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OUTLINE

• arXiv:1709.04471  and arXiv:1902.07714 

• Error correction of quantum reference frame information

• Covariant quantum error correction

• Approximate error correction

• Application to AdS/CFT and symmetries in quantum gravity and fault tolerance

• With: Philippe Faist, Sepehr Nezami, Victor Albert, Fernando Pastawski, Patrick Hayden, Sandu Popescu, John Preskill

Equivalent
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REFERENCE 
FRAME

Abstract classical information can be described using a 

sequence of symbols (e.g., 0,1)

Abstract quantum information can be stored in systems 

of qubits (or qudits, modes, etc.)

Physical information is any information that cannot be 
described in this abstract way (e.g., reference frames)

Q U A N T U M  E R R O R  C O R R E C T I O N
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SHARED 
FRAMES
Alice wants to convey some “directional” 
information to Bob (e.g., the rotation axis of a 
gyroscope.)

Alice measures the the vector and describes 
the components to Bob in words

Bob can then create a gyroscope spinning 
along the same axis 

Alice Bob

…
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SHARED 
FRAMES
Alice wants to convey some “directional” 
information to Bob (e.g., the rotation axis of a 
gyroscope.)

Alice measures the the vector and describes 
the components to Bob in words

Bob can then create a gyroscope spinning 
along the same axis 

Alice Bob

…
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NO COMMON 
REFERENCE 
FRAME
Now suppose Alice and Bob do not share a 
common reference frame

By sending a string of words to describe the 
vector, Bob will create the wrong vector

Alice and Bob fail this task.

What can we do in this situation?

What if the channel is noisy?

Alice

…

Bob

What if this transmission is noisy?  Can we correct errors?
Yes!  Use a classical repetition code.

…
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NO COMMON 
REFERENCE 
FRAME
Now suppose Alice and Bob do not share a 
common reference frame

By sending a string of words to describe the 
vector, Bob will create the wrong vector

Alice and Bob fail this task.

What can we do in this situation?

What if the channel is noisy?

Alice

…

What if this transmission is noisy?  Can we correct errors?
Yes!  Use a classical repetition code.

Bob
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NO COMMON 
REFERENCE 
FRAME
Now suppose Alice and Bob do not share a 
common reference frame

By sending a string of words to describe the 
vector, Bob will create the wrong vector

Alice and Bob fail this task.

What can we do in this situation?

What if the channel is noisy?

Alice

What if this transmission is noisy?  Can we correct errors?
Yes!  Use a classical repetition code.

Bob
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NO COMMON 
REFERENCE 
FRAME
Now suppose Alice and Bob do not share a 
common reference frame

By sending a string of words to describe the 
vector, Bob will create the wrong vector

Alice and Bob fail this task.

What can we do in this situation?

What if the channel is noisy?

Alice

What if this transmission is noisy?  Can we correct errors?
Yes!  Use a classical repetition code.

Bob

noise
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QUANTUM 
REFERENCE 
FRAMES
Now the information is quantum (e.g., a spin)

Is QEC possible for this type of information?

In which frame do we encode and decode?

In full generality, Alice and Bob are related by 
an unknown element of a symmetry group G

e.g., the rotation group SO(3) for reference 
frames, and U(1) for a shared time standard

Alice
Bob
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COVARIANT  QEC
• An encoding     from a logical input to ! physical systems is covariant if

• The encoding operation commutes with the action of the symmetry group G.

• This requirement places severe constraints on   , and in principle such a map need not exist

• If a covariant encoding does exist, it means we can correct errors:

• It turns out that the existence of a covariant code for a group G implies that one can error correct 
physical information that transforms under G.

E
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RESULTS
E X I S T E N C E  O F  C O V A R I A N T  Q U A N T U M  C O D E S

Symmetry group:

Code dimension:

Lie group
(continuous symmetry) Finite group

Finite dimensional code NO-GO THEOREM Explicit construction

Infinite dimensional code Explicit construction Explicit construction

Possible
ImpossibleE(Uin⇢inU

†
in) = U⌦nE(⇢in)U†⌦n
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SKETCH  OF  NO-GO  THEOREM

• Continuous symmetry (e.g., Lie Group), with at least one infinitesimal generator and conserved charge
• Logical generator      and physical generator       , assumed to be nontrivial
• On the physical space, the generator is a sum of local terms

• Physical subsystem j is erased and given to the environment
• The environment can measure      and learn some information about the charge 
• But for an erasure correcting code, each reduced state     should be independent of the input

TA =
X

i

Ti
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<latexit sha1_base64="X4HH9PXT3ML8pax98n/7KLmpqQs=">AAACCXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAIB5ySHDzgGQJs5NJMmRmdpmZFcKSLxCv+h3eRPDk1R/wM/wDJ4+DSSxoKKq66e4KY860cd1vJ7O2vrG5ld3O7ezu7R/kD4/qOkoUoTUS8Ug1Q6wpZ5LWDDOcNmNFsQg5bYTDm4nfeKBKs0j6ZhTTQOC+ZD1GsLHSvd8pd/IFt+hOgVaJNyeFUvbrAywqnfxPuxuRRFBpCMdatzw3NkGKlWGE03GunWgaYzLEfdqyVGJBdZBOTx2jM6t0US9StqRBU/XvRIqF1iMR2k6BzUAvexPxP6+VmN51kDIZJ4ZKMlvUSzgyEZr8jbpMUWL4yBJMFLO3IjLAChNj01nYUk2wNIm4jVQZ+7TJ/HHOZuQtJ7JK6hdFzy16VRvWJcyQhRM4hXPw4ApKcAcVqAGBPjzBM7w4j86r8+a8z1ozznzmGBbgfP4CrFOcFA==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="bTZ8AnQ7qJklU2p8Ufr73fCk/eE=">AAAB/nicbZDLSgMxGIX/8Vpr1erWzWARXJUZN7oUBHHRRYvTC7RDyaSZNjSXIRehDH0CcavP4U58Ex/DNzC9LGzrgcDhnIT/z5dkjGoTBN/e1vbO7t5+4aB4WDo6PimfllpaWoVJE0smVSdBmjAqSNNQw0gnUwTxhJF2Mr6f9e1nojSVIjKTjMQcDQVNKUbGRU9Rv9YvV4JqMJe/acKlqcBS9X75pzeQ2HIiDGZI624YZCbOkTIUMzIt9qwmGcJjNCRdZwXiRMf5fNWpf+mSgZ9K5Y4w/jz9+yJHXOsJT9xNjsxIr3ez8L+ua016G+dUZNYQgReDUst8I/3Zv/0BVQQbNnEGYUXdrj4eIYWwcXRWpjQsEsbyB6lqKCIdGk2LjlG4TmTTtK6rYVANGwEU4Bwu4ApCuIE7eIQ6NAHDEF7hDd69F+/D+1zQ3PKWWM9gRd7XL18hmOE=</latexit><latexit sha1_base64="bTZ8AnQ7qJklU2p8Ufr73fCk/eE=">AAAB/nicbZDLSgMxGIX/8Vpr1erWzWARXJUZN7oUBHHRRYvTC7RDyaSZNjSXIRehDH0CcavP4U58Ex/DNzC9LGzrgcDhnIT/z5dkjGoTBN/e1vbO7t5+4aB4WDo6PimfllpaWoVJE0smVSdBmjAqSNNQw0gnUwTxhJF2Mr6f9e1nojSVIjKTjMQcDQVNKUbGRU9Rv9YvV4JqMJe/acKlqcBS9X75pzeQ2HIiDGZI624YZCbOkTIUMzIt9qwmGcJjNCRdZwXiRMf5fNWpf+mSgZ9K5Y4w/jz9+yJHXOsJT9xNjsxIr3ez8L+ua016G+dUZNYQgReDUst8I/3Zv/0BVQQbNnEGYUXdrj4eIYWwcXRWpjQsEsbyB6lqKCIdGk2LjlG4TmTTtK6rYVANGwEU4Bwu4ApCuIE7eIQ6NAHDEF7hDd69F+/D+1zQ3PKWWM9gRd7XL18hmOE=</latexit><latexit sha1_base64="jngDHMGZo//6SfvCm9/7xxbSB2w=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiIccEpwskAyhp9NJmvQy9CKEIV8gXvU7vIlXv8LP8A/sJHMwiQ8KHu9VUVUvThjVxve/vdzG5tb2Tn63sLd/cHhUPD5pamkVJg0smVTtGGnCqCANQw0j7UQRxGNGWvH4bua3nojSVIrQTBIScTQUdEAxMk56DHvVXrHkl/054DoJMlICGWq94k+3L7HlRBjMkNadwE9MlCJlKGZkWuhaTRKEx2hIOo4KxImO0vmpU3jhlD4cSOVKGDhX/06kiGs94bHr5MiM9Ko3E//zOtYMbqOUisQaIvBi0cAyaCSc/Q37VBFs2MQRhBV1t0I8Qgph49JZ2lK3SBjL76WqopC0aTgtuIyC1UTWSfOqHPjloO6XKtdZWnlwBs7BJQjADaiAB1ADDYDBELyAV/DmPXvv3of3uWjNednMKViC9/UL/5KaQw==</latexit><latexit sha1_base64="jngDHMGZo//6SfvCm9/7xxbSB2w=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiIccEpwskAyhp9NJmvQy9CKEIV8gXvU7vIlXv8LP8A/sJHMwiQ8KHu9VUVUvThjVxve/vdzG5tb2Tn63sLd/cHhUPD5pamkVJg0smVTtGGnCqCANQw0j7UQRxGNGWvH4bua3nojSVIrQTBIScTQUdEAxMk56DHvVXrHkl/054DoJMlICGWq94k+3L7HlRBjMkNadwE9MlCJlKGZkWuhaTRKEx2hIOo4KxImO0vmpU3jhlD4cSOVKGDhX/06kiGs94bHr5MiM9Ko3E//zOtYMbqOUisQaIvBi0cAyaCSc/Q37VBFs2MQRhBV1t0I8Qgph49JZ2lK3SBjL76WqopC0aTgtuIyC1UTWSfOqHPjloO6XKtdZWnlwBs7BJQjADaiAB1ADDYDBELyAV/DmPXvv3of3uWjNednMKViC9/UL/5KaQw==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="jngDHMGZo//6SfvCm9/7xxbSB2w=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiIccEpwskAyhp9NJmvQy9CKEIV8gXvU7vIlXv8LP8A/sJHMwiQ8KHu9VUVUvThjVxve/vdzG5tb2Tn63sLd/cHhUPD5pamkVJg0smVTtGGnCqCANQw0j7UQRxGNGWvH4bua3nojSVIrQTBIScTQUdEAxMk56DHvVXrHkl/054DoJMlICGWq94k+3L7HlRBjMkNadwE9MlCJlKGZkWuhaTRKEx2hIOo4KxImO0vmpU3jhlD4cSOVKGDhX/06kiGs94bHr5MiM9Ko3E//zOtYMbqOUisQaIvBi0cAyaCSc/Q37VBFs2MQRhBV1t0I8Qgph49JZ2lK3SBjL76WqopC0aTgtuIyC1UTWSfOqHPjloO6XKtdZWnlwBs7BJQjADaiAB1ADDYDBELyAV/DmPXvv3of3uWjNednMKViC9/UL/5KaQw==</latexit>

TA
<latexit sha1_base64="+CN/q8V4c3Kp8SbbqpcnvvRiNVE=">AAACCXicbVDJSgNBEK2JW4xb1KOXwSB4CjMi6DEiiAcPCU4WSIbQ0+lJmvR0D70IIeQLxKt+hzcRPHn1B/wM/8DOcjCJDwoe71VRVS9KGVXa876dzMrq2vpGdjO3tb2zu5ffP6gpYSQmVSyYkI0IKcIoJ1VNNSONVBKURIzUo/712K8/EKmo4IEepCRMUJfTmGKkrXQftK/a+YJX9CZwl4k/I4VS9usDLMrt/E+rI7BJCNeYIaWavpfqcIikppiRUa5lFEkR7qMuaVrKUUJUOJycOnJPrNJxYyFtce1O1L8TQ5QoNUgi25kg3VOL3lj8z2saHV+GQ8pTownH00WxYa4W7vhvt0MlwZoNLEFYUnuri3tIIqxtOnNbKgZxbZIbIe9QQBo0GOVsRv5iIsukdlb0vaJfsWGdwxRZOIJjOAUfLqAEt1CGKmDowhM8w4vz6Lw6b877tDXjzGYOYQ7O5y+aUpwJ</latexit><latexit sha1_base64="Qwf4Hoblo5xDcr6DxbUhKr4dVK4=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKiiIVFgpsHJEuYncwmQ2ZnlnkIIeQLxFb/wN5OBCtbf8DP8A+cPAqTeODC4Zx7ufeeMGFUadf9dlIrq2vrG+nNzNb2zu5edj9XU8JITKpYMCEbIVKEUU6qmmpGGokkKA4ZqYf9y7FfvydSUcF9PUhIEKMupxHFSFvpzm9ftLMFt+hOAJeJNyOFUvrrI3f1ki+3sz+tjsAmJlxjhpRqem6igyGSmmJGRpmWUSRBuI+6pGkpRzFRwXBy6ggeWaUDIyFtcQ0n6t+JIYqVGsSh7YyR7qlFbyz+5zWNjs6DIeWJ0YTj6aLIMKgFHP8NO1QSrNnAEoQltbdC3EMSYW3TmdtSMYhrE18LeYt80qD+KGMz8hYTWSa1k6LnFr2KDesUTJEGhyAPjoEHzkAJ3IAyqAIMuuARPIFn58F5dd6c92lrypnNHIA5OJ+/O2ydJw==</latexit><latexit sha1_base64="Qwf4Hoblo5xDcr6DxbUhKr4dVK4=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKiiIVFgpsHJEuYncwmQ2ZnlnkIIeQLxFb/wN5OBCtbf8DP8A+cPAqTeODC4Zx7ufeeMGFUadf9dlIrq2vrG+nNzNb2zu5edj9XU8JITKpYMCEbIVKEUU6qmmpGGokkKA4ZqYf9y7FfvydSUcF9PUhIEKMupxHFSFvpzm9ftLMFt+hOAJeJNyOFUvrrI3f1ki+3sz+tjsAmJlxjhpRqem6igyGSmmJGRpmWUSRBuI+6pGkpRzFRwXBy6ggeWaUDIyFtcQ0n6t+JIYqVGsSh7YyR7qlFbyz+5zWNjs6DIeWJ0YTj6aLIMKgFHP8NO1QSrNnAEoQltbdC3EMSYW3TmdtSMYhrE18LeYt80qD+KGMz8hYTWSa1k6LnFr2KDesUTJEGhyAPjoEHzkAJ3IAyqAIMuuARPIFn58F5dd6c92lrypnNHIA5OJ+/O2ydJw==</latexit><latexit sha1_base64="sRSm8YWKr3c1wl2o0aMhaTMKB00=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEiiAcPCU4WSIbQ0+kkTXoZehHCkC8Qr/od3sSrX+Fn+Ad2kjmYxAcFj/eqqKoXJ4xq4/vfXm5tfWNzK79d2Nnd2z8oHh41tLQKkzqWTKpWjDRhVJC6oYaRVqII4jEjzXh0O/WbT0RpKkVoxgmJOBoI2qcYGSc9ht2bbrHkl/0Z4CoJMlICGard4k+nJ7HlRBjMkNbtwE9MlCJlKGZkUuhYTRKER2hA2o4KxImO0tmpE3jmlB7sS+VKGDhT/06kiGs95rHr5MgM9bI3Ff/z2tb0r6OUisQaIvB8Ud8yaCSc/g17VBFs2NgRhBV1t0I8RAph49JZ2FKzSBjL76R6QCFp0XBScBkFy4msksZFOfDLQc0vVS6ztPLgBJyCcxCAK1AB96AK6gCDAXgBr+DNe/bevQ/vc96a87KZY7AA7+sX7ZGaOA==</latexit>

Tj
<latexit sha1_base64="XIEgavKmdWYK+Tw0LYBk8B69QBE=">AAACCXicbVC7SgNBFL0bXzG+ohYWNotBsAq7ImgZEETBIsHNA5IlzE5mkzGzM8vMrBCWfIHY6nfYia1fYWdl7x84eRQm8cCFwzn3cu89Qcyo0o7zaWWWlldW17LruY3Nre2d/O5eTYlEYlLFggnZCJAijHJS1VQz0oglQVHASD3oX478+gORigru6UFM/Ah1OQ0pRtpId177vp0vOEVnDHuRuFNSKB3cfH8BQLmd/2l1BE4iwjVmSKmm68TaT5HUFDMyzLUSRWKE+6hLmoZyFBHlp+NTh/axUTp2KKQpru2x+nciRZFSgygwnRHSPTXvjcT/vGaiwws/pTxONOF4sihMmK2FPfrb7lBJsGYDQxCW1Nxq4x6SCGuTzsyWSoK4TqIrIW+RRxrUG+ZMRu58Ioukdlp0naJbMWGdwQRZOIQjOAEXzqEE11CGKmDowhM8w4v1aL1ab9b7pDVjTWf2YQbWxy+3D5zH</latexit><latexit sha1_base64="3SOBsRX6KzCHWU8HHKNsuOVQzqI=">AAACCXicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlOFkiG2NPpJG16Gbp7hDDkC8Srfocnxatf4Q94FPwDO8vBJD4oeLxXRVW9MGJUG9f9dFILi0vLK+nVzNr6xuZWdnunomWsMCljyaSqhUgTRgUpG2oYqUWKIB4yUg1750O/ek+UplL4ph+RgKOOoG2KkbHSjd+8a2Zzbt4dAc4Tb0Jyhb2rr+/X1G2xmf1ptCSOOREGM6R13XMjEyRIGYoZGWQasSYRwj3UIXVLBeJEB8no1AE8tEoLtqWyJQwcqX8nEsS17vPQdnJkunrWG4r/efXYtM+ChIooNkTg8aJ2zKCRcPg3bFFFsGF9SxBW1N4KcRcphI1NZ2pLKUbCxPxCqmvkkxr1BxmbkTebyDypHOc9N++VbFgnYIw02AcH4Ah44BQUwCUogjLAoAMewRN4dh6cF+fNeR+3ppzJzC6YgvPxC2Vzne4=</latexit><latexit sha1_base64="3SOBsRX6KzCHWU8HHKNsuOVQzqI=">AAACCXicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlOFkiG2NPpJG16Gbp7hDDkC8Srfocnxatf4Q94FPwDO8vBJD4oeLxXRVW9MGJUG9f9dFILi0vLK+nVzNr6xuZWdnunomWsMCljyaSqhUgTRgUpG2oYqUWKIB4yUg1750O/ek+UplL4ph+RgKOOoG2KkbHSjd+8a2Zzbt4dAc4Tb0Jyhb2rr+/X1G2xmf1ptCSOOREGM6R13XMjEyRIGYoZGWQasSYRwj3UIXVLBeJEB8no1AE8tEoLtqWyJQwcqX8nEsS17vPQdnJkunrWG4r/efXYtM+ChIooNkTg8aJ2zKCRcPg3bFFFsGF9SxBW1N4KcRcphI1NZ2pLKUbCxPxCqmvkkxr1BxmbkTebyDypHOc9N++VbFgnYIw02AcH4Ah44BQUwCUogjLAoAMewRN4dh6cF+fNeR+3ppzJzC6YgvPxC2Vzne4=</latexit><latexit sha1_base64="bvzkgmdX1AxromJNoYVoCJU0Kw0=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiAcPCU4WSIbQ0+kkbXoZehHCkC8Qr/od3sSrX+Fn+Ad2kjmYxAcFj/eqqKoXJ4xq4/vfXm5tfWNzK79d2Nnd2z8oHh41tLQKkzqWTKpWjDRhVJC6oYaRVqII4jEjzXh0M/WbT0RpKkVoxgmJOBoI2qcYGSc9hN3HbrHkl/0Z4CoJMlICGard4k+nJ7HlRBjMkNbtwE9MlCJlKGZkUuhYTRKER2hA2o4KxImO0tmpE3jmlB7sS+VKGDhT/06kiGs95rHr5MgM9bI3Ff/z2tb0r6OUisQaIvB8Ud8yaCSc/g17VBFs2NgRhBV1t0I8RAph49JZ2FKzSBjLb6W6RyFp0XBScBkFy4msksZFOfDLQc0vVS6ztPLgBJyCcxCAK1ABd6AK6gCDAXgBr+DNe/bevQ/vc96a87KZY7AA7+sXMLuaYQ==</latexit>

⇢j
<latexit sha1_base64="ng4o8875h6iLVNCiOK1LHP7xG9k=">AAACDHicbVC7SgNBFL0bXzG+ohYWNotBsAq7ImgZEETBIoG8IFnC7GSSTDI7s8xDCEt+QWz1O+zE1n+ws7L3D5w8CpN44MLhnHu5954wZlRpz/t0Uiura+sb6c3M1vbO7l52/6CqhJGYVLBgQtZDpAijnFQ01YzUY0lQFDJSCwfXY7/2QKSigpf1MCZBhLqcdihG2krVpuyJVr+VzXl5bwJ3mfgzkisc3X1/AUCxlf1ptgU2EeEaM6RUw/diHSRIaooZGWWaRpEY4QHqkoalHEVEBcnk2pF7apW22xHSFtfuRP07kaBIqWEU2s4I6Z5a9Mbif17D6M5VkFAeG004ni7qGOZq4Y5fd9tUEqzZ0BKEJbW3uriHJMLaBjS3pWQQ1ya6EfIelUmdlkcZm5G/mMgyqZ7nfS/vl2xYFzBFGo7hBM7Ah0sowC0UoQIY+vAEz/DiPDqvzpvzPm1NObOZQ5iD8/ELUuyeNg==</latexit><latexit sha1_base64="M4KSlOtgwA14oNG0stLNMi6Ciak=">AAACDHicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlkg2SIPZ2epJOe7qEXIQz5BfGq3yF4EK/+gz/gUfAP7CwHk/ig4PFeFVX1gphRpV3300ktLa+srqXXMxubW9s72d29qhJGYlLBgglZD5AijHJS0VQzUo8lQVHASC3oX4782j2Rigpe1oOY+BHqcBpSjLSVqk3ZFa1eK5tz8+4YcJF4U5IrHNx8fb+m7oqt7E+zLbCJCNeYIaUanhtrP0FSU8zIMNM0isQI91GHNCzlKCLKT8bXDuGxVdowFNIW13Cs/p1IUKTUIApsZ4R0V817I/E/r2F0eOEnlMdGE44ni0LDoBZw9DpsU0mwZgNLEJbU3gpxF0mEtQ1oZkvJIK5NdCXkLSqTOi0PMzYjbz6RRVI9zXtu3ivZsM7ABGlwCI7ACfDAOSiAa1AEFYBBDzyCJ/DsPDgvzpvzPmlNOdOZfTAD5+MXAVCfXQ==</latexit><latexit sha1_base64="M4KSlOtgwA14oNG0stLNMi6Ciak=">AAACDHicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlkg2SIPZ2epJOe7qEXIQz5BfGq3yF4EK/+gz/gUfAP7CwHk/ig4PFeFVX1gphRpV3300ktLa+srqXXMxubW9s72d29qhJGYlLBgglZD5AijHJS0VQzUo8lQVHASC3oX4782j2Rigpe1oOY+BHqcBpSjLSVqk3ZFa1eK5tz8+4YcJF4U5IrHNx8fb+m7oqt7E+zLbCJCNeYIaUanhtrP0FSU8zIMNM0isQI91GHNCzlKCLKT8bXDuGxVdowFNIW13Cs/p1IUKTUIApsZ4R0V817I/E/r2F0eOEnlMdGE44ni0LDoBZw9DpsU0mwZgNLEJbU3gpxF0mEtQ1oZkvJIK5NdCXkLSqTOi0PMzYjbz6RRVI9zXtu3ivZsM7ABGlwCI7ACfDAOSiAa1AEFYBBDzyCJ/DsPDgvzpvzPmlNOdOZfTAD5+MXAVCfXQ==</latexit><latexit sha1_base64="U/p/8xeghomxWhxT1BbxGggVLKo=">AAACDHicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiAcPCWSDZAg9nZ6kk16GXoQw5BfEq36HN/HqP/gZ/oGdZA4m8UHB470qqupFCaPa+P63l9vY3Nreye8W9vYPDo+KxydNLa3CpIElk6odIU0YFaRhqGGknSiCeMRIKxrfzfzWE1GaSlE3k4SEHA0EjSlGxknNrhrK3qhXLPllfw64ToKMlECGaq/40+1LbDkRBjOkdSfwExOmSBmKGZkWulaTBOExGpCOowJxosN0fu0UXjilD2OpXAkD5+rfiRRxrSc8cp0cmaFe9Wbif17Hmvg2TKlIrCECLxbFlkEj4ex12KeKYMMmjiCsqLsV4iFSCBsX0NKWmkXCWH4v1SOqkzatTwsuo2A1kXXSvCoHfjmo+aXKdZZWHpyBc3AJAnADKuABVEEDYDACL+AVvHnP3rv34X0uWnNeNnMKluB9/QLMiZvQ</latexit>

|"⟩ ℰ ℛ |"⟩

Tj
<latexit sha1_base64="XIEgavKmdWYK+Tw0LYBk8B69QBE=">AAACCXicbVC7SgNBFL0bXzG+ohYWNotBsAq7ImgZEETBIsHNA5IlzE5mkzGzM8vMrBCWfIHY6nfYia1fYWdl7x84eRQm8cCFwzn3cu89Qcyo0o7zaWWWlldW17LruY3Nre2d/O5eTYlEYlLFggnZCJAijHJS1VQz0oglQVHASD3oX478+gORigru6UFM/Ah1OQ0pRtpId177vp0vOEVnDHuRuFNSKB3cfH8BQLmd/2l1BE4iwjVmSKmm68TaT5HUFDMyzLUSRWKE+6hLmoZyFBHlp+NTh/axUTp2KKQpru2x+nciRZFSgygwnRHSPTXvjcT/vGaiwws/pTxONOF4sihMmK2FPfrb7lBJsGYDQxCW1Nxq4x6SCGuTzsyWSoK4TqIrIW+RRxrUG+ZMRu58Ioukdlp0naJbMWGdwQRZOIQjOAEXzqEE11CGKmDowhM8w4v1aL1ab9b7pDVjTWf2YQbWxy+3D5zH</latexit><latexit sha1_base64="3SOBsRX6KzCHWU8HHKNsuOVQzqI=">AAACCXicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlOFkiG2NPpJG16Gbp7hDDkC8Srfocnxatf4Q94FPwDO8vBJD4oeLxXRVW9MGJUG9f9dFILi0vLK+nVzNr6xuZWdnunomWsMCljyaSqhUgTRgUpG2oYqUWKIB4yUg1750O/ek+UplL4ph+RgKOOoG2KkbHSjd+8a2Zzbt4dAc4Tb0Jyhb2rr+/X1G2xmf1ptCSOOREGM6R13XMjEyRIGYoZGWQasSYRwj3UIXVLBeJEB8no1AE8tEoLtqWyJQwcqX8nEsS17vPQdnJkunrWG4r/efXYtM+ChIooNkTg8aJ2zKCRcPg3bFFFsGF9SxBW1N4KcRcphI1NZ2pLKUbCxPxCqmvkkxr1BxmbkTebyDypHOc9N++VbFgnYIw02AcH4Ah44BQUwCUogjLAoAMewRN4dh6cF+fNeR+3ppzJzC6YgvPxC2Vzne4=</latexit><latexit sha1_base64="3SOBsRX6KzCHWU8HHKNsuOVQzqI=">AAACCXicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlOFkiG2NPpJG16Gbp7hDDkC8Srfocnxatf4Q94FPwDO8vBJD4oeLxXRVW9MGJUG9f9dFILi0vLK+nVzNr6xuZWdnunomWsMCljyaSqhUgTRgUpG2oYqUWKIB4yUg1750O/ek+UplL4ph+RgKOOoG2KkbHSjd+8a2Zzbt4dAc4Tb0Jyhb2rr+/X1G2xmf1ptCSOOREGM6R13XMjEyRIGYoZGWQasSYRwj3UIXVLBeJEB8no1AE8tEoLtqWyJQwcqX8nEsS17vPQdnJkunrWG4r/efXYtM+ChIooNkTg8aJ2zKCRcPg3bFFFsGF9SxBW1N4KcRcphI1NZ2pLKUbCxPxCqmvkkxr1BxmbkTebyDypHOc9N++VbFgnYIw02AcH4Ah44BQUwCUogjLAoAMewRN4dh6cF+fNeR+3ppzJzC6YgvPxC2Vzne4=</latexit><latexit sha1_base64="bvzkgmdX1AxromJNoYVoCJU0Kw0=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiAcPCU4WSIbQ0+kkbXoZehHCkC8Qr/od3sSrX+Fn+Ad2kjmYxAcFj/eqqKoXJ4xq4/vfXm5tfWNzK79d2Nnd2z8oHh41tLQKkzqWTKpWjDRhVJC6oYaRVqII4jEjzXh0M/WbT0RpKkVoxgmJOBoI2qcYGSc9hN3HbrHkl/0Z4CoJMlICGard4k+nJ7HlRBjMkNbtwE9MlCJlKGZkUuhYTRKER2hA2o4KxImO0tmpE3jmlB7sS+VKGDhT/06kiGs95rHr5MgM9bI3Ff/z2tb0r6OUisQaIvB8Ud8yaCSc/g17VBFs2NgRhBV1t0I8RAph49JZ2FKzSBjLb6W6RyFp0XBScBkFy4msksZFOfDLQc0vVS6ztPLgBJyCcxCAK1ABd6AK6gCDAXgBr+DNe/bevQ/vc96a87KZY7AA7+sXMLuaYQ==</latexit>

⇢j
<latexit sha1_base64="ng4o8875h6iLVNCiOK1LHP7xG9k=">AAACDHicbVC7SgNBFL0bXzG+ohYWNotBsAq7ImgZEETBIoG8IFnC7GSSTDI7s8xDCEt+QWz1O+zE1n+ws7L3D5w8CpN44MLhnHu5954wZlRpz/t0Uiura+sb6c3M1vbO7l52/6CqhJGYVLBgQtZDpAijnFQ01YzUY0lQFDJSCwfXY7/2QKSigpf1MCZBhLqcdihG2krVpuyJVr+VzXl5bwJ3mfgzkisc3X1/AUCxlf1ptgU2EeEaM6RUw/diHSRIaooZGWWaRpEY4QHqkoalHEVEBcnk2pF7apW22xHSFtfuRP07kaBIqWEU2s4I6Z5a9Mbif17D6M5VkFAeG004ni7qGOZq4Y5fd9tUEqzZ0BKEJbW3uriHJMLaBjS3pWQQ1ya6EfIelUmdlkcZm5G/mMgyqZ7nfS/vl2xYFzBFGo7hBM7Ah0sowC0UoQIY+vAEz/DiPDqvzpvzPm1NObOZQ5iD8/ELUuyeNg==</latexit><latexit sha1_base64="M4KSlOtgwA14oNG0stLNMi6Ciak=">AAACDHicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlkg2SIPZ2epJOe7qEXIQz5BfGq3yF4EK/+gz/gUfAP7CwHk/ig4PFeFVX1gphRpV3300ktLa+srqXXMxubW9s72d29qhJGYlLBgglZD5AijHJS0VQzUo8lQVHASC3oX4782j2Rigpe1oOY+BHqcBpSjLSVqk3ZFa1eK5tz8+4YcJF4U5IrHNx8fb+m7oqt7E+zLbCJCNeYIaUanhtrP0FSU8zIMNM0isQI91GHNCzlKCLKT8bXDuGxVdowFNIW13Cs/p1IUKTUIApsZ4R0V817I/E/r2F0eOEnlMdGE44ni0LDoBZw9DpsU0mwZgNLEJbU3gpxF0mEtQ1oZkvJIK5NdCXkLSqTOi0PMzYjbz6RRVI9zXtu3ivZsM7ABGlwCI7ACfDAOSiAa1AEFYBBDzyCJ/DsPDgvzpvzPmlNOdOZfTAD5+MXAVCfXQ==</latexit><latexit sha1_base64="M4KSlOtgwA14oNG0stLNMi6Ciak=">AAACDHicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlkg2SIPZ2epJOe7qEXIQz5BfGq3yF4EK/+gz/gUfAP7CwHk/ig4PFeFVX1gphRpV3300ktLa+srqXXMxubW9s72d29qhJGYlLBgglZD5AijHJS0VQzUo8lQVHASC3oX4782j2Rigpe1oOY+BHqcBpSjLSVqk3ZFa1eK5tz8+4YcJF4U5IrHNx8fb+m7oqt7E+zLbCJCNeYIaUanhtrP0FSU8zIMNM0isQI91GHNCzlKCLKT8bXDuGxVdowFNIW13Cs/p1IUKTUIApsZ4R0V817I/E/r2F0eOEnlMdGE44ni0LDoBZw9DpsU0mwZgNLEJbU3gpxF0mEtQ1oZkvJIK5NdCXkLSqTOi0PMzYjbz6RRVI9zXtu3ivZsM7ABGlwCI7ACfDAOSiAa1AEFYBBDzyCJ/DsPDgvzpvzPmlNOdOZfTAD5+MXAVCfXQ==</latexit><latexit sha1_base64="U/p/8xeghomxWhxT1BbxGggVLKo=">AAACDHicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiAcPCWSDZAg9nZ6kk16GXoQw5BfEq36HN/HqP/gZ/oGdZA4m8UHB470qqupFCaPa+P63l9vY3Nreye8W9vYPDo+KxydNLa3CpIElk6odIU0YFaRhqGGknSiCeMRIKxrfzfzWE1GaSlE3k4SEHA0EjSlGxknNrhrK3qhXLPllfw64ToKMlECGaq/40+1LbDkRBjOkdSfwExOmSBmKGZkWulaTBOExGpCOowJxosN0fu0UXjilD2OpXAkD5+rfiRRxrSc8cp0cmaFe9Wbif17Hmvg2TKlIrCECLxbFlkEj4ex12KeKYMMmjiCsqLsV4iFSCBsX0NKWmkXCWH4v1SOqkzatTwsuo2A1kXXSvCoHfjmo+aXKdZZWHpyBc3AJAnADKuABVEEDYDACL+AVvHnP3rv34X0uWnNeNnMKluB9/QLMiZvQ</latexit>

Tr
<latexit sha1_base64="0zHusCwK6La+XBO81QZG3dEUbVU=">AAACCXicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoDcDgnjwkGBekCxhdjJJhszOLjO9QljyBeJVyc1f8KZe/Qo/wz9w8jiYxIKGoqqb7i4/Elyj43xbqZXVtfWN9GZma3tndy+7f1DVYawoq9BQhKruE80El6yCHAWrR4qRwBes5vevx37tgSnNQ1nGQcS8gHQl73BK0Ej3TVStbM7JOxPYy8SdkdzVx2j0CgDFVvan2Q5pHDCJVBCtG64ToZcQhZwKNsw0Y80iQvukyxqGShIw7SWTU4f2iVHadidUpiTaE/XvREICrQeBbzoDgj296I3F/7xGjJ1LL+EyipFJOl3UiYWNoT3+225zxSiKgSGEKm5utWmPKELRpDO3pRQTiXFwE6o7UmZ1Xh5mTEbuYiLLpHqWd528W3JyhXOYIg1HcAyn4MIFFOAWilABCl14gmd4sR6tN+vd+py2pqzZzCHMwfr6BYiDnVA=</latexit><latexit sha1_base64="+ybbpMxMdHSgGUJBuT503f40XrA=">AAACCXicbVDJSgNBEO1xjXGLevQyGARPYUYEvRkQxIOHBLNBMoSeTk/SpJehu0YIQ75AvCr6F97Uq1/hZ/gHdpaDSXxQ8Hiviqp6YcyZAc/7dpaWV1bX1jMb2c2t7Z3d3N5+zahEE1oliivdCLGhnElaBQacNmJNsQg5rYf9q5Ffv6faMCUrMIhpIHBXsogRDFa6a4Fu5/JewRvDXST+lOQvP15GeC21cz+tjiKJoBIIx8Y0fS+GIMUaGOF0mG0lhsaY9HGXNi2VWFATpONTh+6xVTpupLQtCe5Y/TuRYmHMQIS2U2DomXlvJP7nNROILoKUyTgBKslkUZRwF5Q7+tvtME0J8IElmGhmb3VJD2tMwKYzs6WcYAmJuFb6Fldog1WGWZuRP5/IIqmdFnyv4Je9fPEMTZBBh+gInSAfnaMiukElVEUEddEjekLPzoPz5rw7n5PWJWc6c4Bm4Hz9AhyqnxU=</latexit><latexit sha1_base64="+ybbpMxMdHSgGUJBuT503f40XrA=">AAACCXicbVDJSgNBEO1xjXGLevQyGARPYUYEvRkQxIOHBLNBMoSeTk/SpJehu0YIQ75AvCr6F97Uq1/hZ/gHdpaDSXxQ8Hiviqp6YcyZAc/7dpaWV1bX1jMb2c2t7Z3d3N5+zahEE1oliivdCLGhnElaBQacNmJNsQg5rYf9q5Ffv6faMCUrMIhpIHBXsogRDFa6a4Fu5/JewRvDXST+lOQvP15GeC21cz+tjiKJoBIIx8Y0fS+GIMUaGOF0mG0lhsaY9HGXNi2VWFATpONTh+6xVTpupLQtCe5Y/TuRYmHMQIS2U2DomXlvJP7nNROILoKUyTgBKslkUZRwF5Q7+tvtME0J8IElmGhmb3VJD2tMwKYzs6WcYAmJuFb6Fldog1WGWZuRP5/IIqmdFnyv4Je9fPEMTZBBh+gInSAfnaMiukElVEUEddEjekLPzoPz5rw7n5PWJWc6c4Bm4Hz9AhyqnxU=</latexit><latexit sha1_base64="OaAC8v89F6b9EIdbSI3fHQCaNAU=">AAACCXicbVDLSgNBEJyNrxhfUY9eFoPgKeyKoMeAIB48JJjEQLKE2clsMmQey0yPEEK+QLzqd3gTr36Fn+EfOEn2YBILGoqqbrq74pQzA0Hw7eXW1jc2t/LbhZ3dvf2D4uFR0yirCW0QxZVuxdhQziRtAANOW6mmWMScPsbDm6n/+ES1YUrWYZTSSOC+ZAkjGJz00AHdLZaCcjCDv0rCjJRQhmq3+NPpKWIFlUA4NqYdBilEY6yBEU4nhY41NMVkiPu07ajEgppoPDt14p85pecnSruS4M/UvxNjLIwZidh1CgwDs+xNxf+8toXkOhozmVqgkswXJZb7oPzp336PaUqAjxzBRDN3q08GWGMCLp2FLTWLJVhxq/Q9rtMWq08KLqNwOZFV0rwoh0E5rAWlymWWVh6doFN0jkJ0hSroDlVRAxHURy/oFb15z9679+F9zltzXjZzjBbgff0CbW+ahg==</latexit>
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SKETCH  OF  NO-GO  THEOREM

• Continuous symmetry (e.g., Lie Group), with at least one infinitesimal generator and conserved charge
• Logical generator      and physical generator       , assumed to be nontrivial
• On the physical space, the generator is a sum of local terms

• Physical subsystem j is erased and given to the environment
• The environment can measure      and learn some information about the charge 
• But for an erasure correcting code, each reduced state     should be independent of the input

TA =
X

i

Ti

<latexit sha1_base64="OHmN7JFHTDOhb7+IFiEZ2AlSPTk=">AAACFHicbVC7SgNBFL3r2/iKWtoMBsEq7IqgFoIiiIVFApsHJHGZnUySITOzyzyEEFL4E2KpfoK1ndja+xn+gZNHodEDFw7n3Mu5nDjlTBvf//RmZufmFxaXljMrq2vrG9nNrbJOrCK0RBKeqGqMNeVM0pJhhtNqqigWMaeVuHsx9Cu3VGmWyND0UtoQuC1ZixFsnHQTRuendW1FxFAYsSib8/P+COgvCSYkd3bycvcIAIUo+1VvJsQKKg3hWOta4Kem0cfKMMLpIFO3mqaYdHGb1hyVWFDd6I++HqA9pzRRK1FupEEj9edFHwuteyJ2mwKbjp72huJ/Xs2a1nGjz2RqDZVkHNSyHJkEDStATaYoMbznCCaKuV8R6WCFiXFF/UopWiyNFZeJusYhrbJwkHEdBdON/CXlg3zg54OiK+sQxliCHdiFfQjgCM7gCgpQAgIKHuAJnr1779V7897HqzPe5GYbfsH7+AZ6U6Dk</latexit><latexit sha1_base64="OtuGGFFnD08pFBGvR95IMlsYdVs=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBYhV0R1EKICGJhkcDmAUlcZieTZMjM7DIPIYQU/oSk1U+wthNbGys/wiJ/4ORRmMQDFw7n3Mu5nDBmVGnX/XYSS8srq2vJ9dTG5tb2Tnp3r6QiIzEp4ohFshIiRRgVpKipZqQSS4J4yEg57FyP/PIDkYpGwtfdmNQ5agnapBhpK937wdVlTRkeUOgHNEhn3Kw7Blwk3pRkchevj4Ph108+SA9rjQgbToTGDClV9dxY13tIaooZ6adqRpEY4Q5qkaqlAnGi6r3x1314ZJUGbEbSjtBwrP696CGuVJeHdpMj3Vbz3kj8z6sa3Tyv96iIjSYCT4KahkEdwVEFsEElwZp1LUFYUvsrxG0kEda2qJmUgkFCG34TyTvkkwr1+ynbkTffyCIpnWQ9N+sVbFmnYIIkOACH4Bh44AzkwC3IgyLAQIIBeAYvzpPz5rw7H5PVhDO92QczcD5/AVrAo40=</latexit><latexit sha1_base64="OtuGGFFnD08pFBGvR95IMlsYdVs=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBYhV0R1EKICGJhkcDmAUlcZieTZMjM7DIPIYQU/oSk1U+wthNbGys/wiJ/4ORRmMQDFw7n3Mu5nDBmVGnX/XYSS8srq2vJ9dTG5tb2Tnp3r6QiIzEp4ohFshIiRRgVpKipZqQSS4J4yEg57FyP/PIDkYpGwtfdmNQ5agnapBhpK937wdVlTRkeUOgHNEhn3Kw7Blwk3pRkchevj4Ph108+SA9rjQgbToTGDClV9dxY13tIaooZ6adqRpEY4Q5qkaqlAnGi6r3x1314ZJUGbEbSjtBwrP696CGuVJeHdpMj3Vbz3kj8z6sa3Tyv96iIjSYCT4KahkEdwVEFsEElwZp1LUFYUvsrxG0kEda2qJmUgkFCG34TyTvkkwr1+ynbkTffyCIpnWQ9N+sVbFmnYIIkOACH4Bh44AzkwC3IgyLAQIIBeAYvzpPz5rw7H5PVhDO92QczcD5/AVrAo40=</latexit><latexit sha1_base64="1DGWfVk50wrRnZfr6HAxYCgk5Og=">AAACFHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSKIC5ctJA+oI1hMp20Q2cmYR5CCf0Ncavf4U7cuvcz/AOnbRa29cCFwzn3ci4nShlV2nW/nZXVtfWNzcJWcXtnd2+/dHDYVImRmDRwwhLZjpAijArS0FQz0k4lQTxipBUNbyd+64lIRRPh61FKAo76gsYUI22lRz+8ue4qw0MK/ZCGpbJbcaeAy8TLSRnkqIWln24vwYYToTFDSnU8N9VBhqSmmJFxsWsUSREeoj7pWCoQJyrIpl+P4alVejBOpB2h4VT9e5EhrtSIR3aTIz1Qi95E/M/rGB1fBRkVqdFE4FlQbBjUCZxUAHtUEqzZyBKEJbW/QjxAEmFti5pLqRsktOF3iXxAPmlTf1y0HXmLjSyT5nnFcyte3S1XL/K2CuAYnIAz4IFLUAX3oAYaAAMJXsAreHOenXfnw/mcra44+c0RmIPz9QsZQp6Y</latexit>

TL
<latexit sha1_base64="X4HH9PXT3ML8pax98n/7KLmpqQs=">AAACCXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAIB5ySHDzgGQJs5NJMmRmdpmZFcKSLxCv+h3eRPDk1R/wM/wDJ4+DSSxoKKq66e4KY860cd1vJ7O2vrG5ld3O7ezu7R/kD4/qOkoUoTUS8Ug1Q6wpZ5LWDDOcNmNFsQg5bYTDm4nfeKBKs0j6ZhTTQOC+ZD1GsLHSvd8pd/IFt+hOgVaJNyeFUvbrAywqnfxPuxuRRFBpCMdatzw3NkGKlWGE03GunWgaYzLEfdqyVGJBdZBOTx2jM6t0US9StqRBU/XvRIqF1iMR2k6BzUAvexPxP6+VmN51kDIZJ4ZKMlvUSzgyEZr8jbpMUWL4yBJMFLO3IjLAChNj01nYUk2wNIm4jVQZ+7TJ/HHOZuQtJ7JK6hdFzy16VRvWJcyQhRM4hXPw4ApKcAcVqAGBPjzBM7w4j86r8+a8z1ozznzmGBbgfP4CrFOcFA==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="bTZ8AnQ7qJklU2p8Ufr73fCk/eE=">AAAB/nicbZDLSgMxGIX/8Vpr1erWzWARXJUZN7oUBHHRRYvTC7RDyaSZNjSXIRehDH0CcavP4U58Ex/DNzC9LGzrgcDhnIT/z5dkjGoTBN/e1vbO7t5+4aB4WDo6PimfllpaWoVJE0smVSdBmjAqSNNQw0gnUwTxhJF2Mr6f9e1nojSVIjKTjMQcDQVNKUbGRU9Rv9YvV4JqMJe/acKlqcBS9X75pzeQ2HIiDGZI624YZCbOkTIUMzIt9qwmGcJjNCRdZwXiRMf5fNWpf+mSgZ9K5Y4w/jz9+yJHXOsJT9xNjsxIr3ez8L+ua016G+dUZNYQgReDUst8I/3Zv/0BVQQbNnEGYUXdrj4eIYWwcXRWpjQsEsbyB6lqKCIdGk2LjlG4TmTTtK6rYVANGwEU4Bwu4ApCuIE7eIQ6NAHDEF7hDd69F+/D+1zQ3PKWWM9gRd7XL18hmOE=</latexit><latexit sha1_base64="bTZ8AnQ7qJklU2p8Ufr73fCk/eE=">AAAB/nicbZDLSgMxGIX/8Vpr1erWzWARXJUZN7oUBHHRRYvTC7RDyaSZNjSXIRehDH0CcavP4U58Ex/DNzC9LGzrgcDhnIT/z5dkjGoTBN/e1vbO7t5+4aB4WDo6PimfllpaWoVJE0smVSdBmjAqSNNQw0gnUwTxhJF2Mr6f9e1nojSVIjKTjMQcDQVNKUbGRU9Rv9YvV4JqMJe/acKlqcBS9X75pzeQ2HIiDGZI624YZCbOkTIUMzIt9qwmGcJjNCRdZwXiRMf5fNWpf+mSgZ9K5Y4w/jz9+yJHXOsJT9xNjsxIr3ez8L+ua016G+dUZNYQgReDUst8I/3Zv/0BVQQbNnEGYUXdrj4eIYWwcXRWpjQsEsbyB6lqKCIdGk2LjlG4TmTTtK6rYVANGwEU4Bwu4ApCuIE7eIQ6NAHDEF7hDd69F+/D+1zQ3PKWWM9gRd7XL18hmOE=</latexit><latexit sha1_base64="jngDHMGZo//6SfvCm9/7xxbSB2w=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiIccEpwskAyhp9NJmvQy9CKEIV8gXvU7vIlXv8LP8A/sJHMwiQ8KHu9VUVUvThjVxve/vdzG5tb2Tn63sLd/cHhUPD5pamkVJg0smVTtGGnCqCANQw0j7UQRxGNGWvH4bua3nojSVIrQTBIScTQUdEAxMk56DHvVXrHkl/054DoJMlICGWq94k+3L7HlRBjMkNadwE9MlCJlKGZkWuhaTRKEx2hIOo4KxImO0vmpU3jhlD4cSOVKGDhX/06kiGs94bHr5MiM9Ko3E//zOtYMbqOUisQaIvBi0cAyaCSc/Q37VBFs2MQRhBV1t0I8Qgph49JZ2lK3SBjL76WqopC0aTgtuIyC1UTWSfOqHPjloO6XKtdZWnlwBs7BJQjADaiAB1ADDYDBELyAV/DmPXvv3of3uWjNednMKViC9/UL/5KaQw==</latexit><latexit sha1_base64="jngDHMGZo//6SfvCm9/7xxbSB2w=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiIccEpwskAyhp9NJmvQy9CKEIV8gXvU7vIlXv8LP8A/sJHMwiQ8KHu9VUVUvThjVxve/vdzG5tb2Tn63sLd/cHhUPD5pamkVJg0smVTtGGnCqCANQw0j7UQRxGNGWvH4bua3nojSVIrQTBIScTQUdEAxMk56DHvVXrHkl/054DoJMlICGWq94k+3L7HlRBjMkNadwE9MlCJlKGZkWuhaTRKEx2hIOo4KxImO0vmpU3jhlD4cSOVKGDhX/06kiGs94bHr5MiM9Ko3E//zOtYMbqOUisQaIvBi0cAyaCSc/Q37VBFs2MQRhBV1t0I8Qgph49JZ2lK3SBjL76WqopC0aTgtuIyC1UTWSfOqHPjloO6XKtdZWnlwBs7BJQjADaiAB1ADDYDBELyAV/DmPXvv3of3uWjNednMKViC9/UL/5KaQw==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="jngDHMGZo//6SfvCm9/7xxbSB2w=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiIccEpwskAyhp9NJmvQy9CKEIV8gXvU7vIlXv8LP8A/sJHMwiQ8KHu9VUVUvThjVxve/vdzG5tb2Tn63sLd/cHhUPD5pamkVJg0smVTtGGnCqCANQw0j7UQRxGNGWvH4bua3nojSVIrQTBIScTQUdEAxMk56DHvVXrHkl/054DoJMlICGWq94k+3L7HlRBjMkNadwE9MlCJlKGZkWuhaTRKEx2hIOo4KxImO0vmpU3jhlD4cSOVKGDhX/06kiGs94bHr5MiM9Ko3E//zOtYMbqOUisQaIvBi0cAyaCSc/Q37VBFs2MQRhBV1t0I8Qgph49JZ2lK3SBjL76WqopC0aTgtuIyC1UTWSfOqHPjloO6XKtdZWnlwBs7BJQjADaiAB1ADDYDBELyAV/DmPXvv3of3uWjNednMKViC9/UL/5KaQw==</latexit>

TA
<latexit sha1_base64="+CN/q8V4c3Kp8SbbqpcnvvRiNVE=">AAACCXicbVDJSgNBEK2JW4xb1KOXwSB4CjMi6DEiiAcPCU4WSIbQ0+lJmvR0D70IIeQLxKt+hzcRPHn1B/wM/8DOcjCJDwoe71VRVS9KGVXa876dzMrq2vpGdjO3tb2zu5ffP6gpYSQmVSyYkI0IKcIoJ1VNNSONVBKURIzUo/712K8/EKmo4IEepCRMUJfTmGKkrXQftK/a+YJX9CZwl4k/I4VS9usDLMrt/E+rI7BJCNeYIaWavpfqcIikppiRUa5lFEkR7qMuaVrKUUJUOJycOnJPrNJxYyFtce1O1L8TQ5QoNUgi25kg3VOL3lj8z2saHV+GQ8pTownH00WxYa4W7vhvt0MlwZoNLEFYUnuri3tIIqxtOnNbKgZxbZIbIe9QQBo0GOVsRv5iIsukdlb0vaJfsWGdwxRZOIJjOAUfLqAEt1CGKmDowhM8w4vz6Lw6b877tDXjzGYOYQ7O5y+aUpwJ</latexit><latexit sha1_base64="Qwf4Hoblo5xDcr6DxbUhKr4dVK4=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKiiIVFgpsHJEuYncwmQ2ZnlnkIIeQLxFb/wN5OBCtbf8DP8A+cPAqTeODC4Zx7ufeeMGFUadf9dlIrq2vrG+nNzNb2zu5edj9XU8JITKpYMCEbIVKEUU6qmmpGGokkKA4ZqYf9y7FfvydSUcF9PUhIEKMupxHFSFvpzm9ftLMFt+hOAJeJNyOFUvrrI3f1ki+3sz+tjsAmJlxjhpRqem6igyGSmmJGRpmWUSRBuI+6pGkpRzFRwXBy6ggeWaUDIyFtcQ0n6t+JIYqVGsSh7YyR7qlFbyz+5zWNjs6DIeWJ0YTj6aLIMKgFHP8NO1QSrNnAEoQltbdC3EMSYW3TmdtSMYhrE18LeYt80qD+KGMz8hYTWSa1k6LnFr2KDesUTJEGhyAPjoEHzkAJ3IAyqAIMuuARPIFn58F5dd6c92lrypnNHIA5OJ+/O2ydJw==</latexit><latexit sha1_base64="Qwf4Hoblo5xDcr6DxbUhKr4dVK4=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKiiIVFgpsHJEuYncwmQ2ZnlnkIIeQLxFb/wN5OBCtbf8DP8A+cPAqTeODC4Zx7ufeeMGFUadf9dlIrq2vrG+nNzNb2zu5edj9XU8JITKpYMCEbIVKEUU6qmmpGGokkKA4ZqYf9y7FfvydSUcF9PUhIEKMupxHFSFvpzm9ftLMFt+hOAJeJNyOFUvrrI3f1ki+3sz+tjsAmJlxjhpRqem6igyGSmmJGRpmWUSRBuI+6pGkpRzFRwXBy6ggeWaUDIyFtcQ0n6t+JIYqVGsSh7YyR7qlFbyz+5zWNjs6DIeWJ0YTj6aLIMKgFHP8NO1QSrNnAEoQltbdC3EMSYW3TmdtSMYhrE18LeYt80qD+KGMz8hYTWSa1k6LnFr2KDesUTJEGhyAPjoEHzkAJ3IAyqAIMuuARPIFn58F5dd6c92lrypnNHIA5OJ+/O2ydJw==</latexit><latexit sha1_base64="sRSm8YWKr3c1wl2o0aMhaTMKB00=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEiiAcPCU4WSIbQ0+kkTXoZehHCkC8Qr/od3sSrX+Fn+Ad2kjmYxAcFj/eqqKoXJ4xq4/vfXm5tfWNzK79d2Nnd2z8oHh41tLQKkzqWTKpWjDRhVJC6oYaRVqII4jEjzXh0O/WbT0RpKkVoxgmJOBoI2qcYGSc9ht2bbrHkl/0Z4CoJMlICGard4k+nJ7HlRBjMkNbtwE9MlCJlKGZkUuhYTRKER2hA2o4KxImO0tmpE3jmlB7sS+VKGDhT/06kiGs95rHr5MgM9bI3Ff/z2tb0r6OUisQaIvB8Ud8yaCSc/g17VBFs2NgRhBV1t0I8RAph49JZ2FKzSBjL76R6QCFp0XBScBkFy4msksZFOfDLQc0vVS6ztPLgBJyCcxCAK1AB96AK6gCDAXgBr+DNe/bevQ/vc96a87KZY7AA7+sX7ZGaOA==</latexit>

Tj
<latexit sha1_base64="XIEgavKmdWYK+Tw0LYBk8B69QBE=">AAACCXicbVC7SgNBFL0bXzG+ohYWNotBsAq7ImgZEETBIsHNA5IlzE5mkzGzM8vMrBCWfIHY6nfYia1fYWdl7x84eRQm8cCFwzn3cu89Qcyo0o7zaWWWlldW17LruY3Nre2d/O5eTYlEYlLFggnZCJAijHJS1VQz0oglQVHASD3oX478+gORigru6UFM/Ah1OQ0pRtpId177vp0vOEVnDHuRuFNSKB3cfH8BQLmd/2l1BE4iwjVmSKmm68TaT5HUFDMyzLUSRWKE+6hLmoZyFBHlp+NTh/axUTp2KKQpru2x+nciRZFSgygwnRHSPTXvjcT/vGaiwws/pTxONOF4sihMmK2FPfrb7lBJsGYDQxCW1Nxq4x6SCGuTzsyWSoK4TqIrIW+RRxrUG+ZMRu58Ioukdlp0naJbMWGdwQRZOIQjOAEXzqEE11CGKmDowhM8w4v1aL1ab9b7pDVjTWf2YQbWxy+3D5zH</latexit><latexit sha1_base64="3SOBsRX6KzCHWU8HHKNsuOVQzqI=">AAACCXicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlOFkiG2NPpJG16Gbp7hDDkC8Srfocnxatf4Q94FPwDO8vBJD4oeLxXRVW9MGJUG9f9dFILi0vLK+nVzNr6xuZWdnunomWsMCljyaSqhUgTRgUpG2oYqUWKIB4yUg1750O/ek+UplL4ph+RgKOOoG2KkbHSjd+8a2Zzbt4dAc4Tb0Jyhb2rr+/X1G2xmf1ptCSOOREGM6R13XMjEyRIGYoZGWQasSYRwj3UIXVLBeJEB8no1AE8tEoLtqWyJQwcqX8nEsS17vPQdnJkunrWG4r/efXYtM+ChIooNkTg8aJ2zKCRcPg3bFFFsGF9SxBW1N4KcRcphI1NZ2pLKUbCxPxCqmvkkxr1BxmbkTebyDypHOc9N++VbFgnYIw02AcH4Ah44BQUwCUogjLAoAMewRN4dh6cF+fNeR+3ppzJzC6YgvPxC2Vzne4=</latexit><latexit sha1_base64="3SOBsRX6KzCHWU8HHKNsuOVQzqI=">AAACCXicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlOFkiG2NPpJG16Gbp7hDDkC8Srfocnxatf4Q94FPwDO8vBJD4oeLxXRVW9MGJUG9f9dFILi0vLK+nVzNr6xuZWdnunomWsMCljyaSqhUgTRgUpG2oYqUWKIB4yUg1750O/ek+UplL4ph+RgKOOoG2KkbHSjd+8a2Zzbt4dAc4Tb0Jyhb2rr+/X1G2xmf1ptCSOOREGM6R13XMjEyRIGYoZGWQasSYRwj3UIXVLBeJEB8no1AE8tEoLtqWyJQwcqX8nEsS17vPQdnJkunrWG4r/efXYtM+ChIooNkTg8aJ2zKCRcPg3bFFFsGF9SxBW1N4KcRcphI1NZ2pLKUbCxPxCqmvkkxr1BxmbkTebyDypHOc9N++VbFgnYIw02AcH4Ah44BQUwCUogjLAoAMewRN4dh6cF+fNeR+3ppzJzC6YgvPxC2Vzne4=</latexit><latexit sha1_base64="bvzkgmdX1AxromJNoYVoCJU0Kw0=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiAcPCU4WSIbQ0+kkbXoZehHCkC8Qr/od3sSrX+Fn+Ad2kjmYxAcFj/eqqKoXJ4xq4/vfXm5tfWNzK79d2Nnd2z8oHh41tLQKkzqWTKpWjDRhVJC6oYaRVqII4jEjzXh0M/WbT0RpKkVoxgmJOBoI2qcYGSc9hN3HbrHkl/0Z4CoJMlICGard4k+nJ7HlRBjMkNbtwE9MlCJlKGZkUuhYTRKER2hA2o4KxImO0tmpE3jmlB7sS+VKGDhT/06kiGs95rHr5MgM9bI3Ff/z2tb0r6OUisQaIvB8Ud8yaCSc/g17VBFs2NgRhBV1t0I8RAph49JZ2FKzSBjLb6W6RyFp0XBScBkFy4msksZFOfDLQc0vVS6ztPLgBJyCcxCAK1ABd6AK6gCDAXgBr+DNe/bevQ/vc96a87KZY7AA7+sXMLuaYQ==</latexit>

⇢j
<latexit sha1_base64="ng4o8875h6iLVNCiOK1LHP7xG9k=">AAACDHicbVC7SgNBFL0bXzG+ohYWNotBsAq7ImgZEETBIoG8IFnC7GSSTDI7s8xDCEt+QWz1O+zE1n+ws7L3D5w8CpN44MLhnHu5954wZlRpz/t0Uiura+sb6c3M1vbO7l52/6CqhJGYVLBgQtZDpAijnFQ01YzUY0lQFDJSCwfXY7/2QKSigpf1MCZBhLqcdihG2krVpuyJVr+VzXl5bwJ3mfgzkisc3X1/AUCxlf1ptgU2EeEaM6RUw/diHSRIaooZGWWaRpEY4QHqkoalHEVEBcnk2pF7apW22xHSFtfuRP07kaBIqWEU2s4I6Z5a9Mbif17D6M5VkFAeG004ni7qGOZq4Y5fd9tUEqzZ0BKEJbW3uriHJMLaBjS3pWQQ1ya6EfIelUmdlkcZm5G/mMgyqZ7nfS/vl2xYFzBFGo7hBM7Ah0sowC0UoQIY+vAEz/DiPDqvzpvzPm1NObOZQ5iD8/ELUuyeNg==</latexit><latexit sha1_base64="M4KSlOtgwA14oNG0stLNMi6Ciak=">AAACDHicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlkg2SIPZ2epJOe7qEXIQz5BfGq3yF4EK/+gz/gUfAP7CwHk/ig4PFeFVX1gphRpV3300ktLa+srqXXMxubW9s72d29qhJGYlLBgglZD5AijHJS0VQzUo8lQVHASC3oX4782j2Rigpe1oOY+BHqcBpSjLSVqk3ZFa1eK5tz8+4YcJF4U5IrHNx8fb+m7oqt7E+zLbCJCNeYIaUanhtrP0FSU8zIMNM0isQI91GHNCzlKCLKT8bXDuGxVdowFNIW13Cs/p1IUKTUIApsZ4R0V817I/E/r2F0eOEnlMdGE44ni0LDoBZw9DpsU0mwZgNLEJbU3gpxF0mEtQ1oZkvJIK5NdCXkLSqTOi0PMzYjbz6RRVI9zXtu3ivZsM7ABGlwCI7ACfDAOSiAa1AEFYBBDzyCJ/DsPDgvzpvzPmlNOdOZfTAD5+MXAVCfXQ==</latexit><latexit sha1_base64="M4KSlOtgwA14oNG0stLNMi6Ciak=">AAACDHicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlkg2SIPZ2epJOe7qEXIQz5BfGq3yF4EK/+gz/gUfAP7CwHk/ig4PFeFVX1gphRpV3300ktLa+srqXXMxubW9s72d29qhJGYlLBgglZD5AijHJS0VQzUo8lQVHASC3oX4782j2Rigpe1oOY+BHqcBpSjLSVqk3ZFa1eK5tz8+4YcJF4U5IrHNx8fb+m7oqt7E+zLbCJCNeYIaUanhtrP0FSU8zIMNM0isQI91GHNCzlKCLKT8bXDuGxVdowFNIW13Cs/p1IUKTUIApsZ4R0V817I/E/r2F0eOEnlMdGE44ni0LDoBZw9DpsU0mwZgNLEJbU3gpxF0mEtQ1oZkvJIK5NdCXkLSqTOi0PMzYjbz6RRVI9zXtu3ivZsM7ABGlwCI7ACfDAOSiAa1AEFYBBDzyCJ/DsPDgvzpvzPmlNOdOZfTAD5+MXAVCfXQ==</latexit><latexit sha1_base64="U/p/8xeghomxWhxT1BbxGggVLKo=">AAACDHicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiAcPCWSDZAg9nZ6kk16GXoQw5BfEq36HN/HqP/gZ/oGdZA4m8UHB470qqupFCaPa+P63l9vY3Nreye8W9vYPDo+KxydNLa3CpIElk6odIU0YFaRhqGGknSiCeMRIKxrfzfzWE1GaSlE3k4SEHA0EjSlGxknNrhrK3qhXLPllfw64ToKMlECGaq/40+1LbDkRBjOkdSfwExOmSBmKGZkWulaTBOExGpCOowJxosN0fu0UXjilD2OpXAkD5+rfiRRxrSc8cp0cmaFe9Wbif17Hmvg2TKlIrCECLxbFlkEj4ex12KeKYMMmjiCsqLsV4iFSCBsX0NKWmkXCWH4v1SOqkzatTwsuo2A1kXXSvCoHfjmo+aXKdZZWHpyBc3AJAnADKuABVEEDYDACL+AVvHnP3rv34X0uWnNeNnMKluB9/QLMiZvQ</latexit>

|"⟩ ℰ ℛ |"⟩

Tj
<latexit sha1_base64="XIEgavKmdWYK+Tw0LYBk8B69QBE=">AAACCXicbVC7SgNBFL0bXzG+ohYWNotBsAq7ImgZEETBIsHNA5IlzE5mkzGzM8vMrBCWfIHY6nfYia1fYWdl7x84eRQm8cCFwzn3cu89Qcyo0o7zaWWWlldW17LruY3Nre2d/O5eTYlEYlLFggnZCJAijHJS1VQz0oglQVHASD3oX478+gORigru6UFM/Ah1OQ0pRtpId177vp0vOEVnDHuRuFNSKB3cfH8BQLmd/2l1BE4iwjVmSKmm68TaT5HUFDMyzLUSRWKE+6hLmoZyFBHlp+NTh/axUTp2KKQpru2x+nciRZFSgygwnRHSPTXvjcT/vGaiwws/pTxONOF4sihMmK2FPfrb7lBJsGYDQxCW1Nxq4x6SCGuTzsyWSoK4TqIrIW+RRxrUG+ZMRu58Ioukdlp0naJbMWGdwQRZOIQjOAEXzqEE11CGKmDowhM8w4v1aL1ab9b7pDVjTWf2YQbWxy+3D5zH</latexit><latexit sha1_base64="3SOBsRX6KzCHWU8HHKNsuOVQzqI=">AAACCXicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlOFkiG2NPpJG16Gbp7hDDkC8Srfocnxatf4Q94FPwDO8vBJD4oeLxXRVW9MGJUG9f9dFILi0vLK+nVzNr6xuZWdnunomWsMCljyaSqhUgTRgUpG2oYqUWKIB4yUg1750O/ek+UplL4ph+RgKOOoG2KkbHSjd+8a2Zzbt4dAc4Tb0Jyhb2rr+/X1G2xmf1ptCSOOREGM6R13XMjEyRIGYoZGWQasSYRwj3UIXVLBeJEB8no1AE8tEoLtqWyJQwcqX8nEsS17vPQdnJkunrWG4r/efXYtM+ChIooNkTg8aJ2zKCRcPg3bFFFsGF9SxBW1N4KcRcphI1NZ2pLKUbCxPxCqmvkkxr1BxmbkTebyDypHOc9N++VbFgnYIw02AcH4Ah44BQUwCUogjLAoAMewRN4dh6cF+fNeR+3ppzJzC6YgvPxC2Vzne4=</latexit><latexit sha1_base64="3SOBsRX6KzCHWU8HHKNsuOVQzqI=">AAACCXicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlOFkiG2NPpJG16Gbp7hDDkC8Srfocnxatf4Q94FPwDO8vBJD4oeLxXRVW9MGJUG9f9dFILi0vLK+nVzNr6xuZWdnunomWsMCljyaSqhUgTRgUpG2oYqUWKIB4yUg1750O/ek+UplL4ph+RgKOOoG2KkbHSjd+8a2Zzbt4dAc4Tb0Jyhb2rr+/X1G2xmf1ptCSOOREGM6R13XMjEyRIGYoZGWQasSYRwj3UIXVLBeJEB8no1AE8tEoLtqWyJQwcqX8nEsS17vPQdnJkunrWG4r/efXYtM+ChIooNkTg8aJ2zKCRcPg3bFFFsGF9SxBW1N4KcRcphI1NZ2pLKUbCxPxCqmvkkxr1BxmbkTebyDypHOc9N++VbFgnYIw02AcH4Ah44BQUwCUogjLAoAMewRN4dh6cF+fNeR+3ppzJzC6YgvPxC2Vzne4=</latexit><latexit sha1_base64="bvzkgmdX1AxromJNoYVoCJU0Kw0=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiAcPCU4WSIbQ0+kkbXoZehHCkC8Qr/od3sSrX+Fn+Ad2kjmYxAcFj/eqqKoXJ4xq4/vfXm5tfWNzK79d2Nnd2z8oHh41tLQKkzqWTKpWjDRhVJC6oYaRVqII4jEjzXh0M/WbT0RpKkVoxgmJOBoI2qcYGSc9hN3HbrHkl/0Z4CoJMlICGard4k+nJ7HlRBjMkNbtwE9MlCJlKGZkUuhYTRKER2hA2o4KxImO0tmpE3jmlB7sS+VKGDhT/06kiGs95rHr5MgM9bI3Ff/z2tb0r6OUisQaIvB8Ud8yaCSc/g17VBFs2NgRhBV1t0I8RAph49JZ2FKzSBjLb6W6RyFp0XBScBkFy4msksZFOfDLQc0vVS6ztPLgBJyCcxCAK1ABd6AK6gCDAXgBr+DNe/bevQ/vc96a87KZY7AA7+sXMLuaYQ==</latexit>

⇢j
<latexit sha1_base64="ng4o8875h6iLVNCiOK1LHP7xG9k=">AAACDHicbVC7SgNBFL0bXzG+ohYWNotBsAq7ImgZEETBIoG8IFnC7GSSTDI7s8xDCEt+QWz1O+zE1n+ws7L3D5w8CpN44MLhnHu5954wZlRpz/t0Uiura+sb6c3M1vbO7l52/6CqhJGYVLBgQtZDpAijnFQ01YzUY0lQFDJSCwfXY7/2QKSigpf1MCZBhLqcdihG2krVpuyJVr+VzXl5bwJ3mfgzkisc3X1/AUCxlf1ptgU2EeEaM6RUw/diHSRIaooZGWWaRpEY4QHqkoalHEVEBcnk2pF7apW22xHSFtfuRP07kaBIqWEU2s4I6Z5a9Mbif17D6M5VkFAeG004ni7qGOZq4Y5fd9tUEqzZ0BKEJbW3uriHJMLaBjS3pWQQ1ya6EfIelUmdlkcZm5G/mMgyqZ7nfS/vl2xYFzBFGo7hBM7Ah0sowC0UoQIY+vAEz/DiPDqvzpvzPm1NObOZQ5iD8/ELUuyeNg==</latexit><latexit sha1_base64="M4KSlOtgwA14oNG0stLNMi6Ciak=">AAACDHicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlkg2SIPZ2epJOe7qEXIQz5BfGq3yF4EK/+gz/gUfAP7CwHk/ig4PFeFVX1gphRpV3300ktLa+srqXXMxubW9s72d29qhJGYlLBgglZD5AijHJS0VQzUo8lQVHASC3oX4782j2Rigpe1oOY+BHqcBpSjLSVqk3ZFa1eK5tz8+4YcJF4U5IrHNx8fb+m7oqt7E+zLbCJCNeYIaUanhtrP0FSU8zIMNM0isQI91GHNCzlKCLKT8bXDuGxVdowFNIW13Cs/p1IUKTUIApsZ4R0V817I/E/r2F0eOEnlMdGE44ni0LDoBZw9DpsU0mwZgNLEJbU3gpxF0mEtQ1oZkvJIK5NdCXkLSqTOi0PMzYjbz6RRVI9zXtu3ivZsM7ABGlwCI7ACfDAOSiAa1AEFYBBDzyCJ/DsPDgvzpvzPmlNOdOZfTAD5+MXAVCfXQ==</latexit><latexit sha1_base64="M4KSlOtgwA14oNG0stLNMi6Ciak=">AAACDHicbVDJSgNBEO2JW4xb1IMHL41B8BRmRNBjQBAFDwlkg2SIPZ2epJOe7qEXIQz5BfGq3yF4EK/+gz/gUfAP7CwHk/ig4PFeFVX1gphRpV3300ktLa+srqXXMxubW9s72d29qhJGYlLBgglZD5AijHJS0VQzUo8lQVHASC3oX4782j2Rigpe1oOY+BHqcBpSjLSVqk3ZFa1eK5tz8+4YcJF4U5IrHNx8fb+m7oqt7E+zLbCJCNeYIaUanhtrP0FSU8zIMNM0isQI91GHNCzlKCLKT8bXDuGxVdowFNIW13Cs/p1IUKTUIApsZ4R0V817I/E/r2F0eOEnlMdGE44ni0LDoBZw9DpsU0mwZgNLEJbU3gpxF0mEtQ1oZkvJIK5NdCXkLSqTOi0PMzYjbz6RRVI9zXtu3ivZsM7ABGlwCI7ACfDAOSiAa1AEFYBBDzyCJ/DsPDgvzpvzPmlNOdOZfTAD5+MXAVCfXQ==</latexit><latexit sha1_base64="U/p/8xeghomxWhxT1BbxGggVLKo=">AAACDHicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiAcPCWSDZAg9nZ6kk16GXoQw5BfEq36HN/HqP/gZ/oGdZA4m8UHB470qqupFCaPa+P63l9vY3Nreye8W9vYPDo+KxydNLa3CpIElk6odIU0YFaRhqGGknSiCeMRIKxrfzfzWE1GaSlE3k4SEHA0EjSlGxknNrhrK3qhXLPllfw64ToKMlECGaq/40+1LbDkRBjOkdSfwExOmSBmKGZkWulaTBOExGpCOowJxosN0fu0UXjilD2OpXAkD5+rfiRRxrSc8cp0cmaFe9Wbif17Hmvg2TKlIrCECLxbFlkEj4ex12KeKYMMmjiCsqLsV4iFSCBsX0NKWmkXCWH4v1SOqkzatTwsuo2A1kXXSvCoHfjmo+aXKdZZWHpyBc3AJAnADKuABVEEDYDACL+AVvHnP3rv34X0uWnNeNnMKluB9/QLMiZvQ</latexit>

Tr
<latexit sha1_base64="0zHusCwK6La+XBO81QZG3dEUbVU=">AAACCXicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoDcDgnjwkGBekCxhdjJJhszOLjO9QljyBeJVyc1f8KZe/Qo/wz9w8jiYxIKGoqqb7i4/Elyj43xbqZXVtfWN9GZma3tndy+7f1DVYawoq9BQhKruE80El6yCHAWrR4qRwBes5vevx37tgSnNQ1nGQcS8gHQl73BK0Ej3TVStbM7JOxPYy8SdkdzVx2j0CgDFVvan2Q5pHDCJVBCtG64ToZcQhZwKNsw0Y80iQvukyxqGShIw7SWTU4f2iVHadidUpiTaE/XvREICrQeBbzoDgj296I3F/7xGjJ1LL+EyipFJOl3UiYWNoT3+225zxSiKgSGEKm5utWmPKELRpDO3pRQTiXFwE6o7UmZ1Xh5mTEbuYiLLpHqWd528W3JyhXOYIg1HcAyn4MIFFOAWilABCl14gmd4sR6tN+vd+py2pqzZzCHMwfr6BYiDnVA=</latexit><latexit sha1_base64="+ybbpMxMdHSgGUJBuT503f40XrA=">AAACCXicbVDJSgNBEO1xjXGLevQyGARPYUYEvRkQxIOHBLNBMoSeTk/SpJehu0YIQ75AvCr6F97Uq1/hZ/gHdpaDSXxQ8Hiviqp6YcyZAc/7dpaWV1bX1jMb2c2t7Z3d3N5+zahEE1oliivdCLGhnElaBQacNmJNsQg5rYf9q5Ffv6faMCUrMIhpIHBXsogRDFa6a4Fu5/JewRvDXST+lOQvP15GeC21cz+tjiKJoBIIx8Y0fS+GIMUaGOF0mG0lhsaY9HGXNi2VWFATpONTh+6xVTpupLQtCe5Y/TuRYmHMQIS2U2DomXlvJP7nNROILoKUyTgBKslkUZRwF5Q7+tvtME0J8IElmGhmb3VJD2tMwKYzs6WcYAmJuFb6Fldog1WGWZuRP5/IIqmdFnyv4Je9fPEMTZBBh+gInSAfnaMiukElVEUEddEjekLPzoPz5rw7n5PWJWc6c4Bm4Hz9AhyqnxU=</latexit><latexit sha1_base64="+ybbpMxMdHSgGUJBuT503f40XrA=">AAACCXicbVDJSgNBEO1xjXGLevQyGARPYUYEvRkQxIOHBLNBMoSeTk/SpJehu0YIQ75AvCr6F97Uq1/hZ/gHdpaDSXxQ8Hiviqp6YcyZAc/7dpaWV1bX1jMb2c2t7Z3d3N5+zahEE1oliivdCLGhnElaBQacNmJNsQg5rYf9q5Ffv6faMCUrMIhpIHBXsogRDFa6a4Fu5/JewRvDXST+lOQvP15GeC21cz+tjiKJoBIIx8Y0fS+GIMUaGOF0mG0lhsaY9HGXNi2VWFATpONTh+6xVTpupLQtCe5Y/TuRYmHMQIS2U2DomXlvJP7nNROILoKUyTgBKslkUZRwF5Q7+tvtME0J8IElmGhmb3VJD2tMwKYzs6WcYAmJuFb6Fldog1WGWZuRP5/IIqmdFnyv4Je9fPEMTZBBh+gInSAfnaMiukElVEUEddEjekLPzoPz5rw7n5PWJWc6c4Bm4Hz9AhyqnxU=</latexit><latexit sha1_base64="OaAC8v89F6b9EIdbSI3fHQCaNAU=">AAACCXicbVDLSgNBEJyNrxhfUY9eFoPgKeyKoMeAIB48JJjEQLKE2clsMmQey0yPEEK+QLzqd3gTr36Fn+EfOEn2YBILGoqqbrq74pQzA0Hw7eXW1jc2t/LbhZ3dvf2D4uFR0yirCW0QxZVuxdhQziRtAANOW6mmWMScPsbDm6n/+ES1YUrWYZTSSOC+ZAkjGJz00AHdLZaCcjCDv0rCjJRQhmq3+NPpKWIFlUA4NqYdBilEY6yBEU4nhY41NMVkiPu07ajEgppoPDt14p85pecnSruS4M/UvxNjLIwZidh1CgwDs+xNxf+8toXkOhozmVqgkswXJZb7oPzp336PaUqAjxzBRDN3q08GWGMCLp2FLTWLJVhxq/Q9rtMWq08KLqNwOZFV0rwoh0E5rAWlymWWVh6doFN0jkJ0hSroDlVRAxHURy/oFb15z9679+F9zltzXjZzjBbgff0CbW+ahg==</latexit>

To avoid a contradiction, the generators must be trivial
TL / I

<latexit sha1_base64="p3WbH1A8NU0PYV1NxoZM6tz6Bes=">AAACEnicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMeAIAo5JLB5QDaE2ckkGTI7M8zMCmHJX4hX/Q7Bg3jND/gZ/oGTx8EkFjQUVd10d0WSUW0879vJbGxube9kd3N7+weHR/njk7oWicKkhgUTqhkhTRjlpGaoYaQpFUFxxEgjGt5N/cYTUZoKHpiRJO0Y9TntUYyMlcKgUw6lEtII97GTL3hFbwZ3nfgLUihlJx9gUenkf8KuwElMuMEMad3yPWnaKVKGYkbGuTDRRCI8RH3SspSjmOh2Ort57F5Ypev2hLLFjTtT/06kKNZ6FEe2M0ZmoFe9qfif10pM77adUi4TQzieL+olzLUvTgNwu1QRbNjIEoQVtbe6eIAUwsbGtLSlmiBukvheqDIKSJMG45zNyF9NZJ3Ur4q+V/SrNqxrmCMLZ3AOl+DDDZTgASpQAwwSXuAV3pxn5935dL7mrRlnMXMKS3Amv6b2n9c=</latexit><latexit sha1_base64="/4WnvfU/Cy8PbbLkVME55kwyw6I=">AAACEnicbVDLSgMxFM3UV62vWpduhhbBVZkRQZcFRRS6aGH6gM5QMmmmDc0kIckIZehfiFtd+RGCC3HbH/Az/APTx8K2HrhwOOde7r0nFJQo7TjfVmZjc2t7J7ub29s/ODzKHxeaiicS4QbilMt2CBWmhOGGJpritpAYxiHFrXB4M/Vbj1gqwpmnRwIHMewzEhEEtZF8r1v1heRCc/uhmy85ZWcGe524C1KqZCcfhdu3Yq2b//F7HCUxZhpRqFTHdYQOUig1QRSPc36isIBoCPu4YyiDMVZBOrt5bJ8ZpWdHXJpi2p6pfydSGCs1ikPTGUM9UKveVPzP6yQ6ug5SwkSiMUPzRVFCbfPiNAC7RyRGmo4MgUgSc6uNBlBCpE1MS1vqCWQ6ie+4rEIPt4k3zpmM3NVE1knzouw6ZbduwroEc2TBKSiCc+CCK1AB96AGGgABAZ7BC3i1nqx369P6mrdmrMXMCViCNfkFSBCg9Q==</latexit><latexit sha1_base64="/4WnvfU/Cy8PbbLkVME55kwyw6I=">AAACEnicbVDLSgMxFM3UV62vWpduhhbBVZkRQZcFRRS6aGH6gM5QMmmmDc0kIckIZehfiFtd+RGCC3HbH/Az/APTx8K2HrhwOOde7r0nFJQo7TjfVmZjc2t7J7ub29s/ODzKHxeaiicS4QbilMt2CBWmhOGGJpritpAYxiHFrXB4M/Vbj1gqwpmnRwIHMewzEhEEtZF8r1v1heRCc/uhmy85ZWcGe524C1KqZCcfhdu3Yq2b//F7HCUxZhpRqFTHdYQOUig1QRSPc36isIBoCPu4YyiDMVZBOrt5bJ8ZpWdHXJpi2p6pfydSGCs1ikPTGUM9UKveVPzP6yQ6ug5SwkSiMUPzRVFCbfPiNAC7RyRGmo4MgUgSc6uNBlBCpE1MS1vqCWQ6ie+4rEIPt4k3zpmM3NVE1knzouw6ZbduwroEc2TBKSiCc+CCK1AB96AGGgABAZ7BC3i1nqx369P6mrdmrMXMCViCNfkFSBCg9Q==</latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="UvdpCGtCBhPH7O/KR0L2WF6ASis=">AAACB3icbZDLSgMxGIX/8Vpr1erWzWARXJUZN7oUBFHoooXpBTpDyaRpG5pJQi5CGfoW4lafw534FD6Gb2B6WdjWA4HDOQn/ny+VjGoTBN/e1vbO7t5+4aB4WDo6PimfllpaWIVJEwsmVCdFmjDKSdNQw0hHKoKylJF2Or6f9e1nojQVPDITSZIMDTkdUIyMi+KoV4ulEtII/6lXrgTVYC5/04RLU4Gl6r3yT9wX2GaEG8yQ1t0wkCbJkTIUMzItxlYTifAYDUnXWY4yopN8vvPUv3RJ3x8I5Q43/jz9+yJHmdaTLHU3M2RGer2bhf91XWsGt0lOubSGcLwYNLDMd1+cAfD7VBFs2MQZhBV1u/p4hBTCxmFamdKwiBubPQhVQxHp0GhadIzCdSKbpnVdDYNq2AigAOdwAVcQwg3cwSPUoQkYJLzCG7x7L96H97mgueUtsZ7BiryvXzIBnJs=</latexit><latexit sha1_base64="UvdpCGtCBhPH7O/KR0L2WF6ASis=">AAACB3icbZDLSgMxGIX/8Vpr1erWzWARXJUZN7oUBFHoooXpBTpDyaRpG5pJQi5CGfoW4lafw534FD6Gb2B6WdjWA4HDOQn/ny+VjGoTBN/e1vbO7t5+4aB4WDo6PimfllpaWIVJEwsmVCdFmjDKSdNQw0hHKoKylJF2Or6f9e1nojQVPDITSZIMDTkdUIyMi+KoV4ulEtII/6lXrgTVYC5/04RLU4Gl6r3yT9wX2GaEG8yQ1t0wkCbJkTIUMzItxlYTifAYDUnXWY4yopN8vvPUv3RJ3x8I5Q43/jz9+yJHmdaTLHU3M2RGer2bhf91XWsGt0lOubSGcLwYNLDMd1+cAfD7VBFs2MQZhBV1u/p4hBTCxmFamdKwiBubPQhVQxHp0GhadIzCdSKbpnVdDYNq2AigAOdwAVcQwg3cwSPUoQkYJLzCG7x7L96H97mgueUtsZ7BiryvXzIBnJs=</latexit><latexit sha1_base64="Bzs2L1tNumzbG4sNYNmtza9X6gw=">AAACEnicbVDLSsNAFJ3UV62vqks3wSK4KokIuiwIotBFC+kDmlAm00k7dDIzzEMooX8hbvU73Ilbf8DP8A+ctlnY1gMXDufcy733xIISpT3v2ylsbG5t7xR3S3v7B4dH5eOTtuJGItxCnHLZjaHClDDc0kRT3BUSwzSmuBOP72Z+5wlLRTgL9ETgKIVDRhKCoLZSGPTroZBcaO4+9ssVr+rN4a4TPycVkKPRL/+EA45MiplGFCrV8z2howxKTRDF01JoFBYQjeEQ9yxlMMUqyuY3T90LqwzchEtbTLtz9e9EBlOlJmlsO1OoR2rVm4n/eT2jk9soI0wYjRlaLEoMde2LswDcAZEYaTqxBCJJ7K0uGkEJkbYxLW1pGsi0Se+5rMMAd0kwLdmM/NVE1kn7qup7Vb/pVWrXeVpFcAbOwSXwwQ2ogQfQAC2AgAAv4BW8Oc/Ou/PhfC5aC04+cwqW4Hz9Avo1ngY=</latexit><latexit sha1_base64="Bzs2L1tNumzbG4sNYNmtza9X6gw=">AAACEnicbVDLSsNAFJ3UV62vqks3wSK4KokIuiwIotBFC+kDmlAm00k7dDIzzEMooX8hbvU73Ilbf8DP8A+ctlnY1gMXDufcy733xIISpT3v2ylsbG5t7xR3S3v7B4dH5eOTtuJGItxCnHLZjaHClDDc0kRT3BUSwzSmuBOP72Z+5wlLRTgL9ETgKIVDRhKCoLZSGPTroZBcaO4+9ssVr+rN4a4TPycVkKPRL/+EA45MiplGFCrV8z2howxKTRDF01JoFBYQjeEQ9yxlMMUqyuY3T90LqwzchEtbTLtz9e9EBlOlJmlsO1OoR2rVm4n/eT2jk9soI0wYjRlaLEoMde2LswDcAZEYaTqxBCJJ7K0uGkEJkbYxLW1pGsi0Se+5rMMAd0kwLdmM/NVE1kn7qup7Vb/pVWrXeVpFcAbOwSXwwQ2ogQfQAC2AgAAv4BW8Oc/Ou/PhfC5aC04+cwqW4Hz9Avo1ngY=</latexit><latexit sha1_base64="/4WnvfU/Cy8PbbLkVME55kwyw6I=">AAACEnicbVDLSgMxFM3UV62vWpduhhbBVZkRQZcFRRS6aGH6gM5QMmmmDc0kIckIZehfiFtd+RGCC3HbH/Az/APTx8K2HrhwOOde7r0nFJQo7TjfVmZjc2t7J7ub29s/ODzKHxeaiicS4QbilMt2CBWmhOGGJpritpAYxiHFrXB4M/Vbj1gqwpmnRwIHMewzEhEEtZF8r1v1heRCc/uhmy85ZWcGe524C1KqZCcfhdu3Yq2b//F7HCUxZhpRqFTHdYQOUig1QRSPc36isIBoCPu4YyiDMVZBOrt5bJ8ZpWdHXJpi2p6pfydSGCs1ikPTGUM9UKveVPzP6yQ6ug5SwkSiMUPzRVFCbfPiNAC7RyRGmo4MgUgSc6uNBlBCpE1MS1vqCWQ6ie+4rEIPt4k3zpmM3NVE1knzouw6ZbduwroEc2TBKSiCc+CCK1AB96AGGgABAZ7BC3i1nqx369P6mrdmrMXMCViCNfkFSBCg9Q==</latexit><latexit sha1_base64="/4WnvfU/Cy8PbbLkVME55kwyw6I=">AAACEnicbVDLSgMxFM3UV62vWpduhhbBVZkRQZcFRRS6aGH6gM5QMmmmDc0kIckIZehfiFtd+RGCC3HbH/Az/APTx8K2HrhwOOde7r0nFJQo7TjfVmZjc2t7J7ub29s/ODzKHxeaiicS4QbilMt2CBWmhOGGJpritpAYxiHFrXB4M/Vbj1gqwpmnRwIHMewzEhEEtZF8r1v1heRCc/uhmy85ZWcGe524C1KqZCcfhdu3Yq2b//F7HCUxZhpRqFTHdYQOUig1QRSPc36isIBoCPu4YyiDMVZBOrt5bJ8ZpWdHXJpi2p6pfydSGCs1ikPTGUM9UKveVPzP6yQ6ug5SwkSiMUPzRVFCbfPiNAC7RyRGmo4MgUgSc6uNBlBCpE1MS1vqCWQ6ie+4rEIPt4k3zpmM3NVE1knzouw6ZbduwroEc2TBKSiCc+CCK1AB96AGGgABAZ7BC3i1nqx369P6mrdmrMXMCViCNfkFSBCg9Q==</latexit><latexit sha1_base64="/4WnvfU/Cy8PbbLkVME55kwyw6I=">AAACEnicbVDLSgMxFM3UV62vWpduhhbBVZkRQZcFRRS6aGH6gM5QMmmmDc0kIckIZehfiFtd+RGCC3HbH/Az/APTx8K2HrhwOOde7r0nFJQo7TjfVmZjc2t7J7ub29s/ODzKHxeaiicS4QbilMt2CBWmhOGGJpritpAYxiHFrXB4M/Vbj1gqwpmnRwIHMewzEhEEtZF8r1v1heRCc/uhmy85ZWcGe524C1KqZCcfhdu3Yq2b//F7HCUxZhpRqFTHdYQOUig1QRSPc36isIBoCPu4YyiDMVZBOrt5bJ8ZpWdHXJpi2p6pfydSGCs1ikPTGUM9UKveVPzP6yQ6ug5SwkSiMUPzRVFCbfPiNAC7RyRGmo4MgUgSc6uNBlBCpE1MS1vqCWQ6ie+4rEIPt4k3zpmM3NVE1knzouw6ZbduwroEc2TBKSiCc+CCK1AB96AGGgABAZ7BC3i1nqx369P6mrdmrMXMCViCNfkFSBCg9Q==</latexit><latexit sha1_base64="/4WnvfU/Cy8PbbLkVME55kwyw6I=">AAACEnicbVDLSgMxFM3UV62vWpduhhbBVZkRQZcFRRS6aGH6gM5QMmmmDc0kIckIZehfiFtd+RGCC3HbH/Az/APTx8K2HrhwOOde7r0nFJQo7TjfVmZjc2t7J7ub29s/ODzKHxeaiicS4QbilMt2CBWmhOGGJpritpAYxiHFrXB4M/Vbj1gqwpmnRwIHMewzEhEEtZF8r1v1heRCc/uhmy85ZWcGe524C1KqZCcfhdu3Yq2b//F7HCUxZhpRqFTHdYQOUig1QRSPc36isIBoCPu4YyiDMVZBOrt5bJ8ZpWdHXJpi2p6pfydSGCs1ikPTGUM9UKveVPzP6yQ6ug5SwkSiMUPzRVFCbfPiNAC7RyRGmo4MgUgSc6uNBlBCpE1MS1vqCWQ6ie+4rEIPt4k3zpmM3NVE1knzouw6ZbduwroEc2TBKSiCc+CCK1AB96AGGgABAZ7BC3i1nqx369P6mrdmrMXMCViCNfkFSBCg9Q==</latexit><latexit sha1_base64="Bzs2L1tNumzbG4sNYNmtza9X6gw=">AAACEnicbVDLSsNAFJ3UV62vqks3wSK4KokIuiwIotBFC+kDmlAm00k7dDIzzEMooX8hbvU73Ilbf8DP8A+ctlnY1gMXDufcy733xIISpT3v2ylsbG5t7xR3S3v7B4dH5eOTtuJGItxCnHLZjaHClDDc0kRT3BUSwzSmuBOP72Z+5wlLRTgL9ETgKIVDRhKCoLZSGPTroZBcaO4+9ssVr+rN4a4TPycVkKPRL/+EA45MiplGFCrV8z2howxKTRDF01JoFBYQjeEQ9yxlMMUqyuY3T90LqwzchEtbTLtz9e9EBlOlJmlsO1OoR2rVm4n/eT2jk9soI0wYjRlaLEoMde2LswDcAZEYaTqxBCJJ7K0uGkEJkbYxLW1pGsi0Se+5rMMAd0kwLdmM/NVE1kn7qup7Vb/pVWrXeVpFcAbOwSXwwQ2ogQfQAC2AgAAv4BW8Oc/Ou/PhfC5aC04+cwqW4Hz9Avo1ngY=</latexit>

consti = Tr(Ti⇢i) = Tr(TiE(⇢in)) = Tr(E†(Ti)⇢in) 8⇢in
<latexit sha1_base64="BmQLTUWBPWLfEwYt93uAiV16jvc="></latexit><latexit sha1_base64="qb5c5oNCVVtgThpfYOPC8WRC70A="></latexit><latexit sha1_base64="qb5c5oNCVVtgThpfYOPC8WRC70A="></latexit><latexit sha1_base64="AMo7AZhrR8aeOsvl7pzEUA/KTII="></latexit>

=) E†(Ti) / I =) E†(TA) / I
<latexit sha1_base64="GtYTYfzygnKgt1MTZcymOU0v8uU="></latexit><latexit sha1_base64="IszG41kAzwFukwDgDA8FuOWYvvU="></latexit><latexit sha1_base64="IszG41kAzwFukwDgDA8FuOWYvvU="></latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="cg63gSp83oIZ4pdfz1kAfQHs5fs="></latexit><latexit sha1_base64="cg63gSp83oIZ4pdfz1kAfQHs5fs="></latexit><latexit sha1_base64="jUfG1BIMVx7hBDTNOXMbk8cKG8A="></latexit><latexit sha1_base64="jUfG1BIMVx7hBDTNOXMbk8cKG8A="></latexit><latexit sha1_base64="IszG41kAzwFukwDgDA8FuOWYvvU="></latexit><latexit sha1_base64="IszG41kAzwFukwDgDA8FuOWYvvU="></latexit><latexit sha1_base64="IszG41kAzwFukwDgDA8FuOWYvvU="></latexit><latexit sha1_base64="IszG41kAzwFukwDgDA8FuOWYvvU="></latexit><latexit sha1_base64="jUfG1BIMVx7hBDTNOXMbk8cKG8A="></latexit>
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APPROXIMATE

What if we only need to recover approximately?

What if we only need approximate covariance?

Can we find an approximate Eastin-Knill Theorem?

Q U A N T U M  E R R O R  C O R R E C T I O N
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MAIN  THEOREM  (one of several)

TL
<latexit sha1_base64="X4HH9PXT3ML8pax98n/7KLmpqQs=">AAACCXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAIB5ySHDzgGQJs5NJMmRmdpmZFcKSLxCv+h3eRPDk1R/wM/wDJ4+DSSxoKKq66e4KY860cd1vJ7O2vrG5ld3O7ezu7R/kD4/qOkoUoTUS8Ug1Q6wpZ5LWDDOcNmNFsQg5bYTDm4nfeKBKs0j6ZhTTQOC+ZD1GsLHSvd8pd/IFt+hOgVaJNyeFUvbrAywqnfxPuxuRRFBpCMdatzw3NkGKlWGE03GunWgaYzLEfdqyVGJBdZBOTx2jM6t0US9StqRBU/XvRIqF1iMR2k6BzUAvexPxP6+VmN51kDIZJ4ZKMlvUSzgyEZr8jbpMUWL4yBJMFLO3IjLAChNj01nYUk2wNIm4jVQZ+7TJ/HHOZuQtJ7JK6hdFzy16VRvWJcyQhRM4hXPw4ApKcAcVqAGBPjzBM7w4j86r8+a8z1ozznzmGBbgfP4CrFOcFA==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="bTZ8AnQ7qJklU2p8Ufr73fCk/eE=">AAAB/nicbZDLSgMxGIX/8Vpr1erWzWARXJUZN7oUBHHRRYvTC7RDyaSZNjSXIRehDH0CcavP4U58Ex/DNzC9LGzrgcDhnIT/z5dkjGoTBN/e1vbO7t5+4aB4WDo6PimfllpaWoVJE0smVSdBmjAqSNNQw0gnUwTxhJF2Mr6f9e1nojSVIjKTjMQcDQVNKUbGRU9Rv9YvV4JqMJe/acKlqcBS9X75pzeQ2HIiDGZI624YZCbOkTIUMzIt9qwmGcJjNCRdZwXiRMf5fNWpf+mSgZ9K5Y4w/jz9+yJHXOsJT9xNjsxIr3ez8L+ua016G+dUZNYQgReDUst8I/3Zv/0BVQQbNnEGYUXdrj4eIYWwcXRWpjQsEsbyB6lqKCIdGk2LjlG4TmTTtK6rYVANGwEU4Bwu4ApCuIE7eIQ6NAHDEF7hDd69F+/D+1zQ3PKWWM9gRd7XL18hmOE=</latexit><latexit sha1_base64="bTZ8AnQ7qJklU2p8Ufr73fCk/eE=">AAAB/nicbZDLSgMxGIX/8Vpr1erWzWARXJUZN7oUBHHRRYvTC7RDyaSZNjSXIRehDH0CcavP4U58Ex/DNzC9LGzrgcDhnIT/z5dkjGoTBN/e1vbO7t5+4aB4WDo6PimfllpaWoVJE0smVSdBmjAqSNNQw0gnUwTxhJF2Mr6f9e1nojSVIjKTjMQcDQVNKUbGRU9Rv9YvV4JqMJe/acKlqcBS9X75pzeQ2HIiDGZI624YZCbOkTIUMzIt9qwmGcJjNCRdZwXiRMf5fNWpf+mSgZ9K5Y4w/jz9+yJHXOsJT9xNjsxIr3ez8L+ua016G+dUZNYQgReDUst8I/3Zv/0BVQQbNnEGYUXdrj4eIYWwcXRWpjQsEsbyB6lqKCIdGk2LjlG4TmTTtK6rYVANGwEU4Bwu4ApCuIE7eIQ6NAHDEF7hDd69F+/D+1zQ3PKWWM9gRd7XL18hmOE=</latexit><latexit sha1_base64="jngDHMGZo//6SfvCm9/7xxbSB2w=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiIccEpwskAyhp9NJmvQy9CKEIV8gXvU7vIlXv8LP8A/sJHMwiQ8KHu9VUVUvThjVxve/vdzG5tb2Tn63sLd/cHhUPD5pamkVJg0smVTtGGnCqCANQw0j7UQRxGNGWvH4bua3nojSVIrQTBIScTQUdEAxMk56DHvVXrHkl/054DoJMlICGWq94k+3L7HlRBjMkNadwE9MlCJlKGZkWuhaTRKEx2hIOo4KxImO0vmpU3jhlD4cSOVKGDhX/06kiGs94bHr5MiM9Ko3E//zOtYMbqOUisQaIvBi0cAyaCSc/Q37VBFs2MQRhBV1t0I8Qgph49JZ2lK3SBjL76WqopC0aTgtuIyC1UTWSfOqHPjloO6XKtdZWnlwBs7BJQjADaiAB1ADDYDBELyAV/DmPXvv3of3uWjNednMKViC9/UL/5KaQw==</latexit><latexit sha1_base64="jngDHMGZo//6SfvCm9/7xxbSB2w=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiIccEpwskAyhp9NJmvQy9CKEIV8gXvU7vIlXv8LP8A/sJHMwiQ8KHu9VUVUvThjVxve/vdzG5tb2Tn63sLd/cHhUPD5pamkVJg0smVTtGGnCqCANQw0j7UQRxGNGWvH4bua3nojSVIrQTBIScTQUdEAxMk56DHvVXrHkl/054DoJMlICGWq94k+3L7HlRBjMkNadwE9MlCJlKGZkWuhaTRKEx2hIOo4KxImO0vmpU3jhlD4cSOVKGDhX/06kiGs94bHr5MiM9Ko3E//zOtYMbqOUisQaIvBi0cAyaCSc/Q37VBFs2MQRhBV1t0I8Qgph49JZ2lK3SBjL76WqopC0aTgtuIyC1UTWSfOqHPjloO6XKtdZWnlwBs7BJQjADaiAB1ADDYDBELyAV/DmPXvv3of3uWjNednMKViC9/UL/5KaQw==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="0ik7WppHQTq8pHb0g+XN41Shj5o=">AAACCXicbVC7SgNBFJ2NrxhfMZY2Q4JgFXZF0DKgiEWKBDcPSJYwO5kkQ+axzMwKYckXiK3+gb2dCFa2/oCf4R84eRQm8cCFwzn3cu89YcSoNq777aTW1jc2t9LbmZ3dvf2D7GGurmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHVxO/cU+UplL4ZhSRgKO+oD2KkbHSnd8pd7IFt+hOAVeJNyeFUvrrI3f9kq90sj/trsQxJ8JghrRueW5kggQpQzEj40w71iRCeIj6pGWpQJzoIJmeOoYnVunCnlS2hIFT9e9EgrjWIx7aTo7MQC97E/E/rxWb3mWQUBHFhgg8W9SLGTQSTv6GXaoINmxkCcKK2lshHiCFsLHpLGypxkiYmN9IVUY+aVJ/nLEZecuJrJL6WdFzi17VhnUOZkiDY5AHp8ADF6AEbkEF1AAGffAInsCz8+C8Om/O+6w15cxnjsACnM9fTW2dMg==</latexit><latexit sha1_base64="jngDHMGZo//6SfvCm9/7xxbSB2w=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6DEgiIccEpwskAyhp9NJmvQy9CKEIV8gXvU7vIlXv8LP8A/sJHMwiQ8KHu9VUVUvThjVxve/vdzG5tb2Tn63sLd/cHhUPD5pamkVJg0smVTtGGnCqCANQw0j7UQRxGNGWvH4bua3nojSVIrQTBIScTQUdEAxMk56DHvVXrHkl/054DoJMlICGWq94k+3L7HlRBjMkNadwE9MlCJlKGZkWuhaTRKEx2hIOo4KxImO0vmpU3jhlD4cSOVKGDhX/06kiGs94bHr5MiM9Ko3E//zOtYMbqOUisQaIvBi0cAyaCSc/Q37VBFs2MQRhBV1t0I8Qgph49JZ2lK3SBjL76WqopC0aTgtuIyC1UTWSfOqHPjloO6XKtdZWnlwBs7BJQjADaiAB1ADDYDBELyAV/DmPXvv3of3uWjNednMKViC9/UL/5KaQw==</latexit>

noise channel N
<latexit sha1_base64="lZUw0yQ2cHOcHxr1R2yfLrsJa9Y=">AAACI3icbZDPSgMxEMaz/q31X9Wjl2AreCq7IuixIIgHkQqtLbSlzKbTGswmS5IVytKDDyNe9Tm8iRcPPoRvYLb2YFs/CHx8M8NMfmEsuLG+/+ktLC4tr6zm1vLrG5tb24Wd3VujEs2wzpRQuhmCQcEl1i23ApuxRohCgY3w/jyrNx5QG65kzQ5j7EQwkLzPGVgXdQv7UnGDlN2BlChoqR2BvWMg0utRqVso+mV/LDpvgokpkomq3cJ3u6dYEqG0TIAxrcCPbScFbTkTOMq3E4MxsHsYYMtZCRGaTjr+xIgeuqRH+0q7Jy0dp38nUoiMGUah68xuNLO1LPyv1kps/6yTchknFiX7XdRPBLWKZkRoj2tkVgydAaa5uzXDoYFZx21qy00C0ibRhdJXUMMmr43yjlEwS2Te3B6XA78c3BwXKycTWjmyTw7IEQnIKamQS1IldcLII3kmL+TVe/LevHfv47d1wZvM7JEpeV8/MCKkYg==</latexit><latexit sha1_base64="lZUw0yQ2cHOcHxr1R2yfLrsJa9Y=">AAACI3icbZDPSgMxEMaz/q31X9Wjl2AreCq7IuixIIgHkQqtLbSlzKbTGswmS5IVytKDDyNe9Tm8iRcPPoRvYLb2YFs/CHx8M8NMfmEsuLG+/+ktLC4tr6zm1vLrG5tb24Wd3VujEs2wzpRQuhmCQcEl1i23ApuxRohCgY3w/jyrNx5QG65kzQ5j7EQwkLzPGVgXdQv7UnGDlN2BlChoqR2BvWMg0utRqVso+mV/LDpvgokpkomq3cJ3u6dYEqG0TIAxrcCPbScFbTkTOMq3E4MxsHsYYMtZCRGaTjr+xIgeuqRH+0q7Jy0dp38nUoiMGUah68xuNLO1LPyv1kps/6yTchknFiX7XdRPBLWKZkRoj2tkVgydAaa5uzXDoYFZx21qy00C0ibRhdJXUMMmr43yjlEwS2Te3B6XA78c3BwXKycTWjmyTw7IEQnIKamQS1IldcLII3kmL+TVe/LevHfv47d1wZvM7JEpeV8/MCKkYg==</latexit><latexit sha1_base64="lZUw0yQ2cHOcHxr1R2yfLrsJa9Y=">AAACI3icbZDPSgMxEMaz/q31X9Wjl2AreCq7IuixIIgHkQqtLbSlzKbTGswmS5IVytKDDyNe9Tm8iRcPPoRvYLb2YFs/CHx8M8NMfmEsuLG+/+ktLC4tr6zm1vLrG5tb24Wd3VujEs2wzpRQuhmCQcEl1i23ApuxRohCgY3w/jyrNx5QG65kzQ5j7EQwkLzPGVgXdQv7UnGDlN2BlChoqR2BvWMg0utRqVso+mV/LDpvgokpkomq3cJ3u6dYEqG0TIAxrcCPbScFbTkTOMq3E4MxsHsYYMtZCRGaTjr+xIgeuqRH+0q7Jy0dp38nUoiMGUah68xuNLO1LPyv1kps/6yTchknFiX7XdRPBLWKZkRoj2tkVgydAaa5uzXDoYFZx21qy00C0ibRhdJXUMMmr43yjlEwS2Te3B6XA78c3BwXKycTWjmyTw7IEQnIKamQS1IldcLII3kmL+TVe/LevHfv47d1wZvM7JEpeV8/MCKkYg==</latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="04BCKc0vYslPI5CJ1KfT5pQGYVI=">AAACGHicbZDNSgMxFIXv+FvrX3XrJtgKrsqMG10KgrgQUWi10JZyJ71tg5lkSDJCGbrwYcStPoc7ceNj+AZmahf+HQgczkm4N1+cSmFdGL4Hc/MLi0vLpZXy6tr6xmZla+3a6sxwanIttWnFaEkKRU0nnKRWagiTWNJNfHtS9Dd3ZKzQquHGKXUTHCoxEBydj3qVHaWFJcZHqBRJVusk6EYcZX4xqfUq1bAeTsX+mmhmqjDTZa/y0elrniWkHJdobTsKU9fN0TjBJU3KncxSivwWh9T2VmFCtptPPzFhez7ps4E2/ijHpun3Fzkm1o6T2N8sdrS/uyL8r2tnbnDUzYVKM0eKfw0aZJI5zQoirC8McSfH3iA3wu9a4DDInef2Y8pVhsplyak259iglmhMyp5R9JvIX3N9UI/CenQVQgl2YBf2IYJDOIYzuIQmcLiHR3iC5+AheAlev2jOBTOs2/BDwdsnJG+i5A==</latexit><latexit sha1_base64="04BCKc0vYslPI5CJ1KfT5pQGYVI=">AAACGHicbZDNSgMxFIXv+FvrX3XrJtgKrsqMG10KgrgQUWi10JZyJ71tg5lkSDJCGbrwYcStPoc7ceNj+AZmahf+HQgczkm4N1+cSmFdGL4Hc/MLi0vLpZXy6tr6xmZla+3a6sxwanIttWnFaEkKRU0nnKRWagiTWNJNfHtS9Dd3ZKzQquHGKXUTHCoxEBydj3qVHaWFJcZHqBRJVusk6EYcZX4xqfUq1bAeTsX+mmhmqjDTZa/y0elrniWkHJdobTsKU9fN0TjBJU3KncxSivwWh9T2VmFCtptPPzFhez7ps4E2/ijHpun3Fzkm1o6T2N8sdrS/uyL8r2tnbnDUzYVKM0eKfw0aZJI5zQoirC8McSfH3iA3wu9a4DDInef2Y8pVhsplyak259iglmhMyp5R9JvIX3N9UI/CenQVQgl2YBf2IYJDOIYzuIQmcLiHR3iC5+AheAlev2jOBTOs2/BDwdsnJG+i5A==</latexit><latexit sha1_base64="/cdkQ0rBrW7tjG/D+1y03uOHYTg=">AAACI3icbZDPSgMxEMaz/q31X9Wjl2AreCq7IuixIIgHkQptLbSlzKbTNphNliQrlKUHH0a86nN4Ey8efAjfwGzbg1o/CHx8M8NMfmEsuLG+/+EtLC4tr6zm1vLrG5tb24Wd3YZRiWZYZ0oo3QzBoOAS65Zbgc1YI0ShwNvw7jyr396jNlzJmh3F2IlgIHmfM7Au6hb2peIGKRuClChoqR2BHTIQ6fW41C0U/bI/EZ03wcwUyUzVbuGr3VMsiVBaJsCYVuDHtpOCtpwJHOfbicEY2B0MsOWshAhNJ518YkwPXdKjfaXdk5ZO0p8TKUTGjKLQdWY3mr+1LPyv1kps/6yTchknFiWbLuonglpFMyK0xzUyK0bOANPc3Zrh0MCs4/Zry00C0ibRhdJXUMMmr43zjlHwl8i8aRyXA78c3PjFysmMVo7skwNyRAJySirkklRJnTDyQJ7IM3nxHr1X7817n7YueLOZPfJL3uc3L4KkYA==</latexit><latexit sha1_base64="lZUw0yQ2cHOcHxr1R2yfLrsJa9Y=">AAACI3icbZDPSgMxEMaz/q31X9Wjl2AreCq7IuixIIgHkQqtLbSlzKbTGswmS5IVytKDDyNe9Tm8iRcPPoRvYLb2YFs/CHx8M8NMfmEsuLG+/+ktLC4tr6zm1vLrG5tb24Wd3VujEs2wzpRQuhmCQcEl1i23ApuxRohCgY3w/jyrNx5QG65kzQ5j7EQwkLzPGVgXdQv7UnGDlN2BlChoqR2BvWMg0utRqVso+mV/LDpvgokpkomq3cJ3u6dYEqG0TIAxrcCPbScFbTkTOMq3E4MxsHsYYMtZCRGaTjr+xIgeuqRH+0q7Jy0dp38nUoiMGUah68xuNLO1LPyv1kps/6yTchknFiX7XdRPBLWKZkRoj2tkVgydAaa5uzXDoYFZx21qy00C0ibRhdJXUMMmr43yjlEwS2Te3B6XA78c3BwXKycTWjmyTw7IEQnIKamQS1IldcLII3kmL+TVe/LevHfv47d1wZvM7JEpeV8/MCKkYg==</latexit><latexit sha1_base64="lZUw0yQ2cHOcHxr1R2yfLrsJa9Y=">AAACI3icbZDPSgMxEMaz/q31X9Wjl2AreCq7IuixIIgHkQqtLbSlzKbTGswmS5IVytKDDyNe9Tm8iRcPPoRvYLb2YFs/CHx8M8NMfmEsuLG+/+ktLC4tr6zm1vLrG5tb24Wd3VujEs2wzpRQuhmCQcEl1i23ApuxRohCgY3w/jyrNx5QG65kzQ5j7EQwkLzPGVgXdQv7UnGDlN2BlChoqR2BvWMg0utRqVso+mV/LDpvgokpkomq3cJ3u6dYEqG0TIAxrcCPbScFbTkTOMq3E4MxsHsYYMtZCRGaTjr+xIgeuqRH+0q7Jy0dp38nUoiMGUah68xuNLO1LPyv1kps/6yTchknFiX7XdRPBLWKZkRoj2tkVgydAaa5uzXDoYFZx21qy00C0ibRhdJXUMMmr43yjlEwS2Te3B6XA78c3BwXKycTWjmyTw7IEQnIKamQS1IldcLII3kmL+TVe/LevHfv47d1wZvM7JEpeV8/MCKkYg==</latexit><latexit sha1_base64="lZUw0yQ2cHOcHxr1R2yfLrsJa9Y=">AAACI3icbZDPSgMxEMaz/q31X9Wjl2AreCq7IuixIIgHkQqtLbSlzKbTGswmS5IVytKDDyNe9Tm8iRcPPoRvYLb2YFs/CHx8M8NMfmEsuLG+/+ktLC4tr6zm1vLrG5tb24Wd3VujEs2wzpRQuhmCQcEl1i23ApuxRohCgY3w/jyrNx5QG65kzQ5j7EQwkLzPGVgXdQv7UnGDlN2BlChoqR2BvWMg0utRqVso+mV/LDpvgokpkomq3cJ3u6dYEqG0TIAxrcCPbScFbTkTOMq3E4MxsHsYYMtZCRGaTjr+xIgeuqRH+0q7Jy0dp38nUoiMGUah68xuNLO1LPyv1kps/6yTchknFiX7XdRPBLWKZkRoj2tkVgydAaa5uzXDoYFZx21qy00C0ibRhdJXUMMmr43yjlEwS2Te3B6XA78c3BwXKycTWjmyTw7IEQnIKamQS1IldcLII3kmL+TVe/LevHfv47d1wZvM7JEpeV8/MCKkYg==</latexit><latexit sha1_base64="lZUw0yQ2cHOcHxr1R2yfLrsJa9Y=">AAACI3icbZDPSgMxEMaz/q31X9Wjl2AreCq7IuixIIgHkQqtLbSlzKbTGswmS5IVytKDDyNe9Tm8iRcPPoRvYLb2YFs/CHx8M8NMfmEsuLG+/+ktLC4tr6zm1vLrG5tb24Wd3VujEs2wzpRQuhmCQcEl1i23ApuxRohCgY3w/jyrNx5QG65kzQ5j7EQwkLzPGVgXdQv7UnGDlN2BlChoqR2BvWMg0utRqVso+mV/LDpvgokpkomq3cJ3u6dYEqG0TIAxrcCPbScFbTkTOMq3E4MxsHsYYMtZCRGaTjr+xIgeuqRH+0q7Jy0dp38nUoiMGUah68xuNLO1LPyv1kps/6yTchknFiX7XdRPBLWKZkRoj2tkVgydAaa5uzXDoYFZx21qy00C0ibRhdJXUMMmr43yjlEwS2Te3B6XA78c3BwXKycTWjmyTw7IEQnIKamQS1IldcLII3kmL+TVe/LevHfv47d1wZvM7JEpeV8/MCKkYg==</latexit><latexit sha1_base64="lZUw0yQ2cHOcHxr1R2yfLrsJa9Y=">AAACI3icbZDPSgMxEMaz/q31X9Wjl2AreCq7IuixIIgHkQqtLbSlzKbTGswmS5IVytKDDyNe9Tm8iRcPPoRvYLb2YFs/CHx8M8NMfmEsuLG+/+ktLC4tr6zm1vLrG5tb24Wd3VujEs2wzpRQuhmCQcEl1i23ApuxRohCgY3w/jyrNx5QG65kzQ5j7EQwkLzPGVgXdQv7UnGDlN2BlChoqR2BvWMg0utRqVso+mV/LDpvgokpkomq3cJ3u6dYEqG0TIAxrcCPbScFbTkTOMq3E4MxsHsYYMtZCRGaTjr+xIgeuqRH+0q7Jy0dp38nUoiMGUah68xuNLO1LPyv1kps/6yTchknFiX7XdRPBLWKZkRoj2tkVgydAaa5uzXDoYFZx21qy00C0ibRhdJXUMMmr43yjlEwS2Te3B6XA78c3BwXKycTWjmyTw7IEQnIKamQS1IldcLII3kmL+TVe/LevHfv47d1wZvM7JEpeV8/MCKkYg==</latexit><latexit sha1_base64="lZUw0yQ2cHOcHxr1R2yfLrsJa9Y=">AAACI3icbZDPSgMxEMaz/q31X9Wjl2AreCq7IuixIIgHkQqtLbSlzKbTGswmS5IVytKDDyNe9Tm8iRcPPoRvYLb2YFs/CHx8M8NMfmEsuLG+/+ktLC4tr6zm1vLrG5tb24Wd3VujEs2wzpRQuhmCQcEl1i23ApuxRohCgY3w/jyrNx5QG65kzQ5j7EQwkLzPGVgXdQv7UnGDlN2BlChoqR2BvWMg0utRqVso+mV/LDpvgokpkomq3cJ3u6dYEqG0TIAxrcCPbScFbTkTOMq3E4MxsHsYYMtZCRGaTjr+xIgeuqRH+0q7Jy0dp38nUoiMGUah68xuNLO1LPyv1kps/6yTchknFiX7XdRPBLWKZkRoj2tkVgydAaa5uzXDoYFZx21qy00C0ibRhdJXUMMmr43yjlEwS2Te3B6XA78c3BwXKycTWjmyTw7IEQnIKamQS1IldcLII3kmL+TVe/LevHfv47d1wZvM7JEpeV8/MCKkYg==</latexit>

✏worst(N � E) � 1

2n

�TL

maxi �Ti
<latexit sha1_base64="VA+yxFxT6hE/Tazgas3q3DdYLR4="></latexit><latexit sha1_base64="+cmIBK4AlbzZmwkjpW4YDUcxBH8="></latexit><latexit sha1_base64="+cmIBK4AlbzZmwkjpW4YDUcxBH8="></latexit><latexit sha1_base64="rD33tutxRn4qp5JGslRNS/SUXy4="></latexit>

✏e(N � E) � 1

n

kTL � Tr(TL) L/dLk1/(2dL)
maxi �Ti

<latexit sha1_base64="xDxDgdOquKI6Ry/MAfqVFmX7Ajo="></latexit><latexit sha1_base64="JMFeZTnOELuojQGCzo2T67vFKx4="></latexit><latexit sha1_base64="JMFeZTnOELuojQGCzo2T67vFKx4="></latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="mUJ0Vx++hOavy3yWlYJnj9YZaYk="></latexit><latexit sha1_base64="mUJ0Vx++hOavy3yWlYJnj9YZaYk="></latexit><latexit sha1_base64="wUahp8Uhk+C08Ne4oFNetx6WoKc="></latexit><latexit sha1_base64="wUahp8Uhk+C08Ne4oFNetx6WoKc="></latexit><latexit sha1_base64="JMFeZTnOELuojQGCzo2T67vFKx4="></latexit><latexit sha1_base64="JMFeZTnOELuojQGCzo2T67vFKx4="></latexit><latexit sha1_base64="JMFeZTnOELuojQGCzo2T67vFKx4="></latexit><latexit sha1_base64="JMFeZTnOELuojQGCzo2T67vFKx4="></latexit><latexit sha1_base64="wUahp8Uhk+C08Ne4oFNetx6WoKc="></latexit>

TA =
X

i

Ti

<latexit sha1_base64="OHmN7JFHTDOhb7+IFiEZ2AlSPTk=">AAACFHicbVC7SgNBFL3r2/iKWtoMBsEq7IqgFoIiiIVFApsHJHGZnUySITOzyzyEEFL4E2KpfoK1ndja+xn+gZNHodEDFw7n3Mu5nDjlTBvf//RmZufmFxaXljMrq2vrG9nNrbJOrCK0RBKeqGqMNeVM0pJhhtNqqigWMaeVuHsx9Cu3VGmWyND0UtoQuC1ZixFsnHQTRuendW1FxFAYsSib8/P+COgvCSYkd3bycvcIAIUo+1VvJsQKKg3hWOta4Kem0cfKMMLpIFO3mqaYdHGb1hyVWFDd6I++HqA9pzRRK1FupEEj9edFHwuteyJ2mwKbjp72huJ/Xs2a1nGjz2RqDZVkHNSyHJkEDStATaYoMbznCCaKuV8R6WCFiXFF/UopWiyNFZeJusYhrbJwkHEdBdON/CXlg3zg54OiK+sQxliCHdiFfQjgCM7gCgpQAgIKHuAJnr1779V7897HqzPe5GYbfsH7+AZ6U6Dk</latexit><latexit sha1_base64="OtuGGFFnD08pFBGvR95IMlsYdVs=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBYhV0R1EKICGJhkcDmAUlcZieTZMjM7DIPIYQU/oSk1U+wthNbGys/wiJ/4ORRmMQDFw7n3Mu5nDBmVGnX/XYSS8srq2vJ9dTG5tb2Tnp3r6QiIzEp4ohFshIiRRgVpKipZqQSS4J4yEg57FyP/PIDkYpGwtfdmNQ5agnapBhpK937wdVlTRkeUOgHNEhn3Kw7Blwk3pRkchevj4Ph108+SA9rjQgbToTGDClV9dxY13tIaooZ6adqRpEY4Q5qkaqlAnGi6r3x1314ZJUGbEbSjtBwrP696CGuVJeHdpMj3Vbz3kj8z6sa3Tyv96iIjSYCT4KahkEdwVEFsEElwZp1LUFYUvsrxG0kEda2qJmUgkFCG34TyTvkkwr1+ynbkTffyCIpnWQ9N+sVbFmnYIIkOACH4Bh44AzkwC3IgyLAQIIBeAYvzpPz5rw7H5PVhDO92QczcD5/AVrAo40=</latexit><latexit sha1_base64="OtuGGFFnD08pFBGvR95IMlsYdVs=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBYhV0R1EKICGJhkcDmAUlcZieTZMjM7DIPIYQU/oSk1U+wthNbGys/wiJ/4ORRmMQDFw7n3Mu5nDBmVGnX/XYSS8srq2vJ9dTG5tb2Tnp3r6QiIzEp4ohFshIiRRgVpKipZqQSS4J4yEg57FyP/PIDkYpGwtfdmNQ5agnapBhpK937wdVlTRkeUOgHNEhn3Kw7Blwk3pRkchevj4Ph108+SA9rjQgbToTGDClV9dxY13tIaooZ6adqRpEY4Q5qkaqlAnGi6r3x1314ZJUGbEbSjtBwrP696CGuVJeHdpMj3Vbz3kj8z6sa3Tyv96iIjSYCT4KahkEdwVEFsEElwZp1LUFYUvsrxG0kEda2qJmUgkFCG34TyTvkkwr1+ynbkTffyCIpnWQ9N+sVbFmnYIIkOACH4Bh44AzkwC3IgyLAQIIBeAYvzpPz5rw7H5PVhDO92QczcD5/AVrAo40=</latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="y9NNSjwT0ssAJ9mF8FT6vhrFtx0=">AAACCXicbZDLSgMxFIbP1FutVatbN8EiuCozbnQjKIK4cNHC9ALtOGTStA1NMkMuQil9DXGrz+FOfAgfwzcwvSxs6w8Hfv4/4Ry+JONMG9//9nIbm1vbO/ndwl5x/+CwdFRs6NQqQusk5alqJVhTziStG2Y4bWWKYpFw2kyGd9O++UyVZqkMzSijkcB9yXqMYOOipzC+ve5oK2KGwpjFpbJf8WdC6yZYmDIsVI1LP51uSqyg0hCOtW4HfmaiMVaGEU4nhY7VNMNkiPu07azEgupoPLt6gs5c0kW9VLmRBs3Svz/GWGg9Eol7KbAZ6NVuGv7Xta3pXUVjJjNrqCTzRT3LkUnRFAHqMkWJ4SNnMFHM3YrIACtMjAO1tKVmsTRW3KfqEYe0xcJJwTEKVomsm8ZFJfArQc2HPJzAKZxDAJdwAw9QhToQUPAKb/DuvXgf3uecZs5bYD2GJXlfv0sVnSs=</latexit><latexit sha1_base64="y9NNSjwT0ssAJ9mF8FT6vhrFtx0=">AAACCXicbZDLSgMxFIbP1FutVatbN8EiuCozbnQjKIK4cNHC9ALtOGTStA1NMkMuQil9DXGrz+FOfAgfwzcwvSxs6w8Hfv4/4Ry+JONMG9//9nIbm1vbO/ndwl5x/+CwdFRs6NQqQusk5alqJVhTziStG2Y4bWWKYpFw2kyGd9O++UyVZqkMzSijkcB9yXqMYOOipzC+ve5oK2KGwpjFpbJf8WdC6yZYmDIsVI1LP51uSqyg0hCOtW4HfmaiMVaGEU4nhY7VNMNkiPu07azEgupoPLt6gs5c0kW9VLmRBs3Svz/GWGg9Eol7KbAZ6NVuGv7Xta3pXUVjJjNrqCTzRT3LkUnRFAHqMkWJ4SNnMFHM3YrIACtMjAO1tKVmsTRW3KfqEYe0xcJJwTEKVomsm8ZFJfArQc2HPJzAKZxDAJdwAw9QhToQUPAKb/DuvXgf3uecZs5bYD2GJXlfv0sVnSs=</latexit><latexit sha1_base64="1DGWfVk50wrRnZfr6HAxYCgk5Og=">AAACFHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSKIC5ctJA+oI1hMp20Q2cmYR5CCf0Ncavf4U7cuvcz/AOnbRa29cCFwzn3ci4nShlV2nW/nZXVtfWNzcJWcXtnd2+/dHDYVImRmDRwwhLZjpAijArS0FQz0k4lQTxipBUNbyd+64lIRRPh61FKAo76gsYUI22lRz+8ue4qw0MK/ZCGpbJbcaeAy8TLSRnkqIWln24vwYYToTFDSnU8N9VBhqSmmJFxsWsUSREeoj7pWCoQJyrIpl+P4alVejBOpB2h4VT9e5EhrtSIR3aTIz1Qi95E/M/rGB1fBRkVqdFE4FlQbBjUCZxUAHtUEqzZyBKEJbW/QjxAEmFti5pLqRsktOF3iXxAPmlTf1y0HXmLjSyT5nnFcyte3S1XL/K2CuAYnIAz4IFLUAX3oAYaAAMJXsAreHOenXfnw/mcra44+c0RmIPz9QsZQp6Y</latexit><latexit sha1_base64="1DGWfVk50wrRnZfr6HAxYCgk5Og=">AAACFHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSKIC5ctJA+oI1hMp20Q2cmYR5CCf0Ncavf4U7cuvcz/AOnbRa29cCFwzn3ci4nShlV2nW/nZXVtfWNzcJWcXtnd2+/dHDYVImRmDRwwhLZjpAijArS0FQz0k4lQTxipBUNbyd+64lIRRPh61FKAo76gsYUI22lRz+8ue4qw0MK/ZCGpbJbcaeAy8TLSRnkqIWln24vwYYToTFDSnU8N9VBhqSmmJFxsWsUSREeoj7pWCoQJyrIpl+P4alVejBOpB2h4VT9e5EhrtSIR3aTIz1Qi95E/M/rGB1fBRkVqdFE4FlQbBjUCZxUAHtUEqzZyBKEJbW/QjxAEmFti5pLqRsktOF3iXxAPmlTf1y0HXmLjSyT5nnFcyte3S1XL/K2CuAYnIAz4IFLUAX3oAYaAAMJXsAreHOenXfnw/mcra44+c0RmIPz9QsZQp6Y</latexit><latexit sha1_base64="OtuGGFFnD08pFBGvR95IMlsYdVs=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBYhV0R1EKICGJhkcDmAUlcZieTZMjM7DIPIYQU/oSk1U+wthNbGys/wiJ/4ORRmMQDFw7n3Mu5nDBmVGnX/XYSS8srq2vJ9dTG5tb2Tnp3r6QiIzEp4ohFshIiRRgVpKipZqQSS4J4yEg57FyP/PIDkYpGwtfdmNQ5agnapBhpK937wdVlTRkeUOgHNEhn3Kw7Blwk3pRkchevj4Ph108+SA9rjQgbToTGDClV9dxY13tIaooZ6adqRpEY4Q5qkaqlAnGi6r3x1314ZJUGbEbSjtBwrP696CGuVJeHdpMj3Vbz3kj8z6sa3Tyv96iIjSYCT4KahkEdwVEFsEElwZp1LUFYUvsrxG0kEda2qJmUgkFCG34TyTvkkwr1+ynbkTffyCIpnWQ9N+sVbFmnYIIkOACH4Bh44AzkwC3IgyLAQIIBeAYvzpPz5rw7H5PVhDO92QczcD5/AVrAo40=</latexit><latexit sha1_base64="OtuGGFFnD08pFBGvR95IMlsYdVs=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBYhV0R1EKICGJhkcDmAUlcZieTZMjM7DIPIYQU/oSk1U+wthNbGys/wiJ/4ORRmMQDFw7n3Mu5nDBmVGnX/XYSS8srq2vJ9dTG5tb2Tnp3r6QiIzEp4ohFshIiRRgVpKipZqQSS4J4yEg57FyP/PIDkYpGwtfdmNQ5agnapBhpK937wdVlTRkeUOgHNEhn3Kw7Blwk3pRkchevj4Ph108+SA9rjQgbToTGDClV9dxY13tIaooZ6adqRpEY4Q5qkaqlAnGi6r3x1314ZJUGbEbSjtBwrP696CGuVJeHdpMj3Vbz3kj8z6sa3Tyv96iIjSYCT4KahkEdwVEFsEElwZp1LUFYUvsrxG0kEda2qJmUgkFCG34TyTvkkwr1+ynbkTffyCIpnWQ9N+sVbFmnYIIkOACH4Bh44AzkwC3IgyLAQIIBeAYvzpPz5rw7H5PVhDO92QczcD5/AVrAo40=</latexit><latexit sha1_base64="OtuGGFFnD08pFBGvR95IMlsYdVs=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBYhV0R1EKICGJhkcDmAUlcZieTZMjM7DIPIYQU/oSk1U+wthNbGys/wiJ/4ORRmMQDFw7n3Mu5nDBmVGnX/XYSS8srq2vJ9dTG5tb2Tnp3r6QiIzEp4ohFshIiRRgVpKipZqQSS4J4yEg57FyP/PIDkYpGwtfdmNQ5agnapBhpK937wdVlTRkeUOgHNEhn3Kw7Blwk3pRkchevj4Ph108+SA9rjQgbToTGDClV9dxY13tIaooZ6adqRpEY4Q5qkaqlAnGi6r3x1314ZJUGbEbSjtBwrP696CGuVJeHdpMj3Vbz3kj8z6sa3Tyv96iIjSYCT4KahkEdwVEFsEElwZp1LUFYUvsrxG0kEda2qJmUgkFCG34TyTvkkwr1+ynbkTffyCIpnWQ9N+sVbFmnYIIkOACH4Bh44AzkwC3IgyLAQIIBeAYvzpPz5rw7H5PVhDO92QczcD5/AVrAo40=</latexit><latexit sha1_base64="OtuGGFFnD08pFBGvR95IMlsYdVs=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBYhV0R1EKICGJhkcDmAUlcZieTZMjM7DIPIYQU/oSk1U+wthNbGys/wiJ/4ORRmMQDFw7n3Mu5nDBmVGnX/XYSS8srq2vJ9dTG5tb2Tnp3r6QiIzEp4ohFshIiRRgVpKipZqQSS4J4yEg57FyP/PIDkYpGwtfdmNQ5agnapBhpK937wdVlTRkeUOgHNEhn3Kw7Blwk3pRkchevj4Ph108+SA9rjQgbToTGDClV9dxY13tIaooZ6adqRpEY4Q5qkaqlAnGi6r3x1314ZJUGbEbSjtBwrP696CGuVJeHdpMj3Vbz3kj8z6sa3Tyv96iIjSYCT4KahkEdwVEFsEElwZp1LUFYUvsrxG0kEda2qJmUgkFCG34TyTvkkwr1+ynbkTffyCIpnWQ9N+sVbFmnYIIkOACH4Bh44AzkwC3IgyLAQIIBeAYvzpPz5rw7H5PVhDO92QczcD5/AVrAo40=</latexit><latexit sha1_base64="1DGWfVk50wrRnZfr6HAxYCgk5Og=">AAACFHicbVDLSsNAFJ34rPVVdelmsAiuSiKCboSKIC5ctJA+oI1hMp20Q2cmYR5CCf0Ncavf4U7cuvcz/AOnbRa29cCFwzn3ci4nShlV2nW/nZXVtfWNzcJWcXtnd2+/dHDYVImRmDRwwhLZjpAijArS0FQz0k4lQTxipBUNbyd+64lIRRPh61FKAo76gsYUI22lRz+8ue4qw0MK/ZCGpbJbcaeAy8TLSRnkqIWln24vwYYToTFDSnU8N9VBhqSmmJFxsWsUSREeoj7pWCoQJyrIpl+P4alVejBOpB2h4VT9e5EhrtSIR3aTIz1Qi95E/M/rGB1fBRkVqdFE4FlQbBjUCZxUAHtUEqzZyBKEJbW/QjxAEmFti5pLqRsktOF3iXxAPmlTf1y0HXmLjSyT5nnFcyte3S1XL/K2CuAYnIAz4IFLUAX3oAYaAAMJXsAreHOenXfnw/mcra44+c0RmIPz9QsZQp6Y</latexit>

�Ti = max(eig(Ti))�min(eig(Ti))
<latexit sha1_base64="aGa7vs54dSkqFBy+C7ORTZPhkbk="></latexit><latexit sha1_base64="YWMBDrHcRql4SR6B/DChFd71s00="></latexit><latexit sha1_base64="YWMBDrHcRql4SR6B/DChFd71s00="></latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="P10zCsvS1J3soWYiG5K8Vos9NtQ="></latexit><latexit sha1_base64="P10zCsvS1J3soWYiG5K8Vos9NtQ="></latexit><latexit sha1_base64="pjxpvkfvaonoElBsMaBQvcsK1Vo="></latexit><latexit sha1_base64="pjxpvkfvaonoElBsMaBQvcsK1Vo="></latexit><latexit sha1_base64="YWMBDrHcRql4SR6B/DChFd71s00="></latexit><latexit sha1_base64="YWMBDrHcRql4SR6B/DChFd71s00="></latexit><latexit sha1_base64="YWMBDrHcRql4SR6B/DChFd71s00="></latexit><latexit sha1_base64="YWMBDrHcRql4SR6B/DChFd71s00="></latexit><latexit sha1_base64="pjxpvkfvaonoElBsMaBQvcsK1Vo="></latexit>

E
<latexit sha1_base64="9P1eppdv0nntA6ckyXtw41W9xqs=">AAACEXicbVDLSgMxFL3js9ZX1aWbwSK4KjMi6M6CKC5ctNAXtKXcSdM2mEmGJCOUoV8hLrpRf6M7cesX+Bn+geljYVsPBA7n3Ms9OUHEmTae9+2srK6tb2ymttLbO7t7+5mDw4qWsSK0TCSXqhagppwJWjbMcFqLFMUw4LQaPN6M/eoTVZpJUTL9iDZD7ArWYQSNleqNEE2PIE9uB61M1st5E7jLxJ+R7PVoOHwHgEIr89NoSxKHVBjCUeu670WmmaAyjHA6SDdiTSMkj9ildUsFhlQ3k0nkgXtqlbbbkco+YdyJ+ncjwVDrfhjYyXFEveiNxf+8emw6V82EiSg2VJDpoU7MXSPd8f/dNlOUGN63BIliNqtLeqiQGNvS3JVijMLE4Z1UD1iiNVYapG1H/mIjy6RynvO9nF/0svkLmCIFx3ACZ+DDJeThHgpQBgISXuAV3pxnZ+R8OJ/T0RVntnMEc3C+fgH/V6DR</latexit><latexit sha1_base64="v8uAnaL+4YZFO49xShRgXlvCj9A=">AAACEXicbVDLSgMxFM34rPVVdelmsAiuyowIurMgigsXLfQF7VDupJk2NJMMSUYow3yFuNCFfkd34tYv8DP8AzNtF7b1QOBwzr3ck+NHjCrtON/Wyura+sZmbiu/vbO7t184OGwoEUtM6lgwIVs+KMIoJ3VNNSOtSBIIfUaa/vAm85uPRCoqeE2PIuKF0Oc0oBi0kdqdEPQAA0tu026h6JScCexl4s5I8Xr8kuG10i38dHoCxyHhGjNQqu06kfYSkJpiRtJ8J1YkAjyEPmkbyiEkyksmkVP71Cg9OxDSPK7tifp3I4FQqVHom8ksolr0MvE/rx3r4MpLKI9iTTieHgpiZmthZ/+3e1QSrNnIEMCSmqw2HoAErE1Lc1eqMXAdh3dCPkCNtGgtzZuO3MVGlknjvOQ6JbfqFMsXaIocOkYn6Ay56BKV0T2qoDrCSKBn9IberSdrbH1Yn9PRFWu2c4TmYH39ApN+opY=</latexit><latexit sha1_base64="v8uAnaL+4YZFO49xShRgXlvCj9A=">AAACEXicbVDLSgMxFM34rPVVdelmsAiuyowIurMgigsXLfQF7VDupJk2NJMMSUYow3yFuNCFfkd34tYv8DP8AzNtF7b1QOBwzr3ck+NHjCrtON/Wyura+sZmbiu/vbO7t184OGwoEUtM6lgwIVs+KMIoJ3VNNSOtSBIIfUaa/vAm85uPRCoqeE2PIuKF0Oc0oBi0kdqdEPQAA0tu026h6JScCexl4s5I8Xr8kuG10i38dHoCxyHhGjNQqu06kfYSkJpiRtJ8J1YkAjyEPmkbyiEkyksmkVP71Cg9OxDSPK7tifp3I4FQqVHom8ksolr0MvE/rx3r4MpLKI9iTTieHgpiZmthZ/+3e1QSrNnIEMCSmqw2HoAErE1Lc1eqMXAdh3dCPkCNtGgtzZuO3MVGlknjvOQ6JbfqFMsXaIocOkYn6Ay56BKV0T2qoDrCSKBn9IberSdrbH1Yn9PRFWu2c4TmYH39ApN+opY=</latexit><latexit sha1_base64="lEvf71/hMNCQrBCte23KWxFsGoU=">AAACEXicbVDLSsNAFJ3UV62vqks3wSK4KokIuiyI4sJFC20tpKHcTCft0MlMmJkIJeQrxK1+hztx6xf4Gf6BkzYL23pg4HDOvdwzJ4gZVdpxvq3S2vrG5lZ5u7Kzu7d/UD086iqRSEw6WDAhewEowignHU01I71YEogCRh6DyU3uPz4RqajgbT2NiR/BiNOQYtBG8voR6DEGlt5mg2rNqTsz2KvELUgNFWgOqj/9ocBJRLjGDJTyXCfWfgpSU8xIVuknisSAJzAinqEcIqL8dBY5s8+MMrRDIc3j2p6pfzdSiJSaRoGZzCOqZS8X//O8RIfXfkp5nGjC8fxQmDBbCzv/vz2kkmDNpoYAltRktfEYJGBtWlq40kqA6yS6E/IB2qRH21nFdOQuN7JKuhd116m7LafWuCzaKqMTdIrOkYuuUAPdoybqIIwEekGv6M16tt6tD+tzPlqyip1jtADr6xfkQ54H</latexit>

V (·)V †
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<latexit sha1_base64="BXk4wVVuUnz1iuCm5d5PddTZpqw=">AAACCXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAIB48JLh5QFzC7GQ2GTIzu8zMCmHJF4hX/Q5vInjy6g/4Gf6Bk8fBJBY0FFXddHeFCWfauO63k1tZXVvfyG8WtrZ3dveK+wcNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPB1dhvPlClWSx9M0xoIHBPsogRbKx053e8TrHklt0J0DLxZqRUyX99gEW1U/y578YkFVQawrHWbc9NTJBhZRjhdFS4TzVNMBngHm1bKrGgOsgmp47QiVW6KIqVLWnQRP07kWGh9VCEtlNg09eL3lj8z2unJroMMiaT1FBJpouilCMTo/HfqMsUJYYPLcFEMXsrIn2sMDE2nbkttRRLk4rrWN1in7aYPyrYjLzFRJZJ46zsuWWvZsM6hynycATHcAoeXEAFbqAKdSDQgyd4hhfn0Xl13pz3aWvOmc0cwhycz1+AIpv5</latexit><latexit sha1_base64="tGRVZMqb2ocEJq6Hqxs2yLGpH+0=">AAACCXicbVDJSgNBEO2JW4xbjEcvQ4LgKcyIoMeAIh48JDhZIA6hp9OTNOll6EUIQ75AvOofePcmgiev/oCf4R/YWQ4m8UHB470qqupFCSVKe963k1lZXVvfyG7mtrZ3dvfy+4WGEkYiXEeCCtmKoMKUcFzXRFPcSiSGLKK4GQ0uxn7zHktFBA/0MMEhgz1OYoKgttJt0PE7+ZJX9iZwl4k/I6VK9uujcPlSrHbyP3ddgQzDXCMKlWr7XqLDFEpNEMWj3J1ROIFoAHu4bSmHDKswnZw6co+s0nVjIW1x7U7UvxMpZEoNWWQ7GdR9teiNxf+8ttHxeZgSnhiNOZouig11tXDHf7tdIjHSdGgJRJLYW13UhxIibdOZ21IzkGvDroS8gQFukWCUsxn5i4ksk8ZJ2ffKfs2GdQqmyIJDUATHwAdnoAKuQRXUAQI98AiewLPz4Lw6b877tDXjzGYOwBycz18hPJ0X</latexit><latexit sha1_base64="tGRVZMqb2ocEJq6Hqxs2yLGpH+0=">AAACCXicbVDJSgNBEO2JW4xbjEcvQ4LgKcyIoMeAIh48JDhZIA6hp9OTNOll6EUIQ75AvOofePcmgiev/oCf4R/YWQ4m8UHB470qqupFCSVKe963k1lZXVvfyG7mtrZ3dvfy+4WGEkYiXEeCCtmKoMKUcFzXRFPcSiSGLKK4GQ0uxn7zHktFBA/0MMEhgz1OYoKgttJt0PE7+ZJX9iZwl4k/I6VK9uujcPlSrHbyP3ddgQzDXCMKlWr7XqLDFEpNEMWj3J1ROIFoAHu4bSmHDKswnZw6co+s0nVjIW1x7U7UvxMpZEoNWWQ7GdR9teiNxf+8ttHxeZgSnhiNOZouig11tXDHf7tdIjHSdGgJRJLYW13UhxIibdOZ21IzkGvDroS8gQFukWCUsxn5i4ksk8ZJ2ffKfs2GdQqmyIJDUATHwAdnoAKuQRXUAQI98AiewLPz4Lw6b877tDXjzGYOwBycz18hPJ0X</latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="1e4v4Vvn02CEvJQ38+A4nxmQ/gM=">AAAB/nicbZDLSgMxGIX/qbdaq1a3boJFcFVm3OhSEMSFixanF2iHkkkzbWgmGXIRytAnELf6HO7EN/ExfAPTy8K2Hggczkn4/3xxxpk2vv/tFba2d3b3ivulg/Lh0XHlpNzS0ipCm0RyqTox1pQzQZuGGU47maI4jTltx+O7Wd9+pkozKUIzyWiU4qFgCSPYuOgp7Af9StWv+XOhTRMsTRWWqvcrP72BJDalwhCOte4GfmaiHCvDCKfTUs9qmmEyxkPadVbglOoon686RRcuGaBEKneEQfP074scp1pP0tjdTLEZ6fVuFv7Xda1JbqKcicwaKshiUGI5MhLN/o0GTFFi+MQZTBRzuyIywgoT4+isTGlYLIxN76V6xCHtsHBacoyCdSKbpnVVC/xa0PChCGdwDpcQwDXcwgPUoQkEhvAKb/DuvXgf3ueCZsFbYj2FFXlfvzQZmMY=</latexit><latexit sha1_base64="1e4v4Vvn02CEvJQ38+A4nxmQ/gM=">AAAB/nicbZDLSgMxGIX/qbdaq1a3boJFcFVm3OhSEMSFixanF2iHkkkzbWgmGXIRytAnELf6HO7EN/ExfAPTy8K2Hggczkn4/3xxxpk2vv/tFba2d3b3ivulg/Lh0XHlpNzS0ipCm0RyqTox1pQzQZuGGU47maI4jTltx+O7Wd9+pkozKUIzyWiU4qFgCSPYuOgp7Af9StWv+XOhTRMsTRWWqvcrP72BJDalwhCOte4GfmaiHCvDCKfTUs9qmmEyxkPadVbglOoon686RRcuGaBEKneEQfP074scp1pP0tjdTLEZ6fVuFv7Xda1JbqKcicwaKshiUGI5MhLN/o0GTFFi+MQZTBRzuyIywgoT4+isTGlYLIxN76V6xCHtsHBacoyCdSKbpnVVC/xa0PChCGdwDpcQwDXcwgPUoQkEhvAKb/DuvXgf3ueCZsFbYj2FFXlfvzQZmMY=</latexit><latexit sha1_base64="EMZII3T2AIxewuJW5tKfjUPS5s0=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAIB48JLiJgWQJs5PZZMg8lnkIYckXiFf9Dm/i1a/wM/wDJ8keTGJBQ1HVTXdXnDKqje9/e4W19Y3NreJ2aWd3b/+gfHjU0tIqTJpYMqnaMdKEUUGahhpG2qkiiMeMPMajm6n/+ESUplKEZpySiKOBoAnFyDjpIewFvXLFr/ozwFUS5KQCctR75Z9uX2LLiTCYIa07gZ+aKEPKUMzIpNS1mqQIj9CAdBwViBMdZbNTJ/DMKX2YSOVKGDhT/05kiGs95rHr5MgM9bI3Ff/zOtYk11FGRWoNEXi+KLEMGgmnf8M+VQQbNnYEYUXdrRAPkULYuHQWtjQsEsbyW6nuUUjaNJyUXEbBciKrpHVRDfxq0PArtcs8rSI4AafgHATgCtTAHaiDJsBgAF7AK3jznr1378P7nLcWvHzmGCzA+/oF02GaKA==</latexit><latexit sha1_base64="EMZII3T2AIxewuJW5tKfjUPS5s0=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAIB48JLiJgWQJs5PZZMg8lnkIYckXiFf9Dm/i1a/wM/wDJ8keTGJBQ1HVTXdXnDKqje9/e4W19Y3NreJ2aWd3b/+gfHjU0tIqTJpYMqnaMdKEUUGahhpG2qkiiMeMPMajm6n/+ESUplKEZpySiKOBoAnFyDjpIewFvXLFr/ozwFUS5KQCctR75Z9uX2LLiTCYIa07gZ+aKEPKUMzIpNS1mqQIj9CAdBwViBMdZbNTJ/DMKX2YSOVKGDhT/05kiGs95rHr5MgM9bI3Ff/zOtYk11FGRWoNEXi+KLEMGgmnf8M+VQQbNnYEYUXdrRAPkULYuHQWtjQsEsbyW6nuUUjaNJyUXEbBciKrpHVRDfxq0PArtcs8rSI4AafgHATgCtTAHaiDJsBgAF7AK3jznr1378P7nLcWvHzmGCzA+/oF02GaKA==</latexit><latexit sha1_base64="tGRVZMqb2ocEJq6Hqxs2yLGpH+0=">AAACCXicbVDJSgNBEO2JW4xbjEcvQ4LgKcyIoMeAIh48JDhZIA6hp9OTNOll6EUIQ75AvOofePcmgiev/oCf4R/YWQ4m8UHB470qqupFCSVKe963k1lZXVvfyG7mtrZ3dvfy+4WGEkYiXEeCCtmKoMKUcFzXRFPcSiSGLKK4GQ0uxn7zHktFBA/0MMEhgz1OYoKgttJt0PE7+ZJX9iZwl4k/I6VK9uujcPlSrHbyP3ddgQzDXCMKlWr7XqLDFEpNEMWj3J1ROIFoAHu4bSmHDKswnZw6co+s0nVjIW1x7U7UvxMpZEoNWWQ7GdR9teiNxf+8ttHxeZgSnhiNOZouig11tXDHf7tdIjHSdGgJRJLYW13UhxIibdOZ21IzkGvDroS8gQFukWCUsxn5i4ksk8ZJ2ffKfs2GdQqmyIJDUATHwAdnoAKuQRXUAQI98AiewLPz4Lw6b877tDXjzGYOwBycz18hPJ0X</latexit><latexit sha1_base64="tGRVZMqb2ocEJq6Hqxs2yLGpH+0=">AAACCXicbVDJSgNBEO2JW4xbjEcvQ4LgKcyIoMeAIh48JDhZIA6hp9OTNOll6EUIQ75AvOofePcmgiev/oCf4R/YWQ4m8UHB470qqupFCSVKe963k1lZXVvfyG7mtrZ3dvfy+4WGEkYiXEeCCtmKoMKUcFzXRFPcSiSGLKK4GQ0uxn7zHktFBA/0MMEhgz1OYoKgttJt0PE7+ZJX9iZwl4k/I6VK9uujcPlSrHbyP3ddgQzDXCMKlWr7XqLDFEpNEMWj3J1ROIFoAHu4bSmHDKswnZw6co+s0nVjIW1x7U7UvxMpZEoNWWQ7GdR9teiNxf+8ttHxeZgSnhiNOZouig11tXDHf7tdIjHSdGgJRJLYW13UhxIibdOZ21IzkGvDroS8gQFukWCUsxn5i4ksk8ZJ2ffKfs2GdQqmyIJDUATHwAdnoAKuQRXUAQI98AiewLPz4Lw6b877tDXjzGYOwBycz18hPJ0X</latexit><latexit sha1_base64="tGRVZMqb2ocEJq6Hqxs2yLGpH+0=">AAACCXicbVDJSgNBEO2JW4xbjEcvQ4LgKcyIoMeAIh48JDhZIA6hp9OTNOll6EUIQ75AvOofePcmgiev/oCf4R/YWQ4m8UHB470qqupFCSVKe963k1lZXVvfyG7mtrZ3dvfy+4WGEkYiXEeCCtmKoMKUcFzXRFPcSiSGLKK4GQ0uxn7zHktFBA/0MMEhgz1OYoKgttJt0PE7+ZJX9iZwl4k/I6VK9uujcPlSrHbyP3ddgQzDXCMKlWr7XqLDFEpNEMWj3J1ROIFoAHu4bSmHDKswnZw6co+s0nVjIW1x7U7UvxMpZEoNWWQ7GdR9teiNxf+8ttHxeZgSnhiNOZouig11tXDHf7tdIjHSdGgJRJLYW13UhxIibdOZ21IzkGvDroS8gQFukWCUsxn5i4ksk8ZJ2ffKfs2GdQqmyIJDUATHwAdnoAKuQRXUAQI98AiewLPz4Lw6b877tDXjzGYOwBycz18hPJ0X</latexit><latexit sha1_base64="tGRVZMqb2ocEJq6Hqxs2yLGpH+0=">AAACCXicbVDJSgNBEO2JW4xbjEcvQ4LgKcyIoMeAIh48JDhZIA6hp9OTNOll6EUIQ75AvOofePcmgiev/oCf4R/YWQ4m8UHB470qqupFCSVKe963k1lZXVvfyG7mtrZ3dvfy+4WGEkYiXEeCCtmKoMKUcFzXRFPcSiSGLKK4GQ0uxn7zHktFBA/0MMEhgz1OYoKgttJt0PE7+ZJX9iZwl4k/I6VK9uujcPlSrHbyP3ddgQzDXCMKlWr7XqLDFEpNEMWj3J1ROIFoAHu4bSmHDKswnZw6co+s0nVjIW1x7U7UvxMpZEoNWWQ7GdR9teiNxf+8ttHxeZgSnhiNOZouig11tXDHf7tdIjHSdGgJRJLYW13UhxIibdOZ21IzkGvDroS8gQFukWCUsxn5i4ksk8ZJ2ffKfs2GdQqmyIJDUATHwAdnoAKuQRXUAQI98AiewLPz4Lw6b877tDXjzGYOwBycz18hPJ0X</latexit><latexit sha1_base64="EMZII3T2AIxewuJW5tKfjUPS5s0=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAIB48JLiJgWQJs5PZZMg8lnkIYckXiFf9Dm/i1a/wM/wDJ8keTGJBQ1HVTXdXnDKqje9/e4W19Y3NreJ2aWd3b/+gfHjU0tIqTJpYMqnaMdKEUUGahhpG2qkiiMeMPMajm6n/+ESUplKEZpySiKOBoAnFyDjpIewFvXLFr/ozwFUS5KQCctR75Z9uX2LLiTCYIa07gZ+aKEPKUMzIpNS1mqQIj9CAdBwViBMdZbNTJ/DMKX2YSOVKGDhT/05kiGs95rHr5MgM9bI3Ff/zOtYk11FGRWoNEXi+KLEMGgmnf8M+VQQbNnYEYUXdrRAPkULYuHQWtjQsEsbyW6nuUUjaNJyUXEbBciKrpHVRDfxq0PArtcs8rSI4AafgHATgCtTAHaiDJsBgAF7AK3jznr1378P7nLcWvHzmGCzA+/oF02GaKA==</latexit>

Ti
<latexit sha1_base64="wXMOS83EcU23TBZeah2B4jhlhpA=">AAACCXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAIB48JLh5QFzC7GQ2GTIzu8zMCmHJF4hX/Q5vInjy6g/4Gf6Bk8fBJBY0FFXddHeFCWfauO63k1tZXVvfyG8WtrZ3dveK+wcNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPB1dhvPlClWSx9M0xoIHBPsogRbKx053dYp1hyy+4EaJl4M1Kq5L8+wKLaKf7cd2OSCioN4VjrtucmJsiwMoxwOircp5ommAxwj7YtlVhQHWSTU0foxCpdFMXKljRoov6dyLDQeihC2ymw6etFbyz+57VTE10GGZNJaqgk00VRypGJ0fhv1GWKEsOHlmCimL0VkT5WmBibztyWWoqlScV1rG6xT1vMHxVsRt5iIsukcVb23LJXs2GdwxR5OIJjOAUPLqACN1CFOhDowRM8w4vz6Lw6b877tDXnzGYOYQ7O5y/bypwx</latexit><latexit sha1_base64="dVFbfnyL/ByuGMn91r+GH+yStFY=">AAACCXicbVDJSgNBEO2JW4xbjEcvQ4LgKcyIoMeAIh48JDhZIA6hp9OTNOll6EUIQ75AvOofePcmgiev/oCf4R/YWQ4m8UHB470qqupFCSVKe963k1lZXVvfyG7mtrZ3dvfy+4WGEkYiXEeCCtmKoMKUcFzXRFPcSiSGLKK4GQ0uxn7zHktFBA/0MMEhgz1OYoKgttJt0CGdfMkrexO4y8SfkVIl+/VRuHwpVjv5n7uuQIZhrhGFSrV9L9FhCqUmiOJR7s4onEA0gD3ctpRDhlWYTk4duUdW6bqxkLa4difq34kUMqWGLLKdDOq+WvTG4n9e2+j4PEwJT4zGHE0XxYa6Wrjjv90ukRhpOrQEIknsrS7qQwmRtunMbakZyLVhV0LewAC3SDDK2Yz8xUSWSeOk7Htlv2bDOgVTZMEhKIJj4IMzUAHXoArqAIEeeARP4Nl5cF6dN+d92ppxZjMHYA7O5y985J1P</latexit><latexit sha1_base64="dVFbfnyL/ByuGMn91r+GH+yStFY=">AAACCXicbVDJSgNBEO2JW4xbjEcvQ4LgKcyIoMeAIh48JDhZIA6hp9OTNOll6EUIQ75AvOofePcmgiev/oCf4R/YWQ4m8UHB470qqupFCSVKe963k1lZXVvfyG7mtrZ3dvfy+4WGEkYiXEeCCtmKoMKUcFzXRFPcSiSGLKK4GQ0uxn7zHktFBA/0MMEhgz1OYoKgttJt0CGdfMkrexO4y8SfkVIl+/VRuHwpVjv5n7uuQIZhrhGFSrV9L9FhCqUmiOJR7s4onEA0gD3ctpRDhlWYTk4duUdW6bqxkLa4difq34kUMqWGLLKdDOq+WvTG4n9e2+j4PEwJT4zGHE0XxYa6Wrjjv90ukRhpOrQEIknsrS7qQwmRtunMbakZyLVhV0LewAC3SDDK2Yz8xUSWSeOk7Htlv2bDOgVTZMEhKIJj4IMzUAHXoArqAIEeeARP4Nl5cF6dN+d92ppxZjMHYA7O5y985J1P</latexit><latexit sha1_base64="zF0SA6n9TUU3C7DHsdf+wt3Pqjs=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAIB48JLiJgWQJs5PZZMg8lnkIYckXiFf9Dm/i1a/wM/wDJ8keTGJBQ1HVTXdXnDKqje9/e4W19Y3NreJ2aWd3b/+gfHjU0tIqTJpYMqnaMdKEUUGahhpG2qkiiMeMPMajm6n/+ESUplKEZpySiKOBoAnFyDjpIezRXrniV/0Z4CoJclIBOeq98k+3L7HlRBjMkNadwE9NlCFlKGZkUupaTVKER2hAOo4KxImOstmpE3jmlD5MpHIlDJypfycyxLUe89h1cmSGetmbiv95HWuS6yijIrWGCDxflFgGjYTTv2GfKoINGzuCsKLuVoiHSCFsXDoLWxoWCWP5rVT3KCRtGk5KLqNgOZFV0rqoBn41aPiV2mWeVhGcgFNwDgJwBWrgDtRBE2AwAC/gFbx5z9679+F9zlsLXj5zDBbgff0CLxiaYA==</latexit>

Tn
<latexit sha1_base64="OZ5Y1xAqlewNeYE59XSoVa7g2T0=">AAACCXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAIB48JLh5QFzC7GQ2GTIzu8zMCmHJF4hX/Q5vInjy6g/4Gf6Bk8fBJBY0FFXddHeFCWfauO63k1tZXVvfyG8WtrZ3dveK+wcNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPB1dhvPlClWSx9M0xoIHBPsogRbKx053dkp1hyy+4EaJl4M1Kq5L8+wKLaKf7cd2OSCioN4VjrtucmJsiwMoxwOircp5ommAxwj7YtlVhQHWSTU0foxCpdFMXKljRoov6dyLDQeihC2ymw6etFbyz+57VTE10GGZNJaqgk00VRypGJ0fhv1GWKEsOHlmCimL0VkT5WmBibztyWWoqlScV1rG6xT1vMHxVsRt5iIsukcVb23LJXs2GdwxR5OIJjOAUPLqACN1CFOhDowRM8w4vz6Lw6b877tDXnzGYOYQ7O5y/j+Zw2</latexit><latexit sha1_base64="W62VZkbtpvfQkL871ywYmw9OcZw=">AAACCXicbVDJSgNBEO2JW4xbjEcvQ4LgKcyIoMeAIh48JDhZIA6hp9OTNOll6EUIQ75AvOofePcmgiev/oCf4R/YWQ4m8UHB470qqupFCSVKe963k1lZXVvfyG7mtrZ3dvfy+4WGEkYiXEeCCtmKoMKUcFzXRFPcSiSGLKK4GQ0uxn7zHktFBA/0MMEhgz1OYoKgttJt0OGdfMkrexO4y8SfkVIl+/VRuHwpVjv5n7uuQIZhrhGFSrV9L9FhCqUmiOJR7s4onEA0gD3ctpRDhlWYTk4duUdW6bqxkLa4difq34kUMqWGLLKdDOq+WvTG4n9e2+j4PEwJT4zGHE0XxYa6Wrjjv90ukRhpOrQEIknsrS7qQwmRtunMbakZyLVhV0LewAC3SDDK2Yz8xUSWSeOk7Htlv2bDOgVTZMEhKIJj4IMzUAHXoArqAIEeeARP4Nl5cF6dN+d92ppxZjMHYA7O5y+FE51U</latexit><latexit sha1_base64="W62VZkbtpvfQkL871ywYmw9OcZw=">AAACCXicbVDJSgNBEO2JW4xbjEcvQ4LgKcyIoMeAIh48JDhZIA6hp9OTNOll6EUIQ75AvOofePcmgiev/oCf4R/YWQ4m8UHB470qqupFCSVKe963k1lZXVvfyG7mtrZ3dvfy+4WGEkYiXEeCCtmKoMKUcFzXRFPcSiSGLKK4GQ0uxn7zHktFBA/0MMEhgz1OYoKgttJt0OGdfMkrexO4y8SfkVIl+/VRuHwpVjv5n7uuQIZhrhGFSrV9L9FhCqUmiOJR7s4onEA0gD3ctpRDhlWYTk4duUdW6bqxkLa4difq34kUMqWGLLKdDOq+WvTG4n9e2+j4PEwJT4zGHE0XxYa6Wrjjv90ukRhpOrQEIknsrS7qQwmRtunMbakZyLVhV0LewAC3SDDK2Yz8xUSWSeOk7Htlv2bDOgVTZMEhKIJj4IMzUAHXoArqAIEeeARP4Nl5cF6dN+d92ppxZjMHYA7O5y+FE51U</latexit><latexit sha1_base64="BIpVGAfu94MuEkkDaYUj9dAWCMY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeAIB48JLiJgWQJs5PZZMg8lnkIYckXiFf9Dm/i1a/wM/wDJ8keTGJBQ1HVTXdXnDKqje9/e4W19Y3NreJ2aWd3b/+gfHjU0tIqTJpYMqnaMdKEUUGahhpG2qkiiMeMPMajm6n/+ESUplKEZpySiKOBoAnFyDjpIeyJXrniV/0Z4CoJclIBOeq98k+3L7HlRBjMkNadwE9NlCFlKGZkUupaTVKER2hAOo4KxImOstmpE3jmlD5MpHIlDJypfycyxLUe89h1cmSGetmbiv95HWuS6yijIrWGCDxflFgGjYTTv2GfKoINGzuCsKLuVoiHSCFsXDoLWxoWCWP5rVT3KCRtGk5KLqNgOZFV0rqoBn41aPiV2mWeVhGcgFNwDgJwBWrgDtRBE2AwAC/gFbx5z9679+F9zlsLXj5zDBbgff0CN0eaZQ==</latexit>

The error of the isometric encoding E(·) = V (·)V † is bounded below by
<latexit sha1_base64="BWBq6jfWwpBnH5jaWwtfqwaSqnU="></latexit><latexit sha1_base64="BWBq6jfWwpBnH5jaWwtfqwaSqnU="></latexit><latexit sha1_base64="BWBq6jfWwpBnH5jaWwtfqwaSqnU="></latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="AQvEuwKlpcUvjw6iV4bCrEYdAII="></latexit><latexit sha1_base64="AQvEuwKlpcUvjw6iV4bCrEYdAII="></latexit><latexit sha1_base64="N09IYr/rN/zl03HHvJqz9pA/+ts="></latexit><latexit sha1_base64="BWBq6jfWwpBnH5jaWwtfqwaSqnU="></latexit><latexit sha1_base64="BWBq6jfWwpBnH5jaWwtfqwaSqnU="></latexit><latexit sha1_base64="BWBq6jfWwpBnH5jaWwtfqwaSqnU="></latexit><latexit sha1_base64="BWBq6jfWwpBnH5jaWwtfqwaSqnU="></latexit><latexit sha1_base64="BWBq6jfWwpBnH5jaWwtfqwaSqnU="></latexit><latexit sha1_base64="BWBq6jfWwpBnH5jaWwtfqwaSqnU="></latexit>

✏ ⇡ 0
<latexit sha1_base64="L2sLuX01bb+9kmHIBMLGh/Ha6VE="></latexit><latexit sha1_base64="KfGQiVKD0LvWws1Qe7eZlVjs/Ek=">AAACGXicbVBNS0JBFJ3Xd/ZltWwzJEEreS+C2hUE0aJFgpqgIveN1xycNzPMzKtE/CEVbes3tGwXbVv1M/oHjdqitAMXDufcy7mcWAtuXRh+BlPTM7Nz8wuLmaXlldW17PpG2arUMCwxJZSpxGBRcIklx53AijYISSzwMu6cDPzLazSWK1l0XY31BK4kb3EGzkuN7HoNteVCyRpobdQtDRvZXJgPh6CTJPohuaOXuwHuLxrZr1pTsTRB6ZgAa6tRqF29B8ZxJrCfqaUWNbAOXGHVUwkJ2npv+Hqf7nilSVvK+JGODtXfFz1IrO0msd9MwLXtuDcQ//OqqWsd1ntc6tShZKOgViqoU3TQA21yg8yJrifADPe/UtYGA8z5tv6kFFKQLk1OlTmHIlZ4sZ/xHUXjjUyS8l4+CvNRIcwd75MRFsgW2Sa7JCIH5JickQtSIozckEfyRJ6Dh+A1eAveR6tTwc/NJvmD4OMbmR+lLA==</latexit><latexit sha1_base64="KfGQiVKD0LvWws1Qe7eZlVjs/Ek=">AAACGXicbVBNS0JBFJ3Xd/ZltWwzJEEreS+C2hUE0aJFgpqgIveN1xycNzPMzKtE/CEVbes3tGwXbVv1M/oHjdqitAMXDufcy7mcWAtuXRh+BlPTM7Nz8wuLmaXlldW17PpG2arUMCwxJZSpxGBRcIklx53AijYISSzwMu6cDPzLazSWK1l0XY31BK4kb3EGzkuN7HoNteVCyRpobdQtDRvZXJgPh6CTJPohuaOXuwHuLxrZr1pTsTRB6ZgAa6tRqF29B8ZxJrCfqaUWNbAOXGHVUwkJ2npv+Hqf7nilSVvK+JGODtXfFz1IrO0msd9MwLXtuDcQ//OqqWsd1ntc6tShZKOgViqoU3TQA21yg8yJrifADPe/UtYGA8z5tv6kFFKQLk1OlTmHIlZ4sZ/xHUXjjUyS8l4+CvNRIcwd75MRFsgW2Sa7JCIH5JickQtSIozckEfyRJ6Dh+A1eAveR6tTwc/NJvmD4OMbmR+lLA==</latexit><latexit sha1_base64="s3UZj7MRP2KRCIwqwskDhVD9e+o=">AAACGXicbVBNS0JBFJ3Xp9mX1rLNkASt5L0IaikE0aKFgaagIveNVx2cNzPMzKtE/CXRtn5Hu2jbqp/RP2j8WGR14MLhnHs5lxNrwa0Lw89gaXlldW09s5Hd3Nre2c3l926tSg3DKlNCmXoMFgWXWHXcCaxrg5DEAmvx4GLi1+7QWK5kxQ01thLoSd7lDJyX2rl8E7XlQskmaG3UAw3buUJYDKegf0k0JwUyR7md+2p2FEsTlI4JsLYRhdq1RmAcZwLH2WZqUQMbQA8bnkpI0LZG09fH9MgrHdpVxo90dKr+vBhBYu0wif1mAq5vf3sT8T+vkbrueWvEpU4dSjYL6qaCOkUnPdAON8icGHoCzHD/K2V9MMCcb2sh5SYF6dLkUplrqGCdV8ZZ31H0u5G/5PakGIXF6CYslE7nbWXIATkkxyQiZ6RErkiZVAkj9+SJPJOX4DF4Dd6C99nqUjC/2ScLCD6+AenkoJ0=</latexit>

Good codes:

✏(N � E) :=
p

1� F (R �N � E)2
<latexit sha1_base64="GTfolAZH6tHU8Aeb9CPBpw28FG8="></latexit><latexit sha1_base64="m6tIPFHIzs3IvmLBBAXSRkcKgJE="></latexit><latexit sha1_base64="m6tIPFHIzs3IvmLBBAXSRkcKgJE="></latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="hptefJaHca6mnha0IgEbAYTmSOg="></latexit><latexit sha1_base64="hptefJaHca6mnha0IgEbAYTmSOg="></latexit><latexit sha1_base64="0KAchSBzsHJP9OkJNGkDLxlFg1Q="></latexit><latexit sha1_base64="0KAchSBzsHJP9OkJNGkDLxlFg1Q="></latexit><latexit sha1_base64="m6tIPFHIzs3IvmLBBAXSRkcKgJE="></latexit><latexit sha1_base64="m6tIPFHIzs3IvmLBBAXSRkcKgJE="></latexit><latexit sha1_base64="m6tIPFHIzs3IvmLBBAXSRkcKgJE="></latexit><latexit sha1_base64="m6tIPFHIzs3IvmLBBAXSRkcKgJE="></latexit><latexit sha1_base64="0KAchSBzsHJP9OkJNGkDLxlFg1Q="></latexit>
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SYMMETRIES 
IN ADS/CFT

Standard lore in AdS/CFT:

“No bulk global symmetries”

Bulk-to-boundary map defines a QECC

Bulk time evolution = boundary time evolution

Apparent violation of Eastin-Knill?

B U L K  G L O B A L  S Y M M E T R I E S  A N D  T I M E
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≈

ADS/CFT  IN  ONE  SLIDE

There is a procedure for mapping bulk 
operators to boundary operators

Consider a boundary subregion , 
constructed by tracing over Ā

A

We can try to find all bulk operators 
expressible with support only on A

A

Gravity in AdS in d+1 dimensions Conformal field theory in d dimensionsdual to

This mapping from bulk to boundary 
defines a QECC!
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a0
U0(g)

a1 U1(g)

W1(g)A1

a2A2

U2(g)
W2(g)

. . .

aN

. . .

AN

NO GLOBAL 
BULK 
SYMMETRIES

• Boundary CFT decomposed into ! regions "# #$%&

• Bulk has corresponding decomposition into entanglement 

wedges '# #$(&

• Bulk global symmetry:  product of local unitaries

• Mapped to boundary.  Splittable CFT  ⇒ local unitaries

I N  A D S / C F T

UCFT(g) =
NO

i=1

Wi(g)
<latexit sha1_base64="txPv7ben6ab+s7G7ERYx4wiCopo="></latexit><latexit sha1_base64="RZNaj/vUej+J+LFJHlFsmu2hLQk="></latexit><latexit sha1_base64="RZNaj/vUej+J+LFJHlFsmu2hLQk="></latexit><latexit sha1_base64="xGbs8Kq8FY+wjhCp0Y6x+n5OyjM="></latexit>

UL(g) =
NO

i=0

Ui(g)
<latexit sha1_base64="95n5+OYIfMNBpq6DNc3oF9yXr94="></latexit><latexit sha1_base64="iq0NHWhRnHtzu+U5wU2m6SCUpv8="></latexit><latexit sha1_base64="iq0NHWhRnHtzu+U5wU2m6SCUpv8="></latexit><latexit sha1_base64="fDNWGMwV1OAnRZ3zR7Om+8wvuUY="></latexit>

Harlow, Daniel, and Hirosi Ooguri. "Symmetries in quantum field 
theory and quantum gravity." arXiv preprint arXiv:1810.05338 (2018).

Harlow, Daniel, and Hirosi Ooguri. "Constraints on symmetry 
from holography." arXiv preprint arXiv:1810.05337 (2018).
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MORE  DETAIL

a0
U0(g)

a1 U1(g)

W1(g)A1

a2A2

U2(g)
W2(g)

. . .

aN

. . .

AN

• The boundary CFT is splittable:
• Boundary operators can be decomposed

• Erasure of !" is a correctable error for #$.

• The code space for AdS/CFT is low energy excitations 
above the vacuum:

• The %" are argued to be low energy.  Therefore they 
preserve the code space and are logical operators

• Logical operators that are also correctable errors
must be trivial

UCFT(g) =
NO

i=1

Wi(g)
<latexit sha1_base64="txPv7ben6ab+s7G7ERYx4wiCopo="></latexit><latexit sha1_base64="RZNaj/vUej+J+LFJHlFsmu2hLQk="></latexit><latexit sha1_base64="RZNaj/vUej+J+LFJHlFsmu2hLQk="></latexit><latexit sha1_base64="xGbs8Kq8FY+wjhCp0Y6x+n5OyjM="></latexit>

Hcode = span{|⌦i , �̂(x) |⌦i , �̂(x)�̂(y) |⌦i , . . .}
<latexit sha1_base64="0FgXsekooShwqKmGPmc5Wzrqz0o="></latexit><latexit sha1_base64="WU4f3iBj37EaC/Ybt7YACD/3uNA="></latexit><latexit sha1_base64="WU4f3iBj37EaC/Ybt7YACD/3uNA="></latexit><latexit sha1_base64="jHfaJutpIaNU0dhFOLDwvCs65A8=">AAAB+HicbZDLSgMxGIUz9VbHqnXtJlgEV2XGjS4FQVy4aKE3aIeSyfzThuYy5CKU0rXg1udwJ76Lj+EbmF4W1nogcDgn4f/zpQVnxkbRV1Da2d3bPygfhkeV8PjktFrpGOU0hTZVXOleSgxwJqFtmeXQKzQQkXLoppP7Rd99Bm2Yki07LSARZCRZziixPmoMq7WoHi2Ft028NjW01rD6PcgUdQKkpZwY04+jwiYzoi2jHObhwBkoCJ2QEfS9lUSASWbLNef40icZzpX2R1q8TH+/mBFhzFSk/qYgdmz+dovwv67vbH6bzJgsnAVJV4Nyx7FVePFnnDEN1PKpN4Rq5nfFdEw0odaT2ZjSdERaJx6UfiIt6LHWPPSI4r9Atk3nuh5H9bgZoTI6RxfoCsXoBt2hR9RAbURRhl7RW/ASvAcfK5SlYM30DG0o+PwBcweW1w==</latexit><latexit sha1_base64="TWuBexoisa5fMe3ml1xPyV3zhbY="></latexit><latexit sha1_base64="TWuBexoisa5fMe3ml1xPyV3zhbY="></latexit><latexit sha1_base64="rxV0khYe1u2bzZsI/9wGsmXFQE0="></latexit><latexit sha1_base64="rxV0khYe1u2bzZsI/9wGsmXFQE0="></latexit><latexit sha1_base64="WU4f3iBj37EaC/Ybt7YACD/3uNA="></latexit><latexit sha1_base64="WU4f3iBj37EaC/Ybt7YACD/3uNA="></latexit><latexit sha1_base64="WU4f3iBj37EaC/Ybt7YACD/3uNA="></latexit><latexit sha1_base64="WU4f3iBj37EaC/Ybt7YACD/3uNA="></latexit><latexit sha1_base64="rxV0khYe1u2bzZsI/9wGsmXFQE0="></latexit>

Harlow, Daniel, and Hirosi Ooguri. "Symmetries in quantum field 
theory and quantum gravity." arXiv preprint arXiv:1810.05338 (2018).

Harlow, Daniel, and Hirosi Ooguri. "Constraints on symmetry 
from holography." arXiv preprint arXiv:1810.05337 (2018).
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TIME  EVOLUTION  COVARIANCE

• Bulk time evolution = boundary time evolution

• The mapping is covariant w.r.t. this symmetry

• Why does this not violate the previous slide?

• Gravitational dressing, previously ignored, is crucial

• This dressing transforms non-trivially under the group action

• This transformation implements bulk time evolution

• The dressing can be detected locally.  Hence, the error correction must be approximate and covariant

a0
U0(g)

a1 U1(g)

W1(g)A1

a2A2

U2(g)
W2(g)

. . .
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