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Environment Assumptions

Nurse performs actions in correct order
Network latency is at most 50 ms
Attacker doesn’t have access to secret key
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To establish its requirements, a system relies on 
various assumptions about the environment



Environment Deviations
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What happens if the environment deviates from 
these assumptions?

Nurse inadvertently omits a critical action

Attacker obtains a secret through a side channel 
Network experiences an unexpected disruption

Does the system still provide any guarantees? 



Panama City Public Hospital (2001)

Shielding blocks

Inserted into beam path, protect healthy tissue

Therapist draws block shapes; SW computes dose

Therapy planning software by Multidata Systems 
Theratron-780 by Theratronics (maker of Therac-25)
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Therapist Interaction
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Accidents

28 patients overdosed; 21 deaths
7



Blame User or Software?

Three therapists charged & found guilty for 
involuntary manslaughter; barred from practice

Multidata Systems 
“Given [the input] that was given, our system 
calculated the correct amount, the correct 
dose. And, if [the staff in Panama] had checked, 
they would have found an unexpected result.”
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A robust system should ensure its critical 
properties even under such deviations

The environment will occasionally deviate 
from its expected behavior
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Successful engineering 
products are designed with 
a margin of safety that 
provides layers of protection 
against abnormal events
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Robust Systems by Design
1) Devise an initial system design

2) Identify types of deviations in the environment

3) Analyze the design to check whether it’s 

robust against those deviations

4) If not, redesign the system to improve its 

robustness
But in software: 
What exactly do we mean by “robust”? 
How do we verify that a system is sufficiently 
robust? 
How do we systematically improve its robustness?
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Robust Software Design: Roadmap
Specification

Analysis

What does it mean for  
our system to be robust?

How do we improve 
its robustness?

How robust is our 
system?

Robustification
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What exactly does it mean for 
software to be robust?
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Robustness: High-Level Idea

The maximum amount of 
environmental deviations under 
which the system is capable of 
satisfying a desired property
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Robustness: High-Level Idea
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17

Assumptions

System 
Property

Software 
Specification



Robustness: High-Level Idea

M k E |= P
<latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit>

18

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

Deviations

E0
<latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit>



Robustness: High-Level Idea

M k E |= P
<latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit>

E0
<latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit>

M k
<latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ni65OG6bUNjOXJczJPOFyyT+UHE=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjVLAPaIeSSe+0oZnMkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nypS05PvfXmlre2d3r7xfOageHh3XTqptm+ZGYEukKjXdiFtUUmOLJCnsZgZ5EinsRJO7ed55RmNlqp9ommGY8JGWsRScnNV7YP2MG64UqkGt7jf8hdgmBCuow0rNQe2rP0xFnqAmobi1vcDPKCy4ISkUzir93GLGxYSPsOdQ8wRtWCxGnrEL5wxZnBp3NLGF+/tFwRNrp0nkbiacxnY9m5v/Zb2c4puwkDrLCbVYfhTnilHK5vuzoTQoSE0dcGGkm5WJsatAkGup4koI1lfehPZVI/AbwaMPZTiDc7iEAK7hFu6hCS0QkMILvMG7R96r97Gsq+StejuFP/I+fwCnA4+h</latexit><latexit sha1_base64="Ni65OG6bUNjOXJczJPOFyyT+UHE=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjVLAPaIeSSe+0oZnMkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nypS05PvfXmlre2d3r7xfOageHh3XTqptm+ZGYEukKjXdiFtUUmOLJCnsZgZ5EinsRJO7ed55RmNlqp9ommGY8JGWsRScnNV7YP2MG64UqkGt7jf8hdgmBCuow0rNQe2rP0xFnqAmobi1vcDPKCy4ISkUzir93GLGxYSPsOdQ8wRtWCxGnrEL5wxZnBp3NLGF+/tFwRNrp0nkbiacxnY9m5v/Zb2c4puwkDrLCbVYfhTnilHK5vuzoTQoSE0dcGGkm5WJsatAkGup4koI1lfehPZVI/AbwaMPZTiDc7iEAK7hFu6hCS0QkMILvMG7R96r97Gsq+StejuFP/I+fwCnA4+h</latexit><latexit sha1_base64="M5isnqXKIxvRlDXqas2j33KztF4=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAza2AgRTAwkR9jb7CVL9naP3TkhHPkZNhaK2Ppr7Pw3bpIrNPHBwOO9GWbmRakUFn3/2yutrW9sbpW3Kzu7e/sH1cOjttWZYbzFtNSmE1HLpVC8hQIl76SG0ySS/DEa38z8xydurNDqAScpDxM6VCIWjKKTunekl1JDpeSyX635dX8OskqCgtSgQLNf/eoNNMsSrpBJam038FMMc2pQMMmnlV5meUrZmA5511FFE27DfH7ylJw5ZUBibVwpJHP190ROE2snSeQ6E4oju+zNxP+8bobxVZgLlWbIFVssijNJUJPZ/2QgDGcoJ45QZoS7lbCRi4ChS6niQgiWX14l7Yt64NeDe7/WuC7iKMMJnMI5BHAJDbiFJrSAgYZneIU3D70X7937WLSWvGLmGP7A+/wB5LOQ+g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit>

|= P
<latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit><latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit><latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit><latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit>

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

Preserves P even under 
deviated environment

System      is robust against a set of deviations 
with respect to environment     and property      

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

M
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P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="tnntUTxXcxOWd0f4qj9iCThv/j4=">AAAB3XicbVDLSgNBEOyNrxijRq9eBoPgKex60aPgxWMC5gHJIrOT3mTM7Owy0yuEJV/gxYMi/pY3/8bJ46CJBQ1FVTfdXVGmpCXf//ZKW9s7u3vl/cpB9fDouHZS7dg0NwLbIlWp6UXcopIa2yRJYS8zyJNIYTea3M397jMaK1P9QNMMw4SPtIyl4OSkVvOxVvcb/gJskwQrUocVXP/XYJiKPEFNQnFr+4GfUVhwQ1IonFUGucWMiwkfYd9RzRO0YbE4dMYunDJkcWpcaWIL9fdEwRNrp0nkOhNOY7vuzcX/vH5O8U1YSJ3lhFosF8W5YpSy+ddsKA0KUlNHuDDS3crEmBsuyGVTcSEE6y9vks5VI/AbQcuHMpzBOVxCANdwC/fQhDYIQHiBN3j3nrxX72MZV8lb5XYKf+B9/gCWq4uB</latexit><latexit sha1_base64="tnntUTxXcxOWd0f4qj9iCThv/j4=">AAAB3XicbVDLSgNBEOyNrxijRq9eBoPgKex60aPgxWMC5gHJIrOT3mTM7Owy0yuEJV/gxYMi/pY3/8bJ46CJBQ1FVTfdXVGmpCXf//ZKW9s7u3vl/cpB9fDouHZS7dg0NwLbIlWp6UXcopIa2yRJYS8zyJNIYTea3M397jMaK1P9QNMMw4SPtIyl4OSkVvOxVvcb/gJskwQrUocVXP/XYJiKPEFNQnFr+4GfUVhwQ1IonFUGucWMiwkfYd9RzRO0YbE4dMYunDJkcWpcaWIL9fdEwRNrp0nkOhNOY7vuzcX/vH5O8U1YSJ3lhFosF8W5YpSy+ddsKA0KUlNHuDDS3crEmBsuyGVTcSEE6y9vks5VI/AbQcuHMpzBOVxCANdwC/fQhDYIQHiBN3j3nrxX72MZV8lb5XYKf+B9/gCWq4uB</latexit><latexit sha1_base64="zyXpCCiK0ADvkcXWZY6rXaxOJ6Y=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclYwbXRbduGzBPqAdJJPeaWMzmSHJCGXoF7hxoYhbP8mdf2PazkJbDwQO55xL7j1hKoWxlH57a+sbm1vbpZ3y7t7+wWHl6LhtkkxzbPFEJrobMoNSKGxZYSV2U40sDiV2wvHtzO88oTYiUfd2kmIQs6ESkeDMOqnZeKhUaY3OQVaJX5AqFHD5r/4g4VmMynLJjOn5NLVBzrQVXOK03M8MpoyP2RB7jioWowny+aJTcu6UAYkS7Z6yZK7+nshZbMwkDl0yZnZklr2Z+J/Xy2x0HeRCpZlFxRcfRZkkNiGzq8lAaORWThxhXAu3K+Ejphm3rpuyK8FfPnmVtC9rPq35TVqt3xR1lOAUzuACfLiCOtxBA1rAAeEZXuHNe/RevHfvYxFd84qZE/gD7/MHqFmM0A==</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

E
<latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit><latexit sha1_base64="o1sEXvFqUeKBMq6SR1NtvhgJRzs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FipcdcvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH13KrXuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDmO2MyQ==</latexit>
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Robustness: Behavioral View

M k E |= P
<latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit>

LTS Safety 
property

LTS

LTS: Labelled transition system
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Labelled Transition System

Simple but expressive formalism

Behaviors of an LTS ≡ Possible traces (event sequences)

Editing

Confirm
Xray

Confirm
Ebeam

Xray
Ready

Ebeam
Ready

Beam
Delivered

BB

EnterEnter

EX

UpUp

UpUp

beh(M) ≡ {

M

⟨⟩, 
⟨X⟩,⟨E⟩, 
⟨X, Enter⟩,

⟨X, Enter, B⟩, 
⟨E, Enter⟩…

}
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Robustness: Behavioral View

M k E |= P
<latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit>

E0
<latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit>

LTS Safety 
property

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

Traces 
(not in E)

Key Idea: Represent & compute  as tracesδ

LTS

E with additional 
behaviors ( )δ
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Robustness: Behavioral View

M k E |= P
<latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit>

E0
<latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit>

LTS Safety 
property

LTS

Robustness  
The largest set of possible deviations under 
which the system can ensure property P

Δ(M, E, P)
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<latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ni65OG6bUNjOXJczJPOFyyT+UHE=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjVLAPaIeSSe+0oZnMkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nypS05PvfXmlre2d3r7xfOageHh3XTqptm+ZGYEukKjXdiFtUUmOLJCnsZgZ5EinsRJO7ed55RmNlqp9ommGY8JGWsRScnNV7YP2MG64UqkGt7jf8hdgmBCuow0rNQe2rP0xFnqAmobi1vcDPKCy4ISkUzir93GLGxYSPsOdQ8wRtWCxGnrEL5wxZnBp3NLGF+/tFwRNrp0nkbiacxnY9m5v/Zb2c4puwkDrLCbVYfhTnilHK5vuzoTQoSE0dcGGkm5WJsatAkGup4koI1lfehPZVI/AbwaMPZTiDc7iEAK7hFu6hCS0QkMILvMG7R96r97Gsq+StejuFP/I+fwCnA4+h</latexit><latexit sha1_base64="Ni65OG6bUNjOXJczJPOFyyT+UHE=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjVLAPaIeSSe+0oZnMkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nypS05PvfXmlre2d3r7xfOageHh3XTqptm+ZGYEukKjXdiFtUUmOLJCnsZgZ5EinsRJO7ed55RmNlqp9ommGY8JGWsRScnNV7YP2MG64UqkGt7jf8hdgmBCuow0rNQe2rP0xFnqAmobi1vcDPKCy4ISkUzir93GLGxYSPsOdQ8wRtWCxGnrEL5wxZnBp3NLGF+/tFwRNrp0nkbiacxnY9m5v/Zb2c4puwkDrLCbVYfhTnilHK5vuzoTQoSE0dcGGkm5WJsatAkGup4koI1lfehPZVI/AbwaMPZTiDc7iEAK7hFu6hCS0QkMILvMG7R96r97Gsq+StejuFP/I+fwCnA4+h</latexit><latexit sha1_base64="M5isnqXKIxvRlDXqas2j33KztF4=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAza2AgRTAwkR9jb7CVL9naP3TkhHPkZNhaK2Ppr7Pw3bpIrNPHBwOO9GWbmRakUFn3/2yutrW9sbpW3Kzu7e/sH1cOjttWZYbzFtNSmE1HLpVC8hQIl76SG0ySS/DEa38z8xydurNDqAScpDxM6VCIWjKKTunekl1JDpeSyX635dX8OskqCgtSgQLNf/eoNNMsSrpBJam038FMMc2pQMMmnlV5meUrZmA5511FFE27DfH7ylJw5ZUBibVwpJHP190ROE2snSeQ6E4oju+zNxP+8bobxVZgLlWbIFVssijNJUJPZ/2QgDGcoJ45QZoS7lbCRi4ChS6niQgiWX14l7Yt64NeDe7/WuC7iKMMJnMI5BHAJDbiFJrSAgYZneIU3D70X7937WLSWvGLmGP7A+/wB5LOQ+g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit>

|= P
<latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit><latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit><latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit><latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit>



Example: Therac-25
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Radiation Modes in Therac-25

Low power
Wide area

High power
Narrow area

High power
Wide area

Electron (“Ebeam”) and X-ray modes 
Insert collimator during X-ray for safe radiation level
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Safety Hazard

Low power
Wide area

High power
Narrow area

High power
Wide area

X-ray mode & collimator out → Possible overdose! 
Caused several fatal injuries in Therac-25
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Establishing Safety Property

M k E |= P
<latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit>

Operator task 
description

Safety property 
“No radiation 

overdose”
Software model 

(interface + controller)
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P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="tnntUTxXcxOWd0f4qj9iCThv/j4=">AAAB3XicbVDLSgNBEOyNrxijRq9eBoPgKex60aPgxWMC5gHJIrOT3mTM7Owy0yuEJV/gxYMi/pY3/8bJ46CJBQ1FVTfdXVGmpCXf//ZKW9s7u3vl/cpB9fDouHZS7dg0NwLbIlWp6UXcopIa2yRJYS8zyJNIYTea3M397jMaK1P9QNMMw4SPtIyl4OSkVvOxVvcb/gJskwQrUocVXP/XYJiKPEFNQnFr+4GfUVhwQ1IonFUGucWMiwkfYd9RzRO0YbE4dMYunDJkcWpcaWIL9fdEwRNrp0nkOhNOY7vuzcX/vH5O8U1YSJ3lhFosF8W5YpSy+ddsKA0KUlNHuDDS3crEmBsuyGVTcSEE6y9vks5VI/AbQcuHMpzBOVxCANdwC/fQhDYIQHiBN3j3nrxX72MZV8lb5XYKf+B9/gCWq4uB</latexit><latexit sha1_base64="tnntUTxXcxOWd0f4qj9iCThv/j4=">AAAB3XicbVDLSgNBEOyNrxijRq9eBoPgKex60aPgxWMC5gHJIrOT3mTM7Owy0yuEJV/gxYMi/pY3/8bJ46CJBQ1FVTfdXVGmpCXf//ZKW9s7u3vl/cpB9fDouHZS7dg0NwLbIlWp6UXcopIa2yRJYS8zyJNIYTea3M397jMaK1P9QNMMw4SPtIyl4OSkVvOxVvcb/gJskwQrUocVXP/XYJiKPEFNQnFr+4GfUVhwQ1IonFUGucWMiwkfYd9RzRO0YbE4dMYunDJkcWpcaWIL9fdEwRNrp0nkOhNOY7vuzcX/vH5O8U1YSJ3lhFosF8W5YpSy+ddsKA0KUlNHuDDS3crEmBsuyGVTcSEE6y9vks5VI/AbQcuHMpzBOVxCANdwC/fQhDYIQHiBN3j3nrxX72MZV8lb5XYKf+B9/gCWq4uB</latexit><latexit sha1_base64="zyXpCCiK0ADvkcXWZY6rXaxOJ6Y=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclYwbXRbduGzBPqAdJJPeaWMzmSHJCGXoF7hxoYhbP8mdf2PazkJbDwQO55xL7j1hKoWxlH57a+sbm1vbpZ3y7t7+wWHl6LhtkkxzbPFEJrobMoNSKGxZYSV2U40sDiV2wvHtzO88oTYiUfd2kmIQs6ESkeDMOqnZeKhUaY3OQVaJX5AqFHD5r/4g4VmMynLJjOn5NLVBzrQVXOK03M8MpoyP2RB7jioWowny+aJTcu6UAYkS7Z6yZK7+nshZbMwkDl0yZnZklr2Z+J/Xy2x0HeRCpZlFxRcfRZkkNiGzq8lAaORWThxhXAu3K+Ejphm3rpuyK8FfPnmVtC9rPq35TVqt3xR1lOAUzuACfLiCOtxBA1rAAeEZXuHNe/RevHfvYxFd84qZE/gD7/MHqFmM0A==</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

Labeled transition systems
Safety property

27



Therac-25 Design

M = MI k MB k MS
<latexit sha1_base64="+BZAGi7Cw1RIgU6yMAVwlnMo+SI=">AAACDHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIseAhHNA5IlzE56kyGzD2ZmhRDyAV78FS8eFPHqB3jzb5wkezCJBQPVVd30dHmx4Erb9o+VWVldW9/Ibua2tnd29/L7B3UVJZJhjUUikk2PKhQ8xJrmWmAzlkgDT2DDG1xP/MYjSsWj8EEPY3QD2gu5zxnVRurkCxVyRSqdW9KOqaRCoDBVea66N1120Z6CLBMnJQVIUe3kv9vdiCUBhpoJqlTLsWPtjqjUnAkc59qJwpiyAe1hy9CQBqjc0fSYMTkxSpf4kTQv1GSq/p0Y0UCpYeCZzoDqvlr0JuJ/XivR/qU74mGcaAzZbJGfCKIjMkmGdLlEpsXQEMokN38lrG9iYNrklzMhOIsnL5P6WdEx/O68UCqncWThCI7hFBy4gBLcQBVqwOAJXuAN3q1n69X6sD5nrRkrnTmEOVhfv7r8mYc=</latexit><latexit sha1_base64="+BZAGi7Cw1RIgU6yMAVwlnMo+SI=">AAACDHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIseAhHNA5IlzE56kyGzD2ZmhRDyAV78FS8eFPHqB3jzb5wkezCJBQPVVd30dHmx4Erb9o+VWVldW9/Ibua2tnd29/L7B3UVJZJhjUUikk2PKhQ8xJrmWmAzlkgDT2DDG1xP/MYjSsWj8EEPY3QD2gu5zxnVRurkCxVyRSqdW9KOqaRCoDBVea66N1120Z6CLBMnJQVIUe3kv9vdiCUBhpoJqlTLsWPtjqjUnAkc59qJwpiyAe1hy9CQBqjc0fSYMTkxSpf4kTQv1GSq/p0Y0UCpYeCZzoDqvlr0JuJ/XivR/qU74mGcaAzZbJGfCKIjMkmGdLlEpsXQEMokN38lrG9iYNrklzMhOIsnL5P6WdEx/O68UCqncWThCI7hFBy4gBLcQBVqwOAJXuAN3q1n69X6sD5nrRkrnTmEOVhfv7r8mYc=</latexit><latexit sha1_base64="+BZAGi7Cw1RIgU6yMAVwlnMo+SI=">AAACDHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIseAhHNA5IlzE56kyGzD2ZmhRDyAV78FS8eFPHqB3jzb5wkezCJBQPVVd30dHmx4Erb9o+VWVldW9/Ibua2tnd29/L7B3UVJZJhjUUikk2PKhQ8xJrmWmAzlkgDT2DDG1xP/MYjSsWj8EEPY3QD2gu5zxnVRurkCxVyRSqdW9KOqaRCoDBVea66N1120Z6CLBMnJQVIUe3kv9vdiCUBhpoJqlTLsWPtjqjUnAkc59qJwpiyAe1hy9CQBqjc0fSYMTkxSpf4kTQv1GSq/p0Y0UCpYeCZzoDqvlr0JuJ/XivR/qU74mGcaAzZbJGfCKIjMkmGdLlEpsXQEMokN38lrG9iYNrklzMhOIsnL5P6WdEx/O68UCqncWThCI7hFBy4gBLcQBVqwOAJXuAN3q1n69X6sD5nrRkrnTmEOVhfv7r8mYc=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="J+gjV8xver/PjAsw9wjYBK5vm+o=">AAACAXicbZDLSgMxFIbP1FutVatbN8EiuCozbnQjiG50UahoL9AOJZOeaUMzmSHJCGXoA7jxVdy4UMSXcOfbmF4WtvWHwHf+c0Jy/iARXBvX/XFya+sbm1v57cJOcXdvv3RQbOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDPpN59QaR7LRzNK0I9oX/KQM2qs1S2Vq+SSVLt3pJNQRYVAYavrherBTrkVdyqyCt4cyjBXrVv67vRilkYoDRNU67bnJsbPqDKcCRwXOqnGhLIh7WPboqQRaj+bLjMmJ9bpkTBW9khDpu7fGxmNtB5FgZ2MqBno5d7E/K/XTk144WdcJqlByWYPhakgJiaTZEiPK2RGjCxQprj9K2EDGwMzNr+CDcFbXnkVGmcVz/K9C3k4gmM4BQ/O4QpuoQZ1YPAMr/AOH86L8+Z8zuLKOfPcDmFBztcvItWYEA==</latexit><latexit sha1_base64="J+gjV8xver/PjAsw9wjYBK5vm+o=">AAACAXicbZDLSgMxFIbP1FutVatbN8EiuCozbnQjiG50UahoL9AOJZOeaUMzmSHJCGXoA7jxVdy4UMSXcOfbmF4WtvWHwHf+c0Jy/iARXBvX/XFya+sbm1v57cJOcXdvv3RQbOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDPpN59QaR7LRzNK0I9oX/KQM2qs1S2Vq+SSVLt3pJNQRYVAYavrherBTrkVdyqyCt4cyjBXrVv67vRilkYoDRNU67bnJsbPqDKcCRwXOqnGhLIh7WPboqQRaj+bLjMmJ9bpkTBW9khDpu7fGxmNtB5FgZ2MqBno5d7E/K/XTk144WdcJqlByWYPhakgJiaTZEiPK2RGjCxQprj9K2EDGwMzNr+CDcFbXnkVGmcVz/K9C3k4gmM4BQ/O4QpuoQZ1YPAMr/AOH86L8+Z8zuLKOfPcDmFBztcvItWYEA==</latexit><latexit sha1_base64="VgMIqmIfFtpolqIMrSffeKyLyNY=">AAACDHicbVC7SgNBFL3rM8ZX1NJmMAhWYddGGyHERotARPOAZAmzk7vJkNkHM7NCWPIBNv6KjYUitn6AnX/jJNnCJB4YOPece7lzjxcLrrRt/1grq2vrG5u5rfz2zu7efuHgsKGiRDKss0hEsuVRhYKHWNdcC2zFEmngCWx6w+uJ33xEqXgUPuhRjG5A+yH3OaPaSN1CsUquSLV7SzoxlVQIFKaqzFX3pssu2VOQZeJkpAgZat3Cd6cXsSTAUDNBlWo7dqzdlErNmcBxvpMojCkb0j62DQ1pgMpNp8eMyalResSPpHmhJlP170RKA6VGgWc6A6oHatGbiP957UT7l27KwzjRGLLZIj8RREdkkgzpcYlMi5EhlElu/krYwMTAtMkvb0JwFk9eJo3zkmP4nV0sV7I4cnAMJ3AGDlxAGW6gBnVg8AQv8Abv1rP1an1Yn7PWFSubOYI5WF+/ubyZgw==</latexit><latexit sha1_base64="+BZAGi7Cw1RIgU6yMAVwlnMo+SI=">AAACDHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIseAhHNA5IlzE56kyGzD2ZmhRDyAV78FS8eFPHqB3jzb5wkezCJBQPVVd30dHmx4Erb9o+VWVldW9/Ibua2tnd29/L7B3UVJZJhjUUikk2PKhQ8xJrmWmAzlkgDT2DDG1xP/MYjSsWj8EEPY3QD2gu5zxnVRurkCxVyRSqdW9KOqaRCoDBVea66N1120Z6CLBMnJQVIUe3kv9vdiCUBhpoJqlTLsWPtjqjUnAkc59qJwpiyAe1hy9CQBqjc0fSYMTkxSpf4kTQv1GSq/p0Y0UCpYeCZzoDqvlr0JuJ/XivR/qU74mGcaAzZbJGfCKIjMkmGdLlEpsXQEMokN38lrG9iYNrklzMhOIsnL5P6WdEx/O68UCqncWThCI7hFBy4gBLcQBVqwOAJXuAN3q1n69X6sD5nrRkrnTmEOVhfv7r8mYc=</latexit><latexit sha1_base64="+BZAGi7Cw1RIgU6yMAVwlnMo+SI=">AAACDHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIseAhHNA5IlzE56kyGzD2ZmhRDyAV78FS8eFPHqB3jzb5wkezCJBQPVVd30dHmx4Erb9o+VWVldW9/Ibua2tnd29/L7B3UVJZJhjUUikk2PKhQ8xJrmWmAzlkgDT2DDG1xP/MYjSsWj8EEPY3QD2gu5zxnVRurkCxVyRSqdW9KOqaRCoDBVea66N1120Z6CLBMnJQVIUe3kv9vdiCUBhpoJqlTLsWPtjqjUnAkc59qJwpiyAe1hy9CQBqjc0fSYMTkxSpf4kTQv1GSq/p0Y0UCpYeCZzoDqvlr0JuJ/XivR/qU74mGcaAzZbJGfCKIjMkmGdLlEpsXQEMokN38lrG9iYNrklzMhOIsnL5P6WdEx/O68UCqncWThCI7hFBy4gBLcQBVqwOAJXuAN3q1n69X6sD5nrRkrnTmEOVhfv7r8mYc=</latexit><latexit sha1_base64="+BZAGi7Cw1RIgU6yMAVwlnMo+SI=">AAACDHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIseAhHNA5IlzE56kyGzD2ZmhRDyAV78FS8eFPHqB3jzb5wkezCJBQPVVd30dHmx4Erb9o+VWVldW9/Ibua2tnd29/L7B3UVJZJhjUUikk2PKhQ8xJrmWmAzlkgDT2DDG1xP/MYjSsWj8EEPY3QD2gu5zxnVRurkCxVyRSqdW9KOqaRCoDBVea66N1120Z6CLBMnJQVIUe3kv9vdiCUBhpoJqlTLsWPtjqjUnAkc59qJwpiyAe1hy9CQBqjc0fSYMTkxSpf4kTQv1GSq/p0Y0UCpYeCZzoDqvlr0JuJ/XivR/qU74mGcaAzZbJGfCKIjMkmGdLlEpsXQEMokN38lrG9iYNrklzMhOIsnL5P6WdEx/O68UCqncWThCI7hFBy4gBLcQBVqwOAJXuAN3q1n69X6sD5nrRkrnTmEOVhfv7r8mYc=</latexit><latexit sha1_base64="+BZAGi7Cw1RIgU6yMAVwlnMo+SI=">AAACDHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIseAhHNA5IlzE56kyGzD2ZmhRDyAV78FS8eFPHqB3jzb5wkezCJBQPVVd30dHmx4Erb9o+VWVldW9/Ibua2tnd29/L7B3UVJZJhjUUikk2PKhQ8xJrmWmAzlkgDT2DDG1xP/MYjSsWj8EEPY3QD2gu5zxnVRurkCxVyRSqdW9KOqaRCoDBVea66N1120Z6CLBMnJQVIUe3kv9vdiCUBhpoJqlTLsWPtjqjUnAkc59qJwpiyAe1hy9CQBqjc0fSYMTkxSpf4kTQv1GSq/p0Y0UCpYeCZzoDqvlr0JuJ/XivR/qU74mGcaAzZbJGfCKIjMkmGdLlEpsXQEMokN38lrG9iYNrklzMhOIsnL5P6WdEx/O68UCqncWThCI7hFBy4gBLcQBVqwOAJXuAN3q1n69X6sD5nrRkrnTmEOVhfv7r8mYc=</latexit><latexit sha1_base64="+BZAGi7Cw1RIgU6yMAVwlnMo+SI=">AAACDHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIseAhHNA5IlzE56kyGzD2ZmhRDyAV78FS8eFPHqB3jzb5wkezCJBQPVVd30dHmx4Erb9o+VWVldW9/Ibua2tnd29/L7B3UVJZJhjUUikk2PKhQ8xJrmWmAzlkgDT2DDG1xP/MYjSsWj8EEPY3QD2gu5zxnVRurkCxVyRSqdW9KOqaRCoDBVea66N1120Z6CLBMnJQVIUe3kv9vdiCUBhpoJqlTLsWPtjqjUnAkc59qJwpiyAe1hy9CQBqjc0fSYMTkxSpf4kTQv1GSq/p0Y0UCpYeCZzoDqvlr0JuJ/XivR/qU74mGcaAzZbJGfCKIjMkmGdLlEpsXQEMokN38lrG9iYNrklzMhOIsnL5P6WdEx/O68UCqncWThCI7hFBy4gBLcQBVqwOAJXuAN3q1n69X6sD5nrRkrnTmEOVhfv7r8mYc=</latexit><latexit sha1_base64="+BZAGi7Cw1RIgU6yMAVwlnMo+SI=">AAACDHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchxIseAhHNA5IlzE56kyGzD2ZmhRDyAV78FS8eFPHqB3jzb5wkezCJBQPVVd30dHmx4Erb9o+VWVldW9/Ibua2tnd29/L7B3UVJZJhjUUikk2PKhQ8xJrmWmAzlkgDT2DDG1xP/MYjSsWj8EEPY3QD2gu5zxnVRurkCxVyRSqdW9KOqaRCoDBVea66N1120Z6CLBMnJQVIUe3kv9vdiCUBhpoJqlTLsWPtjqjUnAkc59qJwpiyAe1hy9CQBqjc0fSYMTkxSpf4kTQv1GSq/p0Y0UCpYeCZzoDqvlr0JuJ/XivR/qU74mGcaAzZbJGfCKIjMkmGdLlEpsXQEMokN38lrG9iYNrklzMhOIsnL5P6WdEx/O68UCqncWThCI7hFBy4gBLcQBVqwOAJXuAN3q1n69X6sD5nrRkrnTmEOVhfv7r8mYc=</latexit>
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Modeling Operator Behavior

Captures expected sequences of 
users actions

Typically specified in a training 
manual or user instructions 

Possible traces in : 
⟨X, Enter, B⟩ 
⟨E, Enter, B⟩
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Establishing Safety Property

M k E |= P
<latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit>

Operator 
behavior

Safety property 
e.g., “No overdose”

Software 
Model

Under “expected” operator behavior, 
system satisfies the safety property!
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Deviations
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Operator Error

“…[Therapist] noticed that for mode she had 
typed "x" (for X ray) when she had intended 
"e" (for electron)…the mistake was easy to fix; 
she merely used the cursor up key to edit the 
mode entry.”

An Investigation of the Therac-25 Accidents 
Leveson & Turner, IEEE Computer, 1993
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Modeling Operator Error

Select
Mode

Confirm
Mode

FireBeam

Task
Complete

X E

Enter

B

Up

Erroneous operator ( )E′￼
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What if the operator commits an error? 
1. Selects X-ray mode by mistake 
2. Realizes error, presses UP to go back 
3. Selects Ebeam mode and proceeds 
4. Collimator is removed for Ebeam 
5. When user fires, radiation setting may 
be in transition from X-ray to Ebeam 
6. Safety violation!



Deviation as Additional Behavior

⟨X, Enter, B⟩

⟨X, Up, E, Enter, B⟩

A new trace (deviation) absent in E

Select
Mode

Confirm
Mode

FireBeam

Task
Complete

X E

Enter

B

Up

Erroneous operator ( )E′￼
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System under Deviated Environment

M k E |= P
<latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit>

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

Erroneous 
operator

Perfect 
operator

Operator 
mistake

E0
<latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit>

M k
<latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ni65OG6bUNjOXJczJPOFyyT+UHE=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjVLAPaIeSSe+0oZnMkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nypS05PvfXmlre2d3r7xfOageHh3XTqptm+ZGYEukKjXdiFtUUmOLJCnsZgZ5EinsRJO7ed55RmNlqp9ommGY8JGWsRScnNV7YP2MG64UqkGt7jf8hdgmBCuow0rNQe2rP0xFnqAmobi1vcDPKCy4ISkUzir93GLGxYSPsOdQ8wRtWCxGnrEL5wxZnBp3NLGF+/tFwRNrp0nkbiacxnY9m5v/Zb2c4puwkDrLCbVYfhTnilHK5vuzoTQoSE0dcGGkm5WJsatAkGup4koI1lfehPZVI/AbwaMPZTiDc7iEAK7hFu6hCS0QkMILvMG7R96r97Gsq+StejuFP/I+fwCnA4+h</latexit><latexit sha1_base64="Ni65OG6bUNjOXJczJPOFyyT+UHE=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjVLAPaIeSSe+0oZnMkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nypS05PvfXmlre2d3r7xfOageHh3XTqptm+ZGYEukKjXdiFtUUmOLJCnsZgZ5EinsRJO7ed55RmNlqp9ommGY8JGWsRScnNV7YP2MG64UqkGt7jf8hdgmBCuow0rNQe2rP0xFnqAmobi1vcDPKCy4ISkUzir93GLGxYSPsOdQ8wRtWCxGnrEL5wxZnBp3NLGF+/tFwRNrp0nkbiacxnY9m5v/Zb2c4puwkDrLCbVYfhTnilHK5vuzoTQoSE0dcGGkm5WJsatAkGup4koI1lfehPZVI/AbwaMPZTiDc7iEAK7hFu6hCS0QkMILvMG7R96r97Gsq+StejuFP/I+fwCnA4+h</latexit><latexit sha1_base64="M5isnqXKIxvRlDXqas2j33KztF4=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAza2AgRTAwkR9jb7CVL9naP3TkhHPkZNhaK2Ppr7Pw3bpIrNPHBwOO9GWbmRakUFn3/2yutrW9sbpW3Kzu7e/sH1cOjttWZYbzFtNSmE1HLpVC8hQIl76SG0ySS/DEa38z8xydurNDqAScpDxM6VCIWjKKTunekl1JDpeSyX635dX8OskqCgtSgQLNf/eoNNMsSrpBJam038FMMc2pQMMmnlV5meUrZmA5511FFE27DfH7ylJw5ZUBibVwpJHP190ROE2snSeQ6E4oju+zNxP+8bobxVZgLlWbIFVssijNJUJPZ/2QgDGcoJ45QZoS7lbCRi4ChS6niQgiWX14l7Yt64NeDe7/WuC7iKMMJnMI5BHAJDbiFJrSAgYZneIU3D70X7937WLSWvGLmGP7A+/wB5LOQ+g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit>

35

|= P
<latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit><latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit><latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit><latexit sha1_base64="0HOA2dVWSWtzis5pi5Yz0zuI328=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUg7SCZzpw1NMkOSEUrpV7hxoYhbP8edf2PazkJbDwQO55xL7j1RJrixvv/trayurW9slrbK2zu7e/uVg8OWSXPNsMlSkepORA0KrrBpuRXYyTRSGQlsR8Obqd9+Qm14qu7tKMNQ0r7iCWfUOumhJ9MYhSGNx0rVr/kzkGUSFKQKBVz+qxenLJeoLBPUmG7gZzYcU205Ezgp93KDGWVD2seuo4pKNOF4tvCEnDolJkmq3VOWzNTfE2MqjRnJyCUltQOz6E3F/7xubpOrcMxVlltUbP5RkgtiUzK9nsRcI7Ni5AhlmrtdCRtQTZl1HZVdCcHiycukdV4L/Fpwd1GtXxd1lOAYTuAMAriEOtxCA5rAQMIzvMKbp70X7937mEdXvGLmCP7A+/wBa5KQJA==</latexit>

?
<latexit sha1_base64="ADiZDk2JZIfZeqlGwCbSoPIZGsY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRm0YvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxnezevsJleaxfDCTBP2IDiUPOaPGWo2bfrniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvM4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDj9eMww==</latexit><latexit sha1_base64="ADiZDk2JZIfZeqlGwCbSoPIZGsY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRm0YvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxnezevsJleaxfDCTBP2IDiUPOaPGWo2bfrniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvM4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDj9eMww==</latexit><latexit sha1_base64="ADiZDk2JZIfZeqlGwCbSoPIZGsY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRm0YvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxnezevsJleaxfDCTBP2IDiUPOaPGWo2bfrniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvM4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDj9eMww==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="MfUg4UVpJl8DOFyshtAbn5l/3hQ=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnSn4MZlC/YB7VAy6Z02NpMZkjtCKf0Fblwo4t9y578xfSy09UDg45yE3HuiTElLvv/tFba2d3b3ivulg/Lh0XHlpNyyaW4ENkWqUtOJuEUlNTZJksJOZpAnkcJ2NL6f5+1nNFam+pEmGYYJH2oZS8HJWY3bfqXq1/yF2CYEK6jCSvV+5as3SEWeoCahuLXdwM8onHJDUiiclXq5xYyLMR9i16HmCdpwuhh0xi6cM2BxatzRxBbu7xdTnlg7SSJ3M+E0suvZ3Pwv6+YU34RTqbOcUIvlR3GuGKVsvjUbSIOC1MQBF0a6WZkYccMFuW5KroRgfeVNaF3VAscNH4pwBudwCQFcwx08QB2aIADhBd7g3XvyXr2PZV0Fb9XbKfyR9/kDfaSLcA==</latexit><latexit sha1_base64="MfUg4UVpJl8DOFyshtAbn5l/3hQ=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnSn4MZlC/YB7VAy6Z02NpMZkjtCKf0Fblwo4t9y578xfSy09UDg45yE3HuiTElLvv/tFba2d3b3ivulg/Lh0XHlpNyyaW4ENkWqUtOJuEUlNTZJksJOZpAnkcJ2NL6f5+1nNFam+pEmGYYJH2oZS8HJWY3bfqXq1/yF2CYEK6jCSvV+5as3SEWeoCahuLXdwM8onHJDUiiclXq5xYyLMR9i16HmCdpwuhh0xi6cM2BxatzRxBbu7xdTnlg7SSJ3M+E0suvZ3Pwv6+YU34RTqbOcUIvlR3GuGKVsvjUbSIOC1MQBF0a6WZkYccMFuW5KroRgfeVNaF3VAscNH4pwBudwCQFcwx08QB2aIADhBd7g3XvyXr2PZV0Fb9XbKfyR9/kDfaSLcA==</latexit><latexit sha1_base64="ojGw3U+HDcVT6gtT28nRVs7eoP4=">AAAB6HicbZA9TwJBEIbn8AvxC7W02UhMrMidjXQSbSwhkY8ELmRvmYOVvb3L7p4JufALbCw0xtafZOe/cYErFHyTTZ68M5OdeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs2bQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmrPkZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluupX6bR5HEc7gHC7Bg2uowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AjpeMvw==</latexit><latexit sha1_base64="ADiZDk2JZIfZeqlGwCbSoPIZGsY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRm0YvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxnezevsJleaxfDCTBP2IDiUPOaPGWo2bfrniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvM4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDj9eMww==</latexit><latexit sha1_base64="ADiZDk2JZIfZeqlGwCbSoPIZGsY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRm0YvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxnezevsJleaxfDCTBP2IDiUPOaPGWo2bfrniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvM4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDj9eMww==</latexit><latexit sha1_base64="ADiZDk2JZIfZeqlGwCbSoPIZGsY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRm0YvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxnezevsJleaxfDCTBP2IDiUPOaPGWo2bfrniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvM4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDj9eMww==</latexit><latexit sha1_base64="ADiZDk2JZIfZeqlGwCbSoPIZGsY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRm0YvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxnezevsJleaxfDCTBP2IDiUPOaPGWo2bfrniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvM4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDj9eMww==</latexit><latexit sha1_base64="ADiZDk2JZIfZeqlGwCbSoPIZGsY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRm0YvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxnezevsJleaxfDCTBP2IDiUPOaPGWo2bfrniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvM4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDj9eMww==</latexit><latexit sha1_base64="ADiZDk2JZIfZeqlGwCbSoPIZGsY=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRm0YvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxnezevsJleaxfDCTBP2IDiUPOaPGWo2bfrniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvM4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDj9eMww==</latexit>



Safety Violation

What if the operator commits an error? 
1. Selects X-ray mode by mistake 
2. Realizes error, presses UP to go back 
3. Selects Ebeam mode and proceeds 
4. Collimator is removed for Ebeam 
5. When user fires, radiation setting is still 
transitioning from X-ray to Ebeam 
6. Safety violation!
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System under Deviated Environment
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�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

Erroneous 
operator

Perfect 
operator

Operator 
mistake

E0
<latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit>

M k
<latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ni65OG6bUNjOXJczJPOFyyT+UHE=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjVLAPaIeSSe+0oZnMkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nypS05PvfXmlre2d3r7xfOageHh3XTqptm+ZGYEukKjXdiFtUUmOLJCnsZgZ5EinsRJO7ed55RmNlqp9ommGY8JGWsRScnNV7YP2MG64UqkGt7jf8hdgmBCuow0rNQe2rP0xFnqAmobi1vcDPKCy4ISkUzir93GLGxYSPsOdQ8wRtWCxGnrEL5wxZnBp3NLGF+/tFwRNrp0nkbiacxnY9m5v/Zb2c4puwkDrLCbVYfhTnilHK5vuzoTQoSE0dcGGkm5WJsatAkGup4koI1lfehPZVI/AbwaMPZTiDc7iEAK7hFu6hCS0QkMILvMG7R96r97Gsq+StejuFP/I+fwCnA4+h</latexit><latexit sha1_base64="Ni65OG6bUNjOXJczJPOFyyT+UHE=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjVLAPaIeSSe+0oZnMkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nypS05PvfXmlre2d3r7xfOageHh3XTqptm+ZGYEukKjXdiFtUUmOLJCnsZgZ5EinsRJO7ed55RmNlqp9ommGY8JGWsRScnNV7YP2MG64UqkGt7jf8hdgmBCuow0rNQe2rP0xFnqAmobi1vcDPKCy4ISkUzir93GLGxYSPsOdQ8wRtWCxGnrEL5wxZnBp3NLGF+/tFwRNrp0nkbiacxnY9m5v/Zb2c4puwkDrLCbVYfhTnilHK5vuzoTQoSE0dcGGkm5WJsatAkGup4koI1lfehPZVI/AbwaMPZTiDc7iEAK7hFu6hCS0QkMILvMG7R96r97Gsq+StejuFP/I+fwCnA4+h</latexit><latexit sha1_base64="M5isnqXKIxvRlDXqas2j33KztF4=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAza2AgRTAwkR9jb7CVL9naP3TkhHPkZNhaK2Ppr7Pw3bpIrNPHBwOO9GWbmRakUFn3/2yutrW9sbpW3Kzu7e/sH1cOjttWZYbzFtNSmE1HLpVC8hQIl76SG0ySS/DEa38z8xydurNDqAScpDxM6VCIWjKKTunekl1JDpeSyX635dX8OskqCgtSgQLNf/eoNNMsSrpBJam038FMMc2pQMMmnlV5meUrZmA5511FFE27DfH7ylJw5ZUBibVwpJHP190ROE2snSeQ6E4oju+zNxP+8bobxVZgLlWbIFVssijNJUJPZ/2QgDGcoJ45QZoS7lbCRi4ChS6niQgiWX14l7Yt64NeDe7/WuC7iKMMJnMI5BHAJDbiFJrSAgYZneIU3D70X7937WLSWvGLmGP7A+/wB5LOQ+g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit>

6|=
<latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="P5cQIPdIZMBi+uJmkfaJe+Akg/I=">AAAB53icbZBLS8NAFIVv6qvWqtWtm2ARXJXEjS4FNy4r2FZIQplMJu3QeYSZG6GE/gw3LhTxH7nz3zh9LLT1wMDHOTPMvSctBLcYBN9ebWt7Z3evvt84aB4eHbdOmn2rS0NZj2qhzVNKLBNcsR5yFOypMIzIVLBBOrmb54NnZizX6hGnBUskGSmec0rQWVGsNMZSZ0zYYasddIKF/E0IV9CGlbrD1lecaVpKppAKYm0UBgUmFTHIqWCzRlxaVhA6ISMWOVREMptUi5Fn/oVzMj/Xxh2F/sL9/aIi0tqpTN1NSXBs17O5+V8WlZjfJBVXRYlM0eVHeSl81P58fz/jhlEUUweEGu5m9emYGELRtdRwJYTrK29C/6oTBp3wIYA6nME5XEII13AL99CFHlDQ8AJv8O6h9+p9LOuqeaveTuGPvM8fWjuQGA==</latexit><latexit sha1_base64="P5cQIPdIZMBi+uJmkfaJe+Akg/I=">AAAB53icbZBLS8NAFIVv6qvWqtWtm2ARXJXEjS4FNy4r2FZIQplMJu3QeYSZG6GE/gw3LhTxH7nz3zh9LLT1wMDHOTPMvSctBLcYBN9ebWt7Z3evvt84aB4eHbdOmn2rS0NZj2qhzVNKLBNcsR5yFOypMIzIVLBBOrmb54NnZizX6hGnBUskGSmec0rQWVGsNMZSZ0zYYasddIKF/E0IV9CGlbrD1lecaVpKppAKYm0UBgUmFTHIqWCzRlxaVhA6ISMWOVREMptUi5Fn/oVzMj/Xxh2F/sL9/aIi0tqpTN1NSXBs17O5+V8WlZjfJBVXRYlM0eVHeSl81P58fz/jhlEUUweEGu5m9emYGELRtdRwJYTrK29C/6oTBp3wIYA6nME5XEII13AL99CFHlDQ8AJv8O6h9+p9LOuqeaveTuGPvM8fWjuQGA==</latexit><latexit sha1_base64="kOMz7RVy+GKwh/Bi+H1SKPuTtQQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKex60WPQi8cI5gHZJczOziZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFmeAWfP/bq2xsbm3vVHdre/sHh0f145Ou1bmhrEO10KYfE8sEV6wDHATrZ4YRGQvWiyd3c7/3xIzlWj3CNGORJCPFU04JOGkQKg2h1AkTdlhv+E1/AbxOgpI0UIn2sP4VJprmkimgglg7CPwMooIY4FSwWS3MLcsInZARGziqiGQ2KhYnz/CFUxKcauNKAV6ovycKIq2dyth1SgJju+rNxf+8QQ7pTVRwleXAFF0uSnOBQeP5/zjhhlEQU0cINdzdiumYGELBpVRzIQSrL6+T7lUz8JvBg99o3ZZxVNEZOkeXKEDXqIXuURt1EEUaPaNX9OaB9+K9ex/L1opXzpyiP/A+fwCdCJFx</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

System is not robust; i.e., fails to be 
safe under the deviated environment!
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Robustness: Another View

: Radiation therapy system 
: Operator behavior 
: “No overdose” 
: Interface events 
: All possible traces over 

M
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<latexit sha1_base64="ULLKzGqY2XSKnSjB7IkzwoGCs24=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO575Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qAODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QN5eI+V</latexit><latexit sha1_base64="ULLKzGqY2XSKnSjB7IkzwoGCs24=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO575Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qAODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QN5eI+V</latexit><latexit sha1_base64="ULLKzGqY2XSKnSjB7IkzwoGCs24=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO575Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qAODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QN5eI+V</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="2d/sGmHcqH/bdID+o1XJU1Jk+lY=">AAAB5HicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FN7qrYB/QDuVOmmlDM5kxuSOUoX/CjQtF/E3u/Demj4W2Hgh8nJOQe0+UKWnJ97+9jc2t7Z3d0l55v3JweFQ9rrRsmhsumjxVqelEaIWSWjRJkhKdzAhMIiXa0fh2lrefhbEy1Y80yUSY4FDLWHIkZ3V6qLIRsvt+tebX/bnYOgRLqMFSjX71qzdIeZ4ITVyhtd3Azygs0JDkSkzLvdyKDPkYh6LrUGMibFjM552yc+cMWJwadzSxufv7RYGJtZMkcjcTpJFdzWbmf1k3p/g6LKTOchKaLz6Kc8UoZbPl2UAawUlNHCA30s3K+AgNcnIVlV0JwerK69C6rAeOH3wowSmcwQUEcAU3cAcNaAIHBS/wBu/ek/fqfSzq2vCWvZ3AH3mfP0mBjjs=</latexit><latexit sha1_base64="2d/sGmHcqH/bdID+o1XJU1Jk+lY=">AAAB5HicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FN7qrYB/QDuVOmmlDM5kxuSOUoX/CjQtF/E3u/Demj4W2Hgh8nJOQe0+UKWnJ97+9jc2t7Z3d0l55v3JweFQ9rrRsmhsumjxVqelEaIWSWjRJkhKdzAhMIiXa0fh2lrefhbEy1Y80yUSY4FDLWHIkZ3V6qLIRsvt+tebX/bnYOgRLqMFSjX71qzdIeZ4ITVyhtd3Azygs0JDkSkzLvdyKDPkYh6LrUGMibFjM552yc+cMWJwadzSxufv7RYGJtZMkcjcTpJFdzWbmf1k3p/g6LKTOchKaLz6Kc8UoZbPl2UAawUlNHCA30s3K+AgNcnIVlV0JwerK69C6rAeOH3wowSmcwQUEcAU3cAcNaAIHBS/wBu/ek/fqfSzq2vCWvZ3AH3mfP0mBjjs=</latexit><latexit sha1_base64="KKTTMISqotozWEVFprEm5hF801w=">AAAB73icbZBNT8JAEIan+IX4hXr0spGYeCKtFz0SvegNEwsk0JDpsoUN223d3ZqQhj/hxYPGePXvePPfuEAPCr7JJk/emcnOvGEquDau++2U1tY3NrfK25Wd3b39g+rhUUsnmaLMp4lIVCdEzQSXzDfcCNZJFcM4FKwdjm9m9fYTU5on8sFMUhbEOJQ84hSNtTo9FOkIyV2/WnPr7lxkFbwCalCo2a9+9QYJzWImDRWodddzUxPkqAyngk0rvUyzFOkYh6xrUWLMdJDP952SM+sMSJQo+6Qhc/f3RI6x1pM4tJ0xmpFers3M/2rdzERXQc5lmhkm6eKjKBPEJGR2PBlwxagREwtIFbe7EjpChdTYiCo2BG/55FVoXdQ9y/durXFdxFGGEziFc/DgEhpwC03wgYKAZ3iFN+fReXHenY9Fa8kpZo7hj5zPH3g4j5E=</latexit><latexit sha1_base64="ULLKzGqY2XSKnSjB7IkzwoGCs24=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO575Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qAODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QN5eI+V</latexit><latexit sha1_base64="ULLKzGqY2XSKnSjB7IkzwoGCs24=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO575Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qAODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QN5eI+V</latexit><latexit sha1_base64="ULLKzGqY2XSKnSjB7IkzwoGCs24=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO575Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qAODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QN5eI+V</latexit><latexit sha1_base64="ULLKzGqY2XSKnSjB7IkzwoGCs24=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO575Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qAODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QN5eI+V</latexit><latexit sha1_base64="ULLKzGqY2XSKnSjB7IkzwoGCs24=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO575Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qAODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QN5eI+V</latexit><latexit sha1_base64="ULLKzGqY2XSKnSjB7IkzwoGCs24=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KK3CvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO575Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qAODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QN5eI+V</latexit>
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Robustness: Another View

All environmental behaviors  
accepted by system 
 
⟨X, Enter, B⟩ 
⟨E, Enter, B⟩ 
⟨X, Up, E, Enter, B⟩ 
⟨E, Up, X, Enter, B⟩...
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Robustness: Another View

Normative (i.e., expected) 
environment behavior 
⟨X, Enter, B⟩ 
⟨E, Enter, B⟩

System satisfies its property 
(“no overdose”) under these 
env. behaviors
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Robustness: Another View

System may or may not 
satisfy its property under 
these deviations 
 
⟨X, Up, E, Enter, B⟩ 
⟨E, Up, X, Enter, B⟩...
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Robustness: Another View

System may violate property 
under these behaviors 
(called intolerable deviations) 

⟨X, Up, E, Enter, B⟩
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Robustness: Defintion

Robustness  
System satisfies its property 
under these deviations 

⟨E, Up, X, Enter, B⟩...

�(M,E,P )
<latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit><latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit><latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit><latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit>

Robustness ( ) is a computable,  
first-class property of a system!

Δ
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Our definition enables new types of 
design analysis tasks
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Robust Software Design: Roadmap
Specification

Analysis Robustification

What does it mean for  
our system to be robust?

How do we improve 
its robustness?

How robust is our 
system?
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Satisfied

Verification Problem

Property   
(   )

Env. (   )E
<latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="E9/uIqE4IS2fQTAXiBRo7g5rXm8=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpiOCyBfuAdiiZ9E4bm8kMyR2hlP4CNy4U8W+589+YPhbaeiDwcU5C7j1RpqQl3//2ClvbO7t7xf3SQfnw6LhyUm7ZNDcCmyJVqelE3KKSGpskSWEnM8iTSGE7Gt/N8/YzGitT/UiTDMOED7WMpeDkrMZ9v1L1a/5CbBOCFVRhpXq/8tUbpCJPUJNQ3Npu4GcUTrkhKRTOSr3cYsbFmA+x61DzBG04XQw6YxfOGbA4Ne5oYgv394spT6ydJJG7mXAa2fVsbv6XdXOKb8Kp1FlOqMXyozhXjFI235oNpEFBauKACyPdrEyMuOGCXDclV0KwvvImtK5qgeOGD0U4g3O4hACu4RYeoA5NEIDwAm/w7j15r97Hsq6Ct+rtFP7I+/wBhnqLdg==</latexit><latexit sha1_base64="E9/uIqE4IS2fQTAXiBRo7g5rXm8=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpiOCyBfuAdiiZ9E4bm8kMyR2hlP4CNy4U8W+589+YPhbaeiDwcU5C7j1RpqQl3//2ClvbO7t7xf3SQfnw6LhyUm7ZNDcCmyJVqelE3KKSGpskSWEnM8iTSGE7Gt/N8/YzGitT/UiTDMOED7WMpeDkrMZ9v1L1a/5CbBOCFVRhpXq/8tUbpCJPUJNQ3Npu4GcUTrkhKRTOSr3cYsbFmA+x61DzBG04XQw6YxfOGbA4Ne5oYgv394spT6ydJJG7mXAa2fVsbv6XdXOKb8Kp1FlOqMXyozhXjFI235oNpEFBauKACyPdrEyMuOGCXDclV0KwvvImtK5qgeOGD0U4g3O4hACu4RYeoA5NEIDwAm/w7j15r97Hsq6Ct+rtFP7I+/wBhnqLdg==</latexit><latexit sha1_base64="p4YQqUx1f0AQ6OvOnNN6YkEJ/gk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL/ZYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPphpgn5ER5KHnFFjrebdoFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT1vyMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw33Ur9Jo+jCGdwDpfgwTXU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz+Xr4zF</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="YB2oUxd6g8Rr++FwRd2zYgsx2JE=">AAAB3XicbZA9SwNBEIbn4leMUaOtzWIQrMKdjZaCjWUC5gOSQ/Y2c8mavb1jd04IR36BjYUi/i07/42bj0ITX1h4eGeWmXmjTElLvv/tlba2d3b3yvuVg+rh0XHtpNqxaW4EtkWqUtOLuEUlNbZJksJeZpAnkcJuNLmb17vPaKxM9QNNMwwTPtIyloKTs1rNx1rdb/gLsU0IVlCHlVz/12CYijxBTUJxa/uBn1FYcENSKJxVBrnFjIsJH2HfoeYJ2rBYLDpjF84Zsjg17mliC/f3j4In1k6TyHUmnMZ2vTY3/6v1c4pvwkLqLCfUYjkozhWjlM2vZkNpUJCaOuDCSLcrE2NuuCCXTcWFEKyfvAmdq0bguOVDGc7gHC4hgGu4hXtoQhsEILzAG7x7T96r97GMq+StcjuFP/I+fwCWrYuB</latexit><latexit sha1_base64="YB2oUxd6g8Rr++FwRd2zYgsx2JE=">AAAB3XicbZA9SwNBEIbn4leMUaOtzWIQrMKdjZaCjWUC5gOSQ/Y2c8mavb1jd04IR36BjYUi/i07/42bj0ITX1h4eGeWmXmjTElLvv/tlba2d3b3yvuVg+rh0XHtpNqxaW4EtkWqUtOLuEUlNbZJksJeZpAnkcJuNLmb17vPaKxM9QNNMwwTPtIyloKTs1rNx1rdb/gLsU0IVlCHlVz/12CYijxBTUJxa/uBn1FYcENSKJxVBrnFjIsJH2HfoeYJ2rBYLDpjF84Zsjg17mliC/f3j4In1k6TyHUmnMZ2vTY3/6v1c4pvwkLqLCfUYjkozhWjlM2vZkNpUJCaOuDCSLcrE2NuuCCXTcWFEKyfvAmdq0bguOVDGc7gHC4hgGu4hXtoQhsEILzAG7x7T96r97GMq+StcjuFP/I+fwCWrYuB</latexit><latexit sha1_base64="22a9qEpxCsCASzZ/SC/AE2ynj9Q=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclRk3uiy6cdmCfUA7SCa908ZmkiHJCGXoF7hxoYhbP8mdf2PazkJbDwQO55xL7j1RKrixvv/tra1vbG5tl3bKu3v7B4eVo+O2UZlm2GJKKN2NqEHBJbYstwK7qUaaRAI70fh25neeUBuu5L2dpBgmdCh5zBm1Tmo2HipVv+bPQVZJUJAqFHD5r/5AsSxBaZmgxvQCP7VhTrXlTOC03M8MppSN6RB7jkqaoAnz+aJTcu6UAYmVdk9aMld/T+Q0MWaSRC6ZUDsyy95M/M/rZTa+DnMu08yiZIuP4kwQq8jsajLgGpkVE0co09ztStiIasqs66bsSgiWT14l7cta4HjTr9ZvijpKcApncAEBXEEd7qABLWCA8Ayv8OY9ei/eu/exiK55xcwJ/IH3+QOoW4zQ</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

Counter-
example

Yes

No

Does M satisfy 
P under E?
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Verification 
Tool

System (    )M
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Env. (   )E
<latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="E9/uIqE4IS2fQTAXiBRo7g5rXm8=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpiOCyBfuAdiiZ9E4bm8kMyR2hlP4CNy4U8W+589+YPhbaeiDwcU5C7j1RpqQl3//2ClvbO7t7xf3SQfnw6LhyUm7ZNDcCmyJVqelE3KKSGpskSWEnM8iTSGE7Gt/N8/YzGitT/UiTDMOED7WMpeDkrMZ9v1L1a/5CbBOCFVRhpXq/8tUbpCJPUJNQ3Npu4GcUTrkhKRTOSr3cYsbFmA+x61DzBG04XQw6YxfOGbA4Ne5oYgv394spT6ydJJG7mXAa2fVsbv6XdXOKb8Kp1FlOqMXyozhXjFI235oNpEFBauKACyPdrEyMuOGCXDclV0KwvvImtK5qgeOGD0U4g3O4hACu4RYeoA5NEIDwAm/w7j15r97Hsq6Ct+rtFP7I+/wBhnqLdg==</latexit><latexit sha1_base64="E9/uIqE4IS2fQTAXiBRo7g5rXm8=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpiOCyBfuAdiiZ9E4bm8kMyR2hlP4CNy4U8W+589+YPhbaeiDwcU5C7j1RpqQl3//2ClvbO7t7xf3SQfnw6LhyUm7ZNDcCmyJVqelE3KKSGpskSWEnM8iTSGE7Gt/N8/YzGitT/UiTDMOED7WMpeDkrMZ9v1L1a/5CbBOCFVRhpXq/8tUbpCJPUJNQ3Npu4GcUTrkhKRTOSr3cYsbFmA+x61DzBG04XQw6YxfOGbA4Ne5oYgv394spT6ydJJG7mXAa2fVsbv6XdXOKb8Kp1FlOqMXyozhXjFI235oNpEFBauKACyPdrEyMuOGCXDclV0KwvvImtK5qgeOGD0U4g3O4hACu4RYeoA5NEIDwAm/w7j15r97Hsq6Ct+rtFP7I+/wBhnqLdg==</latexit><latexit sha1_base64="p4YQqUx1f0AQ6OvOnNN6YkEJ/gk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL/ZYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPphpgn5ER5KHnFFjrebdoFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT1vyMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw33Ur9Jo+jCGdwDpfgwTXU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz+Xr4zF</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit>

P
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How robust is M 
w.r.t. E and P?
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What are 
intolerable 
deviations?

Δ̄(M, E, P)

Δ(M, E, P)



Robustness Analysis

Robustness 
Analyzer
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Operator errors that 
system can handle 
⟨E, Up, X, Enter, B⟩

Δ(M, E, P)

Operator errors that 
result in a violation 
⟨X, Up, E, Enter, B⟩

Δ̄(M, E, P)
“No 

overdose”

Therac-25 
model

Operator 
task



Design Y

(     )

Robustness Comparison

Robustness 
Analyzer

Design X

(     )

Property   
(   )P
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<latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="E9/uIqE4IS2fQTAXiBRo7g5rXm8=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpiOCyBfuAdiiZ9E4bm8kMyR2hlP4CNy4U8W+589+YPhbaeiDwcU5C7j1RpqQl3//2ClvbO7t7xf3SQfnw6LhyUm7ZNDcCmyJVqelE3KKSGpskSWEnM8iTSGE7Gt/N8/YzGitT/UiTDMOED7WMpeDkrMZ9v1L1a/5CbBOCFVRhpXq/8tUbpCJPUJNQ3Npu4GcUTrkhKRTOSr3cYsbFmA+x61DzBG04XQw6YxfOGbA4Ne5oYgv394spT6ydJJG7mXAa2fVsbv6XdXOKb8Kp1FlOqMXyozhXjFI235oNpEFBauKACyPdrEyMuOGCXDclV0KwvvImtK5qgeOGD0U4g3O4hACu4RYeoA5NEIDwAm/w7j15r97Hsq6Ct+rtFP7I+/wBhnqLdg==</latexit><latexit sha1_base64="E9/uIqE4IS2fQTAXiBRo7g5rXm8=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpiOCyBfuAdiiZ9E4bm8kMyR2hlP4CNy4U8W+589+YPhbaeiDwcU5C7j1RpqQl3//2ClvbO7t7xf3SQfnw6LhyUm7ZNDcCmyJVqelE3KKSGpskSWEnM8iTSGE7Gt/N8/YzGitT/UiTDMOED7WMpeDkrMZ9v1L1a/5CbBOCFVRhpXq/8tUbpCJPUJNQ3Npu4GcUTrkhKRTOSr3cYsbFmA+x61DzBG04XQw6YxfOGbA4Ne5oYgv394spT6ydJJG7mXAa2fVsbv6XdXOKb8Kp1FlOqMXyozhXjFI235oNpEFBauKACyPdrEyMuOGCXDclV0KwvvImtK5qgeOGD0U4g3O4hACu4RYeoA5NEIDwAm/w7j15r97Hsq6Ct+rtFP7I+/wBhnqLdg==</latexit><latexit sha1_base64="p4YQqUx1f0AQ6OvOnNN6YkEJ/gk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL/ZYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPphpgn5ER5KHnFFjrebdoFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT1vyMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw33Ur9Jo+jCGdwDpfgwTXU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz+Xr4zF</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit>

MX
<latexit sha1_base64="ioBewskT5WmWIsZDzqml1oufI1c=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MWLUNF+QBvKZrtpl242YXcilNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+ObWb39xLURsXrEScL9iA6VCAWjaK2Hu36nX664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m686JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimGV34mVJIiV2zxUZhKgjGZ3U0GQnOGcmKBMi3sroSNqKYMbTolG4K3fPIqtC6qnuX7y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Y+czx8FTI2c</latexit><latexit sha1_base64="ioBewskT5WmWIsZDzqml1oufI1c=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MWLUNF+QBvKZrtpl242YXcilNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+ObWb39xLURsXrEScL9iA6VCAWjaK2Hu36nX664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m686JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimGV34mVJIiV2zxUZhKgjGZ3U0GQnOGcmKBMi3sroSNqKYMbTolG4K3fPIqtC6qnuX7y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Y+czx8FTI2c</latexit><latexit sha1_base64="ioBewskT5WmWIsZDzqml1oufI1c=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MWLUNF+QBvKZrtpl242YXcilNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+ObWb39xLURsXrEScL9iA6VCAWjaK2Hu36nX664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m686JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimGV34mVJIiV2zxUZhKgjGZ3U0GQnOGcmKBMi3sroSNqKYMbTolG4K3fPIqtC6qnuX7y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Y+czx8FTI2c</latexit><latexit sha1_base64="ioBewskT5WmWIsZDzqml1oufI1c=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MWLUNF+QBvKZrtpl242YXcilNCf4MWDIl79Rd78N27bHLT1hYWHd2bYmTdIpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+ObWb39xLURsXrEScL9iA6VCAWjaK2Hu36nX664VXcusgpeDhXI1eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a1HRiBs/m686JWfWGZAw1vYpJHP390RGI2MmUWA7I4ojs1ybmf/VuimGV34mVJIiV2zxUZhKgjGZ3U0GQnOGcmKBMi3sroSNqKYMbTolG4K3fPIqtC6qnuX7y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Y+czx8FTI2c</latexit>

MY
<latexit sha1_base64="HrR2AfWN4grBEP0fnCdEA/rJI7s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGg/pA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3gOOF+RAdKhIJRtNb9be+xV664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuW780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz8G0I2d</latexit><latexit sha1_base64="HrR2AfWN4grBEP0fnCdEA/rJI7s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGg/pA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3gOOF+RAdKhIJRtNb9be+xV664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuW780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz8G0I2d</latexit><latexit sha1_base64="HrR2AfWN4grBEP0fnCdEA/rJI7s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGg/pA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3gOOF+RAdKhIJRtNb9be+xV664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuW780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz8G0I2d</latexit><latexit sha1_base64="HrR2AfWN4grBEP0fnCdEA/rJI7s=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGg/pA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6wsLDOzPszBskUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtH1tN564tqIWD3gOOF+RAdKhIJRtNb9be+xV664VXcmsgxeDhXIVe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y1HRiBs/m606ISfW6ZMw1vYpJDP390RGI2PGUWA7I4pDs1ibmv/VOimGl34mVJIiV2z+UZhKgjGZ3k36QnOGcmyBMi3sroQNqaYMbTolG4K3ePIyNM+qnuW780rtKo+jCEdwDKfgwQXU4Abq0AAGA3iGV3hzpPPivDsf89aCk88cwh85nz8G0I2d</latexit>

�X ��Y
<latexit sha1_base64="5BiD8AkUn3/imZkW/bYjLUUm+so=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuLEkIuiyqAuXFexF2hAm05N26GQSZiZCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IOFPacb6t0srq2vpGebOytb2zu2fvH7RVnEoKLRrzWHYDooAzAS3NNIduIoFEAYdOML6e1juPIBWLxb3OEvAiMhQsZJRoY/l2tX8DXBO/i09xgQ++XXPqzkx4GdwCaqhQ07e/+oOYphEITTlRquc6ifZyIjWjHCaVfqogIXRMhtAzKEgEystnx0/wsXEGOIyleULjmft7IieRUlkUmM6I6JFarE3N/2q9VIeXXs5EkmoQdL4oTDnWMZ4mgQdMAtU8M0CoZOZWTEdEEqpNXhUTgrv45WVon9Vdw3fntcZVEUcZHaIjdIJcdIEa6BY1UQtRlKFn9IrerCfrxXq3PuatJauYqaI/sj5/ADFhk9E=</latexit><latexit sha1_base64="5BiD8AkUn3/imZkW/bYjLUUm+so=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuLEkIuiyqAuXFexF2hAm05N26GQSZiZCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IOFPacb6t0srq2vpGebOytb2zu2fvH7RVnEoKLRrzWHYDooAzAS3NNIduIoFEAYdOML6e1juPIBWLxb3OEvAiMhQsZJRoY/l2tX8DXBO/i09xgQ++XXPqzkx4GdwCaqhQ07e/+oOYphEITTlRquc6ifZyIjWjHCaVfqogIXRMhtAzKEgEystnx0/wsXEGOIyleULjmft7IieRUlkUmM6I6JFarE3N/2q9VIeXXs5EkmoQdL4oTDnWMZ4mgQdMAtU8M0CoZOZWTEdEEqpNXhUTgrv45WVon9Vdw3fntcZVEUcZHaIjdIJcdIEa6BY1UQtRlKFn9IrerCfrxXq3PuatJauYqaI/sj5/ADFhk9E=</latexit><latexit sha1_base64="5BiD8AkUn3/imZkW/bYjLUUm+so=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuLEkIuiyqAuXFexF2hAm05N26GQSZiZCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IOFPacb6t0srq2vpGebOytb2zu2fvH7RVnEoKLRrzWHYDooAzAS3NNIduIoFEAYdOML6e1juPIBWLxb3OEvAiMhQsZJRoY/l2tX8DXBO/i09xgQ++XXPqzkx4GdwCaqhQ07e/+oOYphEITTlRquc6ifZyIjWjHCaVfqogIXRMhtAzKEgEystnx0/wsXEGOIyleULjmft7IieRUlkUmM6I6JFarE3N/2q9VIeXXs5EkmoQdL4oTDnWMZ4mgQdMAtU8M0CoZOZWTEdEEqpNXhUTgrv45WVon9Vdw3fntcZVEUcZHaIjdIJcdIEa6BY1UQtRlKFn9IrerCfrxXq3PuatJauYqaI/sj5/ADFhk9E=</latexit><latexit sha1_base64="5BiD8AkUn3/imZkW/bYjLUUm+so=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuLEkIuiyqAuXFexF2hAm05N26GQSZiZCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IOFPacb6t0srq2vpGebOytb2zu2fvH7RVnEoKLRrzWHYDooAzAS3NNIduIoFEAYdOML6e1juPIBWLxb3OEvAiMhQsZJRoY/l2tX8DXBO/i09xgQ++XXPqzkx4GdwCaqhQ07e/+oOYphEITTlRquc6ifZyIjWjHCaVfqogIXRMhtAzKEgEystnx0/wsXEGOIyleULjmft7IieRUlkUmM6I6JFarE3N/2q9VIeXXs5EkmoQdL4oTDnWMZ4mgQdMAtU8M0CoZOZWTEdEEqpNXhUTgrv45WVon9Vdw3fntcZVEUcZHaIjdIJcdIEa6BY1UQtRlKFn9IrerCfrxXq3PuatJauYqaI/sj5/ADFhk9E=</latexit>

�X = �(MX , E, P )
<latexit sha1_base64="WXrr/OVyPpqCmE2YcVb72r5Bj50=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoJuhOIF3AgVbBtoQ5hMT9uhkwszE6GEbtz4Km5cKOLWd3Dn2zhts9DWHwY+/nMOZ87vx5xJZVnfRm5hcWl5Jb9aWFvf2Nwyt3caMkoEhTqNeCQcn0jgLIS6YoqDEwsggc+h6Q8ux/XmAwjJovBeDWNwA9ILWZdRorTlmfvtK+CKeA4+x1Ms3XpOGV+Xce3IM4tWxZoIz4OdQRFlqnnmV7sT0SSAUFFOpGzZVqzclAjFKIdRoZ1IiAkdkB60NIYkAOmmkytG+FA7HdyNhH6hwhP390RKAimHga87A6L6crY2Nv+rtRLVPXNTFsaJgpBOF3UTjlWEx5HgDhNAFR9qIFQw/VdM+0QQqnRwBR2CPXvyPDSOK7bmu5Ni9SKLI4/20AEqIRudoiq6QTVURxQ9omf0it6MJ+PFeDc+pq05I5vZRX9kfP4AkBKWBQ==</latexit><latexit sha1_base64="WXrr/OVyPpqCmE2YcVb72r5Bj50=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoJuhOIF3AgVbBtoQ5hMT9uhkwszE6GEbtz4Km5cKOLWd3Dn2zhts9DWHwY+/nMOZ87vx5xJZVnfRm5hcWl5Jb9aWFvf2Nwyt3caMkoEhTqNeCQcn0jgLIS6YoqDEwsggc+h6Q8ux/XmAwjJovBeDWNwA9ILWZdRorTlmfvtK+CKeA4+x1Ms3XpOGV+Xce3IM4tWxZoIz4OdQRFlqnnmV7sT0SSAUFFOpGzZVqzclAjFKIdRoZ1IiAkdkB60NIYkAOmmkytG+FA7HdyNhH6hwhP390RKAimHga87A6L6crY2Nv+rtRLVPXNTFsaJgpBOF3UTjlWEx5HgDhNAFR9qIFQw/VdM+0QQqnRwBR2CPXvyPDSOK7bmu5Ni9SKLI4/20AEqIRudoiq6QTVURxQ9omf0it6MJ+PFeDc+pq05I5vZRX9kfP4AkBKWBQ==</latexit><latexit sha1_base64="WXrr/OVyPpqCmE2YcVb72r5Bj50=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoJuhOIF3AgVbBtoQ5hMT9uhkwszE6GEbtz4Km5cKOLWd3Dn2zhts9DWHwY+/nMOZ87vx5xJZVnfRm5hcWl5Jb9aWFvf2Nwyt3caMkoEhTqNeCQcn0jgLIS6YoqDEwsggc+h6Q8ux/XmAwjJovBeDWNwA9ILWZdRorTlmfvtK+CKeA4+x1Ms3XpOGV+Xce3IM4tWxZoIz4OdQRFlqnnmV7sT0SSAUFFOpGzZVqzclAjFKIdRoZ1IiAkdkB60NIYkAOmmkytG+FA7HdyNhH6hwhP390RKAimHga87A6L6crY2Nv+rtRLVPXNTFsaJgpBOF3UTjlWEx5HgDhNAFR9qIFQw/VdM+0QQqnRwBR2CPXvyPDSOK7bmu5Ni9SKLI4/20AEqIRudoiq6QTVURxQ9omf0it6MJ+PFeDc+pq05I5vZRX9kfP4AkBKWBQ==</latexit><latexit sha1_base64="WXrr/OVyPpqCmE2YcVb72r5Bj50=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoJuhOIF3AgVbBtoQ5hMT9uhkwszE6GEbtz4Km5cKOLWd3Dn2zhts9DWHwY+/nMOZ87vx5xJZVnfRm5hcWl5Jb9aWFvf2Nwyt3caMkoEhTqNeCQcn0jgLIS6YoqDEwsggc+h6Q8ux/XmAwjJovBeDWNwA9ILWZdRorTlmfvtK+CKeA4+x1Ms3XpOGV+Xce3IM4tWxZoIz4OdQRFlqnnmV7sT0SSAUFFOpGzZVqzclAjFKIdRoZ1IiAkdkB60NIYkAOmmkytG+FA7HdyNhH6hwhP390RKAimHga87A6L6crY2Nv+rtRLVPXNTFsaJgpBOF3UTjlWEx5HgDhNAFR9qIFQw/VdM+0QQqnRwBR2CPXvyPDSOK7bmu5Ni9SKLI4/20AEqIRudoiq6QTVURxQ9omf0it6MJ+PFeDc+pq05I5vZRX9kfP4AkBKWBQ==</latexit>

�Y = �(MY , E, P )
<latexit sha1_base64="1sTV5+vpXU4P7o8YTbBIR7U45jU=">AAACBXicbZDLSgMxFIbP1Futt1GXuggWoUIpMyLoRihewI1Qwd5ohyGTpm1o5kKSEcrQjRtfxY0LRdz6Du58G9N2Ftr6Q+DjP+dwcn4v4kwqy/o2MguLS8sr2dXc2vrG5pa5vVOTYSwIrZKQh6LhYUk5C2hVMcVpIxIU+x6ndW9wOa7XH6iQLAzu1TCijo97AesygpW2XHO/fUW5wm4TnaMpFm7dZhFdF1HlyDXzVsmaCM2DnUIeUlVc86vdCUns00ARjqVs2VaknAQLxQino1w7ljTCZIB7tKUxwD6VTjK5YoQOtdNB3VDoFyg0cX9PJNiXcuh7utPHqi9na2Pzv1orVt0zJ2FBFCsakOmibsyRCtE4EtRhghLFhxowEUz/FZE+FpgoHVxOh2DPnjwPteOSrfnuJF++SOPIwh4cQAFsOIUy3EAFqkDgEZ7hFd6MJ+PFeDc+pq0ZI53ZhT8yPn8AkzWWBw==</latexit><latexit sha1_base64="1sTV5+vpXU4P7o8YTbBIR7U45jU=">AAACBXicbZDLSgMxFIbP1Futt1GXuggWoUIpMyLoRihewI1Qwd5ohyGTpm1o5kKSEcrQjRtfxY0LRdz6Du58G9N2Ftr6Q+DjP+dwcn4v4kwqy/o2MguLS8sr2dXc2vrG5pa5vVOTYSwIrZKQh6LhYUk5C2hVMcVpIxIU+x6ndW9wOa7XH6iQLAzu1TCijo97AesygpW2XHO/fUW5wm4TnaMpFm7dZhFdF1HlyDXzVsmaCM2DnUIeUlVc86vdCUns00ARjqVs2VaknAQLxQino1w7ljTCZIB7tKUxwD6VTjK5YoQOtdNB3VDoFyg0cX9PJNiXcuh7utPHqi9na2Pzv1orVt0zJ2FBFCsakOmibsyRCtE4EtRhghLFhxowEUz/FZE+FpgoHVxOh2DPnjwPteOSrfnuJF++SOPIwh4cQAFsOIUy3EAFqkDgEZ7hFd6MJ+PFeDc+pq0ZI53ZhT8yPn8AkzWWBw==</latexit><latexit sha1_base64="1sTV5+vpXU4P7o8YTbBIR7U45jU=">AAACBXicbZDLSgMxFIbP1Futt1GXuggWoUIpMyLoRihewI1Qwd5ohyGTpm1o5kKSEcrQjRtfxY0LRdz6Du58G9N2Ftr6Q+DjP+dwcn4v4kwqy/o2MguLS8sr2dXc2vrG5pa5vVOTYSwIrZKQh6LhYUk5C2hVMcVpIxIU+x6ndW9wOa7XH6iQLAzu1TCijo97AesygpW2XHO/fUW5wm4TnaMpFm7dZhFdF1HlyDXzVsmaCM2DnUIeUlVc86vdCUns00ARjqVs2VaknAQLxQino1w7ljTCZIB7tKUxwD6VTjK5YoQOtdNB3VDoFyg0cX9PJNiXcuh7utPHqi9na2Pzv1orVt0zJ2FBFCsakOmibsyRCtE4EtRhghLFhxowEUz/FZE+FpgoHVxOh2DPnjwPteOSrfnuJF++SOPIwh4cQAFsOIUy3EAFqkDgEZ7hFd6MJ+PFeDc+pq0ZI53ZhT8yPn8AkzWWBw==</latexit><latexit sha1_base64="1sTV5+vpXU4P7o8YTbBIR7U45jU=">AAACBXicbZDLSgMxFIbP1Futt1GXuggWoUIpMyLoRihewI1Qwd5ohyGTpm1o5kKSEcrQjRtfxY0LRdz6Du58G9N2Ftr6Q+DjP+dwcn4v4kwqy/o2MguLS8sr2dXc2vrG5pa5vVOTYSwIrZKQh6LhYUk5C2hVMcVpIxIU+x6ndW9wOa7XH6iQLAzu1TCijo97AesygpW2XHO/fUW5wm4TnaMpFm7dZhFdF1HlyDXzVsmaCM2DnUIeUlVc86vdCUns00ARjqVs2VaknAQLxQino1w7ljTCZIB7tKUxwD6VTjK5YoQOtdNB3VDoFyg0cX9PJNiXcuh7utPHqi9na2Pzv1orVt0zJ2FBFCsakOmibsyRCtE4EtRhghLFhxowEUz/FZE+FpgoHVxOh2DPnjwPteOSrfnuJF++SOPIwh4cQAFsOIUy3EAFqkDgEZ7hFd6MJ+PFeDc+pq0ZI53ZhT8yPn8AkzWWBw==</latexit>

Is one design (X) more 
robust than another (Y)?
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Therac-25 
model

Robustness Comparison

Robustness 
Analyzer

Therac-20 
model

“No 
overdose”

Operator 
task

�X ��Y
<latexit sha1_base64="5BiD8AkUn3/imZkW/bYjLUUm+so=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuLEkIuiyqAuXFexF2hAm05N26GQSZiZCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IOFPacb6t0srq2vpGebOytb2zu2fvH7RVnEoKLRrzWHYDooAzAS3NNIduIoFEAYdOML6e1juPIBWLxb3OEvAiMhQsZJRoY/l2tX8DXBO/i09xgQ++XXPqzkx4GdwCaqhQ07e/+oOYphEITTlRquc6ifZyIjWjHCaVfqogIXRMhtAzKEgEystnx0/wsXEGOIyleULjmft7IieRUlkUmM6I6JFarE3N/2q9VIeXXs5EkmoQdL4oTDnWMZ4mgQdMAtU8M0CoZOZWTEdEEqpNXhUTgrv45WVon9Vdw3fntcZVEUcZHaIjdIJcdIEa6BY1UQtRlKFn9IrerCfrxXq3PuatJauYqaI/sj5/ADFhk9E=</latexit><latexit sha1_base64="5BiD8AkUn3/imZkW/bYjLUUm+so=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuLEkIuiyqAuXFexF2hAm05N26GQSZiZCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IOFPacb6t0srq2vpGebOytb2zu2fvH7RVnEoKLRrzWHYDooAzAS3NNIduIoFEAYdOML6e1juPIBWLxb3OEvAiMhQsZJRoY/l2tX8DXBO/i09xgQ++XXPqzkx4GdwCaqhQ07e/+oOYphEITTlRquc6ifZyIjWjHCaVfqogIXRMhtAzKEgEystnx0/wsXEGOIyleULjmft7IieRUlkUmM6I6JFarE3N/2q9VIeXXs5EkmoQdL4oTDnWMZ4mgQdMAtU8M0CoZOZWTEdEEqpNXhUTgrv45WVon9Vdw3fntcZVEUcZHaIjdIJcdIEa6BY1UQtRlKFn9IrerCfrxXq3PuatJauYqaI/sj5/ADFhk9E=</latexit><latexit sha1_base64="5BiD8AkUn3/imZkW/bYjLUUm+so=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuLEkIuiyqAuXFexF2hAm05N26GQSZiZCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IOFPacb6t0srq2vpGebOytb2zu2fvH7RVnEoKLRrzWHYDooAzAS3NNIduIoFEAYdOML6e1juPIBWLxb3OEvAiMhQsZJRoY/l2tX8DXBO/i09xgQ++XXPqzkx4GdwCaqhQ07e/+oOYphEITTlRquc6ifZyIjWjHCaVfqogIXRMhtAzKEgEystnx0/wsXEGOIyleULjmft7IieRUlkUmM6I6JFarE3N/2q9VIeXXs5EkmoQdL4oTDnWMZ4mgQdMAtU8M0CoZOZWTEdEEqpNXhUTgrv45WVon9Vdw3fntcZVEUcZHaIjdIJcdIEa6BY1UQtRlKFn9IrerCfrxXq3PuatJauYqaI/sj5/ADFhk9E=</latexit><latexit sha1_base64="5BiD8AkUn3/imZkW/bYjLUUm+so=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuLEkIuiyqAuXFexF2hAm05N26GQSZiZCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IOFPacb6t0srq2vpGebOytb2zu2fvH7RVnEoKLRrzWHYDooAzAS3NNIduIoFEAYdOML6e1juPIBWLxb3OEvAiMhQsZJRoY/l2tX8DXBO/i09xgQ++XXPqzkx4GdwCaqhQ07e/+oOYphEITTlRquc6ifZyIjWjHCaVfqogIXRMhtAzKEgEystnx0/wsXEGOIyleULjmft7IieRUlkUmM6I6JFarE3N/2q9VIeXXs5EkmoQdL4oTDnWMZ4mgQdMAtU8M0CoZOZWTEdEEqpNXhUTgrv45WVon9Vdw3fntcZVEUcZHaIjdIJcdIEa6BY1UQtRlKFn9IrerCfrxXq3PuatJauYqaI/sj5/ADFhk9E=</latexit>

�X = �(MX , E, P )
<latexit sha1_base64="WXrr/OVyPpqCmE2YcVb72r5Bj50=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoJuhOIF3AgVbBtoQ5hMT9uhkwszE6GEbtz4Km5cKOLWd3Dn2zhts9DWHwY+/nMOZ87vx5xJZVnfRm5hcWl5Jb9aWFvf2Nwyt3caMkoEhTqNeCQcn0jgLIS6YoqDEwsggc+h6Q8ux/XmAwjJovBeDWNwA9ILWZdRorTlmfvtK+CKeA4+x1Ms3XpOGV+Xce3IM4tWxZoIz4OdQRFlqnnmV7sT0SSAUFFOpGzZVqzclAjFKIdRoZ1IiAkdkB60NIYkAOmmkytG+FA7HdyNhH6hwhP390RKAimHga87A6L6crY2Nv+rtRLVPXNTFsaJgpBOF3UTjlWEx5HgDhNAFR9qIFQw/VdM+0QQqnRwBR2CPXvyPDSOK7bmu5Ni9SKLI4/20AEqIRudoiq6QTVURxQ9omf0it6MJ+PFeDc+pq05I5vZRX9kfP4AkBKWBQ==</latexit><latexit sha1_base64="WXrr/OVyPpqCmE2YcVb72r5Bj50=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoJuhOIF3AgVbBtoQ5hMT9uhkwszE6GEbtz4Km5cKOLWd3Dn2zhts9DWHwY+/nMOZ87vx5xJZVnfRm5hcWl5Jb9aWFvf2Nwyt3caMkoEhTqNeCQcn0jgLIS6YoqDEwsggc+h6Q8ux/XmAwjJovBeDWNwA9ILWZdRorTlmfvtK+CKeA4+x1Ms3XpOGV+Xce3IM4tWxZoIz4OdQRFlqnnmV7sT0SSAUFFOpGzZVqzclAjFKIdRoZ1IiAkdkB60NIYkAOmmkytG+FA7HdyNhH6hwhP390RKAimHga87A6L6crY2Nv+rtRLVPXNTFsaJgpBOF3UTjlWEx5HgDhNAFR9qIFQw/VdM+0QQqnRwBR2CPXvyPDSOK7bmu5Ni9SKLI4/20AEqIRudoiq6QTVURxQ9omf0it6MJ+PFeDc+pq05I5vZRX9kfP4AkBKWBQ==</latexit><latexit sha1_base64="WXrr/OVyPpqCmE2YcVb72r5Bj50=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoJuhOIF3AgVbBtoQ5hMT9uhkwszE6GEbtz4Km5cKOLWd3Dn2zhts9DWHwY+/nMOZ87vx5xJZVnfRm5hcWl5Jb9aWFvf2Nwyt3caMkoEhTqNeCQcn0jgLIS6YoqDEwsggc+h6Q8ux/XmAwjJovBeDWNwA9ILWZdRorTlmfvtK+CKeA4+x1Ms3XpOGV+Xce3IM4tWxZoIz4OdQRFlqnnmV7sT0SSAUFFOpGzZVqzclAjFKIdRoZ1IiAkdkB60NIYkAOmmkytG+FA7HdyNhH6hwhP390RKAimHga87A6L6crY2Nv+rtRLVPXNTFsaJgpBOF3UTjlWEx5HgDhNAFR9qIFQw/VdM+0QQqnRwBR2CPXvyPDSOK7bmu5Ni9SKLI4/20AEqIRudoiq6QTVURxQ9omf0it6MJ+PFeDc+pq05I5vZRX9kfP4AkBKWBQ==</latexit><latexit sha1_base64="WXrr/OVyPpqCmE2YcVb72r5Bj50=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIoJuhOIF3AgVbBtoQ5hMT9uhkwszE6GEbtz4Km5cKOLWd3Dn2zhts9DWHwY+/nMOZ87vx5xJZVnfRm5hcWl5Jb9aWFvf2Nwyt3caMkoEhTqNeCQcn0jgLIS6YoqDEwsggc+h6Q8ux/XmAwjJovBeDWNwA9ILWZdRorTlmfvtK+CKeA4+x1Ms3XpOGV+Xce3IM4tWxZoIz4OdQRFlqnnmV7sT0SSAUFFOpGzZVqzclAjFKIdRoZ1IiAkdkB60NIYkAOmmkytG+FA7HdyNhH6hwhP390RKAimHga87A6L6crY2Nv+rtRLVPXNTFsaJgpBOF3UTjlWEx5HgDhNAFR9qIFQw/VdM+0QQqnRwBR2CPXvyPDSOK7bmu5Ni9SKLI4/20AEqIRudoiq6QTVURxQ9omf0it6MJ+PFeDc+pq05I5vZRX9kfP4AkBKWBQ==</latexit>

�Y = �(MY , E, P )
<latexit sha1_base64="1sTV5+vpXU4P7o8YTbBIR7U45jU=">AAACBXicbZDLSgMxFIbP1Futt1GXuggWoUIpMyLoRihewI1Qwd5ohyGTpm1o5kKSEcrQjRtfxY0LRdz6Du58G9N2Ftr6Q+DjP+dwcn4v4kwqy/o2MguLS8sr2dXc2vrG5pa5vVOTYSwIrZKQh6LhYUk5C2hVMcVpIxIU+x6ndW9wOa7XH6iQLAzu1TCijo97AesygpW2XHO/fUW5wm4TnaMpFm7dZhFdF1HlyDXzVsmaCM2DnUIeUlVc86vdCUns00ARjqVs2VaknAQLxQino1w7ljTCZIB7tKUxwD6VTjK5YoQOtdNB3VDoFyg0cX9PJNiXcuh7utPHqi9na2Pzv1orVt0zJ2FBFCsakOmibsyRCtE4EtRhghLFhxowEUz/FZE+FpgoHVxOh2DPnjwPteOSrfnuJF++SOPIwh4cQAFsOIUy3EAFqkDgEZ7hFd6MJ+PFeDc+pq0ZI53ZhT8yPn8AkzWWBw==</latexit><latexit sha1_base64="1sTV5+vpXU4P7o8YTbBIR7U45jU=">AAACBXicbZDLSgMxFIbP1Futt1GXuggWoUIpMyLoRihewI1Qwd5ohyGTpm1o5kKSEcrQjRtfxY0LRdz6Du58G9N2Ftr6Q+DjP+dwcn4v4kwqy/o2MguLS8sr2dXc2vrG5pa5vVOTYSwIrZKQh6LhYUk5C2hVMcVpIxIU+x6ndW9wOa7XH6iQLAzu1TCijo97AesygpW2XHO/fUW5wm4TnaMpFm7dZhFdF1HlyDXzVsmaCM2DnUIeUlVc86vdCUns00ARjqVs2VaknAQLxQino1w7ljTCZIB7tKUxwD6VTjK5YoQOtdNB3VDoFyg0cX9PJNiXcuh7utPHqi9na2Pzv1orVt0zJ2FBFCsakOmibsyRCtE4EtRhghLFhxowEUz/FZE+FpgoHVxOh2DPnjwPteOSrfnuJF++SOPIwh4cQAFsOIUy3EAFqkDgEZ7hFd6MJ+PFeDc+pq0ZI53ZhT8yPn8AkzWWBw==</latexit><latexit sha1_base64="1sTV5+vpXU4P7o8YTbBIR7U45jU=">AAACBXicbZDLSgMxFIbP1Futt1GXuggWoUIpMyLoRihewI1Qwd5ohyGTpm1o5kKSEcrQjRtfxY0LRdz6Du58G9N2Ftr6Q+DjP+dwcn4v4kwqy/o2MguLS8sr2dXc2vrG5pa5vVOTYSwIrZKQh6LhYUk5C2hVMcVpIxIU+x6ndW9wOa7XH6iQLAzu1TCijo97AesygpW2XHO/fUW5wm4TnaMpFm7dZhFdF1HlyDXzVsmaCM2DnUIeUlVc86vdCUns00ARjqVs2VaknAQLxQino1w7ljTCZIB7tKUxwD6VTjK5YoQOtdNB3VDoFyg0cX9PJNiXcuh7utPHqi9na2Pzv1orVt0zJ2FBFCsakOmibsyRCtE4EtRhghLFhxowEUz/FZE+FpgoHVxOh2DPnjwPteOSrfnuJF++SOPIwh4cQAFsOIUy3EAFqkDgEZ7hFd6MJ+PFeDc+pq0ZI53ZhT8yPn8AkzWWBw==</latexit><latexit sha1_base64="1sTV5+vpXU4P7o8YTbBIR7U45jU=">AAACBXicbZDLSgMxFIbP1Futt1GXuggWoUIpMyLoRihewI1Qwd5ohyGTpm1o5kKSEcrQjRtfxY0LRdz6Du58G9N2Ftr6Q+DjP+dwcn4v4kwqy/o2MguLS8sr2dXc2vrG5pa5vVOTYSwIrZKQh6LhYUk5C2hVMcVpIxIU+x6ndW9wOa7XH6iQLAzu1TCijo97AesygpW2XHO/fUW5wm4TnaMpFm7dZhFdF1HlyDXzVsmaCM2DnUIeUlVc86vdCUns00ARjqVs2VaknAQLxQino1w7ljTCZIB7tKUxwD6VTjK5YoQOtdNB3VDoFyg0cX9PJNiXcuh7utPHqi9na2Pzv1orVt0zJ2FBFCsakOmibsyRCtE4EtRhghLFhxowEUz/FZE+FpgoHVxOh2DPnjwPteOSrfnuJF++SOPIwh4cQAFsOIUy3EAFqkDgEZ7hFd6MJ+PFeDc+pq0ZI53ZhT8yPn8AkzWWBw==</latexit>

Is Therac-20 more 
robust than Therac-25 

against operator errors?
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Operator errors that 
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�(M,E,P )
<latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit><latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit><latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit><latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit>

�(M,E,P )
<latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit><latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit><latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit><latexit sha1_base64="qyLoGXYy3O/aSZfQUDD4uPuhciI=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiBECGFGBD0GF/AiRDALJEPo6VSSJj2L3T2BMOQ7vHhQxKsf482/sZPMQRMfFDzeq6KqnhcJrrRtf1uZldW19Y3sZm5re2d3L79/UFdhLBnWWChC2fSoQsEDrGmuBTYjidT3BDa84fXUb4xQKh4Gj3ocoevTfsB7nFFtJLd9g0LT4n3ptlQ97eQLdtmegSwTJyUFSFHt5L/a3ZDFPgaaCapUy7Ej7SZUas4ETnLtWGFE2ZD2sWVoQH1UbjI7ekJOjNIlvVCaCjSZqb8nEuorNfY90+lTPVCL3lT8z2vFunfpJjyIYo0Bmy/qxYLokEwTIF0ukWkxNoQyyc2thA2opEybnHImBGfx5WVSPys7dtl5OC9UrtI4snAEx1AEBy6gAndQhRoweIJneIU3a2S9WO/Wx7w1Y6Uzh/AH1ucPzpOQzQ==</latexit>

Robustness Analysis

Robustness 
Analyzer

Property   
(   )

System 
design (    )M

<latexit sha1_base64="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit><latexit sha1_base64="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit><latexit sha1_base64="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="2SHJjs6V6HAAMbyqSzUAPbnKimw=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjtGAf0A4lk95pYzOZIbkjlNJf4MaFIv4td/4b08dCWw8EPs5JyL0nypS05PvfXmFre2d3r7hfOigfHh1XTsotm+ZGYFOkKjWdiFtUUmOTJCnsZAZ5EilsR+O7ed5+RmNlqh9pkmGY8KGWsRScnNV46Feqfs1fiG1CsIIqrFTvV756g1TkCWoSilvbDfyMwik3JIXCWamXW8y4GPMhdh1qnqANp4tBZ+zCOQMWp8YdTWzh/n4x5Ym1kyRyNxNOI7uezc3/sm5O8U04lTrLCbVYfhTnilHK5luzgTQoSE0ccGGkm5WJETdckOum5EoI1lfehNZVLXDc8KEIZ3AOlxDANdzCPdShCQIQXuAN3r0n79X7WNZV8Fa9ncIfeZ8/kkKLfg==</latexit><latexit sha1_base64="2SHJjs6V6HAAMbyqSzUAPbnKimw=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjtGAf0A4lk95pYzOZIbkjlNJf4MaFIv4td/4b08dCWw8EPs5JyL0nypS05PvfXmFre2d3r7hfOigfHh1XTsotm+ZGYFOkKjWdiFtUUmOTJCnsZAZ5EilsR+O7ed5+RmNlqh9pkmGY8KGWsRScnNV46Feqfs1fiG1CsIIqrFTvV756g1TkCWoSilvbDfyMwik3JIXCWamXW8y4GPMhdh1qnqANp4tBZ+zCOQMWp8YdTWzh/n4x5Ym1kyRyNxNOI7uezc3/sm5O8U04lTrLCbVYfhTnilHK5luzgTQoSE0ccGGkm5WJETdckOum5EoI1lfehNZVLXDc8KEIZ3AOlxDANdzCPdShCQIQXuAN3r0n79X7WNZV8Fa9ncIfeZ8/kkKLfg==</latexit><latexit sha1_base64="5lLqJc6krWXX2VXVarp4HyN//wk=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G1MGbWyEBMwHJEfY28wla/b2jt09IRz5BTYWitj6k+z8N26SKzTxhYWHd2bYmTdIBNfGdb+dwsbm1vZOcbe0t39weFQ+PmnrOFUMWywWseoGVKPgEluGG4HdRCGNAoGdYHI7r3eeUGkeywczTdCP6EjykDNqrNW8H5QrbtVdiKyDl0MFcjUG5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9ixKGqH2s8WiM3JhnSEJY2WfNGTh/p7IaKT1NApsZ0TNWK/W5uZ/tV5qwpqfcZmkBiVbfhSmgpiYzK8mQ66QGTG1QJnidlfCxlRRZmw2JRuCt3ryOrSvqp7lplup3+RxFOEMzuESPLiGOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gj5/MHo8+MzQ==</latexit><latexit sha1_base64="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit><latexit sha1_base64="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit><latexit sha1_base64="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit><latexit sha1_base64="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit><latexit sha1_base64="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit><latexit sha1_base64="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

Env. (   )E
<latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="E9/uIqE4IS2fQTAXiBRo7g5rXm8=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpiOCyBfuAdiiZ9E4bm8kMyR2hlP4CNy4U8W+589+YPhbaeiDwcU5C7j1RpqQl3//2ClvbO7t7xf3SQfnw6LhyUm7ZNDcCmyJVqelE3KKSGpskSWEnM8iTSGE7Gt/N8/YzGitT/UiTDMOED7WMpeDkrMZ9v1L1a/5CbBOCFVRhpXq/8tUbpCJPUJNQ3Npu4GcUTrkhKRTOSr3cYsbFmA+x61DzBG04XQw6YxfOGbA4Ne5oYgv394spT6ydJJG7mXAa2fVsbv6XdXOKb8Kp1FlOqMXyozhXjFI235oNpEFBauKACyPdrEyMuOGCXDclV0KwvvImtK5qgeOGD0U4g3O4hACu4RYeoA5NEIDwAm/w7j15r97Hsq6Ct+rtFP7I+/wBhnqLdg==</latexit><latexit sha1_base64="E9/uIqE4IS2fQTAXiBRo7g5rXm8=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpiOCyBfuAdiiZ9E4bm8kMyR2hlP4CNy4U8W+589+YPhbaeiDwcU5C7j1RpqQl3//2ClvbO7t7xf3SQfnw6LhyUm7ZNDcCmyJVqelE3KKSGpskSWEnM8iTSGE7Gt/N8/YzGitT/UiTDMOED7WMpeDkrMZ9v1L1a/5CbBOCFVRhpXq/8tUbpCJPUJNQ3Npu4GcUTrkhKRTOSr3cYsbFmA+x61DzBG04XQw6YxfOGbA4Ne5oYgv394spT6ydJJG7mXAa2fVsbv6XdXOKb8Kp1FlOqMXyozhXjFI235oNpEFBauKACyPdrEyMuOGCXDclV0KwvvImtK5qgeOGD0U4g3O4hACu4RYeoA5NEIDwAm/w7j15r97Hsq6Ct+rtFP7I+/wBhnqLdg==</latexit><latexit sha1_base64="p4YQqUx1f0AQ6OvOnNN6YkEJ/gk=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL/ZYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9t5vfOESvNYPphpgn5ER5KHnFFjrebdoFxxq+5CZB28HCqQqzEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ1HSCLWfLRadkQvrDEkYK/ukIQv390RGI62nUWA7I2rGerU2N/+r9VIT1vyMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw33Ur9Jo+jCGdwDpfgwTXU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz+Xr4zF</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit><latexit sha1_base64="Wrb43V9n9rHg+tOIp/pDYoWtqbs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRYFMFjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49tZvf2ESvNYPphJgn5Eh5KHnFFjrcZdv1xxq+5cZBW8HCqQq94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa1HSCLWfzRedkjPrDEgYK/ukIXP390RGI60nUWA7I2pGerk2M/+rdVMTXvsZl0lqULLFR2EqiInJ7Goy4AqZERMLlCludyVsRBVlxmZTsiF4yyevQuui6lluXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7I+fwBmO+MyQ==</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="YB2oUxd6g8Rr++FwRd2zYgsx2JE=">AAAB3XicbZA9SwNBEIbn4leMUaOtzWIQrMKdjZaCjWUC5gOSQ/Y2c8mavb1jd04IR36BjYUi/i07/42bj0ITX1h4eGeWmXmjTElLvv/tlba2d3b3yvuVg+rh0XHtpNqxaW4EtkWqUtOLuEUlNbZJksJeZpAnkcJuNLmb17vPaKxM9QNNMwwTPtIyloKTs1rNx1rdb/gLsU0IVlCHlVz/12CYijxBTUJxa/uBn1FYcENSKJxVBrnFjIsJH2HfoeYJ2rBYLDpjF84Zsjg17mliC/f3j4In1k6TyHUmnMZ2vTY3/6v1c4pvwkLqLCfUYjkozhWjlM2vZkNpUJCaOuDCSLcrE2NuuCCXTcWFEKyfvAmdq0bguOVDGc7gHC4hgGu4hXtoQhsEILzAG7x7T96r97GMq+StcjuFP/I+fwCWrYuB</latexit><latexit sha1_base64="YB2oUxd6g8Rr++FwRd2zYgsx2JE=">AAAB3XicbZA9SwNBEIbn4leMUaOtzWIQrMKdjZaCjWUC5gOSQ/Y2c8mavb1jd04IR36BjYUi/i07/42bj0ITX1h4eGeWmXmjTElLvv/tlba2d3b3yvuVg+rh0XHtpNqxaW4EtkWqUtOLuEUlNbZJksJeZpAnkcJuNLmb17vPaKxM9QNNMwwTPtIyloKTs1rNx1rdb/gLsU0IVlCHlVz/12CYijxBTUJxa/uBn1FYcENSKJxVBrnFjIsJH2HfoeYJ2rBYLDpjF84Zsjg17mliC/f3j4In1k6TyHUmnMZ2vTY3/6v1c4pvwkLqLCfUYjkozhWjlM2vZkNpUJCaOuDCSLcrE2NuuCCXTcWFEKyfvAmdq0bguOVDGc7gHC4hgGu4hXtoQhsEILzAG7x7T96r97GMq+StcjuFP/I+fwCWrYuB</latexit><latexit sha1_base64="22a9qEpxCsCASzZ/SC/AE2ynj9Q=">AAAB6HicbVDLSgMxFL3js9ZX1aWbYBFclRk3uiy6cdmCfUA7SCa908ZmkiHJCGXoF7hxoYhbP8mdf2PazkJbDwQO55xL7j1RKrixvv/tra1vbG5tl3bKu3v7B4eVo+O2UZlm2GJKKN2NqEHBJbYstwK7qUaaRAI70fh25neeUBuu5L2dpBgmdCh5zBm1Tmo2HipVv+bPQVZJUJAqFHD5r/5AsSxBaZmgxvQCP7VhTrXlTOC03M8MppSN6RB7jkqaoAnz+aJTcu6UAYmVdk9aMld/T+Q0MWaSRC6ZUDsyy95M/M/rZTa+DnMu08yiZIuP4kwQq8jsajLgGpkVE0co09ztStiIasqs66bsSgiWT14l7cta4HjTr9ZvijpKcApncAEBXEEd7qABLWCA8Ayv8OY9ei/eu/exiK55xcwJ/IH3+QOoW4zQ</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

How robust is M 
w.r.t. E and P?

Technical challenges 
1. Computing 
2. Choosing its representation 
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Computing Robustness

Challenge #1
Infinite number of possible deviations 
How do we find a maximum set that 
the system is robust against? 
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Computing Robustness

Weakest assumption ( ) 
Set of all environmental 
behaviors under which M 
satisfies P

WA

Assumption generation for software component verification.  
Giannakopoulou, Pasareanu, and Barringer. ASE 2003.
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Computing Robustness

Weakest assumption ( ) 
Set of all environmental 
behaviors under which M 
satisfies P

WA

1. Compute  using assumption generation method 
2. Compute the difference over  (i.e., )

WA
E WA − E
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Representing Robustness

Challenge #2 
△ is an infinite set of traces 
How do we represent this 
information to the designer?
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Trace Partitioning

Group △ into a finite number of equivalence classes 
Each class represents a particular type of deviation 
(e.g., omission, repetition, intrusion error...)

Deviation class #1

Deviation class #2

Deviation class #3…
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Deviation Patterns in Human Errors 

The phenotypes of erroneous actions. E. Hollnagel. Int. J. Man-Machine Studies (1993)
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Analysis Process

More details in our paper!
A behavioral notion of robustness for software systems. 

Zhang, Garlan, and Kang. ESEC/FSE 2020.
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Analysis Case Studies

Safety-critical interfaces 
Robustness against 
human errors

Network protocols 
Robustness against  
unreliable network faults
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Network Communication Protocols

Sender ReceiverChannel
send rec

getack ack

Two versions 
(1) “Naive” protocol 
(2) Alternating bit protocol (ABP)

Input output
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Environment

Property: “Message delivered in correct order”



Network Faults as Trace Deviations

⟨send[0], rec[0], rec[0], ack[0], getack[0]⟩
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⟨send[0], rec[0], ack[0], getack[0]⟩

⟨send[0], rec[1], ack[0], getack[0]⟩

⟨send[0], rec[0], ack[0], getack[0]⟩

Packet duplication

Packet corruption

What could happen in an unreliable channel?



ABP

(          )

Naive

(            )

Comparing Network Protocols

MABP
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Robustness 
Analyzer

Mnaive
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ABP is more robust 
against: 
- message loss, 
duplication 
- fabricated 
acknowledgments

“Message delivered 
in correct order”( )P

Perfect 
Channel ( )E
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What types of faults 
ABP is more robust 

against?



Analysis Case Studies

Safety-critical interfaces 
Robustness against 
human errors

Network protocols 
Robustness against  
unreliable network faults

Our definition captures deviations in multiple domains

Robustness can be computed under several seconds
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Robust Software Design: Roadmap
Specification

Analysis Robustification

What does it mean for  
our system to be robust?

How do we improve 
its robustness?

How robust is our 
system?
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Robustifying Systems
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M k E |= P
<latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit>

E0
<latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit>

M k
<latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Ni65OG6bUNjOXJczJPOFyyT+UHE=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjVLAPaIeSSe+0oZnMkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nypS05PvfXmlre2d3r7xfOageHh3XTqptm+ZGYEukKjXdiFtUUmOLJCnsZgZ5EinsRJO7ed55RmNlqp9ommGY8JGWsRScnNV7YP2MG64UqkGt7jf8hdgmBCuow0rNQe2rP0xFnqAmobi1vcDPKCy4ISkUzir93GLGxYSPsOdQ8wRtWCxGnrEL5wxZnBp3NLGF+/tFwRNrp0nkbiacxnY9m5v/Zb2c4puwkDrLCbVYfhTnilHK5vuzoTQoSE0dcGGkm5WJsatAkGup4koI1lfehPZVI/AbwaMPZTiDc7iEAK7hFu6hCS0QkMILvMG7R96r97Gsq+StejuFP/I+fwCnA4+h</latexit><latexit sha1_base64="Ni65OG6bUNjOXJczJPOFyyT+UHE=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHEjVLAPaIeSSe+0oZnMkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nypS05PvfXmlre2d3r7xfOageHh3XTqptm+ZGYEukKjXdiFtUUmOLJCnsZgZ5EinsRJO7ed55RmNlqp9ommGY8JGWsRScnNV7YP2MG64UqkGt7jf8hdgmBCuow0rNQe2rP0xFnqAmobi1vcDPKCy4ISkUzir93GLGxYSPsOdQ8wRtWCxGnrEL5wxZnBp3NLGF+/tFwRNrp0nkbiacxnY9m5v/Zb2c4puwkDrLCbVYfhTnilHK5vuzoTQoSE0dcGGkm5WJsatAkGup4koI1lfehPZVI/AbwaMPZTiDc7iEAK7hFu6hCS0QkMILvMG7R96r97Gsq+StejuFP/I+fwCnA4+h</latexit><latexit sha1_base64="M5isnqXKIxvRlDXqas2j33KztF4=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAza2AgRTAwkR9jb7CVL9naP3TkhHPkZNhaK2Ppr7Pw3bpIrNPHBwOO9GWbmRakUFn3/2yutrW9sbpW3Kzu7e/sH1cOjttWZYbzFtNSmE1HLpVC8hQIl76SG0ySS/DEa38z8xydurNDqAScpDxM6VCIWjKKTunekl1JDpeSyX635dX8OskqCgtSgQLNf/eoNNMsSrpBJam038FMMc2pQMMmnlV5meUrZmA5511FFE27DfH7ylJw5ZUBibVwpJHP190ROE2snSeQ6E4oju+zNxP+8bobxVZgLlWbIFVssijNJUJPZ/2QgDGcoJ45QZoS7lbCRi4ChS6niQgiWX14l7Yt64NeDe7/WuC7iKMMJnMI5BHAJDbiFJrSAgYZneIU3D70X7937WLSWvGLmGP7A+/wB5LOQ+g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit><latexit sha1_base64="rJYCOyz0PQPuhgG7hwVpCT5m1cU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehgv2ANJTNdtMu3WzC7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRjzhJeRDToRKRYBSt5N+TXko1lZLLfrXm1t05yCrxClKDAs1+9as3SFgWc4VMUmN8z00xyKlGwSSfVnqZ4SllYzrkvqWKxtwE+fzkKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//z/Ayj6yAXKs2QK7ZYFGWSYEJm/5OB0JyhnFhCmRb2VsJGNgKGNqWKDcFbfnmVtC/qnlv3Hi5rjZsijjKcwCmcgwdX0IA7aEILGCTwDK/w5qDz4rw7H4vWklPMHMMfOJ8/5fOQ/g==</latexit>

6|=
<latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="P5cQIPdIZMBi+uJmkfaJe+Akg/I=">AAAB53icbZBLS8NAFIVv6qvWqtWtm2ARXJXEjS4FNy4r2FZIQplMJu3QeYSZG6GE/gw3LhTxH7nz3zh9LLT1wMDHOTPMvSctBLcYBN9ebWt7Z3evvt84aB4eHbdOmn2rS0NZj2qhzVNKLBNcsR5yFOypMIzIVLBBOrmb54NnZizX6hGnBUskGSmec0rQWVGsNMZSZ0zYYasddIKF/E0IV9CGlbrD1lecaVpKppAKYm0UBgUmFTHIqWCzRlxaVhA6ISMWOVREMptUi5Fn/oVzMj/Xxh2F/sL9/aIi0tqpTN1NSXBs17O5+V8WlZjfJBVXRYlM0eVHeSl81P58fz/jhlEUUweEGu5m9emYGELRtdRwJYTrK29C/6oTBp3wIYA6nME5XEII13AL99CFHlDQ8AJv8O6h9+p9LOuqeaveTuGPvM8fWjuQGA==</latexit><latexit sha1_base64="P5cQIPdIZMBi+uJmkfaJe+Akg/I=">AAAB53icbZBLS8NAFIVv6qvWqtWtm2ARXJXEjS4FNy4r2FZIQplMJu3QeYSZG6GE/gw3LhTxH7nz3zh9LLT1wMDHOTPMvSctBLcYBN9ebWt7Z3evvt84aB4eHbdOmn2rS0NZj2qhzVNKLBNcsR5yFOypMIzIVLBBOrmb54NnZizX6hGnBUskGSmec0rQWVGsNMZSZ0zYYasddIKF/E0IV9CGlbrD1lecaVpKppAKYm0UBgUmFTHIqWCzRlxaVhA6ISMWOVREMptUi5Fn/oVzMj/Xxh2F/sL9/aIi0tqpTN1NSXBs17O5+V8WlZjfJBVXRYlM0eVHeSl81P58fz/jhlEUUweEGu5m9emYGELRtdRwJYTrK29C/6oTBp3wIYA6nME5XEII13AL99CFHlDQ8AJv8O6h9+p9LOuqeaveTuGPvM8fWjuQGA==</latexit><latexit sha1_base64="kOMz7RVy+GKwh/Bi+H1SKPuTtQQ=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKex60WPQi8cI5gHZJczOziZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFmeAWfP/bq2xsbm3vVHdre/sHh0f145Ou1bmhrEO10KYfE8sEV6wDHATrZ4YRGQvWiyd3c7/3xIzlWj3CNGORJCPFU04JOGkQKg2h1AkTdlhv+E1/AbxOgpI0UIn2sP4VJprmkimgglg7CPwMooIY4FSwWS3MLcsInZARGziqiGQ2KhYnz/CFUxKcauNKAV6ovycKIq2dyth1SgJju+rNxf+8QQ7pTVRwleXAFF0uSnOBQeP5/zjhhlEQU0cINdzdiumYGELBpVRzIQSrL6+T7lUz8JvBg99o3ZZxVNEZOkeXKEDXqIXuURt1EEUaPaNX9OaB9+K9ex/L1opXzpyiP/A+fwCdCJFx</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit><latexit sha1_base64="t8OtV+vYAxzRs37dGAfLtFlz0NE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cKthaaUDabTbt0P8LuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLM8Et+P63V1lb39jcqm7Xdnb39g/qh0ddq3NDWYdqoU0vJpYJrlgHOAjWywwjMhbsMR7fzvzHJ2Ys1+oBJhmLJBkqnnJKwEn9UGkIpU6YsIN6w2/6c+BVEpSkgUq0B/WvMNE0l0wBFcTafuBnEBXEAKeCTWthbllG6JgMWd9RRSSzUTE/eYrPnJLgVBtXCvBc/T1REGntRMauUxIY2WVvJv7n9XNIr6OCqywHpuhiUZoLDBrP/scJN4yCmDhCqOHuVkxHxBAKLqWaCyFYfnmVdC+agd8M7i8brZsyjio6QafoHAXoCrXQHWqjDqJIo2f0it488F68d+9j0Vrxyplj9Afe5w+eSJF1</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

67

Intolerable 
deviations



Robustification

M k E |= P
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<latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

|=
<latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="7IyxuhEFG95Hdk7mxqBD97d2ZfM=">AAACDnicbZDLSgMxGIX/qbdaq1a3bgaL4EJKxrZWd4IblxXsBWaGksmkbWjmQpIRyjCv4cZXceNCEZfufBszbQVtPRD4OCeXP8eLOZMKoS+jsLa+sblV3C7tlHf39isH5a6MEkFoh0Q8En0PS8pZSDuKKU77saA48DjteZObPO89UCFZFN6raUzdAI9CNmQEK20NKih1ZpfYYuS5Kaq1GlfNOjpDNTRTDtZFo1nPnCDyKZfZoFL9Cc1VsBZQhYXag8qn40ckCWioCMdS2haKlZtioRjhNCs5iaQxJhM8orbGEAdUuulsqMw80Y5vDiOhV6jMmfv7RIoDKaeBp3cGWI3lcpab/2V2ooaXbsrCOFE0JPOHhgk3VWTmNZk+E5QoPtWAiWB6VpOMscBE6TJLugRr+cur0D2vWahm3SEowhEcwylY0IJruIU2dIDAIzzDK7wZT8aL8T6vq2AsejuEPzI+vgGx25tG</latexit><latexit sha1_base64="oiUPQGmRw3dgPsA2dTOGcce9nFM=">AAACDnicdVDLSgMxFL1TX7VWrW7dBIvgQoaMtlZ3ghuXFewD2qFkMmkbmnmQZIQyzG+48VfcuFDEpTv/xnTagooeCBzOObm5OV4suNIYf1qFldW19Y3iZmmrvL2zW9krt1WUSMpaNBKR7HpEMcFD1tJcC9aNJSOBJ1jHm1zP/M49k4pH4Z2exswNyCjkQ06JNtKggtN+PqQnR56bYrtRu6yf4RNs4xwz4pzX6mdZP4h8JlQ2qFSXKbRMoWUKOQulCgs0B5WPvh/RJGChpoIo1XNwrN2USM2pYFmpnygWEzohI9YzNCQBU26aL5WhI6P4aBhJc0KNcvX7jZQESk0DzyQDosfqtzcT//J6iR5euCkP40SzkM4fGiYC6QjNakI+l4xqMTWEUMnNroiOiSRUmzJLpoTlT9H/pH1qO9h2bjEU4QAO4RgcaMAV3EATWkDhAZ7gBV6tR+vZepvXVbAWve3DD1jvX/Q1m3U=</latexit><latexit sha1_base64="Ct2ur3LkSdOvZrj/2UGQ41qDI3U=">AAACGXicdVBLSwMxGMzWV62vqkcvwSJ4kCVrW6u3ohePFewDtkvJptk2NPsgyQpl2b/hxb/ixYMiHvXkvzHbbkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+XdvY4MY0Fom4Q8FD0XS8pZQNuKKU57kaDYdzntupOrzO/eUSFZGNyqaUQdH48C5jGClZYGZZT0Z5fYYuQ6CTIbtYt6FZ0gE82QEeusVq+mfT8cUi7TQbmySMFFCi5S0MqVCsjRGpTf+8OQxD4NFOFYSttCkXISLBQjnKalfixphMkEj6itaYB9Kp1ktlQKj7QyhF4o9AkUnKnfJxLsSzn1XZ30sRrL314m/uXZsfLOnYQFUaxoQOYPeTGHKoRZTXDIBCWKTzXBRDC9KyRjLDBRusySLmHxU/g/6ZyaFjKtG1RpXuZ1FMEBOATHwAIN0ATXoAXagIB78AiewYvxYDwZr8bbPFow8pl98APGxxeuu5z1</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit>
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<latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="MyJWptbQuPyvaeoGL9GKmcYX/08=">AAAB3nicbZBLSwMxFIXv1FetVatbN8EiuiozbnQpuHEjVLEPaIeSSe+0oZnMkNwRSuk/cONCEX+WO/+N6WOhrQcCH+ck5N4TZUpa8v1vr7CxubW9U9wt7ZX3Dw4rR+WmTXMjsCFSlZp2xC0qqbFBkhS2M4M8iRS2otHtLG89o7Ey1U80zjBM+EDLWApOznq8P+9Vqn7Nn4utQ7CEKixV71W+uv1U5AlqEopb2wn8jMIJNySFwmmpm1vMuBjxAXYcap6gDSfzSafszDl9FqfGHU1s7v5+MeGJteMkcjcTTkO7ms3M/7JOTvF1OJE6ywm1WHwU54pRymZrs740KEiNHXBhpJuViSE3XJArp+RKCFZXXofmZS3wa8GDD0U4gVO4gACu4AbuoA4NEBDDC7zBuzfyXr2PRV0Fb9nbMfyR9/kD8KCLrg==</latexit><latexit sha1_base64="MyJWptbQuPyvaeoGL9GKmcYX/08=">AAAB3nicbZBLSwMxFIXv1FetVatbN8EiuiozbnQpuHEjVLEPaIeSSe+0oZnMkNwRSuk/cONCEX+WO/+N6WOhrQcCH+ck5N4TZUpa8v1vr7CxubW9U9wt7ZX3Dw4rR+WmTXMjsCFSlZp2xC0qqbFBkhS2M4M8iRS2otHtLG89o7Ey1U80zjBM+EDLWApOznq8P+9Vqn7Nn4utQ7CEKixV71W+uv1U5AlqEopb2wn8jMIJNySFwmmpm1vMuBjxAXYcap6gDSfzSafszDl9FqfGHU1s7v5+MeGJteMkcjcTTkO7ms3M/7JOTvF1OJE6ywm1WHwU54pRymZrs740KEiNHXBhpJuViSE3XJArp+RKCFZXXofmZS3wa8GDD0U4gVO4gACu4AbuoA4NEBDDC7zBuzfyXr2PRV0Fb9nbMfyR9/kD8KCLrg==</latexit><latexit sha1_base64="jdAlcl3kA8LznHSd5phgpumzgng=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNoFe5sYhm0sRGimA9IjrC32UuW7O0du3NCOPIPbCwUsfUf2flv3CRXaOKDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmt5+4NiJWjzhJuB/RoRKhYBSt9HB33i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6ZScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZm+TgdCcoZxYQpkW9lbCRlRThjackg3BW355lbQuq55b9e7dSv06j6MIJ3AKF+BBDepwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPwQpjP4=</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit>

Enhance

Can we generate suggestions for enhancing the 
original design to handle additional deviations? 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Robustification

M k E |= P
<latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="dh1kcs+DYxpVls8q2RXM002E/GI=">AAAB9XicbZBLSwMxFIXv+Ky1anXjwk2wCK7KjBtdCiK4ESrYB3SGksnctqHJZEgyQhm68a+4caGIf8Wd/8b0sdDWA4HDOTck94szwY31/W9vbX1jc2u7tFPereztH1QPKy2jcs2wyZRQuhNTg4Kn2LTcCuxkGqmMBbbj0c20bz+hNlylj3acYSTpIOV9zqh1Ua96fE/CjGoqBApyS0KpEhSGNHrVml/3ZyKrJliYGizk5r/CRLFcYmqZoMZ0Az+zUUG15UzgpBzmBjPKRnSAXWdTKtFExWyBCTlzSUL6SruTWjJLf98oqDRmLGM3KakdmuVuGv7XdXPbv4oKnma5xZTNH+rnglhFpjRIwjUyK8bOUKa5+ythQ4eDWces7CAEyyuvmtZFPfDrwYMPJTiBUziHAC7hGu6gAU1gMIEXeIN379l79T7muNa8Bbcj+CPv8wfAu5QR</latexit><latexit sha1_base64="UAce/nPPzkdBQ9g5JiVXpyD9AJU=">AAACAHicbVDLSgMxFM3UV62vqgsXboJFcFVm3OiyKIIboYJ9QGcomcydNjSZDElGKEM3/oobF4q49TPc+Tem7Sy09UDgcM653NwTppxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUhRaVXKpuSDRwlkDLMMOhmyogIuTQCUfXU7/zCEozmTyYcQqBIIOExYwSY6V+9egO+ylRhHPg+Ab7QkbANW72qzW37s6Al4lXkBoqYPNffiRpJiAxlBOte56bmiAnyjDKYVLxMw0poSMygJ6lCRGgg3x2wASfWiXCsVT2JQbP1N8TORFaj0Vok4KYoV70puJ/Xi8z8WWQsyTNDCR0vijOODYST9vAEVNADR9bQqhi9q+YDm0d1NjOKrYEb/HkZdI+r3tu3bt3a42roo4yOkYn6Ax56AI10C1qohaiaIKe0St6c56cF+fd+ZhHS04xc4j+wPn8AS1glXg=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit><latexit sha1_base64="T6LXvhB9B1X8KSkb2BOqeGbnSMk=">AAACAHicbVBNSwMxFMzWr1q/qh48eAkWwVPZFUGPRRG8CBWsLXSXks2+bUOzyZJkhbL04l/x4kERr/4Mb/4b03YP2joQGGbm8fImTDnTxnW/ndLS8srqWnm9srG5tb1T3d170DJTFFpUcqk6IdHAmYCWYYZDJ1VAkpBDOxxeTfz2IyjNpLg3oxSChPQFixklxkq96sEt9lOiCOfA8TX2ExkB17jZq9bcujsFXiReQWqogM1/+ZGkWQLCUE607npuaoKcKMMoh3HFzzSkhA5JH7qWCpKADvLpAWN8bJUIx1LZJwyeqr8ncpJoPUpCm0yIGeh5byL+53UzE18EORNpZkDQ2aI449hIPGkDR0wBNXxkCaGK2b9iOrB1UGM7q9gSvPmTF8nDad1z697dWa1xWdRRRofoCJ0gD52jBrpBTdRCFI3RM3pFb86T8+K8Ox+zaMkpZvbRHzifPy6glXw=</latexit>

E0
<latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

|=
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Transform

Can we generate suggestions for enhancing the 
original design to handle additional deviations? 
Treat it as a model transformation problem!
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LTS Transformation

S0 S1

S2

a

b b

S0 S1

S2

a

b b

b

S0 S1

S2

a

b

S0 S1

S2

a

b
S3

a
b

S0 S1
a

add 
transition  

remove 
transition  

add  
state 

remove 
state 

M Challenge 
Infinite number 
of possible 
modifications!

…

…

…

…
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Robustification as Supervisory Control

Supervisor

Plant

Robustification  
problem

Supervisory  
control problem
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reduce



Supervisory Control

Supervisor

Plant
G

S

72

Supervisory control of a class of discrete event processes. 
Ramadge & Wonham, SIAM Journal on Control and Optimization (1987).



Supervisory Control

Supervisor

Plant
G

S
S∥G ⊧ P

Given plant G, find supervisor S such that  
G under the control of S satisfies property P

Supervisory control of a class of discrete event processes. 
Ramadge & Wonham, SIAM Journal on Control and Optimization (1987).
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Supervisory Control

Supervisor

Plant
G

S

h X(h)

history of  
plant events 

enabled 
events

Based on plant’s past behavior, supervisor restricts 
the set of events that it is allowed to perform

Disables some subset 
of plant events

74



Supervisory Control: Applications

Supervisor

Plant
G

S

h

Manufacturing 
robot

Pick up item,

move arm, …

past robot 
actions 

: “No incorrect assembly”    P

Others: Network security, concurrency control, protocol synthesis…
75

What’s safe to do in the

current conveyor belt state?

X(h)



Robustification as Supervisory Control

Supervisor

Plant

Robustification  
problem

Supervisory  
control problem

76

reduce



Robustification as Supervisory Control

EnvironmentSoftware
E′￼M

Deviated 
environment
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M∥E′￼ /⊧ P



Robustification as Supervisory Control

Plant

EnvironmentSoftware
E′￼M

G
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Robustification as Supervisory Control

Plant

EnvironmentSoftware
E′￼M

G

Supervisor

S∥G ⊧ P
S∥(M∥E′￼) ⊧ P⟺

S
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Therac-25 Example

Supervisor

EnvironmentSoftware

Plant
E′￼M

G

S

Additional logic for 
handling operator errors

h

Past events Enabled  
operator 
actions

80

Therac-25

design

Erroneous 
operator

: “No overdose”    P

X(h)



Therac-25 Example
Recall: Safety violation 
under erroneous operator

NotSet

Xray
Mode

Ebeam
Mode

To
Ebeam

To
Xray

X E

SetSet
XE

InPlace OutOf
Place

E

XInterface ( )MI

Mode setter ( )MB

Collimator ( )MS

Editing

Confirm
Xray

Confirm
Ebeam

Xray
Ready

Ebeam
Ready

Beam
Delivered

BB

EnterEnter

EX

UpUp

UpUp
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(EbeamReady, 
EbeamMode,
OutOfPalce)

(Editing, 
XrayMode,

InPlace)

(ConfirmEbeam, 
ToEbeam,

OutOfPlace)

(EbeamReady, 
ToEbeam,

OutOfPlace)

(BeamFired, 
EbeamMode,
OutOfPalce)

Set

Enter

E

B

Up

Up

Supervisor Behavior

X

Disable event(s) 
that could lead to 
a violation

Keep track of 
system state

Complications 
Not all events are observable/controllable by supervisor 
Non-determinism: Multiple possible states to keep track of
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Therac-25 Example

Supervisor

EnvironmentSoftware

Plant
E′￼M

G

S

S∥G ⊧ P
S∥(M∥E′￼) ⊧ P

Additional logic for 
handling operator errors

⟺
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h X(h)



Robustification as Supervisory Control

Supervisor

EnvironmentSoftware

S

M′￼

E′￼

(S∥M)∥E′￼ ⊧ P

M
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S∥(M∥E′￼) ⊧ P
⟺

M′￼∥E′￼ ⊧ P⟺

Robustified design



Synthesized Solution for Therac-25

Additional check to 
ensure mode transition 
before beam firing

Editing

Confirm
Xray

Confirm
Ebeam

Xray
Ready

Ebeam
Ready

Beam
Set

SetSet

EnterEnter

EX

UpUp

UpUp

Beam
Delivered

B

Up Up
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Redesigned Interface ( )MI



Quality of Redesign

Plant

EnvironmentSoftware
E′￼M

G

Supervisor
S

q

Disable all plant events!

Multiple possible solutions, not all desirable! 
Some supervisors may disable more events than needed

86

Ideally, find a solution that  
(1) Preserves as many existing behaviors in M as possible 
(2) Picks the simplest supervisor possible 



Optimal Robustification

Permissiveness

Redesign 
Complexity

(Amount of 
preserved  
behaviors)

(# events used by 
supervisor) 

Pareto-optimal

87

Trade-offs between these dimensions! 
Multiple, possible Pareto-optimal solutions



Robust Design Framework

88

Robustification of Behavioral Designs against Environmental Deviations 
CJ Zhang et al., ICSE 2023

More details in paper!



Robustification Case Studies

Electronic voting 
Voter errors 
Malicious officials

Infusion pump 
Therapist errors 
Power and alarm failure

89



Electronic Voting System

ES&S iVotronic, Kentucky  
Voters exits the voting booth before pressing “confirm”

Malicious official enters booth, press “back” & modify the vote
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Electronic Voting Interface

Property: The machine must record the vote as selected 
by the voter

 
Introduce a deviation to capture voters omitting “confirm”

Use robustification to generate suggested enhancements

91
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6.3 Voting

Background In this section, we consider a case study of an electronic voting machine,
introduced in [40]. In this case study, we model the voting machine, a voter, and
a corrupt election official who attempts to “flip” the voter’s choice. We define the
voting machine as the composition of a voting booth and a user interface, show in
Figures 10a and 10b respectively.

In the normative environment, the voter enters the booth, enters her password, se-
lects a candidate, clicks the vote button, and finally confirms the choice. Unfortunately,
some voters do not realize they must confirm their choice and leave the booth early.
This deviation from the normative behavior presents an opportunity for the election
official to “flip” the intended vote. Once a candidate leaves the booth early, the
corrupt official can flip the vote by entering the booth, selecting the back button twice,
selecting a new candidate, clicking the vote button, and finally confirming the choice.

booth 
empty

voter in 
booth

v.enter v.exit

pass, select, vote, cfm, back

official 
in booth

eo.exit

eo.enter

select,
vote,
cfm,
back

(a) The voting booth model.
Both the voter and the
election official can operate
the voting machine while in
the booth, but only the voter
knows her password.

enter
password:

select
candidate:

1 2 1 2

vote 1

confirm
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(b) The user interface for the voting machine.
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(c) The normative environment for the
voting case study.
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(d) To visualize the robustness of the voting
machine with respect to Pall, we display the
maximal robust deviation on the state space
of the normative environment.

Fig. 10: We show the two components of the voting machine, the voting booth and
the user interface. We also show the normative environment and a representation
of the voting machine’s robustness. In the figures above, the prefix “v” represents
actions by the voter, while the prefix “eo” represents actions by the election official.
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Synthesized Solutions

IV. ROBUSTIFICATION PROBLEMS

A. Basic Robustification Problem

Let us first introduce the concepts of a deviation model and
the augmentation operator �. A deviation model describes
how the environment may deviate from its original behavior,
in terms of additional transitions, states, or events:

Definition 4.1: Given an LTS T = hS,↵T,R, s0i and a
deviation model � = hS�,↵�, R�i, where S ✓ S� , ↵T ✓
↵�, and R� ✓ S� ⇥ ↵� ⇥ S� , the augmentation operator �
augments T by adding states and transitions to it, i.e., T�� =
hS�,↵�, R [R�, s0i, and beh(T ) ✓ beh(T � �).

For example, in Figure 1b, to model the deviation from
the expected voter behavior, the original environment model
is augmented with an additional transition over a new event,
omit confirm 2 ↵� \ ↵T , from state s4 to s5.

One might also consider deviations that involve removing
behaviors from the environment (i.e., remove transitions or
states). In this paper, we focus on adding behaviors only, as
we believe that it already captures a large and interesting class
of deviations where the environment exhibits behaviors beyond
those captured in its original model (e.g., security attacks,
human errors, etc., [8]). A deviation model that integrates both
adding and removing behaviors is part of our future work.

Then, the task of robustifying a design is defined as follows:
Definition 4.2 (Robustification): Given system M , envi-

ronment E, a deviation model �, and property P such that
M ||E |= P , the goal of robustification, Rb(M,E, �, P ), is to
find an LTS M 0 such that for E0 = E � �, M 0||E0 |= P .

Property P can be a combination of safety and progress
properties. A safety property defines the unsafe behavior
that should be avoided. However, it is possible to have an
overly restrictive M 0 that satisfies the safety property, but does
nothing “meaningful”. Recall the voting example in Section II;
we could disable all confirm events, but this solution would
also prevent voters from being able to confirm their votes.
A progress property can be specified to avoid such “useless”
solutions by requiring that confirm can eventually occur.

B. Quality Metrics for Robustified Designs

In general, there may be a large number of possible solutions
(i.e., M 0) to the above problem, but some of them may
be considered more desirable than others. We consider two
desirable qualities of a robustified design: (1) the redesign
should retain as much of the important functionality from the
original design as possible, and (2) the cost of modifying M
to M 0 should be small. Let us further elaborate on these two:

1) Common Behavior: To define the first quality, we intro-
duce the notion of preferred behavior. A preferred behavior
D is an execution trace and represents an operational scenario
that the developer wishes for machine T to contain2; i.e.,
D 2 beh(T � ↵D). Then, maximizing the common behavior
between the original design M and the new design M 0 can

2We denote this as D |= T , based on the interpretation of |= as trace
inclusion, where ↵D refers to the events in trace D.

(a) Redesign by disabling back.

(b) Redesign by observing additional events eo.{enter,
exit} and controlling confirm as needed.

Fig. 2: Alternative ways to robustify the voting machine.

be formulated as maximizing the number of D’s such that
D |= M ||E and D |= M 0||E0. Formally:

Definition 4.3 (Preferred Behaviors): Given a set of pre-
ferred behaviors D = {D1, D2, . . . , Dn}, we state D |= T
for some LTS T if and only if

^

Di2D
Di |= T .

Moreover, the developer may associate each scenario Di

with a different importance value. Then, we can quantitatively
measure the amount of common behavior achieved by M 0 in
terms of the total importance value of the subset of preferred
behaviors D0 ✓ D that is retained by M 0||E0.

2) Cost of Changes: The second type of quality that we
introduce is the cost of changes between the original and new
design. One way to measure the cost would be in terms of
syntactic differences between M and M 0, e.g., the number
of changes to states and transitions. However, these syntactic-
based changes in LTS do not necessarily reflect the actual cost
of redesign effort.

Instead of syntactic changes to an LTS, our intuition is that
the cost of redesign can be better approximated by the set of
environment and system events that are observed or controlled
by the system for the purpose of robustification. Intuitively,
to make the system more robust, one may need to place an
additional sensor to observe a part of the environment (e.g.,
add an ID scanner to observe {v, eo}.enter, {v, eo}.exit) or
modify an existing actuator to disable a particular event under
certain situations (e.g., make the confirm button toggleable).

More precisely, the developer can designate a pair of event
sets, A = (Ac, Ao), where Ac,Ao ✓ ↵E [ ↵M , that can be
controllable and observable, respectively, for the purpose of
robustification. Furthermore, each event in A can be associated
with a cost measure to reflect the effort of implementing an
actuator or a sensor to control or observe (respectively) that
event in the real world. This, in turn, allows us to quantitatively
measure the total cost of changes as the sum of the individual
costs of the events in A that are used to robustify the system.
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Redesign #1

Disables “back” action 
Simple, but not permissive 
Does not allow the voter to 
modify their selection 

IV. ROBUSTIFICATION PROBLEMS

A. Basic Robustification Problem

Let us first introduce the concepts of a deviation model and
the augmentation operator �. A deviation model describes
how the environment may deviate from its original behavior,
in terms of additional transitions, states, or events:

Definition 4.1: Given an LTS T = hS,↵T,R, s0i and a
deviation model � = hS�,↵�, R�i, where S ✓ S� , ↵T ✓
↵�, and R� ✓ S� ⇥ ↵� ⇥ S� , the augmentation operator �
augments T by adding states and transitions to it, i.e., T�� =
hS�,↵�, R [R�, s0i, and beh(T ) ✓ beh(T � �).

For example, in Figure 1b, to model the deviation from
the expected voter behavior, the original environment model
is augmented with an additional transition over a new event,
omit confirm 2 ↵� \ ↵T , from state s4 to s5.

One might also consider deviations that involve removing
behaviors from the environment (i.e., remove transitions or
states). In this paper, we focus on adding behaviors only, as
we believe that it already captures a large and interesting class
of deviations where the environment exhibits behaviors beyond
those captured in its original model (e.g., security attacks,
human errors, etc., [8]). A deviation model that integrates both
adding and removing behaviors is part of our future work.

Then, the task of robustifying a design is defined as follows:
Definition 4.2 (Robustification): Given system M , envi-

ronment E, a deviation model �, and property P such that
M ||E |= P , the goal of robustification, Rb(M,E, �, P ), is to
find an LTS M 0 such that for E0 = E � �, M 0||E0 |= P .

Property P can be a combination of safety and progress
properties. A safety property defines the unsafe behavior
that should be avoided. However, it is possible to have an
overly restrictive M 0 that satisfies the safety property, but does
nothing “meaningful”. Recall the voting example in Section II;
we could disable all confirm events, but this solution would
also prevent voters from being able to confirm their votes.
A progress property can be specified to avoid such “useless”
solutions by requiring that confirm can eventually occur.

B. Quality Metrics for Robustified Designs

In general, there may be a large number of possible solutions
(i.e., M 0) to the above problem, but some of them may
be considered more desirable than others. We consider two
desirable qualities of a robustified design: (1) the redesign
should retain as much of the important functionality from the
original design as possible, and (2) the cost of modifying M
to M 0 should be small. Let us further elaborate on these two:

1) Common Behavior: To define the first quality, we intro-
duce the notion of preferred behavior. A preferred behavior
D is an execution trace and represents an operational scenario
that the developer wishes for machine T to contain2; i.e.,
D 2 beh(T � ↵D). Then, maximizing the common behavior
between the original design M and the new design M 0 can

2We denote this as D |= T , based on the interpretation of |= as trace
inclusion, where ↵D refers to the events in trace D.

(a) Redesign by disabling back.

(b) Redesign by observing additional events eo.{enter,
exit} and controlling confirm as needed.

Fig. 2: Alternative ways to robustify the voting machine.

be formulated as maximizing the number of D’s such that
D |= M ||E and D |= M 0||E0. Formally:

Definition 4.3 (Preferred Behaviors): Given a set of pre-
ferred behaviors D = {D1, D2, . . . , Dn}, we state D |= T
for some LTS T if and only if

^

Di2D
Di |= T .

Moreover, the developer may associate each scenario Di

with a different importance value. Then, we can quantitatively
measure the amount of common behavior achieved by M 0 in
terms of the total importance value of the subset of preferred
behaviors D0 ✓ D that is retained by M 0||E0.

2) Cost of Changes: The second type of quality that we
introduce is the cost of changes between the original and new
design. One way to measure the cost would be in terms of
syntactic differences between M and M 0, e.g., the number
of changes to states and transitions. However, these syntactic-
based changes in LTS do not necessarily reflect the actual cost
of redesign effort.

Instead of syntactic changes to an LTS, our intuition is that
the cost of redesign can be better approximated by the set of
environment and system events that are observed or controlled
by the system for the purpose of robustification. Intuitively,
to make the system more robust, one may need to place an
additional sensor to observe a part of the environment (e.g.,
add an ID scanner to observe {v, eo}.enter, {v, eo}.exit) or
modify an existing actuator to disable a particular event under
certain situations (e.g., make the confirm button toggleable).

More precisely, the developer can designate a pair of event
sets, A = (Ac, Ao), where Ac,Ao ✓ ↵E [ ↵M , that can be
controllable and observable, respectively, for the purpose of
robustification. Furthermore, each event in A can be associated
with a cost measure to reflect the effort of implementing an
actuator or a sensor to control or observe (respectively) that
event in the real world. This, in turn, allows us to quantitatively
measure the total cost of changes as the sum of the individual
costs of the events in A that are used to robustify the system.
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Redesign #2

Disables confirm while the official is 
in the booth

More permissive: Allows vote change 
But also more complex: Requires  
keeping track of booth occupant
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Robustification Case Studies

Our method can automatically synthesize optimal 
robustification solutions 
For complex models (~760 states), < 20 secs
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E0
<latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

�
<latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit><latexit sha1_base64="AU/vq+DAgMm1x9RhUc20aA7BJwY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3Q+5RDqo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AkYyPHA==</latexit>

|=
<latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="7IyxuhEFG95Hdk7mxqBD97d2ZfM=">AAACDnicbZDLSgMxGIX/qbdaq1a3bgaL4EJKxrZWd4IblxXsBWaGksmkbWjmQpIRyjCv4cZXceNCEZfufBszbQVtPRD4OCeXP8eLOZMKoS+jsLa+sblV3C7tlHf39isH5a6MEkFoh0Q8En0PS8pZSDuKKU77saA48DjteZObPO89UCFZFN6raUzdAI9CNmQEK20NKih1ZpfYYuS5Kaq1GlfNOjpDNTRTDtZFo1nPnCDyKZfZoFL9Cc1VsBZQhYXag8qn40ckCWioCMdS2haKlZtioRjhNCs5iaQxJhM8orbGEAdUuulsqMw80Y5vDiOhV6jMmfv7RIoDKaeBp3cGWI3lcpab/2V2ooaXbsrCOFE0JPOHhgk3VWTmNZk+E5QoPtWAiWB6VpOMscBE6TJLugRr+cur0D2vWahm3SEowhEcwylY0IJruIU2dIDAIzzDK7wZT8aL8T6vq2AsejuEPzI+vgGx25tG</latexit><latexit sha1_base64="oiUPQGmRw3dgPsA2dTOGcce9nFM=">AAACDnicdVDLSgMxFL1TX7VWrW7dBIvgQoaMtlZ3ghuXFewD2qFkMmkbmnmQZIQyzG+48VfcuFDEpTv/xnTagooeCBzOObm5OV4suNIYf1qFldW19Y3iZmmrvL2zW9krt1WUSMpaNBKR7HpEMcFD1tJcC9aNJSOBJ1jHm1zP/M49k4pH4Z2exswNyCjkQ06JNtKggtN+PqQnR56bYrtRu6yf4RNs4xwz4pzX6mdZP4h8JlQ2qFSXKbRMoWUKOQulCgs0B5WPvh/RJGChpoIo1XNwrN2USM2pYFmpnygWEzohI9YzNCQBU26aL5WhI6P4aBhJc0KNcvX7jZQESk0DzyQDosfqtzcT//J6iR5euCkP40SzkM4fGiYC6QjNakI+l4xqMTWEUMnNroiOiSRUmzJLpoTlT9H/pH1qO9h2bjEU4QAO4RgcaMAV3EATWkDhAZ7gBV6tR+vZepvXVbAWve3DD1jvX/Q1m3U=</latexit><latexit sha1_base64="Ct2ur3LkSdOvZrj/2UGQ41qDI3U=">AAACGXicdVBLSwMxGMzWV62vqkcvwSJ4kCVrW6u3ohePFewDtkvJptk2NPsgyQpl2b/hxb/ixYMiHvXkvzHbbkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+XdvY4MY0Fom4Q8FD0XS8pZQNuKKU57kaDYdzntupOrzO/eUSFZGNyqaUQdH48C5jGClZYGZZT0Z5fYYuQ6CTIbtYt6FZ0gE82QEeusVq+mfT8cUi7TQbmySMFFCi5S0MqVCsjRGpTf+8OQxD4NFOFYSttCkXISLBQjnKalfixphMkEj6itaYB9Kp1ktlQKj7QyhF4o9AkUnKnfJxLsSzn1XZ30sRrL314m/uXZsfLOnYQFUaxoQOYPeTGHKoRZTXDIBCWKTzXBRDC9KyRjLDBRusySLmHxU/g/6ZyaFjKtG1RpXuZ1FMEBOATHwAIN0ATXoAXagIB78AiewYvxYDwZr8bbPFow8pl98APGxxeuu5z1</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit><latexit sha1_base64="VKTfOAavN7olTffYOQDxns+rS1w=">AAACGXicdVBLSwMxGMzWV62vVY9egkXwIEvWtlZvRS8eK9gHtEvJZtM2NPsgyQpl6d/w4l/x4kERj3ry35jddkFFBwLDzHzJl3EjzqRC6NMoLC2vrK4V10sbm1vbO+buXluGsSC0RUIeiq6LJeUsoC3FFKfdSFDsu5x23MlV6nfuqJAsDG7VNKKOj0cBGzKClZYGJkr62SU9MXKdBFn16kWtgk6QhTKkxD6r1iqzvh96lMvZwCznKZinYJ6C9kIpgwWaA/O974Uk9mmgCMdS9mwUKSfBQjHC6azUjyWNMJngEe1pGmCfSifJlprBI614cBgKfQIFM/X7RIJ9Kae+q5M+VmP520vFv7xerIbnTsKCKFY0IPOHhjGHKoRpTdBjghLFp5pgIpjeFZIxFpgoXWZJl5D/FP5P2qeWjSz7plpuXC7qKIIDcAiOgQ3qoAGuQRO0AAH34BE8gxfjwXgyXo23ebRgLGb2wQ8YH1+v+5z5</latexit>

k
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<latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="MyJWptbQuPyvaeoGL9GKmcYX/08=">AAAB3nicbZBLSwMxFIXv1FetVatbN8EiuiozbnQpuHEjVLEPaIeSSe+0oZnMkNwRSuk/cONCEX+WO/+N6WOhrQcCH+ck5N4TZUpa8v1vr7CxubW9U9wt7ZX3Dw4rR+WmTXMjsCFSlZp2xC0qqbFBkhS2M4M8iRS2otHtLG89o7Ey1U80zjBM+EDLWApOznq8P+9Vqn7Nn4utQ7CEKixV71W+uv1U5AlqEopb2wn8jMIJNySFwmmpm1vMuBjxAXYcap6gDSfzSafszDl9FqfGHU1s7v5+MeGJteMkcjcTTkO7ms3M/7JOTvF1OJE6ywm1WHwU54pRymZrs740KEiNHXBhpJuViSE3XJArp+RKCFZXXofmZS3wa8GDD0U4gVO4gACu4AbuoA4NEBDDC7zBuzfyXr2PRV0Fb9nbMfyR9/kD8KCLrg==</latexit><latexit sha1_base64="MyJWptbQuPyvaeoGL9GKmcYX/08=">AAAB3nicbZBLSwMxFIXv1FetVatbN8EiuiozbnQpuHEjVLEPaIeSSe+0oZnMkNwRSuk/cONCEX+WO/+N6WOhrQcCH+ck5N4TZUpa8v1vr7CxubW9U9wt7ZX3Dw4rR+WmTXMjsCFSlZp2xC0qqbFBkhS2M4M8iRS2otHtLG89o7Ey1U80zjBM+EDLWApOznq8P+9Vqn7Nn4utQ7CEKixV71W+uv1U5AlqEopb2wn8jMIJNySFwmmpm1vMuBjxAXYcap6gDSfzSafszDl9FqfGHU1s7v5+MeGJteMkcjcTTkO7ms3M/7JOTvF1OJE6ywm1WHwU54pRymZrs740KEiNHXBhpJuViSE3XJArp+RKCFZXXofmZS3wa8GDD0U4gVO4gACu4AbuoA4NEBDDC7zBuzfyXr2PRV0Fb9nbMfyR9/kD8KCLrg==</latexit><latexit sha1_base64="jdAlcl3kA8LznHSd5phgpumzgng=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNoFe5sYhm0sRGimA9IjrC32UuW7O0du3NCOPIPbCwUsfUf2flv3CRXaOKDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmt5+4NiJWjzhJuB/RoRKhYBSt9HB33i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6ZScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZm+TgdCcoZxYQpkW9lbCRlRThjackg3BW355lbQuq55b9e7dSv06j6MIJ3AKF+BBDepwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPwQpjP4=</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit>

strengthen

Can we enhance the original design to tolerate 
additional deviations in the environment?
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Robustness through Req. Weakening

M k E |= P
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E0
<latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit><latexit sha1_base64="1FjFqkNUQucUe2HGkXHau/4sBL8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GNRBI9V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cHvaK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAje4svLpHle9dyqd39RqV3ncRThCI7hDDy4hBrcQR0awCCEZ3iFN2fkvDjvzse8teDkM4fwB87nD/kyjPo=</latexit>

|= P 0
<latexit sha1_base64="fYBSdhHE/H0GZ/AeTJXpZ+9Z1yc=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPoKeyKoMegF48RTAwmS5id7U2GzGOZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkIFkCaPEOumxJ1QM3ODmab9a8+v+DHiZBAWpoQLNfvWrFyuaCZCWcmJMN/BTG+ZEW0Y5TCq9zEBK6IgMoOuoJAJMmM8unuATp8Q4UdqVtHim/p7IiTBmLCLXKYgdmkVvKv7ndTObXIU5k2lmQdL5oiTj2Co8fR/HTAO1fOwIoZq5WzEdEk2odSFVXAjB4svLpH1eD/x6cHdRa1wXcZTRETpGZyhAl6iBblETtRBFEj2jV/TmGe/Fe/c+5q0lr5g5RH/gff4AzvKQVQ==</latexit><latexit sha1_base64="fYBSdhHE/H0GZ/AeTJXpZ+9Z1yc=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPoKeyKoMegF48RTAwmS5id7U2GzGOZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkIFkCaPEOumxJ1QM3ODmab9a8+v+DHiZBAWpoQLNfvWrFyuaCZCWcmJMN/BTG+ZEW0Y5TCq9zEBK6IgMoOuoJAJMmM8unuATp8Q4UdqVtHim/p7IiTBmLCLXKYgdmkVvKv7ndTObXIU5k2lmQdL5oiTj2Co8fR/HTAO1fOwIoZq5WzEdEk2odSFVXAjB4svLpH1eD/x6cHdRa1wXcZTRETpGZyhAl6iBblETtRBFEj2jV/TmGe/Fe/c+5q0lr5g5RH/gff4AzvKQVQ==</latexit><latexit sha1_base64="fYBSdhHE/H0GZ/AeTJXpZ+9Z1yc=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPoKeyKoMegF48RTAwmS5id7U2GzGOZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkIFkCaPEOumxJ1QM3ODmab9a8+v+DHiZBAWpoQLNfvWrFyuaCZCWcmJMN/BTG+ZEW0Y5TCq9zEBK6IgMoOuoJAJMmM8unuATp8Q4UdqVtHim/p7IiTBmLCLXKYgdmkVvKv7ndTObXIU5k2lmQdL5oiTj2Co8fR/HTAO1fOwIoZq5WzEdEk2odSFVXAjB4svLpH1eD/x6cHdRa1wXcZTRETpGZyhAl6iBblETtRBFEj2jV/TmGe/Fe/c+5q0lr5g5RH/gff4AzvKQVQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3uDbbK7fFYA00WdtwmFinQpQh+k=">AAAB5nicbZBLSwMxFIXv1FetVatbN8EiuiozbnQpuHFZwbZiO5RM5k4bmseQZIRS+i/cuFDEn+TOf2P6WGjrgcDHOQm59yS54NaF4XdQ2tjc2t4p71b2qvsHh7WjatvqwjBsMS20eUyoRcEVthx3Ah9zg1QmAjvJ6HaWd57RWK7VgxvnGEs6UDzjjDpvPfWkTlFY0jzv1+phI5yLrEO0hDos1ezXvnqpZoVE5Zig1najMHfxhBrHmcBppVdYzCkb0QF2PSoq0caT+cRTcuadlGTa+KMcmbu/X0yotHYsE39TUje0q9nM/C/rFi67jidc5YVDxRYfZYUgTpPZ+iTlBpkTYw+UGe5nJWxIDWXOl1TxJUSrK69D+7IRhY3oPoQynMApXEAEV3ADd9CEFjBQ8AJv8B7Y4DX4WNRVCpa9HcMfBZ8/lxeO+Q==</latexit><latexit sha1_base64="3uDbbK7fFYA00WdtwmFinQpQh+k=">AAAB5nicbZBLSwMxFIXv1FetVatbN8EiuiozbnQpuHFZwbZiO5RM5k4bmseQZIRS+i/cuFDEn+TOf2P6WGjrgcDHOQm59yS54NaF4XdQ2tjc2t4p71b2qvsHh7WjatvqwjBsMS20eUyoRcEVthx3Ah9zg1QmAjvJ6HaWd57RWK7VgxvnGEs6UDzjjDpvPfWkTlFY0jzv1+phI5yLrEO0hDos1ezXvnqpZoVE5Zig1najMHfxhBrHmcBppVdYzCkb0QF2PSoq0caT+cRTcuadlGTa+KMcmbu/X0yotHYsE39TUje0q9nM/C/rFi67jidc5YVDxRYfZYUgTpPZ+iTlBpkTYw+UGe5nJWxIDWXOl1TxJUSrK69D+7IRhY3oPoQynMApXEAEV3ADd9CEFjBQ8AJv8B7Y4DX4WNRVCpa9HcMfBZ8/lxeO+Q==</latexit><latexit sha1_base64="xjlGbFspkBvhyY0V7z08t21Rcbw=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPoKex60WPQi8cI5oHJEmZne5Mh81hmZoWw5C+8eFDEq3/jzb9xkuxBEwsaiqpuuruilDNjff/bK62tb2xulbcrO7t7+wfVw6O2UZmm0KKKK92NiAHOJLQssxy6qQYiIg6daHw78ztPoA1T8sFOUggFGUqWMEqskx77QsXADW6eD6o1v+7PgVdJUJAaKtAcVL/6saKZAGkpJ8b0Aj+1YU60ZZTDtNLPDKSEjskQeo5KIsCE+fziKT5zSowTpV1Ji+fq74mcCGMmInKdgtiRWfZm4n9eL7PJdZgzmWYWJF0sSjKOrcKz93HMNFDLJ44Qqpm7FdMR0YRaF1LFhRAsv7xK2pf1wK8H936tcVPEUUYn6BRdoABdoQa6Q03UQhRJ9Ixe0ZtnvBfv3ftYtJa8YuYY/YH3+QPNspBR</latexit><latexit sha1_base64="fYBSdhHE/H0GZ/AeTJXpZ+9Z1yc=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPoKeyKoMegF48RTAwmS5id7U2GzGOZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkIFkCaPEOumxJ1QM3ODmab9a8+v+DHiZBAWpoQLNfvWrFyuaCZCWcmJMN/BTG+ZEW0Y5TCq9zEBK6IgMoOuoJAJMmM8unuATp8Q4UdqVtHim/p7IiTBmLCLXKYgdmkVvKv7ndTObXIU5k2lmQdL5oiTj2Co8fR/HTAO1fOwIoZq5WzEdEk2odSFVXAjB4svLpH1eD/x6cHdRa1wXcZTRETpGZyhAl6iBblETtRBFEj2jV/TmGe/Fe/c+5q0lr5g5RH/gff4AzvKQVQ==</latexit><latexit sha1_base64="fYBSdhHE/H0GZ/AeTJXpZ+9Z1yc=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPoKeyKoMegF48RTAwmS5id7U2GzGOZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkIFkCaPEOumxJ1QM3ODmab9a8+v+DHiZBAWpoQLNfvWrFyuaCZCWcmJMN/BTG+ZEW0Y5TCq9zEBK6IgMoOuoJAJMmM8unuATp8Q4UdqVtHim/p7IiTBmLCLXKYgdmkVvKv7ndTObXIU5k2lmQdL5oiTj2Co8fR/HTAO1fOwIoZq5WzEdEk2odSFVXAjB4svLpH1eD/x6cHdRa1wXcZTRETpGZyhAl6iBblETtRBFEj2jV/TmGe/Fe/c+5q0lr5g5RH/gff4AzvKQVQ==</latexit><latexit sha1_base64="fYBSdhHE/H0GZ/AeTJXpZ+9Z1yc=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPoKeyKoMegF48RTAwmS5id7U2GzGOZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkIFkCaPEOumxJ1QM3ODmab9a8+v+DHiZBAWpoQLNfvWrFyuaCZCWcmJMN/BTG+ZEW0Y5TCq9zEBK6IgMoOuoJAJMmM8unuATp8Q4UdqVtHim/p7IiTBmLCLXKYgdmkVvKv7ndTObXIU5k2lmQdL5oiTj2Co8fR/HTAO1fOwIoZq5WzEdEk2odSFVXAjB4svLpH1eD/x6cHdRa1wXcZTRETpGZyhAl6iBblETtRBFEj2jV/TmGe/Fe/c+5q0lr5g5RH/gff4AzvKQVQ==</latexit><latexit sha1_base64="fYBSdhHE/H0GZ/AeTJXpZ+9Z1yc=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPoKeyKoMegF48RTAwmS5id7U2GzGOZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkIFkCaPEOumxJ1QM3ODmab9a8+v+DHiZBAWpoQLNfvWrFyuaCZCWcmJMN/BTG+ZEW0Y5TCq9zEBK6IgMoOuoJAJMmM8unuATp8Q4UdqVtHim/p7IiTBmLCLXKYgdmkVvKv7ndTObXIU5k2lmQdL5oiTj2Co8fR/HTAO1fOwIoZq5WzEdEk2odSFVXAjB4svLpH1eD/x6cHdRa1wXcZTRETpGZyhAl6iBblETtRBFEj2jV/TmGe/Fe/c+5q0lr5g5RH/gff4AzvKQVQ==</latexit><latexit sha1_base64="fYBSdhHE/H0GZ/AeTJXpZ+9Z1yc=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPoKeyKoMegF48RTAwmS5id7U2GzGOZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkIFkCaPEOumxJ1QM3ODmab9a8+v+DHiZBAWpoQLNfvWrFyuaCZCWcmJMN/BTG+ZEW0Y5TCq9zEBK6IgMoOuoJAJMmM8unuATp8Q4UdqVtHim/p7IiTBmLCLXKYgdmkVvKv7ndTObXIU5k2lmQdL5oiTj2Co8fR/HTAO1fOwIoZq5WzEdEk2odSFVXAjB4svLpH1eD/x6cHdRa1wXcZTRETpGZyhAl6iBblETtRBFEj2jV/TmGe/Fe/c+5q0lr5g5RH/gff4AzvKQVQ==</latexit><latexit sha1_base64="fYBSdhHE/H0GZ/AeTJXpZ+9Z1yc=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPoKeyKoMegF48RTAwmS5id7U2GzGOZmRXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkIFkCaPEOumxJ1QM3ODmab9a8+v+DHiZBAWpoQLNfvWrFyuaCZCWcmJMN/BTG+ZEW0Y5TCq9zEBK6IgMoOuoJAJMmM8unuATp8Q4UdqVtHim/p7IiTBmLCLXKYgdmkVvKv7ndTObXIU5k2lmQdL5oiTj2Co8fR/HTAO1fOwIoZq5WzEdEk2odSFVXAjB4svLpH1eD/x6cHdRa1wXcZTRETpGZyhAl6iBblETtRBFEj2jV/TmGe/Fe/c+5q0lr5g5RH/gff4AzvKQVQ==</latexit>

M k
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Self-adaptive framework 
Temporarily weaken  to a weaker variant ( ) 
that is (1) acceptable to the user &   
(2) satisfiable in the deviated environment

P P′￼
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Robustness of AI-based Systems

System as a composition of AI & “traditional” SW

How robust is the overall system against: 
(1) Deviations in the environment? 
(2) Mistakes in the learning-based components?

How do we validate & measure robustness in such systems?
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Takeaway

Software-intensive systems depend on various 
assumptions about the environment


The environment may deviate from its 
expectations due to misbehavior or changes


To ensure critical properties, systems should be 
designed to be robust against possible deviations
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Robust Software Design: Roadmap
Specification

Analysis Robustification

What does it mean for  
our system to be robust?

How do we improve 
its robustness?

How robust is our 
system?
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https://github.com/
cmu-soda/Fortis

https://github.com/cmu-soda/Fortis
https://github.com/cmu-soda/Fortis

