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Naive Resource Requirements for QC

How many logical qubits are needed for            Hamiltonian? SU(3)
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Naive Resource Requirements for QC

 Pick a lattice spacing and volume size:
                        = 1000 spatial volume dof

How many logical qubits are needed for            Hamiltonian? SU(3)
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Naive Resource Requirements for QC

 Pick a lattice spacing and volume size:
                        = 1000 spatial volume dof

 8 Continuous gluon dof need to be made finite: 
 Keep    gauge field dof 

How many logical qubits are needed for            Hamiltonian? SU(3)
<latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit>

10⇥ 10⇥ 10
<latexit sha1_base64="iw1L9kQwZCaUJiCGYjcHmb0WRNE=">AAAB/nicbZBLSwMxFIXvtD5qfY2KKzfBIrgqiRtduCi4cVnBPqAdSiZN29BMZkgyQhkK/hU3LhRx69KtW3f+G9MHoq0HAh/n3su9OWEihbEYf3m5/Mrq2npho7i5tb2z6+/t102casZrLJaxbobUcCkUr1lhJW8mmtMolLwRDq8m9cYd10bE6taOEh5EtK9ETzBqndXxDwluWxFxgwhGP9TxS7iMp0LLQOZQquQ/6u8AUO34n+1uzNKIK8skNaZFcGKDjGormOTjYjs1PKFsSPu85VBRtyfIpueP0YlzuqgXa/eURVP390RGI2NGUeg6I2oHZrE2Mf+rtVLbuwgyoZLUcsVmi3qpRDZGkyxQV2jOrBw5oEwLdytiA6opsy6xoguBLH55GepnZYLL5MalcQkzFeAIjuEUCJxDBa6hCjVgkMEDPMGzd+89ei/e66w1581nDuCPvLdvhY+WFA==</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="JHWXXMDYn/1/zcu2uHLQ1n1u8nc=">AAAB83icbZBLSwMxFIXv1FetVUfBlZtgEVyVxI0uBTcuK9gHtEPJpJk2NPMguSOUoeBfceNCEf+LO/+N6QPR1gOBj3MS7s0JM60sUvrllTY2t7Z3yruVver+waF/VG3ZNDdCNkWqU9MJuZVaJbKJCrXsZEbyONSyHY5vZ3n7URqr0uQBJ5kMYj5MVKQER2f1/RNGe6hiaQmj5If6fo3W6VxkHdgSarBUo+9/9gapyGOZoNDc2i6jGQYFN6iEltNKL7cy42LMh7LrMOFuTlDM15+Sc+cMSJQadxIkc/f3i4LH1k7i0N2MOY7sajYz/8u6OUbXQaGSLEeZiMWgKNcEUzLrggyUkQL1xAEXRrldiRhxwwW6xiquBLb65XVoXdYZrbN7CmU4hTO4AAZXcAN30IAmCCjgGV7hzXvyXrz3RV0lb9nbMfyR9/ENSh2Skw==</latexit><latexit sha1_base64="JHWXXMDYn/1/zcu2uHLQ1n1u8nc=">AAAB83icbZBLSwMxFIXv1FetVUfBlZtgEVyVxI0uBTcuK9gHtEPJpJk2NPMguSOUoeBfceNCEf+LO/+N6QPR1gOBj3MS7s0JM60sUvrllTY2t7Z3yruVver+waF/VG3ZNDdCNkWqU9MJuZVaJbKJCrXsZEbyONSyHY5vZ3n7URqr0uQBJ5kMYj5MVKQER2f1/RNGe6hiaQmj5If6fo3W6VxkHdgSarBUo+9/9gapyGOZoNDc2i6jGQYFN6iEltNKL7cy42LMh7LrMOFuTlDM15+Sc+cMSJQadxIkc/f3i4LH1k7i0N2MOY7sajYz/8u6OUbXQaGSLEeZiMWgKNcEUzLrggyUkQL1xAEXRrldiRhxwwW6xiquBLb65XVoXdYZrbN7CmU4hTO4AAZXcAN30IAmCCjgGV7hzXvyXrz3RV0lb9nbMfyR9/ENSh2Skw==</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit>

x
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Naive Resource Requirements for QC

 Pick a lattice spacing and volume size:
                        = 1000 spatial volume dof

 8 Continuous gluon dof need to be made finite: 
 Keep    gauge field dof 

 Need enough logical qubits to store            dof :
 Need                        logical qubits

How many logical qubits are needed for            Hamiltonian? SU(3)
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x

<latexit sha1_base64="yh5zD7PrydiBCnlEIm82LS3aq4s=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi10UIwYGOZgLlAsoTZydlkzOzsMjMrhiWllY2FIra+ia9g5zP4Ek4uhSb+MPDx/+cw55wgEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIOrcd64Q6V5LG/MMEE/oj3JQ86osVb1vlMouiV3IrII3gyKlx/fDwQAKp3CZ7sbszRCaZigWrc8NzF+RpXhTOAo3041JpQNaA9bFiWNUPvZZNARObZOl4Sxsk8aMnF/d2Q00noYBbYyoqav57Ox+V/WSk147mdcJqlByaYfhakgJibjrUmXK2RGDC1QpridlbA+VZQZe5u8PYI3v/Ii1E9Lnlvyqm6xfAFT5eAQjuAEPDiDMlxDBWrAAOERnuHFuXWenFfnbVq65Mx6DuCPnPcfWoGPgg==</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="u83j/XzZ2ZMt9PzkJ56wspYVcvA=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHHZgn1AW0omvdPGZjJDckcsQ3+BGxeK+Lfc+W9MHwttPRD4OCch954wVdKS7397ha3tnd294n7poHx4dFw5KbdskhmBTZGoxHRCblFJjU2SpLCTGuRxqLAdTu7mefsJjZWJfqBpiv2Yj7SMpODkrMbzoFL1a/5CbBOCFVRhpfqg8tUbJiKLUZNQ3Npu4KfUz7khKRTOSr3MYsrFhI+w61DzGG0/Xww6YxfOGbIoMe5oYgv394ucx9ZO49DdjDmN7Xo2N//LuhlFN/1c6jQj1GL5UZQpRgmbb82G0qAgNXXAhZFuVibG3HBBrpuSKyFYX3kTWle1wK8FDR+KcAbncAkBXMMt3EMdmiAA4QXe4N179F69j2VdBW/V2yn8kff5A9GTi6k=</latexit><latexit sha1_base64="u83j/XzZ2ZMt9PzkJ56wspYVcvA=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHHZgn1AW0omvdPGZjJDckcsQ3+BGxeK+Lfc+W9MHwttPRD4OCch954wVdKS7397ha3tnd294n7poHx4dFw5KbdskhmBTZGoxHRCblFJjU2SpLCTGuRxqLAdTu7mefsJjZWJfqBpiv2Yj7SMpODkrMbzoFL1a/5CbBOCFVRhpfqg8tUbJiKLUZNQ3Npu4KfUz7khKRTOSr3MYsrFhI+w61DzGG0/Xww6YxfOGbIoMe5oYgv394ucx9ZO49DdjDmN7Xo2N//LuhlFN/1c6jQj1GL5UZQpRgmbb82G0qAgNXXAhZFuVibG3HBBrpuSKyFYX3kTWle1wK8FDR+KcAbncAkBXMMt3EMdmiAA4QXe4N179F69j2VdBW/V2yn8kff5A9GTi6k=</latexit><latexit sha1_base64="ifJwWro5wpmtNDRVRbHLxSqIqIY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTGERsLFMwHxAcoS9zVyyZm/v2N0Tw5FfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5Hbudx5RaR7LezNN0I/oSPKQM2qs1HwalCtu1V2ArBMvJxXI0RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLQ6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCmp9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNd1K/SaPowhncA6X4ME11OEOGtACBgjP8ApvzoPz4rw7H8vWgpPPnMIfOJ8/4yuM8g==</latexit><latexit sha1_base64="ifJwWro5wpmtNDRVRbHLxSqIqIY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTGERsLFMwHxAcoS9zVyyZm/v2N0Tw5FfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5Hbudx5RaR7LezNN0I/oSPKQM2qs1HwalCtu1V2ArBMvJxXI0RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLQ6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCmp9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNd1K/SaPowhncA6X4ME11OEOGtACBgjP8ApvzoPz4rw7H8vWgpPPnMIfOJ8/4yuM8g==</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="ifJwWro5wpmtNDRVRbHLxSqIqIY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTGERsLFMwHxAcoS9zVyyZm/v2N0Tw5FfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5Hbudx5RaR7LezNN0I/oSPKQM2qs1HwalCtu1V2ArBMvJxXI0RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLQ6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCmp9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNd1K/SaPowhncA6X4ME11OEOGtACBgjP8ApvzoPz4rw7H8vWgpPPnMIfOJ8/4yuM8g==</latexit>

x

8000
<latexit sha1_base64="NfL+c3U7wgugQ2MFwguve3goSZ4=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuCoZN3YhWHDjsoLTFtqxZNJMG5rJjElGLEOXvoAbF4q49TF8BXc+gy9hello6w+Bj/8/h5xzgkRwbTD+cnJLyyura/n1wsbm1vZOcXevruNUUebRWMSqGRDNBJfMM9wI1kwUI1EgWCMYXIzzxh1Tmsfy2gwT5kekJ3nIKTHWat7fZBWM8ahTLOEynggtgjuD0vnH9wMCgFqn+NnuxjSNmDRUEK1bLk6MnxFlOBVsVGinmiWEDkiPtSxKEjHtZ5N5R+jIOl0Uxso+adDE/d2RkUjrYRTYyoiYvp7PxuZ/WSs1YcXPuExSwySdfhSmApkYjZdHXa4YNWJogVDF7ayI9oki1NgTFewR3PmVF6F+UnZx2b3CpeoZTJWHAziEY3DhFKpwCTXwgIKAR3iGF+fWeXJenbdpac6Z9ezDHznvP5x+keY=</latexit><latexit sha1_base64="hcHCnx4o2g0j0tw4AUWCwKrpjng=">AAAB73icbZDLSgMxFIbP1Futt6pLQYJFcFUybuxCsODGZQv2Au1YMmnahmYyY5IRy9ClL+DGhSJufQO3voI7n0EfwvSy0NYfAh//fw455/iR4Npg/OmkFhaXllfSq5m19Y3Nrez2TlWHsaKsQkMRqrpPNBNcsorhRrB6pBgJfMFqfv98lNdumNI8lJdmEDEvIF3JO5wSY6367VVSwBgPW9kczuOx0Dy4U8idvX/d7b+Vv0ut7EezHdI4YNJQQbRuuDgyXkKU4VSwYaYZaxYR2idd1rAoScC0l4znHaJD67RRJ1T2SYPG7u+OhARaDwLfVgbE9PRsNjL/yxqx6RS8hMsoNkzSyUedWCATotHyqM0Vo0YMLBCquJ0V0R5RhBp7oow9gju78jxUj/MuzrtlnCuewkRp2IMDOAIXTqAIF1CCClAQcA+P8ORcOw/Os/MyKU05055d+CPn9Qc3FZPZ</latexit><latexit sha1_base64="hcHCnx4o2g0j0tw4AUWCwKrpjng=">AAAB73icbZDLSgMxFIbP1Futt6pLQYJFcFUybuxCsODGZQv2Au1YMmnahmYyY5IRy9ClL+DGhSJufQO3voI7n0EfwvSy0NYfAh//fw455/iR4Npg/OmkFhaXllfSq5m19Y3Nrez2TlWHsaKsQkMRqrpPNBNcsorhRrB6pBgJfMFqfv98lNdumNI8lJdmEDEvIF3JO5wSY6367VVSwBgPW9kczuOx0Dy4U8idvX/d7b+Vv0ut7EezHdI4YNJQQbRuuDgyXkKU4VSwYaYZaxYR2idd1rAoScC0l4znHaJD67RRJ1T2SYPG7u+OhARaDwLfVgbE9PRsNjL/yxqx6RS8hMsoNkzSyUedWCATotHyqM0Vo0YMLBCquJ0V0R5RhBp7oow9gju78jxUj/MuzrtlnCuewkRp2IMDOAIXTqAIF1CCClAQcA+P8ORcOw/Os/MyKU05055d+CPn9Qc3FZPZ</latexit><latexit sha1_base64="MoOT1VPSKlSYudOlM6902WZuf5Y=">AAAB73icbVC7TgMxEFyHVwivACWNRYREFfloSEERiYYySOQhJUfkc3yJFZ/vsH2I6JSfoKEAIVp+h46/wUmugISRVhrN7Gp3J0ikMJaQb1RYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFm1ZYyTuJ5jQKJG8H4+uZ337k2ohY3dlJwv2IDpUIBaPWSZ2n+6xGCJn2yxVSJXPgVeLlpAI5Gv3yV28QszTiyjJJjel6JLF+RrUVTPJpqZcanlA2pkPedVTRiBs/m987xWdOGeAw1q6UxXP190RGI2MmUeA6I2pHZtmbif953dSGNT8TKkktV2yxKEwltjGePY8HQnNm5cQRyrRwt2I2opoy6yIquRC85ZdXSeui6pGqd0sq9as8jiKcwCmcgweXUIcbaEATGEh4hld4Qw/oBb2jj0VrAeUzx/AH6PMHJTePVg==</latexit>

8000log2(x)
<latexit sha1_base64="iCK5U01ksKgC9Wl55QziA3dZRgY=">AAAB9XicbVC7TgMxENzjGcIrQAmFRYQUmsiXhhQUkWgog0QeUhIin+NLrPjsk+0DolO+gZaGAoRo+Rc6/gbnUUDCSCuNZna1uxPEghuL8be3srq2vrGZ2cpu7+zu7ecODutGJZqyGlVC6WZADBNcsprlVrBmrBmJAsEawfBq4jfumTZcyVs7ilknIn3JQ06JddJdWsYYj4Xqd0uFx/NuLo+LeAq0TPw5yVdOntoIAKrd3Fe7p2gSMWmpIMa0fBzbTkq05VSwcbadGBYTOiR91nJUkoiZTjq9eozOnNJDodKupEVT9fdESiJjRlHgOiNiB2bRm4j/ea3EhuVOymWcWCbpbFGYCGQVmkSAelwzasXIEUI1d7ciOiCaUOuCyroQ/MWXl0m9VPRx0b9xaVzCDBk4hlMogA8XUIFrqEINKGh4hld48x68F+/d+5i1rnjzmSP4A+/zB6uJkr8=</latexit><latexit sha1_base64="rJPOj3WO5Mo1+NmeARoTBSRGIFc=">AAAB9XicbVC7TgJBFL2LL8QXaqnFRmKCDZmlkcKCxMYSE3kkgGR2mIUJszObmVmVbPgGWhsLjbH1H/wEOz/E3uFRKHiSm5ycc2/uvcePONMGoS8ntbK6tr6R3sxsbe/s7mX3D2paxorQKpFcqoaPNeVM0KphhtNGpCgOfU7r/uBy4tfvqNJMihszjGg7xD3BAkawsdJtUkIIjbjsdYr5h7NONocKaAp3mXhzkisfj1v5749xpZP9bHUliUMqDOFY66aHItNOsDKMcDrKtGJNI0wGuEeblgocUt1OpleP3FOrdN1AKlvCuFP190SCQ62HoW87Q2z6etGbiP95zdgEpXbCRBQbKshsURBz10h3EoHbZYoSw4eWYKKYvdUlfawwMTaojA3BW3x5mdSKBQ8VvGubxgXMkIYjOIE8eHAOZbiCClSBgIJHeIYX5955cl6dt1lrypnPHMIfOO8/wGCVDQ==</latexit><latexit sha1_base64="rJPOj3WO5Mo1+NmeARoTBSRGIFc=">AAAB9XicbVC7TgJBFL2LL8QXaqnFRmKCDZmlkcKCxMYSE3kkgGR2mIUJszObmVmVbPgGWhsLjbH1H/wEOz/E3uFRKHiSm5ycc2/uvcePONMGoS8ntbK6tr6R3sxsbe/s7mX3D2paxorQKpFcqoaPNeVM0KphhtNGpCgOfU7r/uBy4tfvqNJMihszjGg7xD3BAkawsdJtUkIIjbjsdYr5h7NONocKaAp3mXhzkisfj1v5749xpZP9bHUliUMqDOFY66aHItNOsDKMcDrKtGJNI0wGuEeblgocUt1OpleP3FOrdN1AKlvCuFP190SCQ62HoW87Q2z6etGbiP95zdgEpXbCRBQbKshsURBz10h3EoHbZYoSw4eWYKKYvdUlfawwMTaojA3BW3x5mdSKBQ8VvGubxgXMkIYjOIE8eHAOZbiCClSBgIJHeIYX5955cl6dt1lrypnPHMIfOO8/wGCVDQ==</latexit><latexit sha1_base64="LjbbV54k1xXa6wQIR6wzSflJAF8=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZSEywIXs0UliQ2FhiIh8JINlb9mDD3u5ld08lF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMC2LBjcX421tb39jc2s7t5Hf39g8OC0fHTaMSTVmDKqF0OyCGCS5Zw3IrWDvWjESBYK1gfD3zWw9MG67knZ3ErBeRoeQhp8Q66T6tYoynQg37ldLTRb9QxGU8B1olfkaKkKHeL3x1B4omEZOWCmJMx8ex7aVEW04Fm+a7iWExoWMyZB1HJYmY6aXzq6fo3CkDFCrtSlo0V39PpCQyZhIFrjMidmSWvZn4n9dJbFjtpVzGiWWSLhaFiUBWoVkEaMA1o1ZMHCFUc3croiOiCbUuqLwLwV9+eZU0K2Ufl/1bXKxdZXHk4BTOoAQ+XEINbqAODaCg4Rle4c179F68d+9j0brmZTMn8Afe5w/GNZFY</latexit>



Naive Resource Requirements for QC

 Pick a lattice spacing and volume size:
                        = 1000 spatial volume dof

 8 Continuous gluon dof need to be made finite: 
 Keep    gauge field dof 

 Need enough logical qubits to store            dof :
 Need                        logical qubits

This is just to write down the Hamiltonian! 

How many logical qubits are needed for            Hamiltonian? SU(3)
<latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit>

10⇥ 10⇥ 10
<latexit sha1_base64="iw1L9kQwZCaUJiCGYjcHmb0WRNE=">AAAB/nicbZBLSwMxFIXvtD5qfY2KKzfBIrgqiRtduCi4cVnBPqAdSiZN29BMZkgyQhkK/hU3LhRx69KtW3f+G9MHoq0HAh/n3su9OWEihbEYf3m5/Mrq2npho7i5tb2z6+/t102casZrLJaxbobUcCkUr1lhJW8mmtMolLwRDq8m9cYd10bE6taOEh5EtK9ETzBqndXxDwluWxFxgwhGP9TxS7iMp0LLQOZQquQ/6u8AUO34n+1uzNKIK8skNaZFcGKDjGormOTjYjs1PKFsSPu85VBRtyfIpueP0YlzuqgXa/eURVP390RGI2NGUeg6I2oHZrE2Mf+rtVLbuwgyoZLUcsVmi3qpRDZGkyxQV2jOrBw5oEwLdytiA6opsy6xoguBLH55GepnZYLL5MalcQkzFeAIjuEUCJxDBa6hCjVgkMEDPMGzd+89ei/e66w1581nDuCPvLdvhY+WFA==</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="JHWXXMDYn/1/zcu2uHLQ1n1u8nc=">AAAB83icbZBLSwMxFIXv1FetVUfBlZtgEVyVxI0uBTcuK9gHtEPJpJk2NPMguSOUoeBfceNCEf+LO/+N6QPR1gOBj3MS7s0JM60sUvrllTY2t7Z3yruVver+waF/VG3ZNDdCNkWqU9MJuZVaJbKJCrXsZEbyONSyHY5vZ3n7URqr0uQBJ5kMYj5MVKQER2f1/RNGe6hiaQmj5If6fo3W6VxkHdgSarBUo+9/9gapyGOZoNDc2i6jGQYFN6iEltNKL7cy42LMh7LrMOFuTlDM15+Sc+cMSJQadxIkc/f3i4LH1k7i0N2MOY7sajYz/8u6OUbXQaGSLEeZiMWgKNcEUzLrggyUkQL1xAEXRrldiRhxwwW6xiquBLb65XVoXdYZrbN7CmU4hTO4AAZXcAN30IAmCCjgGV7hzXvyXrz3RV0lb9nbMfyR9/ENSh2Skw==</latexit><latexit sha1_base64="JHWXXMDYn/1/zcu2uHLQ1n1u8nc=">AAAB83icbZBLSwMxFIXv1FetVUfBlZtgEVyVxI0uBTcuK9gHtEPJpJk2NPMguSOUoeBfceNCEf+LO/+N6QPR1gOBj3MS7s0JM60sUvrllTY2t7Z3yruVver+waF/VG3ZNDdCNkWqU9MJuZVaJbKJCrXsZEbyONSyHY5vZ3n7URqr0uQBJ5kMYj5MVKQER2f1/RNGe6hiaQmj5If6fo3W6VxkHdgSarBUo+9/9gapyGOZoNDc2i6jGQYFN6iEltNKL7cy42LMh7LrMOFuTlDM15+Sc+cMSJQadxIkc/f3i4LH1k7i0N2MOY7sajYz/8u6OUbXQaGSLEeZiMWgKNcEUzLrggyUkQL1xAEXRrldiRhxwwW6xiquBLb65XVoXdYZrbN7CmU4hTO4AAZXcAN30IAmCCjgGV7hzXvyXrz3RV0lb9nbMfyR9/ENSh2Skw==</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit>

x

<latexit sha1_base64="yh5zD7PrydiBCnlEIm82LS3aq4s=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi10UIwYGOZgLlAsoTZydlkzOzsMjMrhiWllY2FIra+ia9g5zP4Ek4uhSb+MPDx/+cw55wgEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIOrcd64Q6V5LG/MMEE/oj3JQ86osVb1vlMouiV3IrII3gyKlx/fDwQAKp3CZ7sbszRCaZigWrc8NzF+RpXhTOAo3041JpQNaA9bFiWNUPvZZNARObZOl4Sxsk8aMnF/d2Q00noYBbYyoqav57Ox+V/WSk147mdcJqlByaYfhakgJibjrUmXK2RGDC1QpridlbA+VZQZe5u8PYI3v/Ii1E9Lnlvyqm6xfAFT5eAQjuAEPDiDMlxDBWrAAOERnuHFuXWenFfnbVq65Mx6DuCPnPcfWoGPgg==</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="u83j/XzZ2ZMt9PzkJ56wspYVcvA=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHHZgn1AW0omvdPGZjJDckcsQ3+BGxeK+Lfc+W9MHwttPRD4OCch954wVdKS7397ha3tnd294n7poHx4dFw5KbdskhmBTZGoxHRCblFJjU2SpLCTGuRxqLAdTu7mefsJjZWJfqBpiv2Yj7SMpODkrMbzoFL1a/5CbBOCFVRhpfqg8tUbJiKLUZNQ3Npu4KfUz7khKRTOSr3MYsrFhI+w61DzGG0/Xww6YxfOGbIoMe5oYgv394ucx9ZO49DdjDmN7Xo2N//LuhlFN/1c6jQj1GL5UZQpRgmbb82G0qAgNXXAhZFuVibG3HBBrpuSKyFYX3kTWle1wK8FDR+KcAbncAkBXMMt3EMdmiAA4QXe4N179F69j2VdBW/V2yn8kff5A9GTi6k=</latexit><latexit sha1_base64="u83j/XzZ2ZMt9PzkJ56wspYVcvA=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHHZgn1AW0omvdPGZjJDckcsQ3+BGxeK+Lfc+W9MHwttPRD4OCch954wVdKS7397ha3tnd294n7poHx4dFw5KbdskhmBTZGoxHRCblFJjU2SpLCTGuRxqLAdTu7mefsJjZWJfqBpiv2Yj7SMpODkrMbzoFL1a/5CbBOCFVRhpfqg8tUbJiKLUZNQ3Npu4KfUz7khKRTOSr3MYsrFhI+w61DzGG0/Xww6YxfOGbIoMe5oYgv394ucx9ZO49DdjDmN7Xo2N//LuhlFN/1c6jQj1GL5UZQpRgmbb82G0qAgNXXAhZFuVibG3HBBrpuSKyFYX3kTWle1wK8FDR+KcAbncAkBXMMt3EMdmiAA4QXe4N179F69j2VdBW/V2yn8kff5A9GTi6k=</latexit><latexit sha1_base64="ifJwWro5wpmtNDRVRbHLxSqIqIY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTGERsLFMwHxAcoS9zVyyZm/v2N0Tw5FfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5Hbudx5RaR7LezNN0I/oSPKQM2qs1HwalCtu1V2ArBMvJxXI0RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLQ6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCmp9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNd1K/SaPowhncA6X4ME11OEOGtACBgjP8ApvzoPz4rw7H8vWgpPPnMIfOJ8/4yuM8g==</latexit><latexit sha1_base64="ifJwWro5wpmtNDRVRbHLxSqIqIY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTGERsLFMwHxAcoS9zVyyZm/v2N0Tw5FfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5Hbudx5RaR7LezNN0I/oSPKQM2qs1HwalCtu1V2ArBMvJxXI0RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLQ6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCmp9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNd1K/SaPowhncA6X4ME11OEOGtACBgjP8ApvzoPz4rw7H8vWgpPPnMIfOJ8/4yuM8g==</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="ifJwWro5wpmtNDRVRbHLxSqIqIY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTGERsLFMwHxAcoS9zVyyZm/v2N0Tw5FfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5Hbudx5RaR7LezNN0I/oSPKQM2qs1HwalCtu1V2ArBMvJxXI0RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLQ6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCmp9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNd1K/SaPowhncA6X4ME11OEOGtACBgjP8ApvzoPz4rw7H8vWgpPPnMIfOJ8/4yuM8g==</latexit>

x

8000
<latexit sha1_base64="NfL+c3U7wgugQ2MFwguve3goSZ4=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuCoZN3YhWHDjsoLTFtqxZNJMG5rJjElGLEOXvoAbF4q49TF8BXc+gy9hello6w+Bj/8/h5xzgkRwbTD+cnJLyyura/n1wsbm1vZOcXevruNUUebRWMSqGRDNBJfMM9wI1kwUI1EgWCMYXIzzxh1Tmsfy2gwT5kekJ3nIKTHWat7fZBWM8ahTLOEynggtgjuD0vnH9wMCgFqn+NnuxjSNmDRUEK1bLk6MnxFlOBVsVGinmiWEDkiPtSxKEjHtZ5N5R+jIOl0Uxso+adDE/d2RkUjrYRTYyoiYvp7PxuZ/WSs1YcXPuExSwySdfhSmApkYjZdHXa4YNWJogVDF7ayI9oki1NgTFewR3PmVF6F+UnZx2b3CpeoZTJWHAziEY3DhFKpwCTXwgIKAR3iGF+fWeXJenbdpac6Z9ezDHznvP5x+keY=</latexit><latexit sha1_base64="hcHCnx4o2g0j0tw4AUWCwKrpjng=">AAAB73icbZDLSgMxFIbP1Futt6pLQYJFcFUybuxCsODGZQv2Au1YMmnahmYyY5IRy9ClL+DGhSJufQO3voI7n0EfwvSy0NYfAh//fw455/iR4Npg/OmkFhaXllfSq5m19Y3Nrez2TlWHsaKsQkMRqrpPNBNcsorhRrB6pBgJfMFqfv98lNdumNI8lJdmEDEvIF3JO5wSY6367VVSwBgPW9kczuOx0Dy4U8idvX/d7b+Vv0ut7EezHdI4YNJQQbRuuDgyXkKU4VSwYaYZaxYR2idd1rAoScC0l4znHaJD67RRJ1T2SYPG7u+OhARaDwLfVgbE9PRsNjL/yxqx6RS8hMsoNkzSyUedWCATotHyqM0Vo0YMLBCquJ0V0R5RhBp7oow9gju78jxUj/MuzrtlnCuewkRp2IMDOAIXTqAIF1CCClAQcA+P8ORcOw/Os/MyKU05055d+CPn9Qc3FZPZ</latexit><latexit sha1_base64="hcHCnx4o2g0j0tw4AUWCwKrpjng=">AAAB73icbZDLSgMxFIbP1Futt6pLQYJFcFUybuxCsODGZQv2Au1YMmnahmYyY5IRy9ClL+DGhSJufQO3voI7n0EfwvSy0NYfAh//fw455/iR4Npg/OmkFhaXllfSq5m19Y3Nrez2TlWHsaKsQkMRqrpPNBNcsorhRrB6pBgJfMFqfv98lNdumNI8lJdmEDEvIF3JO5wSY6367VVSwBgPW9kczuOx0Dy4U8idvX/d7b+Vv0ut7EezHdI4YNJQQbRuuDgyXkKU4VSwYaYZaxYR2idd1rAoScC0l4znHaJD67RRJ1T2SYPG7u+OhARaDwLfVgbE9PRsNjL/yxqx6RS8hMsoNkzSyUedWCATotHyqM0Vo0YMLBCquJ0V0R5RhBp7oow9gju78jxUj/MuzrtlnCuewkRp2IMDOAIXTqAIF1CCClAQcA+P8ORcOw/Os/MyKU05055d+CPn9Qc3FZPZ</latexit><latexit sha1_base64="MoOT1VPSKlSYudOlM6902WZuf5Y=">AAAB73icbVC7TgMxEFyHVwivACWNRYREFfloSEERiYYySOQhJUfkc3yJFZ/vsH2I6JSfoKEAIVp+h46/wUmugISRVhrN7Gp3J0ikMJaQb1RYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFm1ZYyTuJ5jQKJG8H4+uZ337k2ohY3dlJwv2IDpUIBaPWSZ2n+6xGCJn2yxVSJXPgVeLlpAI5Gv3yV28QszTiyjJJjel6JLF+RrUVTPJpqZcanlA2pkPedVTRiBs/m987xWdOGeAw1q6UxXP190RGI2MmUeA6I2pHZtmbif953dSGNT8TKkktV2yxKEwltjGePY8HQnNm5cQRyrRwt2I2opoy6yIquRC85ZdXSeui6pGqd0sq9as8jiKcwCmcgweXUIcbaEATGEh4hld4Qw/oBb2jj0VrAeUzx/AH6PMHJTePVg==</latexit>

8000log2(x)
<latexit sha1_base64="iCK5U01ksKgC9Wl55QziA3dZRgY=">AAAB9XicbVC7TgMxENzjGcIrQAmFRYQUmsiXhhQUkWgog0QeUhIin+NLrPjsk+0DolO+gZaGAoRo+Rc6/gbnUUDCSCuNZna1uxPEghuL8be3srq2vrGZ2cpu7+zu7ecODutGJZqyGlVC6WZADBNcsprlVrBmrBmJAsEawfBq4jfumTZcyVs7ilknIn3JQ06JddJdWsYYj4Xqd0uFx/NuLo+LeAq0TPw5yVdOntoIAKrd3Fe7p2gSMWmpIMa0fBzbTkq05VSwcbadGBYTOiR91nJUkoiZTjq9eozOnNJDodKupEVT9fdESiJjRlHgOiNiB2bRm4j/ea3EhuVOymWcWCbpbFGYCGQVmkSAelwzasXIEUI1d7ciOiCaUOuCyroQ/MWXl0m9VPRx0b9xaVzCDBk4hlMogA8XUIFrqEINKGh4hld48x68F+/d+5i1rnjzmSP4A+/zB6uJkr8=</latexit><latexit sha1_base64="rJPOj3WO5Mo1+NmeARoTBSRGIFc=">AAAB9XicbVC7TgJBFL2LL8QXaqnFRmKCDZmlkcKCxMYSE3kkgGR2mIUJszObmVmVbPgGWhsLjbH1H/wEOz/E3uFRKHiSm5ycc2/uvcePONMGoS8ntbK6tr6R3sxsbe/s7mX3D2paxorQKpFcqoaPNeVM0KphhtNGpCgOfU7r/uBy4tfvqNJMihszjGg7xD3BAkawsdJtUkIIjbjsdYr5h7NONocKaAp3mXhzkisfj1v5749xpZP9bHUliUMqDOFY66aHItNOsDKMcDrKtGJNI0wGuEeblgocUt1OpleP3FOrdN1AKlvCuFP190SCQ62HoW87Q2z6etGbiP95zdgEpXbCRBQbKshsURBz10h3EoHbZYoSw4eWYKKYvdUlfawwMTaojA3BW3x5mdSKBQ8VvGubxgXMkIYjOIE8eHAOZbiCClSBgIJHeIYX5955cl6dt1lrypnPHMIfOO8/wGCVDQ==</latexit><latexit sha1_base64="rJPOj3WO5Mo1+NmeARoTBSRGIFc=">AAAB9XicbVC7TgJBFL2LL8QXaqnFRmKCDZmlkcKCxMYSE3kkgGR2mIUJszObmVmVbPgGWhsLjbH1H/wEOz/E3uFRKHiSm5ycc2/uvcePONMGoS8ntbK6tr6R3sxsbe/s7mX3D2paxorQKpFcqoaPNeVM0KphhtNGpCgOfU7r/uBy4tfvqNJMihszjGg7xD3BAkawsdJtUkIIjbjsdYr5h7NONocKaAp3mXhzkisfj1v5749xpZP9bHUliUMqDOFY66aHItNOsDKMcDrKtGJNI0wGuEeblgocUt1OpleP3FOrdN1AKlvCuFP190SCQ62HoW87Q2z6etGbiP95zdgEpXbCRBQbKshsURBz10h3EoHbZYoSw4eWYKKYvdUlfawwMTaojA3BW3x5mdSKBQ8VvGubxgXMkIYjOIE8eHAOZbiCClSBgIJHeIYX5955cl6dt1lrypnPHMIfOO8/wGCVDQ==</latexit><latexit sha1_base64="LjbbV54k1xXa6wQIR6wzSflJAF8=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZSEywIXs0UliQ2FhiIh8JINlb9mDD3u5ld08lF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMC2LBjcX421tb39jc2s7t5Hf39g8OC0fHTaMSTVmDKqF0OyCGCS5Zw3IrWDvWjESBYK1gfD3zWw9MG67knZ3ErBeRoeQhp8Q66T6tYoynQg37ldLTRb9QxGU8B1olfkaKkKHeL3x1B4omEZOWCmJMx8ex7aVEW04Fm+a7iWExoWMyZB1HJYmY6aXzq6fo3CkDFCrtSlo0V39PpCQyZhIFrjMidmSWvZn4n9dJbFjtpVzGiWWSLhaFiUBWoVkEaMA1o1ZMHCFUc3croiOiCbUuqLwLwV9+eZU0K2Ufl/1bXKxdZXHk4BTOoAQ+XEINbqAODaCg4Rle4c179F68d+9j0brmZTMn8Afe5w/GNZFY</latexit>



Naive Resource Requirements for QC

 Pick a lattice spacing and volume size:
                        = 1000 spatial volume dof

 8 Continuous gluon dof need to be made finite: 
 Keep    gauge field dof 

 Need enough logical qubits to store            dof :
 Need                        logical qubits

This is just to write down the Hamiltonian! 
Also need to prepare initial state, perform time evolution, read-out, etc

How many logical qubits are needed for            Hamiltonian? SU(3)
<latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit>

10⇥ 10⇥ 10
<latexit sha1_base64="iw1L9kQwZCaUJiCGYjcHmb0WRNE=">AAAB/nicbZBLSwMxFIXvtD5qfY2KKzfBIrgqiRtduCi4cVnBPqAdSiZN29BMZkgyQhkK/hU3LhRx69KtW3f+G9MHoq0HAh/n3su9OWEihbEYf3m5/Mrq2npho7i5tb2z6+/t102casZrLJaxbobUcCkUr1lhJW8mmtMolLwRDq8m9cYd10bE6taOEh5EtK9ETzBqndXxDwluWxFxgwhGP9TxS7iMp0LLQOZQquQ/6u8AUO34n+1uzNKIK8skNaZFcGKDjGormOTjYjs1PKFsSPu85VBRtyfIpueP0YlzuqgXa/eURVP390RGI2NGUeg6I2oHZrE2Mf+rtVLbuwgyoZLUcsVmi3qpRDZGkyxQV2jOrBw5oEwLdytiA6opsy6xoguBLH55GepnZYLL5MalcQkzFeAIjuEUCJxDBa6hCjVgkMEDPMGzd+89ei/e66w1581nDuCPvLdvhY+WFA==</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="JHWXXMDYn/1/zcu2uHLQ1n1u8nc=">AAAB83icbZBLSwMxFIXv1FetVUfBlZtgEVyVxI0uBTcuK9gHtEPJpJk2NPMguSOUoeBfceNCEf+LO/+N6QPR1gOBj3MS7s0JM60sUvrllTY2t7Z3yruVver+waF/VG3ZNDdCNkWqU9MJuZVaJbKJCrXsZEbyONSyHY5vZ3n7URqr0uQBJ5kMYj5MVKQER2f1/RNGe6hiaQmj5If6fo3W6VxkHdgSarBUo+9/9gapyGOZoNDc2i6jGQYFN6iEltNKL7cy42LMh7LrMOFuTlDM15+Sc+cMSJQadxIkc/f3i4LH1k7i0N2MOY7sajYz/8u6OUbXQaGSLEeZiMWgKNcEUzLrggyUkQL1xAEXRrldiRhxwwW6xiquBLb65XVoXdYZrbN7CmU4hTO4AAZXcAN30IAmCCjgGV7hzXvyXrz3RV0lb9nbMfyR9/ENSh2Skw==</latexit><latexit sha1_base64="JHWXXMDYn/1/zcu2uHLQ1n1u8nc=">AAAB83icbZBLSwMxFIXv1FetVUfBlZtgEVyVxI0uBTcuK9gHtEPJpJk2NPMguSOUoeBfceNCEf+LO/+N6QPR1gOBj3MS7s0JM60sUvrllTY2t7Z3yruVver+waF/VG3ZNDdCNkWqU9MJuZVaJbKJCrXsZEbyONSyHY5vZ3n7URqr0uQBJ5kMYj5MVKQER2f1/RNGe6hiaQmj5If6fo3W6VxkHdgSarBUo+9/9gapyGOZoNDc2i6jGQYFN6iEltNKL7cy42LMh7LrMOFuTlDM15+Sc+cMSJQadxIkc/f3i4LH1k7i0N2MOY7sajYz/8u6OUbXQaGSLEeZiMWgKNcEUzLrggyUkQL1xAEXRrldiRhxwwW6xiquBLb65XVoXdYZrbN7CmU4hTO4AAZXcAN30IAmCCjgGV7hzXvyXrz3RV0lb9nbMfyR9/ENSh2Skw==</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit>

x
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1) What resources are actually required during different stages of a 
quantum computation of a realistic theory?

2) How can we pragmatically improve methodologies to 
significantly reduce the resources needed at each stage? 



Is it possible?

Utilise our expertise in classical lattice gauge theory and employ 
precision, algorithm and methodology improvements to quantum 

lattice gauge theory!
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Naive Resource Requirements for QC

 Pick a lattice spacing and volume size:
                        = 1000 spatial volume dof

 8 Continuous gluon dof need to be made finite: 
 Keep    gauge field dof 

 Need enough logical qubits to store            dof :
 Need                        logical qubits

This is just to write down the Hamiltonian! 
Also need to prepare initial state, perform time evolution, read-out, etc

How many logical qubits are needed for            Hamiltonian? SU(3)
<latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit><latexit sha1_base64="HyIneQVZROhSR0QFddi1Fbqdht4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyooMuiG5cV7QPasWTSTBuaZIYko5Sh/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG15nfeqRKs0jem3FMfYEHkoWMYGOlh67AZqhEeteYVM5OeqWyW3WnQIvEy0kZctR7pa9uPyKJoNIQjrXueG5s/BQrwwink2I30TTGZIQHtGOpxIJqP52mnqBjq/RRGCn7pEFT9fdGioXWYxHYySylnvcy8T+vk5jw0k+ZjBNDJZkdChOOTISyClCfKUoMH1uCiWI2KyJDrDAxtqiiLcGb//IiaZ5WPbfq3Z6Xa1d5HQU4hCOogAcXUIMbqEMDCCh4hld4c56cF+fd+ZiNLjn5zgH8gfP5A9cxkg8=</latexit>

10⇥ 10⇥ 10
<latexit sha1_base64="iw1L9kQwZCaUJiCGYjcHmb0WRNE=">AAAB/nicbZBLSwMxFIXvtD5qfY2KKzfBIrgqiRtduCi4cVnBPqAdSiZN29BMZkgyQhkK/hU3LhRx69KtW3f+G9MHoq0HAh/n3su9OWEihbEYf3m5/Mrq2npho7i5tb2z6+/t102casZrLJaxbobUcCkUr1lhJW8mmtMolLwRDq8m9cYd10bE6taOEh5EtK9ETzBqndXxDwluWxFxgwhGP9TxS7iMp0LLQOZQquQ/6u8AUO34n+1uzNKIK8skNaZFcGKDjGormOTjYjs1PKFsSPu85VBRtyfIpueP0YlzuqgXa/eURVP390RGI2NGUeg6I2oHZrE2Mf+rtVLbuwgyoZLUcsVmi3qpRDZGkyxQV2jOrBw5oEwLdytiA6opsy6xoguBLH55GepnZYLL5MalcQkzFeAIjuEUCJxDBa6hCjVgkMEDPMGzd+89ei/e66w1581nDuCPvLdvhY+WFA==</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="JHWXXMDYn/1/zcu2uHLQ1n1u8nc=">AAAB83icbZBLSwMxFIXv1FetVUfBlZtgEVyVxI0uBTcuK9gHtEPJpJk2NPMguSOUoeBfceNCEf+LO/+N6QPR1gOBj3MS7s0JM60sUvrllTY2t7Z3yruVver+waF/VG3ZNDdCNkWqU9MJuZVaJbKJCrXsZEbyONSyHY5vZ3n7URqr0uQBJ5kMYj5MVKQER2f1/RNGe6hiaQmj5If6fo3W6VxkHdgSarBUo+9/9gapyGOZoNDc2i6jGQYFN6iEltNKL7cy42LMh7LrMOFuTlDM15+Sc+cMSJQadxIkc/f3i4LH1k7i0N2MOY7sajYz/8u6OUbXQaGSLEeZiMWgKNcEUzLrggyUkQL1xAEXRrldiRhxwwW6xiquBLb65XVoXdYZrbN7CmU4hTO4AAZXcAN30IAmCCjgGV7hzXvyXrz3RV0lb9nbMfyR9/ENSh2Skw==</latexit><latexit sha1_base64="JHWXXMDYn/1/zcu2uHLQ1n1u8nc=">AAAB83icbZBLSwMxFIXv1FetVUfBlZtgEVyVxI0uBTcuK9gHtEPJpJk2NPMguSOUoeBfceNCEf+LO/+N6QPR1gOBj3MS7s0JM60sUvrllTY2t7Z3yruVver+waF/VG3ZNDdCNkWqU9MJuZVaJbKJCrXsZEbyONSyHY5vZ3n7URqr0uQBJ5kMYj5MVKQER2f1/RNGe6hiaQmj5If6fo3W6VxkHdgSarBUo+9/9gapyGOZoNDc2i6jGQYFN6iEltNKL7cy42LMh7LrMOFuTlDM15+Sc+cMSJQadxIkc/f3i4LH1k7i0N2MOY7sajYz/8u6OUbXQaGSLEeZiMWgKNcEUzLrggyUkQL1xAEXRrldiRhxwwW6xiquBLb65XVoXdYZrbN7CmU4hTO4AAZXcAN30IAmCCjgGV7hzXvyXrz3RV0lb9nbMfyR9/ENSh2Skw==</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="fwKV0EFgS4hWwpjhcu6birZMoEA=">AAAB/nicbZA7SwNBFIXvGh8xvlbFymYwCFZhxkYLi4AIlhHMA5IlzE5mkyGzD2ZmhbAE/Cs2ForYWtraWgj+EHsnD0QTDwx8nHsv987xEym0wfjTWcgtLi2v5FcLa+sbm1vu9k5Nx6livMpiGauGTzWXIuJVI4zkjURxGvqS1/3++ahev+FKizi6NoOEeyHtRiIQjBprtd09gltGhFwjgtEPtd0iLuGx0DyQKRTLubfa68fXRaXtvrc6MUtDHhkmqdZNghPjZVQZwSQfFlqp5gllfdrlTYsRtXu8bHz+EB1ap4OCWNkXGTR2f09kNNR6EPq2M6Smp2drI/O/WjM1wamXiShJDY/YZFGQSmRiNMoCdYTizMiBBcqUsLci1qOKMmMTK9gQyOyX56F2XCK4RK5sGmcwUR724QCOgMAJlOESKlAFBhncwQM8OrfOvfPkPE9aF5zpzC78kfPyDUetmCQ=</latexit><latexit sha1_base64="AD0X8i/+IWNTUVNLJtFJQAIs6lo=">AAAB/nicbZDNSgMxFIUz9a/Wv1Fx5SZYBFclcaMLFwU3LivYVmiHkkkzbWgmMyR3hDIUfBU3LhRx63O4821M20G09UDg49x7uTcnTJW0QMiXV1pZXVvfKG9WtrZ3dvf8/YOWTTLDRZMnKjH3IbNCSS2aIEGJ+9QIFodKtMPR9bTefhDGykTfwTgVQcwGWkaSM3BWzz+ipAsyFhZTgn+o51dJjcyEl4EWUEWFGj3/s9tPeBYLDVwxazuUpBDkzIDkSkwq3cyKlPERG4iOQ83cniCfnT/Bp87p4ygx7mnAM/f3RM5ia8dx6DpjBkO7WJua/9U6GUSXQS51moHQfL4oyhSGBE+zwH1pBAc1dsC4ke5WzIfMMA4usYoLgS5+eRla5zVKavSWVOtXRRxldIxO0Bmi6ALV0Q1qoCbiKEdP6AW9eo/es/fmvc9bS14xc4j+yPv4BqTBk/I=</latexit>

x

<latexit sha1_base64="yh5zD7PrydiBCnlEIm82LS3aq4s=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi10UIwYGOZgLlAsoTZydlkzOzsMjMrhiWllY2FIra+ia9g5zP4Ek4uhSb+MPDx/+cw55wgEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIOrcd64Q6V5LG/MMEE/oj3JQ86osVb1vlMouiV3IrII3gyKlx/fDwQAKp3CZ7sbszRCaZigWrc8NzF+RpXhTOAo3041JpQNaA9bFiWNUPvZZNARObZOl4Sxsk8aMnF/d2Q00noYBbYyoqav57Ox+V/WSk147mdcJqlByaYfhakgJibjrUmXK2RGDC1QpridlbA+VZQZe5u8PYI3v/Ii1E9Lnlvyqm6xfAFT5eAQjuAEPDiDMlxDBWrAAOERnuHFuXWenFfnbVq65Mx6DuCPnPcfWoGPgg==</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="u83j/XzZ2ZMt9PzkJ56wspYVcvA=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHHZgn1AW0omvdPGZjJDckcsQ3+BGxeK+Lfc+W9MHwttPRD4OCch954wVdKS7397ha3tnd294n7poHx4dFw5KbdskhmBTZGoxHRCblFJjU2SpLCTGuRxqLAdTu7mefsJjZWJfqBpiv2Yj7SMpODkrMbzoFL1a/5CbBOCFVRhpfqg8tUbJiKLUZNQ3Npu4KfUz7khKRTOSr3MYsrFhI+w61DzGG0/Xww6YxfOGbIoMe5oYgv394ucx9ZO49DdjDmN7Xo2N//LuhlFN/1c6jQj1GL5UZQpRgmbb82G0qAgNXXAhZFuVibG3HBBrpuSKyFYX3kTWle1wK8FDR+KcAbncAkBXMMt3EMdmiAA4QXe4N179F69j2VdBW/V2yn8kff5A9GTi6k=</latexit><latexit sha1_base64="u83j/XzZ2ZMt9PzkJ56wspYVcvA=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHHZgn1AW0omvdPGZjJDckcsQ3+BGxeK+Lfc+W9MHwttPRD4OCch954wVdKS7397ha3tnd294n7poHx4dFw5KbdskhmBTZGoxHRCblFJjU2SpLCTGuRxqLAdTu7mefsJjZWJfqBpiv2Yj7SMpODkrMbzoFL1a/5CbBOCFVRhpfqg8tUbJiKLUZNQ3Npu4KfUz7khKRTOSr3MYsrFhI+w61DzGG0/Xww6YxfOGbIoMe5oYgv394ucx9ZO49DdjDmN7Xo2N//LuhlFN/1c6jQj1GL5UZQpRgmbb82G0qAgNXXAhZFuVibG3HBBrpuSKyFYX3kTWle1wK8FDR+KcAbncAkBXMMt3EMdmiAA4QXe4N179F69j2VdBW/V2yn8kff5A9GTi6k=</latexit><latexit sha1_base64="ifJwWro5wpmtNDRVRbHLxSqIqIY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTGERsLFMwHxAcoS9zVyyZm/v2N0Tw5FfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5Hbudx5RaR7LezNN0I/oSPKQM2qs1HwalCtu1V2ArBMvJxXI0RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLQ6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCmp9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNd1K/SaPowhncA6X4ME11OEOGtACBgjP8ApvzoPz4rw7H8vWgpPPnMIfOJ8/4yuM8g==</latexit><latexit sha1_base64="ifJwWro5wpmtNDRVRbHLxSqIqIY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTGERsLFMwHxAcoS9zVyyZm/v2N0Tw5FfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5Hbudx5RaR7LezNN0I/oSPKQM2qs1HwalCtu1V2ArBMvJxXI0RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLQ6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCmp9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNd1K/SaPowhncA6X4ME11OEOGtACBgjP8ApvzoPz4rw7H8vWgpPPnMIfOJ8/4yuM8g==</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="UbGlwkws1OyZ0cSKDcG9n7JaYs8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7NloIBmwsEzAXSJYwOzmbjJmdXWZmxbCktLKxUMTWp7D1Fex8Bn0IJ5dCE38Y+Pj/c5hzjh9zprTjfFqZhcWl5ZXsam5tfWNzK7+9U1NRIilWacQj2fCJQs4EVjXTHBuxRBL6HOt+/2KU129QKhaJKz2I0QtJV7CAUaKNVblt5wtO0RnLngd3CoXz96+7/bfKd7md/2h1IpqEKDTlRKmm68TaS4nUjHIc5lqJwpjQPuli06AgISovHQ86tA+N07GDSJontD12f3ekJFRqEPqmMiS6p2azkflf1kx0cOqlTMSJRkEnHwUJt3Vkj7a2O0wi1XxggFDJzKw27RFJqDa3yZkjuLMrz0PtuOg6RbfiFEpnMFEW9uAAjsCFEyjBJZShChQQ7uERnqxr68F6tl4mpRlr2rMLf2S9/gD1CZF1</latexit><latexit sha1_base64="ifJwWro5wpmtNDRVRbHLxSqIqIY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTGERsLFMwHxAcoS9zVyyZm/v2N0Tw5FfYGOhiK0/yc5/4ya5QhMfDDzem2FmXpAIro3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5Hbudx5RaR7LezNN0I/oSPKQM2qs1HwalCtu1V2ArBMvJxXI0RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLQ6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCmp9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNd1K/SaPowhncA6X4ME11OEOGtACBgjP8ApvzoPz4rw7H8vWgpPPnMIfOJ8/4yuM8g==</latexit>

x

8000
<latexit sha1_base64="NfL+c3U7wgugQ2MFwguve3goSZ4=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EiuCoZN3YhWHDjsoLTFtqxZNJMG5rJjElGLEOXvoAbF4q49TF8BXc+gy9hello6w+Bj/8/h5xzgkRwbTD+cnJLyyura/n1wsbm1vZOcXevruNUUebRWMSqGRDNBJfMM9wI1kwUI1EgWCMYXIzzxh1Tmsfy2gwT5kekJ3nIKTHWat7fZBWM8ahTLOEynggtgjuD0vnH9wMCgFqn+NnuxjSNmDRUEK1bLk6MnxFlOBVsVGinmiWEDkiPtSxKEjHtZ5N5R+jIOl0Uxso+adDE/d2RkUjrYRTYyoiYvp7PxuZ/WSs1YcXPuExSwySdfhSmApkYjZdHXa4YNWJogVDF7ayI9oki1NgTFewR3PmVF6F+UnZx2b3CpeoZTJWHAziEY3DhFKpwCTXwgIKAR3iGF+fWeXJenbdpac6Z9ezDHznvP5x+keY=</latexit><latexit sha1_base64="hcHCnx4o2g0j0tw4AUWCwKrpjng=">AAAB73icbZDLSgMxFIbP1Futt6pLQYJFcFUybuxCsODGZQv2Au1YMmnahmYyY5IRy9ClL+DGhSJufQO3voI7n0EfwvSy0NYfAh//fw455/iR4Npg/OmkFhaXllfSq5m19Y3Nrez2TlWHsaKsQkMRqrpPNBNcsorhRrB6pBgJfMFqfv98lNdumNI8lJdmEDEvIF3JO5wSY6367VVSwBgPW9kczuOx0Dy4U8idvX/d7b+Vv0ut7EezHdI4YNJQQbRuuDgyXkKU4VSwYaYZaxYR2idd1rAoScC0l4znHaJD67RRJ1T2SYPG7u+OhARaDwLfVgbE9PRsNjL/yxqx6RS8hMsoNkzSyUedWCATotHyqM0Vo0YMLBCquJ0V0R5RhBp7oow9gju78jxUj/MuzrtlnCuewkRp2IMDOAIXTqAIF1CCClAQcA+P8ORcOw/Os/MyKU05055d+CPn9Qc3FZPZ</latexit><latexit sha1_base64="hcHCnx4o2g0j0tw4AUWCwKrpjng=">AAAB73icbZDLSgMxFIbP1Futt6pLQYJFcFUybuxCsODGZQv2Au1YMmnahmYyY5IRy9ClL+DGhSJufQO3voI7n0EfwvSy0NYfAh//fw455/iR4Npg/OmkFhaXllfSq5m19Y3Nrez2TlWHsaKsQkMRqrpPNBNcsorhRrB6pBgJfMFqfv98lNdumNI8lJdmEDEvIF3JO5wSY6367VVSwBgPW9kczuOx0Dy4U8idvX/d7b+Vv0ut7EezHdI4YNJQQbRuuDgyXkKU4VSwYaYZaxYR2idd1rAoScC0l4znHaJD67RRJ1T2SYPG7u+OhARaDwLfVgbE9PRsNjL/yxqx6RS8hMsoNkzSyUedWCATotHyqM0Vo0YMLBCquJ0V0R5RhBp7oow9gju78jxUj/MuzrtlnCuewkRp2IMDOAIXTqAIF1CCClAQcA+P8ORcOw/Os/MyKU05055d+CPn9Qc3FZPZ</latexit><latexit sha1_base64="MoOT1VPSKlSYudOlM6902WZuf5Y=">AAAB73icbVC7TgMxEFyHVwivACWNRYREFfloSEERiYYySOQhJUfkc3yJFZ/vsH2I6JSfoKEAIVp+h46/wUmugISRVhrN7Gp3J0ikMJaQb1RYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFm1ZYyTuJ5jQKJG8H4+uZ337k2ohY3dlJwv2IDpUIBaPWSZ2n+6xGCJn2yxVSJXPgVeLlpAI5Gv3yV28QszTiyjJJjel6JLF+RrUVTPJpqZcanlA2pkPedVTRiBs/m987xWdOGeAw1q6UxXP190RGI2MmUeA6I2pHZtmbif953dSGNT8TKkktV2yxKEwltjGePY8HQnNm5cQRyrRwt2I2opoy6yIquRC85ZdXSeui6pGqd0sq9as8jiKcwCmcgweXUIcbaEATGEh4hld4Qw/oBb2jj0VrAeUzx/AH6PMHJTePVg==</latexit>

8000log2(x)
<latexit sha1_base64="iCK5U01ksKgC9Wl55QziA3dZRgY=">AAAB9XicbVC7TgMxENzjGcIrQAmFRYQUmsiXhhQUkWgog0QeUhIin+NLrPjsk+0DolO+gZaGAoRo+Rc6/gbnUUDCSCuNZna1uxPEghuL8be3srq2vrGZ2cpu7+zu7ecODutGJZqyGlVC6WZADBNcsprlVrBmrBmJAsEawfBq4jfumTZcyVs7ilknIn3JQ06JddJdWsYYj4Xqd0uFx/NuLo+LeAq0TPw5yVdOntoIAKrd3Fe7p2gSMWmpIMa0fBzbTkq05VSwcbadGBYTOiR91nJUkoiZTjq9eozOnNJDodKupEVT9fdESiJjRlHgOiNiB2bRm4j/ea3EhuVOymWcWCbpbFGYCGQVmkSAelwzasXIEUI1d7ciOiCaUOuCyroQ/MWXl0m9VPRx0b9xaVzCDBk4hlMogA8XUIFrqEINKGh4hld48x68F+/d+5i1rnjzmSP4A+/zB6uJkr8=</latexit><latexit sha1_base64="rJPOj3WO5Mo1+NmeARoTBSRGIFc=">AAAB9XicbVC7TgJBFL2LL8QXaqnFRmKCDZmlkcKCxMYSE3kkgGR2mIUJszObmVmVbPgGWhsLjbH1H/wEOz/E3uFRKHiSm5ycc2/uvcePONMGoS8ntbK6tr6R3sxsbe/s7mX3D2paxorQKpFcqoaPNeVM0KphhtNGpCgOfU7r/uBy4tfvqNJMihszjGg7xD3BAkawsdJtUkIIjbjsdYr5h7NONocKaAp3mXhzkisfj1v5749xpZP9bHUliUMqDOFY66aHItNOsDKMcDrKtGJNI0wGuEeblgocUt1OpleP3FOrdN1AKlvCuFP190SCQ62HoW87Q2z6etGbiP95zdgEpXbCRBQbKshsURBz10h3EoHbZYoSw4eWYKKYvdUlfawwMTaojA3BW3x5mdSKBQ8VvGubxgXMkIYjOIE8eHAOZbiCClSBgIJHeIYX5955cl6dt1lrypnPHMIfOO8/wGCVDQ==</latexit><latexit sha1_base64="rJPOj3WO5Mo1+NmeARoTBSRGIFc=">AAAB9XicbVC7TgJBFL2LL8QXaqnFRmKCDZmlkcKCxMYSE3kkgGR2mIUJszObmVmVbPgGWhsLjbH1H/wEOz/E3uFRKHiSm5ycc2/uvcePONMGoS8ntbK6tr6R3sxsbe/s7mX3D2paxorQKpFcqoaPNeVM0KphhtNGpCgOfU7r/uBy4tfvqNJMihszjGg7xD3BAkawsdJtUkIIjbjsdYr5h7NONocKaAp3mXhzkisfj1v5749xpZP9bHUliUMqDOFY66aHItNOsDKMcDrKtGJNI0wGuEeblgocUt1OpleP3FOrdN1AKlvCuFP190SCQ62HoW87Q2z6etGbiP95zdgEpXbCRBQbKshsURBz10h3EoHbZYoSw4eWYKKYvdUlfawwMTaojA3BW3x5mdSKBQ8VvGubxgXMkIYjOIE8eHAOZbiCClSBgIJHeIYX5955cl6dt1lrypnPHMIfOO8/wGCVDQ==</latexit><latexit sha1_base64="LjbbV54k1xXa6wQIR6wzSflJAF8=">AAAB9XicbVA9TwJBEJ3zE/ELtbTZSEywIXs0UliQ2FhiIh8JINlb9mDD3u5ld08lF/6HjYXG2Ppf7Pw3LnCFgi+Z5OW9mczMC2LBjcX421tb39jc2s7t5Hf39g8OC0fHTaMSTVmDKqF0OyCGCS5Zw3IrWDvWjESBYK1gfD3zWw9MG67knZ3ErBeRoeQhp8Q66T6tYoynQg37ldLTRb9QxGU8B1olfkaKkKHeL3x1B4omEZOWCmJMx8ex7aVEW04Fm+a7iWExoWMyZB1HJYmY6aXzq6fo3CkDFCrtSlo0V39PpCQyZhIFrjMidmSWvZn4n9dJbFjtpVzGiWWSLhaFiUBWoVkEaMA1o1ZMHCFUc3croiOiCbUuqLwLwV9+eZU0K2Ufl/1bXKxdZXHk4BTOoAQ+XEINbqAODaCg4Rle4c179F68d+9j0brmZTMn8Afe5w/GNZFY</latexit>



 This talk will be a bigger picture sketch of results from arxiv:
1811.03629  
 For more details, please contact me (chughes@fnal.gov)!

QPU

https://arxiv.org/abs/1811.03629
https://arxiv.org/abs/1811.03629
mailto:chughes@fnal.gov


Gauge Field Digitization

 All continuous quantities need to be made finite to perform 
computation in finite time, e.g., infinite volume continuum.   
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 All continuous quantities need to be made finite to perform 
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Gauge Field Digitization

  Each gauge field at a specific spacetime point,      , is an element of         
a continuous group           infinite number of dof
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Gauge Field Digitization

  Necessary to make infinite number of gauge field dof finite in order 
to perform any computation in finite time 

  Each gauge field at a specific spacetime point,      , is an element of         
a continuous group           infinite number of dof
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Gauge Field Digitization

 E.g., gauge link
             to be in  

  Each gauge field at a specific spacetime point,      , is an element of         
a continuous group           infinite number of dof
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  Necessary to make infinite number of gauge field dof finite in order 
to perform any computation in finite time 



Gauge Field Digitization

 E.g., gauge link
             to be in  

       described by a circle ✓
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  Each gauge field at a specific spacetime point,      , is an element of         
a continuous group           infinite number of dof

xµ
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<latexit sha1_base64="P9CIw+RYfmaUpwjusZOzT0YVbDk=">AAAB63icbVA9SwNBEJ2LXzF+nVpqsRiE2IQ7Gy0sAjaWEbwkkBxhb7OXLNndO3b3hHDkL2hhoYitf8jOf+NekkITHww83pthZl6UcqaN5307pbX1jc2t8nZlZ3dv/8A9PGrpJFOEBiThiepEWFPOJA0MM5x2UkWxiDhtR+Pbwm8/UqVZIh/MJKWhwEPJYkawKaSg5l/03apX92ZAq8RfkGrj9LmHAKDZd796g4RkgkpDONa663upCXOsDCOcTiu9TNMUkzEe0q6lEguqw3x26xSdW2WA4kTZkgbN1N8TORZaT0RkOwU2I73sFeJ/Xjcz8XWYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4KjYEf/nlVdK6rPte3b+3adzAHGU4gTOogQ9X0IA7aEIABEbwBK/w5gjnxXl3PuatJWcxcwx/4Hz+AMi8jtY=</latexit><latexit sha1_base64="AGKWIi7rwagcgKrspsLaDiMbykI=">AAAB63icbVA9SwNBEJ3zM8avqKUWi0GITbiz0cIiYGMZwUsCyRH2NnvJkt29Y3dPCEf+giksFLH1j/gT7Pwh9u4lKTTxwcDjvRlm5oUJZ9q47pezsrq2vrFZ2Cpu7+zu7ZcODhs6ThWhPol5rFoh1pQzSX3DDKetRFEsQk6b4fAm95sPVGkWy3szSmggcF+yiBFscsmveOfdUtmtulOgZeLNSbl2MulUvj8m9W7ps9OLSSqoNIRjrduem5ggw8owwum42Ek1TTAZ4j5tWyqxoDrIpreO0ZlVeiiKlS1p0FT9PZFhofVIhLZTYDPQi14u/ue1UxNdBRmTSWqoJLNFUcqRiVH+OOoxRYnhI0swUczeisgAK0yMjadoQ/AWX14mjYuq51a9O5vGNcxQgGM4hQp4cAk1uIU6+EBgAI/wDC+OcJ6cV+dt1rrizGeO4A+c9x/dk5Ek</latexit><latexit sha1_base64="AGKWIi7rwagcgKrspsLaDiMbykI=">AAAB63icbVA9SwNBEJ3zM8avqKUWi0GITbiz0cIiYGMZwUsCyRH2NnvJkt29Y3dPCEf+giksFLH1j/gT7Pwh9u4lKTTxwcDjvRlm5oUJZ9q47pezsrq2vrFZ2Cpu7+zu7ZcODhs6ThWhPol5rFoh1pQzSX3DDKetRFEsQk6b4fAm95sPVGkWy3szSmggcF+yiBFscsmveOfdUtmtulOgZeLNSbl2MulUvj8m9W7ps9OLSSqoNIRjrduem5ggw8owwum42Ek1TTAZ4j5tWyqxoDrIpreO0ZlVeiiKlS1p0FT9PZFhofVIhLZTYDPQi14u/ue1UxNdBRmTSWqoJLNFUcqRiVH+OOoxRYnhI0swUczeisgAK0yMjadoQ/AWX14mjYuq51a9O5vGNcxQgGM4hQp4cAk1uIU6+EBgAI/wDC+OcJ6cV+dt1rrizGeO4A+c9x/dk5Ek</latexit><latexit sha1_base64="d8N/bxoi5ZkufiYJCAoQGyusZaQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkriRQ8eCl48VjBtoQ1ls920S3c3YXcjlNC/4MWDIl79Q978N27SHLT1wcDjvRlm5oUJZ9q47rdT2djc2t6p7tb29g8Oj+rHJ10dp4pQn8Q8Vv0Qa8qZpL5hhtN+oigWIae9cHaX+70nqjSL5aOZJzQQeCJZxAg2ueQ3vctRveG23AJonXglaUCJzqj+NRzHJBVUGsKx1gPPTUyQYWUY4XRRG6aaJpjM8IQOLJVYUB1kxa0LdGGVMYpiZUsaVKi/JzIstJ6L0HYKbKZ61cvF/7xBaqKbIGMySQ2VZLkoSjkyMcofR2OmKDF8bgkmitlbEZlihYmx8dRsCN7qy+uke9Xy3Jb34Dbat2UcVTiDc2iCB9fQhnvogA8EpvAMr/DmCOfFeXc+lq0Vp5w5hT9wPn8A42iNbw==</latexit>

Uµ
<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

  Necessary to make infinite number of gauge field dof finite in order 
to perform any computation in finite time 



Gauge Field Digitization

 E.g., gauge link
             to be in  

       described by a circle
 Digitize by sampling over the circle:

✓
<latexit sha1_base64="J45EWyTOJte57ktRaDuTlQ9nsLk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP4jiIsARRzrt1xtu052DrBKvJA0o0e7Xv4KBYnnCU2SSGuN7boZhQTUKJvm0FuSGZ5SN6ZD7lqY04SYs5idPyZlVBiRW2laKZK7+nihoYswkiWxnQnFklr2Z+J/n5xhfh4VIsxx5yhaL4lwSVGT2PxkIzRnKiSWUaWFvJWxENWVoU6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAgYJneIU3B50X5935WLRWnHLmGP7A+fwBn2aRdg==</latexit><latexit sha1_base64="J45EWyTOJte57ktRaDuTlQ9nsLk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP4jiIsARRzrt1xtu052DrBKvJA0o0e7Xv4KBYnnCU2SSGuN7boZhQTUKJvm0FuSGZ5SN6ZD7lqY04SYs5idPyZlVBiRW2laKZK7+nihoYswkiWxnQnFklr2Z+J/n5xhfh4VIsxx5yhaL4lwSVGT2PxkIzRnKiSWUaWFvJWxENWVoU6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAgYJneIU3B50X5935WLRWnHLmGP7A+fwBn2aRdg==</latexit><latexit sha1_base64="J45EWyTOJte57ktRaDuTlQ9nsLk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP4jiIsARRzrt1xtu052DrBKvJA0o0e7Xv4KBYnnCU2SSGuN7boZhQTUKJvm0FuSGZ5SN6ZD7lqY04SYs5idPyZlVBiRW2laKZK7+nihoYswkiWxnQnFklr2Z+J/n5xhfh4VIsxx5yhaL4lwSVGT2PxkIzRnKiSWUaWFvJWxENWVoU6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAgYJneIU3B50X5935WLRWnHLmGP7A+fwBn2aRdg==</latexit><latexit sha1_base64="J45EWyTOJte57ktRaDuTlQ9nsLk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP4jiIsARRzrt1xtu052DrBKvJA0o0e7Xv4KBYnnCU2SSGuN7boZhQTUKJvm0FuSGZ5SN6ZD7lqY04SYs5idPyZlVBiRW2laKZK7+nihoYswkiWxnQnFklr2Z+J/n5xhfh4VIsxx5yhaL4lwSVGT2PxkIzRnKiSWUaWFvJWxENWVoU6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAgYJneIU3B50X5935WLRWnHLmGP7A+fwBn2aRdg==</latexit>

  Each gauge field at a specific spacetime point,      , is an element of         
a continuous group           infinite number of dof

xµ
<latexit sha1_base64="1i9mRh+9MI1Q2d5ogDp8e3AhjlE=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2NgIEc0HJEfY20ySJbt7x+6eGI78CBsLRWz9PXZ2/hQ3H4UmPhh4vDfDzLwoEdxY3//yciura+sb+c3C1vbO7l5x/6Bu4lQzrLFYxLoZUYOCK6xZbgU2E41URgIb0fBq4jceUBseq3s7SjCUtK94jzNqndR47GRtmY47xZJf9qcgyySYk1KF3Nx9A0C1U/xsd2OWSlSWCWpMK/ATG2ZUW84Ejgvt1GBC2ZD2seWoohJNmE3PHZMTp3RJL9aulCVT9fdERqUxIxm5TkntwCx6E/E/r5Xa3kWYcZWkFhWbLeqlgtiYTH4nXa6RWTFyhDLN3a2EDaimzLqECi6EYPHlZVI/Kwd+Obh1aVzCDHk4gmM4hQDOoQLXUIUaMBjCE7zAq5d4z96b9z5rzXnzmUP4A+/jBzs0kaM=</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0j/9Ngg1jwQpgF/i+DpM7tdoVAQ=">AAAB43icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHUomvdOG5jEkGbEM/RFuXCjif3LnvzF9LLT1QODjnITce5JMcOvC8DsobW3v7O6V9ysH1cOj49pJtW11bhi2mBbadBNqUXCFLcedwG5mkMpEYCeZ3M3zzhMay7V6dNMMY0lHiqecUeetzvOg6Mt8NqjVw0a4ENmEaAV1WKk5qH31h5rlEpVjglrbi8LMxQU1jjOBs0o/t5hRNqEj7HlUVKKNi8W4M3LhnSFJtfFHObJwf78oqLR2KhN/U1I3tuvZ3Pwv6+UuvYkLrrLcoWLLj9JcEKfJfHcy5AaZE1MPlBnuZyVsTA1lzjdU8SVE6ytvQvuqEYWN6CGEMpzBOVxCBNdwC/fQhBYwmMALvMF7kAWvwceyrlKw6u0U/ij4/AGEO450</latexit><latexit sha1_base64="0j/9Ngg1jwQpgF/i+DpM7tdoVAQ=">AAAB43icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHUomvdOG5jEkGbEM/RFuXCjif3LnvzF9LLT1QODjnITce5JMcOvC8DsobW3v7O6V9ysH1cOj49pJtW11bhi2mBbadBNqUXCFLcedwG5mkMpEYCeZ3M3zzhMay7V6dNMMY0lHiqecUeetzvOg6Mt8NqjVw0a4ENmEaAV1WKk5qH31h5rlEpVjglrbi8LMxQU1jjOBs0o/t5hRNqEj7HlUVKKNi8W4M3LhnSFJtfFHObJwf78oqLR2KhN/U1I3tuvZ3Pwv6+UuvYkLrrLcoWLLj9JcEKfJfHcy5AaZE1MPlBnuZyVsTA1lzjdU8SVE6ytvQvuqEYWN6CGEMpzBOVxCBNdwC/fQhBYwmMALvMF7kAWvwceyrlKw6u0U/ij4/AGEO450</latexit><latexit sha1_base64="J13wL2EdL0OFTCycSEF9sHQE9L4=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhGMImQHGFvs5cs2d07dufEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZF6VSWPT9b6+0tr6xuVXeruzs7u0fVA+P2jbJDOMtlsjEPETUcik0b6FAyR9Sw6mKJO9E45uZ33nkxopE3+Mk5aGiQy1iwSg6qfPUz3sqm/arNb/uz0FWSVCQGhRo9qtfvUHCMsU1Mkmt7QZ+imFODQom+bTSyyxPKRvTIe86qqniNszn507JmVMGJE6MK41krv6eyKmydqIi16kojuyyNxP/87oZxldhLnSaIddssSjOJMGEzH4nA2E4QzlxhDIj3K2EjaihDF1CFRdCsPzyKmlf1AO/Htz5tcZ1EUcZTuAUziGAS2jALTShBQzG8Ayv8Oal3ov37n0sWkteMXMMf+B9/gCzuo/D</latexit><latexit sha1_base64="J13wL2EdL0OFTCycSEF9sHQE9L4=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhGMImQHGFvs5cs2d07dufEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZF6VSWPT9b6+0tr6xuVXeruzs7u0fVA+P2jbJDOMtlsjEPETUcik0b6FAyR9Sw6mKJO9E45uZ33nkxopE3+Mk5aGiQy1iwSg6qfPUz3sqm/arNb/uz0FWSVCQGhRo9qtfvUHCMsU1Mkmt7QZ+imFODQom+bTSyyxPKRvTIe86qqniNszn507JmVMGJE6MK41krv6eyKmydqIi16kojuyyNxP/87oZxldhLnSaIddssSjOJMGEzH4nA2E4QzlxhDIj3K2EjaihDF1CFRdCsPzyKmlf1AO/Htz5tcZ1EUcZTuAUziGAS2jALTShBQzG8Ayv8Oal3ov37n0sWkteMXMMf+B9/gCzuo/D</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="J13wL2EdL0OFTCycSEF9sHQE9L4=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhGMImQHGFvs5cs2d07dufEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZF6VSWPT9b6+0tr6xuVXeruzs7u0fVA+P2jbJDOMtlsjEPETUcik0b6FAyR9Sw6mKJO9E45uZ33nkxopE3+Mk5aGiQy1iwSg6qfPUz3sqm/arNb/uz0FWSVCQGhRo9qtfvUHCMsU1Mkmt7QZ+imFODQom+bTSyyxPKRvTIe86qqniNszn507JmVMGJE6MK41krv6eyKmydqIi16kojuyyNxP/87oZxldhLnSaIddssSjOJMGEzH4nA2E4QzlxhDIj3K2EjaihDF1CFRdCsPzyKmlf1AO/Htz5tcZ1EUcZTuAUziGAS2jALTShBQzG8Ayv8Oal3ov37n0sWkteMXMMf+B9/gCzuo/D</latexit>

Uµ = P exp
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µ

◆

<latexit sha1_base64="vkP9DEKXoxHpw3mPbgk3z5aJwUE="></latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hL5i3mB4RFXXYijwMG0LbO0zxTA=">AAACGHicbVDLSgMxFL3j2/oa3boJFkE3ZcaNIgiKG5cVbBU6Y8mkd9pg5kFyRyxD/8WNv+LGhVLc+Demj4VWD4Qczrkh95woV9KQ5305c/MLi0vLK6uVtfWNzS13e71pskILbIhMZfou4gaVTLFBkhTe5Rp5Eim8jR4uR/7tI2ojs/SG+jmGCe+mMpaCk5Xa7mmjXQZJMWBnLEg49QRXZX0Q4FMeKIzpIJApsYvJTOfpfnwHWnZ7dNh2q17NG4P9Jf6UVGGKetsdBp1MFAmmJBQ3puV7OYUl1ySFwkElKAzmXDzwLrYsTXmCJizHGQds3yodFmfaHrvSWP35ouSJMf0kspOjHGbWG4n/ea2C4pOwlGleEKZi8lFcKEYZGxXGOlKjINW3hAst7a5M9LjmgmytFVuCPxv5L2ke1Xyv5l97sAK7sAcH4MMxnMMV1KEBAp7hFd7hw3lx3pzhpK45Z9rbDvyC8/kNTqCjzg==</latexit><latexit sha1_base64="hL5i3mB4RFXXYijwMG0LbO0zxTA=">AAACGHicbVDLSgMxFL3j2/oa3boJFkE3ZcaNIgiKG5cVbBU6Y8mkd9pg5kFyRyxD/8WNv+LGhVLc+Demj4VWD4Qczrkh95woV9KQ5305c/MLi0vLK6uVtfWNzS13e71pskILbIhMZfou4gaVTLFBkhTe5Rp5Eim8jR4uR/7tI2ojs/SG+jmGCe+mMpaCk5Xa7mmjXQZJMWBnLEg49QRXZX0Q4FMeKIzpIJApsYvJTOfpfnwHWnZ7dNh2q17NG4P9Jf6UVGGKetsdBp1MFAmmJBQ3puV7OYUl1ySFwkElKAzmXDzwLrYsTXmCJizHGQds3yodFmfaHrvSWP35ouSJMf0kspOjHGbWG4n/ea2C4pOwlGleEKZi8lFcKEYZGxXGOlKjINW3hAst7a5M9LjmgmytFVuCPxv5L2ke1Xyv5l97sAK7sAcH4MMxnMMV1KEBAp7hFd7hw3lx3pzhpK45Z9rbDvyC8/kNTqCjzg==</latexit><latexit sha1_base64="dQYphM85kQBY4D3bcjROL62H0KE=">AAACI3icbVDJSgNBEO2JW4xb1KOXxiDES5jxoohCxIvHCGaBTAw9nZqkSc9Cd40kDPkXL/6KFw9K8OLBf7GzHDTxQdOPV6+oqufFUmi07S8rs7K6tr6R3cxtbe/s7uX3D2o6ShSHKo9kpBoe0yBFCFUUKKERK2CBJ6Hu9W8n9foTKC2i8AGHMbQC1g2FLzhDI7Xzl9V26gbJiF5TN2DY40ymlZELg9iV4GPRFSHSm5mnM3ic/q4S3R6etvMFu2RPQZeJMycFMkelnR+7nYgnAYTIJdO66dgxtlKmUHAJo5ybaIgZ77MuNA0NWQC6lU5vHNETo3SoHynzzEpT9XdHygKth4FnnJM79GJtIv5XayboX7RSEcYJQshng/xEUozoJDDaEQo4yqEhjCthdqW8xxTjaGLNmRCcxZOXSe2s5Ngl594ulK/mcWTJETkmReKQc1Imd6RCqoSTZ/JK3smH9WK9WWPrc2bNWPOeQ/IH1vcPYc2lUg==</latexit><latexit sha1_base64="dQYphM85kQBY4D3bcjROL62H0KE=">AAACI3icbVDJSgNBEO2JW4xb1KOXxiDES5jxoohCxIvHCGaBTAw9nZqkSc9Cd40kDPkXL/6KFw9K8OLBf7GzHDTxQdOPV6+oqufFUmi07S8rs7K6tr6R3cxtbe/s7uX3D2o6ShSHKo9kpBoe0yBFCFUUKKERK2CBJ6Hu9W8n9foTKC2i8AGHMbQC1g2FLzhDI7Xzl9V26gbJiF5TN2DY40ymlZELg9iV4GPRFSHSm5mnM3ic/q4S3R6etvMFu2RPQZeJMycFMkelnR+7nYgnAYTIJdO66dgxtlKmUHAJo5ybaIgZ77MuNA0NWQC6lU5vHNETo3SoHynzzEpT9XdHygKth4FnnJM79GJtIv5XayboX7RSEcYJQshng/xEUozoJDDaEQo4yqEhjCthdqW8xxTjaGLNmRCcxZOXSe2s5Ngl594ulK/mcWTJETkmReKQc1Imd6RCqoSTZ/JK3smH9WK9WWPrc2bNWPOeQ/IH1vcPYc2lUg==</latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="dQYphM85kQBY4D3bcjROL62H0KE=">AAACI3icbVDJSgNBEO2JW4xb1KOXxiDES5jxoohCxIvHCGaBTAw9nZqkSc9Cd40kDPkXL/6KFw9K8OLBf7GzHDTxQdOPV6+oqufFUmi07S8rs7K6tr6R3cxtbe/s7uX3D2o6ShSHKo9kpBoe0yBFCFUUKKERK2CBJ6Hu9W8n9foTKC2i8AGHMbQC1g2FLzhDI7Xzl9V26gbJiF5TN2DY40ymlZELg9iV4GPRFSHSm5mnM3ic/q4S3R6etvMFu2RPQZeJMycFMkelnR+7nYgnAYTIJdO66dgxtlKmUHAJo5ybaIgZ77MuNA0NWQC6lU5vHNETo3SoHynzzEpT9XdHygKth4FnnJM79GJtIv5XayboX7RSEcYJQshng/xEUozoJDDaEQo4yqEhjCthdqW8xxTjaGLNmRCcxZOXSe2s5Ngl594ulK/mcWTJETkmReKQc1Imd6RCqoSTZ/JK3smH9WK9WWPrc2bNWPOeQ/IH1vcPYc2lUg==</latexit>U(1)
<latexit sha1_base64="P9CIw+RYfmaUpwjusZOzT0YVbDk=">AAAB63icbVA9SwNBEJ2LXzF+nVpqsRiE2IQ7Gy0sAjaWEbwkkBxhb7OXLNndO3b3hHDkL2hhoYitf8jOf+NekkITHww83pthZl6UcqaN5307pbX1jc2t8nZlZ3dv/8A9PGrpJFOEBiThiepEWFPOJA0MM5x2UkWxiDhtR+Pbwm8/UqVZIh/MJKWhwEPJYkawKaSg5l/03apX92ZAq8RfkGrj9LmHAKDZd796g4RkgkpDONa663upCXOsDCOcTiu9TNMUkzEe0q6lEguqw3x26xSdW2WA4kTZkgbN1N8TORZaT0RkOwU2I73sFeJ/Xjcz8XWYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4KjYEf/nlVdK6rPte3b+3adzAHGU4gTOogQ9X0IA7aEIABEbwBK/w5gjnxXl3PuatJWcxcwx/4Hz+AMi8jtY=</latexit><latexit sha1_base64="AGKWIi7rwagcgKrspsLaDiMbykI=">AAAB63icbVA9SwNBEJ3zM8avqKUWi0GITbiz0cIiYGMZwUsCyRH2NnvJkt29Y3dPCEf+giksFLH1j/gT7Pwh9u4lKTTxwcDjvRlm5oUJZ9q47pezsrq2vrFZ2Cpu7+zu7ZcODhs6ThWhPol5rFoh1pQzSX3DDKetRFEsQk6b4fAm95sPVGkWy3szSmggcF+yiBFscsmveOfdUtmtulOgZeLNSbl2MulUvj8m9W7ps9OLSSqoNIRjrduem5ggw8owwum42Ek1TTAZ4j5tWyqxoDrIpreO0ZlVeiiKlS1p0FT9PZFhofVIhLZTYDPQi14u/ue1UxNdBRmTSWqoJLNFUcqRiVH+OOoxRYnhI0swUczeisgAK0yMjadoQ/AWX14mjYuq51a9O5vGNcxQgGM4hQp4cAk1uIU6+EBgAI/wDC+OcJ6cV+dt1rrizGeO4A+c9x/dk5Ek</latexit><latexit sha1_base64="AGKWIi7rwagcgKrspsLaDiMbykI=">AAAB63icbVA9SwNBEJ3zM8avqKUWi0GITbiz0cIiYGMZwUsCyRH2NnvJkt29Y3dPCEf+giksFLH1j/gT7Pwh9u4lKTTxwcDjvRlm5oUJZ9q47pezsrq2vrFZ2Cpu7+zu7ZcODhs6ThWhPol5rFoh1pQzSX3DDKetRFEsQk6b4fAm95sPVGkWy3szSmggcF+yiBFscsmveOfdUtmtulOgZeLNSbl2MulUvj8m9W7ps9OLSSqoNIRjrduem5ggw8owwum42Ek1TTAZ4j5tWyqxoDrIpreO0ZlVeiiKlS1p0FT9PZFhofVIhLZTYDPQi14u/ue1UxNdBRmTSWqoJLNFUcqRiVH+OOoxRYnhI0swUczeisgAK0yMjadoQ/AWX14mjYuq51a9O5vGNcxQgGM4hQp4cAk1uIU6+EBgAI/wDC+OcJ6cV+dt1rrizGeO4A+c9x/dk5Ek</latexit><latexit sha1_base64="d8N/bxoi5ZkufiYJCAoQGyusZaQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkriRQ8eCl48VjBtoQ1ls920S3c3YXcjlNC/4MWDIl79Q978N27SHLT1wcDjvRlm5oUJZ9q47rdT2djc2t6p7tb29g8Oj+rHJ10dp4pQn8Q8Vv0Qa8qZpL5hhtN+oigWIae9cHaX+70nqjSL5aOZJzQQeCJZxAg2ueQ3vctRveG23AJonXglaUCJzqj+NRzHJBVUGsKx1gPPTUyQYWUY4XRRG6aaJpjM8IQOLJVYUB1kxa0LdGGVMYpiZUsaVKi/JzIstJ6L0HYKbKZ61cvF/7xBaqKbIGMySQ2VZLkoSjkyMcofR2OmKDF8bgkmitlbEZlihYmx8dRsCN7qy+uke9Xy3Jb34Dbat2UcVTiDc2iCB9fQhnvogA8EpvAMr/DmCOfFeXc+lq0Vp5w5hT9wPn8A42iNbw==</latexit>

Uµ
<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

  Necessary to make infinite number of gauge field dof finite in order 
to perform any computation in finite time 



Gauge Field Digitization

 E.g., gauge link
             to be in  

       described by a circle
 Digitize by sampling over the circle:
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  Each gauge field at a specific spacetime point,      , is an element of         
a continuous group           infinite number of dof
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Uµ = P exp
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<latexit sha1_base64="P9CIw+RYfmaUpwjusZOzT0YVbDk=">AAAB63icbVA9SwNBEJ2LXzF+nVpqsRiE2IQ7Gy0sAjaWEbwkkBxhb7OXLNndO3b3hHDkL2hhoYitf8jOf+NekkITHww83pthZl6UcqaN5307pbX1jc2t8nZlZ3dv/8A9PGrpJFOEBiThiepEWFPOJA0MM5x2UkWxiDhtR+Pbwm8/UqVZIh/MJKWhwEPJYkawKaSg5l/03apX92ZAq8RfkGrj9LmHAKDZd796g4RkgkpDONa663upCXOsDCOcTiu9TNMUkzEe0q6lEguqw3x26xSdW2WA4kTZkgbN1N8TORZaT0RkOwU2I73sFeJ/Xjcz8XWYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4KjYEf/nlVdK6rPte3b+3adzAHGU4gTOogQ9X0IA7aEIABEbwBK/w5gjnxXl3PuatJWcxcwx/4Hz+AMi8jtY=</latexit><latexit sha1_base64="AGKWIi7rwagcgKrspsLaDiMbykI=">AAAB63icbVA9SwNBEJ3zM8avqKUWi0GITbiz0cIiYGMZwUsCyRH2NnvJkt29Y3dPCEf+giksFLH1j/gT7Pwh9u4lKTTxwcDjvRlm5oUJZ9q47pezsrq2vrFZ2Cpu7+zu7ZcODhs6ThWhPol5rFoh1pQzSX3DDKetRFEsQk6b4fAm95sPVGkWy3szSmggcF+yiBFscsmveOfdUtmtulOgZeLNSbl2MulUvj8m9W7ps9OLSSqoNIRjrduem5ggw8owwum42Ek1TTAZ4j5tWyqxoDrIpreO0ZlVeiiKlS1p0FT9PZFhofVIhLZTYDPQi14u/ue1UxNdBRmTSWqoJLNFUcqRiVH+OOoxRYnhI0swUczeisgAK0yMjadoQ/AWX14mjYuq51a9O5vGNcxQgGM4hQp4cAk1uIU6+EBgAI/wDC+OcJ6cV+dt1rrizGeO4A+c9x/dk5Ek</latexit><latexit sha1_base64="AGKWIi7rwagcgKrspsLaDiMbykI=">AAAB63icbVA9SwNBEJ3zM8avqKUWi0GITbiz0cIiYGMZwUsCyRH2NnvJkt29Y3dPCEf+giksFLH1j/gT7Pwh9u4lKTTxwcDjvRlm5oUJZ9q47pezsrq2vrFZ2Cpu7+zu7ZcODhs6ThWhPol5rFoh1pQzSX3DDKetRFEsQk6b4fAm95sPVGkWy3szSmggcF+yiBFscsmveOfdUtmtulOgZeLNSbl2MulUvj8m9W7ps9OLSSqoNIRjrduem5ggw8owwum42Ek1TTAZ4j5tWyqxoDrIpreO0ZlVeiiKlS1p0FT9PZFhofVIhLZTYDPQi14u/ue1UxNdBRmTSWqoJLNFUcqRiVH+OOoxRYnhI0swUczeisgAK0yMjadoQ/AWX14mjYuq51a9O5vGNcxQgGM4hQp4cAk1uIU6+EBgAI/wDC+OcJ6cV+dt1rrizGeO4A+c9x/dk5Ek</latexit><latexit sha1_base64="d8N/bxoi5ZkufiYJCAoQGyusZaQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkriRQ8eCl48VjBtoQ1ls920S3c3YXcjlNC/4MWDIl79Q978N27SHLT1wcDjvRlm5oUJZ9q47rdT2djc2t6p7tb29g8Oj+rHJ10dp4pQn8Q8Vv0Qa8qZpL5hhtN+oigWIae9cHaX+70nqjSL5aOZJzQQeCJZxAg2ueQ3vctRveG23AJonXglaUCJzqj+NRzHJBVUGsKx1gPPTUyQYWUY4XRRG6aaJpjM8IQOLJVYUB1kxa0LdGGVMYpiZUsaVKi/JzIstJ6L0HYKbKZ61cvF/7xBaqKbIGMySQ2VZLkoSjkyMcofR2OmKDF8bgkmitlbEZlihYmx8dRsCN7qy+uke9Xy3Jb34Dbat2UcVTiDc2iCB9fQhnvogA8EpvAMr/DmCOfFeXc+lq0Vp5w5hT9wPn8A42iNbw==</latexit>

Uµ
<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

  Necessary to make infinite number of gauge field dof finite in order 
to perform any computation in finite time 



Gauge Field Digitization

 E.g., gauge link
             to be in  

       described by a circle
 Digitize by sampling over the circle:

✓
<latexit sha1_base64="J45EWyTOJte57ktRaDuTlQ9nsLk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP4jiIsARRzrt1xtu052DrBKvJA0o0e7Xv4KBYnnCU2SSGuN7boZhQTUKJvm0FuSGZ5SN6ZD7lqY04SYs5idPyZlVBiRW2laKZK7+nihoYswkiWxnQnFklr2Z+J/n5xhfh4VIsxx5yhaL4lwSVGT2PxkIzRnKiSWUaWFvJWxENWVoU6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAgYJneIU3B50X5935WLRWnHLmGP7A+fwBn2aRdg==</latexit><latexit sha1_base64="J45EWyTOJte57ktRaDuTlQ9nsLk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP4jiIsARRzrt1xtu052DrBKvJA0o0e7Xv4KBYnnCU2SSGuN7boZhQTUKJvm0FuSGZ5SN6ZD7lqY04SYs5idPyZlVBiRW2laKZK7+nihoYswkiWxnQnFklr2Z+J/n5xhfh4VIsxx5yhaL4lwSVGT2PxkIzRnKiSWUaWFvJWxENWVoU6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAgYJneIU3B50X5935WLRWnHLmGP7A+fwBn2aRdg==</latexit><latexit sha1_base64="J45EWyTOJte57ktRaDuTlQ9nsLk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP4jiIsARRzrt1xtu052DrBKvJA0o0e7Xv4KBYnnCU2SSGuN7boZhQTUKJvm0FuSGZ5SN6ZD7lqY04SYs5idPyZlVBiRW2laKZK7+nihoYswkiWxnQnFklr2Z+J/n5xhfh4VIsxx5yhaL4lwSVGT2PxkIzRnKiSWUaWFvJWxENWVoU6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAgYJneIU3B50X5935WLRWnHLmGP7A+fwBn2aRdg==</latexit><latexit sha1_base64="J45EWyTOJte57ktRaDuTlQ9nsLk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP4jiIsARRzrt1xtu052DrBKvJA0o0e7Xv4KBYnnCU2SSGuN7boZhQTUKJvm0FuSGZ5SN6ZD7lqY04SYs5idPyZlVBiRW2laKZK7+nihoYswkiWxnQnFklr2Z+J/n5xhfh4VIsxx5yhaL4lwSVGT2PxkIzRnKiSWUaWFvJWxENWVoU6rZELzll1dJ96LpuU3v/rLRuinjqMIJnMI5eHAFLbiDNnSAgYJneIU3B50X5935WLRWnHLmGP7A+fwBn2aRdg==</latexit>

  Each gauge field at a specific spacetime point,      , is an element of         
a continuous group           infinite number of dof

xµ
<latexit sha1_base64="1i9mRh+9MI1Q2d5ogDp8e3AhjlE=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2NgIEc0HJEfY20ySJbt7x+6eGI78CBsLRWz9PXZ2/hQ3H4UmPhh4vDfDzLwoEdxY3//yciura+sb+c3C1vbO7l5x/6Bu4lQzrLFYxLoZUYOCK6xZbgU2E41URgIb0fBq4jceUBseq3s7SjCUtK94jzNqndR47GRtmY47xZJf9qcgyySYk1KF3Nx9A0C1U/xsd2OWSlSWCWpMK/ATG2ZUW84Ejgvt1GBC2ZD2seWoohJNmE3PHZMTp3RJL9aulCVT9fdERqUxIxm5TkntwCx6E/E/r5Xa3kWYcZWkFhWbLeqlgtiYTH4nXa6RWTFyhDLN3a2EDaimzLqECi6EYPHlZVI/Kwd+Obh1aVzCDHk4gmM4hQDOoQLXUIUaMBjCE7zAq5d4z96b9z5rzXnzmUP4A+/jBzs0kaM=</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0j/9Ngg1jwQpgF/i+DpM7tdoVAQ=">AAAB43icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHUomvdOG5jEkGbEM/RFuXCjif3LnvzF9LLT1QODjnITce5JMcOvC8DsobW3v7O6V9ysH1cOj49pJtW11bhi2mBbadBNqUXCFLcedwG5mkMpEYCeZ3M3zzhMay7V6dNMMY0lHiqecUeetzvOg6Mt8NqjVw0a4ENmEaAV1WKk5qH31h5rlEpVjglrbi8LMxQU1jjOBs0o/t5hRNqEj7HlUVKKNi8W4M3LhnSFJtfFHObJwf78oqLR2KhN/U1I3tuvZ3Pwv6+UuvYkLrrLcoWLLj9JcEKfJfHcy5AaZE1MPlBnuZyVsTA1lzjdU8SVE6ytvQvuqEYWN6CGEMpzBOVxCBNdwC/fQhBYwmMALvMF7kAWvwceyrlKw6u0U/ij4/AGEO450</latexit><latexit sha1_base64="0j/9Ngg1jwQpgF/i+DpM7tdoVAQ=">AAAB43icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHUomvdOG5jEkGbEM/RFuXCjif3LnvzF9LLT1QODjnITce5JMcOvC8DsobW3v7O6V9ysH1cOj49pJtW11bhi2mBbadBNqUXCFLcedwG5mkMpEYCeZ3M3zzhMay7V6dNMMY0lHiqecUeetzvOg6Mt8NqjVw0a4ENmEaAV1WKk5qH31h5rlEpVjglrbi8LMxQU1jjOBs0o/t5hRNqEj7HlUVKKNi8W4M3LhnSFJtfFHObJwf78oqLR2KhN/U1I3tuvZ3Pwv6+UuvYkLrrLcoWLLj9JcEKfJfHcy5AaZE1MPlBnuZyVsTA1lzjdU8SVE6ytvQvuqEYWN6CGEMpzBOVxCBNdwC/fQhBYwmMALvMF7kAWvwceyrlKw6u0U/ij4/AGEO450</latexit><latexit sha1_base64="J13wL2EdL0OFTCycSEF9sHQE9L4=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhGMImQHGFvs5cs2d07dufEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZF6VSWPT9b6+0tr6xuVXeruzs7u0fVA+P2jbJDOMtlsjEPETUcik0b6FAyR9Sw6mKJO9E45uZ33nkxopE3+Mk5aGiQy1iwSg6qfPUz3sqm/arNb/uz0FWSVCQGhRo9qtfvUHCMsU1Mkmt7QZ+imFODQom+bTSyyxPKRvTIe86qqniNszn507JmVMGJE6MK41krv6eyKmydqIi16kojuyyNxP/87oZxldhLnSaIddssSjOJMGEzH4nA2E4QzlxhDIj3K2EjaihDF1CFRdCsPzyKmlf1AO/Htz5tcZ1EUcZTuAUziGAS2jALTShBQzG8Ayv8Oal3ov37n0sWkteMXMMf+B9/gCzuo/D</latexit><latexit sha1_base64="J13wL2EdL0OFTCycSEF9sHQE9L4=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhGMImQHGFvs5cs2d07dufEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZF6VSWPT9b6+0tr6xuVXeruzs7u0fVA+P2jbJDOMtlsjEPETUcik0b6FAyR9Sw6mKJO9E45uZ33nkxopE3+Mk5aGiQy1iwSg6qfPUz3sqm/arNb/uz0FWSVCQGhRo9qtfvUHCMsU1Mkmt7QZ+imFODQom+bTSyyxPKRvTIe86qqniNszn507JmVMGJE6MK41krv6eyKmydqIi16kojuyyNxP/87oZxldhLnSaIddssSjOJMGEzH4nA2E4QzlxhDIj3K2EjaihDF1CFRdCsPzyKmlf1AO/Htz5tcZ1EUcZTuAUziGAS2jALTShBQzG8Ayv8Oal3ov37n0sWkteMXMMf+B9/gCzuo/D</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="f9LJA/4xGqLi0vEQIWFKAHj0oYs=">AAAB7nicbVDJSgNBEK1xjXGLevTSGARPYcaLHjwEBPEiRDQLJEPo6fQkzXT3DL2IYchHePGgiFe/x5tf4S/YWQ6a+KDg8V4VVfWijDNtfP/LW1peWV1bL2wUN7e2d3ZLe/sNnVpFaJ2kPFWtCGvKmaR1wwynrUxRLCJOm1FyOfabD1Rplsp7M8xoKHBfspgRbJzUfOzmHWFH3VLZr/gToEUSzEi5im7uvpPwqtYtfXZ6KbGCSkM41rod+JkJc6wMI5yOih2raYZJgvu07ajEguown5w7QsdO6aE4Va6kQRP190SOhdZDEblOgc1Az3tj8T+vbU18HuZMZtZQSaaLYsuRSdH4d9RjihLDh45gopi7FZEBVpgYl1DRhRDMv7xIGqeVwK8Ety6NC5iiAIdwBCcQwBlU4RpqUAcCCTzBC7x6mffsvXnv09YlbzZzAH/gffwAuESSwA==</latexit><latexit sha1_base64="J13wL2EdL0OFTCycSEF9sHQE9L4=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhGMImQHGFvs5cs2d07dufEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZF6VSWPT9b6+0tr6xuVXeruzs7u0fVA+P2jbJDOMtlsjEPETUcik0b6FAyR9Sw6mKJO9E45uZ33nkxopE3+Mk5aGiQy1iwSg6qfPUz3sqm/arNb/uz0FWSVCQGhRo9qtfvUHCMsU1Mkmt7QZ+imFODQom+bTSyyxPKRvTIe86qqniNszn507JmVMGJE6MK41krv6eyKmydqIi16kojuyyNxP/87oZxldhLnSaIddssSjOJMGEzH4nA2E4QzlxhDIj3K2EjaihDF1CFRdCsPzyKmlf1AO/Htz5tcZ1EUcZTuAUziGAS2jALTShBQzG8Ayv8Oal3ov37n0sWkteMXMMf+B9/gCzuo/D</latexit>

Uµ = P exp

✓Z
Aµdx

µ

◆

<latexit sha1_base64="vkP9DEKXoxHpw3mPbgk3z5aJwUE="></latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hL5i3mB4RFXXYijwMG0LbO0zxTA=">AAACGHicbVDLSgMxFL3j2/oa3boJFkE3ZcaNIgiKG5cVbBU6Y8mkd9pg5kFyRyxD/8WNv+LGhVLc+Demj4VWD4Qczrkh95woV9KQ5305c/MLi0vLK6uVtfWNzS13e71pskILbIhMZfou4gaVTLFBkhTe5Rp5Eim8jR4uR/7tI2ojs/SG+jmGCe+mMpaCk5Xa7mmjXQZJMWBnLEg49QRXZX0Q4FMeKIzpIJApsYvJTOfpfnwHWnZ7dNh2q17NG4P9Jf6UVGGKetsdBp1MFAmmJBQ3puV7OYUl1ySFwkElKAzmXDzwLrYsTXmCJizHGQds3yodFmfaHrvSWP35ouSJMf0kspOjHGbWG4n/ea2C4pOwlGleEKZi8lFcKEYZGxXGOlKjINW3hAst7a5M9LjmgmytFVuCPxv5L2ke1Xyv5l97sAK7sAcH4MMxnMMV1KEBAp7hFd7hw3lx3pzhpK45Z9rbDvyC8/kNTqCjzg==</latexit><latexit sha1_base64="hL5i3mB4RFXXYijwMG0LbO0zxTA=">AAACGHicbVDLSgMxFL3j2/oa3boJFkE3ZcaNIgiKG5cVbBU6Y8mkd9pg5kFyRyxD/8WNv+LGhVLc+Demj4VWD4Qczrkh95woV9KQ5305c/MLi0vLK6uVtfWNzS13e71pskILbIhMZfou4gaVTLFBkhTe5Rp5Eim8jR4uR/7tI2ojs/SG+jmGCe+mMpaCk5Xa7mmjXQZJMWBnLEg49QRXZX0Q4FMeKIzpIJApsYvJTOfpfnwHWnZ7dNh2q17NG4P9Jf6UVGGKetsdBp1MFAmmJBQ3puV7OYUl1ySFwkElKAzmXDzwLrYsTXmCJizHGQds3yodFmfaHrvSWP35ouSJMf0kspOjHGbWG4n/ea2C4pOwlGleEKZi8lFcKEYZGxXGOlKjINW3hAst7a5M9LjmgmytFVuCPxv5L2ke1Xyv5l97sAK7sAcH4MMxnMMV1KEBAp7hFd7hw3lx3pzhpK45Z9rbDvyC8/kNTqCjzg==</latexit><latexit sha1_base64="dQYphM85kQBY4D3bcjROL62H0KE=">AAACI3icbVDJSgNBEO2JW4xb1KOXxiDES5jxoohCxIvHCGaBTAw9nZqkSc9Cd40kDPkXL/6KFw9K8OLBf7GzHDTxQdOPV6+oqufFUmi07S8rs7K6tr6R3cxtbe/s7uX3D2o6ShSHKo9kpBoe0yBFCFUUKKERK2CBJ6Hu9W8n9foTKC2i8AGHMbQC1g2FLzhDI7Xzl9V26gbJiF5TN2DY40ymlZELg9iV4GPRFSHSm5mnM3ic/q4S3R6etvMFu2RPQZeJMycFMkelnR+7nYgnAYTIJdO66dgxtlKmUHAJo5ybaIgZ77MuNA0NWQC6lU5vHNETo3SoHynzzEpT9XdHygKth4FnnJM79GJtIv5XayboX7RSEcYJQshng/xEUozoJDDaEQo4yqEhjCthdqW8xxTjaGLNmRCcxZOXSe2s5Ngl594ulK/mcWTJETkmReKQc1Imd6RCqoSTZ/JK3smH9WK9WWPrc2bNWPOeQ/IH1vcPYc2lUg==</latexit><latexit sha1_base64="dQYphM85kQBY4D3bcjROL62H0KE=">AAACI3icbVDJSgNBEO2JW4xb1KOXxiDES5jxoohCxIvHCGaBTAw9nZqkSc9Cd40kDPkXL/6KFw9K8OLBf7GzHDTxQdOPV6+oqufFUmi07S8rs7K6tr6R3cxtbe/s7uX3D2o6ShSHKo9kpBoe0yBFCFUUKKERK2CBJ6Hu9W8n9foTKC2i8AGHMbQC1g2FLzhDI7Xzl9V26gbJiF5TN2DY40ymlZELg9iV4GPRFSHSm5mnM3ic/q4S3R6etvMFu2RPQZeJMycFMkelnR+7nYgnAYTIJdO66dgxtlKmUHAJo5ybaIgZ77MuNA0NWQC6lU5vHNETo3SoHynzzEpT9XdHygKth4FnnJM79GJtIv5XayboX7RSEcYJQshng/xEUozoJDDaEQo4yqEhjCthdqW8xxTjaGLNmRCcxZOXSe2s5Ngl594ulK/mcWTJETkmReKQc1Imd6RCqoSTZ/JK3smH9WK9WWPrc2bNWPOeQ/IH1vcPYc2lUg==</latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="bFHNtvUkzQ1ztjtgA7kexGY+dQs="></latexit><latexit sha1_base64="dQYphM85kQBY4D3bcjROL62H0KE=">AAACI3icbVDJSgNBEO2JW4xb1KOXxiDES5jxoohCxIvHCGaBTAw9nZqkSc9Cd40kDPkXL/6KFw9K8OLBf7GzHDTxQdOPV6+oqufFUmi07S8rs7K6tr6R3cxtbe/s7uX3D2o6ShSHKo9kpBoe0yBFCFUUKKERK2CBJ6Hu9W8n9foTKC2i8AGHMbQC1g2FLzhDI7Xzl9V26gbJiF5TN2DY40ymlZELg9iV4GPRFSHSm5mnM3ic/q4S3R6etvMFu2RPQZeJMycFMkelnR+7nYgnAYTIJdO66dgxtlKmUHAJo5ybaIgZ77MuNA0NWQC6lU5vHNETo3SoHynzzEpT9XdHygKth4FnnJM79GJtIv5XayboX7RSEcYJQshng/xEUozoJDDaEQo4yqEhjCthdqW8xxTjaGLNmRCcxZOXSe2s5Ngl594ulK/mcWTJETkmReKQc1Imd6RCqoSTZ/JK3smH9WK9WWPrc2bNWPOeQ/IH1vcPYc2lUg==</latexit>U(1)
<latexit sha1_base64="P9CIw+RYfmaUpwjusZOzT0YVbDk=">AAAB63icbVA9SwNBEJ2LXzF+nVpqsRiE2IQ7Gy0sAjaWEbwkkBxhb7OXLNndO3b3hHDkL2hhoYitf8jOf+NekkITHww83pthZl6UcqaN5307pbX1jc2t8nZlZ3dv/8A9PGrpJFOEBiThiepEWFPOJA0MM5x2UkWxiDhtR+Pbwm8/UqVZIh/MJKWhwEPJYkawKaSg5l/03apX92ZAq8RfkGrj9LmHAKDZd796g4RkgkpDONa663upCXOsDCOcTiu9TNMUkzEe0q6lEguqw3x26xSdW2WA4kTZkgbN1N8TORZaT0RkOwU2I73sFeJ/Xjcz8XWYM5lmhkoyXxRnHJkEFY+jAVOUGD6xBBPF7K2IjLDCxNh4KjYEf/nlVdK6rPte3b+3adzAHGU4gTOogQ9X0IA7aEIABEbwBK/w5gjnxXl3PuatJWcxcwx/4Hz+AMi8jtY=</latexit><latexit sha1_base64="AGKWIi7rwagcgKrspsLaDiMbykI=">AAAB63icbVA9SwNBEJ3zM8avqKUWi0GITbiz0cIiYGMZwUsCyRH2NnvJkt29Y3dPCEf+giksFLH1j/gT7Pwh9u4lKTTxwcDjvRlm5oUJZ9q47pezsrq2vrFZ2Cpu7+zu7ZcODhs6ThWhPol5rFoh1pQzSX3DDKetRFEsQk6b4fAm95sPVGkWy3szSmggcF+yiBFscsmveOfdUtmtulOgZeLNSbl2MulUvj8m9W7ps9OLSSqoNIRjrduem5ggw8owwum42Ek1TTAZ4j5tWyqxoDrIpreO0ZlVeiiKlS1p0FT9PZFhofVIhLZTYDPQi14u/ue1UxNdBRmTSWqoJLNFUcqRiVH+OOoxRYnhI0swUczeisgAK0yMjadoQ/AWX14mjYuq51a9O5vGNcxQgGM4hQp4cAk1uIU6+EBgAI/wDC+OcJ6cV+dt1rrizGeO4A+c9x/dk5Ek</latexit><latexit sha1_base64="AGKWIi7rwagcgKrspsLaDiMbykI=">AAAB63icbVA9SwNBEJ3zM8avqKUWi0GITbiz0cIiYGMZwUsCyRH2NnvJkt29Y3dPCEf+giksFLH1j/gT7Pwh9u4lKTTxwcDjvRlm5oUJZ9q47pezsrq2vrFZ2Cpu7+zu7ZcODhs6ThWhPol5rFoh1pQzSX3DDKetRFEsQk6b4fAm95sPVGkWy3szSmggcF+yiBFscsmveOfdUtmtulOgZeLNSbl2MulUvj8m9W7ps9OLSSqoNIRjrduem5ggw8owwum42Ek1TTAZ4j5tWyqxoDrIpreO0ZlVeiiKlS1p0FT9PZFhofVIhLZTYDPQi14u/ue1UxNdBRmTSWqoJLNFUcqRiVH+OOoxRYnhI0swUczeisgAK0yMjadoQ/AWX14mjYuq51a9O5vGNcxQgGM4hQp4cAk1uIU6+EBgAI/wDC+OcJ6cV+dt1rrizGeO4A+c9x/dk5Ek</latexit><latexit sha1_base64="d8N/bxoi5ZkufiYJCAoQGyusZaQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkriRQ8eCl48VjBtoQ1ls920S3c3YXcjlNC/4MWDIl79Q978N27SHLT1wcDjvRlm5oUJZ9q47rdT2djc2t6p7tb29g8Oj+rHJ10dp4pQn8Q8Vv0Qa8qZpL5hhtN+oigWIae9cHaX+70nqjSL5aOZJzQQeCJZxAg2ueQ3vctRveG23AJonXglaUCJzqj+NRzHJBVUGsKx1gPPTUyQYWUY4XRRG6aaJpjM8IQOLJVYUB1kxa0LdGGVMYpiZUsaVKi/JzIstJ6L0HYKbKZ61cvF/7xBaqKbIGMySQ2VZLkoSjkyMcofR2OmKDF8bgkmitlbEZlihYmx8dRsCN7qy+uke9Xy3Jb34Dbat2UcVTiDc2iCB9fQhnvogA8EpvAMr/DmCOfFeXc+lq0Vp5w5hT9wPn8A42iNbw==</latexit>

Uµ
<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

  Necessary to make infinite number of gauge field dof finite in order 
to perform any computation in finite time 



Gauge Field Digitization: Classical LGT
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  Each gauge field at a specific spacetime point,      , is an element of         
a continuous group           infinite number of dof
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  Necessary to make infinite number of gauge field dof finite in order 
to perform any computation in finite time 



Gauge Field Digitization: Classical LGT

 Not usually discussed in lattice QCD, 
as each gauge field can have        values 
on a 64-bit machine ✓
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  Each gauge field at a specific spacetime point,      , is an element of         
a continuous group           infinite number of dof
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  Necessary to make infinite number of gauge field dof finite in order 
to perform any computation in finite time 



Gauge Field Digitization: Classical LGT

 Not usually discussed in lattice QCD, 
as each gauge field can have        values 
on a 64-bit machine ✓
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  Each gauge field at a specific spacetime point,      , is an element of         
a continuous group           infinite number of dof
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  Necessary to make infinite number of gauge field dof finite in order 
to perform any computation in finite time 



Gauge Field Digitization: Classical LGT

 Not usually discussed in lattice QCD, 
as each gauge field can have        values 
on a 64-bit machine 
 Importance sampling means don’t    
need to integrate over all values.
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  Each gauge field at a specific spacetime point,      , is an element of         
a continuous group           infinite number of dof

xµ
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  Necessary to make infinite number of gauge field dof finite in order 
to perform any computation in finite time 



Gauge Field Digitization: SU(2)
<latexit sha1_base64="bUx6RK1dtOmTqL+zmHSDTa08G8k=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NNldkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZyF1NdOctmNJsfA5bfmj88xv3VGpWBTe6HFMPYEHIQsYwdpIt12B9VCK9NqdVGrHvVLZrto50Dxxfki5fvR1UgeARq/00e1HJBE01IRjpTqOHWsvxVIzwumk2E0UjTEZ4QHtGBpiQZWX5qkn6NAofRRE0pxQo1z9vZFiodRY+GYyS6lmvUz8z+skOjjzUhbGiaYhmT4UJBzpCGUVoD6TlGg+NgQTyUxWRIZYYqJNUUVTgjP75XnSrFUdu+pcmTYuHiBHAfbhACrgwCnU4RIa4AIBCY/wDC/WvfVkvVpv09EFa3rDHvyB9f4NaXiUWg==</latexit><latexit sha1_base64="lUrvgTvq2qzvaAoTOx5VVRqQwzM=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NJtdkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfmj88xv3VGpWCRu9DimXogHggWMYG2k226I9VCG6bU7qdSOe6WyXbVzoHni/JBy/ejrJEOjV/ro9iOShFRowrFSHceOtZdiqRnhdFLsJorGmIzwgHYMFTikykvz1BN0aJQ+CiJpjtAoV39vpDhUahz6ZjJLqWa9TPzP6yQ6OPNSJuJEU0GmDwUJRzpCWQWozyQlmo8NwUQykxWRIZaYaFNU0ZTgzH55njRrVceuOlemjYsHyFGAfTiACjhwCnW4hAa4QEDCIzzDi3VvPVmv1tt0dMGa3rAHf2C9fwMkdZTm</latexit><latexit sha1_base64="lUrvgTvq2qzvaAoTOx5VVRqQwzM=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NJtdkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfmj88xv3VGpWCRu9DimXogHggWMYG2k226I9VCG6bU7qdSOe6WyXbVzoHni/JBy/ejrJEOjV/ro9iOShFRowrFSHceOtZdiqRnhdFLsJorGmIzwgHYMFTikykvz1BN0aJQ+CiJpjtAoV39vpDhUahz6ZjJLqWa9TPzP6yQ6OPNSJuJEU0GmDwUJRzpCWQWozyQlmo8NwUQykxWRIZaYaFNU0ZTgzH55njRrVceuOlemjYsHyFGAfTiACjhwCnW4hAa4QEDCIzzDi3VvPVmv1tt0dMGa3rAHf2C9fwMkdZTm</latexit><latexit sha1_base64="kdMVwl1q/M/GSh97VPumik9jIOQ=">AAAB9XicbVBNSwMxFHzrZ61fVY9egkWol7Lbix4Lgnis6LaFdi3ZNNuGJtklySplKfgzvHhQxKv/xZv/xmzbg7YOPBhm3iOTCRPOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWcKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC0WXutx6o0iyWd2ac0EDggWQRI9hY6b4rsBkqkd36k0rtrFcqu1V3CrRMvDkpwxyNXumr249JKqg0hGOtO56bmCDDyjDC6aTYTTVNMBnhAe1YKrGgOsimqSfo1Cp9FMXKjjRoqv6+yLDQeixCu5mn1IteLv7ndVITXQQZk0lqqCSzh6KUIxOjvALUZ4oSw8eWYKKYzYrIECtMjC2qaEvwFr+8TJq1qudWvRu3XL96mtVRgGM4gQp4cA51uIYG+EBAwTO8wpvz6Lw4787HbHXFmVd4BH/gfP4A+6CSjg==</latexit>

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 



Gauge Field Digitization: SU(2)
<latexit sha1_base64="bUx6RK1dtOmTqL+zmHSDTa08G8k=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NNldkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZyF1NdOctmNJsfA5bfmj88xv3VGpWBTe6HFMPYEHIQsYwdpIt12B9VCK9NqdVGrHvVLZrto50Dxxfki5fvR1UgeARq/00e1HJBE01IRjpTqOHWsvxVIzwumk2E0UjTEZ4QHtGBpiQZWX5qkn6NAofRRE0pxQo1z9vZFiodRY+GYyS6lmvUz8z+skOjjzUhbGiaYhmT4UJBzpCGUVoD6TlGg+NgQTyUxWRIZYYqJNUUVTgjP75XnSrFUdu+pcmTYuHiBHAfbhACrgwCnU4RIa4AIBCY/wDC/WvfVkvVpv09EFa3rDHvyB9f4NaXiUWg==</latexit><latexit sha1_base64="lUrvgTvq2qzvaAoTOx5VVRqQwzM=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NJtdkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfmj88xv3VGpWCRu9DimXogHggWMYG2k226I9VCG6bU7qdSOe6WyXbVzoHni/JBy/ejrJEOjV/ro9iOShFRowrFSHceOtZdiqRnhdFLsJorGmIzwgHYMFTikykvz1BN0aJQ+CiJpjtAoV39vpDhUahz6ZjJLqWa9TPzP6yQ6OPNSJuJEU0GmDwUJRzpCWQWozyQlmo8NwUQykxWRIZaYaFNU0ZTgzH55njRrVceuOlemjYsHyFGAfTiACjhwCnW4hAa4QEDCIzzDi3VvPVmv1tt0dMGa3rAHf2C9fwMkdZTm</latexit><latexit sha1_base64="lUrvgTvq2qzvaAoTOx5VVRqQwzM=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NJtdkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfmj88xv3VGpWCRu9DimXogHggWMYG2k226I9VCG6bU7qdSOe6WyXbVzoHni/JBy/ejrJEOjV/ro9iOShFRowrFSHceOtZdiqRnhdFLsJorGmIzwgHYMFTikykvz1BN0aJQ+CiJpjtAoV39vpDhUahz6ZjJLqWa9TPzP6yQ6OPNSJuJEU0GmDwUJRzpCWQWozyQlmo8NwUQykxWRIZaYaFNU0ZTgzH55njRrVceuOlemjYsHyFGAfTiACjhwCnW4hAa4QEDCIzzDi3VvPVmv1tt0dMGa3rAHf2C9fwMkdZTm</latexit><latexit sha1_base64="kdMVwl1q/M/GSh97VPumik9jIOQ=">AAAB9XicbVBNSwMxFHzrZ61fVY9egkWol7Lbix4Lgnis6LaFdi3ZNNuGJtklySplKfgzvHhQxKv/xZv/xmzbg7YOPBhm3iOTCRPOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWcKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC0WXutx6o0iyWd2ac0EDggWQRI9hY6b4rsBkqkd36k0rtrFcqu1V3CrRMvDkpwxyNXumr249JKqg0hGOtO56bmCDDyjDC6aTYTTVNMBnhAe1YKrGgOsimqSfo1Cp9FMXKjjRoqv6+yLDQeixCu5mn1IteLv7ndVITXQQZk0lqqCSzh6KUIxOjvALUZ4oSw8eWYKKYzYrIECtMjC2qaEvwFr+8TJq1qudWvRu3XL96mtVRgGM4gQp4cA51uIYG+EBAwTO8wpvz6Lw4787HbHXFmVd4BH/gfP4A+6CSjg==</latexit>

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>



Gauge Field Digitization: SU(2)
<latexit sha1_base64="bUx6RK1dtOmTqL+zmHSDTa08G8k=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NNldkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZyF1NdOctmNJsfA5bfmj88xv3VGpWBTe6HFMPYEHIQsYwdpIt12B9VCK9NqdVGrHvVLZrto50Dxxfki5fvR1UgeARq/00e1HJBE01IRjpTqOHWsvxVIzwumk2E0UjTEZ4QHtGBpiQZWX5qkn6NAofRRE0pxQo1z9vZFiodRY+GYyS6lmvUz8z+skOjjzUhbGiaYhmT4UJBzpCGUVoD6TlGg+NgQTyUxWRIZYYqJNUUVTgjP75XnSrFUdu+pcmTYuHiBHAfbhACrgwCnU4RIa4AIBCY/wDC/WvfVkvVpv09EFa3rDHvyB9f4NaXiUWg==</latexit><latexit sha1_base64="lUrvgTvq2qzvaAoTOx5VVRqQwzM=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NJtdkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfmj88xv3VGpWCRu9DimXogHggWMYG2k226I9VCG6bU7qdSOe6WyXbVzoHni/JBy/ejrJEOjV/ro9iOShFRowrFSHceOtZdiqRnhdFLsJorGmIzwgHYMFTikykvz1BN0aJQ+CiJpjtAoV39vpDhUahz6ZjJLqWa9TPzP6yQ6OPNSJuJEU0GmDwUJRzpCWQWozyQlmo8NwUQykxWRIZaYaFNU0ZTgzH55njRrVceuOlemjYsHyFGAfTiACjhwCnW4hAa4QEDCIzzDi3VvPVmv1tt0dMGa3rAHf2C9fwMkdZTm</latexit><latexit sha1_base64="lUrvgTvq2qzvaAoTOx5VVRqQwzM=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NJtdkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfmj88xv3VGpWCRu9DimXogHggWMYG2k226I9VCG6bU7qdSOe6WyXbVzoHni/JBy/ejrJEOjV/ro9iOShFRowrFSHceOtZdiqRnhdFLsJorGmIzwgHYMFTikykvz1BN0aJQ+CiJpjtAoV39vpDhUahz6ZjJLqWa9TPzP6yQ6OPNSJuJEU0GmDwUJRzpCWQWozyQlmo8NwUQykxWRIZaYaFNU0ZTgzH55njRrVceuOlemjYsHyFGAfTiACjhwCnW4hAa4QEDCIzzDi3VvPVmv1tt0dMGa3rAHf2C9fwMkdZTm</latexit><latexit sha1_base64="kdMVwl1q/M/GSh97VPumik9jIOQ=">AAAB9XicbVBNSwMxFHzrZ61fVY9egkWol7Lbix4Lgnis6LaFdi3ZNNuGJtklySplKfgzvHhQxKv/xZv/xmzbg7YOPBhm3iOTCRPOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWcKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC0WXutx6o0iyWd2ac0EDggWQRI9hY6b4rsBkqkd36k0rtrFcqu1V3CrRMvDkpwxyNXumr249JKqg0hGOtO56bmCDDyjDC6aTYTTVNMBnhAe1YKrGgOsimqSfo1Cp9FMXKjjRoqv6+yLDQeixCu5mn1IteLv7ndVITXQQZk0lqqCSzh6KUIxOjvALUZ4oSw8eWYKKYzYrIECtMjC2qaEvwFr+8TJq1qudWvRu3XL96mtVRgGM4gQp4cA51uIYG+EBAwTO8wpvz6Lw4787HbHXFmVd4BH/gfP4A+6CSjg==</latexit>

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link
 Each       described by point on three-sphere: Uµ

<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

a2 + b2 + c2 + d2 = 1
<latexit sha1_base64="pAD+97feVhR9MhAxXSLBSGghVJI=">AAAB+nicbVC7SgNBFL1rfMT42mhpMxgEQQi7abRQCNhYRjAPSDZhdnY2GTI7u8zMKmHNp9hYKGLrB9ja2vk3Th6FJh44cDjnXubO8RPOlHacb2slt7q2vpHfLGxt7+zu2cX9hopTSWidxDyWLR8rypmgdc00p61EUhz5nDb94dUkb95RqVgsbvUooV6E+4KFjGBtrJ5dxN3KqW9IDINu5dLt2SWn7EyBloU7F6Vq7rPxAQC1nv3VCWKSRlRowrFSbddJtJdhqRnhdFzopIommAxxn7aNFDiiysump4/RsXECFMbSUGg0dX9vZDhSahT5ZjLCeqAWs4n5X9ZOdXjuZUwkqaaCzB4KU450jCY9oIBJSjQfGYGJZOZWRAZYYqJNWwVTgrv45WXRqJRdp+zemDYuYIY8HMIRnIALZ1CFa6hBHQjcwyM8w4v1YD1Zr9bbbHTFmu8cwB9Y7z8lxJQm</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="t/emrzRixjg/4fijkCC+9/mwU1k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEErSjS4UCm5cVrAPaNMymUzaoZNJmJkoJfZT3LhQxK1f4s6/cdpmoa0HDhzOuZe5c/yEM6Ud59sqrK1vbG4Vt0s7u3v7B3b5sKXiVBLaJDGPZcfHinImaFMzzWknkRRHPqdtf3wzy9sPVCoWi3s9SagX4aFgISNYG2tgl3G/du4bEsOgX7t2B3bFqTpzoFXh5qICORoD+6sXxCSNqNCEY6W6rpNoL8NSM8LptNRLFU0wGeMh7RopcESVl81Pn6JT4wQojKWh0Gju/t7IcKTUJPLNZIT1SC1nM/O/rJvq8NLLmEhSTQVZPBSmHOkYzXpAAZOUaD4xAhPJzK2IjLDERJu2SqYEd/nLq6JVq7pO1b1zKvWrvI4iHMMJnIELF1CHW2hAEwg8wjO8wpv1ZL1Y79bHYrRg5TtH8AfW5w9E9pIE</latexit>

Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>



Gauge Field Digitization: SU(2)
<latexit sha1_base64="bUx6RK1dtOmTqL+zmHSDTa08G8k=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NNldkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZyF1NdOctmNJsfA5bfmj88xv3VGpWBTe6HFMPYEHIQsYwdpIt12B9VCK9NqdVGrHvVLZrto50Dxxfki5fvR1UgeARq/00e1HJBE01IRjpTqOHWsvxVIzwumk2E0UjTEZ4QHtGBpiQZWX5qkn6NAofRRE0pxQo1z9vZFiodRY+GYyS6lmvUz8z+skOjjzUhbGiaYhmT4UJBzpCGUVoD6TlGg+NgQTyUxWRIZYYqJNUUVTgjP75XnSrFUdu+pcmTYuHiBHAfbhACrgwCnU4RIa4AIBCY/wDC/WvfVkvVpv09EFa3rDHvyB9f4NaXiUWg==</latexit><latexit sha1_base64="lUrvgTvq2qzvaAoTOx5VVRqQwzM=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NJtdkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfmj88xv3VGpWCRu9DimXogHggWMYG2k226I9VCG6bU7qdSOe6WyXbVzoHni/JBy/ejrJEOjV/ro9iOShFRowrFSHceOtZdiqRnhdFLsJorGmIzwgHYMFTikykvz1BN0aJQ+CiJpjtAoV39vpDhUahz6ZjJLqWa9TPzP6yQ6OPNSJuJEU0GmDwUJRzpCWQWozyQlmo8NwUQykxWRIZaYaFNU0ZTgzH55njRrVceuOlemjYsHyFGAfTiACjhwCnW4hAa4QEDCIzzDi3VvPVmv1tt0dMGa3rAHf2C9fwMkdZTm</latexit><latexit sha1_base64="lUrvgTvq2qzvaAoTOx5VVRqQwzM=">AAAB9XicbVDNSgMxGPzW31r/qh69BItSL2W3HvRYEMRjRbcttGvJptk2NJtdkqxSloKP4cWDIl59F28+hy9gdutBWwdChpnvI5PxY86Utu1Pa2FxaXlltbBWXN/Y3Nou7ew2VZRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfmj88xv3VGpWCRu9DimXogHggWMYG2k226I9VCG6bU7qdSOe6WyXbVzoHni/JBy/ejrJEOjV/ro9iOShFRowrFSHceOtZdiqRnhdFLsJorGmIzwgHYMFTikykvz1BN0aJQ+CiJpjtAoV39vpDhUahz6ZjJLqWa9TPzP6yQ6OPNSJuJEU0GmDwUJRzpCWQWozyQlmo8NwUQykxWRIZaYaFNU0ZTgzH55njRrVceuOlemjYsHyFGAfTiACjhwCnW4hAa4QEDCIzzDi3VvPVmv1tt0dMGa3rAHf2C9fwMkdZTm</latexit><latexit sha1_base64="kdMVwl1q/M/GSh97VPumik9jIOQ=">AAAB9XicbVBNSwMxFHzrZ61fVY9egkWol7Lbix4Lgnis6LaFdi3ZNNuGJtklySplKfgzvHhQxKv/xZv/xmzbg7YOPBhm3iOTCRPOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWcKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC0WXutx6o0iyWd2ac0EDggWQRI9hY6b4rsBkqkd36k0rtrFcqu1V3CrRMvDkpwxyNXumr249JKqg0hGOtO56bmCDDyjDC6aTYTTVNMBnhAe1YKrGgOsimqSfo1Cp9FMXKjjRoqv6+yLDQeixCu5mn1IteLv7ndVITXQQZk0lqqCSzh6KUIxOjvALUZ4oSw8eWYKKYzYrIECtMjC2qaEvwFr+8TJq1qudWvRu3XL96mtVRgGM4gQp4cA51uIYG+EBAwTO8wpvz6Lw4787HbHXFmVd4BH/gfP4A+6CSjg==</latexit>

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link
 Each       described by point on three-sphere: Uµ

<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

a2 + b2 + c2 + d2 = 1
<latexit sha1_base64="pAD+97feVhR9MhAxXSLBSGghVJI=">AAAB+nicbVC7SgNBFL1rfMT42mhpMxgEQQi7abRQCNhYRjAPSDZhdnY2GTI7u8zMKmHNp9hYKGLrB9ja2vk3Th6FJh44cDjnXubO8RPOlHacb2slt7q2vpHfLGxt7+zu2cX9hopTSWidxDyWLR8rypmgdc00p61EUhz5nDb94dUkb95RqVgsbvUooV6E+4KFjGBtrJ5dxN3KqW9IDINu5dLt2SWn7EyBloU7F6Vq7rPxAQC1nv3VCWKSRlRowrFSbddJtJdhqRnhdFzopIommAxxn7aNFDiiysump4/RsXECFMbSUGg0dX9vZDhSahT5ZjLCeqAWs4n5X9ZOdXjuZUwkqaaCzB4KU450jCY9oIBJSjQfGYGJZOZWRAZYYqJNWwVTgrv45WXRqJRdp+zemDYuYIY8HMIRnIALZ1CFa6hBHQjcwyM8w4v1YD1Zr9bbbHTFmu8cwB9Y7z8lxJQm</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="t/emrzRixjg/4fijkCC+9/mwU1k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEErSjS4UCm5cVrAPaNMymUzaoZNJmJkoJfZT3LhQxK1f4s6/cdpmoa0HDhzOuZe5c/yEM6Ud59sqrK1vbG4Vt0s7u3v7B3b5sKXiVBLaJDGPZcfHinImaFMzzWknkRRHPqdtf3wzy9sPVCoWi3s9SagX4aFgISNYG2tgl3G/du4bEsOgX7t2B3bFqTpzoFXh5qICORoD+6sXxCSNqNCEY6W6rpNoL8NSM8LptNRLFU0wGeMh7RopcESVl81Pn6JT4wQojKWh0Gju/t7IcKTUJPLNZIT1SC1nM/O/rJvq8NLLmEhSTQVZPBSmHOkYzXpAAZOUaD4xAhPJzK2IjLDERJu2SqYEd/nLq6JVq7pO1b1zKvWrvI4iHMMJnIELF1CHW2hAEwg8wjO8wpv1ZL1Y79bHYrRg5TtH8AfW5w9E9pIE</latexit>

Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>



Gauge Field Digitization: 1) Fixed-Point 

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link
 Each       described by point on three-sphere: Uµ

<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

a2 + b2 + c2 + d2 = 1
<latexit sha1_base64="pAD+97feVhR9MhAxXSLBSGghVJI=">AAAB+nicbVC7SgNBFL1rfMT42mhpMxgEQQi7abRQCNhYRjAPSDZhdnY2GTI7u8zMKmHNp9hYKGLrB9ja2vk3Th6FJh44cDjnXubO8RPOlHacb2slt7q2vpHfLGxt7+zu2cX9hopTSWidxDyWLR8rypmgdc00p61EUhz5nDb94dUkb95RqVgsbvUooV6E+4KFjGBtrJ5dxN3KqW9IDINu5dLt2SWn7EyBloU7F6Vq7rPxAQC1nv3VCWKSRlRowrFSbddJtJdhqRnhdFzopIommAxxn7aNFDiiysump4/RsXECFMbSUGg0dX9vZDhSahT5ZjLCeqAWs4n5X9ZOdXjuZUwkqaaCzB4KU450jCY9oIBJSjQfGYGJZOZWRAZYYqJNWwVTgrv45WXRqJRdp+zemDYuYIY8HMIRnIALZ1CFa6hBHQjcwyM8w4v1YD1Zr9bbbHTFmu8cwB9Y7z8lxJQm</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="t/emrzRixjg/4fijkCC+9/mwU1k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEErSjS4UCm5cVrAPaNMymUzaoZNJmJkoJfZT3LhQxK1f4s6/cdpmoa0HDhzOuZe5c/yEM6Ud59sqrK1vbG4Vt0s7u3v7B3b5sKXiVBLaJDGPZcfHinImaFMzzWknkRRHPqdtf3wzy9sPVCoWi3s9SagX4aFgISNYG2tgl3G/du4bEsOgX7t2B3bFqTpzoFXh5qICORoD+6sXxCSNqNCEY6W6rpNoL8NSM8LptNRLFU0wGeMh7RopcESVl81Pn6JT4wQojKWh0Gju/t7IcKTUJPLNZIT1SC1nM/O/rJvq8NLLmEhSTQVZPBSmHOkYzXpAAZOUaD4xAhPJzK2IjLDERJu2SqYEd/nLq6JVq7pO1b1zKvWrvI4iHMMJnIELF1CHW2hAEwg8wjO8wpv1ZL1Y79bHYrRg5TtH8AfW5w9E9pIE</latexit>

Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>



Gauge Field Digitization: 1) Fixed-Point 

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link
 Each       described by point on three-sphere: Uµ

<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

a2 + b2 + c2 + d2 = 1
<latexit sha1_base64="pAD+97feVhR9MhAxXSLBSGghVJI=">AAAB+nicbVC7SgNBFL1rfMT42mhpMxgEQQi7abRQCNhYRjAPSDZhdnY2GTI7u8zMKmHNp9hYKGLrB9ja2vk3Th6FJh44cDjnXubO8RPOlHacb2slt7q2vpHfLGxt7+zu2cX9hopTSWidxDyWLR8rypmgdc00p61EUhz5nDb94dUkb95RqVgsbvUooV6E+4KFjGBtrJ5dxN3KqW9IDINu5dLt2SWn7EyBloU7F6Vq7rPxAQC1nv3VCWKSRlRowrFSbddJtJdhqRnhdFzopIommAxxn7aNFDiiysump4/RsXECFMbSUGg0dX9vZDhSahT5ZjLCeqAWs4n5X9ZOdXjuZUwkqaaCzB4KU450jCY9oIBJSjQfGYGJZOZWRAZYYqJNWwVTgrv45WXRqJRdp+zemDYuYIY8HMIRnIALZ1CFa6hBHQjcwyM8w4v1YD1Zr9bbbHTFmu8cwB9Y7z8lxJQm</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="t/emrzRixjg/4fijkCC+9/mwU1k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEErSjS4UCm5cVrAPaNMymUzaoZNJmJkoJfZT3LhQxK1f4s6/cdpmoa0HDhzOuZe5c/yEM6Ud59sqrK1vbG4Vt0s7u3v7B3b5sKXiVBLaJDGPZcfHinImaFMzzWknkRRHPqdtf3wzy9sPVCoWi3s9SagX4aFgISNYG2tgl3G/du4bEsOgX7t2B3bFqTpzoFXh5qICORoD+6sXxCSNqNCEY6W6rpNoL8NSM8LptNRLFU0wGeMh7RopcESVl81Pn6JT4wQojKWh0Gju/t7IcKTUJPLNZIT1SC1nM/O/rJvq8NLLmEhSTQVZPBSmHOkYzXpAAZOUaD4xAhPJzK2IjLDERJu2SqYEd/nLq6JVq7pO1b1zKvWrvI4iHMMJnIELF1CHW2hAEwg8wjO8wpv1ZL1Y79bHYrRg5TtH8AfW5w9E9pIE</latexit>

Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>

  Take the 64-bit values of a, b and c
<latexit sha1_base64="6nvd3WeGyYh6dweY8DgpqmYfIGQ=">AAAB/HicbVA9SwNBEJ2LXzF+nQZsbBaDYCHhzkYLi4CNZQTzAUmIe3ubZMne3rE7p4Yj/hUbC0Vs/SF2/hs3iYUmPhh4vDfDzLwgkcKg5305uaXlldW1/HphY3Nre8fd3aubONWM11gsY90MqOFSKF5DgZI3E81pFEjeCIaXE79xx7URsbrBUcI7Ee0r0ROMopW6bpGekIC0kT9gRqgKyZiwrlvyyt4UZJH4P6RU2a/f3wJAtet+tsOYpRFXyCQ1puV7CXYyqlEwyceFdmp4QtmQ9nnLUkUjbjrZ9PgxObJKSHqxtqWQTNXfExmNjBlFge2MKA7MvDcR//NaKfbOO5lQSYpcsdmiXioJxmSSBAmF5gzlyBLKtLC3EjagmjK0eRVsCP78y4ukflr2vbJ/bdO4gBnycACHcAw+nEEFrqAKNWAwgid4gVfn0Xl23pz3WWvO+Zkpwh84H9/2jpUg</latexit><latexit sha1_base64="W/VISdA5b/AffbcFLqnVH1i0YbA=">AAAB/HicbVDLSsNAFJ3UV62vaMGNm8EiuJCSuNGFi4IblxXsA9pQJpNJO3QyCTM3agj1V7pxoYhbP8SdH+B/OH0stPXAhcM593LvPX4iuAbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqihr0FjEqu0TzQSXrAEcBGsnipHIF6zlD68nfuueKc1jeQdZwryI9CUPOSVgpJ5dJmfYx11gj5BjIgM8wrRnV5yqMwVeJu6cVGqHzYck+x7Xe/ZnN4hpGjEJVBCtO66TgJcTBZwKNip1U80SQoekzzqGShIx7eXT40f4xCgBDmNlSgKeqr8nchJpnUW+6YwIDPSiNxH/8zophJdezmWSApN0tihMBYYYT5LAAVeMgsgMIVRxcyumA6IIBZNXyYTgLr68TJrnVdepurcmjSs0QxEdoWN0ilx0gWroBtVRA1GUoTF6Qa/Wk/VsvVnvs9aCNZ8poz+wPn4AtBOXLQ==</latexit><latexit sha1_base64="W/VISdA5b/AffbcFLqnVH1i0YbA=">AAAB/HicbVDLSsNAFJ3UV62vaMGNm8EiuJCSuNGFi4IblxXsA9pQJpNJO3QyCTM3agj1V7pxoYhbP8SdH+B/OH0stPXAhcM593LvPX4iuAbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqihr0FjEqu0TzQSXrAEcBGsnipHIF6zlD68nfuueKc1jeQdZwryI9CUPOSVgpJ5dJmfYx11gj5BjIgM8wrRnV5yqMwVeJu6cVGqHzYck+x7Xe/ZnN4hpGjEJVBCtO66TgJcTBZwKNip1U80SQoekzzqGShIx7eXT40f4xCgBDmNlSgKeqr8nchJpnUW+6YwIDPSiNxH/8zophJdezmWSApN0tihMBYYYT5LAAVeMgsgMIVRxcyumA6IIBZNXyYTgLr68TJrnVdepurcmjSs0QxEdoWN0ilx0gWroBtVRA1GUoTF6Qa/Wk/VsvVnvs9aCNZ8poz+wPn4AtBOXLQ==</latexit><latexit sha1_base64="tFO42lh6oGsISWvgpciPb1KaFLM=">AAAB/HicbVA9SwNBEJ2LXzF+naa0WQyChYQ7Gy0sAjaWEcwHJEfY29skS/b2jt05MRzxr9hYKGLrD7Hz37j5KDTxwcDjvRlm5oWpFAY979sprK1vbG4Vt0s7u3v7B+7hUdMkmWa8wRKZ6HZIDZdC8QYKlLydak7jUPJWOLqZ+q0Hro1I1D2OUx7EdKBEXzCKVuq5ZXpOQtJF/og5oSoiE8J6bsWrejOQVeIvSAUWqPfcr26UsCzmCpmkxnR8L8UgpxoFk3xS6maGp5SN6IB3LFU05ibIZ8dPyKlVItJPtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XybB/FeRCpRlyxeaL+pkkmJBpEiQSmjOUY0so08LeStiQasrQ5lWyIfjLL6+S5kXV96r+nVepXS/iKMIxnMAZ+HAJNbiFOjSAwRie4RXenCfnxXl3PuatBWcxU4Y/cD5/AOwDk50=</latexit>



Gauge Field Digitization: 1) Fixed-Point 

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link
 Each       described by point on three-sphere: Uµ

<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

a2 + b2 + c2 + d2 = 1
<latexit sha1_base64="pAD+97feVhR9MhAxXSLBSGghVJI=">AAAB+nicbVC7SgNBFL1rfMT42mhpMxgEQQi7abRQCNhYRjAPSDZhdnY2GTI7u8zMKmHNp9hYKGLrB9ja2vk3Th6FJh44cDjnXubO8RPOlHacb2slt7q2vpHfLGxt7+zu2cX9hopTSWidxDyWLR8rypmgdc00p61EUhz5nDb94dUkb95RqVgsbvUooV6E+4KFjGBtrJ5dxN3KqW9IDINu5dLt2SWn7EyBloU7F6Vq7rPxAQC1nv3VCWKSRlRowrFSbddJtJdhqRnhdFzopIommAxxn7aNFDiiysump4/RsXECFMbSUGg0dX9vZDhSahT5ZjLCeqAWs4n5X9ZOdXjuZUwkqaaCzB4KU450jCY9oIBJSjQfGYGJZOZWRAZYYqJNWwVTgrv45WXRqJRdp+zemDYuYIY8HMIRnIALZ1CFa6hBHQjcwyM8w4v1YD1Zr9bbbHTFmu8cwB9Y7z8lxJQm</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="t/emrzRixjg/4fijkCC+9/mwU1k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEErSjS4UCm5cVrAPaNMymUzaoZNJmJkoJfZT3LhQxK1f4s6/cdpmoa0HDhzOuZe5c/yEM6Ud59sqrK1vbG4Vt0s7u3v7B3b5sKXiVBLaJDGPZcfHinImaFMzzWknkRRHPqdtf3wzy9sPVCoWi3s9SagX4aFgISNYG2tgl3G/du4bEsOgX7t2B3bFqTpzoFXh5qICORoD+6sXxCSNqNCEY6W6rpNoL8NSM8LptNRLFU0wGeMh7RopcESVl81Pn6JT4wQojKWh0Gju/t7IcKTUJPLNZIT1SC1nM/O/rJvq8NLLmEhSTQVZPBSmHOkYzXpAAZOUaD4xAhPJzK2IjLDERJu2SqYEd/nLq6JVq7pO1b1zKvWrvI4iHMMJnIELF1CHW2hAEwg8wjO8wpv1ZL1Y79bHYrRg5TtH8AfW5w9E9pIE</latexit>

Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>

  Take the 64-bit values of 
  Project these to   -bit numbers 

a, b and c
<latexit sha1_base64="6nvd3WeGyYh6dweY8DgpqmYfIGQ=">AAAB/HicbVA9SwNBEJ2LXzF+nQZsbBaDYCHhzkYLi4CNZQTzAUmIe3ubZMne3rE7p4Yj/hUbC0Vs/SF2/hs3iYUmPhh4vDfDzLwgkcKg5305uaXlldW1/HphY3Nre8fd3aubONWM11gsY90MqOFSKF5DgZI3E81pFEjeCIaXE79xx7URsbrBUcI7Ee0r0ROMopW6bpGekIC0kT9gRqgKyZiwrlvyyt4UZJH4P6RU2a/f3wJAtet+tsOYpRFXyCQ1puV7CXYyqlEwyceFdmp4QtmQ9nnLUkUjbjrZ9PgxObJKSHqxtqWQTNXfExmNjBlFge2MKA7MvDcR//NaKfbOO5lQSYpcsdmiXioJxmSSBAmF5gzlyBLKtLC3EjagmjK0eRVsCP78y4ukflr2vbJ/bdO4gBnycACHcAw+nEEFrqAKNWAwgid4gVfn0Xl23pz3WWvO+Zkpwh84H9/2jpUg</latexit><latexit sha1_base64="W/VISdA5b/AffbcFLqnVH1i0YbA=">AAAB/HicbVDLSsNAFJ3UV62vaMGNm8EiuJCSuNGFi4IblxXsA9pQJpNJO3QyCTM3agj1V7pxoYhbP8SdH+B/OH0stPXAhcM593LvPX4iuAbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqihr0FjEqu0TzQSXrAEcBGsnipHIF6zlD68nfuueKc1jeQdZwryI9CUPOSVgpJ5dJmfYx11gj5BjIgM8wrRnV5yqMwVeJu6cVGqHzYck+x7Xe/ZnN4hpGjEJVBCtO66TgJcTBZwKNip1U80SQoekzzqGShIx7eXT40f4xCgBDmNlSgKeqr8nchJpnUW+6YwIDPSiNxH/8zophJdezmWSApN0tihMBYYYT5LAAVeMgsgMIVRxcyumA6IIBZNXyYTgLr68TJrnVdepurcmjSs0QxEdoWN0ilx0gWroBtVRA1GUoTF6Qa/Wk/VsvVnvs9aCNZ8poz+wPn4AtBOXLQ==</latexit><latexit sha1_base64="W/VISdA5b/AffbcFLqnVH1i0YbA=">AAAB/HicbVDLSsNAFJ3UV62vaMGNm8EiuJCSuNGFi4IblxXsA9pQJpNJO3QyCTM3agj1V7pxoYhbP8SdH+B/OH0stPXAhcM593LvPX4iuAbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqihr0FjEqu0TzQSXrAEcBGsnipHIF6zlD68nfuueKc1jeQdZwryI9CUPOSVgpJ5dJmfYx11gj5BjIgM8wrRnV5yqMwVeJu6cVGqHzYck+x7Xe/ZnN4hpGjEJVBCtO66TgJcTBZwKNip1U80SQoekzzqGShIx7eXT40f4xCgBDmNlSgKeqr8nchJpnUW+6YwIDPSiNxH/8zophJdezmWSApN0tihMBYYYT5LAAVeMgsgMIVRxcyumA6IIBZNXyYTgLr68TJrnVdepurcmjSs0QxEdoWN0ilx0gWroBtVRA1GUoTF6Qa/Wk/VsvVnvs9aCNZ8poz+wPn4AtBOXLQ==</latexit><latexit sha1_base64="tFO42lh6oGsISWvgpciPb1KaFLM=">AAAB/HicbVA9SwNBEJ2LXzF+naa0WQyChYQ7Gy0sAjaWEcwHJEfY29skS/b2jt05MRzxr9hYKGLrD7Hz37j5KDTxwcDjvRlm5oWpFAY979sprK1vbG4Vt0s7u3v7B+7hUdMkmWa8wRKZ6HZIDZdC8QYKlLydak7jUPJWOLqZ+q0Hro1I1D2OUx7EdKBEXzCKVuq5ZXpOQtJF/og5oSoiE8J6bsWrejOQVeIvSAUWqPfcr26UsCzmCpmkxnR8L8UgpxoFk3xS6maGp5SN6IB3LFU05ibIZ8dPyKlVItJPtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XybB/FeRCpRlyxeaL+pkkmJBpEiQSmjOUY0so08LeStiQasrQ5lWyIfjLL6+S5kXV96r+nVepXS/iKMIxnMAZ+HAJNbiFOjSAwRie4RXenCfnxXl3PuatBWcxU4Y/cD5/AOwDk50=</latexit>

n
<latexit sha1_base64="K0rw2P2+YkN+F5Cn1z4oG6z0EnI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujRaCARvLBMwFkiXMTs4mY2Znl5lZISwprWwsFLH1TXwFO5/Bl3ByKTTxh4GP/z+HOecEieDauO6Xk1tZXVvfyG8WtrZ3dveK+wcNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQyvJ3nzHpXmsbw1owT9iPYlDzmjxlo12S2W3LI7FVkGbw6lq4/vBwIA1W7xs9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9ti5JGqP1sOuiYnFinR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya88DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3BHsFbXHkZGmdlzy17NbdUuYSZ8nAEx3AKHpxDBW6gCnVggPAIz/Di3DlPzqvzNivNOfOeQ/gj5/0HS1mPeA==</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="U7Y0dtkoB6pNJ4xCsEgQXicq4WI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2Fgm4CWB5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvDAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pK2TTDH0WSIS1Q2pRsEl+oYbgd1UIY1DgZ1wcjf3O0+oNE/kg5mmGMR0JHnEGTVWaslBtebW3QXIOvEKUoMCzUH1qz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tAZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6CXIu08ygZMtFUSaIScj8azLkCpkRU0soU9zeStiYKsqMzaZiQ/BWX14n7au659a9lltr3BZxlOEMzuESPLiGBtxDE3xggPAMr/DmPDovzrvzsWwtOcXMKfyB8/kD1AOM6A==</latexit>



Gauge Field Digitization: 1) Fixed-Point 

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link
 Each       described by point on three-sphere: Uµ

<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

a2 + b2 + c2 + d2 = 1
<latexit sha1_base64="pAD+97feVhR9MhAxXSLBSGghVJI=">AAAB+nicbVC7SgNBFL1rfMT42mhpMxgEQQi7abRQCNhYRjAPSDZhdnY2GTI7u8zMKmHNp9hYKGLrB9ja2vk3Th6FJh44cDjnXubO8RPOlHacb2slt7q2vpHfLGxt7+zu2cX9hopTSWidxDyWLR8rypmgdc00p61EUhz5nDb94dUkb95RqVgsbvUooV6E+4KFjGBtrJ5dxN3KqW9IDINu5dLt2SWn7EyBloU7F6Vq7rPxAQC1nv3VCWKSRlRowrFSbddJtJdhqRnhdFzopIommAxxn7aNFDiiysump4/RsXECFMbSUGg0dX9vZDhSahT5ZjLCeqAWs4n5X9ZOdXjuZUwkqaaCzB4KU450jCY9oIBJSjQfGYGJZOZWRAZYYqJNWwVTgrv45WXRqJRdp+zemDYuYIY8HMIRnIALZ1CFa6hBHQjcwyM8w4v1YD1Zr9bbbHTFmu8cwB9Y7z8lxJQm</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="t/emrzRixjg/4fijkCC+9/mwU1k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEErSjS4UCm5cVrAPaNMymUzaoZNJmJkoJfZT3LhQxK1f4s6/cdpmoa0HDhzOuZe5c/yEM6Ud59sqrK1vbG4Vt0s7u3v7B3b5sKXiVBLaJDGPZcfHinImaFMzzWknkRRHPqdtf3wzy9sPVCoWi3s9SagX4aFgISNYG2tgl3G/du4bEsOgX7t2B3bFqTpzoFXh5qICORoD+6sXxCSNqNCEY6W6rpNoL8NSM8LptNRLFU0wGeMh7RopcESVl81Pn6JT4wQojKWh0Gju/t7IcKTUJPLNZIT1SC1nM/O/rJvq8NLLmEhSTQVZPBSmHOkYzXpAAZOUaD4xAhPJzK2IjLDERJu2SqYEd/nLq6JVq7pO1b1zKvWrvI4iHMMJnIELF1CHW2hAEwg8wjO8wpv1ZL1Y79bHYrRg5TtH8AfW5w9E9pIE</latexit>

Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>

  Take the 64-bit values of 
  Project these to   -bit numbers 
  Compute   -bit 

a, b and c
<latexit sha1_base64="6nvd3WeGyYh6dweY8DgpqmYfIGQ=">AAAB/HicbVA9SwNBEJ2LXzF+nQZsbBaDYCHhzkYLi4CNZQTzAUmIe3ubZMne3rE7p4Yj/hUbC0Vs/SF2/hs3iYUmPhh4vDfDzLwgkcKg5305uaXlldW1/HphY3Nre8fd3aubONWM11gsY90MqOFSKF5DgZI3E81pFEjeCIaXE79xx7URsbrBUcI7Ee0r0ROMopW6bpGekIC0kT9gRqgKyZiwrlvyyt4UZJH4P6RU2a/f3wJAtet+tsOYpRFXyCQ1puV7CXYyqlEwyceFdmp4QtmQ9nnLUkUjbjrZ9PgxObJKSHqxtqWQTNXfExmNjBlFge2MKA7MvDcR//NaKfbOO5lQSYpcsdmiXioJxmSSBAmF5gzlyBLKtLC3EjagmjK0eRVsCP78y4ukflr2vbJ/bdO4gBnycACHcAw+nEEFrqAKNWAwgid4gVfn0Xl23pz3WWvO+Zkpwh84H9/2jpUg</latexit><latexit sha1_base64="W/VISdA5b/AffbcFLqnVH1i0YbA=">AAAB/HicbVDLSsNAFJ3UV62vaMGNm8EiuJCSuNGFi4IblxXsA9pQJpNJO3QyCTM3agj1V7pxoYhbP8SdH+B/OH0stPXAhcM593LvPX4iuAbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqihr0FjEqu0TzQSXrAEcBGsnipHIF6zlD68nfuueKc1jeQdZwryI9CUPOSVgpJ5dJmfYx11gj5BjIgM8wrRnV5yqMwVeJu6cVGqHzYck+x7Xe/ZnN4hpGjEJVBCtO66TgJcTBZwKNip1U80SQoekzzqGShIx7eXT40f4xCgBDmNlSgKeqr8nchJpnUW+6YwIDPSiNxH/8zophJdezmWSApN0tihMBYYYT5LAAVeMgsgMIVRxcyumA6IIBZNXyYTgLr68TJrnVdepurcmjSs0QxEdoWN0ilx0gWroBtVRA1GUoTF6Qa/Wk/VsvVnvs9aCNZ8poz+wPn4AtBOXLQ==</latexit><latexit sha1_base64="W/VISdA5b/AffbcFLqnVH1i0YbA=">AAAB/HicbVDLSsNAFJ3UV62vaMGNm8EiuJCSuNGFi4IblxXsA9pQJpNJO3QyCTM3agj1V7pxoYhbP8SdH+B/OH0stPXAhcM593LvPX4iuAbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqihr0FjEqu0TzQSXrAEcBGsnipHIF6zlD68nfuueKc1jeQdZwryI9CUPOSVgpJ5dJmfYx11gj5BjIgM8wrRnV5yqMwVeJu6cVGqHzYck+x7Xe/ZnN4hpGjEJVBCtO66TgJcTBZwKNip1U80SQoekzzqGShIx7eXT40f4xCgBDmNlSgKeqr8nchJpnUW+6YwIDPSiNxH/8zophJdezmWSApN0tihMBYYYT5LAAVeMgsgMIVRxcyumA6IIBZNXyYTgLr68TJrnVdepurcmjSs0QxEdoWN0ilx0gWroBtVRA1GUoTF6Qa/Wk/VsvVnvs9aCNZ8poz+wPn4AtBOXLQ==</latexit><latexit sha1_base64="tFO42lh6oGsISWvgpciPb1KaFLM=">AAAB/HicbVA9SwNBEJ2LXzF+naa0WQyChYQ7Gy0sAjaWEcwHJEfY29skS/b2jt05MRzxr9hYKGLrD7Hz37j5KDTxwcDjvRlm5oWpFAY979sprK1vbG4Vt0s7u3v7B+7hUdMkmWa8wRKZ6HZIDZdC8QYKlLydak7jUPJWOLqZ+q0Hro1I1D2OUx7EdKBEXzCKVuq5ZXpOQtJF/og5oSoiE8J6bsWrejOQVeIvSAUWqPfcr26UsCzmCpmkxnR8L8UgpxoFk3xS6maGp5SN6IB3LFU05ibIZ8dPyKlVItJPtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XybB/FeRCpRlyxeaL+pkkmJBpEiQSmjOUY0so08LeStiQasrQ5lWyIfjLL6+S5kXV96r+nVepXS/iKMIxnMAZ+HAJNbiFOjSAwRie4RXenCfnxXl3PuatBWcxU4Y/cD5/AOwDk50=</latexit>

n
<latexit sha1_base64="K0rw2P2+YkN+F5Cn1z4oG6z0EnI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujRaCARvLBMwFkiXMTs4mY2Znl5lZISwprWwsFLH1TXwFO5/Bl3ByKTTxh4GP/z+HOecEieDauO6Xk1tZXVvfyG8WtrZ3dveK+wcNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQyvJ3nzHpXmsbw1owT9iPYlDzmjxlo12S2W3LI7FVkGbw6lq4/vBwIA1W7xs9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9ti5JGqP1sOuiYnFinR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya88DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3BHsFbXHkZGmdlzy17NbdUuYSZ8nAEx3AKHpxDBW6gCnVggPAIz/Di3DlPzqvzNivNOfOeQ/gj5/0HS1mPeA==</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="U7Y0dtkoB6pNJ4xCsEgQXicq4WI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2Fgm4CWB5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvDAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pK2TTDH0WSIS1Q2pRsEl+oYbgd1UIY1DgZ1wcjf3O0+oNE/kg5mmGMR0JHnEGTVWaslBtebW3QXIOvEKUoMCzUH1qz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tAZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6CXIu08ygZMtFUSaIScj8azLkCpkRU0soU9zeStiYKsqMzaZiQ/BWX14n7au659a9lltr3BZxlOEMzuESPLiGBtxDE3xggPAMr/DmPDovzrvzsWwtOcXMKfyB8/kD1AOM6A==</latexit>

d2 = 1� a2 � b2 � c2
<latexit sha1_base64="2wb8ArqdF2LdFerSmGYBXWkL/cI=">AAACAnicbZA7SwNBFIXvJj5ifK1aic1gEGwSdtNooRCwsYxgHpBswuzsbDJk9sHMrBCWYONfsbFQxNbC1tbOf+Nkk0ITL8zwcc69zNzjxpxJZVnfRi6/srq2Xtgobm5t7+yae/tNGSWC0AaJeCTaLpaUs5A2FFOctmNBceBy2nJHV1O/dUeFZFF4q8YxdQI8CJnPCFZa6puHXq+KLpGNyghrKiM3u0mv2jdLVsXKCi2DPYdSLf/Z/ACAet/86noRSQIaKsKxlB3bipWTYqEY4XRS7CaSxpiM8IB2NIY4oNJJsxUm6EQrHvIjoU+oUKb+nkhxIOU4cHVngNVQLnpT8T+vkyj/3ElZGCeKhmT2kJ9wpCI0zQN5TFCi+FgDJoLpvyIyxAITpVMr6hDsxZWXoVmt2FbFvtFpXMCsCnAEx3AKNpxBDa6hDg0gcA+P8AwvxoPxZLwab7PWnDGfOYA/Zbz/APk0lXw=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="pAgqyVmEJmkxQ5KHQQxBa6DK9q8=">AAAB93icbZBPS8MwGMbfzn9zTq3exEtwCF422l30IghePE6w22DrRpqmW1ialiQVRhle/CpePCjiN/HmtzHrdtDNBxJ+PE9C8j5BypnSjvNtlTY2t7Z3yruVver+waF9VG2rJJOEeiThiewGWFHOBPU005x2U0lxHHDaCSa387zzSKViiXjQ05T6MR4JFjGCtbGG9kk4aKJr5KI6wobqKCh2MmgO7ZrTcAqhdXCXUIOlWkP7qx8mJIup0IRjpXquk2o/x1Izwums0s8UTTGZ4BHtGRQ4psrPixFm6Nw4IYoSaZbQqHB/38hxrNQ0DszJGOuxWs3m5n9ZL9PRlZ8zkWaaCrJ4KMo40gma94FCJinRfGoAE8nMXxEZY4mJNq1VTAnu6sjr0G42XKfh3jtQhlM4gwtw4RJu4A5a4AGBJ3iBN3i3nq1X62NRV8la9nYMf2R9/gDFApH3</latexit><latexit sha1_base64="pAgqyVmEJmkxQ5KHQQxBa6DK9q8=">AAAB93icbZBPS8MwGMbfzn9zTq3exEtwCF422l30IghePE6w22DrRpqmW1ialiQVRhle/CpePCjiN/HmtzHrdtDNBxJ+PE9C8j5BypnSjvNtlTY2t7Z3yruVver+waF9VG2rJJOEeiThiewGWFHOBPU005x2U0lxHHDaCSa387zzSKViiXjQ05T6MR4JFjGCtbGG9kk4aKJr5KI6wobqKCh2MmgO7ZrTcAqhdXCXUIOlWkP7qx8mJIup0IRjpXquk2o/x1Izwums0s8UTTGZ4BHtGRQ4psrPixFm6Nw4IYoSaZbQqHB/38hxrNQ0DszJGOuxWs3m5n9ZL9PRlZ8zkWaaCrJ4KMo40gma94FCJinRfGoAE8nMXxEZY4mJNq1VTAnu6sjr0G42XKfh3jtQhlM4gwtw4RJu4A5a4AGBJ3iBN3i3nq1X62NRV8la9nYMf2R9/gDFApH3</latexit><latexit sha1_base64="4kFr9CSpGIElniYCPxIZpq6Ec24=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBDctM93oQqHgxmUFe4E6LZlMpg3NZIYkI5RS3Pgqblwo4tancOfbmE5noa0HEj7+/xyS8/sJZ0o7zrdVWFldW98obpa2tnd29+z9g5aKU0lok8Q8lh0fK8qZoE3NNKedRFIc+Zy2/dH1zG8/UKlYLO70OKFehAeChYxgbaS+fRT0augKuaiCsKEK8rOb9Gp9u+xUnazQMrg5lCGvRt/+ug9ikkZUaMKxUl3XSbQ3wVIzwum0dJ8qmmAywgPaNShwRJU3yVaYolOjBCiMpTlCo0z9PTHBkVLjyDedEdZDtejNxP+8bqrDC2/CRJJqKsj8oTDlSMdolgcKmKRE87EBTCQzf0VkiCUm2qRWMiG4iysvQ6tWdZ2qe+uU65d5HEU4hhM4AxfOoQ430IAmEHiEZ3iFN+vJerHerY95a8HKZw7hT1mfPxh1k1o=</latexit><latexit sha1_base64="4kFr9CSpGIElniYCPxIZpq6Ec24=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBDctM93oQqHgxmUFe4E6LZlMpg3NZIYkI5RS3Pgqblwo4tancOfbmE5noa0HEj7+/xyS8/sJZ0o7zrdVWFldW98obpa2tnd29+z9g5aKU0lok8Q8lh0fK8qZoE3NNKedRFIc+Zy2/dH1zG8/UKlYLO70OKFehAeChYxgbaS+fRT0augKuaiCsKEK8rOb9Gp9u+xUnazQMrg5lCGvRt/+ug9ikkZUaMKxUl3XSbQ3wVIzwum0dJ8qmmAywgPaNShwRJU3yVaYolOjBCiMpTlCo0z9PTHBkVLjyDedEdZDtejNxP+8bqrDC2/CRJJqKsj8oTDlSMdolgcKmKRE87EBTCQzf0VkiCUm2qRWMiG4iysvQ6tWdZ2qe+uU65d5HEU4hhM4AxfOoQ430IAmEHiEZ3iFN+vJerHerY95a8HKZw7hT1mfPxh1k1o=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="4kFr9CSpGIElniYCPxIZpq6Ec24=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBDctM93oQqHgxmUFe4E6LZlMpg3NZIYkI5RS3Pgqblwo4tancOfbmE5noa0HEj7+/xyS8/sJZ0o7zrdVWFldW98obpa2tnd29+z9g5aKU0lok8Q8lh0fK8qZoE3NNKedRFIc+Zy2/dH1zG8/UKlYLO70OKFehAeChYxgbaS+fRT0augKuaiCsKEK8rOb9Gp9u+xUnazQMrg5lCGvRt/+ug9ikkZUaMKxUl3XSbQ3wVIzwum0dJ8qmmAywgPaNShwRJU3yVaYolOjBCiMpTlCo0z9PTHBkVLjyDedEdZDtejNxP+8bqrDC2/CRJJqKsj8oTDlSMdolgcKmKRE87EBTCQzf0VkiCUm2qRWMiG4iysvQ6tWdZ2qe+uU65d5HEU4hhM4AxfOoQ430IAmEHiEZ3iFN+vJerHerY95a8HKZw7hT1mfPxh1k1o=</latexit>

n
<latexit sha1_base64="K0rw2P2+YkN+F5Cn1z4oG6z0EnI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujRaCARvLBMwFkiXMTs4mY2Znl5lZISwprWwsFLH1TXwFO5/Bl3ByKTTxh4GP/z+HOecEieDauO6Xk1tZXVvfyG8WtrZ3dveK+wcNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQyvJ3nzHpXmsbw1owT9iPYlDzmjxlo12S2W3LI7FVkGbw6lq4/vBwIA1W7xs9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9ti5JGqP1sOuiYnFinR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya88DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3BHsFbXHkZGmdlzy17NbdUuYSZ8nAEx3AKHpxDBW6gCnVggPAIz/Di3DlPzqvzNivNOfOeQ/gj5/0HS1mPeA==</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="U7Y0dtkoB6pNJ4xCsEgQXicq4WI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2Fgm4CWB5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvDAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pK2TTDH0WSIS1Q2pRsEl+oYbgd1UIY1DgZ1wcjf3O0+oNE/kg5mmGMR0JHnEGTVWaslBtebW3QXIOvEKUoMCzUH1qz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tAZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6CXIu08ygZMtFUSaIScj8azLkCpkRU0soU9zeStiYKsqMzaZiQ/BWX14n7au659a9lltr3BZxlOEMzuESPLiGBtxDE3xggPAMr/DmPDovzrvzsWwtOcXMKfyB8/kD1AOM6A==</latexit>



Gauge Field Digitization: 1) Fixed-Point 

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link
 Each       described by point on three-sphere: Uµ

<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

a2 + b2 + c2 + d2 = 1
<latexit sha1_base64="pAD+97feVhR9MhAxXSLBSGghVJI=">AAAB+nicbVC7SgNBFL1rfMT42mhpMxgEQQi7abRQCNhYRjAPSDZhdnY2GTI7u8zMKmHNp9hYKGLrB9ja2vk3Th6FJh44cDjnXubO8RPOlHacb2slt7q2vpHfLGxt7+zu2cX9hopTSWidxDyWLR8rypmgdc00p61EUhz5nDb94dUkb95RqVgsbvUooV6E+4KFjGBtrJ5dxN3KqW9IDINu5dLt2SWn7EyBloU7F6Vq7rPxAQC1nv3VCWKSRlRowrFSbddJtJdhqRnhdFzopIommAxxn7aNFDiiysump4/RsXECFMbSUGg0dX9vZDhSahT5ZjLCeqAWs4n5X9ZOdXjuZUwkqaaCzB4KU450jCY9oIBJSjQfGYGJZOZWRAZYYqJNWwVTgrv45WXRqJRdp+zemDYuYIY8HMIRnIALZ1CFa6hBHQjcwyM8w4v1YD1Zr9bbbHTFmu8cwB9Y7z8lxJQm</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="t/emrzRixjg/4fijkCC+9/mwU1k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEErSjS4UCm5cVrAPaNMymUzaoZNJmJkoJfZT3LhQxK1f4s6/cdpmoa0HDhzOuZe5c/yEM6Ud59sqrK1vbG4Vt0s7u3v7B3b5sKXiVBLaJDGPZcfHinImaFMzzWknkRRHPqdtf3wzy9sPVCoWi3s9SagX4aFgISNYG2tgl3G/du4bEsOgX7t2B3bFqTpzoFXh5qICORoD+6sXxCSNqNCEY6W6rpNoL8NSM8LptNRLFU0wGeMh7RopcESVl81Pn6JT4wQojKWh0Gju/t7IcKTUJPLNZIT1SC1nM/O/rJvq8NLLmEhSTQVZPBSmHOkYzXpAAZOUaD4xAhPJzK2IjLDERJu2SqYEd/nLq6JVq7pO1b1zKvWrvI4iHMMJnIELF1CHW2hAEwg8wjO8wpv1ZL1Y79bHYrRg5TtH8AfW5w9E9pIE</latexit>

Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>

  Take the 64-bit values of 
  Project these to   -bit numbers 
  Compute   -bit 
  Do all calculations with   -bit precision

a, b and c
<latexit sha1_base64="6nvd3WeGyYh6dweY8DgpqmYfIGQ=">AAAB/HicbVA9SwNBEJ2LXzF+nQZsbBaDYCHhzkYLi4CNZQTzAUmIe3ubZMne3rE7p4Yj/hUbC0Vs/SF2/hs3iYUmPhh4vDfDzLwgkcKg5305uaXlldW1/HphY3Nre8fd3aubONWM11gsY90MqOFSKF5DgZI3E81pFEjeCIaXE79xx7URsbrBUcI7Ee0r0ROMopW6bpGekIC0kT9gRqgKyZiwrlvyyt4UZJH4P6RU2a/f3wJAtet+tsOYpRFXyCQ1puV7CXYyqlEwyceFdmp4QtmQ9nnLUkUjbjrZ9PgxObJKSHqxtqWQTNXfExmNjBlFge2MKA7MvDcR//NaKfbOO5lQSYpcsdmiXioJxmSSBAmF5gzlyBLKtLC3EjagmjK0eRVsCP78y4ukflr2vbJ/bdO4gBnycACHcAw+nEEFrqAKNWAwgid4gVfn0Xl23pz3WWvO+Zkpwh84H9/2jpUg</latexit><latexit sha1_base64="W/VISdA5b/AffbcFLqnVH1i0YbA=">AAAB/HicbVDLSsNAFJ3UV62vaMGNm8EiuJCSuNGFi4IblxXsA9pQJpNJO3QyCTM3agj1V7pxoYhbP8SdH+B/OH0stPXAhcM593LvPX4iuAbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqihr0FjEqu0TzQSXrAEcBGsnipHIF6zlD68nfuueKc1jeQdZwryI9CUPOSVgpJ5dJmfYx11gj5BjIgM8wrRnV5yqMwVeJu6cVGqHzYck+x7Xe/ZnN4hpGjEJVBCtO66TgJcTBZwKNip1U80SQoekzzqGShIx7eXT40f4xCgBDmNlSgKeqr8nchJpnUW+6YwIDPSiNxH/8zophJdezmWSApN0tihMBYYYT5LAAVeMgsgMIVRxcyumA6IIBZNXyYTgLr68TJrnVdepurcmjSs0QxEdoWN0ilx0gWroBtVRA1GUoTF6Qa/Wk/VsvVnvs9aCNZ8poz+wPn4AtBOXLQ==</latexit><latexit sha1_base64="W/VISdA5b/AffbcFLqnVH1i0YbA=">AAAB/HicbVDLSsNAFJ3UV62vaMGNm8EiuJCSuNGFi4IblxXsA9pQJpNJO3QyCTM3agj1V7pxoYhbP8SdH+B/OH0stPXAhcM593LvPX4iuAbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqihr0FjEqu0TzQSXrAEcBGsnipHIF6zlD68nfuueKc1jeQdZwryI9CUPOSVgpJ5dJmfYx11gj5BjIgM8wrRnV5yqMwVeJu6cVGqHzYck+x7Xe/ZnN4hpGjEJVBCtO66TgJcTBZwKNip1U80SQoekzzqGShIx7eXT40f4xCgBDmNlSgKeqr8nchJpnUW+6YwIDPSiNxH/8zophJdezmWSApN0tihMBYYYT5LAAVeMgsgMIVRxcyumA6IIBZNXyYTgLr68TJrnVdepurcmjSs0QxEdoWN0ilx0gWroBtVRA1GUoTF6Qa/Wk/VsvVnvs9aCNZ8poz+wPn4AtBOXLQ==</latexit><latexit sha1_base64="tFO42lh6oGsISWvgpciPb1KaFLM=">AAAB/HicbVA9SwNBEJ2LXzF+naa0WQyChYQ7Gy0sAjaWEcwHJEfY29skS/b2jt05MRzxr9hYKGLrD7Hz37j5KDTxwcDjvRlm5oWpFAY979sprK1vbG4Vt0s7u3v7B+7hUdMkmWa8wRKZ6HZIDZdC8QYKlLydak7jUPJWOLqZ+q0Hro1I1D2OUx7EdKBEXzCKVuq5ZXpOQtJF/og5oSoiE8J6bsWrejOQVeIvSAUWqPfcr26UsCzmCpmkxnR8L8UgpxoFk3xS6maGp5SN6IB3LFU05ibIZ8dPyKlVItJPtC2FZKb+nshpbMw4Dm1nTHFolr2p+J/XybB/FeRCpRlyxeaL+pkkmJBpEiQSmjOUY0so08LeStiQasrQ5lWyIfjLL6+S5kXV96r+nVepXS/iKMIxnMAZ+HAJNbiFOjSAwRie4RXenCfnxXl3PuatBWcxU4Y/cD5/AOwDk50=</latexit>

n
<latexit sha1_base64="K0rw2P2+YkN+F5Cn1z4oG6z0EnI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujRaCARvLBMwFkiXMTs4mY2Znl5lZISwprWwsFLH1TXwFO5/Bl3ByKTTxh4GP/z+HOecEieDauO6Xk1tZXVvfyG8WtrZ3dveK+wcNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQyvJ3nzHpXmsbw1owT9iPYlDzmjxlo12S2W3LI7FVkGbw6lq4/vBwIA1W7xs9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9ti5JGqP1sOuiYnFinR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya88DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3BHsFbXHkZGmdlzy17NbdUuYSZ8nAEx3AKHpxDBW6gCnVggPAIz/Di3DlPzqvzNivNOfOeQ/gj5/0HS1mPeA==</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="U7Y0dtkoB6pNJ4xCsEgQXicq4WI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2Fgm4CWB5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvDAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pK2TTDH0WSIS1Q2pRsEl+oYbgd1UIY1DgZ1wcjf3O0+oNE/kg5mmGMR0JHnEGTVWaslBtebW3QXIOvEKUoMCzUH1qz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tAZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6CXIu08ygZMtFUSaIScj8azLkCpkRU0soU9zeStiYKsqMzaZiQ/BWX14n7au659a9lltr3BZxlOEMzuESPLiGBtxDE3xggPAMr/DmPDovzrvzsWwtOcXMKfyB8/kD1AOM6A==</latexit>

d2 = 1� a2 � b2 � c2
<latexit sha1_base64="2wb8ArqdF2LdFerSmGYBXWkL/cI=">AAACAnicbZA7SwNBFIXvJj5ifK1aic1gEGwSdtNooRCwsYxgHpBswuzsbDJk9sHMrBCWYONfsbFQxNbC1tbOf+Nkk0ITL8zwcc69zNzjxpxJZVnfRi6/srq2Xtgobm5t7+yae/tNGSWC0AaJeCTaLpaUs5A2FFOctmNBceBy2nJHV1O/dUeFZFF4q8YxdQI8CJnPCFZa6puHXq+KLpGNyghrKiM3u0mv2jdLVsXKCi2DPYdSLf/Z/ACAet/86noRSQIaKsKxlB3bipWTYqEY4XRS7CaSxpiM8IB2NIY4oNJJsxUm6EQrHvIjoU+oUKb+nkhxIOU4cHVngNVQLnpT8T+vkyj/3ElZGCeKhmT2kJ9wpCI0zQN5TFCi+FgDJoLpvyIyxAITpVMr6hDsxZWXoVmt2FbFvtFpXMCsCnAEx3AKNpxBDa6hDg0gcA+P8AwvxoPxZLwab7PWnDGfOYA/Zbz/APk0lXw=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="pAgqyVmEJmkxQ5KHQQxBa6DK9q8=">AAAB93icbZBPS8MwGMbfzn9zTq3exEtwCF422l30IghePE6w22DrRpqmW1ialiQVRhle/CpePCjiN/HmtzHrdtDNBxJ+PE9C8j5BypnSjvNtlTY2t7Z3yruVver+waF9VG2rJJOEeiThiewGWFHOBPU005x2U0lxHHDaCSa387zzSKViiXjQ05T6MR4JFjGCtbGG9kk4aKJr5KI6wobqKCh2MmgO7ZrTcAqhdXCXUIOlWkP7qx8mJIup0IRjpXquk2o/x1Izwums0s8UTTGZ4BHtGRQ4psrPixFm6Nw4IYoSaZbQqHB/38hxrNQ0DszJGOuxWs3m5n9ZL9PRlZ8zkWaaCrJ4KMo40gma94FCJinRfGoAE8nMXxEZY4mJNq1VTAnu6sjr0G42XKfh3jtQhlM4gwtw4RJu4A5a4AGBJ3iBN3i3nq1X62NRV8la9nYMf2R9/gDFApH3</latexit><latexit sha1_base64="pAgqyVmEJmkxQ5KHQQxBa6DK9q8=">AAAB93icbZBPS8MwGMbfzn9zTq3exEtwCF422l30IghePE6w22DrRpqmW1ialiQVRhle/CpePCjiN/HmtzHrdtDNBxJ+PE9C8j5BypnSjvNtlTY2t7Z3yruVver+waF9VG2rJJOEeiThiewGWFHOBPU005x2U0lxHHDaCSa387zzSKViiXjQ05T6MR4JFjGCtbGG9kk4aKJr5KI6wobqKCh2MmgO7ZrTcAqhdXCXUIOlWkP7qx8mJIup0IRjpXquk2o/x1Izwums0s8UTTGZ4BHtGRQ4psrPixFm6Nw4IYoSaZbQqHB/38hxrNQ0DszJGOuxWs3m5n9ZL9PRlZ8zkWaaCrJ4KMo40gma94FCJinRfGoAE8nMXxEZY4mJNq1VTAnu6sjr0G42XKfh3jtQhlM4gwtw4RJu4A5a4AGBJ3iBN3i3nq1X62NRV8la9nYMf2R9/gDFApH3</latexit><latexit sha1_base64="4kFr9CSpGIElniYCPxIZpq6Ec24=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBDctM93oQqHgxmUFe4E6LZlMpg3NZIYkI5RS3Pgqblwo4tancOfbmE5noa0HEj7+/xyS8/sJZ0o7zrdVWFldW98obpa2tnd29+z9g5aKU0lok8Q8lh0fK8qZoE3NNKedRFIc+Zy2/dH1zG8/UKlYLO70OKFehAeChYxgbaS+fRT0augKuaiCsKEK8rOb9Gp9u+xUnazQMrg5lCGvRt/+ug9ikkZUaMKxUl3XSbQ3wVIzwum0dJ8qmmAywgPaNShwRJU3yVaYolOjBCiMpTlCo0z9PTHBkVLjyDedEdZDtejNxP+8bqrDC2/CRJJqKsj8oTDlSMdolgcKmKRE87EBTCQzf0VkiCUm2qRWMiG4iysvQ6tWdZ2qe+uU65d5HEU4hhM4AxfOoQ430IAmEHiEZ3iFN+vJerHerY95a8HKZw7hT1mfPxh1k1o=</latexit><latexit sha1_base64="4kFr9CSpGIElniYCPxIZpq6Ec24=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBDctM93oQqHgxmUFe4E6LZlMpg3NZIYkI5RS3Pgqblwo4tancOfbmE5noa0HEj7+/xyS8/sJZ0o7zrdVWFldW98obpa2tnd29+z9g5aKU0lok8Q8lh0fK8qZoE3NNKedRFIc+Zy2/dH1zG8/UKlYLO70OKFehAeChYxgbaS+fRT0augKuaiCsKEK8rOb9Gp9u+xUnazQMrg5lCGvRt/+ug9ikkZUaMKxUl3XSbQ3wVIzwum0dJ8qmmAywgPaNShwRJU3yVaYolOjBCiMpTlCo0z9PTHBkVLjyDedEdZDtejNxP+8bqrDC2/CRJJqKsj8oTDlSMdolgcKmKRE87EBTCQzf0VkiCUm2qRWMiG4iysvQ6tWdZ2qe+uU65d5HEU4hhM4AxfOoQ430IAmEHiEZ3iFN+vJerHerY95a8HKZw7hT1mfPxh1k1o=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="TBQwZbZ+QXrJm7lOuKsq/+A0zZI=">AAACAnicbZA7SwNBFIXvGh8xvlatxGYwCDYJu2m0UAiIYBnBPCAvZmdnkyGzD2ZmhbAEG/+KjYUitha2thaCP8TeySaFJl6Y4eOce5m5x4k4k8qyvoyFzOLS8kp2Nbe2vrG5ZW7v1GQYC0KrJOShaDhYUs4CWlVMcdqIBMW+w2ndGZyP/foNFZKFwbUaRrTt417APEaw0lLX3HM7JXSGbFRAWFMBOelNOqWumbeKVlpoHuwp5MuZ99rb5/dFpWt+tNyQxD4NFOFYyqZtRaqdYKEY4XSUa8WSRpgMcI82NQbYp7KdpCuM0KFWXOSFQp9AoVT9PZFgX8qh7+hOH6u+nPXG4n9eM1beSTthQRQrGpDJQ17MkQrROA/kMkGJ4kMNmAim/4pIHwtMlE4tp0OwZ1eeh1qpaFtF+0qncQqTysI+HMAR2HAMZbiEClSBwC3cwyM8GXfGg/FsvExaF4zpzC78KeP1B7tSl4w=</latexit><latexit sha1_base64="4kFr9CSpGIElniYCPxIZpq6Ec24=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBDctM93oQqHgxmUFe4E6LZlMpg3NZIYkI5RS3Pgqblwo4tancOfbmE5noa0HEj7+/xyS8/sJZ0o7zrdVWFldW98obpa2tnd29+z9g5aKU0lok8Q8lh0fK8qZoE3NNKedRFIc+Zy2/dH1zG8/UKlYLO70OKFehAeChYxgbaS+fRT0augKuaiCsKEK8rOb9Gp9u+xUnazQMrg5lCGvRt/+ug9ikkZUaMKxUl3XSbQ3wVIzwum0dJ8qmmAywgPaNShwRJU3yVaYolOjBCiMpTlCo0z9PTHBkVLjyDedEdZDtejNxP+8bqrDC2/CRJJqKsj8oTDlSMdolgcKmKRE87EBTCQzf0VkiCUm2qRWMiG4iysvQ6tWdZ2qe+uU65d5HEU4hhM4AxfOoQ430IAmEHiEZ3iFN+vJerHerY95a8HKZw7hT1mfPxh1k1o=</latexit>

n
<latexit sha1_base64="K0rw2P2+YkN+F5Cn1z4oG6z0EnI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujRaCARvLBMwFkiXMTs4mY2Znl5lZISwprWwsFLH1TXwFO5/Bl3ByKTTxh4GP/z+HOecEieDauO6Xk1tZXVvfyG8WtrZ3dveK+wcNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQyvJ3nzHpXmsbw1owT9iPYlDzmjxlo12S2W3LI7FVkGbw6lq4/vBwIA1W7xs9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9ti5JGqP1sOuiYnFinR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya88DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3BHsFbXHkZGmdlzy17NbdUuYSZ8nAEx3AKHpxDBW6gCnVggPAIz/Di3DlPzqvzNivNOfOeQ/gj5/0HS1mPeA==</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="U7Y0dtkoB6pNJ4xCsEgQXicq4WI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2Fgm4CWB5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvDAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pK2TTDH0WSIS1Q2pRsEl+oYbgd1UIY1DgZ1wcjf3O0+oNE/kg5mmGMR0JHnEGTVWaslBtebW3QXIOvEKUoMCzUH1qz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tAZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6CXIu08ygZMtFUSaIScj8azLkCpkRU0soU9zeStiYKsqMzaZiQ/BWX14n7au659a9lltr3BZxlOEMzuESPLiGBtxDE3xggPAMr/DmPDovzrvzsWwtOcXMKfyB8/kD1AOM6A==</latexit>

n
<latexit sha1_base64="K0rw2P2+YkN+F5Cn1z4oG6z0EnI=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujRaCARvLBMwFkiXMTs4mY2Znl5lZISwprWwsFLH1TXwFO5/Bl3ByKTTxh4GP/z+HOecEieDauO6Xk1tZXVvfyG8WtrZ3dveK+wcNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQyvJ3nzHpXmsbw1owT9iPYlDzmjxlo12S2W3LI7FVkGbw6lq4/vBwIA1W7xs9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9ti5JGqP1sOuiYnFinR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya88DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3BHsFbXHkZGmdlzy17NbdUuYSZ8nAEx3AKHpxDBW6gCnVggPAIz/Di3DlPzqvzNivNOfOeQ/gj5/0HS1mPeA==</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="E5PigyYYJQrcdzZMrJtQE6TAdcM=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXRgvBgI1lAuYCSQizk7PJmNnZZWZWCEtKKxsLRWx9Cltfwc5n0Idwcik08YeBj/8/hznn+LHg2rjup7OwuLS8sppZy65vbG5t53Z2qzpKFMMKi0Sk6j7VKLjEiuFGYD1WSENfYM3vX47y2i0qzSN5bQYxtkLalTzgjBprlWU7l3cL7lhkHrwp5C/ev+4O3srfpXbuo9mJWBKiNExQrRueG5tWSpXhTOAw20w0xpT1aRcbFiUNUbfS8aBDcmSdDgkiZZ80ZOz+7khpqPUg9G1lSE1Pz2Yj87+skZjgrJVyGScGJZt8FCSCmIiMtiYdrpAZMbBAmeJ2VsJ6VFFm7G2y9gje7MrzUD0peG7BK7v54jlMlIF9OIRj8OAUinAFJagAA4R7eIQn58Z5cJ6dl0npgjPt2YM/cl5/AOXhkWs=</latexit><latexit sha1_base64="U7Y0dtkoB6pNJ4xCsEgQXicq4WI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2Fgm4CWB5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvDAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pK2TTDH0WSIS1Q2pRsEl+oYbgd1UIY1DgZ1wcjf3O0+oNE/kg5mmGMR0JHnEGTVWaslBtebW3QXIOvEKUoMCzUH1qz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tAZubDKkESJsiUNWai/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6CXIu08ygZMtFUSaIScj8azLkCpkRU0soU9zeStiYKsqMzaZiQ/BWX14n7au659a9lltr3BZxlOEMzuESPLiGBtxDE3xggPAMr/DmPDovzrvzsWwtOcXMKfyB8/kD1AOM6A==</latexit>



Gauge Field Digitization: 2) Indexed Mesh

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link
 Each       described by point on three-sphere: Uµ

<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

a2 + b2 + c2 + d2 = 1
<latexit sha1_base64="pAD+97feVhR9MhAxXSLBSGghVJI=">AAAB+nicbVC7SgNBFL1rfMT42mhpMxgEQQi7abRQCNhYRjAPSDZhdnY2GTI7u8zMKmHNp9hYKGLrB9ja2vk3Th6FJh44cDjnXubO8RPOlHacb2slt7q2vpHfLGxt7+zu2cX9hopTSWidxDyWLR8rypmgdc00p61EUhz5nDb94dUkb95RqVgsbvUooV6E+4KFjGBtrJ5dxN3KqW9IDINu5dLt2SWn7EyBloU7F6Vq7rPxAQC1nv3VCWKSRlRowrFSbddJtJdhqRnhdFzopIommAxxn7aNFDiiysump4/RsXECFMbSUGg0dX9vZDhSahT5ZjLCeqAWs4n5X9ZOdXjuZUwkqaaCzB4KU450jCY9oIBJSjQfGYGJZOZWRAZYYqJNWwVTgrv45WXRqJRdp+zemDYuYIY8HMIRnIALZ1CFa6hBHQjcwyM8w4v1YD1Zr9bbbHTFmu8cwB9Y7z8lxJQm</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="t/emrzRixjg/4fijkCC+9/mwU1k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEErSjS4UCm5cVrAPaNMymUzaoZNJmJkoJfZT3LhQxK1f4s6/cdpmoa0HDhzOuZe5c/yEM6Ud59sqrK1vbG4Vt0s7u3v7B3b5sKXiVBLaJDGPZcfHinImaFMzzWknkRRHPqdtf3wzy9sPVCoWi3s9SagX4aFgISNYG2tgl3G/du4bEsOgX7t2B3bFqTpzoFXh5qICORoD+6sXxCSNqNCEY6W6rpNoL8NSM8LptNRLFU0wGeMh7RopcESVl81Pn6JT4wQojKWh0Gju/t7IcKTUJPLNZIT1SC1nM/O/rJvq8NLLmEhSTQVZPBSmHOkYzXpAAZOUaD4xAhPJzK2IjLDERJu2SqYEd/nLq6JVq7pO1b1zKvWrvI4iHMMJnIELF1CHW2hAEwg8wjO8wpv1ZL1Y79bHYrRg5TtH8AfW5w9E9pIE</latexit>

Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>



Gauge Field Digitization: 2) Indexed Mesh

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link
 Each       described by point on three-sphere: Uµ

<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

a2 + b2 + c2 + d2 = 1
<latexit sha1_base64="pAD+97feVhR9MhAxXSLBSGghVJI=">AAAB+nicbVC7SgNBFL1rfMT42mhpMxgEQQi7abRQCNhYRjAPSDZhdnY2GTI7u8zMKmHNp9hYKGLrB9ja2vk3Th6FJh44cDjnXubO8RPOlHacb2slt7q2vpHfLGxt7+zu2cX9hopTSWidxDyWLR8rypmgdc00p61EUhz5nDb94dUkb95RqVgsbvUooV6E+4KFjGBtrJ5dxN3KqW9IDINu5dLt2SWn7EyBloU7F6Vq7rPxAQC1nv3VCWKSRlRowrFSbddJtJdhqRnhdFzopIommAxxn7aNFDiiysump4/RsXECFMbSUGg0dX9vZDhSahT5ZjLCeqAWs4n5X9ZOdXjuZUwkqaaCzB4KU450jCY9oIBJSjQfGYGJZOZWRAZYYqJNWwVTgrv45WXRqJRdp+zemDYuYIY8HMIRnIALZ1CFa6hBHQjcwyM8w4v1YD1Zr9bbbHTFmu8cwB9Y7z8lxJQm</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="t/emrzRixjg/4fijkCC+9/mwU1k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEErSjS4UCm5cVrAPaNMymUzaoZNJmJkoJfZT3LhQxK1f4s6/cdpmoa0HDhzOuZe5c/yEM6Ud59sqrK1vbG4Vt0s7u3v7B3b5sKXiVBLaJDGPZcfHinImaFMzzWknkRRHPqdtf3wzy9sPVCoWi3s9SagX4aFgISNYG2tgl3G/du4bEsOgX7t2B3bFqTpzoFXh5qICORoD+6sXxCSNqNCEY6W6rpNoL8NSM8LptNRLFU0wGeMh7RopcESVl81Pn6JT4wQojKWh0Gju/t7IcKTUJPLNZIT1SC1nM/O/rJvq8NLLmEhSTQVZPBSmHOkYzXpAAZOUaD4xAhPJzK2IjLDERJu2SqYEd/nLq6JVq7pO1b1zKvWrvI4iHMMJnIELF1CHW2hAEwg8wjO8wpv1ZL1Y79bHYrRg5TtH8AfW5w9E9pIE</latexit>

Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>



Gauge Field Digitization: 2) Indexed Mesh

Number of qubits: log_2(mesh size)

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link
 Each       described by point on three-sphere: Uµ

<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

a2 + b2 + c2 + d2 = 1
<latexit sha1_base64="pAD+97feVhR9MhAxXSLBSGghVJI=">AAAB+nicbVC7SgNBFL1rfMT42mhpMxgEQQi7abRQCNhYRjAPSDZhdnY2GTI7u8zMKmHNp9hYKGLrB9ja2vk3Th6FJh44cDjnXubO8RPOlHacb2slt7q2vpHfLGxt7+zu2cX9hopTSWidxDyWLR8rypmgdc00p61EUhz5nDb94dUkb95RqVgsbvUooV6E+4KFjGBtrJ5dxN3KqW9IDINu5dLt2SWn7EyBloU7F6Vq7rPxAQC1nv3VCWKSRlRowrFSbddJtJdhqRnhdFzopIommAxxn7aNFDiiysump4/RsXECFMbSUGg0dX9vZDhSahT5ZjLCeqAWs4n5X9ZOdXjuZUwkqaaCzB4KU450jCY9oIBJSjQfGYGJZOZWRAZYYqJNWwVTgrv45WXRqJRdp+zemDYuYIY8HMIRnIALZ1CFa6hBHQjcwyM8w4v1YD1Zr9bbbHTFmu8cwB9Y7z8lxJQm</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="t/emrzRixjg/4fijkCC+9/mwU1k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEErSjS4UCm5cVrAPaNMymUzaoZNJmJkoJfZT3LhQxK1f4s6/cdpmoa0HDhzOuZe5c/yEM6Ud59sqrK1vbG4Vt0s7u3v7B3b5sKXiVBLaJDGPZcfHinImaFMzzWknkRRHPqdtf3wzy9sPVCoWi3s9SagX4aFgISNYG2tgl3G/du4bEsOgX7t2B3bFqTpzoFXh5qICORoD+6sXxCSNqNCEY6W6rpNoL8NSM8LptNRLFU0wGeMh7RopcESVl81Pn6JT4wQojKWh0Gju/t7IcKTUJPLNZIT1SC1nM/O/rJvq8NLLmEhSTQVZPBSmHOkYzXpAAZOUaD4xAhPJzK2IjLDERJu2SqYEd/nLq6JVq7pO1b1zKvWrvI4iHMMJnIELF1CHW2hAEwg8wjO8wpv1ZL1Y79bHYrRg5TtH8AfW5w9E9pIE</latexit>

Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>



Gauge Field Digitization: 2) Indexed Mesh

Number of qubits: log_2(mesh size)

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

 E.g., take a gauge link
 Each       described by point on three-sphere: Uµ

<latexit sha1_base64="/gOd9vFzuIPi4pXL21O2RKd4fhM=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp2NFhYBGxshopcEkiPsbSbJkt29Y3dPCEd+hI2FIrb+Hjs7f4qbj0ITHww83pthZl6cCm6s7395K6tr6xubha3i9s7u3n7p4LBukkwzDFkiEt2MqUHBFYaWW4HNVCOVscBGPLye+I1H1IYn6sGOUowk7Sve44xaJzXCTt6W2bhTKvsVfwqyTII5KVfJ7f03ANQ6pc92N2GZRGWZoMa0Aj+1UU615UzguNjODKaUDWkfW44qKtFE+fTcMTl1Spf0Eu1KWTJVf0/kVBozkrHrlNQOzKI3Ef/zWpntXUY5V2lmUbHZol4miE3I5HfS5RqZFSNHKNPc3UrYgGrKrEuo6EIIFl9eJvXzSuBXgjuXxhXMUIBjOIEzCOACqnADNQiBwRCe4AVevdR79t6891nrijefOYI/8D5+AAVWkYA=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="18Z81LxRcpwKHdAdwDrfBRkaPYM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86MFDQRAvQkXTFtpQNttNu2R3E3Y3Qgn9EV48KOLV3+PNX+FfcNP2oK0PBh7vzTAzL0w508Z1v5zSyura+kZ5s7K1vbO7V90/aOkkU4T6JOGJ6oRYU84k9Q0znHZSRbEIOW2H8VXhtx+p0iyRD2ac0kDgoWQRI9hYqe33857IJv1qza27U6Bl4s1JrYFu77/j4LrZr372BgnJBJWGcKx113NTE+RYGUY4nVR6maYpJjEe0q6lEguqg3x67gSdWGWAokTZkgZN1d8TORZaj0VoOwU2I73oFeJ/Xjcz0UWQM5lmhkoyWxRlHJkEFb+jAVOUGD62BBPF7K2IjLDCxNiEKjYEb/HlZdI6q3tu3buzaVzCDGU4gmM4BQ/OoQE30AQfCMTwBC/w6qTOs/PmvM9aS8585hD+wPn4AYJmkp0=</latexit><latexit sha1_base64="YsoWLHuYUuovgc55XcPN9BeAEGg=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stLAI2FhG8JJAcoS9zSRZsrt37O4J4ciPsLFQxNbfY+e/cZNcoYkPBh7vzTAzL04FN9b3v73SxubW9k55t7K3f3B4VD0+aZkk0wxDlohEd2JqUHCFoeVWYCfVSGUssB1P7uZ++wm14Yl6tNMUI0lHig85o9ZJ7bCf92Q261drft1fgKyToCA1KNDsV796g4RlEpVlghrTDfzURjnVljOBs0ovM5hSNqEj7DqqqEQT5YtzZ+TCKQMyTLQrZclC/T2RU2nMVMauU1I7NqveXPzP62Z2eBPlXKWZRcWWi4aZIDYh89/JgGtkVkwdoUxzdythY6opsy6higshWH15nbSu6oFfDx78WuO2iKMMZ3AOlxDANTTgHpoQAoMJPMMrvHmp9+K9ex/L1pJXzJzCH3ifP33cj6A=</latexit>

a2 + b2 + c2 + d2 = 1
<latexit sha1_base64="pAD+97feVhR9MhAxXSLBSGghVJI=">AAAB+nicbVC7SgNBFL1rfMT42mhpMxgEQQi7abRQCNhYRjAPSDZhdnY2GTI7u8zMKmHNp9hYKGLrB9ja2vk3Th6FJh44cDjnXubO8RPOlHacb2slt7q2vpHfLGxt7+zu2cX9hopTSWidxDyWLR8rypmgdc00p61EUhz5nDb94dUkb95RqVgsbvUooV6E+4KFjGBtrJ5dxN3KqW9IDINu5dLt2SWn7EyBloU7F6Vq7rPxAQC1nv3VCWKSRlRowrFSbddJtJdhqRnhdFzopIommAxxn7aNFDiiysump4/RsXECFMbSUGg0dX9vZDhSahT5ZjLCeqAWs4n5X9ZOdXjuZUwkqaaCzB4KU450jCY9oIBJSjQfGYGJZOZWRAZYYqJNWwVTgrv45WXRqJRdp+zemDYuYIY8HMIRnIALZ1CFa6hBHQjcwyM8w4v1YD1Zr9bbbHTFmu8cwB9Y7z8lxJQm</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="mOU7svqjHIAw6VkJpELTRRgmuaU=">AAAB+nicbVDLSsNAFL1pfdT6SnXpJlgEQShJN7pQKIjgsoJ9QJuWyWTSDp1MwsxEKbGf4saFIm79ALduXQh+iHunj4W2HjhwOOde5s7xYkalsu0vI5NdWl5Zza3l1zc2t7bNwk5dRonApIYjFommhyRhlJOaooqRZiwICj1GGt7gfJw3boiQNOLXahgTN0Q9TgOKkdJW1yygTvnI08Safqd85nTNol2yJ7AWhTMTxUr2vf72+X1R7ZofbT/CSUi4wgxJ2XLsWLkpEopiRkb5diJJjPAA9UhLS45CIt10cvrIOtCObwWR0OTKmri/N1IUSjkMPT0ZItWX89nY/C9rJSo4cVPK40QRjqcPBQmzVGSNe7B8KghWbKgFwoLqWy3cRwJhpdvK6xKc+S8vinq55Ngl50q3cQpT5GAP9uEQHDiGClxCFWqA4Rbu4RGejDvjwXg2XqajGWO2swt/YLz+AOfTljY=</latexit><latexit sha1_base64="t/emrzRixjg/4fijkCC+9/mwU1k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEErSjS4UCm5cVrAPaNMymUzaoZNJmJkoJfZT3LhQxK1f4s6/cdpmoa0HDhzOuZe5c/yEM6Ud59sqrK1vbG4Vt0s7u3v7B3b5sKXiVBLaJDGPZcfHinImaFMzzWknkRRHPqdtf3wzy9sPVCoWi3s9SagX4aFgISNYG2tgl3G/du4bEsOgX7t2B3bFqTpzoFXh5qICORoD+6sXxCSNqNCEY6W6rpNoL8NSM8LptNRLFU0wGeMh7RopcESVl81Pn6JT4wQojKWh0Gju/t7IcKTUJPLNZIT1SC1nM/O/rJvq8NLLmEhSTQVZPBSmHOkYzXpAAZOUaD4xAhPJzK2IjLDERJu2SqYEd/nLq6JVq7pO1b1zKvWrvI4iHMMJnIELF1CHW2hAEwg8wjO8wpv1ZL1Y79bHYrRg5TtH8AfW5w9E9pIE</latexit>

Uµ 2 SU(2)
<latexit sha1_base64="/NV2L3dYB6iQPnGN94gGE/zOtLU=">AAACA3icbVA9SwNBEJ2LXzF+Re20WQxCbMJdGi0sAjY2QiReEsiFsLfZJEt2947dPSEcARv/io2FIrb+CTs7f4qbj0ITHww83pthZl4Yc6aN6345mZXVtfWN7GZua3tndy+/f1DXUaII9UnEI9UMsaacSeobZjhtxopiEXLaCIdXE79xT5Vmkbwzo5i2Be5L1mMEGyt18kd+Jw1EMkYBkygQ2AyUSGv+uFg+6+QLbsmdAi0Tb04KFXRT+waAaif/GXQjkggqDeFY65bnxqadYmUY4XScCxJNY0yGuE9blkosqG6n0x/G6NQqXdSLlC1p0FT9PZFiofVIhLZzcqVe9Cbif14rMb2LdspknBgqyWxRL+HIRGgSCOoyRYnhI0swUczeisgAK0yMjS1nQ/AWX14m9XLJc0verU3jEmbIwjGcQBE8OIcKXEMVfCDwAE/wAq/Oo/PsvDnvs9aMM585hD9wPn4Ag62Y6g==</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="ZdBq4JYpyBHTyNnIIWe4nN6k9XQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUm60YWLgiBuhEpNW2hCmEyn7dCZSZiZCCUU3Pgrblwo4tafcOdX+AtO2i609cCFwzn3cu89UcKo0o7zZS0tr6yurRc2iptb2zu79t5+U8WpxMTDMYtlO0KKMCqIp6lmpJ1IgnjESCsaXuZ+655IRWNxp0cJCTjqC9qjGGkjhfahF2Y+T8fQpwL6HOmB5FnDG5erp6FdcirOBHCRuDNSqsGbxvcwuKqH9qffjXHKidCYIaU6rpPoIENSU8zIuOiniiQID1GfdAwViBMVZJMfxvDEKF3Yi6UpoeFE/T2RIa7UiEemM79SzXu5+J/XSXXvPMioSFJNBJ4u6qUM6hjmgcAulQRrNjIEYUnNrRAPkERYm9iKJgR3/uVF0qxWXKfi3po0LsAUBXAEjkEZuOAM1MA1qAMPYPAAnsALeLUerWfrzXqfti5Zs5kD8AfWxw8AzJoH</latexit><latexit sha1_base64="05Ym6YsTZ7vWzMB/4Bf4ocqMmnY=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyXpRQ8eCl48VjRtoQlhs920S3c3YXcjlFDw4l/x4kERr/4Jb/4bN20O2vpg4PHeDDPzopRRpR3n21pZXVvf2KxsVbd3dvf27YPDjkoyiYmHE5bIXoQUYVQQT1PNSC+VBPGIkW40vi787gORiibiXk9SEnA0FDSmGGkjhfaxF+Y+z6bQpwL6HOmR5PmdN603z0O75jScGeAycUtSAyXaof3lDxKccSI0ZkipvuukOsiR1BQzMq36mSIpwmM0JH1DBeJEBfnshyk8M8oAxok0JTScqb8ncsSVmvDIdBZXqkWvEP/z+pmOL4OcijTTROD5ojhjUCewCAQOqCRYs4khCEtqboV4hCTC2sRWNSG4iy8vk06z4ToN99apta7KOCrgBJyCOnDBBWiBG9AGHsDgETyDV/BmPVkv1rv1MW9dscqZI/AH1ucP/DOXCg==</latexit>



Gauge Field Digitization: 2) Indexed Mesh

Number of qubits: log_2(mesh size)

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

Project to mesh by                 



Gauge Field Digitization: 2) Indexed Mesh

Number of qubits: log_2(mesh size)

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

Project to mesh by
 L2 norm :                                     , with 
                  : 

D(A,B) = ||A�B||
<latexit sha1_base64="JgNTLx6WLGpJeIidH+8LClIoF3Q=">AAAB+XicbVDJSgNBEK2JW4zbqEc9NAYhgoYZL3pQSKIHjxHMAskQejo9sUnPQndPIMzkG/wBLx4U8eqfePNv7CwHTXxQ8Hiviqp6bsSZVJb1bWSWlldW17LruY3Nre0dc3evLsNYEFojIQ9F08WSchbQmmKK02YkKPZdThtu/2bsNwZUSBYGD2oYUcfHvYB5jGClpY5p3hbKp5UTdI3StHxWSdOOmbeK1gRokdgzki8dPrURAFQ75le7G5LYp4EiHEvZsq1IOQkWihFOR7l2LGmESR/3aEvTAPtUOsnk8hE61koXeaHQFSg0UX9PJNiXcui7utPH6lHOe2PxP68VK+/SSVgQxYoGZLrIizlSIRrHgLpMUKL4UBNMBNO3IvKIBSZKh5XTIdjzLy+S+nnRtor2vU7jCqbIwgEcQQFsuIAS3EEVakBgAM/wCm9GYrwY78bHtDVjzGb24Q+Mzx9z7JMJ</latexit><latexit sha1_base64="89xf6XGBRH1pg39TDtdMFDOW3L4=">AAAB+XicbVDLSsNAFJ3UV62vqEtdDBahgpbEjS4U2urCZQX7gDaUyXTSDp1MwsykUJJ+Q3/AjQtF3PoHfoI7P8S908dCWw9cOJxzL/fe44aMSmVZX0ZqaXlldS29ntnY3NreMXf3qjKIBCYVHLBA1F0kCaOcVBRVjNRDQZDvMlJzezdjv9YnQtKAP6hBSBwfdTj1KEZKSy3TvM0VT0sn8BomSfGslCQtM2vlrQngIrFnJFs4HDVz3x+jcsv8bLYDHPmEK8yQlA3bCpUTI6EoZmSYaUaShAj3UIc0NOXIJ9KJJ5cP4bFW2tALhC6u4ET9PREjX8qB7+pOH6munPfG4n9eI1LepRNTHkaKcDxd5EUMqgCOY4BtKghWbKAJwoLqWyHuIoGw0mFldAj2/MuLpHqet628fa/TuAJTpMEBOAI5YIMLUAB3oAwqAIM+eATP4MWIjSfj1XibtqaM2cw++APj/QeIw5VX</latexit><latexit sha1_base64="89xf6XGBRH1pg39TDtdMFDOW3L4=">AAAB+XicbVDLSsNAFJ3UV62vqEtdDBahgpbEjS4U2urCZQX7gDaUyXTSDp1MwsykUJJ+Q3/AjQtF3PoHfoI7P8S908dCWw9cOJxzL/fe44aMSmVZX0ZqaXlldS29ntnY3NreMXf3qjKIBCYVHLBA1F0kCaOcVBRVjNRDQZDvMlJzezdjv9YnQtKAP6hBSBwfdTj1KEZKSy3TvM0VT0sn8BomSfGslCQtM2vlrQngIrFnJFs4HDVz3x+jcsv8bLYDHPmEK8yQlA3bCpUTI6EoZmSYaUaShAj3UIc0NOXIJ9KJJ5cP4bFW2tALhC6u4ET9PREjX8qB7+pOH6munPfG4n9eI1LepRNTHkaKcDxd5EUMqgCOY4BtKghWbKAJwoLqWyHuIoGw0mFldAj2/MuLpHqet628fa/TuAJTpMEBOAI5YIMLUAB3oAwqAIM+eATP4MWIjSfj1XibtqaM2cw++APj/QeIw5VX</latexit><latexit sha1_base64="bnNSWJ3gRc9jHx+oj/6prsbZqAk=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhgoZdL3pQSKIHjxHMA5IlzE5mkyGzD2ZmA2E3f+LFgyJe/RNv/o2TZA8aLWgoqrrp7nIjzqSyrC8jt7K6tr6R3yxsbe/s7pn7B00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73Lacke3M781pkKyMHhUk4g6Ph4EzGMEKy31TPOuVD2rnaIblKbV81qa9syiVbbmQH+JnZEiZKj3zM9uPySxTwNFOJayY1uRchIsFCOcTgvdWNIIkxEe0I6mAfapdJL55VN0opU+8kKhK1Borv6cSLAv5cR3daeP1VAuezPxP68TK+/KSVgQxYoGZLHIizlSIZrFgPpMUKL4RBNMBNO3IjLEAhOlwyroEOzll/+S5kXZtsr2g1WsXGdx5OEIjqEENlxCBe6hDg0gMIYneIFXIzGejTfjfdGaM7KZQ/gF4+MbjpiRog==</latexit>

||M || = Tr(M†M)
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Gauge Field Digitization: 2) Indexed Mesh

Number of qubits: log_2(mesh size)

  Necessary to make gauge field continuous degrees of freedom 
finite to perform any computation in finite time 

Project to mesh by
 Action Preserving Method : Use mesh links that minimise 
changes to the action (or any observable)
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Gauge Field Digitization

1 ) What resources are actually required during different stages of a 
quantum computation of a realistic theory?

How many qubits are needed to simulate (3+1)D SU(2) Gauge 
theory???

The only tool we have to answer this is classical lattice gauge 
theory!!!



Classical Lattice Quantities
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A (Bigger Picture) Lattice Calculation:
Plaquette

Feynman Path Integral Approach to QFT: (Numerically) Integrate over all 
field configurations

Simplest Gauge Invariant Quantities: Wilson loops
Building Blocks for Gauge Action

⌧

⌧

⇤ =
X

x

X

µ<⌫

Re Tr
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A (Bigger Picture) Lattice Calculation:
P6 Wilson loops

Feynman Path Integral Approach to QFT: (Numerically) Integrate over all 
field configurations

Other Gauge Invariant Quantities: Perimeter 6 Wilson loops
Useful for action improvement

⌧
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Re Tr
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A (Bigger Picture) Lattice Calculation:
P6 Wilson loops

Feynman Path Integral Approach to QFT: (Numerically) Integrate over all 
field configurations

Other Gauge Invariant Quantities: Perimeter 6 Wilson loops
Useful for action improvement
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A (Bigger Picture) Lattice Calculation:
P6 Wilson loops

Feynman Path Integral Approach to QFT: (Numerically) Integrate over all 
field configurations

Other Gauge Invariant Quantities: Perimeter 6 Wilson loops
Useful for action improvement
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A (Bigger Picture) Lattice Calculation:
Static Potential

Feynman Path Integral Approach to QFT: (Numerically) Integrate over all 
field configurations

Static Potential Between quarks: Wilson loop               of spatial length            
                 and temporal length    scales as…. 

W (t, r)
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W (t, r) ⇠ exp(�tV (r))
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A (Bigger Picture) Lattice Calculation:
Static Potential

Feynman Path Integral Approach to QFT: (Numerically) Integrate over all 
field configurations

Static Potential Between quarks: Wilson loop               of spatial length            
                 and temporal length    scales as…. 

W (t, r)
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 Important to see the data for yourself and make own conclusions
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How Many (qu)bits do you need: Volume?
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Summary Of Results

1 ) What resources are actually required during different stages of a 
quantum computation of a realistic theory

2) How can we pragmatically improve 
methodologies to significantly reduce the 
resources needed at each stage? 

Active Area

Digitization: How many logical qubits are needed for               Hamiltonian? SU(2)
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Big improvements in digital QC are going to be made when 
hardware, algorithms and methodology work together.

Solutions for Future Quantum Computers from       
Lattice Monte Carlo and Beyond



Lattice “Beyond” BSM 
Ciaran Hughes

Physics

CPU

QPU

chughes@fnal.gov

mailto:chughes@fnal.gov
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How many qubits are possible?
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How many qubits/gates do we actually have?

1)  Number of qubits severely limited

2)   Qubits noisy: 

IBM Q Tokyo - 20 qubits
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How many qubits/gates do we actually have?

IBM Q Tokyo - 20 qubits

1)  Number of qubits severely limited

2)   Qubits noisy: T1 ⇠ 89µs
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<latexit sha1_base64="XH5eXRTHCjUvTklzeo9M+pUDelo=">AAAB+nicbVDLSsNAFL3xWesrVXDjZrAIrkrixgouCm5cVugLmhAn00k7dCYJMxNLif0UNy4UceuXuPNvnD4W2nrgwuGce7n3njDlTGnH+bbW1jc2t7YLO8Xdvf2DQ7t01FJJJgltkoQnshNiRTmLaVMzzWknlRSLkNN2OLyd+u1HKhVL4oYep9QXuB+ziBGsjRTYpUbgIk8xgarXyBMZUoFddirODGiVuAtSrp20Rg8AUA/sL6+XkEzQWBOOleq6Tqr9HEvNCKeTopcpmmIyxH3aNTTGgio/n50+QedG6aEokaZijWbq74kcC6XGIjSdAuuBWvam4n9eN9NR1c9ZnGaaxmS+KMo40gma5oB6TFKi+dgQTCQztyIywBITbdIqmhDc5ZdXSeuy4joV996kcQNzFOAUzuACXLiCGtxBHZpAYATP8Apv1pP1Yr1bH/PWNWsxcwx/YH3+AP1Jk/k=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="ItkLIU15lwI1eFlcXIcyJMJ1OQM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5J4sYKHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpY3Nre6e8W9nbPzg8sqvHXZVkktAOSXgi+yFWlLOYdjTTnPZTSbEIOe2Fk9u533ugUrEkbutpSn2BRzGLGMHaSIFdbQcu8hQTqHGNPJEhFdg1p+4sgNaJW5AaFGgF9pc3TEgmaKwJx0oNXCfVfo6lZoTTWcXLFE0xmeARHRgaY0GVny9On6FzowxRlEhTsUYL9fdEjoVSUxGaToH1WK16c/E/b5DpqOHnLE4zTWOyXBRlHOkEzXNAQyYp0XxqCCaSmVsRGWOJiTZpVUwI7urL66R7WXedunvv1Jo3RRxlOIUzuAAXrqAJd9CCDhB4hGd4hTfryXqx3q2PZWvJKmZO4A+szx/yvpJ2</latexit>



Current Resources In the NISQ-era

How many qubits/gates do we actually have?

IBM Q Tokyo - 20 qubits

1)  Number of qubits severely limited

2)   Qubits noisy: 

3)   Connectivity of qubits limited! 

4)   Coherence time 

T1 ⇠ 89µs
<latexit sha1_base64="XH5eXRTHCjUvTklzeo9M+pUDelo=">AAAB+nicbVDLSsNAFL3xWesrVXDjZrAIrkrixgouCm5cVugLmhAn00k7dCYJMxNLif0UNy4UceuXuPNvnD4W2nrgwuGce7n3njDlTGnH+bbW1jc2t7YLO8Xdvf2DQ7t01FJJJgltkoQnshNiRTmLaVMzzWknlRSLkNN2OLyd+u1HKhVL4oYep9QXuB+ziBGsjRTYpUbgIk8xgarXyBMZUoFddirODGiVuAtSrp20Rg8AUA/sL6+XkEzQWBOOleq6Tqr9HEvNCKeTopcpmmIyxH3aNTTGgio/n50+QedG6aEokaZijWbq74kcC6XGIjSdAuuBWvam4n9eN9NR1c9ZnGaaxmS+KMo40gma5oB6TFKi+dgQTCQztyIywBITbdIqmhDc5ZdXSeuy4joV996kcQNzFOAUzuACXLiCGtxBHZpAYATP8Apv1pP1Yr1bH/PWNWsxcwx/YH3+AP1Jk/k=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="ItkLIU15lwI1eFlcXIcyJMJ1OQM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5J4sYKHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpY3Nre6e8W9nbPzg8sqvHXZVkktAOSXgi+yFWlLOYdjTTnPZTSbEIOe2Fk9u533ugUrEkbutpSn2BRzGLGMHaSIFdbQcu8hQTqHGNPJEhFdg1p+4sgNaJW5AaFGgF9pc3TEgmaKwJx0oNXCfVfo6lZoTTWcXLFE0xmeARHRgaY0GVny9On6FzowxRlEhTsUYL9fdEjoVSUxGaToH1WK16c/E/b5DpqOHnLE4zTWOyXBRlHOkEzXNAQyYp0XxqCCaSmVsRGWOJiTZpVUwI7urL66R7WXedunvv1Jo3RRxlOIUzuAAXrqAJd9CCDhB4hGd4hTfryXqx3q2PZWvJKmZO4A+szx/yvpJ2</latexit>



Current Resources In the NISQ-era

How many qubits/gates do we actually have?

IBM Q Tokyo - 20 qubits

1)  Number of qubits severely limited

2)   Qubits noisy: 

3)   Connectivity of qubits limited! 

4)   Coherence time: 

T1 ⇠ 89µs
<latexit sha1_base64="XH5eXRTHCjUvTklzeo9M+pUDelo=">AAAB+nicbVDLSsNAFL3xWesrVXDjZrAIrkrixgouCm5cVugLmhAn00k7dCYJMxNLif0UNy4UceuXuPNvnD4W2nrgwuGce7n3njDlTGnH+bbW1jc2t7YLO8Xdvf2DQ7t01FJJJgltkoQnshNiRTmLaVMzzWknlRSLkNN2OLyd+u1HKhVL4oYep9QXuB+ziBGsjRTYpUbgIk8xgarXyBMZUoFddirODGiVuAtSrp20Rg8AUA/sL6+XkEzQWBOOleq6Tqr9HEvNCKeTopcpmmIyxH3aNTTGgio/n50+QedG6aEokaZijWbq74kcC6XGIjSdAuuBWvam4n9eN9NR1c9ZnGaaxmS+KMo40gma5oB6TFKi+dgQTCQztyIywBITbdIqmhDc5ZdXSeuy4joV996kcQNzFOAUzuACXLiCGtxBHZpAYATP8Apv1pP1Yr1bH/PWNWsxcwx/YH3+AP1Jk/k=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="ItkLIU15lwI1eFlcXIcyJMJ1OQM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5J4sYKHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpY3Nre6e8W9nbPzg8sqvHXZVkktAOSXgi+yFWlLOYdjTTnPZTSbEIOe2Fk9u533ugUrEkbutpSn2BRzGLGMHaSIFdbQcu8hQTqHGNPJEhFdg1p+4sgNaJW5AaFGgF9pc3TEgmaKwJx0oNXCfVfo6lZoTTWcXLFE0xmeARHRgaY0GVny9On6FzowxRlEhTsUYL9fdEjoVSUxGaToH1WK16c/E/b5DpqOHnLE4zTWOyXBRlHOkEzXNAQyYp0XxqCCaSmVsRGWOJiTZpVUwI7urL66R7WXedunvv1Jo3RRxlOIUzuAAXrqAJd9CCDhB4hGd4hTfryXqx3q2PZWvJKmZO4A+szx/yvpJ2</latexit>

T2 ⇠ 57µs
<latexit sha1_base64="PCn370Wv9ZZ+TVQ1v0R2xYRZ2pI=">AAAB+nicbVDLSsNAFL2pr1pfqYIbN4NFcFWSgtSFi4IblxX6gibEyXTaDp1JwszEUmI/xY0LRdz6Je78G6ePhbYeuHA4517uvSdMOFPacb6t3Mbm1vZOfrewt39weGQXj1sqTiWhTRLzWHZCrChnEW1qpjntJJJiEXLaDke3M7/9SKVicdTQk4T6Ag8i1mcEayMFdrERVJCnmEBXVeSJFKnALjllZw60TtwlKdVOW+MHAKgH9pfXi0kqaKQJx0p1XSfRfoalZoTTacFLFU0wGeEB7RoaYUGVn81Pn6ILo/RQP5amIo3m6u+JDAulJiI0nQLroVr1ZuJ/XjfV/Ws/Y1GSahqRxaJ+ypGO0SwH1GOSEs0nhmAimbkVkSGWmGiTVsGE4K6+vE5albLrlN17k8YNLJCHMziHS3ChCjW4gzo0gcAYnuEV3qwn68V6tz4WrTlrOXMCf2B9/gD3JpP1</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit>



Current Resources In the NISQ-era

How many qubits/gates do we actually have?

IBM Q Tokyo - 20 qubits

1)  Number of qubits severely limited

2)   Qubits noisy: 

3)   Connectivity of qubits limited! 

4)   Coherence time: 

T1 ⇠ 89µs
<latexit sha1_base64="XH5eXRTHCjUvTklzeo9M+pUDelo=">AAAB+nicbVDLSsNAFL3xWesrVXDjZrAIrkrixgouCm5cVugLmhAn00k7dCYJMxNLif0UNy4UceuXuPNvnD4W2nrgwuGce7n3njDlTGnH+bbW1jc2t7YLO8Xdvf2DQ7t01FJJJgltkoQnshNiRTmLaVMzzWknlRSLkNN2OLyd+u1HKhVL4oYep9QXuB+ziBGsjRTYpUbgIk8xgarXyBMZUoFddirODGiVuAtSrp20Rg8AUA/sL6+XkEzQWBOOleq6Tqr9HEvNCKeTopcpmmIyxH3aNTTGgio/n50+QedG6aEokaZijWbq74kcC6XGIjSdAuuBWvam4n9eN9NR1c9ZnGaaxmS+KMo40gma5oB6TFKi+dgQTCQztyIywBITbdIqmhDc5ZdXSeuy4joV996kcQNzFOAUzuACXLiCGtxBHZpAYATP8Apv1pP1Yr1bH/PWNWsxcwx/YH3+AP1Jk/k=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="ItkLIU15lwI1eFlcXIcyJMJ1OQM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5J4sYKHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpY3Nre6e8W9nbPzg8sqvHXZVkktAOSXgi+yFWlLOYdjTTnPZTSbEIOe2Fk9u533ugUrEkbutpSn2BRzGLGMHaSIFdbQcu8hQTqHGNPJEhFdg1p+4sgNaJW5AaFGgF9pc3TEgmaKwJx0oNXCfVfo6lZoTTWcXLFE0xmeARHRgaY0GVny9On6FzowxRlEhTsUYL9fdEjoVSUxGaToH1WK16c/E/b5DpqOHnLE4zTWOyXBRlHOkEzXNAQyYp0XxqCCaSmVsRGWOJiTZpVUwI7urL66R7WXedunvv1Jo3RRxlOIUzuAAXrqAJd9CCDhB4hGd4hTfryXqx3q2PZWvJKmZO4A+szx/yvpJ2</latexit>

T2 ⇠ 57µs
<latexit sha1_base64="PCn370Wv9ZZ+TVQ1v0R2xYRZ2pI=">AAAB+nicbVDLSsNAFL2pr1pfqYIbN4NFcFWSgtSFi4IblxX6gibEyXTaDp1JwszEUmI/xY0LRdz6Je78G6ePhbYeuHA4517uvSdMOFPacb6t3Mbm1vZOfrewt39weGQXj1sqTiWhTRLzWHZCrChnEW1qpjntJJJiEXLaDke3M7/9SKVicdTQk4T6Ag8i1mcEayMFdrERVJCnmEBXVeSJFKnALjllZw60TtwlKdVOW+MHAKgH9pfXi0kqaKQJx0p1XSfRfoalZoTTacFLFU0wGeEB7RoaYUGVn81Pn6ILo/RQP5amIo3m6u+JDAulJiI0nQLroVr1ZuJ/XjfV/Ws/Y1GSahqRxaJ+ypGO0SwH1GOSEs0nhmAimbkVkSGWmGiTVsGE4K6+vE5albLrlN17k8YNLJCHMziHS3ChCjW4gzo0gcAYnuEV3qwn68V6tz4WrTlrOXMCf2B9/gD3JpP1</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit>



Current Resources In the NISQ-era

How many qubits/gates do we actually have?

IBM Q Tokyo - 20 qubits

1)  Number of qubits severely limited

2)   Qubits noisy: 

3)   Connectivity of qubits limited! 

4)   Coherence time:

5)   Gate Depth Small

T1 ⇠ 89µs
<latexit sha1_base64="XH5eXRTHCjUvTklzeo9M+pUDelo=">AAAB+nicbVDLSsNAFL3xWesrVXDjZrAIrkrixgouCm5cVugLmhAn00k7dCYJMxNLif0UNy4UceuXuPNvnD4W2nrgwuGce7n3njDlTGnH+bbW1jc2t7YLO8Xdvf2DQ7t01FJJJgltkoQnshNiRTmLaVMzzWknlRSLkNN2OLyd+u1HKhVL4oYep9QXuB+ziBGsjRTYpUbgIk8xgarXyBMZUoFddirODGiVuAtSrp20Rg8AUA/sL6+XkEzQWBOOleq6Tqr9HEvNCKeTopcpmmIyxH3aNTTGgio/n50+QedG6aEokaZijWbq74kcC6XGIjSdAuuBWvam4n9eN9NR1c9ZnGaaxmS+KMo40gma5oB6TFKi+dgQTCQztyIywBITbdIqmhDc5ZdXSeuy4joV996kcQNzFOAUzuACXLiCGtxBHZpAYATP8Apv1pP1Yr1bH/PWNWsxcwx/YH3+AP1Jk/k=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="ItkLIU15lwI1eFlcXIcyJMJ1OQM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5J4sYKHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpY3Nre6e8W9nbPzg8sqvHXZVkktAOSXgi+yFWlLOYdjTTnPZTSbEIOe2Fk9u533ugUrEkbutpSn2BRzGLGMHaSIFdbQcu8hQTqHGNPJEhFdg1p+4sgNaJW5AaFGgF9pc3TEgmaKwJx0oNXCfVfo6lZoTTWcXLFE0xmeARHRgaY0GVny9On6FzowxRlEhTsUYL9fdEjoVSUxGaToH1WK16c/E/b5DpqOHnLE4zTWOyXBRlHOkEzXNAQyYp0XxqCCaSmVsRGWOJiTZpVUwI7urL66R7WXedunvv1Jo3RRxlOIUzuAAXrqAJd9CCDhB4hGd4hTfryXqx3q2PZWvJKmZO4A+szx/yvpJ2</latexit>

T2 ⇠ 57µs
<latexit sha1_base64="PCn370Wv9ZZ+TVQ1v0R2xYRZ2pI=">AAAB+nicbVDLSsNAFL2pr1pfqYIbN4NFcFWSgtSFi4IblxX6gibEyXTaDp1JwszEUmI/xY0LRdz6Je78G6ePhbYeuHA4517uvSdMOFPacb6t3Mbm1vZOfrewt39weGQXj1sqTiWhTRLzWHZCrChnEW1qpjntJJJiEXLaDke3M7/9SKVicdTQk4T6Ag8i1mcEayMFdrERVJCnmEBXVeSJFKnALjllZw60TtwlKdVOW+MHAKgH9pfXi0kqaKQJx0p1XSfRfoalZoTTacFLFU0wGeEB7RoaYUGVn81Pn6ILo/RQP5amIo3m6u+JDAulJiI0nQLroVr1ZuJ/XjfV/Ws/Y1GSahqRxaJ+ypGO0SwH1GOSEs0nhmAimbkVkSGWmGiTVsGE4K6+vE5albLrlN17k8YNLJCHMziHS3ChCjW4gzo0gcAYnuEV3qwn68V6tz4WrTlrOXMCf2B9/gD3JpP1</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit>



Current Resources In the NISQ-era

How many qubits/gates do we actually have?

IBM Q Tokyo - 20 qubits

1)  Number of qubits severely limited

2)   Qubits noisy: 

3)   Connectivity of qubits limited! 

4)   Coherence time:

5)   Gate Depth Small - Gate Error  

T1 ⇠ 89µs
<latexit sha1_base64="XH5eXRTHCjUvTklzeo9M+pUDelo=">AAAB+nicbVDLSsNAFL3xWesrVXDjZrAIrkrixgouCm5cVugLmhAn00k7dCYJMxNLif0UNy4UceuXuPNvnD4W2nrgwuGce7n3njDlTGnH+bbW1jc2t7YLO8Xdvf2DQ7t01FJJJgltkoQnshNiRTmLaVMzzWknlRSLkNN2OLyd+u1HKhVL4oYep9QXuB+ziBGsjRTYpUbgIk8xgarXyBMZUoFddirODGiVuAtSrp20Rg8AUA/sL6+XkEzQWBOOleq6Tqr9HEvNCKeTopcpmmIyxH3aNTTGgio/n50+QedG6aEokaZijWbq74kcC6XGIjSdAuuBWvam4n9eN9NR1c9ZnGaaxmS+KMo40gma5oB6TFKi+dgQTCQztyIywBITbdIqmhDc5ZdXSeuy4joV996kcQNzFOAUzuACXLiCGtxBHZpAYATP8Apv1pP1Yr1bH/PWNWsxcwx/YH3+AP1Jk/k=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="ItkLIU15lwI1eFlcXIcyJMJ1OQM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5J4sYKHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpY3Nre6e8W9nbPzg8sqvHXZVkktAOSXgi+yFWlLOYdjTTnPZTSbEIOe2Fk9u533ugUrEkbutpSn2BRzGLGMHaSIFdbQcu8hQTqHGNPJEhFdg1p+4sgNaJW5AaFGgF9pc3TEgmaKwJx0oNXCfVfo6lZoTTWcXLFE0xmeARHRgaY0GVny9On6FzowxRlEhTsUYL9fdEjoVSUxGaToH1WK16c/E/b5DpqOHnLE4zTWOyXBRlHOkEzXNAQyYp0XxqCCaSmVsRGWOJiTZpVUwI7urL66R7WXedunvv1Jo3RRxlOIUzuAAXrqAJd9CCDhB4hGd4hTfryXqx3q2PZWvJKmZO4A+szx/yvpJ2</latexit>

T2 ⇠ 57µs
<latexit sha1_base64="PCn370Wv9ZZ+TVQ1v0R2xYRZ2pI=">AAAB+nicbVDLSsNAFL2pr1pfqYIbN4NFcFWSgtSFi4IblxX6gibEyXTaDp1JwszEUmI/xY0LRdz6Je78G6ePhbYeuHA4517uvSdMOFPacb6t3Mbm1vZOfrewt39weGQXj1sqTiWhTRLzWHZCrChnEW1qpjntJJJiEXLaDke3M7/9SKVicdTQk4T6Ag8i1mcEayMFdrERVJCnmEBXVeSJFKnALjllZw60TtwlKdVOW+MHAKgH9pfXi0kqaKQJx0p1XSfRfoalZoTTacFLFU0wGeEB7RoaYUGVn81Pn6ILo/RQP5amIo3m6u+JDAulJiI0nQLroVr1ZuJ/XjfV/Ws/Y1GSahqRxaJ+ypGO0SwH1GOSEs0nhmAimbkVkSGWmGiTVsGE4K6+vE5albLrlN17k8YNLJCHMziHS3ChCjW4gzo0gcAYnuEV3qwn68V6tz4WrTlrOXMCf2B9/gD3JpP1</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit>

2⇥ 10�3
<latexit sha1_base64="IHJNYlDdsFITCK3LkvLETN7xRoY=">AAAB+XicbVC7SgNBFL2b+IjxtWppMxgEG8NuLLSwCNhYRjAPSNYwO5lNhsw+mLkbCEv+xMZCEVt/wNbWzr9x8ig08cCFwzn3cu89fiKFRsf5tnL5tfWNzcJWcXtnd2/fPjhs6DhVjNdZLGPV8qnmUkS8jgIlbyWK09CXvOkPb6Z+c8SVFnF0j+OEeyHtRyIQjKKRurZd6aAIuSau85CdX0xI1y45ZWcGskrcBSlV85+NDwCode2vTi9macgjZJJq3XadBL2MKhRM8kmxk2qeUDakfd42NKJmm5fNLp+QU6P0SBArUxGSmfp7IqOh1uPQN50hxYFe9qbif147xeDKy0SUpMgjNl8UpJJgTKYxkJ5QnKEcG0KZEuZWwgZUUYYmrKIJwV1+eZU0KmXXKbt3Jo1rmKMAx3ACZ+DCJVThFmpQBwYjeIRneLEy68l6td7mrTlrMXMEf2C9/wB3YpRq</latexit><latexit sha1_base64="B72v24H50/2YxunVkrAkQQZi2Sc=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3FlpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatl1sogi4Jq5zl56cjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4AOYCWeg==</latexit><latexit sha1_base64="B72v24H50/2YxunVkrAkQQZi2Sc=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3FlpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatl1sogi4Jq5zl56cjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4AOYCWeg==</latexit><latexit sha1_base64="FLFXXGmAvNNCAvBEWaWNBNsy1x8=">AAAB+XicbVA9TwJBEJ3DL8SvU0ubjcTERnKHhRYWJDaWmAiSwEn2lgU27O1ddudIyIV/YmOhMbb+Ezv/jQtcoeBLJnl5byYz88JECoOe9+0U1tY3NreK26Wd3b39A/fwqGniVDPeYLGMdSukhkuheAMFSt5KNKdRKPljOLqd+Y9jro2I1QNOEh5EdKBEXzCKVuq6brWDIuKG+N5TdnE5JV237FW8Ocgq8XNShhz1rvvV6cUsjbhCJqkxbd9LMMioRsEkn5Y6qeEJZSM64G1LFbXbgmx++ZScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/89op9q+DTKgkRa7YYlE/lQRjMouB9ITmDOXEEsq0sLcSNqSaMrRhlWwI/vLLq6RZrfhexb/3yrWbPI4inMApnIMPV1CDO6hDAxiM4Rle4c3JnBfn3flYtBacfOYY/sD5/AGWlJJI</latexit>



Current Resources In the NISQ-era

How many qubits/gates do we actually have?

IBM Q Tokyo - 20 qubits

1)  Number of qubits severely limited

2)   Qubits noisy: 

3)   Connectivity of qubits limited! 

4)   Coherence time:

5)   Gate Depth Small - Gate Error  

6)   Read-out Error large: 

T1 ⇠ 89µs
<latexit sha1_base64="XH5eXRTHCjUvTklzeo9M+pUDelo=">AAAB+nicbVDLSsNAFL3xWesrVXDjZrAIrkrixgouCm5cVugLmhAn00k7dCYJMxNLif0UNy4UceuXuPNvnD4W2nrgwuGce7n3njDlTGnH+bbW1jc2t7YLO8Xdvf2DQ7t01FJJJgltkoQnshNiRTmLaVMzzWknlRSLkNN2OLyd+u1HKhVL4oYep9QXuB+ziBGsjRTYpUbgIk8xgarXyBMZUoFddirODGiVuAtSrp20Rg8AUA/sL6+XkEzQWBOOleq6Tqr9HEvNCKeTopcpmmIyxH3aNTTGgio/n50+QedG6aEokaZijWbq74kcC6XGIjSdAuuBWvam4n9eN9NR1c9ZnGaaxmS+KMo40gma5oB6TFKi+dgQTCQztyIywBITbdIqmhDc5ZdXSeuy4joV996kcQNzFOAUzuACXLiCGtxBHZpAYATP8Apv1pP1Yr1bH/PWNWsxcwx/YH3+AP1Jk/k=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="ItkLIU15lwI1eFlcXIcyJMJ1OQM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5J4sYKHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpY3Nre6e8W9nbPzg8sqvHXZVkktAOSXgi+yFWlLOYdjTTnPZTSbEIOe2Fk9u533ugUrEkbutpSn2BRzGLGMHaSIFdbQcu8hQTqHGNPJEhFdg1p+4sgNaJW5AaFGgF9pc3TEgmaKwJx0oNXCfVfo6lZoTTWcXLFE0xmeARHRgaY0GVny9On6FzowxRlEhTsUYL9fdEjoVSUxGaToH1WK16c/E/b5DpqOHnLE4zTWOyXBRlHOkEzXNAQyYp0XxqCCaSmVsRGWOJiTZpVUwI7urL66R7WXedunvv1Jo3RRxlOIUzuAAXrqAJd9CCDhB4hGd4hTfryXqx3q2PZWvJKmZO4A+szx/yvpJ2</latexit>

T2 ⇠ 57µs
<latexit sha1_base64="PCn370Wv9ZZ+TVQ1v0R2xYRZ2pI=">AAAB+nicbVDLSsNAFL2pr1pfqYIbN4NFcFWSgtSFi4IblxX6gibEyXTaDp1JwszEUmI/xY0LRdz6Je78G6ePhbYeuHA4517uvSdMOFPacb6t3Mbm1vZOfrewt39weGQXj1sqTiWhTRLzWHZCrChnEW1qpjntJJJiEXLaDke3M7/9SKVicdTQk4T6Ag8i1mcEayMFdrERVJCnmEBXVeSJFKnALjllZw60TtwlKdVOW+MHAKgH9pfXi0kqaKQJx0p1XSfRfoalZoTTacFLFU0wGeEB7RoaYUGVn81Pn6ILo/RQP5amIo3m6u+JDAulJiI0nQLroVr1ZuJ/XjfV/Ws/Y1GSahqRxaJ+ypGO0SwH1GOSEs0nhmAimbkVkSGWmGiTVsGE4K6+vE5albLrlN17k8YNLJCHMziHS3ChCjW4gzo0gcAYnuEV3qwn68V6tz4WrTlrOXMCf2B9/gD3JpP1</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit>

2⇥ 10�3
<latexit sha1_base64="IHJNYlDdsFITCK3LkvLETN7xRoY=">AAAB+XicbVC7SgNBFL2b+IjxtWppMxgEG8NuLLSwCNhYRjAPSNYwO5lNhsw+mLkbCEv+xMZCEVt/wNbWzr9x8ig08cCFwzn3cu89fiKFRsf5tnL5tfWNzcJWcXtnd2/fPjhs6DhVjNdZLGPV8qnmUkS8jgIlbyWK09CXvOkPb6Z+c8SVFnF0j+OEeyHtRyIQjKKRurZd6aAIuSau85CdX0xI1y45ZWcGskrcBSlV85+NDwCode2vTi9macgjZJJq3XadBL2MKhRM8kmxk2qeUDakfd42NKJmm5fNLp+QU6P0SBArUxGSmfp7IqOh1uPQN50hxYFe9qbif147xeDKy0SUpMgjNl8UpJJgTKYxkJ5QnKEcG0KZEuZWwgZUUYYmrKIJwV1+eZU0KmXXKbt3Jo1rmKMAx3ACZ+DCJVThFmpQBwYjeIRneLEy68l6td7mrTlrMXMEf2C9/wB3YpRq</latexit><latexit sha1_base64="B72v24H50/2YxunVkrAkQQZi2Sc=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3FlpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatl1sogi4Jq5zl56cjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4AOYCWeg==</latexit><latexit sha1_base64="B72v24H50/2YxunVkrAkQQZi2Sc=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3FlpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatl1sogi4Jq5zl56cjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4AOYCWeg==</latexit><latexit sha1_base64="FLFXXGmAvNNCAvBEWaWNBNsy1x8=">AAAB+XicbVA9TwJBEJ3DL8SvU0ubjcTERnKHhRYWJDaWmAiSwEn2lgU27O1ddudIyIV/YmOhMbb+Ezv/jQtcoeBLJnl5byYz88JECoOe9+0U1tY3NreK26Wd3b39A/fwqGniVDPeYLGMdSukhkuheAMFSt5KNKdRKPljOLqd+Y9jro2I1QNOEh5EdKBEXzCKVuq6brWDIuKG+N5TdnE5JV237FW8Ocgq8XNShhz1rvvV6cUsjbhCJqkxbd9LMMioRsEkn5Y6qeEJZSM64G1LFbXbgmx++ZScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/89op9q+DTKgkRa7YYlE/lQRjMouB9ITmDOXEEsq0sLcSNqSaMrRhlWwI/vLLq6RZrfhexb/3yrWbPI4inMApnIMPV1CDO6hDAxiM4Rle4c3JnBfn3flYtBacfOYY/sD5/AGWlJJI</latexit>

6⇥ 10�2
<latexit sha1_base64="K2WqKnXE6twYs6QrDKknS9eheRk=">AAAB+XicbVC7SgNBFL2b+IjxtWppMxgEG8NuCrWwCNhYRjAPSNYwO5lNhsw+mLkbCEv+xMZCEVt/wNbWzr9x8ig08cCFwzn3cu89fiKFRsf5tnL5tfWNzcJWcXtnd2/fPjhs6DhVjNdZLGPV8qnmUkS8jgIlbyWK09CXvOkPb6Z+c8SVFnF0j+OEeyHtRyIQjKKRurZ90UERck1c5yE7r0xI1y45ZWcGskrcBSlV85+NDwCode2vTi9macgjZJJq3XadBL2MKhRM8kmxk2qeUDakfd42NKJmm5fNLp+QU6P0SBArUxGSmfp7IqOh1uPQN50hxYFe9qbif147xeDKy0SUpMgjNl8UpJJgTKYxkJ5QnKEcG0KZEuZWwgZUUYYmrKIJwV1+eZU0KmXXKbt3Jo1rmKMAx3ACZ+DCJVThFmpQBwYjeIRneLEy68l6td7mrTlrMXMEf2C9/wB8KJRt</latexit><latexit sha1_base64="hgb7W1MpDaW5TKseD3v3fuHOD+Y=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3hVpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatn3aRBFwTVznLj0pjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4APkaWfQ==</latexit><latexit sha1_base64="hgb7W1MpDaW5TKseD3v3fuHOD+Y=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3hVpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatn3aRBFwTVznLj0pjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4APkaWfQ==</latexit><latexit sha1_base64="IoZFEoZEln7KpDSzaXCoBd2mx40=">AAAB+XicbVA9TwJBEJ3DL8SvU0ubjcTERnJHoRYWJDaWmAiSwEn2lgU27O1ddudIyIV/YmOhMbb+Ezv/jQtcoeBLJnl5byYz88JECoOe9+0U1tY3NreK26Wd3b39A/fwqGniVDPeYLGMdSukhkuheAMFSt5KNKdRKPljOLqd+Y9jro2I1QNOEh5EdKBEXzCKVuq67mUHRcQN8b2n7KI6JV237FW8Ocgq8XNShhz1rvvV6cUsjbhCJqkxbd9LMMioRsEkn5Y6qeEJZSM64G1LFbXbgmx++ZScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/89op9q+DTKgkRa7YYlE/lQRjMouB9ITmDOXEEsq0sLcSNqSaMrRhlWwI/vLLq6RZrfhexb/3yrWbPI4inMApnIMPV1CDO6hDAxiM4Rle4c3JnBfn3flYtBacfOYY/sD5/AGbWpJL</latexit>

⌧ ⌧



Current Resources In the NISQ-era

How many qubits/gates do we actually have?

IBM Q Tokyo - 20 qubits

1)  Number of qubits severely limited

2)   Qubits noisy: 

3)   Connectivity of qubits limited! 

4)   Coherence time:

5)   Gate Depth Small - Gate Error  

6)   Read-out Error large:

7)   No quantum error correction 

T1 ⇠ 89µs
<latexit sha1_base64="XH5eXRTHCjUvTklzeo9M+pUDelo=">AAAB+nicbVDLSsNAFL3xWesrVXDjZrAIrkrixgouCm5cVugLmhAn00k7dCYJMxNLif0UNy4UceuXuPNvnD4W2nrgwuGce7n3njDlTGnH+bbW1jc2t7YLO8Xdvf2DQ7t01FJJJgltkoQnshNiRTmLaVMzzWknlRSLkNN2OLyd+u1HKhVL4oYep9QXuB+ziBGsjRTYpUbgIk8xgarXyBMZUoFddirODGiVuAtSrp20Rg8AUA/sL6+XkEzQWBOOleq6Tqr9HEvNCKeTopcpmmIyxH3aNTTGgio/n50+QedG6aEokaZijWbq74kcC6XGIjSdAuuBWvam4n9eN9NR1c9ZnGaaxmS+KMo40gma5oB6TFKi+dgQTCQztyIywBITbdIqmhDc5ZdXSeuy4joV996kcQNzFOAUzuACXLiCGtxBHZpAYATP8Apv1pP1Yr1bH/PWNWsxcwx/YH3+AP1Jk/k=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="ItkLIU15lwI1eFlcXIcyJMJ1OQM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5J4sYKHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpY3Nre6e8W9nbPzg8sqvHXZVkktAOSXgi+yFWlLOYdjTTnPZTSbEIOe2Fk9u533ugUrEkbutpSn2BRzGLGMHaSIFdbQcu8hQTqHGNPJEhFdg1p+4sgNaJW5AaFGgF9pc3TEgmaKwJx0oNXCfVfo6lZoTTWcXLFE0xmeARHRgaY0GVny9On6FzowxRlEhTsUYL9fdEjoVSUxGaToH1WK16c/E/b5DpqOHnLE4zTWOyXBRlHOkEzXNAQyYp0XxqCCaSmVsRGWOJiTZpVUwI7urL66R7WXedunvv1Jo3RRxlOIUzuAAXrqAJd9CCDhB4hGd4hTfryXqx3q2PZWvJKmZO4A+szx/yvpJ2</latexit>

T2 ⇠ 57µs
<latexit sha1_base64="PCn370Wv9ZZ+TVQ1v0R2xYRZ2pI=">AAAB+nicbVDLSsNAFL2pr1pfqYIbN4NFcFWSgtSFi4IblxX6gibEyXTaDp1JwszEUmI/xY0LRdz6Je78G6ePhbYeuHA4517uvSdMOFPacb6t3Mbm1vZOfrewt39weGQXj1sqTiWhTRLzWHZCrChnEW1qpjntJJJiEXLaDke3M7/9SKVicdTQk4T6Ag8i1mcEayMFdrERVJCnmEBXVeSJFKnALjllZw60TtwlKdVOW+MHAKgH9pfXi0kqaKQJx0p1XSfRfoalZoTTacFLFU0wGeEB7RoaYUGVn81Pn6ILo/RQP5amIo3m6u+JDAulJiI0nQLroVr1ZuJ/XjfV/Ws/Y1GSahqRxaJ+ypGO0SwH1GOSEs0nhmAimbkVkSGWmGiTVsGE4K6+vE5albLrlN17k8YNLJCHMziHS3ChCjW4gzo0gcAYnuEV3qwn68V6tz4WrTlrOXMCf2B9/gD3JpP1</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit>

2⇥ 10�3
<latexit sha1_base64="IHJNYlDdsFITCK3LkvLETN7xRoY=">AAAB+XicbVC7SgNBFL2b+IjxtWppMxgEG8NuLLSwCNhYRjAPSNYwO5lNhsw+mLkbCEv+xMZCEVt/wNbWzr9x8ig08cCFwzn3cu89fiKFRsf5tnL5tfWNzcJWcXtnd2/fPjhs6DhVjNdZLGPV8qnmUkS8jgIlbyWK09CXvOkPb6Z+c8SVFnF0j+OEeyHtRyIQjKKRurZd6aAIuSau85CdX0xI1y45ZWcGskrcBSlV85+NDwCode2vTi9macgjZJJq3XadBL2MKhRM8kmxk2qeUDakfd42NKJmm5fNLp+QU6P0SBArUxGSmfp7IqOh1uPQN50hxYFe9qbif147xeDKy0SUpMgjNl8UpJJgTKYxkJ5QnKEcG0KZEuZWwgZUUYYmrKIJwV1+eZU0KmXXKbt3Jo1rmKMAx3ACZ+DCJVThFmpQBwYjeIRneLEy68l6td7mrTlrMXMEf2C9/wB3YpRq</latexit><latexit sha1_base64="B72v24H50/2YxunVkrAkQQZi2Sc=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3FlpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatl1sogi4Jq5zl56cjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4AOYCWeg==</latexit><latexit sha1_base64="B72v24H50/2YxunVkrAkQQZi2Sc=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3FlpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatl1sogi4Jq5zl56cjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4AOYCWeg==</latexit><latexit sha1_base64="FLFXXGmAvNNCAvBEWaWNBNsy1x8=">AAAB+XicbVA9TwJBEJ3DL8SvU0ubjcTERnKHhRYWJDaWmAiSwEn2lgU27O1ddudIyIV/YmOhMbb+Ezv/jQtcoeBLJnl5byYz88JECoOe9+0U1tY3NreK26Wd3b39A/fwqGniVDPeYLGMdSukhkuheAMFSt5KNKdRKPljOLqd+Y9jro2I1QNOEh5EdKBEXzCKVuq6brWDIuKG+N5TdnE5JV237FW8Ocgq8XNShhz1rvvV6cUsjbhCJqkxbd9LMMioRsEkn5Y6qeEJZSM64G1LFbXbgmx++ZScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/89op9q+DTKgkRa7YYlE/lQRjMouB9ITmDOXEEsq0sLcSNqSaMrRhlWwI/vLLq6RZrfhexb/3yrWbPI4inMApnIMPV1CDO6hDAxiM4Rle4c3JnBfn3flYtBacfOYY/sD5/AGWlJJI</latexit>

6⇥ 10�2
<latexit sha1_base64="K2WqKnXE6twYs6QrDKknS9eheRk=">AAAB+XicbVC7SgNBFL2b+IjxtWppMxgEG8NuCrWwCNhYRjAPSNYwO5lNhsw+mLkbCEv+xMZCEVt/wNbWzr9x8ig08cCFwzn3cu89fiKFRsf5tnL5tfWNzcJWcXtnd2/fPjhs6DhVjNdZLGPV8qnmUkS8jgIlbyWK09CXvOkPb6Z+c8SVFnF0j+OEeyHtRyIQjKKRurZ90UERck1c5yE7r0xI1y45ZWcGskrcBSlV85+NDwCode2vTi9macgjZJJq3XadBL2MKhRM8kmxk2qeUDakfd42NKJmm5fNLp+QU6P0SBArUxGSmfp7IqOh1uPQN50hxYFe9qbif147xeDKy0SUpMgjNl8UpJJgTKYxkJ5QnKEcG0KZEuZWwgZUUYYmrKIJwV1+eZU0KmXXKbt3Jo1rmKMAx3ACZ+DCJVThFmpQBwYjeIRneLEy68l6td7mrTlrMXMEf2C9/wB8KJRt</latexit><latexit sha1_base64="hgb7W1MpDaW5TKseD3v3fuHOD+Y=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3hVpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatn3aRBFwTVznLj0pjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4APkaWfQ==</latexit><latexit sha1_base64="hgb7W1MpDaW5TKseD3v3fuHOD+Y=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3hVpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatn3aRBFwTVznLj0pjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4APkaWfQ==</latexit><latexit sha1_base64="IoZFEoZEln7KpDSzaXCoBd2mx40=">AAAB+XicbVA9TwJBEJ3DL8SvU0ubjcTERnJHoRYWJDaWmAiSwEn2lgU27O1ddudIyIV/YmOhMbb+Ezv/jQtcoeBLJnl5byYz88JECoOe9+0U1tY3NreK26Wd3b39A/fwqGniVDPeYLGMdSukhkuheAMFSt5KNKdRKPljOLqd+Y9jro2I1QNOEh5EdKBEXzCKVuq67mUHRcQN8b2n7KI6JV237FW8Ocgq8XNShhz1rvvV6cUsjbhCJqkxbd9LMMioRsEkn5Y6qeEJZSM64G1LFbXbgmx++ZScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/89op9q+DTKgkRa7YYlE/lQRjMouB9ITmDOXEEsq0sLcSNqSaMrRhlWwI/vLLq6RZrfhexb/3yrWbPI4inMApnIMPV1CDO6hDAxiM4Rle4c3JnBfn3flYtBacfOYY/sD5/AGbWpJL</latexit>

⌧ ⌧



Current Resources In the NISQ-era

IBM Q Tokyo - 20 qubits

1)  Number of qubits severely limited

2)   Qubits noisy: 

3)   Connectivity of qubits limited! 

4)   Coherence time:

5)   Gate Depth Small - Gate Error  

6)   Read-out Error large:

7)   No quantum error correction 

T1 ⇠ 89µs
<latexit sha1_base64="XH5eXRTHCjUvTklzeo9M+pUDelo=">AAAB+nicbVDLSsNAFL3xWesrVXDjZrAIrkrixgouCm5cVugLmhAn00k7dCYJMxNLif0UNy4UceuXuPNvnD4W2nrgwuGce7n3njDlTGnH+bbW1jc2t7YLO8Xdvf2DQ7t01FJJJgltkoQnshNiRTmLaVMzzWknlRSLkNN2OLyd+u1HKhVL4oYep9QXuB+ziBGsjRTYpUbgIk8xgarXyBMZUoFddirODGiVuAtSrp20Rg8AUA/sL6+XkEzQWBOOleq6Tqr9HEvNCKeTopcpmmIyxH3aNTTGgio/n50+QedG6aEokaZijWbq74kcC6XGIjSdAuuBWvam4n9eN9NR1c9ZnGaaxmS+KMo40gma5oB6TFKi+dgQTCQztyIywBITbdIqmhDc5ZdXSeuy4joV996kcQNzFOAUzuACXLiCGtxBHZpAYATP8Apv1pP1Yr1bH/PWNWsxcwx/YH3+AP1Jk/k=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="FiRA8h2WT5DeuSKkzo0qWcF96/E=">AAAB+nicbVDLSsNAFJ3UV62vVMGNm8EiuCqJGyu4KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3nyyqsrW9sbhW3Szu7e/sHdvmwreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44upn6nXsiFY1FU2cJ8TkaCBpRjLSRArvcDFzoKcph7Qp6PIUqsCtO1ZkBrhJ3QSr14/Y4yb6fGoH96fVjnHIiNGZIqZ7rJNrPkdQUMzIpeakiCcIjNCA9QwXiRPn57PQJPDNKH0axNCU0nKm/J3LElcp4aDo50kO17E3F/7xeqqOan1ORpJoIPF8UpQzqGE5zgH0qCdYsMwRhSc2tEA+RRFibtEomBHf55VXSvqi6TtW9M2lcgzmK4AScgnPggktQB7egAVoAgzF4BC/g1Xqwnq03633eWrAWM0fgD6yPH7rOlgY=</latexit><latexit sha1_base64="ItkLIU15lwI1eFlcXIcyJMJ1OQM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5J4sYKHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpY3Nre6e8W9nbPzg8sqvHXZVkktAOSXgi+yFWlLOYdjTTnPZTSbEIOe2Fk9u533ugUrEkbutpSn2BRzGLGMHaSIFdbQcu8hQTqHGNPJEhFdg1p+4sgNaJW5AaFGgF9pc3TEgmaKwJx0oNXCfVfo6lZoTTWcXLFE0xmeARHRgaY0GVny9On6FzowxRlEhTsUYL9fdEjoVSUxGaToH1WK16c/E/b5DpqOHnLE4zTWOyXBRlHOkEzXNAQyYp0XxqCCaSmVsRGWOJiTZpVUwI7urL66R7WXedunvv1Jo3RRxlOIUzuAAXrqAJd9CCDhB4hGd4hTfryXqx3q2PZWvJKmZO4A+szx/yvpJ2</latexit>

T2 ⇠ 57µs
<latexit sha1_base64="PCn370Wv9ZZ+TVQ1v0R2xYRZ2pI=">AAAB+nicbVDLSsNAFL2pr1pfqYIbN4NFcFWSgtSFi4IblxX6gibEyXTaDp1JwszEUmI/xY0LRdz6Je78G6ePhbYeuHA4517uvSdMOFPacb6t3Mbm1vZOfrewt39weGQXj1sqTiWhTRLzWHZCrChnEW1qpjntJJJiEXLaDke3M7/9SKVicdTQk4T6Ag8i1mcEayMFdrERVJCnmEBXVeSJFKnALjllZw60TtwlKdVOW+MHAKgH9pfXi0kqaKQJx0p1XSfRfoalZoTTacFLFU0wGeEB7RoaYUGVn81Pn6ILo/RQP5amIo3m6u+JDAulJiI0nQLroVr1ZuJ/XjfV/Ws/Y1GSahqRxaJ+ypGO0SwH1GOSEs0nhmAimbkVkSGWmGiTVsGE4K6+vE5albLrlN17k8YNLJCHMziHS3ChCjW4gzo0gcAYnuEV3qwn68V6tz4WrTlrOXMCf2B9/gD3JpP1</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="AeY4ivNWgoC1FPlr1RppRa0oJC8=">AAAB73icbZBLSwMxFIXv1FetVadu3QSL4KrMFKQuBTcuK/QFnWHIpJk2NMkMSUYpY3+KGxeK+G/c+W9MHwttPRD4OCfh3pw440wbz/t2Sju7e/sH5cPKUfX45NStVXs6zRWhXZLyVA1irClnknYNM5wOMkWxiDntx9O7Rd5/pEqzVHbMLKOhwGPJEkawsVbk1jpREwWaCXTdQoHIkY7cutfwlkLb4K+hDmu1I/crGKUkF1QawrHWQ9/LTFhgZRjhdF4Jck0zTKZ4TIcWJRZUh8Vy9Tm6tM4IJamyRxq0dH+/KLDQeiZie1NgM9Gb2cL8LxvmJrkJCyaz3FBJVoOSnCOTokUPaMQUJYbPLGCimN0VkQlWmBjbVsWW4G9+eRt6zYbvNfwHD8pwDhdwBT604BbuoQ1dIPAEL/AG786z8+p8rOoqOevezuCPnM8fob+RFw==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="nXsBBmHMdd3D2NaiBAD/wBqYs2Y=">AAAB+nicbVDLSsNAFJ34rPWVKrhxM1gEVyUpSF24KLhxWaEvaEKYTCft0JlJmJlYQuyniOBCEbd+iTs/wP9w+lho64ELh3Pu5d57woRRpR3ny1pb39jc2i7sFHf39g8O7dJRW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdDP1O/dEKhqLps4S4nM0EDSiGGkjBXapGVShpyiHlzXo8RSqwC47FWcGuErcBSnXT9rjJPt+agT2p9ePccqJ0JghpXquk2g/R1JTzMik6KWKJAiP0ID0DBWIE+Xns9Mn8NwofRjF0pTQcKb+nsgRVyrjoenkSA/VsjcV//N6qY6u/JyKJNVE4PmiKGVQx3CaA+xTSbBmmSEIS2puhXiIJMLapFU0IbjLL6+SdrXiOhX3zqRxDeYogFNwBi6AC2qgDm5BA7QABmPwCF7Aq/VgPVtv1vu8dc1azByDP7A+fgC0q5YC</latexit><latexit sha1_base64="m22qiMsXSw1iqTt069suDINTL7E=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJKC1IOHghePFfoFTQib7aZdupuE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF6acKe0439bG5tb2zm5pr7x/cHh0bFdOuirJJKEdkvBE9kOsKGcx7WimOe2nkmIRctoLJ7dzv/dApWJJ3NbTlPoCj2IWMYK1kQK70g7qyFNMoKsG8kSGVGBXnZqzAFonbkGqUKAV2F/eMCGZoLEmHCs1cJ1U+zmWmhFOZ2UvUzTFZIJHdGBojAVVfr44fYYujDJEUSJNxRot1N8TORZKTUVoOgXWY7XqzcX/vEGmo2s/Z3GaaRqT5aIo40gnaJ4DGjJJieZTQzCRzNyKyBhLTLRJq2xCcFdfXifdes11au69U23eFHGU4AzO4RJcaEAT7qAFHSDwCM/wCm/Wk/VivVsfy9YNq5g5hT+wPn8A7JuScg==</latexit>

2⇥ 10�3
<latexit sha1_base64="IHJNYlDdsFITCK3LkvLETN7xRoY=">AAAB+XicbVC7SgNBFL2b+IjxtWppMxgEG8NuLLSwCNhYRjAPSNYwO5lNhsw+mLkbCEv+xMZCEVt/wNbWzr9x8ig08cCFwzn3cu89fiKFRsf5tnL5tfWNzcJWcXtnd2/fPjhs6DhVjNdZLGPV8qnmUkS8jgIlbyWK09CXvOkPb6Z+c8SVFnF0j+OEeyHtRyIQjKKRurZd6aAIuSau85CdX0xI1y45ZWcGskrcBSlV85+NDwCode2vTi9macgjZJJq3XadBL2MKhRM8kmxk2qeUDakfd42NKJmm5fNLp+QU6P0SBArUxGSmfp7IqOh1uPQN50hxYFe9qbif147xeDKy0SUpMgjNl8UpJJgTKYxkJ5QnKEcG0KZEuZWwgZUUYYmrKIJwV1+eZU0KmXXKbt3Jo1rmKMAx3ACZ+DCJVThFmpQBwYjeIRneLEy68l6td7mrTlrMXMEf2C9/wB3YpRq</latexit><latexit sha1_base64="B72v24H50/2YxunVkrAkQQZi2Sc=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3FlpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatl1sogi4Jq5zl56cjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4AOYCWeg==</latexit><latexit sha1_base64="B72v24H50/2YxunVkrAkQQZi2Sc=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3FlpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatl1sogi4Jq5zl56cjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4AOYCWeg==</latexit><latexit sha1_base64="FLFXXGmAvNNCAvBEWaWNBNsy1x8=">AAAB+XicbVA9TwJBEJ3DL8SvU0ubjcTERnKHhRYWJDaWmAiSwEn2lgU27O1ddudIyIV/YmOhMbb+Ezv/jQtcoeBLJnl5byYz88JECoOe9+0U1tY3NreK26Wd3b39A/fwqGniVDPeYLGMdSukhkuheAMFSt5KNKdRKPljOLqd+Y9jro2I1QNOEh5EdKBEXzCKVuq6brWDIuKG+N5TdnE5JV237FW8Ocgq8XNShhz1rvvV6cUsjbhCJqkxbd9LMMioRsEkn5Y6qeEJZSM64G1LFbXbgmx++ZScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/89op9q+DTKgkRa7YYlE/lQRjMouB9ITmDOXEEsq0sLcSNqSaMrRhlWwI/vLLq6RZrfhexb/3yrWbPI4inMApnIMPV1CDO6hDAxiM4Rle4c3JnBfn3flYtBacfOYY/sD5/AGWlJJI</latexit>

6⇥ 10�2
<latexit sha1_base64="K2WqKnXE6twYs6QrDKknS9eheRk=">AAAB+XicbVC7SgNBFL2b+IjxtWppMxgEG8NuCrWwCNhYRjAPSNYwO5lNhsw+mLkbCEv+xMZCEVt/wNbWzr9x8ig08cCFwzn3cu89fiKFRsf5tnL5tfWNzcJWcXtnd2/fPjhs6DhVjNdZLGPV8qnmUkS8jgIlbyWK09CXvOkPb6Z+c8SVFnF0j+OEeyHtRyIQjKKRurZ90UERck1c5yE7r0xI1y45ZWcGskrcBSlV85+NDwCode2vTi9macgjZJJq3XadBL2MKhRM8kmxk2qeUDakfd42NKJmm5fNLp+QU6P0SBArUxGSmfp7IqOh1uPQN50hxYFe9qbif147xeDKy0SUpMgjNl8UpJJgTKYxkJ5QnKEcG0KZEuZWwgZUUYYmrKIJwV1+eZU0KmXXKbt3Jo1rmKMAx3ACZ+DCJVThFmpQBwYjeIRneLEy68l6td7mrTlrMXMEf2C9/wB8KJRt</latexit><latexit sha1_base64="hgb7W1MpDaW5TKseD3v3fuHOD+Y=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3hVpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatn3aRBFwTVznLj0pjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4APkaWfQ==</latexit><latexit sha1_base64="hgb7W1MpDaW5TKseD3v3fuHOD+Y=">AAAB+XicbVC7SgNBFL1rfMT4WrW0GQyCjWE3hVpYBESwjGAekMQwO5lNhsw+mLkbCEv+xMZCEVt/wNbWQvBD7J08Ck08cOFwzr3ce48XS6HRcb6spczyyupadj23sbm1vWPv7lV1lCjGKyySkap7VHMpQl5BgZLXY8Vp4Ele8/qXY7824EqLKLzFYcxbAe2GwheMopHatn3aRBFwTVznLj0pjkjbzjsFZwKySNwZyZcy79W3z++rctv+aHYilgQ8RCap1g3XibGVUoWCST7KNRPNY8r6tMsbhobUbGulk8tH5MgoHeJHylSIZKL+nkhpoPUw8ExnQLGn572x+J/XSNA/b6UijBPkIZsu8hNJMCLjGEhHKM5QDg2hTAlzK2E9qihDE1bOhODOv7xIqsWC6xTcG5PGBUyRhQM4hGNw4QxKcA1lqACDAdzDIzxZqfVgPVsv09YlazazD39gvf4APkaWfQ==</latexit><latexit sha1_base64="IoZFEoZEln7KpDSzaXCoBd2mx40=">AAAB+XicbVA9TwJBEJ3DL8SvU0ubjcTERnJHoRYWJDaWmAiSwEn2lgU27O1ddudIyIV/YmOhMbb+Ezv/jQtcoeBLJnl5byYz88JECoOe9+0U1tY3NreK26Wd3b39A/fwqGniVDPeYLGMdSukhkuheAMFSt5KNKdRKPljOLqd+Y9jro2I1QNOEh5EdKBEXzCKVuq67mUHRcQN8b2n7KI6JV237FW8Ocgq8XNShhz1rvvV6cUsjbhCJqkxbd9LMMioRsEkn5Y6qeEJZSM64G1LFbXbgmx++ZScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/89op9q+DTKgkRa7YYlE/lQRjMouB9ITmDOXEEsq0sLcSNqSaMrRhlWwI/vLLq6RZrfhexb/3yrWbPI4inMApnIMPV1CDO6hDAxiM4Rle4c3JnBfn3flYtBacfOYY/sD5/AGbWpJL</latexit>
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State of the art: (1+1)D Schwinger model on 2-spatial sites: 6 qubits 
reduced to 2 qubits


