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Let’s start with a purely classical question …



Irreversible (typical) computing

AND is logically irreversible: 
if output is 0, inputs could be 00,01,10

Reversible computing
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TOFFOLI (T)
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c’ = c ⊕ (a AND b)

T is logically reversible: T2 = I

[Landauer’61]: logically irreversible opera=ons must dissipate energy
à in principle, reversible more energy efficient than irreversible



Making Computa=ons Reversible: The Easy Way
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Easy Thm: Time T, Space S irreversible comp à Time O(T), Space O(T) reversible comp
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Making Computations Reversible: Preserving Space and Time

Thm [Benne>’89]: 
 Time T, Space S irreversible comp à Time TO(1), Space O(S log T) reversible comp

Proof idea:
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Back to quantum …



Quantum computing

H
Unitary Gates

Measurement

Problems with (intermediate) measurements:
à Subject to Landauer’s Principle
àNot amenable to certain algorithmic techniques (e.g. amplitude amplificaMon)
àNot directly handled by many query complexity lower bounds
àNot applicable to certain cryptographic proof techniques (e.g. rewinding)
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I’m going to call anything non-unitary a “measurement”

<latexit sha1_base64="Ekj3TmRMWTPdd00pb2S8cVno1tk="></latexit>
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Making Quantum Computa=ons Unitary: Delayed Measurements

Principle of Delayed Measurements: 
 Time T, Space S comp w/ measurementsà Time O(T), Space O(T) unitary comp
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Making Quantum Computations Unitary: Delayed Measurements

Principle of Delayed Measurements: 
 Time T, Space S comp w/ measurementsà Time O(T), Space O(T) unitary comp
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Making Quantum Computa=ons Unitary: Preserving Space

Thm [Fefferman-Remscrim’21, Girish-Raz-Zhan’21]: 
 Time T, Space S w/ measurements à Time Poly(T,2S), Space O(S) unitary

For intermediate space (log T << S << T), existing results for 
general measurements give huge blowup in time or space

Q: Can (intermediate) measurements be eliminated in a 
simultaneously space- and time-efficient way?

Thm [Girish-Raz’22]: 
Time T, Space S unital comp à Time Poly(T), Space O(S log T) unitary



Def: “Black Box” Purifier:

Transformation must
(1) Work for any unitary O (but can depend arbitrarily on O)
(2) Preserve functionality
(3) Eliminate all non-unitary gates
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<latexit sha1_base64="izn73OTm3XgsIYh7TdX9YQVLTeo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL95MwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6unjN4=</latexit>

O
<latexit sha1_base64="izn73OTm3XgsIYh7TdX9YQVLTeo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL95MwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6unjN4=</latexit>

O

<latexit sha1_base64="izn73OTm3XgsIYh7TdX9YQVLTeo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL95MwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6unjN4=</latexit>

O
<latexit sha1_base64="2wjs5u9qqxQNvTA4cXW64gm6VC4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseilx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7ud+54lrI2L1iNOE+xEdKREKRtFKnaxvQtKYDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqler1h6uK/W7PI4inME5XIIHN1CHBjShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gADtI9g</latexit>

H

<latexit sha1_base64="MAOPDSVUdOAqZskjzhE1WpATDHQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqzUzno6JA/TfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzcKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7Hcy4AqZERNLKFPc3krYiCrKjE2oZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AES5o9q</latexit>

R <latexit sha1_base64="MAOPDSVUdOAqZskjzhE1WpATDHQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqzUzno6JA/TfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzcKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7Hcy4AqZERNLKFPc3krYiCrKjE2oZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AES5o9q</latexit>

R<latexit sha1_base64="bqMX/nylVZ7ljDH/XhLjfMAT8rM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V+gVtKJvtpF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5n/udJ1Sax7Jppgn6ER1JHnJGjZU6WV+HpDkblCtu1V2ArBMvJxXI0RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLc6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCWz/jMkkNSrZcFKaCmJjMfydDrpAZMbWEMsXtrYSNqaLM2IRKNgRv9eV10r6qerVq7fG6Ur/L4yjCGZzDJXhwA3V4gAa0gMEEnuEV3pzEeXHenY9la8HJZ07hD5zPHxXwj2w=</latexit>

T

ObservaMon: Delayed measurements, FR’21, GRZ’21, RS’22, natural 
quantum analogs of Benne\’89 are all black box



Main Result

Thm: For any “Black Box” purifier:

Time T, Space S w/ general measurements à Time 2Ω(S)  or Space Ω(T)  

Prior work essentially optimal given current techniques

Note: Unconditional lower bound unlikely: 
BQL=BQP è can eliminate measurements efficiently in both space and time



<latexit sha1_base64="BCN2GL0s74/ikmRY489JLXh0vv0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjTsr2Ae2pWTSTBuayQzJHaEM/Qs3LhRx69+482/MtLPQ6oHA4Zx7ybnHj6Uw6LpfTmFpeWV1rbhe2tjc2t4p7+41TZRoxhsskpFu+9RwKRRvoEDJ27HmNPQlb/nj68xvPXJtRKTucRLzXkiHSgSCUbTSQzekOPKD9HbaL1fcqjsD+Uu8nFQgR71f/uwOIpaEXCGT1JiO58bYS6lGwSSflrqJ4TFlYzrkHUsVDbnppbPEU3JklQEJIm2fQjJTf26kNDRmEvp2MktoFr1M/M/rJBhc9lKh4gS5YvOPgkQSjEh2PhkIzRnKiSWUaWGzEjaimjK0JZVsCd7iyX9J86TqnVfP7k4rtau8jiIcwCEcgwcXUIMbqEMDGCh4ghd4dYzz7Lw57/PRgpPv7MMvOB/fwiyQ/Q==</latexit>

O

<latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i
<latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i
<latexit sha1_base64="BCN2GL0s74/ikmRY489JLXh0vv0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjTsr2Ae2pWTSTBuayQzJHaEM/Qs3LhRx69+482/MtLPQ6oHA4Zx7ybnHj6Uw6LpfTmFpeWV1rbhe2tjc2t4p7+41TZRoxhsskpFu+9RwKRRvoEDJ27HmNPQlb/nj68xvPXJtRKTucRLzXkiHSgSCUbTSQzekOPKD9HbaL1fcqjsD+Uu8nFQgR71f/uwOIpaEXCGT1JiO58bYS6lGwSSflrqJ4TFlYzrkHUsVDbnppbPEU3JklQEJIm2fQjJTf26kNDRmEvp2MktoFr1M/M/rJBhc9lKh4gS5YvOPgkQSjEh2PhkIzRnKiSWUaWGzEjaimjK0JZVsCd7iyX9J86TqnVfP7k4rtau8jiIcwCEcgwcXUIMbqEMDGCh4ghd4dYzz7Lw57/PRgpPv7MMvOB/fwiyQ/Q==</latexit>

O
<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i <latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i

<latexit sha1_base64="BCN2GL0s74/ikmRY489JLXh0vv0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjTsr2Ae2pWTSTBuayQzJHaEM/Qs3LhRx69+482/MtLPQ6oHA4Zx7ybnHj6Uw6LpfTmFpeWV1rbhe2tjc2t4p7+41TZRoxhsskpFu+9RwKRRvoEDJ27HmNPQlb/nj68xvPXJtRKTucRLzXkiHSgSCUbTSQzekOPKD9HbaL1fcqjsD+Uu8nFQgR71f/uwOIpaEXCGT1JiO58bYS6lGwSSflrqJ4TFlYzrkHUsVDbnppbPEU3JklQEJIm2fQjJTf26kNDRmEvp2MktoFr1M/M/rJBhc9lKh4gS5YvOPgkQSjEh2PhkIzRnKiSWUaWGzEjaimjK0JZVsCd7iyX9J86TqnVfP7k4rtau8jiIcwCEcgwcXUIMbqEMDGCh4ghd4dYzz7Lw57/PRgpPv7MMvOB/fwiyQ/Q==</latexit>

O
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i
<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i …
<latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i
<latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i

Intui&on:

For general O, only way to perform computation requires either:
(1) Storing all the         à space Ω(T)
(2) Having the full description of the         baked into the circuit à size 2Ω(S) 

<latexit sha1_base64="153ZEsLhTCcXyUYlks0BQjTNA8o=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/KSIesxTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD+H3ksc=</latexit>

|�ii
<latexit sha1_base64="153ZEsLhTCcXyUYlks0BQjTNA8o=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/KSIesxTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD+H3ksc=</latexit>

|�ii

S qubits

t iteraGons,    O(S) gates / iteraGon (single qubit reset gate)



Proof Idea



Observation: Existing quantum space lower bound techniques work for 
both unitary and non-unitary computation
 à Usually, this is a good thing!
 à We need a technique that works for unitary, but fails for non-unitary



Step 1: Simulation

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="gDyuhtg4kYcYfkwBE8o5K5PDz6A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ6oHA4Zx7ybnHjwXXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9ynfntR1SaR/LeTGPsh3QkecAZNVZ66IXUjP0gvZsNyhW36s5B/hIvJxXI0RiUP3vDiCUhSsME1brrubHpp1QZzgTOSr1EY0zZhI6wa6mkIep+Ok88IydWGZIgUvZJQ+bqz42UhlpPQ99OZgn1speJ/3ndxASX/ZTLODEo2eKjIBHERCQ7nwy5QmbE1BLKFLdZCRtTRZmxJZVsCd7yyX9J66zq1aq12/NK/SqvowhHcAyn4MEF1OEGGtAEBhKe4AVeHe08O2/O+2K04OQ7h/ALzsc3yJKRAg==</latexit>

S
<latexit sha1_base64="BCN2GL0s74/ikmRY489JLXh0vv0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjTsr2Ae2pWTSTBuayQzJHaEM/Qs3LhRx69+482/MtLPQ6oHA4Zx7ybnHj6Uw6LpfTmFpeWV1rbhe2tjc2t4p7+41TZRoxhsskpFu+9RwKRRvoEDJ27HmNPQlb/nj68xvPXJtRKTucRLzXkiHSgSCUbTSQzekOPKD9HbaL1fcqjsD+Uu8nFQgR71f/uwOIpaEXCGT1JiO58bYS6lGwSSflrqJ4TFlYzrkHUsVDbnppbPEU3JklQEJIm2fQjJTf26kNDRmEvp2MktoFr1M/M/rJBhc9lKh4gS5YvOPgkQSjEh2PhkIzRnKiSWUaWGzEjaimjK0JZVsCd7iyX9J86TqnVfP7k4rtau8jiIcwCEcgwcXUIMbqEMDGCh4ghd4dYzz7Lw57/PRgpPv7MMvOB/fwiyQ/Q==</latexit>

O
<latexit sha1_base64="xNoGhpOiJ/4VMVak9RbA0pXKflY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyURqR6LXjxWsB/QhLLZTtqlm03Y3QglFrz4V7x4UMSrf8Kb/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2lpZXVtfWCxvFza3tnV17b7+p4lRSaNCYx7IdEAWcCWhopjm0EwkkCji0guH1xG/dg1QsFnd6lIAfkb5gIaNEG6lrH2aeCnEPFB2XH7xEsa7rSSL6HE67dsmpOFPgReLmpIRy1Lv2l9eLaRqB0JQTpTquk2g/I1IzymFc9FIFCaFD0oeOoYJEoPxs+sMYnxilh8NYmhIaT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapB0NmiMOVYx3gSCO4xCVTzkSGESmZuxXRAJKHaxFY0IbjzLy+S5lnFrVaqt+el2lUeRwEdoWNURi66QDV0g+qogSh6RM/oFb1ZT9aL9W59zFqXrHzmAP2B9fkDlx+XgA==</latexit>

desc(| 1i)
<latexit sha1_base64="n2ivs72cBvjy400ZVingPeVg3I0=">AAACA3icbVDLSsNAFJ3UV62vqjvdDBahbkpSpLosunFZwT6gCWEyvWmHTiZhZiKUWHDjr7hxoYhbf8Kdf+P0sdDWAxcO59zLvfcECWdK2/a3lVtZXVvfyG8WtrZ3dveK+wctFaeSQpPGPJadgCjgTEBTM82hk0ggUcChHQyvJ377HqRisbjTowS8iPQFCxkl2kh+8ShzVYh7oOi4/OAmivlVVxLR53DmF0t2xZ4CLxNnTkpojoZf/HJ7MU0jEJpyolTXsRPtZURqRjmMC26qICF0SPrQNVSQCJSXTX8Y41Oj9HAYS1NC46n6eyIjkVKjKDCdEdEDtehNxP+8bqrDSy9jIkk1CDpbFKYc6xhPAsE9JoFqPjKEUMnMrZgOiCRUm9gKJgRn8eVl0qpWnFqldnteql/N48ijY3SCyshBF6iOblADNRFFj+gZvaI368l6sd6tj1lrzprPHKI/sD5/AJirl4E=</latexit>

desc(| 2i)
<latexit sha1_base64="eTqVCb0J3459Dalf63VyFuWFBfk=">AAACA3icbVDLSsNAFJ3UV62vqjvdDBahbkqiUl0W3bisYB/QlDCZ3LRDJ5MwMxFKLLjxV9y4UMStP+HOv3H6WGjrgQuHc+7l3nv8hDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2milNJoUFjHsu2TxRwJqChmebQTiSQyOfQ8gfXY791D1KxWNzpYQLdiPQECxkl2khe8SBzVYgDUHRUfnATxbwzVxLR43DiFUt2xZ4ALxJnRkpohrpX/HKDmKYRCE05Uarj2InuZkRqRjmMCm6qICF0QHrQMVSQCFQ3m/wwwsdGCXAYS1NC44n6eyIjkVLDyDedEdF9Ne+Nxf+8TqrDy27GRJJqEHS6KEw51jEeB4IDJoFqPjSEUMnMrZj2iSRUm9gKJgRn/uVF0jytONVK9fa8VLuaxZFHh+gIlZGDLlAN3aA6aiCKHtEzekVv1pP1Yr1bH9PWnDWb2Ud/YH3+AJo3l4I=</latexit>

desc(| 3i)
<latexit sha1_base64="U6/AtN8P1eanZ4pGHE0OoVaXkqU=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyURqR6LXjxWsB/QhLLZTtqlm03Y3QglFrz4V7x4UMSrf8Kb/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2lpZXVtfWCxvFza3tnV17b7+p4lRSaNCYx7IdEAWcCWhopjm0EwkkCji0guH1xG/dg1QsFnd6lIAfkb5gIaNEG6lrH2aeCnEPFB2XH7xkwLquJ4noczjt2iWn4kyBF4mbkxLKUe/aX14vpmkEQlNOlOq4TqL9jEjNKIdx0UsVJIQOSR86hgoSgfKz6Q9jfGKUHg5jaUpoPFV/T2QkUmoUBaYzInqg5r2J+J/XSXV46WdMJKkGQWeLwpRjHeNJILjHJFDNR4YQKpm5FdMBkYRqE1vRhODOv7xImmcVt1qp3p6Xald5HAV0hI5RGbnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPhfqXdQ==</latexit>

desc(|�1i)
<latexit sha1_base64="Yd63ozN5gsmJBYraOV9m0J5keB0=">AAACA3icbVBNS8NAEN3Ur1q/qt70sliEeimJSvVY9OKxgv2ApoTNdtIu3WzC7kYoseDFv+LFgyJe/RPe/Ddu2xy09cHA470ZZub5MWdK2/a3lVtaXlldy68XNja3tneKu3tNFSWSQoNGPJJtnyjgTEBDM82hHUsgoc+h5Q+vJ37rHqRikbjToxi6IekLFjBKtJG84kHqqgD3QNFx+cGNB8w7cyURfQ4nXrFkV+wp8CJxMlJCGepe8cvtRTQJQWjKiVIdx451NyVSM8phXHATBTGhQ9KHjqGChKC66fSHMT42Sg8HkTQlNJ6qvydSEio1Cn3TGRI9UPPeRPzP6yQ6uOymTMSJBkFni4KEYx3hSSC4xyRQzUeGECqZuRXTAZGEahNbwYTgzL+8SJqnFadaqd6el2pXWRx5dIiOUBk56ALV0A2qowai6BE9o1f0Zj1ZL9a79TFrzVnZzD76A+vzB4kSl3c=</latexit>

desc(|�3i)

<latexit sha1_base64="uh3lnmaURTAeZpdsmoQEcaaF1sY=">AAACA3icbVDLSsNAFJ3UV62vqjvdDBahbkpSpLosunFZwT6gCWEyvWmHTiZhZiKUWHDjr7hxoYhbf8Kdf+P0sdDWAxcO59zLvfcECWdK2/a3lVtZXVvfyG8WtrZ3dveK+wctFaeSQpPGPJadgCjgTEBTM82hk0ggUcChHQyvJ377HqRisbjTowS8iPQFCxkl2kh+8ShzVYh7oOi4/OAmA+ZXXUlEn8OZXyzZFXsKvEycOSmhORp+8cvtxTSNQGjKiVJdx060lxGpGeUwLripgoTQIelD11BBIlBeNv1hjE+N0sNhLE0Jjafq74mMREqNosB0RkQP1KI3Ef/zuqkOL72MiSTVIOhsUZhyrGM8CQT3mASq+cgQQiUzt2I6IJJQbWIrmBCcxZeXSatacWqV2u15qX41jyOPjtEJKiMHXaA6ukEN1EQUPaJn9IrerCfrxXq3PmatOWs+c4j+wPr8AYeGl3Y=</latexit>

desc(|�2i)



Step 1: Simulation

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="gDyuhtg4kYcYfkwBE8o5K5PDz6A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ6oHA4Zx7ybnHjwXXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9ynfntR1SaR/LeTGPsh3QkecAZNVZ66IXUjP0gvZsNyhW36s5B/hIvJxXI0RiUP3vDiCUhSsME1brrubHpp1QZzgTOSr1EY0zZhI6wa6mkIep+Ok88IydWGZIgUvZJQ+bqz42UhlpPQ99OZgn1speJ/3ndxASX/ZTLODEo2eKjIBHERCQ7nwy5QmbE1BLKFLdZCRtTRZmxJZVsCd7yyX9J66zq1aq12/NK/SqvowhHcAyn4MEF1OEGGtAEBhKe4AVeHe08O2/O+2K04OQ7h/ALzsc3yJKRAg==</latexit>

S
<latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i
<latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i



Step 1: Simula&on

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="gDyuhtg4kYcYfkwBE8o5K5PDz6A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ6oHA4Zx7ybnHjwXXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9ynfntR1SaR/LeTGPsh3QkecAZNVZ66IXUjP0gvZsNyhW36s5B/hIvJxXI0RiUP3vDiCUhSsME1brrubHpp1QZzgTOSr1EY0zZhI6wa6mkIep+Ok88IydWGZIgUvZJQ+bqz42UhlpPQ99OZgn1speJ/3ndxASX/ZTLODEo2eKjIBHERCQ7nwy5QmbE1BLKFLdZCRtTRZmxJZVsCd7yyX9J66zq1aq12/NK/SqvowhHcAyn4MEF1OEGGtAEBhKe4AVeHe08O2/O+2K04OQ7h/ALzsc3yJKRAg==</latexit>

S
<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i
<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i



Step 1: Simulation

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="gDyuhtg4kYcYfkwBE8o5K5PDz6A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ6oHA4Zx7ybnHjwXXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9ynfntR1SaR/LeTGPsh3QkecAZNVZ66IXUjP0gvZsNyhW36s5B/hIvJxXI0RiUP3vDiCUhSsME1brrubHpp1QZzgTOSr1EY0zZhI6wa6mkIep+Ok88IydWGZIgUvZJQ+bqz42UhlpPQ99OZgn1speJ/3ndxASX/ZTLODEo2eKjIBHERCQ7nwy5QmbE1BLKFLdZCRtTRZmxJZVsCd7yyX9J66zq1aq12/NK/SqvowhHcAyn4MEF1OEGGtAEBhKe4AVeHe08O2/O+2K04OQ7h/ALzsc3yJKRAg==</latexit>

S

<latexit sha1_base64="vnUIsZYgp1H6lSNkfbQnh7aKB9E=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCRZwuykNxkyM7vMzAphzVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VxTqNeaxaIdHImcS6YYZjK1FIRMixGQ5vJn7zEZVmsbw3owQDQfqSRYwSY6WHJ6+jiOxz7JbKXsWbwl0kfk7KkKPWLX11ejFNBUpDOdG67XuJCTKiDKMcx8VOqjEhdEj62LZUEoE6yKYHj91jq/TcKFa2pHGn6u+JjAitRyK0nYKYgZ73JuJ/Xjs10VWQMZmkBiWdLYpS7prYnXzv9phCavjIEkIVs7e6dEAUocZmVLQh+PMvL5LGacW/qJzfnZWr13kcBTiEIzgBHy6hCrdQgzpQEPAMr/DmKOfFeXc+Zq1LTj5zAH/gfP4AuGmQXw==</latexit>

|0i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i



Step 1: Simula&on

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i

<latexit sha1_base64="FF6VhzHEZwcZPMO+kZtVkxusC5s=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3nJgHVdTxLR59gtV5yqM4W9SNycVCBHvVv+8noxTSMUmnKiVMd1Eu1nRGpGOY5LXqowIXRI+tgxVJAIlZ9Nrx7bR0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVAlE4I7//IiaZ5U3fPq2e1ppXaVx1GEAziEY3DhAmpwA3VoAAUJz/AKb9aj9WK9Wx+z1oKVz+zDH1ifP4s9ko4=</latexit>

|�1i
<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="+ZwqIvsks4y5ybZZJzPVAJog5JM=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMF+wFNLJvtpF262YTdjVJi/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJJwp7TjfVmFpeWV1rbhe2tjc2t4p7+41VZxKig0a81i2A6KQM4ENzTTHdiKRRAHHVjC8nvitB5SKxeJOjxL0I9IXLGSUaCPdP3mJYl3Xk0T0OXbLFafqTGEvEjcnFchR75a/vF5M0wiFppwo1XGdRPsZkZpRjuOSlypMCB2SPnYMFSRC5WfTq8f2kVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TJhODOv7xImidV97x6dntaqV3lcRThAA7hGFy4gBrcQB0aQEHCM7zCm/VovVjv1sestWDlM/vwB9bnD5xXkpk=</latexit>

| 1i
<latexit sha1_base64="0dyRHjD/Eslbni4E+6sKZ2Fe+zY=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CWKdU48SUSPY6dUdirOBPY8cXNShhy1TunL68Y0jVBoyolSbddJtJ8RqRnlOCp6qcKE0AHpYdtQQSJUfja5emQfGqVrh7E0JbQ9UX9PZCRSahgFpjMiuq9mvbH4n9dOdXjpZ0wkqUZBp4vClNs6tscR2F0mkWo+NIRQycytNu0TSag2QRVNCO7sy/OkcVxxzytnt6fl6lUeRwH24QCOwIULqMIN1KAOFCQ8wyu8WY/Wi/VufUxbF6x8Zg/+wPr8AZ9tkps=</latexit>

| 3i

<latexit sha1_base64="99a7ppbkgmbWkB7/L+Z2n9stLa4=">AAAB9XicbVC7TsNAEFzzDOEVoKSxiJCoIpt3GUFDGSTykGITnS/r5JTz2bo7gyKT/6ChACFa/oWOv+GSuICEkVYazexqdydIOFPacb6thcWl5ZXVwlpxfWNza7u0s9tQcSop1mnMY9kKiELOBNY10xxbiUQSBRybweB67DcfUCoWizs9TNCPSE+wkFGijXT/5CV91jnxJBE9jp1S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk6pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGlnzGRpBoFnS4KU27r2B5HYHeZRKr50BBCJTO32rRPJKHaBFU0IbizL8+TxnHFPa+c3Z6Wq1d5HAXYhwM4AhcuoAo3UIM6UJDwDK/wZj1aL9a79TFtXbDymT34A+vzB45TkpA=</latexit>

|�3i

<latexit sha1_base64="gDyuhtg4kYcYfkwBE8o5K5PDz6A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ6oHA4Zx7ybnHjwXXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9ynfntR1SaR/LeTGPsh3QkecAZNVZ66IXUjP0gvZsNyhW36s5B/hIvJxXI0RiUP3vDiCUhSsME1brrubHpp1QZzgTOSr1EY0zZhI6wa6mkIep+Ok88IydWGZIgUvZJQ+bqz42UhlpPQ99OZgn1speJ/3ndxASX/ZTLODEo2eKjIBHERCQ7nwy5QmbE1BLKFLdZCRtTRZmxJZVsCd7yyX9J66zq1aq12/NK/SqvowhHcAyn4MEF1OEGGtAEBhKe4AVeHe08O2/O+2K04OQ7h/ALzsc3yJKRAg==</latexit>

S

<latexit sha1_base64="9KNhfWVXol48I+wnpwaF5at3PkU=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xkwLpVTxLR59gtlZ2KM4W9SNyclCFHvVv68noxTSMUmnKiVMd1Eu1nRGpGOY6LXqowIXRI+tgxVJAIlZ9Nrx7bx0bp2WEsTQltT9XfExmJlBpFgemMiB6oeW8i/ud1Uh1e+hkTSapR0NmiMOW2ju1JBHaPSaSajwwhVDJzq00HRBKqTVBFE4I7//IiaVYr7nnl7Pa0XLvK4yjAIRzBCbhwATW4gTo0gIKEZ3iFN+vRerHerY9Z65KVzxzAH1ifP4zIko8=</latexit>

|�2i

<latexit sha1_base64="K0dUWLpzCP8evx26Jhw9NZL13rE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laT4dSx68VjBfkATy2Y7aZduNmF3o5TY/+HFgyJe/S/e/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+yW9vabKk4lxQaNeSzbAVHImcCGZppjO5FIooBjKxheT/zWA0rFYnGnRwn6EekLFjJKtJHun7xEsW7Vk0T0OXZLZafiTGEvEjcnZchR75a+vF5M0wiFppwo1XGdRPsZkZpRjuOilypMCB2SPnYMFSRC5WfTq8f2sVF6dhhLU0LbU/X3REYipUZRYDojogdq3puI/3mdVIeXfsZEkmoUdLYoTLmtY3sSgd1jEqnmI0MIlczcatMBkYRqE1TRhODOv7xImtWKe145uz0t167yOApwCEdwAi5cQA1uoA4NoCDhGV7hzXq0Xqx362PWumTlMwfwB9bnD53ikpo=</latexit>

| 2i



Step 2: Simulator’s space decreases

Let       be number of           given out,       the number of    
<latexit sha1_base64="MpIiyNeRcFsWJfwo797tQ0VerTc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9YX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP0Qkjc4=</latexit>ci

<latexit sha1_base64="j5J+bqXJQT9mtmKaTsHcZixEiNA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXrMk0QMOPbKFafqzGAvEzcnFcjR6JW/vH5M0wiFppwo1XWdRPsZkZpRjpOSlypMCB2RAXYNFSRC5Wezqyf2iVH6dhhLU0LbM/X3REYipcZRYDojoodq0ZuK/3ndVIeXfsZEkmoUdL4oTLmtY3sagd1nEqnmY0MIlczcatMhkYRqE1TJhOAuvrxMWmdVt1at3Z5X6ld5HEU4gmM4BRcuoA430IAmUJDwDK/wZj1aL9a79TFvLVj5zCH8gfX5A/MRktI=</latexit>

| ii
<latexit sha1_base64="153ZEsLhTCcXyUYlks0BQjTNA8o=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/KSIesxTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD+H3ksc=</latexit>

|�ii
<latexit sha1_base64="s/KfRmE8CjFy5j+WCbAFg/GAiKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Av+uWKW3XnIKvEy0kFcjT65a9emLAs5gqZpMZ0PTdFf0I1Cib5tNTLDE8pG9EB71qqaMyNP5mfOiVnVglJlGhbCslc/T0xobEx4ziwnTHFoVn2ZuJ/XjfD6NqfCJVmyBVbLIoySTAhs79JKDRnKMeWUKaFvZWwIdWUoU2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBFqo3P</latexit>

di

Lemma: (whp, assuming #(O) << 2S) 
<latexit sha1_base64="3YR55FRE2/AhOSVAxRJhuYmXiSo=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6DXjxGMA9IlmV2tpMMmX1kZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVTXeXnwiutG1/W2vrG5tb24Wd4u7e/sFh6ei4qeJUMmywWMSy7VOFgkfY0FwLbCcSaegLbPnD+5nfGqNUPI6e9CRBN6T9iPc4o9pILvP4ZeDxbh9HxPZKZbtiz0FWiZOTMuSoe6WvbhCzNMRIM0GV6jh2ot2MSs2ZwGmxmypMKBvSPnYMjWiIys3mR0/JuVEC0oulqUiTufp7IqOhUpPQN50h1QO17M3E/7xOqnu3bsajJNUYscWiXiqIjsksARJwiUyLiSGUSW5uJWxAJWXa5FQ0ITjLL6+S5lXFqVaqj9fl2l0eRwFO4QwuwIEbqMED1KEBDEbwDK/wZo2tF+vd+li0rln5zAn8gfX5A79ukXM=</latexit>

ci, di � 0
<latexit sha1_base64="QEqyJWZBh6RcwdfM/z/WNLco2L4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIglgSkepFKHrxWMF+QBvCZrNtl242YXcj1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5gUJZ0o7zrdVWFldW98obpa2tnd2y/befkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweh26rcfqVQsFg96nFAvwgPB+oxgbSTfLod+xk7dyXXoszPiM9+uOFVnBrRM3JxUIEfDt796YUzSiApNOFaq6zqJ9jIsNSOcTkq9VNEEkxEe0K6hAkdUedns8Ak6NkqI+rE0JTSaqb8nMhwpNY4C0xlhPVSL3lT8z+umun/lZUwkqaaCzBf1U450jKYpoJBJSjQfG4KJZOZWRIZYYqJNViUTgrv48jJpnVfdWrV2f1Gp3+RxFOEQjuAEXLiEOtxBA5pAIIVneIU368l6sd6tj3lrwcpnDuAPrM8fzPeSjQ==</latexit>

di+1 = di � ci

Cor: if algorithm ever computes           , must have

  à space of simulator decreases by Ω(tS)

<latexit sha1_base64="5eO/rDNfQF1EhVO4YKIPh4qq/+A=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwUUoiUl0W3bisYB/QhDCZTNqhk4czN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69x08FV2BZ38bS8srq2nppo7y5tb2za+7tt1WSScpaNBGJ7PpEMcFj1gIOgnVTyUjkC9bxh9cTv/PApOJJfAejlLkR6cc85JSAljzzMPDsqkODBFQ18MDps3tse2bFqllT4EViF6SCCjQ988sJEppFLAYqiFI920rBzYkETgUbl51MsZTQIemznqYxiZhy8+n1Y3yilQCHidQVA56qvydyEik1inzdGREYqHlvIv7n9TIIL92cx2kGLKazRWEmMCR4EgUOuGQUxEgTQiXXt2I6IJJQ0IGVdQj2/MuLpH1Ws+u1+u15pXFVxFFCR+gYnSIbXaAGukFN1EIUPaJn9IrejCfjxXg3PmatS0Yxc4D+wPj8ASIolGQ=</latexit>

d1, · · · , dt � 1

<latexit sha1_base64="e2fsetso8H+WH0SiaMJFjhK4lMQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXrak0QMOPbKFafqzGAvEzcnFcjR6JW/vH5M0wiFppwo1XWdRPsZkZpRjpOSlypMCB2RAXYNFSRC5Wezqyf2iVH6dhhLU0LbM/X3REYipcZRYDojoodq0ZuK/3ndVIeXfsZEkmoUdL4oTLmtY3sagd1nEqnmY0MIlczcatMhkYRqE1TJhOAuvrxMWmdVt1at3Z5X6ld5HEU4gmM4BRcuoA430IAmUJDwDK/wZj1aL9a79TFvLVj5zCH8gfX5AwQZkt0=</latexit>

| ti

[Ji-Liu-Song’18]
+ [Z’19] 
+ Haar random



Step 3: 

Thm: For unitary algorithms, simulator’s space + 
algorithm’s space can’t decrease

Cor: algorithms space must be Ω(tS) = Ω(T) 



Thanks!


