base64="PDZhCzk1ZJDEjEIUfpQXOnXIFYI=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EULAJ2lhGMDGYHGFus0mW7O4du3tCOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmiZONWUNGotYtyI0THDFGpZbwVqJZigjwR6i0c3Uf3hi2vBY3dtxwkKJA8X7nKJ10qO8Ip0IdSYn3XLFr/ozkGUS5KQCOerd8lenF9NUMmWpQGPagZ/YMENtORVsUuqkhiVIRzhgbUcVSmbCbHbxhJw4pUf6sXalLJmpvycylMaMZeQ6JdqhWfSm4n9eO7X9yzDjKkktU3S+qJ8KYmMyfZ/0uGbUirEjSDV3txI6RI3UupBKLoRg8eVl0jyrBn41uDuv1K7zOIpwBMdwCgFcQA1uoQ4NoKDgGV7hzTPei/fufcxbC14+cwh/4H3+ADfikJw=</latexit><latexit sha1_base64="PDZhCzk1ZJDEjEIUfpQXOnXIFYI=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EULAJ2lhGMDGYHGFus0mW7O4du3tCOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmiZONWUNGotYtyI0THDFGpZbwVqJZigjwR6i0c3Uf3hi2vBY3dtxwkKJA8X7nKJ10qO8Ip0IdSYn3XLFr/ozkGUS5KQCOerd8lenF9NUMmWpQGPagZ/YMENtORVsUuqkhiVIRzhgbUcVSmbCbHbxhJw4pUf6sXalLJmpvycylMaMZeQ6JdqhWfSm4n9eO7X9yzDjKkktU3S+qJ8KYmMyfZ/0uGbUirEjSDV3txI6RI3UupBKLoRg8eVl0jyrBn41uDuv1K7zOIpwBMdwCgFcQA1uoQ4NoKDgGV7hzTPei/fufcxbC14+cwh/4H3+ADfikJw=</latexit><latexit sha1_base64="PDZhCzk1ZJDEjEIUfpQXOnXIFYI=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EULAJ2lhGMDGYHGFus0mW7O4du3tCOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmiZONWUNGotYtyI0THDFGpZbwVqJZigjwR6i0c3Uf3hi2vBY3dtxwkKJA8X7nKJ10qO8Ip0IdSYn3XLFr/ozkGUS5KQCOerd8lenF9NUMmWpQGPagZ/YMENtORVsUuqkhiVIRzhgbUcVSmbCbHbxhJw4pUf6sXalLJmpvycylMaMZeQ6JdqhWfSm4n9eO7X9yzDjKkktU3S+qJ8KYmMyfZ/0uGbUirEjSDV3txI6RI3UupBKLoRg8eVl0jyrBn41uDuv1K7zOIpwBMdwCgFcQA1uoQ4NoKDgGV7hzTPei/fufcxbC14+cwh/4H3+ADfikJw=</latexit>

�l
<latexit sha1_base64="b1PRksjXi6xq6GQ93K7eMNQGtUg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdErV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVEN/Gpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPlLKPHg==</latexit><latexit sha1_base64="b1PRksjXi6xq6GQ93K7eMNQGtUg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdErV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVEN/Gpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPlLKPHg==</latexit><latexit sha1_base64="b1PRksjXi6xq6GQ93K7eMNQGtUg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdErV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVEN/Gpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPlLKPHg==</latexit><latexit sha1_base64="b1PRksjXi6xq6GQ93K7eMNQGtUg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPdErV/yqPwdZJUFOKpCj3it/dfuKpTFKywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVNIYTZjNr52SM6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagfXYcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1AZVcCMHyy6ukeVEN/Gpwf1mp3eRxFOEETuEcAriCGtxBHRrA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPlLKPHg==</latexit>

◦ ϕl ∈ [−π, π] is the azimuth angle-of-arrival
(AoA) and θl ∈ [−0.5π, 0.5π] is the elevation
AoA of the propagation path from the l-th scat-
ter to the AoSA’s origin

◦ The location of the l-th scatter is
ll = rl [sin(θl) cos(ϕl), cos(θl), sin(θl) sin(ϕl)] ,

where rl, ϕl and θl are measured w.r.t. the AoSA
origin, i.e., the (1, 1)-th SA’s origin.

Dr. Yuanjian Li, Research Fellow at Nanyang Technological University (NTU), Singapore Email: yuanjian.li@ntu.edu.sg
AI for Next-Generation Wireless Networks: Communication and Computation Resource Management, and Channel Estimation 27 / 41



Next-Gen Wireless Cellular-Connected UAV Navigation Multi-UAV-Aided MEC THz Channel Estimation Quantum ML for Wireless

Near- and Far-field Radiation Regions

The Fraunhofer (Rayleigh) distance is commonly adopted to distinguish near-field and
far-field regions, which is given by DF = 2D2

A/λc and is increased with the aperture
of the antenna array and the operating frequency, where DA denotes the AoSA’s array
aperture, i.e., the diagonal length of the AoSA. If the receiver is located inside the
Fraunhofer distance from the radiating unit, the near-field radiation characteristics should
be considered and the wavefront has to be modelled as spherical.
Cui, Mingyao, and Linglong Dai. ”Channel estimation for extremely large-scale MIMO: Far-field or near-field?.” IEEE TCom 70.4 (2022): 2663-2677.
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Hybrid Near- and Far-Field THz Transmission
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◦ In the multi-path propagation from the UE to
the AoSA, there might be some scatters in the
far-field, while some in the near-field.

◦ Therefore, the hybrid-field THz radiation is con-
sidered, where the overall THz channel consists
of portions of near- and far-field paths.
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How Deep Unfolding Works?
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y
<latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit>

x0
<latexit sha1_base64="ttn4OjTKu5EOCyZ1XlwuI2GKslI=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMplO2qGTSZi5EUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilbq9SKKoyDMnqYPbr9SdWvuDGSZeAWpQoFGv/LVG8QsjbhCJqkxXc9N0M+oRsEkn5Z7qeEJZWM65F1LFY248bNZ5ik5tcqAhLG2TyGZqb83MhoZM4kCO5lnNIteLv7ndVMMr/xMqCRFrtj8UJhKgjHJCyADoTlDObGEMi1sVsJGVFOGtqayLcFb/PIyaZ3XPLfm3V1U69dFHSU4hhM4Aw8uoQ630IAmMEjgGV7hzUmdF+fd+ZiPrjjFzhH8gfP5AydXkb4=</latexit><latexit sha1_base64="ttn4OjTKu5EOCyZ1XlwuI2GKslI=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMplO2qGTSZi5EUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilbq9SKKoyDMnqYPbr9SdWvuDGSZeAWpQoFGv/LVG8QsjbhCJqkxXc9N0M+oRsEkn5Z7qeEJZWM65F1LFY248bNZ5ik5tcqAhLG2TyGZqb83MhoZM4kCO5lnNIteLv7ndVMMr/xMqCRFrtj8UJhKgjHJCyADoTlDObGEMi1sVsJGVFOGtqayLcFb/PIyaZ3XPLfm3V1U69dFHSU4hhM4Aw8uoQ630IAmMEjgGV7hzUmdF+fd+ZiPrjjFzhH8gfP5AydXkb4=</latexit><latexit sha1_base64="ttn4OjTKu5EOCyZ1XlwuI2GKslI=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMplO2qGTSZi5EUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilbq9SKKoyDMnqYPbr9SdWvuDGSZeAWpQoFGv/LVG8QsjbhCJqkxXc9N0M+oRsEkn5Z7qeEJZWM65F1LFY248bNZ5ik5tcqAhLG2TyGZqb83MhoZM4kCO5lnNIteLv7ndVMMr/xMqCRFrtj8UJhKgjHJCyADoTlDObGEMi1sVsJGVFOGtqayLcFb/PIyaZ3XPLfm3V1U69dFHSU4hhM4Aw8uoQ630IAmMEjgGV7hzUmdF+fd+ZiPrjjFzhH8gfP5AydXkb4=</latexit><latexit sha1_base64="ttn4OjTKu5EOCyZ1XlwuI2GKslI=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMplO2qGTSZi5EUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilbq9SKKoyDMnqYPbr9SdWvuDGSZeAWpQoFGv/LVG8QsjbhCJqkxXc9N0M+oRsEkn5Z7qeEJZWM65F1LFY248bNZ5ik5tcqAhLG2TyGZqb83MhoZM4kCO5lnNIteLv7ndVMMr/xMqCRFrtj8UJhKgjHJCyADoTlDObGEMi1sVsJGVFOGtqayLcFb/PIyaZ3XPLfm3V1U69dFHSU4hhM4Aw8uoQ630IAmMEjgGV7hzUmdF+fd+ZiPrjjFzhH8gfP5AydXkb4=</latexit> x1

<latexit sha1_base64="KEEKY+zzxGaY4WJouCR00gQsGfg=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnkzAzEUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjf5H77EZXmsbw3kwT9iA4lDzmjxkq9XkTNKAizp+mD169U3Zo7A1kmXkGqUKDRr3z1BjFLI5SGCap113MT42dUGc4ETsu9VGNC2ZgOsWuppBFqP5tlnpJTqwxIGCv7pCEz9fdGRiOtJ1FgJ/OMetHLxf+8bmrCKz/jMkkNSjY/FKaCmJjkBZABV8iMmFhCmeI2K2EjqigztqayLcFb/PIyaZ3XPLfm3V1U69dFHSU4hhM4Aw8uoQ630IAmMEjgGV7hzUmdF+fd+ZiPrjjFzhH8gfP5Ayjbkb8=</latexit><latexit sha1_base64="KEEKY+zzxGaY4WJouCR00gQsGfg=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnkzAzEUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjf5H77EZXmsbw3kwT9iA4lDzmjxkq9XkTNKAizp+mD169U3Zo7A1kmXkGqUKDRr3z1BjFLI5SGCap113MT42dUGc4ETsu9VGNC2ZgOsWuppBFqP5tlnpJTqwxIGCv7pCEz9fdGRiOtJ1FgJ/OMetHLxf+8bmrCKz/jMkkNSjY/FKaCmJjkBZABV8iMmFhCmeI2K2EjqigztqayLcFb/PIyaZ3XPLfm3V1U69dFHSU4hhM4Aw8uoQ630IAmMEjgGV7hzUmdF+fd+ZiPrjjFzhH8gfP5Ayjbkb8=</latexit><latexit sha1_base64="KEEKY+zzxGaY4WJouCR00gQsGfg=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnkzAzEUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjf5H77EZXmsbw3kwT9iA4lDzmjxkq9XkTNKAizp+mD169U3Zo7A1kmXkGqUKDRr3z1BjFLI5SGCap113MT42dUGc4ETsu9VGNC2ZgOsWuppBFqP5tlnpJTqwxIGCv7pCEz9fdGRiOtJ1FgJ/OMetHLxf+8bmrCKz/jMkkNSjY/FKaCmJjkBZABV8iMmFhCmeI2K2EjqigztqayLcFb/PIyaZ3XPLfm3V1U69dFHSU4hhM4Aw8uoQ630IAmMEjgGV7hzUmdF+fd+ZiPrjjFzhH8gfP5Ayjbkb8=</latexit><latexit sha1_base64="KEEKY+zzxGaY4WJouCR00gQsGfg=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnkzAzEUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjf5H77EZXmsbw3kwT9iA4lDzmjxkq9XkTNKAizp+mD169U3Zo7A1kmXkGqUKDRr3z1BjFLI5SGCap113MT42dUGc4ETsu9VGNC2ZgOsWuppBFqP5tlnpJTqwxIGCv7pCEz9fdGRiOtJ1FgJ/OMetHLxf+8bmrCKz/jMkkNSjY/FKaCmJjkBZABV8iMmFhCmeI2K2EjqigztqayLcFb/PIyaZ3XPLfm3V1U69dFHSU4hhM4Aw8uoQ630IAmMEjgGV7hzUmdF+fd+ZiPrjjFzhH8gfP5Ayjbkb8=</latexit>

xV
<latexit sha1_base64="ru6ddp2srdIoBZnzKEPmhh8iwbw=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMplO2qGTSZi5EUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilbq9SKKoyDMnqYPrX6l6tbcGcgy8QpShQKNfuWrN4hZGnGFTFJjup6boJ9RjYJJPi33UsMTysZ0yLuWKhpx42ezzFNyapUBCWNtn0IyU39vZDQyZhIFdjLPaBa9XPzP66YYXvmZUEmKXLH5oTCVBGOSF0AGQnOGcmIJZVrYrISNqKYMbU1lW4K3+OVl0jqveW7Nu7uo1q+LOkpwDCdwBh5cQh1uoQFNYJDAM7zCm5M6L8678zEfXXGKnSP4A+fzB2DvkeQ=</latexit><latexit sha1_base64="ru6ddp2srdIoBZnzKEPmhh8iwbw=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMplO2qGTSZi5EUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilbq9SKKoyDMnqYPrX6l6tbcGcgy8QpShQKNfuWrN4hZGnGFTFJjup6boJ9RjYJJPi33UsMTysZ0yLuWKhpx42ezzFNyapUBCWNtn0IyU39vZDQyZhIFdjLPaBa9XPzP66YYXvmZUEmKXLH5oTCVBGOSF0AGQnOGcmIJZVrYrISNqKYMbU1lW4K3+OVl0jqveW7Nu7uo1q+LOkpwDCdwBh5cQh1uoQFNYJDAM7zCm5M6L8678zEfXXGKnSP4A+fzB2DvkeQ=</latexit><latexit sha1_base64="ru6ddp2srdIoBZnzKEPmhh8iwbw=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMplO2qGTSZi5EUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilbq9SKKoyDMnqYPrX6l6tbcGcgy8QpShQKNfuWrN4hZGnGFTFJjup6boJ9RjYJJPi33UsMTysZ0yLuWKhpx42ezzFNyapUBCWNtn0IyU39vZDQyZhIFdjLPaBa9XPzP66YYXvmZUEmKXLH5oTCVBGOSF0AGQnOGcmIJZVrYrISNqKYMbU1lW4K3+OVl0jqveW7Nu7uo1q+LOkpwDCdwBh5cQh1uoQFNYJDAM7zCm5M6L8678zEfXXGKnSP4A+fzB2DvkeQ=</latexit><latexit sha1_base64="ru6ddp2srdIoBZnzKEPmhh8iwbw=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMplO2qGTSZi5EUvob7hxoYhbf8adf+OkzUJbDwwczrmXe+YEiRQGXffbWVldW9/YLG2Vt3d29/YrB4ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4Jvfbj1wbEat7nCTcj+hQiVAwilbq9SKKoyDMnqYPrX6l6tbcGcgy8QpShQKNfuWrN4hZGnGFTFJjup6boJ9RjYJJPi33UsMTysZ0yLuWKhpx42ezzFNyapUBCWNtn0IyU39vZDQyZhIFdjLPaBa9XPzP66YYXvmZUEmKXLH5oTCVBGOSF0AGQnOGcmIJZVrYrISNqKYMbU1lW4K3+OVl0jqveW7Nu7uo1q+LOkpwDCdwBh5cQh1uoQFNYJDAM7zCm5M6L8678zEfXXGKnSP4A+fzB2DvkeQ=</latexit>

I1[x0;y|⇥1]
<latexit sha1_base64="p8VGeYISz3q4RH6amC79zBTA5vQ=">AAACH3icbVDLSsNAFJ34rPUVdekmWARXJRFRwU3Rje4q9AVNWiaTSTt08mDmRiwhf+LGX3HjQhFx179x0kbQ1gvDnDn3Hubc48acSTDNiba0vLK6tl7aKG9ube/s6nv7LRklgtAmiXgkOi6WlLOQNoEBp51YUBy4nLbd0U3ebz9QIVkUNmAcUyfAg5D5jGBQVF8/v+tZXTvAMHT99DHrmVc/j3FmKyHYbsQ9OQ7UldqNIQWc9Synr1fMqjktYxFYBaigoup9/cv2IpIENATCsZRdy4zBSbEARjjNynYiaYzJCA9oV8EQB1Q66XS/zDhWjGf4kVAnBGPK/lakOJC5RTWZm5fzvZz8r9dNwL90UhbGCdCQzD7yE25AZORhGR4TlAAfK4CJYMqrQYZYYAIq0rIKwZpfeRG0TquWWbXuzyq16yKOEjpER+gEWegC1dAtqqMmIugJvaA39K49a6/ah/Y5G13SCs0B+lPa5Bvu+KQm</latexit><latexit sha1_base64="p8VGeYISz3q4RH6amC79zBTA5vQ=">AAACH3icbVDLSsNAFJ34rPUVdekmWARXJRFRwU3Rje4q9AVNWiaTSTt08mDmRiwhf+LGX3HjQhFx179x0kbQ1gvDnDn3Hubc48acSTDNiba0vLK6tl7aKG9ube/s6nv7LRklgtAmiXgkOi6WlLOQNoEBp51YUBy4nLbd0U3ebz9QIVkUNmAcUyfAg5D5jGBQVF8/v+tZXTvAMHT99DHrmVc/j3FmKyHYbsQ9OQ7UldqNIQWc9Synr1fMqjktYxFYBaigoup9/cv2IpIENATCsZRdy4zBSbEARjjNynYiaYzJCA9oV8EQB1Q66XS/zDhWjGf4kVAnBGPK/lakOJC5RTWZm5fzvZz8r9dNwL90UhbGCdCQzD7yE25AZORhGR4TlAAfK4CJYMqrQYZYYAIq0rIKwZpfeRG0TquWWbXuzyq16yKOEjpER+gEWegC1dAtqqMmIugJvaA39K49a6/ah/Y5G13SCs0B+lPa5Bvu+KQm</latexit><latexit sha1_base64="p8VGeYISz3q4RH6amC79zBTA5vQ=">AAACH3icbVDLSsNAFJ34rPUVdekmWARXJRFRwU3Rje4q9AVNWiaTSTt08mDmRiwhf+LGX3HjQhFx179x0kbQ1gvDnDn3Hubc48acSTDNiba0vLK6tl7aKG9ube/s6nv7LRklgtAmiXgkOi6WlLOQNoEBp51YUBy4nLbd0U3ebz9QIVkUNmAcUyfAg5D5jGBQVF8/v+tZXTvAMHT99DHrmVc/j3FmKyHYbsQ9OQ7UldqNIQWc9Synr1fMqjktYxFYBaigoup9/cv2IpIENATCsZRdy4zBSbEARjjNynYiaYzJCA9oV8EQB1Q66XS/zDhWjGf4kVAnBGPK/lakOJC5RTWZm5fzvZz8r9dNwL90UhbGCdCQzD7yE25AZORhGR4TlAAfK4CJYMqrQYZYYAIq0rIKwZpfeRG0TquWWbXuzyq16yKOEjpER+gEWegC1dAtqqMmIugJvaA39K49a6/ah/Y5G13SCs0B+lPa5Bvu+KQm</latexit><latexit sha1_base64="p8VGeYISz3q4RH6amC79zBTA5vQ=">AAACH3icbVDLSsNAFJ34rPUVdekmWARXJRFRwU3Rje4q9AVNWiaTSTt08mDmRiwhf+LGX3HjQhFx179x0kbQ1gvDnDn3Hubc48acSTDNiba0vLK6tl7aKG9ube/s6nv7LRklgtAmiXgkOi6WlLOQNoEBp51YUBy4nLbd0U3ebz9QIVkUNmAcUyfAg5D5jGBQVF8/v+tZXTvAMHT99DHrmVc/j3FmKyHYbsQ9OQ7UldqNIQWc9Synr1fMqjktYxFYBaigoup9/cv2IpIENATCsZRdy4zBSbEARjjNynYiaYzJCA9oV8EQB1Q66XS/zDhWjGf4kVAnBGPK/lakOJC5RTWZm5fzvZz8r9dNwL90UhbGCdCQzD7yE25AZORhGR4TlAAfK4CJYMqrQYZYYAIq0rIKwZpfeRG0TquWWbXuzyq16yKOEjpER+gEWegC1dAtqqMmIugJvaA39K49a6/ah/Y5G13SCs0B+lPa5Bvu+KQm</latexit>

I2[x1;y|⇥2]
<latexit sha1_base64="TgZPZJaDUOqECRgwxS9RKMGFawA=">AAACH3icbVDLSsNAFJ3UV62vqks3wSK4KkkRFdwU3eiuQl+QpGUynbRDJw9mbsQS8idu/BU3LhQRd/0bJ20Ebb0wzJlz72HOPW7EmQTDmGqFldW19Y3iZmlre2d3r7x/0JZhLAhtkZCHoutiSTkLaAsYcNqNBMW+y2nHHd9k/c4DFZKFQRMmEXV8PAyYxwgGRfXL53e9mmX7GEaulzymPfPq5zFJbSUE2w35QE58dSV2c0QBp72a0y9XjKoxK30ZmDmooLwa/fKXPQhJ7NMACMdSWqYRgZNgAYxwmpbsWNIIkzEeUkvBAPtUOslsv1Q/UcxA90KhTgD6jP2tSLAvM4tqMjMvF3sZ+V/PisG7dBIWRDHQgMw/8mKuQ6hnYekDJigBPlEAE8GUV52MsMAEVKQlFYK5uPIyaNeqplE1788q9es8jiI6QsfoFJnoAtXRLWqgFiLoCb2gN/SuPWuv2of2OR8taLnmEP0pbfoN896kKQ==</latexit><latexit sha1_base64="TgZPZJaDUOqECRgwxS9RKMGFawA=">AAACH3icbVDLSsNAFJ3UV62vqks3wSK4KkkRFdwU3eiuQl+QpGUynbRDJw9mbsQS8idu/BU3LhQRd/0bJ20Ebb0wzJlz72HOPW7EmQTDmGqFldW19Y3iZmlre2d3r7x/0JZhLAhtkZCHoutiSTkLaAsYcNqNBMW+y2nHHd9k/c4DFZKFQRMmEXV8PAyYxwgGRfXL53e9mmX7GEaulzymPfPq5zFJbSUE2w35QE58dSV2c0QBp72a0y9XjKoxK30ZmDmooLwa/fKXPQhJ7NMACMdSWqYRgZNgAYxwmpbsWNIIkzEeUkvBAPtUOslsv1Q/UcxA90KhTgD6jP2tSLAvM4tqMjMvF3sZ+V/PisG7dBIWRDHQgMw/8mKuQ6hnYekDJigBPlEAE8GUV52MsMAEVKQlFYK5uPIyaNeqplE1788q9es8jiI6QsfoFJnoAtXRLWqgFiLoCb2gN/SuPWuv2of2OR8taLnmEP0pbfoN896kKQ==</latexit><latexit sha1_base64="TgZPZJaDUOqECRgwxS9RKMGFawA=">AAACH3icbVDLSsNAFJ3UV62vqks3wSK4KkkRFdwU3eiuQl+QpGUynbRDJw9mbsQS8idu/BU3LhQRd/0bJ20Ebb0wzJlz72HOPW7EmQTDmGqFldW19Y3iZmlre2d3r7x/0JZhLAhtkZCHoutiSTkLaAsYcNqNBMW+y2nHHd9k/c4DFZKFQRMmEXV8PAyYxwgGRfXL53e9mmX7GEaulzymPfPq5zFJbSUE2w35QE58dSV2c0QBp72a0y9XjKoxK30ZmDmooLwa/fKXPQhJ7NMACMdSWqYRgZNgAYxwmpbsWNIIkzEeUkvBAPtUOslsv1Q/UcxA90KhTgD6jP2tSLAvM4tqMjMvF3sZ+V/PisG7dBIWRDHQgMw/8mKuQ6hnYekDJigBPlEAE8GUV52MsMAEVKQlFYK5uPIyaNeqplE1788q9es8jiI6QsfoFJnoAtXRLWqgFiLoCb2gN/SuPWuv2of2OR8taLnmEP0pbfoN896kKQ==</latexit><latexit sha1_base64="TgZPZJaDUOqECRgwxS9RKMGFawA=">AAACH3icbVDLSsNAFJ3UV62vqks3wSK4KkkRFdwU3eiuQl+QpGUynbRDJw9mbsQS8idu/BU3LhQRd/0bJ20Ebb0wzJlz72HOPW7EmQTDmGqFldW19Y3iZmlre2d3r7x/0JZhLAhtkZCHoutiSTkLaAsYcNqNBMW+y2nHHd9k/c4DFZKFQRMmEXV8PAyYxwgGRfXL53e9mmX7GEaulzymPfPq5zFJbSUE2w35QE58dSV2c0QBp72a0y9XjKoxK30ZmDmooLwa/fKXPQhJ7NMACMdSWqYRgZNgAYxwmpbsWNIIkzEeUkvBAPtUOslsv1Q/UcxA90KhTgD6jP2tSLAvM4tqMjMvF3sZ+V/PisG7dBIWRDHQgMw/8mKuQ6hnYekDJigBPlEAE8GUV52MsMAEVKQlFYK5uPIyaNeqplE1788q9es8jiI6QsfoFJnoAtXRLWqgFiLoCb2gN/SuPWuv2of2OR8taLnmEP0pbfoN896kKQ==</latexit>

IV [x(V�1);y|⇥V ]
<latexit sha1_base64="G0254IdZ57pWpJ+JxXsJuFhIj7g="></latexit><latexit sha1_base64="G0254IdZ57pWpJ+JxXsJuFhIj7g="></latexit><latexit sha1_base64="G0254IdZ57pWpJ+JxXsJuFhIj7g="></latexit><latexit sha1_base64="G0254IdZ57pWpJ+JxXsJuFhIj7g="></latexit>

x2
<latexit sha1_base64="L+zxwU4/HHUc6YcjqkdAWXvSbHA=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy4r2Ad0xpJJM21okhmSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7GmnEnaNsxw2ksUxSLktBtObnK/+0iVZrG8N9OEBgKPJIsYwcZKvi+wGYdR9jR7aAyqNbfuzoFWiVeQGhRoDapf/jAmqaDSEI617ntuYoIMK8MIp7OKn2qaYDLBI9q3VGJBdZDNM8/QmVWGKIqVfdKgufp7I8NC66kI7WSeUS97ufif109NdBVkTCapoZIsDkUpRyZGeQFoyBQlhk8twUQxmxWRMVaYGFtTxZbgLX95lXQadc+te3cXteZ1UUcZTuAUzsGDS2jCLbSgDQQSeIZXeHNS58V5dz4WoyWn2DmGP3A+fwAqX5HA</latexit><latexit sha1_base64="L+zxwU4/HHUc6YcjqkdAWXvSbHA=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy4r2Ad0xpJJM21okhmSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7GmnEnaNsxw2ksUxSLktBtObnK/+0iVZrG8N9OEBgKPJIsYwcZKvi+wGYdR9jR7aAyqNbfuzoFWiVeQGhRoDapf/jAmqaDSEI617ntuYoIMK8MIp7OKn2qaYDLBI9q3VGJBdZDNM8/QmVWGKIqVfdKgufp7I8NC66kI7WSeUS97ufif109NdBVkTCapoZIsDkUpRyZGeQFoyBQlhk8twUQxmxWRMVaYGFtTxZbgLX95lXQadc+te3cXteZ1UUcZTuAUzsGDS2jCLbSgDQQSeIZXeHNS58V5dz4WoyWn2DmGP3A+fwAqX5HA</latexit><latexit sha1_base64="L+zxwU4/HHUc6YcjqkdAWXvSbHA=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy4r2Ad0xpJJM21okhmSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7GmnEnaNsxw2ksUxSLktBtObnK/+0iVZrG8N9OEBgKPJIsYwcZKvi+wGYdR9jR7aAyqNbfuzoFWiVeQGhRoDapf/jAmqaDSEI617ntuYoIMK8MIp7OKn2qaYDLBI9q3VGJBdZDNM8/QmVWGKIqVfdKgufp7I8NC66kI7WSeUS97ufif109NdBVkTCapoZIsDkUpRyZGeQFoyBQlhk8twUQxmxWRMVaYGFtTxZbgLX95lXQadc+te3cXteZ1UUcZTuAUzsGDS2jCLbSgDQQSeIZXeHNS58V5dz4WoyWn2DmGP3A+fwAqX5HA</latexit><latexit sha1_base64="L+zxwU4/HHUc6YcjqkdAWXvSbHA=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy4r2Ad0xpJJM21okhmSjFiG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7GmnEnaNsxw2ksUxSLktBtObnK/+0iVZrG8N9OEBgKPJIsYwcZKvi+wGYdR9jR7aAyqNbfuzoFWiVeQGhRoDapf/jAmqaDSEI617ntuYoIMK8MIp7OKn2qaYDLBI9q3VGJBdZDNM8/QmVWGKIqVfdKgufp7I8NC66kI7WSeUS97ufif109NdBVkTCapoZIsDkUpRyZGeQFoyBQlhk8twUQxmxWRMVaYGFtTxZbgLX95lXQadc+te3cXteZ1UUcZTuAUzsGDS2jCLbSgDQQSeIZXeHNS58V5dz4WoyWn2DmGP3A+fwAqX5HA</latexit>

x(V�1)
<latexit sha1_base64="wWFkPFABGk2H7wd1+eN+e2r8lNo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahLiyJCLosunFZwT6grWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8SLOlHacb6uwtr6xuVXcLu3s7u0f2IfllgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa9yW3mt5+oVCwUD3oW0X6AR4L5jGBtpIFd7gVYjz0/maaPSbV17p6lA7vi1Jw50Cpxc1KBHI2B/dUbhiQOqNCEY6W6rhPpfoKlZoTTtNSLFY0wmeAR7RoqcEBVP5lnT9GpUYbID6V5QqO5+nsjwYFSs8Azk1lStexl4n9eN9b+dT9hIoo1FWRxyI850iHKikBDJinRfGYIJpKZrIiMscREm7pKpgR3+curpHVRc52ae39Zqd/kdRThGE6gCi5cQR3uoAFNIDCFZ3iFNyu1Xqx362MxWrDynSP4A+vzB1oPk/g=</latexit><latexit sha1_base64="wWFkPFABGk2H7wd1+eN+e2r8lNo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahLiyJCLosunFZwT6grWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8SLOlHacb6uwtr6xuVXcLu3s7u0f2IfllgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa9yW3mt5+oVCwUD3oW0X6AR4L5jGBtpIFd7gVYjz0/maaPSbV17p6lA7vi1Jw50Cpxc1KBHI2B/dUbhiQOqNCEY6W6rhPpfoKlZoTTtNSLFY0wmeAR7RoqcEBVP5lnT9GpUYbID6V5QqO5+nsjwYFSs8Azk1lStexl4n9eN9b+dT9hIoo1FWRxyI850iHKikBDJinRfGYIJpKZrIiMscREm7pKpgR3+curpHVRc52ae39Zqd/kdRThGE6gCi5cQR3uoAFNIDCFZ3iFNyu1Xqx362MxWrDynSP4A+vzB1oPk/g=</latexit><latexit sha1_base64="wWFkPFABGk2H7wd1+eN+e2r8lNo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahLiyJCLosunFZwT6grWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8SLOlHacb6uwtr6xuVXcLu3s7u0f2IfllgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa9yW3mt5+oVCwUD3oW0X6AR4L5jGBtpIFd7gVYjz0/maaPSbV17p6lA7vi1Jw50Cpxc1KBHI2B/dUbhiQOqNCEY6W6rhPpfoKlZoTTtNSLFY0wmeAR7RoqcEBVP5lnT9GpUYbID6V5QqO5+nsjwYFSs8Azk1lStexl4n9eN9b+dT9hIoo1FWRxyI850iHKikBDJinRfGYIJpKZrIiMscREm7pKpgR3+curpHVRc52ae39Zqd/kdRThGE6gCi5cQR3uoAFNIDCFZ3iFNyu1Xqx362MxWrDynSP4A+vzB1oPk/g=</latexit><latexit sha1_base64="wWFkPFABGk2H7wd1+eN+e2r8lNo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahLiyJCLosunFZwT6grWUynbRDJ5MwM5GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fM8SLOlHacb6uwtr6xuVXcLu3s7u0f2IfllgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa9yW3mt5+oVCwUD3oW0X6AR4L5jGBtpIFd7gVYjz0/maaPSbV17p6lA7vi1Jw50Cpxc1KBHI2B/dUbhiQOqNCEY6W6rhPpfoKlZoTTtNSLFY0wmeAR7RoqcEBVP5lnT9GpUYbID6V5QqO5+nsjwYFSs8Azk1lStexl4n9eN9b+dT9hIoo1FWRxyI850iHKikBDJinRfGYIJpKZrIiMscREm7pKpgR3+curpHVRc52ae39Zqd/kdRThGE6gCi5cQR3uoAFNIDCFZ3iFNyu1Xqx362MxWrDynSP4A+vzB1oPk/g=</latexit>

⇥1
<latexit sha1_base64="2YTW7L9J7N6+RDZYY7YlxJ3BoaQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6LLoxmWFvqCJZTKZtEMnkzBzI5RQ8FfcuFDErd/hzr9x0mahrQeGOZxzL3PmBKngGhzn21pZXVvf2KxsVbd3dvf27YPDjk4yRVmbJiJRvYBoJrhkbeAgWC9VjMSBYN1gfFv43UemNE9kCyYp82MylDzilICRBvaxFyQi1JPYXLnXGjEg0wd3YNecujMDXiZuSWqoRHNgf3lhQrOYSaCCaN13nRT8nCjgVLBp1cs0SwkdkyHrGypJzLSfz+JP8ZlRQhwlyhwJeKb+3shJrIuEZjImMNKLXiH+5/UziK79nMs0Aybp/KEoExgSXHSBQ64YBTExhFDFTVZMR0QRCqaxqinBXfzyMulc1F2n7t5f1ho3ZR0VdIJO0Tly0RVqoDvURG1EUY6e0St6s56sF+vd+piPrljlzhH6A+vzB6cQlek=</latexit><latexit sha1_base64="2YTW7L9J7N6+RDZYY7YlxJ3BoaQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6LLoxmWFvqCJZTKZtEMnkzBzI5RQ8FfcuFDErd/hzr9x0mahrQeGOZxzL3PmBKngGhzn21pZXVvf2KxsVbd3dvf27YPDjk4yRVmbJiJRvYBoJrhkbeAgWC9VjMSBYN1gfFv43UemNE9kCyYp82MylDzilICRBvaxFyQi1JPYXLnXGjEg0wd3YNecujMDXiZuSWqoRHNgf3lhQrOYSaCCaN13nRT8nCjgVLBp1cs0SwkdkyHrGypJzLSfz+JP8ZlRQhwlyhwJeKb+3shJrIuEZjImMNKLXiH+5/UziK79nMs0Aybp/KEoExgSXHSBQ64YBTExhFDFTVZMR0QRCqaxqinBXfzyMulc1F2n7t5f1ho3ZR0VdIJO0Tly0RVqoDvURG1EUY6e0St6s56sF+vd+piPrljlzhH6A+vzB6cQlek=</latexit><latexit sha1_base64="2YTW7L9J7N6+RDZYY7YlxJ3BoaQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6LLoxmWFvqCJZTKZtEMnkzBzI5RQ8FfcuFDErd/hzr9x0mahrQeGOZxzL3PmBKngGhzn21pZXVvf2KxsVbd3dvf27YPDjk4yRVmbJiJRvYBoJrhkbeAgWC9VjMSBYN1gfFv43UemNE9kCyYp82MylDzilICRBvaxFyQi1JPYXLnXGjEg0wd3YNecujMDXiZuSWqoRHNgf3lhQrOYSaCCaN13nRT8nCjgVLBp1cs0SwkdkyHrGypJzLSfz+JP8ZlRQhwlyhwJeKb+3shJrIuEZjImMNKLXiH+5/UziK79nMs0Aybp/KEoExgSXHSBQ64YBTExhFDFTVZMR0QRCqaxqinBXfzyMulc1F2n7t5f1ho3ZR0VdIJO0Tly0RVqoDvURG1EUY6e0St6s56sF+vd+piPrljlzhH6A+vzB6cQlek=</latexit><latexit sha1_base64="2YTW7L9J7N6+RDZYY7YlxJ3BoaQ=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6LLoxmWFvqCJZTKZtEMnkzBzI5RQ8FfcuFDErd/hzr9x0mahrQeGOZxzL3PmBKngGhzn21pZXVvf2KxsVbd3dvf27YPDjk4yRVmbJiJRvYBoJrhkbeAgWC9VjMSBYN1gfFv43UemNE9kCyYp82MylDzilICRBvaxFyQi1JPYXLnXGjEg0wd3YNecujMDXiZuSWqoRHNgf3lhQrOYSaCCaN13nRT8nCjgVLBp1cs0SwkdkyHrGypJzLSfz+JP8ZlRQhwlyhwJeKb+3shJrIuEZjImMNKLXiH+5/UziK79nMs0Aybp/KEoExgSXHSBQ64YBTExhFDFTVZMR0QRCqaxqinBXfzyMulc1F2n7t5f1ho3ZR0VdIJO0Tly0RVqoDvURG1EUY6e0St6s56sF+vd+piPrljlzhH6A+vzB6cQlek=</latexit>

⇥2
<latexit sha1_base64="CBDp3ueCG0DDs/61o8urVEfd2tc=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmCLosunFZoS/ojCWTSdvQTGZI7ghlKPgrblwo4tbvcOffmGlnoa0HQg7n3EtOTpAIrsFxvq3S2vrG5lZ5u7Kzu7d/YB8edXScKsraNBax6gVEM8ElawMHwXqJYiQKBOsGk9vc7z4ypXksWzBNmB+RkeRDTgkYaWCfeEEsQj2NzJV5rTEDMnuoD+yqU3PmwKvELUgVFWgO7C8vjGkaMQlUEK37rpOAnxEFnAo2q3ipZgmhEzJifUMliZj2s3n8GT43SoiHsTJHAp6rvzcyEuk8oZmMCIz1speL/3n9FIbXfsZlkgKTdPHQMBUYYpx3gUOuGAUxNYRQxU1WTMdEEQqmsYopwV3+8irp1GuuU3PvL6uNm6KOMjpFZ+gCuegKNdAdaqI2oihDz+gVvVlP1ov1bn0sRktWsXOM/sD6/AGolJXq</latexit><latexit sha1_base64="CBDp3ueCG0DDs/61o8urVEfd2tc=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmCLosunFZoS/ojCWTSdvQTGZI7ghlKPgrblwo4tbvcOffmGlnoa0HQg7n3EtOTpAIrsFxvq3S2vrG5lZ5u7Kzu7d/YB8edXScKsraNBax6gVEM8ElawMHwXqJYiQKBOsGk9vc7z4ypXksWzBNmB+RkeRDTgkYaWCfeEEsQj2NzJV5rTEDMnuoD+yqU3PmwKvELUgVFWgO7C8vjGkaMQlUEK37rpOAnxEFnAo2q3ipZgmhEzJifUMliZj2s3n8GT43SoiHsTJHAp6rvzcyEuk8oZmMCIz1speL/3n9FIbXfsZlkgKTdPHQMBUYYpx3gUOuGAUxNYRQxU1WTMdEEQqmsYopwV3+8irp1GuuU3PvL6uNm6KOMjpFZ+gCuegKNdAdaqI2oihDz+gVvVlP1ov1bn0sRktWsXOM/sD6/AGolJXq</latexit><latexit sha1_base64="CBDp3ueCG0DDs/61o8urVEfd2tc=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmCLosunFZoS/ojCWTSdvQTGZI7ghlKPgrblwo4tbvcOffmGlnoa0HQg7n3EtOTpAIrsFxvq3S2vrG5lZ5u7Kzu7d/YB8edXScKsraNBax6gVEM8ElawMHwXqJYiQKBOsGk9vc7z4ypXksWzBNmB+RkeRDTgkYaWCfeEEsQj2NzJV5rTEDMnuoD+yqU3PmwKvELUgVFWgO7C8vjGkaMQlUEK37rpOAnxEFnAo2q3ipZgmhEzJifUMliZj2s3n8GT43SoiHsTJHAp6rvzcyEuk8oZmMCIz1speL/3n9FIbXfsZlkgKTdPHQMBUYYpx3gUOuGAUxNYRQxU1WTMdEEQqmsYopwV3+8irp1GuuU3PvL6uNm6KOMjpFZ+gCuegKNdAdaqI2oihDz+gVvVlP1ov1bn0sRktWsXOM/sD6/AGolJXq</latexit><latexit sha1_base64="CBDp3ueCG0DDs/61o8urVEfd2tc=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmCLosunFZoS/ojCWTSdvQTGZI7ghlKPgrblwo4tbvcOffmGlnoa0HQg7n3EtOTpAIrsFxvq3S2vrG5lZ5u7Kzu7d/YB8edXScKsraNBax6gVEM8ElawMHwXqJYiQKBOsGk9vc7z4ypXksWzBNmB+RkeRDTgkYaWCfeEEsQj2NzJV5rTEDMnuoD+yqU3PmwKvELUgVFWgO7C8vjGkaMQlUEK37rpOAnxEFnAo2q3ipZgmhEzJifUMliZj2s3n8GT43SoiHsTJHAp6rvzcyEuk8oZmMCIz1speL/3n9FIbXfsZlkgKTdPHQMBUYYpx3gUOuGAUxNYRQxU1WTMdEEQqmsYopwV3+8irp1GuuU3PvL6uNm6KOMjpFZ+gCuegKNdAdaqI2oihDz+gVvVlP1ov1bn0sRktWsXOM/sD6/AGolJXq</latexit>

⇥V
<latexit sha1_base64="4m2JQOsB/iKqhS9lJ5E8uTnd45g=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRIRdFl047JCX9DEMpnctEMnM2FmIpRQ8FfcuFDErd/hzr9x0mahrQeGOZxzL3PmhCmjSrvut7Wyura+sVnZqm7v7O7t2weHHSUySaBNBBOyF2IFjHJoa6oZ9FIJOAkZdMPxbeF3H0EqKnhLT1IIEjzkNKYEayMN7GM/FCxSk8Rcud8agcbTh87Arrl1dwZnmXglqaESzYH95UeCZAlwTRhWqu+5qQ5yLDUlDKZVP1OQYjLGQ+gbynECKshn8afOmVEiJxbSHK6dmfp7I8eJKhKayQTrkVr0CvE/r5/p+DrIKU8zDZzMH4oz5mjhFF04EZVANJsYgomkJqtDRlhiok1jVVOCt/jlZdK5qHtu3bu/rDVuyjoq6ASdonPkoSvUQHeoidqIoBw9o1f0Zj1ZL9a79TEfXbHKnSP0B9bnD98klg4=</latexit><latexit sha1_base64="4m2JQOsB/iKqhS9lJ5E8uTnd45g=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRIRdFl047JCX9DEMpnctEMnM2FmIpRQ8FfcuFDErd/hzr9x0mahrQeGOZxzL3PmhCmjSrvut7Wyura+sVnZqm7v7O7t2weHHSUySaBNBBOyF2IFjHJoa6oZ9FIJOAkZdMPxbeF3H0EqKnhLT1IIEjzkNKYEayMN7GM/FCxSk8Rcud8agcbTh87Arrl1dwZnmXglqaESzYH95UeCZAlwTRhWqu+5qQ5yLDUlDKZVP1OQYjLGQ+gbynECKshn8afOmVEiJxbSHK6dmfp7I8eJKhKayQTrkVr0CvE/r5/p+DrIKU8zDZzMH4oz5mjhFF04EZVANJsYgomkJqtDRlhiok1jVVOCt/jlZdK5qHtu3bu/rDVuyjoq6ASdonPkoSvUQHeoidqIoBw9o1f0Zj1ZL9a79TEfXbHKnSP0B9bnD98klg4=</latexit><latexit sha1_base64="4m2JQOsB/iKqhS9lJ5E8uTnd45g=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRIRdFl047JCX9DEMpnctEMnM2FmIpRQ8FfcuFDErd/hzr9x0mahrQeGOZxzL3PmhCmjSrvut7Wyura+sVnZqm7v7O7t2weHHSUySaBNBBOyF2IFjHJoa6oZ9FIJOAkZdMPxbeF3H0EqKnhLT1IIEjzkNKYEayMN7GM/FCxSk8Rcud8agcbTh87Arrl1dwZnmXglqaESzYH95UeCZAlwTRhWqu+5qQ5yLDUlDKZVP1OQYjLGQ+gbynECKshn8afOmVEiJxbSHK6dmfp7I8eJKhKayQTrkVr0CvE/r5/p+DrIKU8zDZzMH4oz5mjhFF04EZVANJsYgomkJqtDRlhiok1jVVOCt/jlZdK5qHtu3bu/rDVuyjoq6ASdonPkoSvUQHeoidqIoBw9o1f0Zj1ZL9a79TEfXbHKnSP0B9bnD98klg4=</latexit><latexit sha1_base64="4m2JQOsB/iKqhS9lJ5E8uTnd45g=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkVwVRIRdFl047JCX9DEMpnctEMnM2FmIpRQ8FfcuFDErd/hzr9x0mahrQeGOZxzL3PmhCmjSrvut7Wyura+sVnZqm7v7O7t2weHHSUySaBNBBOyF2IFjHJoa6oZ9FIJOAkZdMPxbeF3H0EqKnhLT1IIEjzkNKYEayMN7GM/FCxSk8Rcud8agcbTh87Arrl1dwZnmXglqaESzYH95UeCZAlwTRhWqu+5qQ5yLDUlDKZVP1OQYjLGQ+gbynECKshn8afOmVEiJxbSHK6dmfp7I8eJKhKayQTrkVr0CvE/r5/p+DrIKU8zDZzMH4oz5mjhFF04EZVANJsYgomkJqtDRlhiok1jVVOCt/jlZdK5qHtu3bu/rDVuyjoq6ASdonPkoSvUQHeoidqIoBw9o1f0Zj1ZL9a79TEfXbHKnSP0B9bnD98klg4=</latexit>

The training process aims to minimize the loss function, i.e., minΘ∆
[
xV, x∗

]
, in which

∆[·, ·] is the loss function, Θ = {Θ1,Θ2, · · · ,ΘV} denotes the set of each layer’s
trainable parameters, V measures the number of layers, x∗ represents the ground-truth
channel vector, xV = (IV ◁ · · · I2 ◁ I1)[x0; y|ΘV, · · · ,Θ2,Θ1] captures the final output
of the deep unfolding network after V-layer inference, and the symbol ◁ indicates the
feed-forward process.
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Training History of Batch-Delayed Online Dictionary Learning (BD-ODL)
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Element Modulus Curves versus Vector Index (Square Dictionary)
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Cumulative Distribution Function (CDF) of the ℓ0 Norms of the Sparse Representations
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For instance, 90% of the THz channel samples can be recovered by less than 44 or
72 atoms from the BD-ODL-designed or DFT-based dictionaries in the case of square
dictionary, respectively. Note that the number of antenna element is 1024!
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Normalized Mean Squared Error (NMSE) versus Pilot Length
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◦ LS: The lease square (LS) estimate.

◦ MMSE: The minimum mean square error (MMSE)
estimate.

◦ FOCUSS: A typical sparse signal reconstruction al-
gorithm that is popular in image recovery.

◦ UAMP-SBL: The approximate message passing
(AMP) technique with unitary transformation is used
to alternate the original E-step in SBL to reduce com-
putational cost and enhance robustness.

◦ FISTA: The fast version of iterative shrinkage-
thresholding algorithm (ISTA) which offers compu-
tational simplicity and global convergence rate.
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What is Quantum Machine Learning (QML)?

QML refers to a small-scale quantum circuit with a classical optimizer, in the noisy
intermediate-scale quantum (NISQ) era.

A high-level description of the quantum machine learning design methodology. A para-
metric quantum circuit (PQC) implementing a unitary matrix U(θ) is optimized via its
vector of parameters, θ, based on measurements of the output of the PQC.
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What is Quantum Machine Learning (QML)?
optimizing a standard machine learning model,

such as a neural network, using a classical
optimizer to minimize a cost function over

parameters θ based on classical input data x.

implements a unitary transformation U(x, θ) with
the classical input x, and parameter θ
the quantum circuit’s input is a set of qubits in
|0⟩, leading to |ψ(x, θ)⟩ = U(x, θ) |0⟩
minimize the cost function over θ as per the es-
timate of an observable of the output quantum
state |ψ(x, θ)⟩
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Typical Quantum Gates
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An Example of Quantum Neural Network

Kundu, Satwik, and Swaroop Ghosh. “Security Concerns in Quantum Machine Learning as a Service.” arXiv preprint arXiv:2408.09562 (2024).
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Why Quantum Machine Learning?

• Quantum supremacy reported by IBM and Google, and the latest Nobel prize in
Physics for ground-breaking experiments with quantum entangled particles, further
reveal the promise and importance of quantum computing for leading the next
industrial revolution.

• Quantum Machine Learning (QML) merges quantum computing with machine
learning, leveraging entanglement and superposition for more efficient data pro-
cessing.

• Quantum computing is beneficial for improving efficiency and enhancing general-
ization for ML systems, e.g., comparable or better learning performance with much
lighter parameter updating of quantum DRL algorithm.
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The Long-Term Interdisciplinary Vision!

1√
2
|Wireless⟩+ 1

2 |ML⟩+ 1
2 |Quantum⟩

Dr. Yuanjian Li, Research Fellow at Nanyang Technological University (NTU), Singapore Email: yuanjian.li@ntu.edu.sg
AI for Next-Generation Wireless Networks: Communication and Computation Resource Management, and Channel Estimation 40 / 41



Next-Gen Wireless Cellular-Connected UAV Navigation Multi-UAV-Aided MEC THz Channel Estimation Quantum ML for Wireless

The End

Thanks for your attentions
This is the end of today’s talk
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