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Quantum Software?
System Software 

• Compiler / optimiser 
• Programming system and runtime 
• Online services 
• Quantum Error Correction 

Applications  
• Computational chemistry and materials science 
• Machine learning 
• Monte Carlo methods 
• Natural language processing 

Security / Crypto



Make a quantum 
computer do 
something 
useful



The Complexity Theory

• Examples of quadratic 
speed up widespread 

• Poly-time quantum vs best 
known classical exp-time 

• Contrived/restricted problems 
with an exponential speed up 

• Exponential speed-up 
conjectured for some 
quantum simulation problems
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First principles, 
improvable 
accuracy

Timescale ŵƐ ns - fs ĨƐ

D>�;YͿ



Input
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InQuantization
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DĞƚŚŽĚƐ

Choose from the latest 
quantum algorithms

& methods

Quantum Computation

Mix & match quantum 
subroutines & novel noise 

mitigation techniques

Results
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� YDͬDD

� Variational Quantum Eigensolver
� ADAPT-VQE
� Variational Quantum Simulations
� Iterative Qubit-excitation Based 

Variational Quantum Eigensollver
� Quantum Subspace Expansion
� Variational Quantum Deflation
� Penalty VQE

� Pharmaceuticals
� Automotive
� Semiconductors
� Energy
� Metals

Error Mitigation
� PMSV (Partition Measurement 

Symmetry Verification)
� SPAM (State-Preparation And 

Measurement)

� Quantinuum H1
� IBM
� Google
� Rigetti
� Microsoft
� AWS
� IonQ
� AQT
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Research Software Engineer 
Quantum Chemistry

Q
Q

Circuits

Counts

Molecules, 
Spin orbitals, 
Energy levels,
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Compile time

Each box is : 
•  a different time regime 
• a different set of capabilities 
•  a different scope 
The program as a whole must be correctly 
distributed between them

Irfan



Quantum Computers

• Superconducting 
IBM, Google, Rigetti, OQC… 

• Ion traps 
Quantinuum, IonQ, AQT, …. 

• Cold atoms 
Cold Quanta, Pasqal, … 

• Photonic 
Psi Quantum, Quandela, ORCA .. 

• Semiconductors 
Intel, Quantum Motion, …

ETH Zürich

Quantinuum
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“NISQ”
Noisy Intermediate-Scale Quantum

50—100 qubits
Enough to be hard to simulate
Not enough for error correction



“NISQ”
Noisy Intermediate-Scale Quantum



“NISQ”
Noisy Intermediate-Scale Quantum

Everything has a limited fidelity 
Qubits have finite coherence time 
Errors can vary across the machine 
Errors can vary across time 
Errors are correlated, non-markovian 
Errors are not always well understood



“NISQ”
Noisy Intermediate-Scale Quantum

• Noise implies scale limitations  
• There will be errors 
• Whole stack must actively work to manage noise 
• Not all interesting algorithms are possible 
• The quantities we are computing are statistical



Quantum 
Compilation



W_NHW䚿
A language and platform agnostic  

retargetable compiler for NISQ devices

pip install pytket

Now Open Source!



TKET

pytket

Compiler 
C++ Library

pytket-qiskit 

IBM-Q, Aer

Qiskit

pytket-cirq 

Cirq

pytket-pyquil 

QCS, QVM

pyquil

pytket-qsharp 

Azure 
Quantum

pytket-
quantinuum 

Quantinuum  
H-series



Quantum Compiler Phases

“Language” dependent

Parsing 
Lexing 
Type checking 

Circuit Synthesis Circuit Optimisation

Noise ShapingGate 
Conversion Qubit Mapping Analogue / RT 

Control

Machine dependent



Quantum Compiler Phases

Circuit 
Synthesis Circuit Optimisation

Gate 
Conversion

Qubit 
Mapping

Analogue / 
RT Control

Execution 
Manager



Compiler Passes

• Synthesise many qubit operations to 1-, 2-qubit gates 
• Symbolic expression optimisation 
• Resynthesise sub-circuits via special representations 

• ZX-terms, Clifford tableaux, Phase-polynomials 

• Exact and approximate synthesis of unitaries 
• Architecture aware synthesis 
• Mapping to chosen gate basis 
• Allocating “virtual” qubits to physical qubits 
• Mapping and routing circuits to fixed architectures 
• …. more!



Composable 
Error Mitigation



Mitigation vs Correction

• Map “logical” qubits into a 
larger code space of many 
physical  qubits and perform 
encoded operations on code 
space 

• Frequently measure ancillary 
qubits to detect errors 

• Intervene in circuit to correct 
observed errors 

• Every circuit evaluation is 
“correct” 

• Terrifyingly high resource 
overheads (x10000s of qubits)

• Accept the statistical nature of 
the results and try to improve 
the accuracy of the final output. 

• Generally aim to extract more 
signal from noise 

• Typically involves computing 
many variations of the desired 
circuit and combining them 
with classical side processing 

• Can intervene at almost any 
point of the overall 
computation 

• Can also involve high overheads 
in terms of circuit executions

Error Correction Error Mitigation



QERMIT
Introducing….

• Fully compositional Quantum Error Mitigation toolkit 
• Extensible and open source 
• Many error mitigation methods implemented and 

benchmarked

pip install qermit



Variational Quantum 
Algorithms

...
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<latexit sha1_base64="aYFHhZmr6ULObNQjJnVujftmo5c=">AAACAXicbVA9SwNBEJ2LXzF+RW0Em0MRIkK4s9FStLGMYKKQO8LeZi5Zsrd37M4FQtTGP2JhY6GIrf/Czn/jJrFQ44OBx3szzMyLMikMed6nU5iZnZtfKC6WlpZXVtfK6xsNk+aaY52nMtXXETMohcI6CZJ4nWlkSSTxKuqdjfyrPmojUnVJgwzDhHWUiAVnZKVWeesmqBlRCfrIA+oisf1AM9WR2CrvelVvDHea+N9k92QnOHgAgFqr/BG0U54nqIhLZkzT9zIKh0yT4BJvS0FuMGO8xzrYtFSxBE04HH9w6+5Zpe3GqbalyB2rPyeGLDFmkES2M2HUNX+9kfif18wpPg6HQmU5oeKTRXEuXUrdURxuW2jkJAeWMK6FvdXlXaYZJxtayYbg/315mjQOq75X9S9sGqcwQRG2YQcq4MMRnMA51KAOHO7gEZ7hxbl3npxX523SWnC+ZzbhF5z3L2zvmFY=</latexit><latexit sha1_base64="bc3LN5OYXvw6sVSU3Ygfu6/WSOI=">AAACAXicbVDLSgNBEJyNrxhfUS+ClyVBiAhh14seg148RjAPyC5hdtJJhszOLjO9gSXGi7/gJ3jxoIhX/8Jb/sbJ46DRgoaiqpvuriAWXKPjTKzMyura+kZ2M7e1vbO7l98/qOsoUQxqLBKRagZUg+ASashRQDNWQMNAQCMYXE/9xhCU5pG8wzQGP6Q9ybucUTRSO39071U1L3lDYB72Aempp6jsCWjni07ZmcH+S9wFKVYK3tnTpJJW2/kvrxOxJASJTFCtW64Toz+iCjkTMM55iYaYsgHtQctQSUPQ/mj2wdg+MUrH7kbKlER7pv6cGNFQ6zQMTGdIsa+Xvan4n9dKsHvpj7iMEwTJ5ou6ibAxsqdx2B2ugKFIDaFMcXOrzfpUUYYmtJwJwV1++S+pn5ddp+zemjSuyBxZckwKpERcckEq5IZUSY0w8kCeySt5sx6tF+vd+pi3ZqzFzCH5BevzG3ZZmdw=</latexit><latexit sha1_base64="bc3LN5OYXvw6sVSU3Ygfu6/WSOI=">AAACAXicbVDLSgNBEJyNrxhfUS+ClyVBiAhh14seg148RjAPyC5hdtJJhszOLjO9gSXGi7/gJ3jxoIhX/8Jb/sbJ46DRgoaiqpvuriAWXKPjTKzMyura+kZ2M7e1vbO7l98/qOsoUQxqLBKRagZUg+ASashRQDNWQMNAQCMYXE/9xhCU5pG8wzQGP6Q9ybucUTRSO39071U1L3lDYB72Aempp6jsCWjni07ZmcH+S9wFKVYK3tnTpJJW2/kvrxOxJASJTFCtW64Toz+iCjkTMM55iYaYsgHtQctQSUPQ/mj2wdg+MUrH7kbKlER7pv6cGNFQ6zQMTGdIsa+Xvan4n9dKsHvpj7iMEwTJ5ou6ibAxsqdx2B2ugKFIDaFMcXOrzfpUUYYmtJwJwV1++S+pn5ddp+zemjSuyBxZckwKpERcckEq5IZUSY0w8kCeySt5sx6tF+vd+pi3ZqzFzCH5BevzG3ZZmdw=</latexit><latexit sha1_base64="jZfSsTwrogXq7yjLa+RwORnD8Dg=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeimJFz0WvXisYD+gCWWznbZLN5uwOymUWC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9MBNfout/Wyura+sZmYau4vbO7t28fHDZ0nCoGdRaLWLVCqkFwCXXkKKCVKKBRKKAZDm+mfnMESvNY3uM4gSCifcl7nFE0Usc+fvBrmpf9ETAfB4D03FdU9gV07JJbcWdwlomXkxLJUevYX343ZmkEEpmgWrc9N8Egowo5EzAp+qmGhLIh7UPbUEkj0EE2+2DinBml6/RiZUqiM1N/T2Q00nochaYzojjQi95U/M9rp9i7CjIukxRBsvmiXiocjJ1pHE6XK2AoxoZQpri51WEDqihDE1rRhOAtvrxMGhcVz614d26pep3HUSAn5JSUiUcuSZXckhqpE0YeyTN5JW/Wk/VivVsf89YVK585In9gff4AWnCWzQ==</latexit>

M1
<latexit sha1_base64="pdjuvaHEzSpLXjNEKrBp3pxWxlM=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7Gy2DNjZCguYDkiPubeaSJXt7x+6eEI78BBsLRWz9RXY2/hY3H4UmPhh4vDfDzLwgEVwb1/1yciura+sb+c3C1vbO7l5x/6Ch41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+H1xG8+otI8lvdmlKAf0b7kIWfUWOnutut1iyW37E5Blok3J6XKUe37AQCq3eJnpxezNEJpmKBatz03MX5GleFM4LjQSTUmlA1pH9uWShqh9rPpqWNyapUeCWNlSxoyVX9PZDTSehQFtjOiZqAXvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nfpMcVMiNGllCmuL2VsAFVlBmbTsGG4C2+vEwa52XPLXs1m8YVzJCHYziBM/DgAipwA1WoA4M+PMELvDrCeXbenPdZa86ZzxzCHzgfP1eGj1Y=</latexit><latexit sha1_base64="K57TjCBHMeV9AwVHTESomMH1Xiw=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZYhNjZCguYByRJmJzfJkNnZZWZWCEs+wcZCEVtb/8IvsLPxW5w8Ck08cOFwzr3ce08QC66N6345mZXVtfWN7GZua3tndy+/f1DXUaIY1lgkItUMqEbBJdYMNwKbsUIaBgIbwfBq4jfuUWkeyTszitEPaV/yHmfUWOn2puN18gW36E5Blok3J4XSUfWbv5c/Kp38Z7sbsSREaZigWrc8NzZ+SpXhTOA41040xpQNaR9blkoaovbT6aljcmqVLulFypY0ZKr+nkhpqPUoDGxnSM1AL3oT8T+vlZjepZ9yGScGJZst6iWCmIhM/iZdrpAZMbKEMsXtrYQNqKLM2HRyNgRv8eVlUj8vem7Rq9o0yjBDFo7hBM7AgwsowTVUoAYM+vAAT/DsCOfReXFeZ60ZZz5zCH/gvP0AqMeREg==</latexit><latexit sha1_base64="K57TjCBHMeV9AwVHTESomMH1Xiw=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZYhNjZCguYByRJmJzfJkNnZZWZWCEs+wcZCEVtb/8IvsLPxW5w8Ck08cOFwzr3ce08QC66N6345mZXVtfWN7GZua3tndy+/f1DXUaIY1lgkItUMqEbBJdYMNwKbsUIaBgIbwfBq4jfuUWkeyTszitEPaV/yHmfUWOn2puN18gW36E5Blok3J4XSUfWbv5c/Kp38Z7sbsSREaZigWrc8NzZ+SpXhTOA41040xpQNaR9blkoaovbT6aljcmqVLulFypY0ZKr+nkhpqPUoDGxnSM1AL3oT8T+vlZjepZ9yGScGJZst6iWCmIhM/iZdrpAZMbKEMsXtrYQNqKLM2HRyNgRv8eVlUj8vem7Rq9o0yjBDFo7hBM7AgwsowTVUoAYM+vAAT/DsCOfReXFeZ60ZZz5zCH/gvP0AqMeREg==</latexit><latexit sha1_base64="pBTOhA4fyiZFzdTWEXsGANKu8gA=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0m86LHoxYtQ0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmhakUBj3v2ymtrW9sbpW3Kzu7e/sH7uFRyySZZrzJEpnoTkgNl0LxJgqUvJNqTuNQ8nY4vpn57SeujUjUI05SHsR0qEQkGEUrPdz1/b5b9WreHGSV+AWpQoFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q6lisbcBPn81Ck5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRldBLlSaIVdssSjKJMGEzP4mA6E5QzmxhDIt7K2EjaimDG06FRuCv/zyKmld1Hyv5t971fp1EUcZTuAUzsGHS6jDLTSgCQyG8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwDI341x</latexit>

|0i
<latexit sha1_base64="eZNlwSj0tfY39dALiPVJy1Bcypo=">AAAB8HicbVDLSgNBEOz1GeMr6tHLkiAIQtj1osegF48RzEOyS5id9CZDZmaXmVkhrPkKLx4U9ernePNvnDwOmljQUFR1090VpZxp43nfzsrq2vrGZmGruL2zu7dfOjhs6iRTFBs04YlqR0QjZxIbhhmO7VQhERHHVjS8nvitB1SaJfLOjFIMBelLFjNKjJXuH71AEdnn2C1VvKo3hbtM/Dmp1MrB2TsA1Lulr6CX0EygNJQTrTu+l5owJ8owynFcDDKNKaFD0seOpZII1GE+PXjsnlil58aJsiWNO1V/T+REaD0Ske0UxAz0ojcR//M6mYkvw5zJNDMo6WxRnHHXJO7ke7fHFFLDR5YQqpi91aUDogg1NqOiDcFffHmZNM+rvlf1b20aVzBDAY6hDKfgwwXU4Abq0AAKAp7gBV4d5Tw7b87HrHXFmc8cwR84nz/GaJHa</latexit><latexit sha1_base64="8Dw/R1LunhKQ/tS5SnL6cx9Gxbc=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgRBEMKuFz0GvXiMYB6SXcLsZDYZMjO7zMwKy5qv0IMHRbz6Od7yN04eB00saCiquunuChPOtHHdiVNYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0c3Ubz9SpVks702W0EDggWQRI9hY6eHJ9RWWA0575apbc2dAq8RbkGq94p+/TOpZo1f+9vsxSQWVhnCsdddzExPkWBlGOB2X/FTTBJMRHtCupRILqoN8dvAYnVqlj6JY2ZIGzdTfEzkWWmcitJ0Cm6Fe9qbif143NdFVkDOZpIZKMl8UpRyZGE2/R32mKDE8swQTxeytiAyxwsTYjEo2BG/55VXSuqh5bs27s2lcwxxFOIEKnIEHl1CHW2hAEwgIeIY3eHeU8+p8OJ/z1oKzmDmGP3C+fgDP0pNg</latexit><latexit sha1_base64="7kteaV5Sfo2JsTGTThJZa943Jxo=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFfZstAzaWEYwH5IcYW8zSZbs7R27e0I48ytsLBSx9efY+W/cJFdo4oOBx3szzMwLEymMpfTbK6ytb2xuFbdLO7t7+wflw6OmiVPNscFjGet2yAxKobBhhZXYTjSyKJTYCsc3M7/1iNqIWN3bSYJBxIZKDARn1kkPT7SrmRpK7JUrtErnIKvEz0kFctR75a9uP+ZphMpyyYzp+DSxQca0FVzitNRNDSaMj9kQO44qFqEJsvnBU3LmlD4ZxNqVsmSu/p7IWGTMJApdZ8TsyCx7M/E/r5PawVWQCZWkFhVfLBqkktiYzL4nfaGRWzlxhHEt3K2Ej5hm3LqMSi4Ef/nlVdK8qPq06t/RSu06j6MIJ3AK5+DDJdTgFurQAA4RPMMrvHnae/HevY9Fa8HLZ47hD7zPH7PpkFE=</latexit>

...
<latexit sha1_base64="TOmnF1j9qCmaTe3IU+gHEwN+OoQ=">AAAB7XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcFeoB1KJpNpYzPJkGQKZSj4CG5cKOLWR3HvzrcxvSy09YfAx/+fQ845YcqZNp737RRWVtfWN4qb7tb2zu5eaf+goWWmCK0TyaVqhVhTzgStG2Y4baWK4iTktBkObiZ5c0iVZlLcm1FKgwT3BIsZwcZajc4wkkZ3S2Wv4k2FlsGfQ/nq0718BIBat/TViSTJEioM4Vjrtu+lJsixMoxwOnY7maYpJgPco22LAidUB/l02jE6sU6EYqnsEwZN3d8dOU60HiWhrUyw6evFbGL+l7UzE18EORNpZqggs4/ijCMj0WR1FDFFieEjC5goZmdFpI8VJsYeyLVH8BdXXobGWcX3Kv6dV65ew0xFOIJjOAUfzqEKt1CDOhB4gCd4gVdHOs/Om/M+Ky04855D+CPn4wc5dpEL</latexit><latexit sha1_base64="aFHtxmKy6hg5trx5HNacFn0MYc4=">AAAB7XicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLGMYC6QLGF2djYZMzuzzMwGwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacE6acaeN5387S8srq2nphw93c2t7ZLe7t17XMFKE1IrlUzRBrypmgNcMMp81UUZyEnDbC/vU4bwyo0kyKOzNMaZDgrmAxI9hYq94eRNLoTrHklb2J0CL4MyhdfrgX6duXW+0UP9uRJFlChSEca93yvdQEOVaGEU5HbjvTNMWkj7u0ZVHghOogn0w7QsfWiVAslX3CoIn7uyPHidbDJLSVCTY9PZ+Nzf+yVmbi8yBnIs0MFWT6UZxxZCQar44ipigxfGgBE8XsrIj0sMLE2AO59gj+/MqLUD8t+17Zv/VKlSuYqgCHcAQn4MMZVOAGqlADAvfwAE/w7Ejn0XlxXqelS86s5wD+yHn/ASsFkn8=</latexit><latexit sha1_base64="aFHtxmKy6hg5trx5HNacFn0MYc4=">AAAB7XicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLGMYC6QLGF2djYZMzuzzMwGwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacE6acaeN5387S8srq2nphw93c2t7ZLe7t17XMFKE1IrlUzRBrypmgNcMMp81UUZyEnDbC/vU4bwyo0kyKOzNMaZDgrmAxI9hYq94eRNLoTrHklb2J0CL4MyhdfrgX6duXW+0UP9uRJFlChSEca93yvdQEOVaGEU5HbjvTNMWkj7u0ZVHghOogn0w7QsfWiVAslX3CoIn7uyPHidbDJLSVCTY9PZ+Nzf+yVmbi8yBnIs0MFWT6UZxxZCQar44ipigxfGgBE8XsrIj0sMLE2AO59gj+/MqLUD8t+17Zv/VKlSuYqgCHcAQn4MMZVOAGqlADAvfwAE/w7Ejn0XlxXqelS86s5wD+yHn/ASsFkn8=</latexit><latexit sha1_base64="tekngaPRUPMck2feH/v8DQSYMpA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHoxWMF+wFtKJvNpl27yYbdSaGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4bu53JlwboZJHnKbcj+kwEZFgFK3U7k9ChWZQrbl1dwGyTryC1KBAc1D96oeKZTFPkElqTM9zU/RzqlEwyWeVfmZ4StmYDnnP0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFEdm1ZuL/3m9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwkZUU4Y2oIoNwVt9eZ20r+qeW/ce3FrjtoijDGdwDpfgwTU04B6a0AIGT/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8Ayi+PPg==</latexit>

...
<latexit sha1_base64="TOmnF1j9qCmaTe3IU+gHEwN+OoQ=">AAAB7XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcFeoB1KJpNpYzPJkGQKZSj4CG5cKOLWR3HvzrcxvSy09YfAx/+fQ845YcqZNp737RRWVtfWN4qb7tb2zu5eaf+goWWmCK0TyaVqhVhTzgStG2Y4baWK4iTktBkObiZ5c0iVZlLcm1FKgwT3BIsZwcZajc4wkkZ3S2Wv4k2FlsGfQ/nq0718BIBat/TViSTJEioM4Vjrtu+lJsixMoxwOnY7maYpJgPco22LAidUB/l02jE6sU6EYqnsEwZN3d8dOU60HiWhrUyw6evFbGL+l7UzE18EORNpZqggs4/ijCMj0WR1FDFFieEjC5goZmdFpI8VJsYeyLVH8BdXXobGWcX3Kv6dV65ew0xFOIJjOAUfzqEKt1CDOhB4gCd4gVdHOs/Om/M+Ky04855D+CPn4wc5dpEL</latexit><latexit sha1_base64="aFHtxmKy6hg5trx5HNacFn0MYc4=">AAAB7XicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLGMYC6QLGF2djYZMzuzzMwGwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacE6acaeN5387S8srq2nphw93c2t7ZLe7t17XMFKE1IrlUzRBrypmgNcMMp81UUZyEnDbC/vU4bwyo0kyKOzNMaZDgrmAxI9hYq94eRNLoTrHklb2J0CL4MyhdfrgX6duXW+0UP9uRJFlChSEca93yvdQEOVaGEU5HbjvTNMWkj7u0ZVHghOogn0w7QsfWiVAslX3CoIn7uyPHidbDJLSVCTY9PZ+Nzf+yVmbi8yBnIs0MFWT6UZxxZCQar44ipigxfGgBE8XsrIj0sMLE2AO59gj+/MqLUD8t+17Zv/VKlSuYqgCHcAQn4MMZVOAGqlADAvfwAE/w7Ejn0XlxXqelS86s5wD+yHn/ASsFkn8=</latexit><latexit sha1_base64="aFHtxmKy6hg5trx5HNacFn0MYc4=">AAAB7XicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLGMYC6QLGF2djYZMzuzzMwGwpJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacE6acaeN5387S8srq2nphw93c2t7ZLe7t17XMFKE1IrlUzRBrypmgNcMMp81UUZyEnDbC/vU4bwyo0kyKOzNMaZDgrmAxI9hYq94eRNLoTrHklb2J0CL4MyhdfrgX6duXW+0UP9uRJFlChSEca93yvdQEOVaGEU5HbjvTNMWkj7u0ZVHghOogn0w7QsfWiVAslX3CoIn7uyPHidbDJLSVCTY9PZ+Nzf+yVmbi8yBnIs0MFWT6UZxxZCQar44ipigxfGgBE8XsrIj0sMLE2AO59gj+/MqLUD8t+17Zv/VKlSuYqgCHcAQn4MMZVOAGqlADAvfwAE/w7Ejn0XlxXqelS86s5wD+yHn/ASsFkn8=</latexit><latexit sha1_base64="tekngaPRUPMck2feH/v8DQSYMpA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHoxWMF+wFtKJvNpl27yYbdSaGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmljc2t7p7xb2ds/ODyqHp+0jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4bu53JlwboZJHnKbcj+kwEZFgFK3U7k9ChWZQrbl1dwGyTryC1KBAc1D96oeKZTFPkElqTM9zU/RzqlEwyWeVfmZ4StmYDnnP0oTG3Pj54toZubBKSCKlbSVIFurviZzGxkzjwHbGFEdm1ZuL/3m9DKMbPxdJmiFP2HJRlEmCisxfJ6HQnKGcWkKZFvZWwkZUU4Y2oIoNwVt9eZ20r+qeW/ce3FrjtoijDGdwDpfgwTU04B6a0AIGT/AMr/DmKOfFeXc+lq0lp5g5hT9wPn8Ayi+PPg==</latexit>

| (~✓)i
<latexit sha1_base64="aYFHhZmr6ULObNQjJnVujftmo5c=">AAACAXicbVA9SwNBEJ2LXzF+RW0Em0MRIkK4s9FStLGMYKKQO8LeZi5Zsrd37M4FQtTGP2JhY6GIrf/Czn/jJrFQ44OBx3szzMyLMikMed6nU5iZnZtfKC6WlpZXVtfK6xsNk+aaY52nMtXXETMohcI6CZJ4nWlkSSTxKuqdjfyrPmojUnVJgwzDhHWUiAVnZKVWeesmqBlRCfrIA+oisf1AM9WR2CrvelVvDHea+N9k92QnOHgAgFqr/BG0U54nqIhLZkzT9zIKh0yT4BJvS0FuMGO8xzrYtFSxBE04HH9w6+5Zpe3GqbalyB2rPyeGLDFmkES2M2HUNX+9kfif18wpPg6HQmU5oeKTRXEuXUrdURxuW2jkJAeWMK6FvdXlXaYZJxtayYbg/315mjQOq75X9S9sGqcwQRG2YQcq4MMRnMA51KAOHO7gEZ7hxbl3npxX523SWnC+ZzbhF5z3L2zvmFY=</latexit><latexit sha1_base64="bc3LN5OYXvw6sVSU3Ygfu6/WSOI=">AAACAXicbVDLSgNBEJyNrxhfUS+ClyVBiAhh14seg148RjAPyC5hdtJJhszOLjO9gSXGi7/gJ3jxoIhX/8Jb/sbJ46DRgoaiqpvuriAWXKPjTKzMyura+kZ2M7e1vbO7l98/qOsoUQxqLBKRagZUg+ASashRQDNWQMNAQCMYXE/9xhCU5pG8wzQGP6Q9ybucUTRSO39071U1L3lDYB72Aempp6jsCWjni07ZmcH+S9wFKVYK3tnTpJJW2/kvrxOxJASJTFCtW64Toz+iCjkTMM55iYaYsgHtQctQSUPQ/mj2wdg+MUrH7kbKlER7pv6cGNFQ6zQMTGdIsa+Xvan4n9dKsHvpj7iMEwTJ5ou6ibAxsqdx2B2ugKFIDaFMcXOrzfpUUYYmtJwJwV1++S+pn5ddp+zemjSuyBxZckwKpERcckEq5IZUSY0w8kCeySt5sx6tF+vd+pi3ZqzFzCH5BevzG3ZZmdw=</latexit><latexit sha1_base64="bc3LN5OYXvw6sVSU3Ygfu6/WSOI=">AAACAXicbVDLSgNBEJyNrxhfUS+ClyVBiAhh14seg148RjAPyC5hdtJJhszOLjO9gSXGi7/gJ3jxoIhX/8Jb/sbJ46DRgoaiqpvuriAWXKPjTKzMyura+kZ2M7e1vbO7l98/qOsoUQxqLBKRagZUg+ASashRQDNWQMNAQCMYXE/9xhCU5pG8wzQGP6Q9ybucUTRSO39071U1L3lDYB72Aempp6jsCWjni07ZmcH+S9wFKVYK3tnTpJJW2/kvrxOxJASJTFCtW64Toz+iCjkTMM55iYaYsgHtQctQSUPQ/mj2wdg+MUrH7kbKlER7pv6cGNFQ6zQMTGdIsa+Xvan4n9dKsHvpj7iMEwTJ5ou6ibAxsqdx2B2ugKFIDaFMcXOrzfpUUYYmtJwJwV1++S+pn5ddp+zemjSuyBxZckwKpERcckEq5IZUSY0w8kCeySt5sx6tF+vd+pi3ZqzFzCH5BevzG3ZZmdw=</latexit><latexit sha1_base64="jZfSsTwrogXq7yjLa+RwORnD8Dg=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeimJFz0WvXisYD+gCWWznbZLN5uwOymUWC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9MBNfout/Wyura+sZmYau4vbO7t28fHDZ0nCoGdRaLWLVCqkFwCXXkKKCVKKBRKKAZDm+mfnMESvNY3uM4gSCifcl7nFE0Usc+fvBrmpf9ETAfB4D03FdU9gV07JJbcWdwlomXkxLJUevYX343ZmkEEpmgWrc9N8Egowo5EzAp+qmGhLIh7UPbUEkj0EE2+2DinBml6/RiZUqiM1N/T2Q00nochaYzojjQi95U/M9rp9i7CjIukxRBsvmiXiocjJ1pHE6XK2AoxoZQpri51WEDqihDE1rRhOAtvrxMGhcVz614d26pep3HUSAn5JSUiUcuSZXckhqpE0YeyTN5JW/Wk/VivVsf89YVK585In9gff4AWnCWzQ==</latexit>

|0i
<latexit sha1_base64="eZNlwSj0tfY39dALiPVJy1Bcypo=">AAAB8HicbVDLSgNBEOz1GeMr6tHLkiAIQtj1osegF48RzEOyS5id9CZDZmaXmVkhrPkKLx4U9ernePNvnDwOmljQUFR1090VpZxp43nfzsrq2vrGZmGruL2zu7dfOjhs6iRTFBs04YlqR0QjZxIbhhmO7VQhERHHVjS8nvitB1SaJfLOjFIMBelLFjNKjJXuH71AEdnn2C1VvKo3hbtM/Dmp1MrB2TsA1Lulr6CX0EygNJQTrTu+l5owJ8owynFcDDKNKaFD0seOpZII1GE+PXjsnlil58aJsiWNO1V/T+REaD0Ske0UxAz0ojcR//M6mYkvw5zJNDMo6WxRnHHXJO7ke7fHFFLDR5YQqpi91aUDogg1NqOiDcFffHmZNM+rvlf1b20aVzBDAY6hDKfgwwXU4Abq0AAKAp7gBV4d5Tw7b87HrHXFmc8cwR84nz/GaJHa</latexit><latexit sha1_base64="8Dw/R1LunhKQ/tS5SnL6cx9Gxbc=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgRBEMKuFz0GvXiMYB6SXcLsZDYZMjO7zMwKy5qv0IMHRbz6Od7yN04eB00saCiquunuChPOtHHdiVNYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0c3Ubz9SpVks702W0EDggWQRI9hY6eHJ9RWWA0575apbc2dAq8RbkGq94p+/TOpZo1f+9vsxSQWVhnCsdddzExPkWBlGOB2X/FTTBJMRHtCupRILqoN8dvAYnVqlj6JY2ZIGzdTfEzkWWmcitJ0Cm6Fe9qbif143NdFVkDOZpIZKMl8UpRyZGE2/R32mKDE8swQTxeytiAyxwsTYjEo2BG/55VXSuqh5bs27s2lcwxxFOIEKnIEHl1CHW2hAEwgIeIY3eHeU8+p8OJ/z1oKzmDmGP3C+fgDP0pNg</latexit><latexit sha1_base64="7kteaV5Sfo2JsTGTThJZa943Jxo=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFfZstAzaWEYwH5IcYW8zSZbs7R27e0I48ytsLBSx9efY+W/cJFdo4oOBx3szzMwLEymMpfTbK6ytb2xuFbdLO7t7+wflw6OmiVPNscFjGet2yAxKobBhhZXYTjSyKJTYCsc3M7/1iNqIWN3bSYJBxIZKDARn1kkPT7SrmRpK7JUrtErnIKvEz0kFctR75a9uP+ZphMpyyYzp+DSxQca0FVzitNRNDSaMj9kQO44qFqEJsvnBU3LmlD4ZxNqVsmSu/p7IWGTMJApdZ8TsyCx7M/E/r5PawVWQCZWkFhVfLBqkktiYzL4nfaGRWzlxhHEt3K2Ej5hm3LqMSi4Ef/nlVdK8qPq06t/RSu06j6MIJ3AK5+DDJdTgFurQAA4RPMMrvHnae/HevY9Fa8HLZ47hD7zPH7PpkFE=</latexit>

M2
<latexit sha1_base64="qmfU6X+H7VYl4nWbDP6zxpqgfzs=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7NFoGbWyEBE0MJEfc2+wlS/b2jt05IRz5CTYWitj6i+xs/C1uPgpNfDDweG+GmXlBIoVB1/1yciura+sb+c3C1vbO7l5x/6Bp4lQz3mCxjHUroIZLoXgDBUreSjSnUSD5fTC8mvj3j1wbEas7HCXcj2hfiVAwila6velWusWSW3anIMvEm5NS9aj+/QAAtW7xs9OLWRpxhUxSY9qem6CfUY2CST4udFLDE8qGtM/blioaceNn01PH5NQqPRLG2pZCMlV/T2Q0MmYUBbYzojgwi95E/M9rpxhe+JlQSYpcsdmiMJUEYzL5m/SE5gzlyBLKtLC3EjagmjK06RRsCN7iy8ukWSl7btmr2zQuYYY8HMMJnIEH51CFa6hBAxj04Qle4NWRzrPz5rzPWnPOfOYQ/sD5+AFZCo9X</latexit><latexit sha1_base64="9e3uwttTpd/145rpm4ari6fpL+U=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuGi1DbGyEBM0D4hJmJzfJkNnZZWZWCEs+wcZCEVtb/8IvsLPxW5w8Ck08cOFwzr3ce08QC66N6345mZXVtfWN7GZua3tndy+/f9DQUaIY1lkkItUKqEbBJdYNNwJbsUIaBgKbwfBy4jfvUWkeyVszitEPaV/yHmfUWOnmulPq5Atu0Z2CLBNvTgrlo9o3f698VDv5z7tuxJIQpWGCat323Nj4KVWGM4Hj3F2iMaZsSPvYtlTSELWfTk8dk1OrdEkvUrakIVP190RKQ61HYWA7Q2oGetGbiP957cT0LvyUyzgxKNlsUS8RxERk8jfpcoXMiJEllClubyVsQBVlxqaTsyF4iy8vk0ap6LlFr2bTqMAMWTiGEzgDD86hDFdQhTow6MMDPMGzI5xH58V5nbVmnPnMIfyB8/YDqkuREw==</latexit><latexit sha1_base64="9e3uwttTpd/145rpm4ari6fpL+U=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuGi1DbGyEBM0D4hJmJzfJkNnZZWZWCEs+wcZCEVtb/8IvsLPxW5w8Ck08cOFwzr3ce08QC66N6345mZXVtfWN7GZua3tndy+/f9DQUaIY1lkkItUKqEbBJdYNNwJbsUIaBgKbwfBy4jfvUWkeyVszitEPaV/yHmfUWOnmulPq5Atu0Z2CLBNvTgrlo9o3f698VDv5z7tuxJIQpWGCat323Nj4KVWGM4Hj3F2iMaZsSPvYtlTSELWfTk8dk1OrdEkvUrakIVP190RKQ61HYWA7Q2oGetGbiP957cT0LvyUyzgxKNlsUS8RxERk8jfpcoXMiJEllClubyVsQBVlxqaTsyF4iy8vk0ap6LlFr2bTqMAMWTiGEzgDD86hDFdQhTow6MMDPMGzI5xH58V5nbVmnPnMIfyB8/YDqkuREw==</latexit><latexit sha1_base64="jpEYls7m0Aq+eqJ7wd2Z0Zq/Htw=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYyNENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZn7nSdUmsfy0UwT9CM6kjzkjBorPdwNaoNyxa26C5B14uWkAjmag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFqTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTVj3My6T1KBky0VhKoiJyfxvMuQKmRFTSyhT3N5K2JgqyoxNp2RD8FZfXiftWtVzq969W2lc53EU4QzO4RI8uIIG3EITWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wfKY41y</latexit>

| (~✓)i
<latexit sha1_base64="aYFHhZmr6ULObNQjJnVujftmo5c=">AAACAXicbVA9SwNBEJ2LXzF+RW0Em0MRIkK4s9FStLGMYKKQO8LeZi5Zsrd37M4FQtTGP2JhY6GIrf/Czn/jJrFQ44OBx3szzMyLMikMed6nU5iZnZtfKC6WlpZXVtfK6xsNk+aaY52nMtXXETMohcI6CZJ4nWlkSSTxKuqdjfyrPmojUnVJgwzDhHWUiAVnZKVWeesmqBlRCfrIA+oisf1AM9WR2CrvelVvDHea+N9k92QnOHgAgFqr/BG0U54nqIhLZkzT9zIKh0yT4BJvS0FuMGO8xzrYtFSxBE04HH9w6+5Zpe3GqbalyB2rPyeGLDFmkES2M2HUNX+9kfif18wpPg6HQmU5oeKTRXEuXUrdURxuW2jkJAeWMK6FvdXlXaYZJxtayYbg/315mjQOq75X9S9sGqcwQRG2YQcq4MMRnMA51KAOHO7gEZ7hxbl3npxX523SWnC+ZzbhF5z3L2zvmFY=</latexit><latexit sha1_base64="bc3LN5OYXvw6sVSU3Ygfu6/WSOI=">AAACAXicbVDLSgNBEJyNrxhfUS+ClyVBiAhh14seg148RjAPyC5hdtJJhszOLjO9gSXGi7/gJ3jxoIhX/8Jb/sbJ46DRgoaiqpvuriAWXKPjTKzMyura+kZ2M7e1vbO7l98/qOsoUQxqLBKRagZUg+ASashRQDNWQMNAQCMYXE/9xhCU5pG8wzQGP6Q9ybucUTRSO39071U1L3lDYB72Aempp6jsCWjni07ZmcH+S9wFKVYK3tnTpJJW2/kvrxOxJASJTFCtW64Toz+iCjkTMM55iYaYsgHtQctQSUPQ/mj2wdg+MUrH7kbKlER7pv6cGNFQ6zQMTGdIsa+Xvan4n9dKsHvpj7iMEwTJ5ou6ibAxsqdx2B2ugKFIDaFMcXOrzfpUUYYmtJwJwV1++S+pn5ddp+zemjSuyBxZckwKpERcckEq5IZUSY0w8kCeySt5sx6tF+vd+pi3ZqzFzCH5BevzG3ZZmdw=</latexit><latexit sha1_base64="bc3LN5OYXvw6sVSU3Ygfu6/WSOI=">AAACAXicbVDLSgNBEJyNrxhfUS+ClyVBiAhh14seg148RjAPyC5hdtJJhszOLjO9gSXGi7/gJ3jxoIhX/8Jb/sbJ46DRgoaiqpvuriAWXKPjTKzMyura+kZ2M7e1vbO7l98/qOsoUQxqLBKRagZUg+ASashRQDNWQMNAQCMYXE/9xhCU5pG8wzQGP6Q9ybucUTRSO39071U1L3lDYB72Aempp6jsCWjni07ZmcH+S9wFKVYK3tnTpJJW2/kvrxOxJASJTFCtW64Toz+iCjkTMM55iYaYsgHtQctQSUPQ/mj2wdg+MUrH7kbKlER7pv6cGNFQ6zQMTGdIsa+Xvan4n9dKsHvpj7iMEwTJ5ou6ibAxsqdx2B2ugKFIDaFMcXOrzfpUUYYmtJwJwV1++S+pn5ddp+zemjSuyBxZckwKpERcckEq5IZUSY0w8kCeySt5sx6tF+vd+pi3ZqzFzCH5BevzG3ZZmdw=</latexit><latexit sha1_base64="jZfSsTwrogXq7yjLa+RwORnD8Dg=">AAACAXicbVBNS8NAEN34WetX1IvgJViEeimJFz0WvXisYD+gCWWznbZLN5uwOymUWC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9MBNfout/Wyura+sZmYau4vbO7t28fHDZ0nCoGdRaLWLVCqkFwCXXkKKCVKKBRKKAZDm+mfnMESvNY3uM4gSCifcl7nFE0Usc+fvBrmpf9ETAfB4D03FdU9gV07JJbcWdwlomXkxLJUevYX343ZmkEEpmgWrc9N8Egowo5EzAp+qmGhLIh7UPbUEkj0EE2+2DinBml6/RiZUqiM1N/T2Q00nochaYzojjQi95U/M9rp9i7CjIukxRBsvmiXiocjJ1pHE6XK2AoxoZQpri51WEDqihDE1rRhOAtvrxMGhcVz614d26pep3HUSAn5JSUiUcuSZXckhqpE0YeyTN5JW/Wk/VivVsf89YVK585In9gff4AWnCWzQ==</latexit>

|0i
<latexit sha1_base64="eZNlwSj0tfY39dALiPVJy1Bcypo=">AAAB8HicbVDLSgNBEOz1GeMr6tHLkiAIQtj1osegF48RzEOyS5id9CZDZmaXmVkhrPkKLx4U9ernePNvnDwOmljQUFR1090VpZxp43nfzsrq2vrGZmGruL2zu7dfOjhs6iRTFBs04YlqR0QjZxIbhhmO7VQhERHHVjS8nvitB1SaJfLOjFIMBelLFjNKjJXuH71AEdnn2C1VvKo3hbtM/Dmp1MrB2TsA1Lulr6CX0EygNJQTrTu+l5owJ8owynFcDDKNKaFD0seOpZII1GE+PXjsnlil58aJsiWNO1V/T+REaD0Ske0UxAz0ojcR//M6mYkvw5zJNDMo6WxRnHHXJO7ke7fHFFLDR5YQqpi91aUDogg1NqOiDcFffHmZNM+rvlf1b20aVzBDAY6hDKfgwwXU4Abq0AAKAp7gBV4d5Tw7b87HrHXFmc8cwR84nz/GaJHa</latexit><latexit sha1_base64="8Dw/R1LunhKQ/tS5SnL6cx9Gxbc=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgRBEMKuFz0GvXiMYB6SXcLsZDYZMjO7zMwKy5qv0IMHRbz6Od7yN04eB00saCiquunuChPOtHHdiVNYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0c3Ubz9SpVks702W0EDggWQRI9hY6eHJ9RWWA0575apbc2dAq8RbkGq94p+/TOpZo1f+9vsxSQWVhnCsdddzExPkWBlGOB2X/FTTBJMRHtCupRILqoN8dvAYnVqlj6JY2ZIGzdTfEzkWWmcitJ0Cm6Fe9qbif143NdFVkDOZpIZKMl8UpRyZGE2/R32mKDE8swQTxeytiAyxwsTYjEo2BG/55VXSuqh5bs27s2lcwxxFOIEKnIEHl1CHW2hAEwgIeIY3eHeU8+p8OJ/z1oKzmDmGP3C+fgDP0pNg</latexit><latexit sha1_base64="7kteaV5Sfo2JsTGTThJZa943Jxo=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFfZstAzaWEYwH5IcYW8zSZbs7R27e0I48ytsLBSx9efY+W/cJFdo4oOBx3szzMwLEymMpfTbK6ytb2xuFbdLO7t7+wflw6OmiVPNscFjGet2yAxKobBhhZXYTjSyKJTYCsc3M7/1iNqIWN3bSYJBxIZKDARn1kkPT7SrmRpK7JUrtErnIKvEz0kFctR75a9uP+ZphMpyyYzp+DSxQca0FVzitNRNDSaMj9kQO44qFqEJsvnBU3LmlD4ZxNqVsmSu/p7IWGTMJApdZ8TsyCx7M/E/r5PawVWQCZWkFhVfLBqkktiYzL4nfaGRWzlxhHEt3K2Ej5hm3LqMSi4Ef/nlVdK8qPq06t/RSu06j6MIJ3AK5+DDJdTgFurQAA4RPMMrvHnae/HevY9Fa8HLZ47hD7zPH7PpkFE=</latexit>

Mn
<latexit sha1_base64="ISRxWIRIMPf3jwNw+EBxmwa9U4A=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7Gy2DNjZCguYDkiPubfaSJXt7x+6cEI78BBsLRWz9RXY2/hY3H4UmPhh4vDfDzLwgkcKg6345uZXVtfWN/GZha3tnd6+4f9AwcaoZr7NYxroVUMOlULyOAiVvJZrTKJC8GQyvJ37zkWsjYnWPo4T7Ee0rEQpG0Up3t13VLZbcsjsFWSbenJQqR7XvBwCodoufnV7M0ogrZJIa0/bcBP2MahRM8nGhkxqeUDakfd62VNGIGz+bnjomp1bpkTDWthSSqfp7IqORMaMosJ0RxYFZ9Cbif147xfDSz4RKUuSKzRaFqSQYk8nfpCc0ZyhHllCmhb2VsAHVlKFNp2BD8BZfXiaN87Lnlr2aTeMKZsjDMZzAGXhwARW4gSrUgUEfnuAFXh3pPDtvzvusNefMZw7hD5yPH7P6j5M=</latexit><latexit sha1_base64="iNgh1AXNfVfP0ecgNNixWD82ppQ=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZYhNjZCguYByRJmJzfJkNnZZWZWCEs+wcZCEVtb/8IvsLPxW5w8Ck08cOFwzr3ce08QC66N6345mZXVtfWN7GZua3tndy+/f1DXUaIY1lgkItUMqEbBJdYMNwKbsUIaBgIbwfBq4jfuUWkeyTszitEPaV/yHmfUWOn2piM7+YJbdKcgy8Sbk0LpqPrN38sflU7+s92NWBKiNExQrVueGxs/pcpwJnCcaycaY8qGtI8tSyUNUfvp9NQxObVKl/QiZUsaMlV/T6Q01HoUBrYzpGagF72J+J/XSkzv0k+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDo5G4K3+PIyqZ8XPbfoVW0aZZghC8dwAmfgwQWU4BoqUAMGfXiAJ3h2hPPovDivs9aMM585hD9w3n4ABUqRTw==</latexit><latexit sha1_base64="iNgh1AXNfVfP0ecgNNixWD82ppQ=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKujZYhNjZCguYByRJmJzfJkNnZZWZWCEs+wcZCEVtb/8IvsLPxW5w8Ck08cOFwzr3ce08QC66N6345mZXVtfWN7GZua3tndy+/f1DXUaIY1lgkItUMqEbBJdYMNwKbsUIaBgIbwfBq4jfuUWkeyTszitEPaV/yHmfUWOn2piM7+YJbdKcgy8Sbk0LpqPrN38sflU7+s92NWBKiNExQrVueGxs/pcpwJnCcaycaY8qGtI8tSyUNUfvp9NQxObVKl/QiZUsaMlV/T6Q01HoUBrYzpGagF72J+J/XSkzv0k+5jBODks0W9RJBTEQmf5MuV8iMGFlCmeL2VsIGVFFmbDo5G4K3+PIyqZ8XPbfoVW0aZZghC8dwAmfgwQWU4BoqUAMGfXiAJ3h2hPPovDivs9aMM585hD9w3n4ABUqRTw==</latexit><latexit sha1_base64="vT3OcI00Wrt1yPa3JNseR6SpnlI=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0m86LHoxYtQ0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmhang2njet1NaW9/Y3CpvV3Z29/YP3MOjlk4yxbDJEpGoTkg1Ci6xabgR2EkV0jgU2A7HNzO//YRK80Q+mkmKQUyHkkecUWOlh7u+7LtVr+bNQVaJX5AqFGj03a/eIGFZjNIwQbXu+l5qgpwqw5nAaaWXaUwpG9Mhdi2VNEYd5PNTp+TMKgMSJcqWNGSu/p7Iaaz1JA5tZ0zNSC97M/E/r5uZ6CrIuUwzg5ItFkWZICYhs7/JgCtkRkwsoUxxeythI6ooMzadig3BX355lbQuar5X8++9av26iKMMJ3AK5+DDJdThFhrQBAZDeIZXeHOE8+K8Ox+L1pJTzBzDHzifPyVija4=</latexit>

Quantum
C
o
m
p
u
t
e

E
<latexit sha1_base64="GbVozJ19hHygI+7frgGz2/O7JWM=">AAAB/HicbVDJSgNBEK1xjXGL5uilMQgeJMx40WMwCB4jmAUyQ+jp9CRNeha6a8RhiL/ixYMiXv0Qb978FDvLQRMfFDzeq6Kqnp9IodG2v6yV1bX1jc3CVnF7Z3dvv3Rw2NJxqhhvsljGquNTzaWIeBMFSt5JFKehL3nbH9UnfvueKy3i6A6zhHshHUQiEIyikXqlsov8ARHzehwmKXIyJte9UsWu2lOQZeLMSaVG3LNvAGj0Sp9uP2ZpyCNkkmrddewEvZwqFEzycdFNNU8oG9EB7xoa0ZBrL58ePyYnRumTIFamIiRT9fdETkOts9A3nSHFoV70JuJ/XjfF4NLLRTR5K2KzRUEqCcZkkgTpC8UZyswQypQwtxI2pIoyNHkVTQjO4svLpHVedeyqc2vSuIIZCnAEx3AKDlxADW6gAU1gkMETvMCr9Wg9W2/W+6x1xZrPlOEPrI8fIhmWkA==</latexit><latexit sha1_base64="Vri2eXJnM8+bKSOn5Px8amhRQJo=">AAAB/HicbVDLSsNAFJ34aq2vaJduBovgQkriRpfFIrisYB/QhDKZTNqhkwczN2II9T9cuXGhiFs/xJ17P8RJ24W2HrhwOOde7r3HSwRXYFlfxsrq2vpGqbxZ2dre2d0z9w86Kk4lZW0ai1j2PKKY4BFrAwfBeolkJPQE63rjZuF375hUPI5uIUuYG5JhxANOCWhpYFYdYPcAkDfjMEmB4Qm+Gpg1q25NgZeJPSe1BnZOv/3HUmtgfjp+TNOQRUAFUapvWwm4OZHAqWCTipMqlhA6JkPW1zQiIVNuPj1+go+14uMglroiwFP190ROQqWy0NOdIYGRWvQK8T+vn0Jw4eY8Kt6K6GxRkAoMMS6SwD6XjILINCFUcn0rpiMiCQWdV0WHYC++vEw6Z3Xbqts3Oo1LNEMZHaIjdIJsdI4a6Bq1UBtRlKEn9IJejQfj2Xgz3metK8Z8por+wPj4AYM9l5g=</latexit><latexit sha1_base64="Vri2eXJnM8+bKSOn5Px8amhRQJo=">AAAB/HicbVDLSsNAFJ34aq2vaJduBovgQkriRpfFIrisYB/QhDKZTNqhkwczN2II9T9cuXGhiFs/xJ17P8RJ24W2HrhwOOde7r3HSwRXYFlfxsrq2vpGqbxZ2dre2d0z9w86Kk4lZW0ai1j2PKKY4BFrAwfBeolkJPQE63rjZuF375hUPI5uIUuYG5JhxANOCWhpYFYdYPcAkDfjMEmB4Qm+Gpg1q25NgZeJPSe1BnZOv/3HUmtgfjp+TNOQRUAFUapvWwm4OZHAqWCTipMqlhA6JkPW1zQiIVNuPj1+go+14uMglroiwFP190ROQqWy0NOdIYGRWvQK8T+vn0Jw4eY8Kt6K6GxRkAoMMS6SwD6XjILINCFUcn0rpiMiCQWdV0WHYC++vEw6Z3Xbqts3Oo1LNEMZHaIjdIJsdI4a6Bq1UBtRlKEn9IJejQfj2Xgz3metK8Z8por+wPj4AYM9l5g=</latexit><latexit sha1_base64="mqB6wXtXoCixrwppwRcKemqUkeg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5J40WOxCB4r2FZoQ9lst+3S3WzYnYgh1L/ixYMiXv0h3vw3btoctPXBwOO9GWbmhbHgBjzv2ymtrW9sbpW3Kzu7e/sH7uFRx6hEU9amSih9HxLDBI9YGzgIdh9rRmQoWDecNnO/+8C04Sq6gzRmgSTjiI84JWClgVvtA3sEgKypZJwAwzN8PXBrXt2bA68SvyA1VKA1cL/6Q0UTySKgghjT870Ygoxo4FSwWaWfGBYTOiVj1rM0IpKZIJsfP8OnVhnikdK2IsBz9fdERqQxqQxtpyQwMcteLv7n9RIYXQYZj/K3IrpYNEoEBoXzJPCQa0ZBpJYQqrm9FdMJ0YSCzatiQ/CXX14lnfO679X9W6/WuCriKKNjdILOkI8uUAPdoBZqI4pS9Ixe0Zvz5Lw4787HorXkFDNV9AfO5w+66JTI</latexit>

U
p
d
a
t
e

~ ✓
<latexit sha1_base64="4gtWvP/+lzDdZVyoB5BHT8W6yrs=">AAACBHicbVA9SwNBEJ3z2/h1ammzGAQLCXc2WgZtLBWMCeRC2NubmMW9D3bnguFIYeNfsbFQxNYfYWfnT3HzUWjig4HHezPMzAszJQ153pczN7+wuLS8slpaW9/Y3HK3d25MmmuBNZGqVDdCblDJBGskSWEj08jjUGE9vDsf+vUeaiPT5Jr6GbZifpvIjhScrNR29wLCeyIqalnECdmABT0UAXWReNstexVvBDZL/AkpV1lw9A0Al233M4hSkceYkFDcmKbvZdQquCYpFA5KQW4w4+KO32LT0oTHaFrF6IkBO7BKxDqptpUQG6m/JwoeG9OPQ9sZc+qaaW8o/uc1c+qctgqZZDlhIsaLOrlilLJhIiySGgWpviVcaGlvZaLLNRdkcyvZEPzpl2fJzXHF9yr+lU3jDMZYgT3Yh0Pw4QSqcAGXUAMBD/AEL/DqPDrPzpvzPm6dcyYzu/AHzscPkq6aLQ==</latexit><latexit sha1_base64="HubIshoqFeiE7QOs44FATwXxp2U=">AAACBHicbVC7SgNBFJ31lRhfUcs0g0GwkLBro2XQxjKCmwSyIczO3iRDZh/M3A2GJYWN/+AX2FgoYutH2Nn7IU4ehSYeuHA4517uvcdPpNBo21/Wyura+kYuv1nY2t7Z3SvuH9R1nCoOLo9lrJo+0yBFBC4KlNBMFLDQl9DwB1cTvzEEpUUc3eIogXbIepHoCs7QSJ1iyUO4Q8TMTQKGQMfUGwL3sA/IOsWyXbGnoMvEmZNylXqn38FjrtYpfnpBzNMQIuSSad1y7ATbGVMouIRxwUs1JIwPWA9ahkYsBN3Opk+M6bFRAtqNlakI6VT9PZGxUOtR6JvOkGFfL3oT8T+vlWL3op2JKEkRIj5b1E0lxZhOEqGBUMBRjgxhXAlzK+V9phhHk1vBhOAsvrxM6mcVx644NyaNSzJDnpTIETkhDjknVXJNasQlnNyTJ/JCXq0H69l6s95nrSvWfOaQ/IH18QPz0ps1</latexit><latexit sha1_base64="HubIshoqFeiE7QOs44FATwXxp2U=">AAACBHicbVC7SgNBFJ31lRhfUcs0g0GwkLBro2XQxjKCmwSyIczO3iRDZh/M3A2GJYWN/+AX2FgoYutH2Nn7IU4ehSYeuHA4517uvcdPpNBo21/Wyura+kYuv1nY2t7Z3SvuH9R1nCoOLo9lrJo+0yBFBC4KlNBMFLDQl9DwB1cTvzEEpUUc3eIogXbIepHoCs7QSJ1iyUO4Q8TMTQKGQMfUGwL3sA/IOsWyXbGnoMvEmZNylXqn38FjrtYpfnpBzNMQIuSSad1y7ATbGVMouIRxwUs1JIwPWA9ahkYsBN3Opk+M6bFRAtqNlakI6VT9PZGxUOtR6JvOkGFfL3oT8T+vlWL3op2JKEkRIj5b1E0lxZhOEqGBUMBRjgxhXAlzK+V9phhHk1vBhOAsvrxM6mcVx644NyaNSzJDnpTIETkhDjknVXJNasQlnNyTJ/JCXq0H69l6s95nrSvWfOaQ/IH18QPz0ps1</latexit><latexit sha1_base64="XpND3NRempekh2OxnxHCT2paMYA=">AAACBHicbVA9SwNBEN3zM8avqGWaxSBYhTsbLYM2lhG8JJA7wt5mkizZ2zt254LhSGHjX7GxUMTWH2Hnv3HzUWjig4HHezPMzItSKQy67reztr6xubVd2Cnu7u0fHJaOjhsmyTQHnycy0a2IGZBCgY8CJbRSDSyOJDSj4c3Ub45AG5GoexynEMasr0RPcIZW6pTKAcIDIuZ+2mUIdEKDEfAAB4CsU6q4VXcGukq8BamQBeqd0lfQTXgWg0IumTFtz00xzJlGwSVMikFmIGV8yPrQtlSxGEyYz56Y0DOrdGkv0bYU0pn6eyJnsTHjOLKdMcOBWfam4n9eO8PeVZgLlWYIis8X9TJJMaHTRGhXaOAox5YwroW9lfIB04yjza1oQ/CWX14ljYuq51a9O7dSu17EUSBlckrOiUcuSY3ckjrxCSeP5Jm8kjfnyXlx3p2Peeuas5g5IX/gfP4AK4yYZQ==</latexit>
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Kinds of Mitigation

• “MitRes” :  
transform the distribution of results of a circuit 

• “MitEx” :  
transform the expectation of some computed quantity 

Q
Q



Frame 
Randomisation

SPAM 
Correction



Academic Collaborations

UCL 
MBQC

Cambridge 
Quantum Chemistry Algorithms

Strathclyde  
Quantum PL

Tokyo 
Distributed QC

ULB 
Device Independent Crypto

Edinburgh / NPL 
Noise at large scale

NPL 
Noise-resilient algorithms

MPQ / TUM 
Condensed Matter Simulations

Chalmers 
Resources for Quantum Chemistry



Thanks!
If you are looking for a job or an internship email  

careers@cambridgequantum.com


