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Part I
Problem setup
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Methodology overview

• passive with storage

Passivity-based-feedback as guideline for control design (choice of output plays a major role)
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Methodology overview

• passive with storage

Passivity-based-feedback as guideline for control design (choice of output plays a major role)

Consider the synchronisation example:
<latexit sha1_base64="b5fDfCEvM2kmV9LshB7qU/XXzzo="></latexit>

✓̇ = !

M !̇ = �D! + g(✓)>z �rS(✓) + ⌧

T ż = �Fz � g(✓)!

y = !
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<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

<latexit sha1_base64="/VymQzREaXZv/63pDZINEbRFidg=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpJIUZcFN26ECvYBbSyT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq2V1bX1jc3SVnl7Z3evYu8ftFWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT65zv/NIpWKRuNfTmHohHgkWMIK1kQZ2pR9iPfaD9DZ7SM/cbGBXnZozA1ombkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zcr9RNEYkwke0Z6hAodUeekseIZOjDJEQSTNExrN1N8bKQ6Vmoa+mcxjqkUvF//zeokOrryUiTjRVJD5oSDhSEcobwENmaRE86khmEhmsiIyxhITbboqmxLcxS8vk/Z5zb2o1e/q1Ua9qKMER3AMp+DCJTTgBprQAgIJPMMrvFlP1ov1bn3MR1esYucQ/sD6/AGYEJMD</latexit>
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Methodology overview

• passive with storage

Passivity-based-feedback as guideline for control design (choice of output plays a major role)

Consider the synchronisation example:

• potential energy t.b.d.

• under-actuated

• constant mass-matrix
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✓̇ = !

M !̇ = �D! + g(✓)>z �rS(✓) + ⌧

T ż = �Fz � g(✓)!

y = !
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q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

<latexit sha1_base64="/VymQzREaXZv/63pDZINEbRFidg=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpJIUZcFN26ECvYBbSyT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq2V1bX1jc3SVnl7Z3evYu8ftFWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT65zv/NIpWKRuNfTmHohHgkWMIK1kQZ2pR9iPfaD9DZ7SM/cbGBXnZozA1ombkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zcr9RNEYkwke0Z6hAodUeekseIZOjDJEQSTNExrN1N8bKQ6Vmoa+mcxjqkUvF//zeokOrryUiTjRVJD5oSDhSEcobwENmaRE86khmEhmsiIyxhITbboqmxLcxS8vk/Z5zb2o1e/q1Ua9qKMER3AMp+DCJTTgBprQAgIJPMMrvFlP1ov1bn3MR1esYucQ/sD6/AGYEJMD</latexit>
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Methodology overview

• passive with storage

Passivity-based-feedback as guideline for control design (choice of output plays a major role)

Consider the synchronisation example:

• potential energy t.b.d.

• under-actuated

• constant mass-matrix

8 > < > : <latexit sha1_base64="W7pVgIUkLX0FcMsYdscHrug9te4="></latexit>

<latexit sha1_base64="b5fDfCEvM2kmV9LshB7qU/XXzzo="></latexit>

✓̇ = !

M !̇ = �D! + g(✓)>z �rS(✓) + ⌧

T ż = �Fz � g(✓)!

y = !
lossless energy exchange

Laplacian + damping

assume S = 0
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<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

<latexit sha1_base64="/VymQzREaXZv/63pDZINEbRFidg=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpJIUZcFN26ECvYBbSyT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq2V1bX1jc3SVnl7Z3evYu8ftFWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT65zv/NIpWKRuNfTmHohHgkWMIK1kQZ2pR9iPfaD9DZ7SM/cbGBXnZozA1ombkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zcr9RNEYkwke0Z6hAodUeekseIZOjDJEQSTNExrN1N8bKQ6Vmoa+mcxjqkUvF//zeokOrryUiTjRVJD5oSDhSEcobwENmaRE86khmEhmsiIyxhITbboqmxLcxS8vk/Z5zb2o1e/q1Ua9qKMER3AMp+DCJTTgBprQAgIJPMMrvFlP1ov1bn3MR1esYucQ/sD6/AGYEJMD</latexit>
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Methodology overview

• passive with storage

Passivity-based-feedback as guideline for control design (choice of output plays a major role)

Consider the synchronisation example:

• potential energy t.b.d.

• under-actuated

• constant mass-matrix

8 > < > : <latexit sha1_base64="W7pVgIUkLX0FcMsYdscHrug9te4="></latexit>

<latexit sha1_base64="b5fDfCEvM2kmV9LshB7qU/XXzzo="></latexit>

✓̇ = !

M !̇ = �D! + g(✓)>z �rS(✓) + ⌧

T ż = �Fz � g(✓)!

y = !
lossless energy exchange

Laplacian + damping

Naive PBF:                    and zero-state detectability 

would mean:

<latexit sha1_base64="D1ksmhNzyiM/jTg2tWIlA0b+Llo="></latexit>

⌧ = �Ky
<latexit sha1_base64="MyBlkD/u+CWOpQQ7eh+nVyNACBc="></latexit>

x(t) ! 0 as t ! 1

assume S = 0
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<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

<latexit sha1_base64="/VymQzREaXZv/63pDZINEbRFidg=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpJIUZcFN26ECvYBbSyT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq2V1bX1jc3SVnl7Z3evYu8ftFWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT65zv/NIpWKRuNfTmHohHgkWMIK1kQZ2pR9iPfaD9DZ7SM/cbGBXnZozA1ombkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zcr9RNEYkwke0Z6hAodUeekseIZOjDJEQSTNExrN1N8bKQ6Vmoa+mcxjqkUvF//zeokOrryUiTjRVJD5oSDhSEcobwENmaRE86khmEhmsiIyxhITbboqmxLcxS8vk/Z5zb2o1e/q1Ua9qKMER3AMp+DCJTTgBprQAgIJPMMrvFlP1ov1bn3MR1esYucQ/sD6/AGYEJMD</latexit>

M�1

Catalin Arghir 823/05/22

Methodology overview

• passive with storage

Passivity-based-feedback as guideline for control design (choice of output plays a major role)

Consider the synchronisation example:
<latexit sha1_base64="b5fDfCEvM2kmV9LshB7qU/XXzzo="></latexit>

✓̇ = !

M !̇ = �D! + g(✓)>z �rS(✓) + ⌧

T ż = �Fz � g(✓)!

y = !
lossless energy exchange

Laplacian + damping

Suppose we choose PBF for:                         

the zero dynamics become a cascade

<latexit sha1_base64="/6971zl1QidovVY9gjVSzdKYY7o="></latexit>

ỹ = ! � !01

assume S = 0



||

⌃
y

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

<latexit sha1_base64="/VymQzREaXZv/63pDZINEbRFidg=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpJIUZcFN26ECvYBbSyT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq2V1bX1jc3SVnl7Z3evYu8ftFWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT65zv/NIpWKRuNfTmHohHgkWMIK1kQZ2pR9iPfaD9DZ7SM/cbGBXnZozA1ombkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zcr9RNEYkwke0Z6hAodUeekseIZOjDJEQSTNExrN1N8bKQ6Vmoa+mcxjqkUvF//zeokOrryUiTjRVJD5oSDhSEcobwENmaRE86khmEhmsiIyxhITbboqmxLcxS8vk/Z5zb2o1e/q1Ua9qKMER3AMp+DCJTTgBprQAgIJPMMrvFlP1ov1bn3MR1esYucQ/sD6/AGYEJMD</latexit>

M�1

Catalin Arghir 923/05/22

Methodology overview

• passive with storage

Passivity-based-feedback as guideline for control design (choice of output plays a major role)

Consider the synchronisation example:
<latexit sha1_base64="b5fDfCEvM2kmV9LshB7qU/XXzzo="></latexit>

✓̇ = !

M !̇ = �D! + g(✓)>z �rS(✓) + ⌧

T ż = �Fz � g(✓)!

y = !
lossless energy exchange

Laplacian + damping

Suppose we choose PBF for:                         

the zero dynamics become a cascade

<latexit sha1_base64="/6971zl1QidovVY9gjVSzdKYY7o="></latexit>

ỹ = ! � !01

<latexit sha1_base64="BELRJchkxePkR1aGWvRsJ+tnKJM="></latexit>

✓̇ = !01

T ż = �Fz � g(✓)!01

assume S = 0



||

⌃
y

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

<latexit sha1_base64="/VymQzREaXZv/63pDZINEbRFidg=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpJIUZcFN26ECvYBbSyT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq2V1bX1jc3SVnl7Z3evYu8ftFWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT65zv/NIpWKRuNfTmHohHgkWMIK1kQZ2pR9iPfaD9DZ7SM/cbGBXnZozA1ombkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zcr9RNEYkwke0Z6hAodUeekseIZOjDJEQSTNExrN1N8bKQ6Vmoa+mcxjqkUvF//zeokOrryUiTjRVJD5oSDhSEcobwENmaRE86khmEhmsiIyxhITbboqmxLcxS8vk/Z5zb2o1e/q1Ua9qKMER3AMp+DCJTTgBprQAgIJPMMrvFlP1ov1bn3MR1esYucQ/sD6/AGYEJMD</latexit>

M�1

Catalin Arghir 1023/05/22

Methodology overview

• passive with storage

Passivity-based-feedback as guideline for control design (choice of output plays a major role)

Consider the synchronisation example:
<latexit sha1_base64="b5fDfCEvM2kmV9LshB7qU/XXzzo="></latexit>

✓̇ = !

M !̇ = �D! + g(✓)>z �rS(✓) + ⌧

T ż = �Fz � g(✓)!

y = !
lossless energy exchange

Laplacian + damping

Suppose we choose PBF for:                         

the zero dynamics become a cascade

<latexit sha1_base64="/6971zl1QidovVY9gjVSzdKYY7o="></latexit>

ỹ = ! � !01

<latexit sha1_base64="BELRJchkxePkR1aGWvRsJ+tnKJM="></latexit>

✓̇ = !01

T ż = �Fz � g(✓)!01
⌘<latexit sha1_base64="ZB8qEFxlnWPy93Z9h+ym8EVWCGQ="></latexit>

assuming non-resonance, 

admits

assume S = 0

<latexit sha1_base64="nQuE2/gayyIVEo/0wKw9cS3cfmY="></latexit>

SSL = {(⇠, z) : z = ⇧⇠}

<latexit sha1_base64="Aj0nj3xqmDSsfiwvgTf0SD+/aAo="></latexit>

j =
⇥
0 �1
1 0

⇤

<latexit sha1_base64="TTrhGMR3yd5GN6c+wFDLzn62/g4="></latexit>

⇠̇ = j!0⇠

T ż = �Fz � E⇠



||

⌃
y

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

<latexit sha1_base64="/VymQzREaXZv/63pDZINEbRFidg=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpJIUZcFN26ECvYBbSyT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq2V1bX1jc3SVnl7Z3evYu8ftFWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT65zv/NIpWKRuNfTmHohHgkWMIK1kQZ2pR9iPfaD9DZ7SM/cbGBXnZozA1ombkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zcr9RNEYkwke0Z6hAodUeekseIZOjDJEQSTNExrN1N8bKQ6Vmoa+mcxjqkUvF//zeokOrryUiTjRVJD5oSDhSEcobwENmaRE86khmEhmsiIyxhITbboqmxLcxS8vk/Z5zb2o1e/q1Ua9qKMER3AMp+DCJTTgBprQAgIJPMMrvFlP1ov1bn3MR1esYucQ/sD6/AGYEJMD</latexit>

M�1

Catalin Arghir 1123/05/22

Methodology overview

• passive with storage

Passivity-based-feedback as guideline for control design (choice of output plays a major role)

Consider the synchronisation example:
<latexit sha1_base64="b5fDfCEvM2kmV9LshB7qU/XXzzo="></latexit>

✓̇ = !

M !̇ = �D! + g(✓)>z �rS(✓) + ⌧

T ż = �Fz � g(✓)!

y = !
lossless energy exchange

Laplacian + damping

Suppose we choose PBF for:                         

the zero dynamics become a cascade

<latexit sha1_base64="/6971zl1QidovVY9gjVSzdKYY7o="></latexit>

ỹ = ! � !01

<latexit sha1_base64="BELRJchkxePkR1aGWvRsJ+tnKJM="></latexit>

✓̇ = !01

T ż = �Fz � g(✓)!01
⌘<latexit sha1_base64="ZB8qEFxlnWPy93Z9h+ym8EVWCGQ="></latexit>

assuming non-resonance, 

admits
<latexit sha1_base64="6E7ai1/a2BXGm7jW15YSn6XS6Ck="></latexit>

SSL = {(⇠, z) : z = ⇡(✓)}

<latexit sha1_base64="Aj0nj3xqmDSsfiwvgTf0SD+/aAo="></latexit>

j =
⇥
0 �1
1 0

⇤

<latexit sha1_base64="TTrhGMR3yd5GN6c+wFDLzn62/g4="></latexit>

⇠̇ = j!0⇠

T ż = �Fz � E⇠

Refine output:                                              

<latexit sha1_base64="FfDROAp+tX1GvADu1J4LZjBJqd0="></latexit>

ȳ =


! � !01
z � ⇡(✓)

�

assume S = 0



||

⌃
y

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

<latexit sha1_base64="/VymQzREaXZv/63pDZINEbRFidg=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpJIUZcFN26ECvYBbSyT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq2V1bX1jc3SVnl7Z3evYu8ftFWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT65zv/NIpWKRuNfTmHohHgkWMIK1kQZ2pR9iPfaD9DZ7SM/cbGBXnZozA1ombkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zcr9RNEYkwke0Z6hAodUeekseIZOjDJEQSTNExrN1N8bKQ6Vmoa+mcxjqkUvF//zeokOrryUiTjRVJD5oSDhSEcobwENmaRE86khmEhmsiIyxhITbboqmxLcxS8vk/Z5zb2o1e/q1Ua9qKMER3AMp+DCJTTgBprQAgIJPMMrvFlP1ov1bn3MR1esYucQ/sD6/AGYEJMD</latexit>

M�1

Catalin Arghir 1223/05/22

Methodology overview

• passive with storage

Passivity-based-feedback as guideline for control design (choice of output plays a major role)

Consider the synchronisation example:
<latexit sha1_base64="b5fDfCEvM2kmV9LshB7qU/XXzzo="></latexit>

✓̇ = !

M !̇ = �D! + g(✓)>z �rS(✓) + ⌧

T ż = �Fz � g(✓)!

y = !
lossless energy exchange

Laplacian + damping

Suppose we choose PBF for:                         

the zero dynamics become a cascade

<latexit sha1_base64="/6971zl1QidovVY9gjVSzdKYY7o="></latexit>

ỹ = ! � !01

<latexit sha1_base64="BELRJchkxePkR1aGWvRsJ+tnKJM="></latexit>

✓̇ = !01

T ż = �Fz � g(✓)!01
⌘<latexit sha1_base64="ZB8qEFxlnWPy93Z9h+ym8EVWCGQ="></latexit>

assuming non-resonance, 

admits
<latexit sha1_base64="6E7ai1/a2BXGm7jW15YSn6XS6Ck="></latexit>

SSL = {(⇠, z) : z = ⇡(✓)}

Refine output:                             … ultimately:                                                                                needs to be g.a.s.                     

<latexit sha1_base64="FfDROAp+tX1GvADu1J4LZjBJqd0="></latexit>

ȳ =


! � !01
z � ⇡(✓)

�
<latexit sha1_base64="N64eZgnLDeoxmC8HkXucsYqH7nA="></latexit>

Z = {(✓,!, z) : ! = !01, z = ⇡(✓),rS(✓) = 0}

<latexit sha1_base64="Aj0nj3xqmDSsfiwvgTf0SD+/aAo="></latexit>

j =
⇥
0 �1
1 0

⇤

<latexit sha1_base64="TTrhGMR3yd5GN6c+wFDLzn62/g4="></latexit>

⇠̇ = j!0⇠

T ż = �Fz � E⇠

assume S = 0



||

⌃
y

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

<latexit sha1_base64="/VymQzREaXZv/63pDZINEbRFidg=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgxpJIUZcFN26ECvYBbSyT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9pxvq2V1bX1jc3SVnl7Z3evYu8ftFWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT65zv/NIpWKRuNfTmHohHgkWMIK1kQZ2pR9iPfaD9DZ7SM/cbGBXnZozA1ombkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zcr9RNEYkwke0Z6hAodUeekseIZOjDJEQSTNExrN1N8bKQ6Vmoa+mcxjqkUvF//zeokOrryUiTjRVJD5oSDhSEcobwENmaRE86khmEhmsiIyxhITbboqmxLcxS8vk/Z5zb2o1e/q1Ua9qKMER3AMp+DCJTTgBprQAgIJPMMrvFlP1ov1bn3MR1esYucQ/sD6/AGYEJMD</latexit>

M�1
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Methodology overview

• passive with storage

Passivity-based-feedback as guideline for control design (choice of output plays a major role)

Consider the synchronisation example:
<latexit sha1_base64="b5fDfCEvM2kmV9LshB7qU/XXzzo="></latexit>

✓̇ = !

M !̇ = �D! + g(✓)>z �rS(✓) + ⌧

T ż = �Fz � g(✓)!

y = !
lossless energy exchange

Laplacian + damping

Suppose we choose PBF for:                         

the zero dynamics become a cascade

<latexit sha1_base64="/6971zl1QidovVY9gjVSzdKYY7o="></latexit>

ỹ = ! � !01

<latexit sha1_base64="BELRJchkxePkR1aGWvRsJ+tnKJM="></latexit>

✓̇ = !01

T ż = �Fz � g(✓)!01
⌘<latexit sha1_base64="ZB8qEFxlnWPy93Z9h+ym8EVWCGQ="></latexit>

assuming non-resonance, 

admits
<latexit sha1_base64="6E7ai1/a2BXGm7jW15YSn6XS6Ck="></latexit>

SSL = {(⇠, z) : z = ⇡(✓)}

Refine output:                             … ultimately:                                                                                needs to be g.a.s.                     

<latexit sha1_base64="FfDROAp+tX1GvADu1J4LZjBJqd0="></latexit>

ȳ =


! � !01
z � ⇡(✓)

�
<latexit sha1_base64="N64eZgnLDeoxmC8HkXucsYqH7nA="></latexit>

Z = {(✓,!, z) : ! = !01, z = ⇡(✓),rS(✓) = 0}

<latexit sha1_base64="BZp4jOpSD26lT3FzHaMBkUKkvZY="></latexit>

⌧ = D!01 � g(✓)>⇡(✓)| {z }
controlled invariance

+ @
@✓

�
1
2 z̃

>T z̃
�

| {z }
passivation

, where z̃ = z � ⇡(✓)Passive error dynamics:

<latexit sha1_base64="Aj0nj3xqmDSsfiwvgTf0SD+/aAo="></latexit>

j =
⇥
0 �1
1 0

⇤

<latexit sha1_base64="TTrhGMR3yd5GN6c+wFDLzn62/g4="></latexit>

⇠̇ = j!0⇠

T ż = �Fz � E⇠

assume S = 0
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Part II
Feedback equivalence step



||Catalin Arghir 1523/05/22

Problem overview

• passive with storage

ṗ =�D! � ⌧e + ⌧m

✓̇ = !

 ̇s =�Rsis + vg

 ̇r =� rrir + ur
<latexit sha1_base64="0FgbkMJ0IsbvzB6tATMWBjFG314="></latexit>

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

ur
<latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit>

Ls
<latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit>

Cdc
<latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit>

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit> L✓

<latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

L(θ)
<latexit sha1_base64="5fseA+YeVnH/rNQL3jW7GUZwvw0="></latexit>

vg
<latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit>

Consider a network of synchronous machines (and DC/AC converters)

• Q: how to actuate both in a unified manner

• Q: how to define & achieve hierarchical specifications

⇢m
<latexit sha1_base64="lt95U+Baug9ZiozyCRUsAnjRsrM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+qJfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukVasGF9Xa/WWlfpPHUYQTOIVzCOAK6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/o7iPKw==</latexit>

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit>

�̇r
<latexit sha1_base64="ZhEf+/x8P3+IUCwM4bJ9ARUAAMw=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0q6LHoxWMF+wHtWmbTbBua7C7JrFKW/g8vHhTx6n/x5r8xbfegrQ8GHu/NJDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDsBwKSLeQIGStxPNQQWSt4LRzdRvPXJtRBzd4zjhvoJBJELBAK300O3HmHUHoBRMerpXKrsVdwa6TLyclEmOeq/0ZR9gqeIRMgnGdDw3QT8DjYJJPil2U8MTYCMY8I6lEShu/Gy29YSeWqVPw1jbipDO1N8TGShjxiqwnQpwaBa9qfif10kxvPIzESUp8ojNPwpTSTGm0whoX2jOUI4tAaaF3ZWyIWhgaIMq2hC8xZOXSbNa8c4r1buLcu06j6NAjskJOSMeuSQ1ckvqpEEY0eSZvJI358l5cd6dj3nripPPHJE/cD5/AP9dktU=</latexit>

˜
<latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit>es

<latexit sha1_base64="JGoUu8J/GgAT+orP6kVfRR6LokQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzOfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9EMpQR</latexit>

e
<latexit sha1_base64="7j99uV0+pSEEi60zLEiKIshDDII=">AAAB/nicbVBLSwMxGMz6rPW1Kp68BIvgqexWQY9FLx4r2Ad0lyWbTdvQbBKSrFCWgn/FiwdFvPo7vPlvzLZ70NaBkGHm+8hkYsmoNp737aysrq1vbFa2qts7u3v77sFhR4tMYdLGggnVi5EmjHLSNtQw0pOKoDRmpBuPbwu/+0iUpoI/mIkkYYqGnA4oRsZKkXscxIIlepLaKyfTKBgjKVHk1ry6NwNcJn5JaqBEK3K/gkTgLCXcYIa07vueNGGOlKGYkWk1yDSRCI/RkPQt5SglOsxn8afwzCoJHAhlDzdwpv7eyFGqi4R2MkVmpBe9QvzP62dmcB3mlMvMEI7nDw0yBo2ARRcwoYpgwyaWIKyozQrxCCmEjW2sakvwF7+8TDqNun9Rb9xf1po3ZR0VcAJOwTnwwRVogjvQAm2AQQ6ewSt4c56cF+fd+ZiPrjjlzhH4A+fzBxx1ljk=</latexit>

vg
<latexit sha1_base64="sL3EcQk8divxR0K318YefWg5u4g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrnw690e+XXcazgJonbglqUOJtm9/DcOEZDEVmnCs1MB1Uu3lWGpGOJ3XhpmiKSYTPKIDQwWOqfLyRfI5ujBKiKJEmiM0Wqi/N3IcqyKcmYyxHqtVrxD/8waZjm69nIk001SQ5UNRxpFOUFEDCpmkRPOZIZhIZrIiMsYSE23KqpkS3NUvr5Nus+FeNZqP1/XWXVlHFc7gHC7BhRtowQO0oQMEpvAMr/Bm5daL9W59LEcrVrlzCn9gff4AS/mUFg==</latexit>

Ls
<latexit sha1_base64="fUoqP1mOhezMDMOS/pzVUtRaf/Q=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FLx48VLAfsF1KNk3b0GwSklmhLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXqwFt+D7315hbX1jc6u4XdrZ3ds/KB8etaxKDWVNqoQynZhYJrhkTeAgWEcbRpJYsHY8vp357SdmLFfyESaaRQkZSj7glICTwvteZrtjojWZ9soVv+rPgVdJkJMKytHolb+6fUXThEmgglgbBr6GKCMGOBVsWuqmlmlCx2TIQkclSZiNsvnJU3zmlD4eKONKAp6rvycyklg7SWLXmRAY2WVvJv7nhSkMrqOMS50Ck3SxaJAKDArP/sd9bhgFMXGEUMPdrZiOiCEUXEolF0Kw/PIqadWqwUW19nBZqd/kcRTRCTpF5yhAV6iO7lADNRFFCj2jV/TmgffivXsfi9aCl88coz/wPn8AiX2Raw==</latexit>

⌧m

⇢e
<latexit sha1_base64="EDAPD8MBJpvGHUxNOBVrXNh2iEY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDbbSbt2sxt2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVFJtUcqk6IdHImcCmYYZjJ1FI4pBjOxzfzvz2EyrNpHgwkwSDmAwFixglxkqtnhrJPvbLFa/qzeGuEj8nFcjR6Je/egNJ0xiFoZxo3fW9xAQZUYZRjtNSL9WYEDomQ+xaKkiMOsjm107dM6sM3EgqW8K4c/X3REZirSdxaDtjYkZ62ZuJ/3nd1ETXQcZEkhoUdLEoSrlrpDt73R0whdTwiSWEKmZvdemIKEKNDahkQ/CXX14lrVrVv6jW7i8r9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AZeYjyM=</latexit>

⌧e
<latexit sha1_base64="+66kE/8TXPZvxeMLy1F7v6izHwQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9p2uf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AJkbjyQ=</latexit>

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

i
<latexit sha1_base64="YrsH/Lv98rC9jyvQS6MQiVsYKkI=">AAAB/nicbVBLSwMxGMz6rPW1Kp68BIvgqexWQY9FLx4r2Ad0lyWbTdvQbBKSrFCWgn/FiwdFvPo7vPlvzLZ70NaBkGHm+8hkYsmoNp737aysrq1vbFa2qts7u3v77sFhR4tMYdLGggnVi5EmjHLSNtQw0pOKoDRmpBuPbwu/+0iUpoI/mIkkYYqGnA4oRsZKkXscxIIlepLaK6fTKBgjKVHk1ry6NwNcJn5JaqBEK3K/gkTgLCXcYIa07vueNGGOlKGYkWk1yDSRCI/RkPQt5SglOsxn8afwzCoJHAhlDzdwpv7eyFGqi4R2MkVmpBe9QvzP62dmcB3mlMvMEI7nDw0yBo2ARRcwoYpgwyaWIKyozQrxCCmEjW2sakvwF7+8TDqNun9Rb9xf1po3ZR0VcAJOwTnwwRVogjvQAm2AQQ6ewSt4c56cF+fd+ZiPrjjlzhH4A+fzByKllj0=</latexit>

˜
<latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit> vg

<latexit sha1_base64="sL3EcQk8divxR0K318YefWg5u4g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrnw690e+XXcazgJonbglqUOJtm9/DcOEZDEVmnCs1MB1Uu3lWGpGOJ3XhpmiKSYTPKIDQwWOqfLyRfI5ujBKiKJEmiM0Wqi/N3IcqyKcmYyxHqtVrxD/8waZjm69nIk001SQ5UNRxpFOUFEDCpmkRPOZIZhIZrIiMsYSE23KqpkS3NUvr5Nus+FeNZqP1/XWXVlHFc7gHC7BhRtowQO0oQMEpvAMr/Bm5daL9W59LEcrVrlzCn9gff4AS/mUFg==</latexit>

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

ex
<latexit sha1_base64="2bfQWHr8y6r+peURgmK0adLbv6M=">AAAB+XicbVC7TsMwFHV4lvIKMLJYVEhMVVKQYKxgYSwSfUhtFDnOTWvVcSLbqaii/gkLAwix8ids/A1OmwFajmT56Jx75eMTpJwp7Tjf1tr6xubWdmWnuru3f3BoHx13VJJJCm2a8ET2AqKAMwFtzTSHXiqBxAGHbjC+K/zuBKRiiXjU0xS8mAwFixgl2ki+bQ+ChIdqGpsrh5n/5Ns1p+7MgVeJW5IaKtHy7a9BmNAsBqEpJ0r1XSfVXk6kZpTDrDrIFKSEjskQ+oYKEoPy8nnyGT43SoijRJojNJ6rvzdyEqsinJmMiR6pZa8Q//P6mY5uvJyJNNMg6OKhKONYJ7ioAYdMAtV8agihkpmsmI6IJFSbsqqmBHf5y6uk06i7l/XGw1WteVvWUUGn6AxdIBddoya6Ry3URhRN0DN6RW9Wbr1Y79bHYnTNKndO0B9Ynz9LxpQW</latexit>

vdc
<latexit sha1_base64="cN8a2pc/JNquNFsAeTRBG1Djxaw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXisYD+gXUo2m21js8mSZAtl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpapIrRFJJeqG2BNORO0ZZjhtJsoiuOA004wvpv7nQlVmknxaKYJ9WM8FCxiBBsrtSeDLCSzQbniVt0F0DrxclKBHM1B+asfSpLGVBjCsdY9z02Mn2FlGOF0VuqnmiaYjPGQ9iwVOKbazxbXztCFVUIUSWVLGLRQf09kONZ6Gge2M8ZmpFe9ufif10tNdONnTCSpoYIsF0UpR0ai+esoZIoSw6eWYKKYvRWREVaYGBtQyYbgrb68Ttq1qndVrT3UK43bPI4inME5XIIH19CAe2hCCwg8wTO8wpsjnRfn3flYthacfOYU/sD5/AHZIY9O</latexit>

⌫
⌘

<latexit sha1_base64="zK7COHCZbtpatiTBoEinhrWs9qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JUQY9FLx4r2A9oQtlsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//Arh52dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhfkRGkoecEjDSwK56ECpCM0+meeYxIPnArjl1Zw68StyC1FCB1sD+8oYxTSMmgQqidd91EvAzooBTwfKKl2qWEDohI9Y3VJKIaT+bn57jU6MMcRgrUxLwXP09kZFI62kUmM6IwFgvezPxP6+fQnjlZ1wmKTBJF4vCVGCI8SwHPOSKURBTQwhV3NyK6ZiYKMCkVTEhuMsvr5JOo+6e1xt3F7XmdRFHGR2jE3SGXHSJmugWtVAbUfSIntErerOerBfr3fpYtJasYuYI/YH1+QMYgZSK</latexit>

⌘⇢dc
<latexit sha1_base64="8jlWLYNZyu/u5uP+8wcZUBCGpOA=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM1m0i7d7MbdTaGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvTDnTxnW/nbX1jc2t7dJOeXdv/+CwcnTc1jJTFFpUcqm6IdHAmYCWYYZDN1VAkpBDJxzdzfzOGJRmUjyaSQpBQgaCxYwSY6XAB0N8NZT9PKLTfqXq1tw58CrxClJFBZr9ypcfSZolIAzlROue56YmyIkyjHKYlv1MQ0roiAygZ6kgCeggnx89xedWiXAslS1h8Fz9PZGTROtJEtrOhJihXvZm4n9eLzPxTZAzkWYGBF0sijOOjcSzBHDEFFDDJ5YQqpi9FdMhUYQam1PZhuAtv7xK2vWad1mrP1xVG7dFHCV0is7QBfLQNWqge9RELUTRE3pGr+jNGTsvzrvzsWhdc4qZE/QHzucPJ56SWQ==</latexit>

⌘fdc
<latexit sha1_base64="5kruWLcf1jSni5oLLqZ2LhYl3y0=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM1m0i7dbMLuRCihP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk0hxZPZKK7ATMghYIWCpTQTTWwOJDQCcZ3M7/zBNqIRD3iJAU/ZkMlIsEZWqnXB2Q0GuQhnw4qVbfmzkFXiVeQKinQHFS++mHCsxgUcsmM6Xluin7ONAouYVruZwZSxsdsCD1LFYvB+Pn85Ck9t0pIo0TbUkjn6u+JnMXGTOLAdsYMR2bZm4n/eb0Moxs/FyrNEBRfLIoySTGhs/9pKDRwlBNLGNfC3kr5iGnG0aZUtiF4yy+vkna95l3W6g9X1cZtEUeJnJIzckE8ck0a5J40SYtwkpBn8kreHHRenHfnY9G65hQzJ+QPnM8fH4uRJg==</latexit>

⌘fe
<latexit sha1_base64="ZYB4DHidQERbtiITlwM0w94k8ag=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz02ENDSdjPcNovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bXzwlZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZm9TwZcITNiYgllittbCRtRRZmxIZVsCN7yy6ukVat6F9Xa/WWlfpPHUYQTOIVz8OAK6nAHDWgCAwnP8ApvjnZenHfnY9FacPKZY/gD5/MHYkKQug==</latexit>

⌘⇢e
<latexit sha1_base64="p7Gx5rRQ3Khlx1PDCbYL8WZydKQ=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM122i7dbOLuplBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqh1Sj4BIbhhuB7UQhjUKBrXB0N/NbY1Sax/LRTBIMIjqQvM8ZNVYKfDSU+GoYdzOcdktlt+LOQVaJl5My5Kh3S19+L2ZphNIwQbXueG5igowqw5nAadFPNSaUjegAO5ZKGqEOsvnRU3JulR7px8qWNGSu/p7IaKT1JAptZ0TNUC97M/E/r5Oa/k2QcZmkBiVbLOqngpiYzBIgPa6QGTGxhDLF7a2EDamizNicijYEb/nlVdKsVrzLSvXhqly7zeMowCmcwQV4cA01uIc6NIDBEzzDK7w5Y+fFeXc+Fq1rTj5zAn/gfP4AwUKSFw==</latexit>

⌘2Mr
<latexit sha1_base64="+zxWVmyWsCa8CcCZQPHSB39wbhk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16ECOaByRpmJ5NkyOzsMtMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSk7nEccz+kAyX6glG00kOHI32skNuu7hZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdKolL2zcuXuvFS9yuLIwxEcwyl4cAFVuIEa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QOxqpBG</latexit>

⌘2Dr
<latexit sha1_base64="lt/brakOaevDjsaQ3TbK7CpUD3g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6YrGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqHscx90M6UKIvGEUrPXQ40scKuenqbrHklt0ZyDLxMlKCDLVu8avTi1gScoVMUmPanhujn1KNgkk+KXQSw2PKRnTA25YqGnLjp7OLJ+TEKj3Sj7QthWSm/p5IaWjMOAxsZ0hxaBa9qfif106wf+mnQsUJcsXmi/qJJBiR6fukJzRnKMeWUKaFvZWwIdWUoQ2pYEPwFl9eJo1K2TsrV+7OS9WrLI48HMExnIIHF1CFW6hBHRgoeIZXeHOM8+K8Ox/z1pyTzRzCHzifP6P0kD0=</latexit>

Cdc
<latexit sha1_base64="HNL2QFHO2L4z/gqo5h3+Rhxila4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0We/FYwX5Au5RsNtvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpapIrRNJJeqF2BNORO0bZjhtJcoiuOA024wac797hNVmknxYKYJ9WM8EixiBBsrdZrDLCSzYbniVt0F0DrxclKBHK1h+WsQSpLGVBjCsdZ9z02Mn2FlGOF0VhqkmiaYTPCI9i0VOKbazxbXztCFVUIUSWVLGLRQf09kONZ6Gge2M8ZmrFe9ufif109NdONnTCSpoYIsF0UpR0ai+esoZIoSw6eWYKKYvRWRMVaYGBtQyYbgrb68Tjq1qndVrd3XK43bPI4inME5XIIH19CAO2hBGwg8wjO8wpsjnRfn3flYthacfOYU/sD5/AGK1o8b</latexit>

Gdc
<latexit sha1_base64="iN/fu4tGZWGcOyyC9oMy83f5eDI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WPeixgv2AdinZbLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8CaciZoyzDDaTdRFMcBp51gfDPzO09UaSbFg5kk1I/xULCIEWys1L4dZCGZDsoVt+rOgVaJl5MK5GgOyl/9UJI0psIQjrXueW5i/Awrwwin01I/1TTBZIyHtGepwDHVfja/dorOrBKiSCpbwqC5+nsiw7HWkziwnTE2I73szcT/vF5qois/YyJJDRVksShKOTISzV5HIVOUGD6xBBPF7K2IjLDCxNiASjYEb/nlVdKuVb2Lau2+Xmlc53EU4QRO4Rw8uIQG3EETWkDgEZ7hFd4c6bw4787HorXg5DPH8AfO5w+Q+o8f</latexit>

Ls
<latexit sha1_base64="WJ4+ma/b/ayQw59Ju91t78XA9qw=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjr6V6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBLf6Nug==</latexit> Rs

<latexit sha1_base64="ZWRa/pa6ZVQlP2HxqA/EkbAOSqs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue6ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QM3Io3A</latexit>

⇢m
<latexit sha1_base64="lt95U+Baug9ZiozyCRUsAnjRsrM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+qJfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukVasGF9Xa/WWlfpPHUYQTOIVzCOAK6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/o7iPKw==</latexit>

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit>

�̇r
<latexit sha1_base64="ZhEf+/x8P3+IUCwM4bJ9ARUAAMw=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0q6LHoxWMF+wHtWmbTbBua7C7JrFKW/g8vHhTx6n/x5r8xbfegrQ8GHu/NJDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDsBwKSLeQIGStxPNQQWSt4LRzdRvPXJtRBzd4zjhvoJBJELBAK300O3HmHUHoBRMerpXKrsVdwa6TLyclEmOeq/0ZR9gqeIRMgnGdDw3QT8DjYJJPil2U8MTYCMY8I6lEShu/Gy29YSeWqVPw1jbipDO1N8TGShjxiqwnQpwaBa9qfif10kxvPIzESUp8ojNPwpTSTGm0whoX2jOUI4tAaaF3ZWyIWhgaIMq2hC8xZOXSbNa8c4r1buLcu06j6NAjskJOSMeuSQ1ckvqpEEY0eSZvJI358l5cd6dj3nripPPHJE/cD5/AP9dktU=</latexit>

˜
<latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit>es

<latexit sha1_base64="JGoUu8J/GgAT+orP6kVfRR6LokQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzOfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9EMpQR</latexit>

e
<latexit sha1_base64="7j99uV0+pSEEi60zLEiKIshDDII=">AAAB/nicbVBLSwMxGMz6rPW1Kp68BIvgqexWQY9FLx4r2Ad0lyWbTdvQbBKSrFCWgn/FiwdFvPo7vPlvzLZ70NaBkGHm+8hkYsmoNp737aysrq1vbFa2qts7u3v77sFhR4tMYdLGggnVi5EmjHLSNtQw0pOKoDRmpBuPbwu/+0iUpoI/mIkkYYqGnA4oRsZKkXscxIIlepLaKyfTKBgjKVHk1ry6NwNcJn5JaqBEK3K/gkTgLCXcYIa07vueNGGOlKGYkWk1yDSRCI/RkPQt5SglOsxn8afwzCoJHAhlDzdwpv7eyFGqi4R2MkVmpBe9QvzP62dmcB3mlMvMEI7nDw0yBo2ARRcwoYpgwyaWIKyozQrxCCmEjW2sakvwF7+8TDqNun9Rb9xf1po3ZR0VcAJOwTnwwRVogjvQAm2AQQ6ewSt4c56cF+fd+ZiPrjjlzhH4A+fzBxx1ljk=</latexit>

vg
<latexit sha1_base64="sL3EcQk8divxR0K318YefWg5u4g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrnw690e+XXcazgJonbglqUOJtm9/DcOEZDEVmnCs1MB1Uu3lWGpGOJ3XhpmiKSYTPKIDQwWOqfLyRfI5ujBKiKJEmiM0Wqi/N3IcqyKcmYyxHqtVrxD/8waZjm69nIk001SQ5UNRxpFOUFEDCpmkRPOZIZhIZrIiMsYSE23KqpkS3NUvr5Nus+FeNZqP1/XWXVlHFc7gHC7BhRtowQO0oQMEpvAMr/Bm5daL9W59LEcrVrlzCn9gff4AS/mUFg==</latexit>

Ls
<latexit sha1_base64="fUoqP1mOhezMDMOS/pzVUtRaf/Q=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FLx48VLAfsF1KNk3b0GwSklmhLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXqwFt+D7315hbX1jc6u4XdrZ3ds/KB8etaxKDWVNqoQynZhYJrhkTeAgWEcbRpJYsHY8vp357SdmLFfyESaaRQkZSj7glICTwvteZrtjojWZ9soVv+rPgVdJkJMKytHolb+6fUXThEmgglgbBr6GKCMGOBVsWuqmlmlCx2TIQkclSZiNsvnJU3zmlD4eKONKAp6rvycyklg7SWLXmRAY2WVvJv7nhSkMrqOMS50Ck3SxaJAKDArP/sd9bhgFMXGEUMPdrZiOiCEUXEolF0Kw/PIqadWqwUW19nBZqd/kcRTRCTpF5yhAV6iO7lADNRFFCj2jV/TmgffivXsfi9aCl88coz/wPn8AiX2Raw==</latexit>

⌧m

⇢e
<latexit sha1_base64="EDAPD8MBJpvGHUxNOBVrXNh2iEY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDbbSbt2sxt2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVFJtUcqk6IdHImcCmYYZjJ1FI4pBjOxzfzvz2EyrNpHgwkwSDmAwFixglxkqtnhrJPvbLFa/qzeGuEj8nFcjR6Je/egNJ0xiFoZxo3fW9xAQZUYZRjtNSL9WYEDomQ+xaKkiMOsjm107dM6sM3EgqW8K4c/X3REZirSdxaDtjYkZ62ZuJ/3nd1ETXQcZEkhoUdLEoSrlrpDt73R0whdTwiSWEKmZvdemIKEKNDahkQ/CXX14lrVrVv6jW7i8r9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AZeYjyM=</latexit>

⌧e
<latexit sha1_base64="+66kE/8TXPZvxeMLy1F7v6izHwQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9p2uf9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AJkbjyQ=</latexit>

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

i
<latexit sha1_base64="YrsH/Lv98rC9jyvQS6MQiVsYKkI=">AAAB/nicbVBLSwMxGMz6rPW1Kp68BIvgqexWQY9FLx4r2Ad0lyWbTdvQbBKSrFCWgn/FiwdFvPo7vPlvzLZ70NaBkGHm+8hkYsmoNp737aysrq1vbFa2qts7u3v77sFhR4tMYdLGggnVi5EmjHLSNtQw0pOKoDRmpBuPbwu/+0iUpoI/mIkkYYqGnA4oRsZKkXscxIIlepLaK6fTKBgjKVHk1ry6NwNcJn5JaqBEK3K/gkTgLCXcYIa07vueNGGOlKGYkWk1yDSRCI/RkPQt5SglOsxn8afwzCoJHAhlDzdwpv7eyFGqi4R2MkVmpBe9QvzP62dmcB3mlMvMEI7nDw0yBo2ARRcwoYpgwyaWIKyozQrxCCmEjW2sakvwF7+8TDqNun9Rb9xf1po3ZR0VcAJOwTnwwRVogjvQAm2AQQ6ewSt4c56cF+fd+ZiPrjjlzhH4A+fzByKllj0=</latexit>

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

ur
<latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit>

Le(✓)
<latexit sha1_base64="4mU8x85eZBJpdNe7p+SyCCnGKXU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2E3CnoMevHgIYJ5wGYJs5PeZMjsg5leISz5DC8eFPHq13jzb5wke9DEgoaiqpvuLj+RQqNtf1uFtfWNza3idmlnd2//oHx41NZxqji0eCxj1fWZBikiaKFACd1EAQt9CR1/fDvzO0+gtIijR5wk4IVsGIlAcIZGcu/7UO3hCJCd98sVu2bPQVeJk5MKydHsl796g5inIUTIJdPadewEvYwpFFzCtNRLNSSMj9kQXEMjFoL2svnJU3pmlAENYmUqQjpXf09kLNR6EvqmM2Q40sveTPzPc1MMrr1MREmKEPHFoiCVFGM6+58OhAKOcmII40qYWykfMcU4mpRKJgRn+eVV0q7XnIta/eGy0rjJ4yiSE3JKqsQhV6RB7kiTtAgnMXkmr+TNQuvFerc+Fq0FK585Jn9gff4AgjGQvw==</latexit>

!
<latexit sha1_base64="VvIA+Wqd8mJqccgKVj7Czw7gWG4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXdOOygq2FNpTJdNKOnUeYmQgl9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89ccqoNp734RTW1jc2t4rbpZ3dvf2D8uFRR8tMYdLGkknVjZEmjArSNtQw0k0VQTxm5DaeXM7923uiNJXixkxTEnE0EjShGBkrdfqSkxEalCueW62HfsOHnlsLg7DmWdIIglo9hL7rLVABK7QG5ff+UOKME2EwQ1r3fC81UY6UoZiRWamfaZIiPEEj0rNUIE50lC+uncEzqwxhIpUtYeBC/T6RI671lMe2kyMz1r+9ufiX18tMUo9yKtLMEIGXi5KMQSPh/HU4pIpgw6aWIKyovRXiMVIIGxtQyYbw9Sn8n3Sqru+5/nVQaV6s4iiCE3AKzoEPQtAEV6AF2gCDO/AAnsCzI51H58V5XbYWnNXMMfgB5+0TFpiPeA==</latexit><latexit sha1_base64="VvIA+Wqd8mJqccgKVj7Czw7gWG4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXdOOygq2FNpTJdNKOnUeYmQgl9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89ccqoNp734RTW1jc2t4rbpZ3dvf2D8uFRR8tMYdLGkknVjZEmjArSNtQw0k0VQTxm5DaeXM7923uiNJXixkxTEnE0EjShGBkrdfqSkxEalCueW62HfsOHnlsLg7DmWdIIglo9hL7rLVABK7QG5ff+UOKME2EwQ1r3fC81UY6UoZiRWamfaZIiPEEj0rNUIE50lC+uncEzqwxhIpUtYeBC/T6RI671lMe2kyMz1r+9ufiX18tMUo9yKtLMEIGXi5KMQSPh/HU4pIpgw6aWIKyovRXiMVIIGxtQyYbw9Sn8n3Sqru+5/nVQaV6s4iiCE3AKzoEPQtAEV6AF2gCDO/AAnsCzI51H58V5XbYWnNXMMfgB5+0TFpiPeA==</latexit><latexit sha1_base64="VvIA+Wqd8mJqccgKVj7Czw7gWG4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXdOOygq2FNpTJdNKOnUeYmQgl9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89ccqoNp734RTW1jc2t4rbpZ3dvf2D8uFRR8tMYdLGkknVjZEmjArSNtQw0k0VQTxm5DaeXM7923uiNJXixkxTEnE0EjShGBkrdfqSkxEalCueW62HfsOHnlsLg7DmWdIIglo9hL7rLVABK7QG5ff+UOKME2EwQ1r3fC81UY6UoZiRWamfaZIiPEEj0rNUIE50lC+uncEzqwxhIpUtYeBC/T6RI671lMe2kyMz1r+9ufiX18tMUo9yKtLMEIGXi5KMQSPh/HU4pIpgw6aWIKyovRXiMVIIGxtQyYbw9Sn8n3Sqru+5/nVQaV6s4iiCE3AKzoEPQtAEV6AF2gCDO/AAnsCzI51H58V5XbYWnNXMMfgB5+0TFpiPeA==</latexit><latexit sha1_base64="VvIA+Wqd8mJqccgKVj7Czw7gWG4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXdOOygq2FNpTJdNKOnUeYmQgl9B/cuFDErf/jzr9x+hBU9MCFwzn3cu89ccqoNp734RTW1jc2t4rbpZ3dvf2D8uFRR8tMYdLGkknVjZEmjArSNtQw0k0VQTxm5DaeXM7923uiNJXixkxTEnE0EjShGBkrdfqSkxEalCueW62HfsOHnlsLg7DmWdIIglo9hL7rLVABK7QG5ff+UOKME2EwQ1r3fC81UY6UoZiRWamfaZIiPEEj0rNUIE50lC+uncEzqwxhIpUtYeBC/T6RI671lMe2kyMz1r+9ufiX18tMUo9yKtLMEIGXi5KMQSPh/HU4pIpgw6aWIKyovRXiMVIIGxtQyYbw9Sn8n3Sqru+5/nVQaV6s4iiCE3AKzoEPQtAEV6AF2gCDO/AAnsCzI51H58V5XbYWnNXMMfgB5+0TFpiPeA==</latexit>

(✓, )
<latexit sha1_base64="uOGHZRhd//eG0BOF/lBGtJTsuAE=">AAACA3icdVDLSgMxFM3UV62vqjvdBItQQYaZabF1V3TjsoJ9QKeUTJq2oZkHyR2hDAU3/oobF4q49Sfc+Tdm2goqeiDkcM693HuPFwmuwLI+jMzS8srqWnY9t7G5tb2T391rqjCWlDVoKELZ9ohiggesARwEa0eSEd8TrOWNL1O/dcuk4mFwA5OIdX0yDPiAUwJa6uUPii6MGJBT1wtFX018/SVupPj0pJcvWGbFqZzbDrZMq2JrpKRUPSvb2DatGQpogXov/+72Qxr7LAAqiFId24qgmxAJnAo2zbmxYhGhYzJkHU0D4jPVTWY3TPGxVvp4EEr9AsAz9XtHQnyVrqcrfQIj9dtLxb+8TgyDajfhQRQDC+h80CAWGEKcBoL7XDIKYqIJoZLrXTEdEUko6NhyOoSvS/H/pOmYdsl0rsuF2sUijiw6REeoiGxUQTV0heqogSi6Qw/oCT0b98aj8WK8zkszxqJnH/2A8fYJd56YEg==</latexit>

 
<latexit sha1_base64="G/kTiYYgTrM+3Gc5U+TkXlkX18Y=">AAAB+nicdVBPS8MwHE3nvzn/dXr0EhyCp9Juw87b0IvHCW4O1jLSNN3C0rQkqTLqPooXD4p49ZN489uYbhNU9EHI473fj7y8IGVUKtv+MEorq2vrG+XNytb2zu6eWd3vySQTmHRxwhLRD5AkjHLSVVQx0k8FQXHAyE0wuSj8m1siJE34tZqmxI/RiNOIYqS0NDSrXpCwUE5jfeVeKulsaNZsy627Z04d2pbtOhoFabROmw50LHuOGliiMzTfvTDBWUy4wgxJOXDsVPk5EopiRmYVL5MkRXiCRmSgKUcxkX4+jz6Dx1oJYZQIfbiCc/X7Ro5iWaTTkzFSY/nbK8S/vEGmopafU55minC8eCjKGFQJLHqAIRUEKzbVBGFBdVaIx0ggrHRbFV3C10/h/6RXt5yGVb9q1trnyzrK4BAcgRPgABe0wSXogC7A4A48gCfwbNwbj8aL8boYLRnLnQPwA8bbJ3PKlMk=</latexit>

il
<latexit sha1_base64="mLvNopWSgx3ooNu5c77nsx7SkYU=">AAAB+XicdVDNS8MwHE3n15xfVY9egkPwVNqtdPM29OJxgvuArZQ0zbawNC1JOhhl/4kXD4p49T/x5n9juk1Q0Qchj/d+P/LywpRRqWz7wyhtbG5t75R3K3v7B4dH5vFJVyaZwKSDE5aIfogkYZSTjqKKkX4qCIpDRnrh9KbwezMiJE34vZqnxI/RmNMRxUhpKTDNYZiwSM5jfeV0EbDArNqW6zqu14S2ZTuOV/MKYl/VGx50NClQBWu0A/N9GCU4iwlXmCEpB46dKj9HQlHMyKIyzCRJEZ6iMRloylFMpJ8vky/ghVYiOEqEPlzBpfp9I0exLMLpyRipifztFeJf3iBTo6afU55minC8emiUMagSWNQAIyoIVmyuCcKC6qwQT5BAWOmyKrqEr5/C/0m3Zjl1q3bnVlvX6zrK4Aycg0vggAZogVvQBh2AwQw8gCfwbOTGo/FivK5GS8Z65xT8gPH2CaH2lFI=</latexit>

il
<latexit sha1_base64="mLvNopWSgx3ooNu5c77nsx7SkYU=">AAAB+XicdVDNS8MwHE3n15xfVY9egkPwVNqtdPM29OJxgvuArZQ0zbawNC1JOhhl/4kXD4p49T/x5n9juk1Q0Qchj/d+P/LywpRRqWz7wyhtbG5t75R3K3v7B4dH5vFJVyaZwKSDE5aIfogkYZSTjqKKkX4qCIpDRnrh9KbwezMiJE34vZqnxI/RmNMRxUhpKTDNYZiwSM5jfeV0EbDArNqW6zqu14S2ZTuOV/MKYl/VGx50NClQBWu0A/N9GCU4iwlXmCEpB46dKj9HQlHMyKIyzCRJEZ6iMRloylFMpJ8vky/ghVYiOEqEPlzBpfp9I0exLMLpyRipifztFeJf3iBTo6afU55minC8emiUMagSWNQAIyoIVmyuCcKC6qwQT5BAWOmyKrqEr5/C/0m3Zjl1q3bnVlvX6zrK4Aycg0vggAZogVvQBh2AwQw8gCfwbOTGo/FivK5GS8Z65xT8gPH2CaH2lFI=</latexit>

B
<latexit sha1_base64="85UFv8TydSB5B4/+/qT5jX/Pd2c=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclZm20nZX6sZlBfvAdiiZNNOGZjJDkhHK0L9w40IRt/6NO//GTDuCih4IHM65l5x7vIgzpW37w1pb39jc2s7t5Hf39g8OC0fHXRXGktAOCXko+x5WlDNBO5ppTvuRpDjwOO15s6vU791TqVgobvU8om6AJ4L5jGBtpLthgPXU85PWYlQo2iWnUb+sNtCK1O2MVGrIKdlLFCFDe1R4H45DEgdUaMKxUgPHjrSbYKkZ4XSRH8aKRpjM8IQODBU4oMpNlokX6NwoY+SH0jyh0VL9vpHgQKl54JnJNKH67aXiX94g1n7dTZiIYk0FWX3kxxzpEKXnozGTlGg+NwQTyUxWRKZYYqJNSXlTwtel6H/SLZecSql8Uy02W1kdOTiFM7gAB2rQhGtoQwcICHiAJ3i2lPVovVivq9E1K9s5gR+w3j4BPVORTg==</latexit>

vf
<latexit sha1_base64="Ui/5x4o+MepxoS9lnAeaBdUmUE8=">AAAB+XicdVBLS8NAGNzUV62vqEcvi0XwFJImNPZW9OKxgn1AG8Jms2mXbh7sbgol9J948aCIV/+JN/+Nm7aCig4sO8x8Hzs7QcaokKb5oVU2Nre2d6q7tb39g8Mj/fikJ9KcY9LFKUv5IECCMJqQrqSSkUHGCYoDRvrB9Kb0+zPCBU2TeznPiBejcUIjipFUkq/royBloZjH6ipmCz/y9bppmK7tWC1oGg3bdq2mIo7TcptNaBnmEnWwRsfX30dhivOYJBIzJMTQMjPpFYhLihlZ1Ea5IBnCUzQmQ0UTFBPhFcvkC3ihlBBGKVcnkXCpft8oUCzKcGoyRnIifnul+Jc3zGV05RU0yXJJErx6KMoZlCksa4Ah5QRLNlcEYU5VVogniCMsVVk1VcLXT+H/pNcwLNto3Dn19vW6jio4A+fgEljABW1wCzqgCzCYgQfwBJ61QnvUXrTX1WhFW++cgh/Q3j4BwJiUZw==</latexit>

vf
<latexit sha1_base64="Ui/5x4o+MepxoS9lnAeaBdUmUE8=">AAAB+XicdVBLS8NAGNzUV62vqEcvi0XwFJImNPZW9OKxgn1AG8Jms2mXbh7sbgol9J948aCIV/+JN/+Nm7aCig4sO8x8Hzs7QcaokKb5oVU2Nre2d6q7tb39g8Mj/fikJ9KcY9LFKUv5IECCMJqQrqSSkUHGCYoDRvrB9Kb0+zPCBU2TeznPiBejcUIjipFUkq/royBloZjH6ipmCz/y9bppmK7tWC1oGg3bdq2mIo7TcptNaBnmEnWwRsfX30dhivOYJBIzJMTQMjPpFYhLihlZ1Ea5IBnCUzQmQ0UTFBPhFcvkC3ihlBBGKVcnkXCpft8oUCzKcGoyRnIifnul+Jc3zGV05RU0yXJJErx6KMoZlCksa4Ah5QRLNlcEYU5VVogniCMsVVk1VcLXT+H/pNcwLNto3Dn19vW6jio4A+fgEljABW1wCzqgCzCYgQfwBJ61QnvUXrTX1WhFW++cgh/Q3j4BwJiUZw==</latexit>

il
<latexit sha1_base64="mLvNopWSgx3ooNu5c77nsx7SkYU=">AAAB+XicdVDNS8MwHE3n15xfVY9egkPwVNqtdPM29OJxgvuArZQ0zbawNC1JOhhl/4kXD4p49T/x5n9juk1Q0Qchj/d+P/LywpRRqWz7wyhtbG5t75R3K3v7B4dH5vFJVyaZwKSDE5aIfogkYZSTjqKKkX4qCIpDRnrh9KbwezMiJE34vZqnxI/RmNMRxUhpKTDNYZiwSM5jfeV0EbDArNqW6zqu14S2ZTuOV/MKYl/VGx50NClQBWu0A/N9GCU4iwlXmCEpB46dKj9HQlHMyKIyzCRJEZ6iMRloylFMpJ8vky/ghVYiOEqEPlzBpfp9I0exLMLpyRipifztFeJf3iBTo6afU55minC8emiUMagSWNQAIyoIVmyuCcKC6qwQT5BAWOmyKrqEr5/C/0m3Zjl1q3bnVlvX6zrK4Aycg0vggAZogVvQBh2AwQw8gCfwbOTGo/FivK5GS8Z65xT8gPH2CaH2lFI=</latexit>

B
<latexit sha1_base64="85UFv8TydSB5B4/+/qT5jX/Pd2c=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclZm20nZX6sZlBfvAdiiZNNOGZjJDkhHK0L9w40IRt/6NO//GTDuCih4IHM65l5x7vIgzpW37w1pb39jc2s7t5Hf39g8OC0fHXRXGktAOCXko+x5WlDNBO5ppTvuRpDjwOO15s6vU791TqVgobvU8om6AJ4L5jGBtpLthgPXU85PWYlQo2iWnUb+sNtCK1O2MVGrIKdlLFCFDe1R4H45DEgdUaMKxUgPHjrSbYKkZ4XSRH8aKRpjM8IQODBU4oMpNlokX6NwoY+SH0jyh0VL9vpHgQKl54JnJNKH67aXiX94g1n7dTZiIYk0FWX3kxxzpEKXnozGTlGg+NwQTyUxWRKZYYqJNSXlTwtel6H/SLZecSql8Uy02W1kdOTiFM7gAB2rQhGtoQwcICHiAJ3i2lPVovVivq9E1K9s5gR+w3j4BPVORTg==</latexit>

vf
<latexit sha1_base64="Ui/5x4o+MepxoS9lnAeaBdUmUE8=">AAAB+XicdVBLS8NAGNzUV62vqEcvi0XwFJImNPZW9OKxgn1AG8Jms2mXbh7sbgol9J948aCIV/+JN/+Nm7aCig4sO8x8Hzs7QcaokKb5oVU2Nre2d6q7tb39g8Mj/fikJ9KcY9LFKUv5IECCMJqQrqSSkUHGCYoDRvrB9Kb0+zPCBU2TeznPiBejcUIjipFUkq/royBloZjH6ipmCz/y9bppmK7tWC1oGg3bdq2mIo7TcptNaBnmEnWwRsfX30dhivOYJBIzJMTQMjPpFYhLihlZ1Ea5IBnCUzQmQ0UTFBPhFcvkC3ihlBBGKVcnkXCpft8oUCzKcGoyRnIifnul+Jc3zGV05RU0yXJJErx6KMoZlCksa4Ah5QRLNlcEYU5VVogniCMsVVk1VcLXT+H/pNcwLNto3Dn19vW6jio4A+fgEljABW1wCzqgCzCYgQfwBJ61QnvUXrTX1WhFW++cgh/Q3j4BwJiUZw==</latexit>

il
<latexit sha1_base64="mLvNopWSgx3ooNu5c77nsx7SkYU=">AAAB+XicdVDNS8MwHE3n15xfVY9egkPwVNqtdPM29OJxgvuArZQ0zbawNC1JOhhl/4kXD4p49T/x5n9juk1Q0Qchj/d+P/LywpRRqWz7wyhtbG5t75R3K3v7B4dH5vFJVyaZwKSDE5aIfogkYZSTjqKKkX4qCIpDRnrh9KbwezMiJE34vZqnxI/RmNMRxUhpKTDNYZiwSM5jfeV0EbDArNqW6zqu14S2ZTuOV/MKYl/VGx50NClQBWu0A/N9GCU4iwlXmCEpB46dKj9HQlHMyKIyzCRJEZ6iMRloylFMpJ8vky/ghVYiOEqEPlzBpfp9I0exLMLpyRipifztFeJf3iBTo6afU55minC8emiUMagSWNQAIyoIVmyuCcKC6qwQT5BAWOmyKrqEr5/C/0m3Zjl1q3bnVlvX6zrK4Aycg0vggAZogVvQBh2AwQw8gCfwbOTGo/FivK5GS8Z65xT8gPH2CaH2lFI=</latexit>

B
<latexit sha1_base64="85UFv8TydSB5B4/+/qT5jX/Pd2c=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclZm20nZX6sZlBfvAdiiZNNOGZjJDkhHK0L9w40IRt/6NO//GTDuCih4IHM65l5x7vIgzpW37w1pb39jc2s7t5Hf39g8OC0fHXRXGktAOCXko+x5WlDNBO5ppTvuRpDjwOO15s6vU791TqVgobvU8om6AJ4L5jGBtpLthgPXU85PWYlQo2iWnUb+sNtCK1O2MVGrIKdlLFCFDe1R4H45DEgdUaMKxUgPHjrSbYKkZ4XSRH8aKRpjM8IQODBU4oMpNlokX6NwoY+SH0jyh0VL9vpHgQKl54JnJNKH67aXiX94g1n7dTZiIYk0FWX3kxxzpEKXnozGTlGg+NwQTyUxWRKZYYqJNSXlTwtel6H/SLZecSql8Uy02W1kdOTiFM7gAB2rQhGtoQwcICHiAJ3i2lPVovVivq9E1K9s5gR+w3j4BPVORTg==</latexit>

vf
<latexit sha1_base64="Ui/5x4o+MepxoS9lnAeaBdUmUE8=">AAAB+XicdVBLS8NAGNzUV62vqEcvi0XwFJImNPZW9OKxgn1AG8Jms2mXbh7sbgol9J948aCIV/+JN/+Nm7aCig4sO8x8Hzs7QcaokKb5oVU2Nre2d6q7tb39g8Mj/fikJ9KcY9LFKUv5IECCMJqQrqSSkUHGCYoDRvrB9Kb0+zPCBU2TeznPiBejcUIjipFUkq/royBloZjH6ipmCz/y9bppmK7tWC1oGg3bdq2mIo7TcptNaBnmEnWwRsfX30dhivOYJBIzJMTQMjPpFYhLihlZ1Ea5IBnCUzQmQ0UTFBPhFcvkC3ihlBBGKVcnkXCpft8oUCzKcGoyRnIifnul+Jc3zGV05RU0yXJJErx6KMoZlCksa4Ah5QRLNlcEYU5VVogniCMsVVk1VcLXT+H/pNcwLNto3Dn19vW6jio4A+fgEljABW1wCzqgCzCYgQfwBJ61QnvUXrTX1WhFW++cgh/Q3j4BwJiUZw==</latexit>

is
<latexit sha1_base64="Jmd8zt2quufDyfRzfJ9hqDOC0eI=">AAAB+XicdVDNS8MwHE39nPOr6tFLcAieSts5Nm9DLx4nuA/YSknTdAtLm5Kkg1H2n3jxoIhX/xNv/jemWwUVfRDyeO/3Iy8vSBmVyrY/jLX1jc2t7cpOdXdv/+DQPDruSZ4JTLqYMy4GAZKE0YR0FVWMDFJBUBww0g+mN4XfnxEhKU/u1TwlXozGCY0oRkpLvmmOAs5COY/1ldOFL32zZltXtttqutC27CUK0qg3nAZ0SqUGSnR8830UcpzFJFGYISmHjp0qL0dCUczIojrKJEkRnqIxGWqaoJhIL18mX8BzrYQw4kKfRMGl+n0jR7EswunJGKmJ/O0V4l/eMFNRy8tpkmaKJHj1UJQxqDgsaoAhFQQrNtcEYUF1VognSCCsdFlVXcLXT+H/pOdaTt1y7y5r7euyjgo4BWfgAjigCdrgFnRAF2AwAw/gCTwbufFovBivq9E1o9w5AT9gvH0CjqGURA==</latexit>

(✓̇, �̇r)
<latexit sha1_base64="H8YHPfv/tUe9EyIXz/8Z4TRINvk=">AAACBnicdVDLSgMxFM34tr6qLkUIFkFBhpmq07oT3bhUsCq0pdxJ0zY0mRmSO0IZunLjr7hxoYhbv8Gdf2P6EFT0QODknHtvck+YSGHQ8z6cicmp6ZnZufncwuLS8kp+de3KxKlmvMJiGeubEAyXIuIVFCj5TaI5qFDy67B7OvCvb7k2Io4usZfwuoJ2JFqCAVqpkd/cqTVjzGrY4Qj9vdGlDUpBv6F3G/mC5xaDfb8cUM89LPsl/8iSoyAoHQbUd70hCmSM80b+3U5gqeIRMgnGVH0vwXoGGgWTvJ+rpYYnwLrQ5lVLI1Dc1LPhGn26bZUmbcXangjpUP3ekYEypqdCW6kAO+a3NxD/8qoptsr1TERJijxio4daqaQY00EmtCk0Zyh7lgDTwv6Vsg5oYGiTy9kQvjal/5Orouvvu8WLg8LxyTiOObJBtsgO8UmJHJMzck4qhJE78kCeyLNz7zw6L87rqHTCGfeskx9w3j4BDauZhg==</latexit>

is
<latexit sha1_base64="Jmd8zt2quufDyfRzfJ9hqDOC0eI=">AAAB+XicdVDNS8MwHE39nPOr6tFLcAieSts5Nm9DLx4nuA/YSknTdAtLm5Kkg1H2n3jxoIhX/xNv/jemWwUVfRDyeO/3Iy8vSBmVyrY/jLX1jc2t7cpOdXdv/+DQPDruSZ4JTLqYMy4GAZKE0YR0FVWMDFJBUBww0g+mN4XfnxEhKU/u1TwlXozGCY0oRkpLvmmOAs5COY/1ldOFL32zZltXtttqutC27CUK0qg3nAZ0SqUGSnR8830UcpzFJFGYISmHjp0qL0dCUczIojrKJEkRnqIxGWqaoJhIL18mX8BzrYQw4kKfRMGl+n0jR7EswunJGKmJ/O0V4l/eMFNRy8tpkmaKJHj1UJQxqDgsaoAhFQQrNtcEYUF1VognSCCsdFlVXcLXT+H/pOdaTt1y7y5r7euyjgo4BWfgAjigCdrgFnRAF2AwAw/gCTwbufFovBivq9E1o9w5AT9gvH0CjqGURA==</latexit>

(✓̇, �̇r)
<latexit sha1_base64="H8YHPfv/tUe9EyIXz/8Z4TRINvk=">AAACBnicdVDLSgMxFM34tr6qLkUIFkFBhpmq07oT3bhUsCq0pdxJ0zY0mRmSO0IZunLjr7hxoYhbv8Gdf2P6EFT0QODknHtvck+YSGHQ8z6cicmp6ZnZufncwuLS8kp+de3KxKlmvMJiGeubEAyXIuIVFCj5TaI5qFDy67B7OvCvb7k2Io4usZfwuoJ2JFqCAVqpkd/cqTVjzGrY4Qj9vdGlDUpBv6F3G/mC5xaDfb8cUM89LPsl/8iSoyAoHQbUd70hCmSM80b+3U5gqeIRMgnGVH0vwXoGGgWTvJ+rpYYnwLrQ5lVLI1Dc1LPhGn26bZUmbcXangjpUP3ekYEypqdCW6kAO+a3NxD/8qoptsr1TERJijxio4daqaQY00EmtCk0Zyh7lgDTwv6Vsg5oYGiTy9kQvjal/5Orouvvu8WLg8LxyTiOObJBtsgO8UmJHJMzck4qhJE78kCeyLNz7zw6L87rqHTCGfeskx9w3j4BDauZhg==</latexit>
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<latexit sha1_base64="DRHGAyyU88rIxC/nGuo2f/frNr0="></latexit>

Ls
<latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit>

Cdc
<latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit>

idc
<latexit sha1_base64="lk8dXNIP50XQwNj0NX5nZFAXWFA=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiiZTKaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzRylnxvr+t1daW9/Y3CpvV3Z29/YPqodHbaMyTWiLKK50N8KGciZpyzLLaTfVFIuI0040vp3VO09UG6bkg52kNBR4KFnCCLbOarNBHpPpoFrz6/5caBWCAmpQqDmofvVjRTJBpSUcG9ML/NSGOdaWEU6nlX5maIrJGA9pz6HEgpown287RWfOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJdZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUAVF0KwfPIqtC/qgeP7y1rjpoijDCdwCucQwBU04A6a0AICj/AMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8Aw+CPPQ==</latexit><latexit sha1_base64="lk8dXNIP50XQwNj0NX5nZFAXWFA=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiiZTKaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzRylnxvr+t1daW9/Y3CpvV3Z29/YPqodHbaMyTWiLKK50N8KGciZpyzLLaTfVFIuI0040vp3VO09UG6bkg52kNBR4KFnCCLbOarNBHpPpoFrz6/5caBWCAmpQqDmofvVjRTJBpSUcG9ML/NSGOdaWEU6nlX5maIrJGA9pz6HEgpown287RWfOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJdZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUAVF0KwfPIqtC/qgeP7y1rjpoijDCdwCucQwBU04A6a0AICj/AMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8Aw+CPPQ==</latexit><latexit sha1_base64="lk8dXNIP50XQwNj0NX5nZFAXWFA=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiiZTKaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzRylnxvr+t1daW9/Y3CpvV3Z29/YPqodHbaMyTWiLKK50N8KGciZpyzLLaTfVFIuI0040vp3VO09UG6bkg52kNBR4KFnCCLbOarNBHpPpoFrz6/5caBWCAmpQqDmofvVjRTJBpSUcG9ML/NSGOdaWEU6nlX5maIrJGA9pz6HEgpown287RWfOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJdZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUAVF0KwfPIqtC/qgeP7y1rjpoijDCdwCucQwBU04A6a0AICj/AMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8Aw+CPPQ==</latexit><latexit sha1_base64="lk8dXNIP50XQwNj0NX5nZFAXWFA=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiiZTKaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzRylnxvr+t1daW9/Y3CpvV3Z29/YPqodHbaMyTWiLKK50N8KGciZpyzLLaTfVFIuI0040vp3VO09UG6bkg52kNBR4KFnCCLbOarNBHpPpoFrz6/5caBWCAmpQqDmofvVjRTJBpSUcG9ML/NSGOdaWEU6nlX5maIrJGA9pz6HEgpown287RWfOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJdZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUAVF0KwfPIqtC/qgeP7y1rjpoijDCdwCucQwBU04A6a0AICj/AMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8Aw+CPPQ==</latexit>

ms
<latexit sha1_base64="g7SKB29JtoRVowr++u+1T1FS+7E=">AAAB+XicbVBLSwMxGMzWV62vVY9egkXwVHaroMeiF48V7APaZclms21oHkuSLZSl/8SLB0W8+k+8+W/MtnvQ1oGQYeb7yGSilFFtPO/bqWxsbm3vVHdre/sHh0fu8UlXy0xh0sGSSdWPkCaMCtIx1DDSTxVBPGKkF03uC783JUpTKZ7MLCUBRyNBE4qRsVLousNIsljPuL1yPg916Na9hrcAXCd+SeqgRDt0v4axxBknwmCGtB74XmqCHClDMSPz2jDTJEV4gkZkYKlAnOggXySfwwurxDCRyh5h4EL9vZEjrotwdpIjM9arXiH+5w0yk9wGORVpZojAy4eSjEEjYVEDjKki2LCZJQgrarNCPEYKYWPLqtkS/NUvr5Nus+FfNZqP1/XWXVlHFZyBc3AJfHADWuABtEEHYDAFz+AVvDm58+K8Ox/L0YpT7pyCP3A+fwBQapQZ</latexit>

Consider the well established method of power-factor correction

• main objective: DC-link regulation

• secondary objective: optimize power factor

• input: modulation

• objective: PQ control

• input: DC-current and modulation
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Problem overview

• passive with storage

KIRIVEPM^IH GSSVHMREXI� ✓
<latexit sha1_base64="+9oC4tUalglHdFs+LrB6BwQQyrI="></latexit>

J MRHITIRHIRX SR x
<latexit sha1_base64="ip0zYXepzfOBdcdJZSFllzD9c2Q="></latexit>

⌧m
<latexit sha1_base64="6+FuJaHOaoBJSkn57fzMhHgbv14="></latexit>

vg
<latexit sha1_base64="eMkXIu6O9hNDfCLbew2bcPfRZnE="></latexit>

ur
<latexit sha1_base64="U+XniJhtgyqT11QJAjZdGdDqd1s="></latexit>

ṗ =�D! � ⌧e + ⌧m

✓̇ = !

 ̇s =�Rsis + vg

 ̇r =� rrir + ur
<latexit sha1_base64="0FgbkMJ0IsbvzB6tATMWBjFG314="></latexit>

! = M�1p
<latexit sha1_base64="4ZynOuEZ3tlJZ1vWzk9MfxLscm0="></latexit>

is = r s
H

<latexit sha1_base64="OcXXe78xDxRa3zWvfTCvQXnVyDE="></latexit>

ir = r rH
<latexit sha1_base64="gCEvqq2nAy7oMcCYcscdB+SbZa0="></latexit>

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

ur
<latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit>

Ls
<latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit>

Cdc
<latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit>

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit> L✓

<latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

L(θ)
<latexit sha1_base64="5fseA+YeVnH/rNQL3jW7GUZwvw0="></latexit>

vg
<latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit>

Consider the synchronous machine

H = 1
2M

�1
p
2 + 1

2


 s

 r

�>
L(✓)�1


 s

 r

�

<latexit sha1_base64="wvyvpH72JdqD1LfImo2qxhJRMoQ="></latexit>

ẋ = (J �R)rH +Gu

y = G
>rH

<latexit sha1_base64="7RQ7flNtYAunvpd+fQtOzxNPtfQ="></latexit>

L(✓) =

2

4
ls 0 lm cos ✓
0 ls lm sin ✓

lm cos ✓ lm sin ✓ lr

3

5

<latexit sha1_base64="JHYBexMeuxjLu0fL3g5yaFvuuiM="></latexit>
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g1 =
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, g2 =


0
1

�

<latexit sha1_base64="sK4wBBhg+N3Re7fKrEWdWaxaDpU="></latexit>
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Main obstructions

EMF

electrical torque

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

τe
<latexit sha1_base64="oquLogvCc+nE3CNquI9HhxchbDY="></latexit>

!
<latexit sha1_base64="1d5pxzUrK+kAXiL72EqcModoBdk="></latexit>

es
<latexit sha1_base64="Xeb5yMm0mwDNapX0ToTyuCqzT+E="></latexit>

mechanical circuit 
(actuated)

electrical circuit 
(load)

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

ur
<latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit>

Ls
<latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit>

Cdc
<latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit>

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit> L✓

<latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

L(θ)
<latexit sha1_base64="5fseA+YeVnH/rNQL3jW7GUZwvw0="></latexit>

vg
<latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit>

!, ⌧e 2 R
<latexit sha1_base64="xpsXRzevdbyAjRslqZT/d1ZFT+U="></latexit>

is, es 2 R2
<latexit sha1_base64="3+az2H1MCmaOtOCqDCmiR7foDfY="></latexit>

g(ir, ✓)
>

�g(ir, ✓)
<latexit sha1_base64="/S+8qsuVsXtLfu8XaXeIoKLECAA="></latexit>

es = lmirR✓g2!

⌧e = �lmirg
>
2 R

>
✓ is

<latexit sha1_base64="zJsfXg+eKHbVP8n2PaNcExEYUyE="></latexit>

(ir, ✓)
<latexit sha1_base64="XieooyYS0VcBQR487Gd70ayx828="></latexit>

• circle nonlinearity

• modulated energy conversion element



||

Multi-machine model: amplitude coupling

• dynamic stator

• dynamic lines

• multiple equilibria

• first-principles

• dynamic stator

• dynamic lines

Catalin Arghir 1823/05/22

= synchronous machine or inverter

= AC-bus capacitance

= three-phase inductance

B
<latexit sha1_base64="hpcmi5EQcH0vovdDprfCUSAEvOg="></latexit>

• objective: angle 

and amplitude 

regulation

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

ur
<latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit>

Ls
<latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit>

Cdc
<latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit>

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit> L✓

<latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

L(θ)
<latexit sha1_base64="5fseA+YeVnH/rNQL3jW7GUZwvw0="></latexit>

vg
<latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit>

✓̇i = !i

Mi!̇i = �Di!i � ⌧ei + ⌧mi
<latexit sha1_base64="gBgMcUgQXzQy6N4wy1j7S8JNU5w="></latexit>

<latexit sha1_base64="rULpT5dJiYptqHDp99eKBBDEjuE="></latexit>

✓̈ ⇠ ⌧ k

<latexit sha1_base64="59Vi5kTSakMX6uqrYGaN5fzrImY="></latexit>

L di
dt = �Ri+Bv

<latexit sha1_base64="ArkXSFoD7qZ0TeqqmN9tfo0qexw="></latexit>

C dv
dt = �Gv �B>i



||

Multi-machine model: how to deal with excitation?

• dynamic stator

• dynamic lines

• multiple equilibria

• first-principles

• dynamic stator

• dynamic lines

Catalin Arghir 1923/05/22

= synchronous machine or inverter

= AC-bus capacitance

= three-phase inductance

B
<latexit sha1_base64="hpcmi5EQcH0vovdDprfCUSAEvOg="></latexit>

• objective: angle 

and amplitude 

regulation

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

ur
<latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit>

Ls
<latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit>

Cdc
<latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit>

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit> L✓

<latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

L(θ)
<latexit sha1_base64="5fseA+YeVnH/rNQL3jW7GUZwvw0="></latexit>

vg
<latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit>

✓̇i = !i

Mi!̇i = �Di!i � ⌧ei + ⌧mi
<latexit sha1_base64="gBgMcUgQXzQy6N4wy1j7S8JNU5w="></latexit>

<latexit sha1_base64="47PHWDwEwRlQcZD/I+Ss3lU9aYo="></latexit>

�̈ ⇠ ⌧t <latexit sha1_base64="rULpT5dJiYptqHDp99eKBBDEjuE="></latexit>

✓̈ ⇠ ⌧ k

<latexit sha1_base64="59Vi5kTSakMX6uqrYGaN5fzrImY="></latexit>

L di
dt = �Ri+Bv

<latexit sha1_base64="ArkXSFoD7qZ0TeqqmN9tfo0qexw="></latexit>

C dv
dt = �Gv �B>i
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= synchronous machine or inverter

= AC-bus capacitance

= three-phase inductance

Consider the quotient space

• define

• assign

�r = ln ir

�̇r = ⌫
<latexit sha1_base64="mWQ5Ag3nNZ4jmABb69uEtSSMQLI="></latexit>

• objective: angle 

and log(amplt.) 

regulation

Multi-machine model: augment amplitude coupling

B
<latexit sha1_base64="hpcmi5EQcH0vovdDprfCUSAEvOg="></latexit>

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

ur
<latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit><latexit sha1_base64="sYTqUr10mtUmISJtHjowtHzIJFk=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYesr/tu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AGmkjd4=</latexit>

Ls
<latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit>

Cdc
<latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit>

⌧m

✓̇
<latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit><latexit sha1_base64="qSo8uHbNAaJiLW7jEKzex6sAC74=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOTJcxOepMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLFgoKjqYrorTKUw5HnfTmFtfWNzq7hd2tnd2z8oHx41TZJpjg2eyES3Q2ZQCoUNEiSxnWpkcSixFY5uZ37rCbURiXqgcYpBzAZKRIIzstJjt59Ql4ZIrFeueFVvDneV+DmpQI56r/xlwzyLURGXzJiO76UUTJgmwSVOS93MYMr4iA2wY6liMZpgMt946p5Zpe9GibZPkTtXfycmLDZmHId2MmY0NMveTPzP62QUXQcTodKMUPHFR1EmXUrc2fluX2jkJMeWMK6F3dXlQ6YZJ1tSyZbgL5+8SpoXVd/y+8tK7SavowgncArn4MMV1OAO6tAADgqe4RXeHOO8OO/Ox2K04OSZY/gD5/MHvxOQ8w==</latexit> L✓

<latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit><latexit sha1_base64="EOUwwJ0KBFyDKoPeZ19Y0WjpVno=">AAAB73icbZA9SwNBEIbn4leMX1FLm8MgWIU7EbQM2lhYRDAxkBxhbzNJluztnbtzQjjyJ2wsFLH179j5b9wkV2jiCwsP78ywM2+YSGHI876dwsrq2vpGcbO0tb2zu1feP2iaONUcGzyWsW6FzKAUChskSGIr0ciiUOJDOLqe1h+eUBsRq3saJxhEbKBEX3BG1mrddjs0RGLdcsWrejO5y+DnUIFc9W75q9OLeRqhIi6ZMW3fSyjImCbBJU5KndRgwviIDbBtUbEITZDN9p24J9bpuf1Y26fInbm/JzIWGTOOQtsZMRqaxdrU/K/WTql/GWRCJSmh4vOP+ql0KXanx7s9oZGTHFtgXAu7q8uHTDNONqKSDcFfPHkZmmdV3/LdeaV2lcdRhCM4hlPw4QJqcAN1aAAHCc/wCm/Oo/PivDsf89aCk88cwh85nz/1YI/n</latexit>

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="crANvVgGivIiDMWlFPoP+QRYTmE=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFaMF+QBvKZjtp1242YXcjlNBf4MWDIl79Sd78N27bHLT1hYWHd2bYmTdIBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw7q7efUGkeywczSdCP6FDykDNqrNW475crbtWdi6yCl0MFctX75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi1KGqH2s/miU3JmnQEJY2WfNGTu/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwms/4zJJDUq2+ChMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LjctK7SaPowgncArn4MEV1OAO6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOZ8/pQ+M0Q==</latexit>

L(θ)
<latexit sha1_base64="5fseA+YeVnH/rNQL3jW7GUZwvw0="></latexit>

vg
<latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit><latexit sha1_base64="R45UDm5sKT8ocvzuxfzxai33Img=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJZNrQTDIkmUIZ+iduXCji1j9x59+YtrPQ1gMhh3PuJScnyjjTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwVoW0iuVS9CGvKmaBtwwynvUxRnEacdqPx/dzvTqjSTIonM81okOKhYAkj2FgpdN1BJHmsp6m9isksHIZu3Wt4C6B14pekDiVaofs1iCXJUyoM4Vjrvu9lJiiwMoxwOqsNck0zTMZ4SPuWCpxSHRSL5DN0YZUYJVLZIwxaqL83CpzqeTg7mWIz0qveXPzP6+cmuQ0KJrLcUEGWDyU5R0aieQ0oZooSw6eWYKKYzYrICCtMjC2rZkvwV7+8TjpXDd/yx+t6866sowpncA6X4MMNNOEBWtAGAhN4hld4cwrnxXl3PpajFafcOYU/cD5/AEqtlBI=</latexit>

✓̇i = !i

Mi!̇i = �Di!i � ⌧ei + ⌧mi
<latexit sha1_base64="gBgMcUgQXzQy6N4wy1j7S8JNU5w="></latexit>

<latexit sha1_base64="hORyJoRNHnZkC8WscVfBHpRT4a0=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0UQwZqUom6UghuX9dEHtGmYTCft0MmDmYlQQr7Cjb/ixoUibsWdf+OkjaitBwbOnHMv997jhIwKaRifWm5ufmFxKb9cWFldW9/QN7caIog4JnUcsIC3HCQIoz6pSyoZaYWcIM9hpOkML1K/eUe4oIF/K0chsTzU96lLMZJKsvXDjofkwHHi68SOz40EnsEfpVu2D46+vzdJ17T1olEyxoCzxMxIEWSo2fpHpxfgyCO+xAwJ0TaNUFox4pJiRpJCJxIkRHiI+qStqI88Iqx4fFYC95TSg27A1fMlHKu/O2LkCTHyHFWZ7iimvVT8z2tH0j21YuqHkSQ+ngxyIwZlANOMYI9ygiUbKYIwp2pXiAeIIyxVkgUVgjl98ixplEvmcalyVSlWK1kcebADdsE+MMEJqIJLUAN1gME9eATP4EV70J60V+1tUprTsp5t8Afa+xc4kJ6+</latexit>

R>0 = R2
⇤/S1

<latexit sha1_base64="kONQoiKTfwMDOHJqZ3/bIukjxFs="></latexit>

✓̇ = vk
<latexit sha1_base64="u7UrKQtaxa7/XTIZa5CXYrKWg7Q="></latexit>

�̇ = vt

<latexit sha1_base64="59Vi5kTSakMX6uqrYGaN5fzrImY="></latexit>

L di
dt = �Ri+Bv

<latexit sha1_base64="ArkXSFoD7qZ0TeqqmN9tfo0qexw="></latexit>

C dv
dt = �Gv �B>i



||

Euclidean embedding                                best reflects active and reactive power decomposition

Catalin Arghir 2123/05/22

Ray-circle complementarity

z = exp(γ + iθ)
<latexit sha1_base64="2W64FrKdlDWh3AlBdPvkTS+yRkA="></latexit>

• observed in the electromotive force expression

es = lmirRθ

(
1
ir

dir
dt g1 +

dθ
dt g2

)
<latexit sha1_base64="4Rh2n6vVFh44y2QBPFzoVosR9Qg="></latexit>

g1 =


1
0

�
, g2 =


0
1

�

<latexit sha1_base64="sK4wBBhg+N3Re7fKrEWdWaxaDpU="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

(e[�] ⌦ g>1 )R
>
✓

<latexit sha1_base64="p7x8ksNIbI7drBQTWUwqSz/weWw="></latexit>

R✓(e
[�] ⌦ g1)

<latexit sha1_base64="JzyRRkelsyb3ZDW1rZPiUVgO1do="></latexit>

B>
<latexit sha1_base64="eKAjxqT3YwePW7487OKqz/cLDoE="></latexit>

�B
<latexit sha1_base64="SSXnBAQSiG3GZLX1fUOvWMjr3gA="></latexit>

e�2[�]
<latexit sha1_base64="ZU8w3xvF2GH0+XxsGf6W8hlV1l8="></latexit>

z
<latexit sha1_base64="zpEgecBLJlPZklehcBXYVgnkU4Q="></latexit>

P �
<latexit sha1_base64="eYgshXn8nF3tucWKrIOqLf/qpP4="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

(e[�] ⌦ g>2 )R
>
✓

<latexit sha1_base64="i9KEXsbIz5aqrBdANkgEeja4FXc="></latexit>

R✓(e
[�] ⌦ g2)

<latexit sha1_base64="syV2JPiKLUjG4ReaBvfDH6yu8UU="></latexit>

B>
<latexit sha1_base64="eKAjxqT3YwePW7487OKqz/cLDoE="></latexit>

�B
<latexit sha1_base64="SSXnBAQSiG3GZLX1fUOvWMjr3gA="></latexit>

e�2[�]
<latexit sha1_base64="ZU8w3xvF2GH0+XxsGf6W8hlV1l8="></latexit>

P ✓
<latexit sha1_base64="VXwvM+QPaRdfeiBhO3TuAs3AcNI="></latexit>

!
<latexit sha1_base64="hENy9ru3vJ6N8Qf4fUyE8zOWPG8="></latexit>

⌫
<latexit sha1_base64="U2w8U2jXBrfKmw53IRkHJ0UaA9k="></latexit>

(Faraday’s law)

z = R✓(e
[�] ⌦ g1)1

<latexit sha1_base64="HjA/Qm0PNj8Ay0QCFTC+RWmW0Rc="></latexit>



||

Euclidean embedding                                best reflects active and reactive power decomposition

Catalin Arghir 2223/05/22

Ray-circle complementarity

z = exp(γ + iθ)
<latexit sha1_base64="2W64FrKdlDWh3AlBdPvkTS+yRkA="></latexit>

• observed in the electromotive force expression

es = lmirRθ

(
1
ir

dir
dt g1 +

dθ
dt g2

)
<latexit sha1_base64="4Rh2n6vVFh44y2QBPFzoVosR9Qg="></latexit>

g1 =


1
0

�
, g2 =


0
1

�

<latexit sha1_base64="sK4wBBhg+N3Re7fKrEWdWaxaDpU="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

(e[�] ⌦ g>1 )R
>
✓

<latexit sha1_base64="p7x8ksNIbI7drBQTWUwqSz/weWw="></latexit>

R✓(e
[�] ⌦ g1)

<latexit sha1_base64="JzyRRkelsyb3ZDW1rZPiUVgO1do="></latexit>

B>
<latexit sha1_base64="eKAjxqT3YwePW7487OKqz/cLDoE="></latexit>

�B
<latexit sha1_base64="SSXnBAQSiG3GZLX1fUOvWMjr3gA="></latexit>

e�2[�]
<latexit sha1_base64="ZU8w3xvF2GH0+XxsGf6W8hlV1l8="></latexit>

P �
<latexit sha1_base64="eYgshXn8nF3tucWKrIOqLf/qpP4="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

(e[�] ⌦ g>2 )R
>
✓

<latexit sha1_base64="i9KEXsbIz5aqrBdANkgEeja4FXc="></latexit>

R✓(e
[�] ⌦ g2)

<latexit sha1_base64="syV2JPiKLUjG4ReaBvfDH6yu8UU="></latexit>

B>
<latexit sha1_base64="eKAjxqT3YwePW7487OKqz/cLDoE="></latexit>

�B
<latexit sha1_base64="SSXnBAQSiG3GZLX1fUOvWMjr3gA="></latexit>

e�2[�]
<latexit sha1_base64="ZU8w3xvF2GH0+XxsGf6W8hlV1l8="></latexit>

P ✓
<latexit sha1_base64="VXwvM+QPaRdfeiBhO3TuAs3AcNI="></latexit>

!
<latexit sha1_base64="hENy9ru3vJ6N8Qf4fUyE8zOWPG8="></latexit>

⌫
<latexit sha1_base64="U2w8U2jXBrfKmw53IRkHJ0UaA9k="></latexit>

d
dt iri = −

∑

j∈Ni

(iri − irj )

<latexit sha1_base64="LIxLNL2F4GMv8e/LZrRmvjghIE0="></latexit>

d
dtθi = −

∑

j∈Ni

sin(θi − θj)

<latexit sha1_base64="3epN2Yce4tCKZxZHT2TZmKmu6FA="></latexit>

✓i = EXER�(z2i , z1i)
<latexit sha1_base64="uSOhqbAqK6hLDO1KvJwgmJwfVdA="></latexit>

(Faraday’s law)

iri = e�i = kzik
<latexit sha1_base64="XU962oTwvhDxuTQsI4IUhZAyOi4="></latexit>

z
<latexit sha1_base64="zpEgecBLJlPZklehcBXYVgnkU4Q="></latexit>z = R✓(e

[�] ⌦ g1)1
<latexit sha1_base64="HjA/Qm0PNj8Ay0QCFTC+RWmW0Rc="></latexit>



||

Euclidean embedding                                best reflects active and reactive power decomposition

Catalin Arghir 2323/05/22

Ray-circle complementarity

z = exp(γ + iθ)
<latexit sha1_base64="2W64FrKdlDWh3AlBdPvkTS+yRkA="></latexit>

• observed in the electromotive force expression

g1 =


1
0

�
, g2 =


0
1

�

<latexit sha1_base64="sK4wBBhg+N3Re7fKrEWdWaxaDpU="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

(e[�] ⌦ g>1 )R
>
✓

<latexit sha1_base64="p7x8ksNIbI7drBQTWUwqSz/weWw="></latexit>

R✓(e
[�] ⌦ g1)

<latexit sha1_base64="JzyRRkelsyb3ZDW1rZPiUVgO1do="></latexit>

B>
<latexit sha1_base64="eKAjxqT3YwePW7487OKqz/cLDoE="></latexit>

�B
<latexit sha1_base64="SSXnBAQSiG3GZLX1fUOvWMjr3gA="></latexit>

e�2[�]
<latexit sha1_base64="ZU8w3xvF2GH0+XxsGf6W8hlV1l8="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

(e[�] ⌦ g>2 )R
>
✓

<latexit sha1_base64="i9KEXsbIz5aqrBdANkgEeja4FXc="></latexit>

R✓(e
[�] ⌦ g2)

<latexit sha1_base64="syV2JPiKLUjG4ReaBvfDH6yu8UU="></latexit>

B>
<latexit sha1_base64="eKAjxqT3YwePW7487OKqz/cLDoE="></latexit>

�B
<latexit sha1_base64="SSXnBAQSiG3GZLX1fUOvWMjr3gA="></latexit>

e�2[�]
<latexit sha1_base64="ZU8w3xvF2GH0+XxsGf6W8hlV1l8="></latexit>

!
<latexit sha1_base64="hENy9ru3vJ6N8Qf4fUyE8zOWPG8="></latexit>

⌫
<latexit sha1_base64="U2w8U2jXBrfKmw53IRkHJ0UaA9k="></latexit>

✓i = EXER�(z2i , z1i)
<latexit sha1_base64="uSOhqbAqK6hLDO1KvJwgmJwfVdA="></latexit>

(Faraday’s law)

d
dt✓i =

X

j2Ni

sin(✓j � ✓i)

<latexit sha1_base64="a7+loN3/JwrB245f6zOS+rgZjo4="></latexit>

d
dt�i =

X

j2Ni

⇣
e(�j��i) � 1

⌘

<latexit sha1_base64="rlXPvDIAR3yt6GBvLMXZjwaKq3U="></latexit>

�i = ln kzik
<latexit sha1_base64="Fl+XfCiierTUSvxMCOlmz8reD5Y="></latexit>

P �
<latexit sha1_base64="eYgshXn8nF3tucWKrIOqLf/qpP4="></latexit>

P ✓
<latexit sha1_base64="VXwvM+QPaRdfeiBhO3TuAs3AcNI="></latexit>

z
<latexit sha1_base64="zpEgecBLJlPZklehcBXYVgnkU4Q="></latexit>z = R✓(e

[�] ⌦ g1)1
<latexit sha1_base64="HjA/Qm0PNj8Ay0QCFTC+RWmW0Rc="></latexit>

<latexit sha1_base64="RINWmwv6lx0AvKw4C6jRidPMt0A="></latexit>

es = lme�R✓

� d�
dt g1 +

d✓
dt g2

�



||

˜
<latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit> vg

<latexit sha1_base64="sL3EcQk8divxR0K318YefWg5u4g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrnw690e+XXcazgJonbglqUOJtm9/DcOEZDEVmnCs1MB1Uu3lWGpGOJ3XhpmiKSYTPKIDQwWOqfLyRfI5ujBKiKJEmiM0Wqi/N3IcqyKcmYyxHqtVrxD/8waZjm69nIk001SQ5UNRxpFOUFEDCpmkRPOZIZhIZrIiMsYSE23KqpkS3NUvr5Nus+FeNZqP1/XWXVlHFc7gHC7BhRtowQO0oQMEpvAMr/Bm5daL9W59LEcrVrlzCn9gff4AS/mUFg==</latexit>

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

Ls
<latexit sha1_base64="WJ4+ma/b/ayQw59Ju91t78XA9qw=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjr6V6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBLf6Nug==</latexit> Rs

<latexit sha1_base64="ZWRa/pa6ZVQlP2HxqA/EkbAOSqs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue6ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QM3Io3A</latexit>

⌧m
<latexit sha1_base64="6LMZK/ARiGXVmg69sJWivM5Lqns="></latexit>

⌧e
<latexit sha1_base64="tBGKdtEszgym3P/aCkkmiG1E6Ug="></latexit>

es
<latexit sha1_base64="V26kqtpIrA5DQ2G4utl4QDX9Xuo="></latexit>

D
<latexit sha1_base64="yigONZZQ9t88cELNn1EWRQCZ+A0="></latexit> M

<latexit sha1_base64="en6IchjdUdtqIHanDgnw12qBgZ8="></latexit>

!
<latexit sha1_base64="98RrfYWV4rY+nDoq6Pg38kc6hH0="></latexit>
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• passive with storage

⌧m
<latexit sha1_base64="6+FuJaHOaoBJSkn57fzMhHgbv14="></latexit>

vg
<latexit sha1_base64="eMkXIu6O9hNDfCLbew2bcPfRZnE="></latexit>

ur
<latexit sha1_base64="U+XniJhtgyqT11QJAjZdGdDqd1s="></latexit>

ṗ =�D! � ⌧e + ⌧m

✓̇ = !

 ̇s =�Rsis + vg

 ̇r =� rrir + ur
<latexit sha1_base64="0FgbkMJ0IsbvzB6tATMWBjFG314="></latexit>

! = M�1p
<latexit sha1_base64="4ZynOuEZ3tlJZ1vWzk9MfxLscm0="></latexit>

is = r s
H

<latexit sha1_base64="OcXXe78xDxRa3zWvfTCvQXnVyDE="></latexit>

ir = r rH
<latexit sha1_base64="gCEvqq2nAy7oMcCYcscdB+SbZa0="></latexit>

KIRIVEPM^IH GSSVHMREXI� ✓
<latexit sha1_base64="+9oC4tUalglHdFs+LrB6BwQQyrI="></latexit>

J MRHITIRHIRX SR x
<latexit sha1_base64="ip0zYXepzfOBdcdJZSFllzD9c2Q="></latexit>

ur
<latexit sha1_base64="GjAB5QNIQ9MDC0yoQzz5ysGRfM8="></latexit>

er
<latexit sha1_base64="NJgdJCIb3QcyKy8IY79xtHM+TRg="></latexit>

ir
<latexit sha1_base64="bJLDvvCCgB86Jpd0XoB1pPySs84="></latexit>

lr
<latexit sha1_base64="rfTY4KuAphpMFxWcqTqe4zuU4LM="></latexit>

rr
<latexit sha1_base64="LOEVv6qC4A5tDIUaBMa75RwuA+o="></latexit>

Consider the synchronous machine

ẋ = (J �R)rH +Gu

y = G
>rH

<latexit sha1_base64="7RQ7flNtYAunvpd+fQtOzxNPtfQ="></latexit>

H = 1
2M

�1
p
2 + 1

2


 s

 r

�>
L(✓)�1


 s

 r

�

<latexit sha1_base64="wvyvpH72JdqD1LfImo2qxhJRMoQ="></latexit>

✓̇ = !
<latexit sha1_base64="uHjuOaGFytqxQqhROXBgWUep8uw="></latexit>

Problem overview
L(✓) =

2

4
ls 0 lm cos ✓
0 ls lm sin ✓

lm cos ✓ lm sin ✓ lr

3

5

<latexit sha1_base64="JHYBexMeuxjLu0fL3g5yaFvuuiM="></latexit>
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Consider the synchronous machine

˜
<latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit> vg

<latexit sha1_base64="sL3EcQk8divxR0K318YefWg5u4g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrnw690e+XXcazgJonbglqUOJtm9/DcOEZDEVmnCs1MB1Uu3lWGpGOJ3XhpmiKSYTPKIDQwWOqfLyRfI5ujBKiKJEmiM0Wqi/N3IcqyKcmYyxHqtVrxD/8waZjm69nIk001SQ5UNRxpFOUFEDCpmkRPOZIZhIZrIiMsYSE23KqpkS3NUvr5Nus+FeNZqP1/XWXVlHFc7gHC7BhRtowQO0oQMEpvAMr/Bm5daL9W59LEcrVrlzCn9gff4AS/mUFg==</latexit>

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

Ls
<latexit sha1_base64="WJ4+ma/b/ayQw59Ju91t78XA9qw=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjr6V6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBLf6Nug==</latexit> Rs

<latexit sha1_base64="ZWRa/pa6ZVQlP2HxqA/EkbAOSqs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue6ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QM3Io3A</latexit>

• passive with storage

⌧m
<latexit sha1_base64="6LMZK/ARiGXVmg69sJWivM5Lqns="></latexit>

⌧e
<latexit sha1_base64="tBGKdtEszgym3P/aCkkmiG1E6Ug="></latexit>

⇢e
<latexit sha1_base64="5ex1xAY/vDVzTvdsut/1aqIGW68="></latexit>

es
<latexit sha1_base64="V26kqtpIrA5DQ2G4utl4QDX9Xuo="></latexit>

D
<latexit sha1_base64="yigONZZQ9t88cELNn1EWRQCZ+A0="></latexit>

Dr
<latexit sha1_base64="HL13VyVoFpLksAtl3j59x4eHbK8="></latexit>

Mr
<latexit sha1_base64="vOScWLF48qCfe/6kXVf69MVyBGk="></latexit>

M
<latexit sha1_base64="en6IchjdUdtqIHanDgnw12qBgZ8="></latexit>

!
<latexit sha1_base64="98RrfYWV4rY+nDoq6Pg38kc6hH0="></latexit>

⌫
<latexit sha1_base64="RCr9zRApJNb445HbEYlezmlvt2s="></latexit>

⇢m
<latexit sha1_base64="ZslpoPGLBZctwmswsd1P9bkedL4="></latexit>

a feedback equivalence problem

• passive with storage

⌧m
<latexit sha1_base64="6+FuJaHOaoBJSkn57fzMhHgbv14="></latexit>

vg
<latexit sha1_base64="eMkXIu6O9hNDfCLbew2bcPfRZnE="></latexit>

! = M�1p
<latexit sha1_base64="4ZynOuEZ3tlJZ1vWzk9MfxLscm0="></latexit>

is = r s
H

<latexit sha1_base64="OcXXe78xDxRa3zWvfTCvQXnVyDE="></latexit>

ur
<latexit sha1_base64="U+XniJhtgyqT11QJAjZdGdDqd1s="></latexit>

x
<latexit sha1_base64="vhpeu4Q6YUG/+aStVsDVP9rKduE="></latexit>

⇢m
<latexit sha1_base64="ZslpoPGLBZctwmswsd1P9bkedL4="></latexit>

Mr⌫̇ =�D⌫ � ⇢e + ⇢m

ur = rrir + er + lrir⌫
<latexit sha1_base64="FbAJXR8jzAVWVdchcVAYqZf7h9M="></latexit>

M !̇ =�D! � ⌧e + ⌧m

✓̇ = !

 ̇s =�Rsis + vg

 ̇r =� rrir + ur
<latexit sha1_base64="EpnBR32MZ+U4TGH0N4ErDieZ7ns="></latexit>

Ray-circle matching

ẋ = (J �R)rH +Gu

y = G
>rH

<latexit sha1_base64="7RQ7flNtYAunvpd+fQtOzxNPtfQ="></latexit>

γr = ln ir
<latexit sha1_base64="oXuqLC+kLAYGcAumlMCxoRDHZSQ="></latexit>

H = 1
2M

�1
p
2 + 1

2


 s

 r

�>
L(✓)�1


 s

 r

�

<latexit sha1_base64="wvyvpH72JdqD1LfImo2qxhJRMoQ="></latexit>

dynamic extension + positive 
feedback

H = 1
2Mrν

2 + 1
2Mω2 + 1

2i
!
s Lsis

<latexit sha1_base64="1oMhGZ3l+KKPDS3tR081vayPQ7k="></latexit>

KIRIVEPM^IH GSSVHMREXIW� (✓, �r)
<latexit sha1_base64="biUH4SXAxMSRN4Ywi2drT8uTM+4="></latexit>

1EWW QEXVM\ MRHITIRHIRX SR q = (θ, γr)
<latexit sha1_base64="/DvhcDmhk0LSXCmd63rnw+wrwr4="></latexit>

ẋ = (J (q)�R)rH +Gu

y = G
>rH

<latexit sha1_base64="1RSArhzZqe0cml4pqqKfrBxX3ls="></latexit>
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Consider the three-phase inverter

˜
<latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit> vg

<latexit sha1_base64="sL3EcQk8divxR0K318YefWg5u4g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrnw690e+XXcazgJonbglqUOJtm9/DcOEZDEVmnCs1MB1Uu3lWGpGOJ3XhpmiKSYTPKIDQwWOqfLyRfI5ujBKiKJEmiM0Wqi/N3IcqyKcmYyxHqtVrxD/8waZjm69nIk001SQ5UNRxpFOUFEDCpmkRPOZIZhIZrIiMsYSE23KqpkS3NUvr5Nus+FeNZqP1/XWXVlHFc7gHC7BhRtowQO0oQMEpvAMr/Bm5daL9W59LEcrVrlzCn9gff4AS/mUFg==</latexit>

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

Ls
<latexit sha1_base64="WJ4+ma/b/ayQw59Ju91t78XA9qw=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjr6V6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBLf6Nug==</latexit> Rs

<latexit sha1_base64="ZWRa/pa6ZVQlP2HxqA/EkbAOSqs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue6ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QM3Io3A</latexit>

• passive with storage

KIRIVEPM^IH GSSVHMREXIW� (✓, �r)
<latexit sha1_base64="biUH4SXAxMSRN4Ywi2drT8uTM+4="></latexit>

⌧m
<latexit sha1_base64="6LMZK/ARiGXVmg69sJWivM5Lqns="></latexit>

⌧e
<latexit sha1_base64="tBGKdtEszgym3P/aCkkmiG1E6Ug="></latexit>

⇢e
<latexit sha1_base64="5ex1xAY/vDVzTvdsut/1aqIGW68="></latexit>

es
<latexit sha1_base64="V26kqtpIrA5DQ2G4utl4QDX9Xuo="></latexit>

D
<latexit sha1_base64="yigONZZQ9t88cELNn1EWRQCZ+A0="></latexit>

Dr
<latexit sha1_base64="HL13VyVoFpLksAtl3j59x4eHbK8="></latexit>

Mr
<latexit sha1_base64="vOScWLF48qCfe/6kXVf69MVyBGk="></latexit>

M
<latexit sha1_base64="en6IchjdUdtqIHanDgnw12qBgZ8="></latexit>

!
<latexit sha1_base64="98RrfYWV4rY+nDoq6Pg38kc6hH0="></latexit>

⇢m
<latexit sha1_base64="ZslpoPGLBZctwmswsd1P9bkedL4="></latexit>

• passive with storage
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Subject of this talk
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vg
<latexit sha1_base64="DRHGAyyU88rIxC/nGuo2f/frNr0="></latexit>

Ls
<latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit><latexit sha1_base64="kq8Sti3cDF+pEhxykbl5Up9AaLM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWj2aSoB/RoeQhZ9RY6eGur/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv16zyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8ALLCNtg==</latexit>

Cdc
<latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit><latexit sha1_base64="wP9S4fMTQUCoG22UH5RFd3yKySQ=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2VGBF0Wu3FZwV6gHUomk2ljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcqZsb7/7a2tb2xubZd2yrt7+weHlaPjtlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaN2b1zhPVhin5YCcpDQUeSpYwgq2z2o1BHpPpoFL1a/5caBWCAqpQqDmofPVjRTJBpSUcG9ML/NSGOdaWEU6n5X5maIrJGA9pz6HEgpown287RefOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJTZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUBlF0KwfPIqtC9rgeP7q2r9toijBKdwBhcQwDXU4Q6a0AICj/AMr/DmKe/Fe/c+Fq1rXjFzAn/kff4AiYqPFw==</latexit>

idc
<latexit sha1_base64="lk8dXNIP50XQwNj0NX5nZFAXWFA=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiiZTKaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzRylnxvr+t1daW9/Y3CpvV3Z29/YPqodHbaMyTWiLKK50N8KGciZpyzLLaTfVFIuI0040vp3VO09UG6bkg52kNBR4KFnCCLbOarNBHpPpoFrz6/5caBWCAmpQqDmofvVjRTJBpSUcG9ML/NSGOdaWEU6nlX5maIrJGA9pz6HEgpown287RWfOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJdZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUAVF0KwfPIqtC/qgeP7y1rjpoijDCdwCucQwBU04A6a0AICj/AMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8Aw+CPPQ==</latexit><latexit sha1_base64="lk8dXNIP50XQwNj0NX5nZFAXWFA=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiiZTKaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzRylnxvr+t1daW9/Y3CpvV3Z29/YPqodHbaMyTWiLKK50N8KGciZpyzLLaTfVFIuI0040vp3VO09UG6bkg52kNBR4KFnCCLbOarNBHpPpoFrz6/5caBWCAmpQqDmofvVjRTJBpSUcG9ML/NSGOdaWEU6nlX5maIrJGA9pz6HEgpown287RWfOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJdZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUAVF0KwfPIqtC/qgeP7y1rjpoijDCdwCucQwBU04A6a0AICj/AMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8Aw+CPPQ==</latexit><latexit sha1_base64="lk8dXNIP50XQwNj0NX5nZFAXWFA=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiiZTKaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzRylnxvr+t1daW9/Y3CpvV3Z29/YPqodHbaMyTWiLKK50N8KGciZpyzLLaTfVFIuI0040vp3VO09UG6bkg52kNBR4KFnCCLbOarNBHpPpoFrz6/5caBWCAmpQqDmofvVjRTJBpSUcG9ML/NSGOdaWEU6nlX5maIrJGA9pz6HEgpown287RWfOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJdZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUAVF0KwfPIqtC/qgeP7y1rjpoijDCdwCucQwBU04A6a0AICj/AMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8Aw+CPPQ==</latexit><latexit sha1_base64="lk8dXNIP50XQwNj0NX5nZFAXWFA=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiiZTKaNzWVIMkIZ+g5uXCji1vdx59uYtrPQ1h8CH/85h5zzRylnxvr+t1daW9/Y3CpvV3Z29/YPqodHbaMyTWiLKK50N8KGciZpyzLLaTfVFIuI0040vp3VO09UG6bkg52kNBR4KFnCCLbOarNBHpPpoFrz6/5caBWCAmpQqDmofvVjRTJBpSUcG9ML/NSGOdaWEU6nlX5maIrJGA9pz6HEgpown287RWfOiVGitHvSorn7eyLHwpiJiFynwHZklmsz879aL7PJdZgzmWaWSrL4KMk4sgrNTkcx05RYPnGAiWZuV0RGWGNiXUAVF0KwfPIqtC/qgeP7y1rjpoijDCdwCucQwBU04A6a0AICj/AMr/DmKe/Fe/c+Fq0lr5g5hj/yPn8Aw+CPPQ==</latexit>

ms
<latexit sha1_base64="g7SKB29JtoRVowr++u+1T1FS+7E=">AAAB+XicbVBLSwMxGMzWV62vVY9egkXwVHaroMeiF48V7APaZclms21oHkuSLZSl/8SLB0W8+k+8+W/MtnvQ1oGQYeb7yGSilFFtPO/bqWxsbm3vVHdre/sHh0fu8UlXy0xh0sGSSdWPkCaMCtIx1DDSTxVBPGKkF03uC783JUpTKZ7MLCUBRyNBE4qRsVLousNIsljPuL1yPg916Na9hrcAXCd+SeqgRDt0v4axxBknwmCGtB74XmqCHClDMSPz2jDTJEV4gkZkYKlAnOggXySfwwurxDCRyh5h4EL9vZEjrotwdpIjM9arXiH+5w0yk9wGORVpZojAy4eSjEEjYVEDjKki2LCZJQgrarNCPEYKYWPLqtkS/NUvr5Nus+FfNZqP1/XWXVlHFZyBc3AJfHADWuABtEEHYDAFz+AVvDm58+K8Ox/L0YpT7pyCP3A+fwBQapQZ</latexit>

Consider the well established method of power-factor correction

• main objective: DC-link regulation

• secondary objective: optimize power factor

• input: modulation

• objective: PQ control

• input: DC-current and modulation

x
<latexit sha1_base64="vhpeu4Q6YUG/+aStVsDVP9rKduE="></latexit>

⇢m
<latexit sha1_base64="ZslpoPGLBZctwmswsd1P9bkedL4="></latexit>dynamic extension + model matching

H = 1
2Cdcv

2
dc +

1
2i

>
s Lsis

<latexit sha1_base64="gUL59HJb5+URKqBXwm/81xUdU04="></latexit>

a feedback equivalence problem

Ray-circle matching

ẋ = (J (m)�R)rH +Gu

y = G
>rH

<latexit sha1_base64="pKbGyPWShikzuvYJt7szB4WQS4k="></latexit>

✓̇ = !
<latexit sha1_base64="uHjuOaGFytqxQqhROXBgWUep8uw="></latexit>

�̇r = ⌫
<latexit sha1_base64="210q0IptDHs16UNta8CvvhbC374="></latexit>

⌫
<latexit sha1_base64="RCr9zRApJNb445HbEYlezmlvt2s="></latexit>

H = 1
2Mrν

2 + 1
2Mω2 + 1

2i
!
s Lsis

<latexit sha1_base64="1oMhGZ3l+KKPDS3tR081vayPQ7k="></latexit>

1EWW QEXVM\ MRHITIRHIRX SR q = (θ, γr)
<latexit sha1_base64="/DvhcDmhk0LSXCmd63rnw+wrwr4="></latexit>

ẋ = (J (q)�R)rH +Gu

y = G
>rH

<latexit sha1_base64="1RSArhzZqe0cml4pqqKfrBxX3ls="></latexit>

<latexit sha1_base64="9TWKoZi51wFcp7emBZZGX0O0ZbQ="></latexit>! = ⌘vdc
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• passive with storage

˜
<latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit><latexit sha1_base64="Ae8E7YzPjJN8/Zf42esk/zwwl08=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgm2VNpTNZtMu3WzC7kQoof4JLx4U8erP8ea/cdvmoK0vLDy8M8POvEEqhUHX/XZKK6tr6xvlzcrW9s7uXnX/oG2STDPeYolM9H1ADZdC8RYKlPw+1ZzGgeSdYHQ9rXceuTYiUXc4Trkf04ESkWAUrfXQQyFDnj9N+tWaW3dnIsvgFVCDQs1+9asXJiyLuUImqTFdz03Rz6lGwSSfVHqZ4SllIzrgXYuKxtz4+WzhCTmxTkiiRNunkMzc3xM5jY0Zx4HtjCkOzWJtav5X62YYXfq5UGmGXLH5R1EmCSZkej0JheYM5dgCZVrYXQkbUk0Z2owqNgRv8eRlaJ/VPcu357XGVRFHGY7gGE7BgwtowA00oQUMYniGV3hztPPivDsf89aSU8wcwh85nz9MfZC4</latexit> vg

<latexit sha1_base64="sL3EcQk8divxR0K318YefWg5u4g=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrnw690e+XXcazgJonbglqUOJtm9/DcOEZDEVmnCs1MB1Uu3lWGpGOJ3XhpmiKSYTPKIDQwWOqfLyRfI5ujBKiKJEmiM0Wqi/N3IcqyKcmYyxHqtVrxD/8waZjm69nIk001SQ5UNRxpFOUFEDCpmkRPOZIZhIZrIiMsYSE23KqpkS3NUvr5Nus+FeNZqP1/XWXVlHFc7gHC7BhRtowQO0oQMEpvAMr/Bm5daL9W59LEcrVrlzCn9gff4AS/mUFg==</latexit>

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

Ls
<latexit sha1_base64="WJ4+ma/b/ayQw59Ju91t78XA9qw=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjr6V6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBLf6Nug==</latexit> Rs

<latexit sha1_base64="ZWRa/pa6ZVQlP2HxqA/EkbAOSqs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue6ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QM3Io3A</latexit>

⌧m
<latexit sha1_base64="6LMZK/ARiGXVmg69sJWivM5Lqns="></latexit>

⌧e
<latexit sha1_base64="tBGKdtEszgym3P/aCkkmiG1E6Ug="></latexit>

⇢e
<latexit sha1_base64="5ex1xAY/vDVzTvdsut/1aqIGW68="></latexit>

es
<latexit sha1_base64="V26kqtpIrA5DQ2G4utl4QDX9Xuo="></latexit>

D
<latexit sha1_base64="yigONZZQ9t88cELNn1EWRQCZ+A0="></latexit>

Dr
<latexit sha1_base64="HL13VyVoFpLksAtl3j59x4eHbK8="></latexit>

Mr
<latexit sha1_base64="vOScWLF48qCfe/6kXVf69MVyBGk="></latexit>

M
<latexit sha1_base64="en6IchjdUdtqIHanDgnw12qBgZ8="></latexit>

!
<latexit sha1_base64="98RrfYWV4rY+nDoq6Pg38kc6hH0="></latexit>

⇢m
<latexit sha1_base64="ZslpoPGLBZctwmswsd1P9bkedL4="></latexit>

Target system:

• under-actuated

• constant mass-matrix

• potential energy t.b.d.

a feedback equivalence problem

Ray-circle matching

⌘<latexit sha1_base64="ZB8qEFxlnWPy93Z9h+ym8EVWCGQ="></latexit>

⌃
y

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

8 > < > : <latexit sha1_base64="W7pVgIUkLX0FcMsYdscHrug9te4="></latexit>

⌫
<latexit sha1_base64="RCr9zRApJNb445HbEYlezmlvt2s="></latexit>

H = 1
2Mrν

2 + 1
2Mω2 + 1

2i
!
s Lsis

<latexit sha1_base64="1oMhGZ3l+KKPDS3tR081vayPQ7k="></latexit>

KIRIVEPM^IH GSSVHMREXIW� (✓, �r)
<latexit sha1_base64="biUH4SXAxMSRN4Ywi2drT8uTM+4="></latexit>

1EWW QEXVM\ MRHITIRHIRX SR q = (θ, γr)
<latexit sha1_base64="/DvhcDmhk0LSXCmd63rnw+wrwr4="></latexit>

ẋ = (J (q)�R)rH +Gu

y = G
>rH

<latexit sha1_base64="1RSArhzZqe0cml4pqqKfrBxX3ls="></latexit>



||

H = 1
2⌫

>Mr⌫ + 1
2!

>Ma! + 1
2i

>
s Lsis +

1
2v

>
f Cfvf + 1

2i
>
l Llil

<latexit sha1_base64="N55MYH4rT3esoNWQnBFieVCgKO4="></latexit>

Catalin Arghir 2823/05/22

• potential energy t.b.d.

Cone-torus matching

Networked system:

• passive with storage

⌘<latexit sha1_base64="ZB8qEFxlnWPy93Z9h+ym8EVWCGQ="></latexit>

⌃
y

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

8 > < > : <latexit sha1_base64="W7pVgIUkLX0FcMsYdscHrug9te4="></latexit>

es
<latexit sha1_base64="JGoUu8J/GgAT+orP6kVfRR6LokQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzOfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9EMpQR</latexit>

il
<latexit sha1_base64="EUyNJUDboqnjf9/CRDeBzuU0HCg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfe7bdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w8/spQO</latexit>

Ll
<latexit sha1_base64="DvGqTzoD2rtaLAtGR4mpByJCufU=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjriV6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBI2KNsw==</latexit>

Rl
<latexit sha1_base64="v53ggNaBDvlyVX3a0E7VPgkzLn4=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue7JXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMsho25</latexit>

Ls
<latexit sha1_base64="WJ4+ma/b/ayQw59Ju91t78XA9qw=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjr6V6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBLf6Nug==</latexit> Rs

<latexit sha1_base64="ZWRa/pa6ZVQlP2HxqA/EkbAOSqs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue6ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QM3Io3A</latexit>

Cf
<latexit sha1_base64="qX4LYvlG9lOsPqp+uf6lwkRsT50=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjsxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WBcn/ntJ1Sax/LRTBL0IzqUPOSMGis91Pthv1R2K+4cZJV4OSlDjka/9NUbxCyNUBomqNZdz02Mn1FlOBM4LfZSjQllYzrErqWSRqj9bH7qlJxbZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTtCF4yy+vkla14l1WqvdX5dptHkcBTuEMLsCDa6jBHTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAMlI2k</latexit>

Gf
<latexit sha1_base64="RyxzGORnl8svJGuWC3ZHQ1KZLM4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj0oMeK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te2CuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur2/KNeu8zgKcAwncAYeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wcSrI2o</latexit>

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

vf
<latexit sha1_base64="PmLMuexuHN6+o+zDvVXZB8y4+rE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrnw69yPfrjsNZwG0TtyS1KFE27e/hmFCspgKTThWauA6qfZyLDUjnM5rw0zRFJMJHtGBoQLHVHn5IvkcXRglRFEizREaLdTfGzmOVRHOTMZYj9WqV4j/eYNMR7dezkSaaSrI8qEo40gnqKgBhUxSovnMEEwkM1kRGWOJiTZl1UwJ7uqX10m32XCvGs3H63rrrqyjCmdwDpfgwg204AHa0AECU3iGV3izcuvFerc+lqMVq9w5hT+wPn8ASnWUFQ==</latexit>

⇢m
<latexit sha1_base64="oI9DfSSgKK5UP9CodoHGsRBaSp0="></latexit>

⇢e
<latexit sha1_base64="ucGEAyDeK4X5gva3uTc9AXO5GlQ="></latexit>

⌧e
<latexit sha1_base64="JK4t2F2VVw9FX8s23GIyS6QxZHE="></latexit>

⌧m
<latexit sha1_base64="TijHSKZkeGiGPOfIsvh3XA2v0yw="></latexit>

!
<latexit sha1_base64="X6ZIrRNyj7+Xta3VrTrqDPTxu9Q="></latexit>

⌫
<latexit sha1_base64="/4WNMkXdmYuzeqA6iq4f6kOFj9M="></latexit>

Ma
<latexit sha1_base64="kUj4RGVDrBiRvEX+FpZBiks3DpI="></latexit>

Mr
<latexit sha1_base64="9QqzWqS/tiY/vvjvYY85GTRKv5Y="></latexit>

Dr
<latexit sha1_base64="zxM8FRso7ujiP8Io+xc/qlxfuEw="></latexit>

Da
<latexit sha1_base64="wQ+IaSgM0k+Nax757YI9nFizCM8="></latexit>

ẋ = (J(q)�R)rH+Gu

y = G>
rH

<latexit sha1_base64="4j4CcxoL+qXFMWQSRYcMesR/XkI="></latexit>

KIRIVEPM^IH GSSVHMREXIW� (✓,�r)
<latexit sha1_base64="j/Qjj+03ofGSDsQUKPNHYDFx7zE="></latexit>

1EWW QEXVM\ MRHITIRHIRX SR q = (✓,�r)
<latexit sha1_base64="3GCUQF0kI5w84O23TYUtiFTHIng="></latexit>
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• initial specs: energy bias (lose passivity)

• recover transverse passivity

• design potential energy function (tangential goal)

• stabilize the refined target set

es
<latexit sha1_base64="JGoUu8J/GgAT+orP6kVfRR6LokQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzOfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9EMpQR</latexit>

Ls
<latexit sha1_base64="WJ4+ma/b/ayQw59Ju91t78XA9qw=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjr6V6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBLf6Nug==</latexit> Rs

<latexit sha1_base64="ZWRa/pa6ZVQlP2HxqA/EkbAOSqs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue6ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QM3Io3A</latexit>

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

vf
<latexit sha1_base64="PmLMuexuHN6+o+zDvVXZB8y4+rE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrnw69yPfrjsNZwG0TtyS1KFE27e/hmFCspgKTThWauA6qfZyLDUjnM5rw0zRFJMJHtGBoQLHVHn5IvkcXRglRFEizREaLdTfGzmOVRHOTMZYj9WqV4j/eYNMR7dezkSaaSrI8qEo40gnqKgBhUxSovnMEEwkM1kRGWOJiTZl1UwJ7uqX10m32XCvGs3H63rrrqyjCmdwDpfgwg204AHa0AECU3iGV3izcuvFerc+lqMVq9w5hT+wPn8ASnWUFQ==</latexit>

⇢m
<latexit sha1_base64="oI9DfSSgKK5UP9CodoHGsRBaSp0="></latexit>

⇢e
<latexit sha1_base64="ucGEAyDeK4X5gva3uTc9AXO5GlQ="></latexit>

⌧e
<latexit sha1_base64="JK4t2F2VVw9FX8s23GIyS6QxZHE="></latexit>

⌧m
<latexit sha1_base64="TijHSKZkeGiGPOfIsvh3XA2v0yw="></latexit>

!
<latexit sha1_base64="X6ZIrRNyj7+Xta3VrTrqDPTxu9Q="></latexit>

⌫
<latexit sha1_base64="/4WNMkXdmYuzeqA6iq4f6kOFj9M="></latexit>

Ma
<latexit sha1_base64="kUj4RGVDrBiRvEX+FpZBiks3DpI="></latexit>

Mr
<latexit sha1_base64="9QqzWqS/tiY/vvjvYY85GTRKv5Y="></latexit>

Dr
<latexit sha1_base64="zxM8FRso7ujiP8Io+xc/qlxfuEw="></latexit>

Da
<latexit sha1_base64="wQ+IaSgM0k+Nax757YI9nFizCM8="></latexit>
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<latexit sha1_base64="auDkrUzR8Oh/Uyq7QzO3cHE2fcY="></latexit>

Z?
1 = {x : ⌫ = 0, ! = !01}

<latexit sha1_base64="tTjzrtoZZrJ5w0OW7tsivC6munY="></latexit>

consensus zero-dynamics manifold
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• initial specs: energy bias (lose passivity)

• recover transverse passivity

• design potential energy function (tangential goal)

• stabilize the refined target set

es
<latexit sha1_base64="JGoUu8J/GgAT+orP6kVfRR6LokQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzOfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9EMpQR</latexit>

Ls
<latexit sha1_base64="WJ4+ma/b/ayQw59Ju91t78XA9qw=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjr6V6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBLf6Nug==</latexit> Rs

<latexit sha1_base64="ZWRa/pa6ZVQlP2HxqA/EkbAOSqs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue6ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QM3Io3A</latexit>

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

vf
<latexit sha1_base64="PmLMuexuHN6+o+zDvVXZB8y4+rE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrnw69yPfrjsNZwG0TtyS1KFE27e/hmFCspgKTThWauA6qfZyLDUjnM5rw0zRFJMJHtGBoQLHVHn5IvkcXRglRFEizREaLdTfGzmOVRHOTMZYj9WqV4j/eYNMR7dezkSaaSrI8qEo40gnqKgBhUxSovnMEEwkM1kRGWOJiTZl1UwJ7uqX10m32XCvGs3H63rrrqyjCmdwDpfgwg204AHa0AECU3iGV3izcuvFerc+lqMVq9w5hT+wPn8ASnWUFQ==</latexit>

⇢m
<latexit sha1_base64="oI9DfSSgKK5UP9CodoHGsRBaSp0="></latexit>

⇢e
<latexit sha1_base64="ucGEAyDeK4X5gva3uTc9AXO5GlQ="></latexit>

⌧e
<latexit sha1_base64="JK4t2F2VVw9FX8s23GIyS6QxZHE="></latexit>

⌧m
<latexit sha1_base64="TijHSKZkeGiGPOfIsvh3XA2v0yw="></latexit>

!
<latexit sha1_base64="X6ZIrRNyj7+Xta3VrTrqDPTxu9Q="></latexit>

⌫
<latexit sha1_base64="/4WNMkXdmYuzeqA6iq4f6kOFj9M="></latexit>

Ma
<latexit sha1_base64="kUj4RGVDrBiRvEX+FpZBiks3DpI="></latexit>

Mr
<latexit sha1_base64="9QqzWqS/tiY/vvjvYY85GTRKv5Y="></latexit>

Dr
<latexit sha1_base64="zxM8FRso7ujiP8Io+xc/qlxfuEw="></latexit>

Da
<latexit sha1_base64="wQ+IaSgM0k+Nax757YI9nFizCM8="></latexit>

Catalin Arghir 3123/05/22

General strategy
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<latexit sha1_base64="auDkrUzR8Oh/Uyq7QzO3cHE2fcY="></latexit>
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<latexit sha1_base64="KnO7eT/hyey71OSS1gBDryBMIpo="></latexit>

consensus zero-dynamics manifold steady-state response

<latexit sha1_base64="eiMvLPu7UhgDHj5utCkisaVCays="></latexit>
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vf
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vdc
<latexit sha1_base64="cN8a2pc/JNquNFsAeTRBG1Djxaw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXisYD+gXUo2m21js8mSZAtl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpapIrRFJJeqG2BNORO0ZZjhtJsoiuOA004wvpv7nQlVmknxaKYJ9WM8FCxiBBsrtSeDLCSzQbniVt0F0DrxclKBHM1B+asfSpLGVBjCsdY9z02Mn2FlGOF0VuqnmiaYjPGQ9iwVOKbazxbXztCFVUIUSWVLGLRQf09kONZ6Gge2M8ZmpFe9ufif10tNdONnTCSpoYIsF0UpR0ai+esoZIoSw6eWYKKYvRWREVaYGBtQyYbgrb68Ttq1qndVrT3UK43bPI4inME5XIIH19CAe2hCCwg8wTO8wpsjnRfn3flYthacfOYU/sD5/AHZIY9O</latexit>

⌫
⌘

<latexit sha1_base64="zK7COHCZbtpatiTBoEinhrWs9qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JUQY9FLx4r2A9oQtlsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//Arh52dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhfkRGkoecEjDSwK56ECpCM0+meeYxIPnArjl1Zw68StyC1FCB1sD+8oYxTSMmgQqidd91EvAzooBTwfKKl2qWEDohI9Y3VJKIaT+bn57jU6MMcRgrUxLwXP09kZFI62kUmM6IwFgvezPxP6+fQnjlZ1wmKTBJF4vCVGCI8SwHPOSKURBTQwhV3NyK6ZiYKMCkVTEhuMsvr5JOo+6e1xt3F7XmdRFHGR2jE3SGXHSJmugWtVAbUfSIntErerOerBfr3fpYtJasYuYI/YH1+QMYgZSK</latexit>

⌘⇢e
<latexit sha1_base64="p7Gx5rRQ3Khlx1PDCbYL8WZydKQ=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM122i7dbOLuplBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqh1Sj4BIbhhuB7UQhjUKBrXB0N/NbY1Sax/LRTBIMIjqQvM8ZNVYKfDSU+GoYdzOcdktlt+LOQVaJl5My5Kh3S19+L2ZphNIwQbXueG5igowqw5nAadFPNSaUjegAO5ZKGqEOsvnRU3JulR7px8qWNGSu/p7IaKT1JAptZ0TNUC97M/E/r5Oa/k2QcZmkBiVbLOqngpiYzBIgPa6QGTGxhDLF7a2EDamizNicijYEb/nlVdKsVrzLSvXhqly7zeMowCmcwQV4cA01uIc6NIDBEzzDK7w5Y+fFeXc+Fq1rTj5zAn/gfP4AwUKSFw==</latexit>

⌘2Mr
<latexit sha1_base64="+zxWVmyWsCa8CcCZQPHSB39wbhk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16ECOaByRpmJ5NkyOzsMtMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSk7nEccz+kAyX6glG00kOHI32skNuu7hZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdKolL2zcuXuvFS9yuLIwxEcwyl4cAFVuIEa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QOxqpBG</latexit>

⌘2Dr
<latexit sha1_base64="lt/brakOaevDjsaQ3TbK7CpUD3g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6YrGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqHscx90M6UKIvGEUrPXQ40scKuenqbrHklt0ZyDLxMlKCDLVu8avTi1gScoVMUmPanhujn1KNgkk+KXQSw2PKRnTA25YqGnLjp7OLJ+TEKj3Sj7QthWSm/p5IaWjMOAxsZ0hxaBa9qfif106wf+mnQsUJcsXmi/qJJBiR6fukJzRnKMeWUKaFvZWwIdWUoQ2pYEPwFl9eJo1K2TsrV+7OS9WrLI48HMExnIIHF1CFW6hBHRgoeIZXeHOM8+K8Ox/z1pyTzRzCHzifP6P0kD0=</latexit>

⇤l
<latexit sha1_base64="DbIUyNSafq7iPR/LpS9dEtG435Y=">AAACDnicbVC7TsMwFHXKq5RXgJEloqrEVCUFCcYKFgaGItGH1ESR4zitVceObAepivIFLPwKCwMIsTKz8Tc4bYbSciXLR+fco3vvCRJKpLLtH6Oytr6xuVXdru3s7u0fmIdHPclTgXAXccrFIIASU8JwVxFF8SARGMYBxf1gclPo/UcsJOHsQU0T7MVwxEhEEFSa8s2GG3Aaymmsv8y908YQ5n62yNI898263bRnZa0CpwR1UFbHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrIYIyll83Oya2GZkIr4kI/pqwZu+jIYCyL3XRnDNVYLmsF+Z82TFV05WWEJanCDM0HRSm1FLeKbKyQCIwUnWoAkSB6VwuNoYBI6QRrOgRn+eRV0Gs1nfNm6/6i3r4u46iCE3AKzoADLkEb3IIO6AIEnsALeAPvxrPxanwYn/PWilF6jsGfMr5+AWKInZc=</latexit>

Bîl
<latexit sha1_base64="uojw1RXcXieJQr2KZLadXYyE3ts=">AAACD3icbVC7TsMwFHXKq5RXgJElogIxVUlBgrEqC2OR6ENqoshxnNaqY0e2g1RF+QMWfoWFAYRYWdn4G5w2Q2k5kuWjc+7VvfcECSVS2faPUVlb39jcqm7Xdnb39g/Mw6Oe5KlAuIs45WIQQIkpYbiriKJ4kAgM44DifjC5Lfz+IxaScPagpgn2YjhiJCIIKi355rkbcBrKaay/rJ27Y6iyRYnkuZ/R3DfrdsOewVolTknqoETHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrKYIyll83uya0zrYRWxIV+TFkzdbEjg7Es9tOVMVRjuewV4n/eMFXRjZcRlqQKMzQfFKXUUtwqwrFCIjBSdKoJRILoXS00hgIipSOs6RCc5ZNXSa/ZcC4bzfureqtdxlEFJ+AUXAAHXIMWuAMd0AUIPIEX8AbejWfj1fgwPuelFaPsOQZ/YHz9AouankA=</latexit>

ês
<latexit sha1_base64="ppKdzdCi8lZ1gZ5+7JzaTBy4tIA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl5E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDCsSX6g==</latexit>

es
<latexit sha1_base64="JGoUu8J/GgAT+orP6kVfRR6LokQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzOfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9EMpQR</latexit>

⌘2Da
<latexit sha1_base64="XrZYqNJ5IWe514qc7kZf/TbngqE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6YrKF3MkmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJoqxOIxGpVoCaCS5Z3XAjWCtWDMNAsGYwup76zSemNI/kvRnHzA9xIHmfUzRWeugwg48VctPFbrHklt0ZyDLxMlKCDLVu8avTi2gSMmmoQK3bnhsbP0VlOBVsUugkmsVIRzhgbUslhkz76eziCTmxSo/0I2VLGjJTf0+kGGo9DgPbGaIZ6kVvKv7ntRPTv/RTLuPEMEnni/qJICYi0/dJjytGjRhbglRxeyuhQ1RIjQ2pYEPwFl9eJo1K2TsrV+7OS9WrLI48HMExnIIHF1CFW6hBHShIeIZXeHO08+K8Ox/z1pyTzRzCHzifP4owkCw=</latexit>

⌘2Ma
<latexit sha1_base64="XT6HLJQk15CVjK/2Vm4zcBBB9KI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16ECOaByRp6J5NkyOzsMjMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKMrqNBKRagWomeCS1Q03grVixTAMBGsGo+up33xiSvNI3ptxzPwQB5L3OUVjpYcOM/hYIbdd7BZLbtmdgSwTLyMlyFDrFr86vYgmIZOGCtS67bmx8VNUhlPBJoVOolmMdIQD1rZUYsi0n84unpATq/RIP1K2pCEz9fdEiqHW4zCwnSGaoV70puJ/Xjsx/Us/5TJODJN0vqifCGIiMn2f9Lhi1IixJUgVt7cSOkSF1NiQCjYEb/HlZdKolL2zcuXuvFS9yuLIwxEcwyl4cAFVuIEa1IGChGd4hTdHOy/Ou/Mxb8052cwh/IHz+QOX5pA1</latexit>

⌘⌧m
<latexit sha1_base64="GK4ntIv+3wGMaCIsFdvPo1ABRZw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy2k3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFAqaKFBCJ9XA4lBCOxzdzvz2E2gjEvWA4xSCmA2UiARnaKVHH5D5yLJe3CtX3Ko7B10lXk4qJEejV/7y+wnPYlDIJTOm67kpBhOmUXAJ05KfGUgZH7EBdC1VLAYTTOYXT+mZVfo0SrQthXSu/p6YsNiYcRzazpjh0Cx7M/E/r5thdB1MhEozBMUXi6JMUkzo7H3aFxo4yrEljGthb6V8yDTjaEMq2RC85ZdXSatW9S6qtfvLSv0mj6NITsgpOSceuSJ1ckcapEk4UeSZvJI3xzgvzrvzsWgtOPnMMfkD5/MHrFqQ6g==</latexit>

⌘⌧e
<latexit sha1_base64="KSAO7CymAwgNWjhIna29rKwjrgs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy2k3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFAqaKFBCJ9XA4lBCOxzdzvz2E2gjEvWA4xSCmA2UiARnaKVHH5D5yLIe9MoVt+rOQVeJl5MKydHolb/8fsKzGBRyyYzpem6KwYRpFFzCtORnBlLGR2wAXUsVi8EEk/nFU3pmlT6NEm1LIZ2rvycmLDZmHIe2M2Y4NMveTPzP62YYXQcTodIMQfHFoiiTFBM6e5/2hQaOcmwJ41rYWykfMs042pBKNgRv+eVV0qpVvYtq7f6yUr/J4yiSE3JKzolHrkid3JEGaRJOFHkmr+TNMc6L8+58LFoLTj5zTP7A+fwBoDqQ4g==</latexit>

⌘⇢m
<latexit sha1_base64="Shllqt4yvpiM/eWLKi+1EyVw/lI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAdmlzA7mU2GzGOZmRVCyF948aCIV//Gm3/jJNmDJhY0FFXddHfFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnxoZyJmnTMstpJ9UUi5jTdjy6nfntJ6oNU/LBjlMaCTyQLGEEWyc9htTiUA9VT/TKFb/qz4FWSZCTCuRo9MpfYV+RTFBpCcfGdAM/tdEEa8sIp9NSmBmaYjLCA9p1VGJBTTSZXzxFZ07po0RpV9Kiufp7YoKFMWMRu06B7dAsezPxP6+b2eQ6mjCZZpZKsliUZBxZhWbvoz7TlFg+dgQTzdytiAyxxsS6kEouhGD55VXSqlWDi2rt/rJSv8njKMIJnMI5BHAFdbiDBjSBgIRneIU3z3gv3rv3sWgtePnMMfyB9/kDqteQ6Q==</latexit>

il
<latexit sha1_base64="EUyNJUDboqnjf9/CRDeBzuU0HCg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfe7bdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w8/spQO</latexit>

Ll
<latexit sha1_base64="DvGqTzoD2rtaLAtGR4mpByJCufU=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjriV6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBI2KNsw==</latexit>

Rl
<latexit sha1_base64="v53ggNaBDvlyVX3a0E7VPgkzLn4=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue7JXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMsho25</latexit>

Ȳf
<latexit sha1_base64="cOuWCIuIhSz3vyrqiwn/Kkl6VUE=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZdFNy4r2Ic0IUymk3boZCbMTIQS4sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvZCpAijnLQ11Yz0EklQHDLSDcfXhd99IFJRwe/0JCF+jIacRhQjbaTAPvRCJLP7PMi8ULCBmsTmy6I8D+yaU3emgIvELUkNlGgF9pc3EDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9MLcnhilAGMhDSPazhVf3dkKFbFbqYyRnqk5r1C/M/rpzq69DPKk1QTjmeDopRBLWARBxxQSbBmE0MQltTsCvEISYS1Ca1qQnDnT14knUbdPas3bs9rzasyjgo4AsfgFLjgAjTBDWiBNsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP14GXyQ==</latexit>

w0
<latexit sha1_base64="8PJlX3RvWSjfGY78R24udXL1juU=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExVUlBgrGChbFI9CG1UeQ4TmvVcSLbKaqi/gkLAwix8ids/A1OmwFajmT56Jx75eMTpJwp7Tjf1tr6xubWdmWnuru3f3BoHx13VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuM7wq/O6FSsUQ86mlKvRgPBYsYwdpIvm0PgoSHahqbK3+a+Y5v15y6MwdaJW5JalCi5dtfgzAhWUyFJhwr1XedVHs5lpoRTmfVQaZoiskYD2nfUIFjqrx8nnyGzo0SoiiR5giN5urvjRzHqghnJmOsR2rZK8T/vH6moxsvZyLNNBVk8VCUcaQTVNSAQiYp0XxqCCaSmayIjLDERJuyqqYEd/nLq6TTqLuX9cbDVa15W9ZRgVM4gwtw4RqacA8taAOBCTzDK7xZufVivVsfi9E1q9w5gT+wPn8A+hWT4A==</latexit>

(P̂l, Q̂l)
<latexit sha1_base64="9esz6wsd8/GiHXorPlSflVp7DGM=">AAACHHicdVDLSsNAFJ34rPVVdelmsAgVpCRpoe2u6MZlC/YBTQiTybQdOnkwMxFKyIe48VfcuFDEjQvBv3HSRvB5YJjDOfdy7z1uxKiQuv6urayurW9sFraK2zu7e/ulg8O+CGOOSQ+HLORDFwnCaEB6kkpGhhEnyHcZGbizy8wf3BAuaBhcy3lEbB9NAjqmGEklOaVaxZoimXRSJ7HckHli7qsvYWl6vjC6v40zp1TWqy3dbDaaUK/qC2Sk3jKNOjRypQxydJzSq+WFOPZJIDFDQowMPZJ2grikmJG0aMWCRAjP0ISMFA2QT4SdLI5L4alSPDgOuXqBhAv1a0eCfJEtpyp9JKfip5eJf3mjWI6bdkKDKJYkwMtB45hBGcIsKehRTrBkc0UQ5lTtCvEUcYSlyrOoQvi8FP5P+mbVqFXNbr3cvsjjKIBjcAIqwAAN0AZXoAN6AINbcA8ewZN2pz1oz9rLsnRFy3uOwDdobx/dN6O/</latexit>

ûe
<latexit sha1_base64="XxN+JJKW8TULmyh2puRPv4TbVG0=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI12CnocevE4wX3AWkqaZltYmpQkFUbtwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKEUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJVGLSwYIJ2Q+RIoxy0tFUM9JPJEFxyEgvnNwUfu+BSEUFv9fThPgxGnE6pBhpIwX2kTdGOvNCwSI1jc2VpXkekMCuOw1nBrhM3JLUQYl2YH95kcBpTLjGDCk1cJ1E+xmSmmJG8pqXKpIgPEEjMjCUo5goP5vlz+GpUSI4FNIcruFM/b2RoVgV6cxkjPRYLXqF+J83SPXwys8oT1JNOJ4/NEwZ1AIWZcCISoI1mxqCsKQmK8RjJBHWprKaKcFd/PIy6TYb7nmjeXdRb12XdVTBMTgBZ8AFl6AFbkEbdAAGj+AZvII368l6sd6tj/loxSp3DsEfWJ8/OImW4A==</latexit>

u?
m

<latexit sha1_base64="eDRK7aq/zb8YVQyNgj4LDJ6hsN8=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmqoMuiG5cV7APaGCaTSTt0HmFmIpQQN/6KGxeKuPUv3Pk3TtostPXAMIdz7uXee8KEEqVd99taWl5ZXVuvbFQ3t7Z3du29/Y4SqUS4jQQVshdChSnhuK2JpriXSAxZSHE3HF8XfvcBS0UEv9OTBPsMDjmJCYLaSIF9mA1CQSM1YebL0jwP2P1AaSgDu+bW3SmcReKVpAZKtAL7axAJlDLMNaJQqb7nJtrPoNQEUZxXB6nCCURjOMR9QzlkWPnZ9ILcOTFK5MRCmse1M1V/d2SQqWJHU8mgHql5rxD/8/qpji/9jPAk1Zij2aA4pY4WThGHExGJkaYTQyCSxOzqoBGUEGkTWtWE4M2fvEg6jbp3Vm/cnteaV2UcFXAEjsEp8MAFaIIb0AJtgMAjeAav4M16sl6sd+tjVrpklT0H4A+szx/weZfX</latexit>

Zs
<latexit sha1_base64="vEYs+bMLKlvKN6j9kWcmyYE0F4U=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqpKCBGMFC2OR6EO0UeQ4TmvVsSPbQSpRxF9hYQAhVv4HG/8Gp80ALSdZPt19n3y+IGFUacf5tpaWV1bX1isb1c2t7Z1de2+/o0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMrwu/+0CkooLf6UlCvBgNOY0oRtpIvn2Y3ed+NggEC9UkNlem8ty3a07dmQIuErckNVCi5dtfg1DgNCZcY4aU6rtOor0MSU0xI3l1kCqSIDxGQ9I3lKOYKC+bps/hiVFCGAlpDtdwqv7eyFCsimxmMkZ6pOa9QvzP66c6uvQyypNUE45nD0Upg1rAogoYUkmwZhNDEJbUZIV4hCTC2hRWNSW4819eJJ1G3T2rN27Pa82rso4KOALH4BS44AI0wQ1ogTbA4BE8g1fwZj1ZL9a79TEbXbLKnQPwB9bnD9a3lh4=</latexit>

Yf
<latexit sha1_base64="dMtNNZCtZb701Q6mKkJTvwF1gF0=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqpKCBGMFC2OR6AO1UeQ4TmvVsSPbQSpRxF9hYQAhVv4HG/8Gp80ALSdZPt19n3y+IGFUacf5tpaWV1bX1isb1c2t7Z1de2+/o0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMrwu/+0CkooLf6UlCvBgNOY0oRtpIvn2Y3ed+NggEC9UkNlcW5blv15y6MwVcJG5JaqBEy7e/BqHAaUy4xgwp1XedRHsZkppiRvLqIFUkQXiMhqRvKEcxUV42TZ/DE6OEMBLSHK7hVP29kaFYFdnMZIz0SM17hfif1091dOlllCepJhzPHopSBrWARRUwpJJgzSaGICypyQrxCEmEtSmsakpw57+8SDqNuntWb9ye15pXZR0VcASOwSlwwQVoghvQAm2AwSN4Bq/gzXqyXqx362M2umSVOwfgD6zPH8FTlhA=</latexit>

⇤l
<latexit sha1_base64="DbIUyNSafq7iPR/LpS9dEtG435Y=">AAACDnicbVC7TsMwFHXKq5RXgJEloqrEVCUFCcYKFgaGItGH1ESR4zitVceObAepivIFLPwKCwMIsTKz8Tc4bYbSciXLR+fco3vvCRJKpLLtH6Oytr6xuVXdru3s7u0fmIdHPclTgXAXccrFIIASU8JwVxFF8SARGMYBxf1gclPo/UcsJOHsQU0T7MVwxEhEEFSa8s2GG3Aaymmsv8y908YQ5n62yNI898263bRnZa0CpwR1UFbHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrIYIyll83Oya2GZkIr4kI/pqwZu+jIYCyL3XRnDNVYLmsF+Z82TFV05WWEJanCDM0HRSm1FLeKbKyQCIwUnWoAkSB6VwuNoYBI6QRrOgRn+eRV0Gs1nfNm6/6i3r4u46iCE3AKzoADLkEb3IIO6AIEnsALeAPvxrPxanwYn/PWilF6jsGfMr5+AWKInZc=</latexit>

îs
<latexit sha1_base64="uvX/ou+xtzE2FHW8oKqLX0qHqZY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl9E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDEOyX7g==</latexit>

v̂f
<latexit sha1_base64="V1913iEcu8LBPBVbaOrYu4vM3mA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZdFNy4r2Ac0IUymk3boZCbMTAolxI2/4saFIm79C3f+jZM2C209MMzhnHu5954wYVRpx/m2VlbX1jc2K1vV7Z3dvX374LCjRCoxaWPBhOyFSBFGOWlrqhnpJZKgOGSkG45vC787IVJRwR/0NCF+jIacRhQjbaTAPvZGSGdeKNhATWPzZZM8D7IoD+yaU3dmgMvELUkNlGgF9pc3EDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ7MLcnhmlAGMhDSPazhTf3dkKFbFfqYyRnqkFr1C/M/rpzq69jPKk1QTjueDopRBLWARBxxQSbBmU0MQltTsCvEISYS1Ca1qQnAXT14mnUbdvag37i9rzZsyjgo4AafgHLjgCjTBHWiBNsDgETyDV/BmPVkv1rv1MS9dscqeI/AH1ucPES2X7g==</latexit>

Bîl
<latexit sha1_base64="uojw1RXcXieJQr2KZLadXYyE3ts=">AAACD3icbVC7TsMwFHXKq5RXgJElogIxVUlBgrEqC2OR6ENqoshxnNaqY0e2g1RF+QMWfoWFAYRYWdn4G5w2Q2k5kuWjc+7VvfcECSVS2faPUVlb39jcqm7Xdnb39g/Mw6Oe5KlAuIs45WIQQIkpYbiriKJ4kAgM44DifjC5Lfz+IxaScPagpgn2YjhiJCIIKi355rkbcBrKaay/rJ27Y6iyRYnkuZ/R3DfrdsOewVolTknqoETHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrKYIyll83uya0zrYRWxIV+TFkzdbEjg7Es9tOVMVRjuewV4n/eMFXRjZcRlqQKMzQfFKXUUtwqwrFCIjBSdKoJRILoXS00hgIipSOs6RCc5ZNXSa/ZcC4bzfureqtdxlEFJ+AUXAAHXIMWuAMd0AUIPIEX8AbejWfj1fgwPuelFaPsOQZ/YHz9AouankA=</latexit>

ês
<latexit sha1_base64="ppKdzdCi8lZ1gZ5+7JzaTBy4tIA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl5E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDCsSX6g==</latexit>

⌧̂ e
<latexit sha1_base64="D/h13xWTOBgFZg+k46wNhCjzHPo=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVZIq6LLoxmUF+4AmhMlk2g6dTMLMjVBCFm78FTcuFHHrR7jzb5y0WWjrgWEO59zLvfcECWcKbPvbqKytb2xuVbdrO7t7+wfm4VFPxakktEtiHstBgBXlTNAuMOB0kEiKo4DTfjC9Kfz+A5WKxeIeZgn1IjwWbMQIBi35Zt2dYMjcIOahmkX6y1zAaZ77Gc19s2E37TmsVeKUpIFKdHzzyw1jkkZUAOFYqaFjJ+BlWAIjnOY1N1U0wWSKx3SoqcARVV42PyK3TrUSWqNY6ifAmqu/OzIcqWJFXRlhmKhlrxD/84YpjK68jIkkBSrIYtAo5RbEVpGIFTJJCfCZJphIpne1yARLTEDnVtMhOMsnr5Jeq+mcN1t3F432dRlHFdXRCTpDDrpEbXSLOqiLCHpEz+gVvRlPxovxbnwsSitG2XOM/sD4/AFrApk7</latexit>

!01
<latexit sha1_base64="ilAbmXnbgqpXUUDU2EInw/45uh8="></latexit>

Da
<latexit sha1_base64="7YCPBJ8S2lncPu1FLux0OSQjTm8="></latexit>

8 > > > > > > > > > > < > > > > > > > > > > : <latexit sha1_base64="rkwlV8+wHCfrJa/d4qKGyIGPJlo="></latexit>

Ynet
<latexit sha1_base64="d4OKJUCW6bQBVZy7m4YpKjdvxSA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSlIFXRbduKxgH9KGMJnetEMnkzAzKZSQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJEs6Udpxva219Y3Nru7JT3d3bPzi0j447Kk4lhTaNeSx7AVHAmYC2ZppDL5FAooBDN5jcFX53ClKxWDzqWQJeREaChYwSbSTftgcR0eMgzJ5yPxOgc9+uOXVnDrxK3JLUUImWb38NhjFNIxCacqJU33US7WVEakY55NVBqiAhdEJG0DdUkAiUl82T5/jcKEMcxtI8ofFc/b2RkUipWRSYySKnWvYK8T+vn+rwxsuYSFINgi4OhSnHOsZFDXjIJFDNZ4YQKpnJiumYSEK1KatqSnCXv7xKOo26e1lvPFzVmrdlHRV0is7QBXLRNWqie9RCbUTRFD2jV/RmZdaL9W59LEbXrHLnBP2B9fkDO/2UDA==</latexit>

⌧ ?
m

<latexit sha1_base64="WTiRdgLrWDolUeiYtHHWyUi7FMU=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQKuiy6cVnBPqCJYTKZtEMnD2ZuhBK6cOOvuHGhiFs/wp1/46TNQlsPDHM4517uvcdPBVdgWd/Gyura+sZmZau6vbO7t28eHHZVkknKOjQRiez7RDHBY9YBDoL1U8lI5AvW88fXhd97YFLxJL6DScrciAxjHnJKQEueWcsdPxGBmkT6yx0g2XTqRfeOAiI9s241rBnwMrFLUkcl2p755QQJzSIWAxVEqYFtpeDmRAKngk2rTqZYSuiYDNlA05hETLn57IgpPtFKgMNE6hcDnqm/O3ISqWJNXRkRGKlFrxD/8wYZhJduzuM0AxbT+aAwExgSXCSCAy4ZBTHRhFDJ9a6YjogkFHRuVR2CvXjyMuk2G/ZZo3l7Xm9dlXFUUA0do1NkowvUQjeojTqIokf0jF7Rm/FkvBjvxse8dMUoe47QHxifP01lmSY=</latexit>

De
<latexit sha1_base64="3nZxGbaWxoCQobHmPyTTTtpRSV0=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRT0ONQDx4nuA/YSknTdAtLk5Kk4ij9V7x4UMSr/4g3/xvTrQfdfBDyeO/3Iy8vSBhV2nG+rcra+sbmVnW7trO7t39gH9Z7SqQSky4WTMhBgBRhlJOuppqRQSIJigNG+sH0pvD7j0QqKviDniXEi9GY04hipI3k2/VbPxsFgoVqFpsrI3nu2w2n6cwBV4lbkgYo0fHtr1EocBoTrjFDSg1dJ9FehqSmmJG8NkoVSRCeojEZGspRTJSXzbPn8NQoIYyENIdrOFd/b2QoVkU2MxkjPVHLXiH+5w1THV15GeVJqgnHi4eilEEtYFEEDKkkWLOZIQhLarJCPEESYW3qqpkS3OUvr5Jeq+meN1v3F432dVlHFRyDE3AGXHAJ2uAOdEAXYPAEnsEreLNy68V6tz4WoxWr3DkCf2B9/gDKg5Tu</latexit>

Yf
<latexit sha1_base64="m+lUZmDQys+WvT1lEFPhMX3+B3Q=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/ZA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivdP/bCXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEuGI26</latexit>

(�r,✓)
<latexit sha1_base64="vEF24VBvliVF7I+vI04C8gMOOtQ="></latexit>

• initial specs: energy bias (lose passivity)

• recover transverse passivity

• design potential energy function (tangential goal)

• stabilize the refined target set

Catalin Arghir 3223/05/22

General strategy


⇢m

⌧m

�
=


0

Da!01

�
+


⇢̂e �r�r

S
⌧̂ e �r✓S

�

| {z }
GSRXVSPPIH�MRZEVMERGI

�

r�r

W̃e

r✓W̃e

�

| {z }
TEWWMZEXMSR

<latexit sha1_base64="auDkrUzR8Oh/Uyq7QzO3cHE2fcY="></latexit>

Z?
2 = {x : ⌫ = 0, ! = !01,


is
vf

il

�
= ⇡(�r,✓)}

<latexit sha1_base64="KnO7eT/hyey71OSS1gBDryBMIpo="></latexit>

consensus zero-dynamics manifold

<latexit sha1_base64="YgYciVfp1CdXPEWGrR2tUhHjnnc="></latexit>

⇧ =

"
�(Zs+(Yf+⇤l)

�1)�1

(Yf+⇤t)
�1(Zs+(Yf+⇤l)

�1)�1

Z�1
l B>(Yf+⇤t)

�1(Zs+(Yf+⇤l)
�1)�1

#

steady-state response

<latexit sha1_base64="eiMvLPu7UhgDHj5utCkisaVCays="></latexit>
is
vf

il

�
= ⇧R✓Lm(e[�r] ⌦ g2)!01| {z }

ês

}

<latexit sha1_base64="W4xwKRgadakcSW2gqmCEPtetBw0="></latexit>

⇤l = BZ�1
l B>

<latexit sha1_base64="O4TiLtd1BWRTi28LbSi2MaYpqvk="></latexit>

Ynet =
�
Zs + (Yf +⇤l)

�1
��1



||

• initial specs: energy bias (lose passivity)

• recover transverse passivity

• design potential energy function (tangential goal)

• stabilize the refined target set

Catalin Arghir 3323/05/22

General strategy


⇢m

⌧m

�
=


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Da!01
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W̃e
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<latexit sha1_base64="auDkrUzR8Oh/Uyq7QzO3cHE2fcY="></latexit>

Z?
2 = {x : ⌫ = 0, ! = !01,


is
vf

il

�
= ⇡(�r,✓)}

<latexit sha1_base64="KnO7eT/hyey71OSS1gBDryBMIpo="></latexit>

steady-state responseconsensus zero-dynamics manifold

vdc
<latexit sha1_base64="cN8a2pc/JNquNFsAeTRBG1Djxaw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXisYD+gXUo2m21js8mSZAtl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpapIrRFJJeqG2BNORO0ZZjhtJsoiuOA004wvpv7nQlVmknxaKYJ9WM8FCxiBBsrtSeDLCSzQbniVt0F0DrxclKBHM1B+asfSpLGVBjCsdY9z02Mn2FlGOF0VuqnmiaYjPGQ9iwVOKbazxbXztCFVUIUSWVLGLRQf09kONZ6Gge2M8ZmpFe9ufif10tNdONnTCSpoYIsF0UpR0ai+esoZIoSw6eWYKKYvRWREVaYGBtQyYbgrb68Ttq1qndVrT3UK43bPI4inME5XIIH19CAe2hCCwg8wTO8wpsjnRfn3flYthacfOYU/sD5/AHZIY9O</latexit>

⌫
⌘

<latexit sha1_base64="zK7COHCZbtpatiTBoEinhrWs9qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JUQY9FLx4r2A9oQtlsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//Arh52dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhfkRGkoecEjDSwK56ECpCM0+meeYxIPnArjl1Zw68StyC1FCB1sD+8oYxTSMmgQqidd91EvAzooBTwfKKl2qWEDohI9Y3VJKIaT+bn57jU6MMcRgrUxLwXP09kZFI62kUmM6IwFgvezPxP6+fQnjlZ1wmKTBJF4vCVGCI8SwHPOSKURBTQwhV3NyK6ZiYKMCkVTEhuMsvr5JOo+6e1xt3F7XmdRFHGR2jE3SGXHSJmugWtVAbUfSIntErerOerBfr3fpYtJasYuYI/YH1+QMYgZSK</latexit>

⌘⇢e
<latexit sha1_base64="p7Gx5rRQ3Khlx1PDCbYL8WZydKQ=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM122i7dbOLuplBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqh1Sj4BIbhhuB7UQhjUKBrXB0N/NbY1Sax/LRTBIMIjqQvM8ZNVYKfDSU+GoYdzOcdktlt+LOQVaJl5My5Kh3S19+L2ZphNIwQbXueG5igowqw5nAadFPNSaUjegAO5ZKGqEOsvnRU3JulR7px8qWNGSu/p7IaKT1JAptZ0TNUC97M/E/r5Oa/k2QcZmkBiVbLOqngpiYzBIgPa6QGTGxhDLF7a2EDamizNicijYEb/nlVdKsVrzLSvXhqly7zeMowCmcwQV4cA01uIc6NIDBEzzDK7w5Y+fFeXc+Fq1rTj5zAn/gfP4AwUKSFw==</latexit>

⌘2Mr
<latexit sha1_base64="+zxWVmyWsCa8CcCZQPHSB39wbhk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16ECOaByRpmJ5NkyOzsMtMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSk7nEccz+kAyX6glG00kOHI32skNuu7hZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdKolL2zcuXuvFS9yuLIwxEcwyl4cAFVuIEa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QOxqpBG</latexit>

⌘2Dr
<latexit sha1_base64="lt/brakOaevDjsaQ3TbK7CpUD3g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6YrGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqHscx90M6UKIvGEUrPXQ40scKuenqbrHklt0ZyDLxMlKCDLVu8avTi1gScoVMUmPanhujn1KNgkk+KXQSw2PKRnTA25YqGnLjp7OLJ+TEKj3Sj7QthWSm/p5IaWjMOAxsZ0hxaBa9qfif106wf+mnQsUJcsXmi/qJJBiR6fukJzRnKMeWUKaFvZWwIdWUoQ2pYEPwFl9eJo1K2TsrV+7OS9WrLI48HMExnIIHF1CFW6hBHRgoeIZXeHOM8+K8Ox/z1pyTzRzCHzifP6P0kD0=</latexit>

⇤l
<latexit sha1_base64="DbIUyNSafq7iPR/LpS9dEtG435Y=">AAACDnicbVC7TsMwFHXKq5RXgJEloqrEVCUFCcYKFgaGItGH1ESR4zitVceObAepivIFLPwKCwMIsTKz8Tc4bYbSciXLR+fco3vvCRJKpLLtH6Oytr6xuVXdru3s7u0fmIdHPclTgXAXccrFIIASU8JwVxFF8SARGMYBxf1gclPo/UcsJOHsQU0T7MVwxEhEEFSa8s2GG3Aaymmsv8y908YQ5n62yNI898263bRnZa0CpwR1UFbHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrIYIyll83Oya2GZkIr4kI/pqwZu+jIYCyL3XRnDNVYLmsF+Z82TFV05WWEJanCDM0HRSm1FLeKbKyQCIwUnWoAkSB6VwuNoYBI6QRrOgRn+eRV0Gs1nfNm6/6i3r4u46iCE3AKzoADLkEb3IIO6AIEnsALeAPvxrPxanwYn/PWilF6jsGfMr5+AWKInZc=</latexit>

Bîl
<latexit sha1_base64="uojw1RXcXieJQr2KZLadXYyE3ts=">AAACD3icbVC7TsMwFHXKq5RXgJElogIxVUlBgrEqC2OR6ENqoshxnNaqY0e2g1RF+QMWfoWFAYRYWdn4G5w2Q2k5kuWjc+7VvfcECSVS2faPUVlb39jcqm7Xdnb39g/Mw6Oe5KlAuIs45WIQQIkpYbiriKJ4kAgM44DifjC5Lfz+IxaScPagpgn2YjhiJCIIKi355rkbcBrKaay/rJ27Y6iyRYnkuZ/R3DfrdsOewVolTknqoETHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrKYIyll83uya0zrYRWxIV+TFkzdbEjg7Es9tOVMVRjuewV4n/eMFXRjZcRlqQKMzQfFKXUUtwqwrFCIjBSdKoJRILoXS00hgIipSOs6RCc5ZNXSa/ZcC4bzfureqtdxlEFJ+AUXAAHXIMWuAMd0AUIPIEX8AbejWfj1fgwPuelFaPsOQZ/YHz9AouankA=</latexit>

ês
<latexit sha1_base64="ppKdzdCi8lZ1gZ5+7JzaTBy4tIA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl5E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDCsSX6g==</latexit>

es
<latexit sha1_base64="JGoUu8J/GgAT+orP6kVfRR6LokQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzOfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9EMpQR</latexit>

⌘2Da
<latexit sha1_base64="XrZYqNJ5IWe514qc7kZf/TbngqE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6YrKF3MkmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJoqxOIxGpVoCaCS5Z3XAjWCtWDMNAsGYwup76zSemNI/kvRnHzA9xIHmfUzRWeugwg48VctPFbrHklt0ZyDLxMlKCDLVu8avTi2gSMmmoQK3bnhsbP0VlOBVsUugkmsVIRzhgbUslhkz76eziCTmxSo/0I2VLGjJTf0+kGGo9DgPbGaIZ6kVvKv7ntRPTv/RTLuPEMEnni/qJICYi0/dJjytGjRhbglRxeyuhQ1RIjQ2pYEPwFl9eJo1K2TsrV+7OS9WrLI48HMExnIIHF1CFW6hBHShIeIZXeHO08+K8Ox/z1pyTzRzCHzifP4owkCw=</latexit>

⌘2Ma
<latexit sha1_base64="XT6HLJQk15CVjK/2Vm4zcBBB9KI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16ECOaByRp6J5NkyOzsMjMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKMrqNBKRagWomeCS1Q03grVixTAMBGsGo+up33xiSvNI3ptxzPwQB5L3OUVjpYcOM/hYIbdd7BZLbtmdgSwTLyMlyFDrFr86vYgmIZOGCtS67bmx8VNUhlPBJoVOolmMdIQD1rZUYsi0n84unpATq/RIP1K2pCEz9fdEiqHW4zCwnSGaoV70puJ/Xjsx/Us/5TJODJN0vqifCGIiMn2f9Lhi1IixJUgVt7cSOkSF1NiQCjYEb/HlZdKolL2zcuXuvFS9yuLIwxEcwyl4cAFVuIEa1IGChGd4hTdHOy/Ou/Mxb8052cwh/IHz+QOX5pA1</latexit>

⌘⌧m
<latexit sha1_base64="GK4ntIv+3wGMaCIsFdvPo1ABRZw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy2k3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFAqaKFBCJ9XA4lBCOxzdzvz2E2gjEvWA4xSCmA2UiARnaKVHH5D5yLJe3CtX3Ko7B10lXk4qJEejV/7y+wnPYlDIJTOm67kpBhOmUXAJ05KfGUgZH7EBdC1VLAYTTOYXT+mZVfo0SrQthXSu/p6YsNiYcRzazpjh0Cx7M/E/r5thdB1MhEozBMUXi6JMUkzo7H3aFxo4yrEljGthb6V8yDTjaEMq2RC85ZdXSatW9S6qtfvLSv0mj6NITsgpOSceuSJ1ckcapEk4UeSZvJI3xzgvzrvzsWgtOPnMMfkD5/MHrFqQ6g==</latexit>

⌘⌧e
<latexit sha1_base64="KSAO7CymAwgNWjhIna29rKwjrgs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy2k3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFAqaKFBCJ9XA4lBCOxzdzvz2E2gjEvWA4xSCmA2UiARnaKVHH5D5yLIe9MoVt+rOQVeJl5MKydHolb/8fsKzGBRyyYzpem6KwYRpFFzCtORnBlLGR2wAXUsVi8EEk/nFU3pmlT6NEm1LIZ2rvycmLDZmHIe2M2Y4NMveTPzP62YYXQcTodIMQfHFoiiTFBM6e5/2hQaOcmwJ41rYWykfMs042pBKNgRv+eVV0qpVvYtq7f6yUr/J4yiSE3JKzolHrkid3JEGaRJOFHkmr+TNMc6L8+58LFoLTj5zTP7A+fwBoDqQ4g==</latexit>

⌘⇢m
<latexit sha1_base64="Shllqt4yvpiM/eWLKi+1EyVw/lI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAdmlzA7mU2GzGOZmRVCyF948aCIV//Gm3/jJNmDJhY0FFXddHfFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnxoZyJmnTMstpJ9UUi5jTdjy6nfntJ6oNU/LBjlMaCTyQLGEEWyc9htTiUA9VT/TKFb/qz4FWSZCTCuRo9MpfYV+RTFBpCcfGdAM/tdEEa8sIp9NSmBmaYjLCA9p1VGJBTTSZXzxFZ07po0RpV9Kiufp7YoKFMWMRu06B7dAsezPxP6+b2eQ6mjCZZpZKsliUZBxZhWbvoz7TlFg+dgQTzdytiAyxxsS6kEouhGD55VXSqlWDi2rt/rJSv8njKMIJnMI5BHAFdbiDBjSBgIRneIU3z3gv3rv3sWgtePnMMfyB9/kDqteQ6Q==</latexit>

il
<latexit sha1_base64="EUyNJUDboqnjf9/CRDeBzuU0HCg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfe7bdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w8/spQO</latexit>

Ll
<latexit sha1_base64="DvGqTzoD2rtaLAtGR4mpByJCufU=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjriV6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBI2KNsw==</latexit>

Rl
<latexit sha1_base64="v53ggNaBDvlyVX3a0E7VPgkzLn4=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue7JXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMsho25</latexit>

Ȳf
<latexit sha1_base64="cOuWCIuIhSz3vyrqiwn/Kkl6VUE=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZdFNy4r2Ic0IUymk3boZCbMTIQS4sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvZCpAijnLQ11Yz0EklQHDLSDcfXhd99IFJRwe/0JCF+jIacRhQjbaTAPvRCJLP7PMi8ULCBmsTmy6I8D+yaU3emgIvELUkNlGgF9pc3EDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9MLcnhilAGMhDSPazhVf3dkKFbFbqYyRnqk5r1C/M/rpzq69DPKk1QTjmeDopRBLWARBxxQSbBmE0MQltTsCvEISYS1Ca1qQnDnT14knUbdPas3bs9rzasyjgo4AsfgFLjgAjTBDWiBNsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP14GXyQ==</latexit>

w0
<latexit sha1_base64="8PJlX3RvWSjfGY78R24udXL1juU=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExVUlBgrGChbFI9CG1UeQ4TmvVcSLbKaqi/gkLAwix8ids/A1OmwFajmT56Jx75eMTpJwp7Tjf1tr6xubWdmWnuru3f3BoHx13VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuM7wq/O6FSsUQ86mlKvRgPBYsYwdpIvm0PgoSHahqbK3+a+Y5v15y6MwdaJW5JalCi5dtfgzAhWUyFJhwr1XedVHs5lpoRTmfVQaZoiskYD2nfUIFjqrx8nnyGzo0SoiiR5giN5urvjRzHqghnJmOsR2rZK8T/vH6moxsvZyLNNBVk8VCUcaQTVNSAQiYp0XxqCCaSmayIjLDERJuyqqYEd/nLq6TTqLuX9cbDVa15W9ZRgVM4gwtw4RqacA8taAOBCTzDK7xZufVivVsfi9E1q9w5gT+wPn8A+hWT4A==</latexit>

(P̂l, Q̂l)
<latexit sha1_base64="9esz6wsd8/GiHXorPlSflVp7DGM=">AAACHHicdVDLSsNAFJ34rPVVdelmsAgVpCRpoe2u6MZlC/YBTQiTybQdOnkwMxFKyIe48VfcuFDEjQvBv3HSRvB5YJjDOfdy7z1uxKiQuv6urayurW9sFraK2zu7e/ulg8O+CGOOSQ+HLORDFwnCaEB6kkpGhhEnyHcZGbizy8wf3BAuaBhcy3lEbB9NAjqmGEklOaVaxZoimXRSJ7HckHli7qsvYWl6vjC6v40zp1TWqy3dbDaaUK/qC2Sk3jKNOjRypQxydJzSq+WFOPZJIDFDQowMPZJ2grikmJG0aMWCRAjP0ISMFA2QT4SdLI5L4alSPDgOuXqBhAv1a0eCfJEtpyp9JKfip5eJf3mjWI6bdkKDKJYkwMtB45hBGcIsKehRTrBkc0UQ5lTtCvEUcYSlyrOoQvi8FP5P+mbVqFXNbr3cvsjjKIBjcAIqwAAN0AZXoAN6AINbcA8ewZN2pz1oz9rLsnRFy3uOwDdobx/dN6O/</latexit>

ûe
<latexit sha1_base64="XxN+JJKW8TULmyh2puRPv4TbVG0=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI12CnocevE4wX3AWkqaZltYmpQkFUbtwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKEUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJVGLSwYIJ2Q+RIoxy0tFUM9JPJEFxyEgvnNwUfu+BSEUFv9fThPgxGnE6pBhpIwX2kTdGOvNCwSI1jc2VpXkekMCuOw1nBrhM3JLUQYl2YH95kcBpTLjGDCk1cJ1E+xmSmmJG8pqXKpIgPEEjMjCUo5goP5vlz+GpUSI4FNIcruFM/b2RoVgV6cxkjPRYLXqF+J83SPXwys8oT1JNOJ4/NEwZ1AIWZcCISoI1mxqCsKQmK8RjJBHWprKaKcFd/PIy6TYb7nmjeXdRb12XdVTBMTgBZ8AFl6AFbkEbdAAGj+AZvII368l6sd6tj/loxSp3DsEfWJ8/OImW4A==</latexit>

u?
m

<latexit sha1_base64="eDRK7aq/zb8YVQyNgj4LDJ6hsN8=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmqoMuiG5cV7APaGCaTSTt0HmFmIpQQN/6KGxeKuPUv3Pk3TtostPXAMIdz7uXee8KEEqVd99taWl5ZXVuvbFQ3t7Z3du29/Y4SqUS4jQQVshdChSnhuK2JpriXSAxZSHE3HF8XfvcBS0UEv9OTBPsMDjmJCYLaSIF9mA1CQSM1YebL0jwP2P1AaSgDu+bW3SmcReKVpAZKtAL7axAJlDLMNaJQqb7nJtrPoNQEUZxXB6nCCURjOMR9QzlkWPnZ9ILcOTFK5MRCmse1M1V/d2SQqWJHU8mgHql5rxD/8/qpji/9jPAk1Zij2aA4pY4WThGHExGJkaYTQyCSxOzqoBGUEGkTWtWE4M2fvEg6jbp3Vm/cnteaV2UcFXAEjsEp8MAFaIIb0AJtgMAjeAav4M16sl6sd+tjVrpklT0H4A+szx/weZfX</latexit>

Zs
<latexit sha1_base64="vEYs+bMLKlvKN6j9kWcmyYE0F4U=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqpKCBGMFC2OR6EO0UeQ4TmvVsSPbQSpRxF9hYQAhVv4HG/8Gp80ALSdZPt19n3y+IGFUacf5tpaWV1bX1isb1c2t7Z1de2+/o0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMrwu/+0CkooLf6UlCvBgNOY0oRtpIvn2Y3ed+NggEC9UkNlem8ty3a07dmQIuErckNVCi5dtfg1DgNCZcY4aU6rtOor0MSU0xI3l1kCqSIDxGQ9I3lKOYKC+bps/hiVFCGAlpDtdwqv7eyFCsimxmMkZ6pOa9QvzP66c6uvQyypNUE45nD0Upg1rAogoYUkmwZhNDEJbUZIV4hCTC2hRWNSW4819eJJ1G3T2rN27Pa82rso4KOALH4BS44AI0wQ1ogTbA4BE8g1fwZj1ZL9a79TEbXbLKnQPwB9bnD9a3lh4=</latexit>

Yf
<latexit sha1_base64="dMtNNZCtZb701Q6mKkJTvwF1gF0=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqpKCBGMFC2OR6AO1UeQ4TmvVsSPbQSpRxF9hYQAhVv4HG/8Gp80ALSdZPt19n3y+IGFUacf5tpaWV1bX1isb1c2t7Z1de2+/o0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMrwu/+0CkooLf6UlCvBgNOY0oRtpIvn2Y3ed+NggEC9UkNlcW5blv15y6MwVcJG5JaqBEy7e/BqHAaUy4xgwp1XedRHsZkppiRvLqIFUkQXiMhqRvKEcxUV42TZ/DE6OEMBLSHK7hVP29kaFYFdnMZIz0SM17hfif1091dOlllCepJhzPHopSBrWARRUwpJJgzSaGICypyQrxCEmEtSmsakpw57+8SDqNuntWb9ye15pXZR0VcASOwSlwwQVoghvQAm2AwSN4Bq/gzXqyXqx362M2umSVOwfgD6zPH8FTlhA=</latexit>

⇤l
<latexit sha1_base64="DbIUyNSafq7iPR/LpS9dEtG435Y=">AAACDnicbVC7TsMwFHXKq5RXgJEloqrEVCUFCcYKFgaGItGH1ESR4zitVceObAepivIFLPwKCwMIsTKz8Tc4bYbSciXLR+fco3vvCRJKpLLtH6Oytr6xuVXdru3s7u0fmIdHPclTgXAXccrFIIASU8JwVxFF8SARGMYBxf1gclPo/UcsJOHsQU0T7MVwxEhEEFSa8s2GG3Aaymmsv8y908YQ5n62yNI898263bRnZa0CpwR1UFbHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrIYIyll83Oya2GZkIr4kI/pqwZu+jIYCyL3XRnDNVYLmsF+Z82TFV05WWEJanCDM0HRSm1FLeKbKyQCIwUnWoAkSB6VwuNoYBI6QRrOgRn+eRV0Gs1nfNm6/6i3r4u46iCE3AKzoADLkEb3IIO6AIEnsALeAPvxrPxanwYn/PWilF6jsGfMr5+AWKInZc=</latexit>

îs
<latexit sha1_base64="uvX/ou+xtzE2FHW8oKqLX0qHqZY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl9E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDEOyX7g==</latexit>

v̂f
<latexit sha1_base64="V1913iEcu8LBPBVbaOrYu4vM3mA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZdFNy4r2Ac0IUymk3boZCbMTAolxI2/4saFIm79C3f+jZM2C209MMzhnHu5954wYVRpx/m2VlbX1jc2K1vV7Z3dvX374LCjRCoxaWPBhOyFSBFGOWlrqhnpJZKgOGSkG45vC787IVJRwR/0NCF+jIacRhQjbaTAPvZGSGdeKNhATWPzZZM8D7IoD+yaU3dmgMvELUkNlGgF9pc3EDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ7MLcnhmlAGMhDSPazhTf3dkKFbFfqYyRnqkFr1C/M/rpzq69jPKk1QTjueDopRBLWARBxxQSbBmU0MQltTsCvEISYS1Ca1qQnAXT14mnUbdvag37i9rzZsyjgo4AafgHLjgCjTBHWiBNsDgETyDV/BmPVkv1rv1MS9dscqeI/AH1ucPES2X7g==</latexit>

Bîl
<latexit sha1_base64="uojw1RXcXieJQr2KZLadXYyE3ts=">AAACD3icbVC7TsMwFHXKq5RXgJElogIxVUlBgrEqC2OR6ENqoshxnNaqY0e2g1RF+QMWfoWFAYRYWdn4G5w2Q2k5kuWjc+7VvfcECSVS2faPUVlb39jcqm7Xdnb39g/Mw6Oe5KlAuIs45WIQQIkpYbiriKJ4kAgM44DifjC5Lfz+IxaScPagpgn2YjhiJCIIKi355rkbcBrKaay/rJ27Y6iyRYnkuZ/R3DfrdsOewVolTknqoETHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrKYIyll83uya0zrYRWxIV+TFkzdbEjg7Es9tOVMVRjuewV4n/eMFXRjZcRlqQKMzQfFKXUUtwqwrFCIjBSdKoJRILoXS00hgIipSOs6RCc5ZNXSa/ZcC4bzfureqtdxlEFJ+AUXAAHXIMWuAMd0AUIPIEX8AbejWfj1fgwPuelFaPsOQZ/YHz9AouankA=</latexit>

ês
<latexit sha1_base64="ppKdzdCi8lZ1gZ5+7JzaTBy4tIA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl5E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDCsSX6g==</latexit>

⌧̂ e
<latexit sha1_base64="D/h13xWTOBgFZg+k46wNhCjzHPo=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVZIq6LLoxmUF+4AmhMlk2g6dTMLMjVBCFm78FTcuFHHrR7jzb5y0WWjrgWEO59zLvfcECWcKbPvbqKytb2xuVbdrO7t7+wfm4VFPxakktEtiHstBgBXlTNAuMOB0kEiKo4DTfjC9Kfz+A5WKxeIeZgn1IjwWbMQIBi35Zt2dYMjcIOahmkX6y1zAaZ77Gc19s2E37TmsVeKUpIFKdHzzyw1jkkZUAOFYqaFjJ+BlWAIjnOY1N1U0wWSKx3SoqcARVV42PyK3TrUSWqNY6ifAmqu/OzIcqWJFXRlhmKhlrxD/84YpjK68jIkkBSrIYtAo5RbEVpGIFTJJCfCZJphIpne1yARLTEDnVtMhOMsnr5Jeq+mcN1t3F432dRlHFdXRCTpDDrpEbXSLOqiLCHpEz+gVvRlPxovxbnwsSitG2XOM/sD4/AFrApk7</latexit>

!01
<latexit sha1_base64="ilAbmXnbgqpXUUDU2EInw/45uh8="></latexit>

Da
<latexit sha1_base64="7YCPBJ8S2lncPu1FLux0OSQjTm8="></latexit>

8 > > > > > > > > > > < > > > > > > > > > > : <latexit sha1_base64="rkwlV8+wHCfrJa/d4qKGyIGPJlo="></latexit>

Ynet
<latexit sha1_base64="d4OKJUCW6bQBVZy7m4YpKjdvxSA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSlIFXRbduKxgH9KGMJnetEMnkzAzKZSQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJEs6Udpxva219Y3Nru7JT3d3bPzi0j447Kk4lhTaNeSx7AVHAmYC2ZppDL5FAooBDN5jcFX53ClKxWDzqWQJeREaChYwSbSTftgcR0eMgzJ5yPxOgc9+uOXVnDrxK3JLUUImWb38NhjFNIxCacqJU33US7WVEakY55NVBqiAhdEJG0DdUkAiUl82T5/jcKEMcxtI8ofFc/b2RkUipWRSYySKnWvYK8T+vn+rwxsuYSFINgi4OhSnHOsZFDXjIJFDNZ4YQKpnJiumYSEK1KatqSnCXv7xKOo26e1lvPFzVmrdlHRV0is7QBXLRNWqie9RCbUTRFD2jV/RmZdaL9W59LEbXrHLnBP2B9fkDO/2UDA==</latexit>

⌧ ?
m

<latexit sha1_base64="WTiRdgLrWDolUeiYtHHWyUi7FMU=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQKuiy6cVnBPqCJYTKZtEMnD2ZuhBK6cOOvuHGhiFs/wp1/46TNQlsPDHM4517uvcdPBVdgWd/Gyura+sZmZau6vbO7t28eHHZVkknKOjQRiez7RDHBY9YBDoL1U8lI5AvW88fXhd97YFLxJL6DScrciAxjHnJKQEueWcsdPxGBmkT6yx0g2XTqRfeOAiI9s241rBnwMrFLUkcl2p755QQJzSIWAxVEqYFtpeDmRAKngk2rTqZYSuiYDNlA05hETLn57IgpPtFKgMNE6hcDnqm/O3ISqWJNXRkRGKlFrxD/8wYZhJduzuM0AxbT+aAwExgSXCSCAy4ZBTHRhFDJ9a6YjogkFHRuVR2CvXjyMuk2G/ZZo3l7Xm9dlXFUUA0do1NkowvUQjeojTqIokf0jF7Rm/FkvBjvxse8dMUoe47QHxifP01lmSY=</latexit>

De
<latexit sha1_base64="3nZxGbaWxoCQobHmPyTTTtpRSV0=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRT0ONQDx4nuA/YSknTdAtLk5Kk4ij9V7x4UMSr/4g3/xvTrQfdfBDyeO/3Iy8vSBhV2nG+rcra+sbmVnW7trO7t39gH9Z7SqQSky4WTMhBgBRhlJOuppqRQSIJigNG+sH0pvD7j0QqKviDniXEi9GY04hipI3k2/VbPxsFgoVqFpsrI3nu2w2n6cwBV4lbkgYo0fHtr1EocBoTrjFDSg1dJ9FehqSmmJG8NkoVSRCeojEZGspRTJSXzbPn8NQoIYyENIdrOFd/b2QoVkU2MxkjPVHLXiH+5w1THV15GeVJqgnHi4eilEEtYFEEDKkkWLOZIQhLarJCPEESYW3qqpkS3OUvr5Jeq+meN1v3F432dVlHFRyDE3AGXHAJ2uAOdEAXYPAEnsEreLNy68V6tz4WoxWr3DkCf2B9/gDKg5Tu</latexit>

Yf
<latexit sha1_base64="m+lUZmDQys+WvT1lEFPhMX3+B3Q=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/ZA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivdP/bCXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEuGI26</latexit>

(�r,✓)
<latexit sha1_base64="vEF24VBvliVF7I+vI04C8gMOOtQ="></latexit>

• where:

4.4 Concluding thoughts

(S3) Target set attractivity: the following input transformation

fl2 =≠Ò“rW̃e + fl4

·2 =≠Ò◊W̃e + ·4 ,

restores passivity (and yields Zı

2 -detectability) of the error dynamics, where

W̃e = 1
2(is ≠ îs)€Ls(is ≠ îs) + 1

2(vf ≠ v̂f )€Cf (vf ≠ v̂f ) + 1
2(il ≠ îl)€Ll(il ≠ îl) ;

(S4) Potential energy shaping: upon defining the synchronization potential energy as

S(◊,“r) = 1
2 î
€
s
Lsîs ≠ 1

2 v̂
€
f
Cf v̂f + 1

2 î
€
l
Llîl , (4.115)

the energy-shaping input achieves the energy minimization objective associated
with optimal power flow assignment

fl4 =≠Ò“rS(◊,“r)
·4 =≠Ò◊S(◊,“r) .

Starting with an under-actuated system of the form (2.24), as seen in Fig. 4.7, we
have arrived (through a design procedure solving a TFPP) at error dynamics also of the
form (2.24), seen in Fig. 4.8. This allowed us to characterise the stability properties of a
sequentially refined target set incorporating general specifications for the power system
at large

Zı

3 = {‹ = 0 , Ê = Ê01 , is = îs , vf = v̂f , il = îl , ÒS(“r,◊) = 0} . (4.116)
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<latexit sha1_base64="k3E+O5ZiP396eZ0KGSmM8edeINA="></latexit>

d
dt
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<latexit sha1_base64="zfw7R2jtTIXChoE0DXC+L1E/WuM="></latexit>

d
dtMr� = � Dr� � x̃r � ��r

S
d
dtMa�̃ = � Da�̃ � x̃a � ��rS

<latexit sha1_base64="OVGBUPLar/+sEDTjoLRzqL6XlUo="></latexit>

(�, �̃)
<latexit sha1_base64="VckSbIaGNSfyrW/xZnC/N1cnsCE="></latexit>

(x̃r, x̃a)
<latexit sha1_base64="fgDRSx8aitfAuKh1N0TM5h9KhzE="></latexit>

ỹs
<latexit sha1_base64="OlhLCakFP7PmzgUVgjE2ZEBBrzs="></latexit>

x̃s
<latexit sha1_base64="2zzAw9MUCfxwSRWU38qXIxHt+p0="></latexit>

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

��r
S(·, ·)

��rS(·, ·)
<latexit sha1_base64="X+pOiKqku/B5iLPvLjiOBjIcKuw="></latexit>
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s
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<latexit sha1_base64="k3E+O5ZiP396eZ0KGSmM8edeINA="></latexit>
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dt
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<latexit sha1_base64="zfw7R2jtTIXChoE0DXC+L1E/WuM="></latexit>

d
dtMr� = � Dr� � x̃r � ��r

S
d
dtMa�̃ = � Da�̃ � x̃a � ��rS

<latexit sha1_base64="OVGBUPLar/+sEDTjoLRzqL6XlUo="></latexit>

(�r, �r)
<latexit sha1_base64="s3IszytQ7Dhh3wfuuVU+vVo2Wgw="></latexit>

(�, �̃)
<latexit sha1_base64="VckSbIaGNSfyrW/xZnC/N1cnsCE="></latexit>

(x̃r, x̃a)
<latexit sha1_base64="fgDRSx8aitfAuKh1N0TM5h9KhzE="></latexit>

��r
S

��rS
<latexit sha1_base64="k5ZNI24sGqcWfEaQhqIBp9E7Y38="></latexit>

ỹs
<latexit sha1_base64="OlhLCakFP7PmzgUVgjE2ZEBBrzs="></latexit>

x̃s
<latexit sha1_base64="2zzAw9MUCfxwSRWU38qXIxHt+p0="></latexit>

�g(�r, �r)
<latexit sha1_base64="B/r1wSFS6UtMsd8VJ4YTNaNBe0U="></latexit>

g(�r, �r)
�

<latexit sha1_base64="+LLCAYEOr2X/hOc2c8WA8k+Blfg="></latexit>

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

g(�r, �r)
�

<latexit sha1_base64="u3wx/4VlFiOuXwLe3LSHMe/jy6U="></latexit>

�g(�r, �r)
<latexit sha1_base64="94JFQxhrOZbbjfipT63Ckthyu00="></latexit>

(�r, �r)
<latexit sha1_base64="Ut3g5OOV4rR2nZxEQ/8aqu9er8g="></latexit>

Figure 4.8: Block diagram of the resulting transient system, where x̃r œ R
n, x̃a œ R

n,
x̃s œ R

4n2m, ỹs œ R
4n+2m, g œ R

2n◊4n+2m are placeholders for expressions in (4.52b).

In terms of implementation, a model matching procedure targeting (2.24) was devel-
oped as follows
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S = 1
2 î

>
s Lsîs � 1

2 v̂
>
f Cf v̂f + 1

2 î
>
l Llîl

<latexit sha1_base64="XqTIIDWv9M2fSlNG8MdjGCvX4EM="></latexit>



||

vdc
<latexit sha1_base64="cN8a2pc/JNquNFsAeTRBG1Djxaw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXisYD+gXUo2m21js8mSZAtl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpapIrRFJJeqG2BNORO0ZZjhtJsoiuOA004wvpv7nQlVmknxaKYJ9WM8FCxiBBsrtSeDLCSzQbniVt0F0DrxclKBHM1B+asfSpLGVBjCsdY9z02Mn2FlGOF0VuqnmiaYjPGQ9iwVOKbazxbXztCFVUIUSWVLGLRQf09kONZ6Gge2M8ZmpFe9ufif10tNdONnTCSpoYIsF0UpR0ai+esoZIoSw6eWYKKYvRWREVaYGBtQyYbgrb68Ttq1qndVrT3UK43bPI4inME5XIIH19CAe2hCCwg8wTO8wpsjnRfn3flYthacfOYU/sD5/AHZIY9O</latexit>

⌫
⌘

<latexit sha1_base64="zK7COHCZbtpatiTBoEinhrWs9qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JUQY9FLx4r2A9oQtlsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//Arh52dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhfkRGkoecEjDSwK56ECpCM0+meeYxIPnArjl1Zw68StyC1FCB1sD+8oYxTSMmgQqidd91EvAzooBTwfKKl2qWEDohI9Y3VJKIaT+bn57jU6MMcRgrUxLwXP09kZFI62kUmM6IwFgvezPxP6+fQnjlZ1wmKTBJF4vCVGCI8SwHPOSKURBTQwhV3NyK6ZiYKMCkVTEhuMsvr5JOo+6e1xt3F7XmdRFHGR2jE3SGXHSJmugWtVAbUfSIntErerOerBfr3fpYtJasYuYI/YH1+QMYgZSK</latexit>

⌘⇢e
<latexit sha1_base64="p7Gx5rRQ3Khlx1PDCbYL8WZydKQ=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM122i7dbOLuplBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqh1Sj4BIbhhuB7UQhjUKBrXB0N/NbY1Sax/LRTBIMIjqQvM8ZNVYKfDSU+GoYdzOcdktlt+LOQVaJl5My5Kh3S19+L2ZphNIwQbXueG5igowqw5nAadFPNSaUjegAO5ZKGqEOsvnRU3JulR7px8qWNGSu/p7IaKT1JAptZ0TNUC97M/E/r5Oa/k2QcZmkBiVbLOqngpiYzBIgPa6QGTGxhDLF7a2EDamizNicijYEb/nlVdKsVrzLSvXhqly7zeMowCmcwQV4cA01uIc6NIDBEzzDK7w5Y+fFeXc+Fq1rTj5zAn/gfP4AwUKSFw==</latexit>

⌘2Mr
<latexit sha1_base64="+zxWVmyWsCa8CcCZQPHSB39wbhk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16ECOaByRpmJ5NkyOzsMtMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSk7nEccz+kAyX6glG00kOHI32skNuu7hZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdKolL2zcuXuvFS9yuLIwxEcwyl4cAFVuIEa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QOxqpBG</latexit>

⌘2Dr
<latexit sha1_base64="lt/brakOaevDjsaQ3TbK7CpUD3g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6YrGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqHscx90M6UKIvGEUrPXQ40scKuenqbrHklt0ZyDLxMlKCDLVu8avTi1gScoVMUmPanhujn1KNgkk+KXQSw2PKRnTA25YqGnLjp7OLJ+TEKj3Sj7QthWSm/p5IaWjMOAxsZ0hxaBa9qfif106wf+mnQsUJcsXmi/qJJBiR6fukJzRnKMeWUKaFvZWwIdWUoQ2pYEPwFl9eJo1K2TsrV+7OS9WrLI48HMExnIIHF1CFW6hBHRgoeIZXeHOM8+K8Ox/z1pyTzRzCHzifP6P0kD0=</latexit>

⇤l
<latexit sha1_base64="DbIUyNSafq7iPR/LpS9dEtG435Y=">AAACDnicbVC7TsMwFHXKq5RXgJEloqrEVCUFCcYKFgaGItGH1ESR4zitVceObAepivIFLPwKCwMIsTKz8Tc4bYbSciXLR+fco3vvCRJKpLLtH6Oytr6xuVXdru3s7u0fmIdHPclTgXAXccrFIIASU8JwVxFF8SARGMYBxf1gclPo/UcsJOHsQU0T7MVwxEhEEFSa8s2GG3Aaymmsv8y908YQ5n62yNI898263bRnZa0CpwR1UFbHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrIYIyll83Oya2GZkIr4kI/pqwZu+jIYCyL3XRnDNVYLmsF+Z82TFV05WWEJanCDM0HRSm1FLeKbKyQCIwUnWoAkSB6VwuNoYBI6QRrOgRn+eRV0Gs1nfNm6/6i3r4u46iCE3AKzoADLkEb3IIO6AIEnsALeAPvxrPxanwYn/PWilF6jsGfMr5+AWKInZc=</latexit>

Bîl
<latexit sha1_base64="uojw1RXcXieJQr2KZLadXYyE3ts=">AAACD3icbVC7TsMwFHXKq5RXgJElogIxVUlBgrEqC2OR6ENqoshxnNaqY0e2g1RF+QMWfoWFAYRYWdn4G5w2Q2k5kuWjc+7VvfcECSVS2faPUVlb39jcqm7Xdnb39g/Mw6Oe5KlAuIs45WIQQIkpYbiriKJ4kAgM44DifjC5Lfz+IxaScPagpgn2YjhiJCIIKi355rkbcBrKaay/rJ27Y6iyRYnkuZ/R3DfrdsOewVolTknqoETHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrKYIyll83uya0zrYRWxIV+TFkzdbEjg7Es9tOVMVRjuewV4n/eMFXRjZcRlqQKMzQfFKXUUtwqwrFCIjBSdKoJRILoXS00hgIipSOs6RCc5ZNXSa/ZcC4bzfureqtdxlEFJ+AUXAAHXIMWuAMd0AUIPIEX8AbejWfj1fgwPuelFaPsOQZ/YHz9AouankA=</latexit>

ês
<latexit sha1_base64="ppKdzdCi8lZ1gZ5+7JzaTBy4tIA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl5E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDCsSX6g==</latexit>

es
<latexit sha1_base64="JGoUu8J/GgAT+orP6kVfRR6LokQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzOfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9EMpQR</latexit>

⌘2Da
<latexit sha1_base64="XrZYqNJ5IWe514qc7kZf/TbngqE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6YrKF3MkmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJoqxOIxGpVoCaCS5Z3XAjWCtWDMNAsGYwup76zSemNI/kvRnHzA9xIHmfUzRWeugwg48VctPFbrHklt0ZyDLxMlKCDLVu8avTi2gSMmmoQK3bnhsbP0VlOBVsUugkmsVIRzhgbUslhkz76eziCTmxSo/0I2VLGjJTf0+kGGo9DgPbGaIZ6kVvKv7ntRPTv/RTLuPEMEnni/qJICYi0/dJjytGjRhbglRxeyuhQ1RIjQ2pYEPwFl9eJo1K2TsrV+7OS9WrLI48HMExnIIHF1CFW6hBHShIeIZXeHO08+K8Ox/z1pyTzRzCHzifP4owkCw=</latexit>

⌘2Ma
<latexit sha1_base64="XT6HLJQk15CVjK/2Vm4zcBBB9KI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16ECOaByRp6J5NkyOzsMjMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKMrqNBKRagWomeCS1Q03grVixTAMBGsGo+up33xiSvNI3ptxzPwQB5L3OUVjpYcOM/hYIbdd7BZLbtmdgSwTLyMlyFDrFr86vYgmIZOGCtS67bmx8VNUhlPBJoVOolmMdIQD1rZUYsi0n84unpATq/RIP1K2pCEz9fdEiqHW4zCwnSGaoV70puJ/Xjsx/Us/5TJODJN0vqifCGIiMn2f9Lhi1IixJUgVt7cSOkSF1NiQCjYEb/HlZdKolL2zcuXuvFS9yuLIwxEcwyl4cAFVuIEa1IGChGd4hTdHOy/Ou/Mxb8052cwh/IHz+QOX5pA1</latexit>

⌘⌧m
<latexit sha1_base64="GK4ntIv+3wGMaCIsFdvPo1ABRZw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy2k3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFAqaKFBCJ9XA4lBCOxzdzvz2E2gjEvWA4xSCmA2UiARnaKVHH5D5yLJe3CtX3Ko7B10lXk4qJEejV/7y+wnPYlDIJTOm67kpBhOmUXAJ05KfGUgZH7EBdC1VLAYTTOYXT+mZVfo0SrQthXSu/p6YsNiYcRzazpjh0Cx7M/E/r5thdB1MhEozBMUXi6JMUkzo7H3aFxo4yrEljGthb6V8yDTjaEMq2RC85ZdXSatW9S6qtfvLSv0mj6NITsgpOSceuSJ1ckcapEk4UeSZvJI3xzgvzrvzsWgtOPnMMfkD5/MHrFqQ6g==</latexit>

⌘⌧e
<latexit sha1_base64="KSAO7CymAwgNWjhIna29rKwjrgs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy2k3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFAqaKFBCJ9XA4lBCOxzdzvz2E2gjEvWA4xSCmA2UiARnaKVHH5D5yLIe9MoVt+rOQVeJl5MKydHolb/8fsKzGBRyyYzpem6KwYRpFFzCtORnBlLGR2wAXUsVi8EEk/nFU3pmlT6NEm1LIZ2rvycmLDZmHIe2M2Y4NMveTPzP62YYXQcTodIMQfHFoiiTFBM6e5/2hQaOcmwJ41rYWykfMs042pBKNgRv+eVV0qpVvYtq7f6yUr/J4yiSE3JKzolHrkid3JEGaRJOFHkmr+TNMc6L8+58LFoLTj5zTP7A+fwBoDqQ4g==</latexit>

⌘⇢m
<latexit sha1_base64="Shllqt4yvpiM/eWLKi+1EyVw/lI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAdmlzA7mU2GzGOZmRVCyF948aCIV//Gm3/jJNmDJhY0FFXddHfFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnxoZyJmnTMstpJ9UUi5jTdjy6nfntJ6oNU/LBjlMaCTyQLGEEWyc9htTiUA9VT/TKFb/qz4FWSZCTCuRo9MpfYV+RTFBpCcfGdAM/tdEEa8sIp9NSmBmaYjLCA9p1VGJBTTSZXzxFZ07po0RpV9Kiufp7YoKFMWMRu06B7dAsezPxP6+b2eQ6mjCZZpZKsliUZBxZhWbvoz7TlFg+dgQTzdytiAyxxsS6kEouhGD55VXSqlWDi2rt/rJSv8njKMIJnMI5BHAFdbiDBjSBgIRneIU3z3gv3rv3sWgtePnMMfyB9/kDqteQ6Q==</latexit>

il
<latexit sha1_base64="EUyNJUDboqnjf9/CRDeBzuU0HCg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfe7bdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w8/spQO</latexit>

Ll
<latexit sha1_base64="DvGqTzoD2rtaLAtGR4mpByJCufU=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjriV6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBI2KNsw==</latexit>

Rl
<latexit sha1_base64="v53ggNaBDvlyVX3a0E7VPgkzLn4=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue7JXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMsho25</latexit>

Ȳf
<latexit sha1_base64="cOuWCIuIhSz3vyrqiwn/Kkl6VUE=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZdFNy4r2Ic0IUymk3boZCbMTIQS4sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvZCpAijnLQ11Yz0EklQHDLSDcfXhd99IFJRwe/0JCF+jIacRhQjbaTAPvRCJLP7PMi8ULCBmsTmy6I8D+yaU3emgIvELUkNlGgF9pc3EDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9MLcnhilAGMhDSPazhVf3dkKFbFbqYyRnqk5r1C/M/rpzq69DPKk1QTjmeDopRBLWARBxxQSbBmE0MQltTsCvEISYS1Ca1qQnDnT14knUbdPas3bs9rzasyjgo4AsfgFLjgAjTBDWiBNsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP14GXyQ==</latexit>

w0
<latexit sha1_base64="8PJlX3RvWSjfGY78R24udXL1juU=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExVUlBgrGChbFI9CG1UeQ4TmvVcSLbKaqi/gkLAwix8ids/A1OmwFajmT56Jx75eMTpJwp7Tjf1tr6xubWdmWnuru3f3BoHx13VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuM7wq/O6FSsUQ86mlKvRgPBYsYwdpIvm0PgoSHahqbK3+a+Y5v15y6MwdaJW5JalCi5dtfgzAhWUyFJhwr1XedVHs5lpoRTmfVQaZoiskYD2nfUIFjqrx8nnyGzo0SoiiR5giN5urvjRzHqghnJmOsR2rZK8T/vH6moxsvZyLNNBVk8VCUcaQTVNSAQiYp0XxqCCaSmayIjLDERJuyqqYEd/nLq6TTqLuX9cbDVa15W9ZRgVM4gwtw4RqacA8taAOBCTzDK7xZufVivVsfi9E1q9w5gT+wPn8A+hWT4A==</latexit>

(P̂l, Q̂l)
<latexit sha1_base64="9esz6wsd8/GiHXorPlSflVp7DGM=">AAACHHicdVDLSsNAFJ34rPVVdelmsAgVpCRpoe2u6MZlC/YBTQiTybQdOnkwMxFKyIe48VfcuFDEjQvBv3HSRvB5YJjDOfdy7z1uxKiQuv6urayurW9sFraK2zu7e/ulg8O+CGOOSQ+HLORDFwnCaEB6kkpGhhEnyHcZGbizy8wf3BAuaBhcy3lEbB9NAjqmGEklOaVaxZoimXRSJ7HckHli7qsvYWl6vjC6v40zp1TWqy3dbDaaUK/qC2Sk3jKNOjRypQxydJzSq+WFOPZJIDFDQowMPZJ2grikmJG0aMWCRAjP0ISMFA2QT4SdLI5L4alSPDgOuXqBhAv1a0eCfJEtpyp9JKfip5eJf3mjWI6bdkKDKJYkwMtB45hBGcIsKehRTrBkc0UQ5lTtCvEUcYSlyrOoQvi8FP5P+mbVqFXNbr3cvsjjKIBjcAIqwAAN0AZXoAN6AINbcA8ewZN2pz1oz9rLsnRFy3uOwDdobx/dN6O/</latexit>

ûe
<latexit sha1_base64="XxN+JJKW8TULmyh2puRPv4TbVG0=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI12CnocevE4wX3AWkqaZltYmpQkFUbtwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKEUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJVGLSwYIJ2Q+RIoxy0tFUM9JPJEFxyEgvnNwUfu+BSEUFv9fThPgxGnE6pBhpIwX2kTdGOvNCwSI1jc2VpXkekMCuOw1nBrhM3JLUQYl2YH95kcBpTLjGDCk1cJ1E+xmSmmJG8pqXKpIgPEEjMjCUo5goP5vlz+GpUSI4FNIcruFM/b2RoVgV6cxkjPRYLXqF+J83SPXwys8oT1JNOJ4/NEwZ1AIWZcCISoI1mxqCsKQmK8RjJBHWprKaKcFd/PIy6TYb7nmjeXdRb12XdVTBMTgBZ8AFl6AFbkEbdAAGj+AZvII368l6sd6tj/loxSp3DsEfWJ8/OImW4A==</latexit>

u?
m

<latexit sha1_base64="eDRK7aq/zb8YVQyNgj4LDJ6hsN8=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmqoMuiG5cV7APaGCaTSTt0HmFmIpQQN/6KGxeKuPUv3Pk3TtostPXAMIdz7uXee8KEEqVd99taWl5ZXVuvbFQ3t7Z3du29/Y4SqUS4jQQVshdChSnhuK2JpriXSAxZSHE3HF8XfvcBS0UEv9OTBPsMDjmJCYLaSIF9mA1CQSM1YebL0jwP2P1AaSgDu+bW3SmcReKVpAZKtAL7axAJlDLMNaJQqb7nJtrPoNQEUZxXB6nCCURjOMR9QzlkWPnZ9ILcOTFK5MRCmse1M1V/d2SQqWJHU8mgHql5rxD/8/qpji/9jPAk1Zij2aA4pY4WThGHExGJkaYTQyCSxOzqoBGUEGkTWtWE4M2fvEg6jbp3Vm/cnteaV2UcFXAEjsEp8MAFaIIb0AJtgMAjeAav4M16sl6sd+tjVrpklT0H4A+szx/weZfX</latexit>

Zs
<latexit sha1_base64="vEYs+bMLKlvKN6j9kWcmyYE0F4U=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqpKCBGMFC2OR6EO0UeQ4TmvVsSPbQSpRxF9hYQAhVv4HG/8Gp80ALSdZPt19n3y+IGFUacf5tpaWV1bX1isb1c2t7Z1de2+/o0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMrwu/+0CkooLf6UlCvBgNOY0oRtpIvn2Y3ed+NggEC9UkNlem8ty3a07dmQIuErckNVCi5dtfg1DgNCZcY4aU6rtOor0MSU0xI3l1kCqSIDxGQ9I3lKOYKC+bps/hiVFCGAlpDtdwqv7eyFCsimxmMkZ6pOa9QvzP66c6uvQyypNUE45nD0Upg1rAogoYUkmwZhNDEJbUZIV4hCTC2hRWNSW4819eJJ1G3T2rN27Pa82rso4KOALH4BS44AI0wQ1ogTbA4BE8g1fwZj1ZL9a79TEbXbLKnQPwB9bnD9a3lh4=</latexit>

Yf
<latexit sha1_base64="dMtNNZCtZb701Q6mKkJTvwF1gF0=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqpKCBGMFC2OR6AO1UeQ4TmvVsSPbQSpRxF9hYQAhVv4HG/8Gp80ALSdZPt19n3y+IGFUacf5tpaWV1bX1isb1c2t7Z1de2+/o0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMrwu/+0CkooLf6UlCvBgNOY0oRtpIvn2Y3ed+NggEC9UkNlcW5blv15y6MwVcJG5JaqBEy7e/BqHAaUy4xgwp1XedRHsZkppiRvLqIFUkQXiMhqRvKEcxUV42TZ/DE6OEMBLSHK7hVP29kaFYFdnMZIz0SM17hfif1091dOlllCepJhzPHopSBrWARRUwpJJgzSaGICypyQrxCEmEtSmsakpw57+8SDqNuntWb9ye15pXZR0VcASOwSlwwQVoghvQAm2AwSN4Bq/gzXqyXqx362M2umSVOwfgD6zPH8FTlhA=</latexit>

⇤l
<latexit sha1_base64="DbIUyNSafq7iPR/LpS9dEtG435Y=">AAACDnicbVC7TsMwFHXKq5RXgJEloqrEVCUFCcYKFgaGItGH1ESR4zitVceObAepivIFLPwKCwMIsTKz8Tc4bYbSciXLR+fco3vvCRJKpLLtH6Oytr6xuVXdru3s7u0fmIdHPclTgXAXccrFIIASU8JwVxFF8SARGMYBxf1gclPo/UcsJOHsQU0T7MVwxEhEEFSa8s2GG3Aaymmsv8y908YQ5n62yNI898263bRnZa0CpwR1UFbHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrIYIyll83Oya2GZkIr4kI/pqwZu+jIYCyL3XRnDNVYLmsF+Z82TFV05WWEJanCDM0HRSm1FLeKbKyQCIwUnWoAkSB6VwuNoYBI6QRrOgRn+eRV0Gs1nfNm6/6i3r4u46iCE3AKzoADLkEb3IIO6AIEnsALeAPvxrPxanwYn/PWilF6jsGfMr5+AWKInZc=</latexit>

îs
<latexit sha1_base64="uvX/ou+xtzE2FHW8oKqLX0qHqZY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl9E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDEOyX7g==</latexit>

v̂f
<latexit sha1_base64="V1913iEcu8LBPBVbaOrYu4vM3mA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZdFNy4r2Ac0IUymk3boZCbMTAolxI2/4saFIm79C3f+jZM2C209MMzhnHu5954wYVRpx/m2VlbX1jc2K1vV7Z3dvX374LCjRCoxaWPBhOyFSBFGOWlrqhnpJZKgOGSkG45vC787IVJRwR/0NCF+jIacRhQjbaTAPvZGSGdeKNhATWPzZZM8D7IoD+yaU3dmgMvELUkNlGgF9pc3EDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ7MLcnhmlAGMhDSPazhTf3dkKFbFfqYyRnqkFr1C/M/rpzq69jPKk1QTjueDopRBLWARBxxQSbBmU0MQltTsCvEISYS1Ca1qQnAXT14mnUbdvag37i9rzZsyjgo4AafgHLjgCjTBHWiBNsDgETyDV/BmPVkv1rv1MS9dscqeI/AH1ucPES2X7g==</latexit>

Bîl
<latexit sha1_base64="uojw1RXcXieJQr2KZLadXYyE3ts=">AAACD3icbVC7TsMwFHXKq5RXgJElogIxVUlBgrEqC2OR6ENqoshxnNaqY0e2g1RF+QMWfoWFAYRYWdn4G5w2Q2k5kuWjc+7VvfcECSVS2faPUVlb39jcqm7Xdnb39g/Mw6Oe5KlAuIs45WIQQIkpYbiriKJ4kAgM44DifjC5Lfz+IxaScPagpgn2YjhiJCIIKi355rkbcBrKaay/rJ27Y6iyRYnkuZ/R3DfrdsOewVolTknqoETHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrKYIyll83uya0zrYRWxIV+TFkzdbEjg7Es9tOVMVRjuewV4n/eMFXRjZcRlqQKMzQfFKXUUtwqwrFCIjBSdKoJRILoXS00hgIipSOs6RCc5ZNXSa/ZcC4bzfureqtdxlEFJ+AUXAAHXIMWuAMd0AUIPIEX8AbejWfj1fgwPuelFaPsOQZ/YHz9AouankA=</latexit>

ês
<latexit sha1_base64="ppKdzdCi8lZ1gZ5+7JzaTBy4tIA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl5E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDCsSX6g==</latexit>

⌧̂ e
<latexit sha1_base64="D/h13xWTOBgFZg+k46wNhCjzHPo=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVZIq6LLoxmUF+4AmhMlk2g6dTMLMjVBCFm78FTcuFHHrR7jzb5y0WWjrgWEO59zLvfcECWcKbPvbqKytb2xuVbdrO7t7+wfm4VFPxakktEtiHstBgBXlTNAuMOB0kEiKo4DTfjC9Kfz+A5WKxeIeZgn1IjwWbMQIBi35Zt2dYMjcIOahmkX6y1zAaZ77Gc19s2E37TmsVeKUpIFKdHzzyw1jkkZUAOFYqaFjJ+BlWAIjnOY1N1U0wWSKx3SoqcARVV42PyK3TrUSWqNY6ifAmqu/OzIcqWJFXRlhmKhlrxD/84YpjK68jIkkBSrIYtAo5RbEVpGIFTJJCfCZJphIpne1yARLTEDnVtMhOMsnr5Jeq+mcN1t3F432dRlHFdXRCTpDDrpEbXSLOqiLCHpEz+gVvRlPxovxbnwsSitG2XOM/sD4/AFrApk7</latexit>

!01
<latexit sha1_base64="ilAbmXnbgqpXUUDU2EInw/45uh8="></latexit>

Da
<latexit sha1_base64="7YCPBJ8S2lncPu1FLux0OSQjTm8="></latexit>

8 > > > > > > > > > > < > > > > > > > > > > : <latexit sha1_base64="rkwlV8+wHCfrJa/d4qKGyIGPJlo="></latexit>

Ynet
<latexit sha1_base64="d4OKJUCW6bQBVZy7m4YpKjdvxSA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSlIFXRbduKxgH9KGMJnetEMnkzAzKZSQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJEs6Udpxva219Y3Nru7JT3d3bPzi0j447Kk4lhTaNeSx7AVHAmYC2ZppDL5FAooBDN5jcFX53ClKxWDzqWQJeREaChYwSbSTftgcR0eMgzJ5yPxOgc9+uOXVnDrxK3JLUUImWb38NhjFNIxCacqJU33US7WVEakY55NVBqiAhdEJG0DdUkAiUl82T5/jcKEMcxtI8ofFc/b2RkUipWRSYySKnWvYK8T+vn+rwxsuYSFINgi4OhSnHOsZFDXjIJFDNZ4YQKpnJiumYSEK1KatqSnCXv7xKOo26e1lvPFzVmrdlHRV0is7QBXLRNWqie9RCbUTRFD2jV/RmZdaL9W59LEbXrHLnBP2B9fkDO/2UDA==</latexit>

⌧ ?
m

<latexit sha1_base64="WTiRdgLrWDolUeiYtHHWyUi7FMU=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQKuiy6cVnBPqCJYTKZtEMnD2ZuhBK6cOOvuHGhiFs/wp1/46TNQlsPDHM4517uvcdPBVdgWd/Gyura+sZmZau6vbO7t28eHHZVkknKOjQRiez7RDHBY9YBDoL1U8lI5AvW88fXhd97YFLxJL6DScrciAxjHnJKQEueWcsdPxGBmkT6yx0g2XTqRfeOAiI9s241rBnwMrFLUkcl2p755QQJzSIWAxVEqYFtpeDmRAKngk2rTqZYSuiYDNlA05hETLn57IgpPtFKgMNE6hcDnqm/O3ISqWJNXRkRGKlFrxD/8wYZhJduzuM0AxbT+aAwExgSXCSCAy4ZBTHRhFDJ9a6YjogkFHRuVR2CvXjyMuk2G/ZZo3l7Xm9dlXFUUA0do1NkowvUQjeojTqIokf0jF7Rm/FkvBjvxse8dMUoe47QHxifP01lmSY=</latexit>

De
<latexit sha1_base64="3nZxGbaWxoCQobHmPyTTTtpRSV0=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRT0ONQDx4nuA/YSknTdAtLk5Kk4ij9V7x4UMSr/4g3/xvTrQfdfBDyeO/3Iy8vSBhV2nG+rcra+sbmVnW7trO7t39gH9Z7SqQSky4WTMhBgBRhlJOuppqRQSIJigNG+sH0pvD7j0QqKviDniXEi9GY04hipI3k2/VbPxsFgoVqFpsrI3nu2w2n6cwBV4lbkgYo0fHtr1EocBoTrjFDSg1dJ9FehqSmmJG8NkoVSRCeojEZGspRTJSXzbPn8NQoIYyENIdrOFd/b2QoVkU2MxkjPVHLXiH+5w1THV15GeVJqgnHi4eilEEtYFEEDKkkWLOZIQhLarJCPEESYW3qqpkS3OUvr5Jeq+meN1v3F432dVlHFRyDE3AGXHAJ2uAOdEAXYPAEnsEreLNy68V6tz4WoxWr3DkCf2B9/gDKg5Tu</latexit>

Yf
<latexit sha1_base64="m+lUZmDQys+WvT1lEFPhMX3+B3Q=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/ZA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivdP/bCXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEuGI26</latexit>

(�r,✓)
<latexit sha1_base64="vEF24VBvliVF7I+vI04C8gMOOtQ="></latexit>
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<latexit sha1_base64="auDkrUzR8Oh/Uyq7QzO3cHE2fcY="></latexit>

• initial specs: energy bias (lose passivity)

• recover transverse passivity

• design potential energy function (tangential goal)

• stabilize the refined target set

• where:

4.4 Concluding thoughts

(S3) Target set attractivity: the following input transformation

fl2 =≠Ò“rW̃e + fl4

·2 =≠Ò◊W̃e + ·4 ,

restores passivity (and yields Zı

2 -detectability) of the error dynamics, where

W̃e = 1
2(is ≠ îs)€Ls(is ≠ îs) + 1

2(vf ≠ v̂f )€Cf (vf ≠ v̂f ) + 1
2(il ≠ îl)€Ll(il ≠ îl) ;

(S4) Potential energy shaping: upon defining the synchronization potential energy as

S(◊,“r) = 1
2 î
€
s
Lsîs ≠ 1

2 v̂
€
f
Cf v̂f + 1

2 î
€
l
Llîl , (4.115)

the energy-shaping input achieves the energy minimization objective associated
with optimal power flow assignment

fl4 =≠Ò“rS(◊,“r)
·4 =≠Ò◊S(◊,“r) .

Starting with an under-actuated system of the form (2.24), as seen in Fig. 4.7, we
have arrived (through a design procedure solving a TFPP) at error dynamics also of the
form (2.24), seen in Fig. 4.8. This allowed us to characterise the stability properties of a
sequentially refined target set incorporating general specifications for the power system
at large

Zı

3 = {‹ = 0 , Ê = Ê01 , is = îs , vf = v̂f , il = îl , ÒS(“r,◊) = 0} . (4.116)
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<latexit sha1_base64="k3E+O5ZiP396eZ0KGSmM8edeINA="></latexit>

d
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<latexit sha1_base64="zfw7R2jtTIXChoE0DXC+L1E/WuM="></latexit>

d
dtMr� = � Dr� � x̃r � ��r

S
d
dtMa�̃ = � Da�̃ � x̃a � ��rS

<latexit sha1_base64="OVGBUPLar/+sEDTjoLRzqL6XlUo="></latexit>

(�, �̃)
<latexit sha1_base64="VckSbIaGNSfyrW/xZnC/N1cnsCE="></latexit>

(x̃r, x̃a)
<latexit sha1_base64="fgDRSx8aitfAuKh1N0TM5h9KhzE="></latexit>

ỹs
<latexit sha1_base64="OlhLCakFP7PmzgUVgjE2ZEBBrzs="></latexit>

x̃s
<latexit sha1_base64="2zzAw9MUCfxwSRWU38qXIxHt+p0="></latexit>

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

��r
S(·, ·)

��rS(·, ·)
<latexit sha1_base64="X+pOiKqku/B5iLPvLjiOBjIcKuw="></latexit>
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s
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<latexit sha1_base64="k3E+O5ZiP396eZ0KGSmM8edeINA="></latexit>
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<latexit sha1_base64="zfw7R2jtTIXChoE0DXC+L1E/WuM="></latexit>

d
dtMr� = � Dr� � x̃r � ��r

S
d
dtMa�̃ = � Da�̃ � x̃a � ��rS

<latexit sha1_base64="OVGBUPLar/+sEDTjoLRzqL6XlUo="></latexit>

(�r, �r)
<latexit sha1_base64="s3IszytQ7Dhh3wfuuVU+vVo2Wgw="></latexit>

(�, �̃)
<latexit sha1_base64="VckSbIaGNSfyrW/xZnC/N1cnsCE="></latexit>

(x̃r, x̃a)
<latexit sha1_base64="fgDRSx8aitfAuKh1N0TM5h9KhzE="></latexit>

��r
S

��rS
<latexit sha1_base64="k5ZNI24sGqcWfEaQhqIBp9E7Y38="></latexit>

ỹs
<latexit sha1_base64="OlhLCakFP7PmzgUVgjE2ZEBBrzs="></latexit>

x̃s
<latexit sha1_base64="2zzAw9MUCfxwSRWU38qXIxHt+p0="></latexit>

�g(�r, �r)
<latexit sha1_base64="B/r1wSFS6UtMsd8VJ4YTNaNBe0U="></latexit>

g(�r, �r)
�

<latexit sha1_base64="+LLCAYEOr2X/hOc2c8WA8k+Blfg="></latexit>

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

g(�r, �r)
�

<latexit sha1_base64="u3wx/4VlFiOuXwLe3LSHMe/jy6U="></latexit>

�g(�r, �r)
<latexit sha1_base64="94JFQxhrOZbbjfipT63Ckthyu00="></latexit>

(�r, �r)
<latexit sha1_base64="Ut3g5OOV4rR2nZxEQ/8aqu9er8g="></latexit>

Figure 4.8: Block diagram of the resulting transient system, where x̃r œ R
n, x̃a œ R

n,
x̃s œ R

4n2m, ỹs œ R
4n+2m, g œ R

2n◊4n+2m are placeholders for expressions in (4.52b).

In terms of implementation, a model matching procedure targeting (2.24) was devel-
oped as follows

103

S = 1
2 î

>
s Lsîs � 1

2 v̂
>
f Cf v̂f + 1

2 î
>
l Llîl

<latexit sha1_base64="XqTIIDWv9M2fSlNG8MdjGCvX4EM="></latexit>

potential energy shapingsteady-state responseconsensus zero-dynamics manifold

Z?
3 = {x : ⌫ = 0, ! = !01,


is
vf

il

�
= ⇡(�r,✓), rS(�r,✓) = 0}

<latexit sha1_base64="kFHtTsC/SnOw2L7luLP2v+zjhVg="></latexit>
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General strategy

• initial specs: energy bias (lose passivity)

• recover transverse passivity

• design potential energy function (tangential goal)

• stabilize the refined target set
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<latexit sha1_base64="auDkrUzR8Oh/Uyq7QzO3cHE2fcY="></latexit>

potential energy shaping

vdc
<latexit sha1_base64="cN8a2pc/JNquNFsAeTRBG1Djxaw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXisYD+gXUo2m21js8mSZAtl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpapIrRFJJeqG2BNORO0ZZjhtJsoiuOA004wvpv7nQlVmknxaKYJ9WM8FCxiBBsrtSeDLCSzQbniVt0F0DrxclKBHM1B+asfSpLGVBjCsdY9z02Mn2FlGOF0VuqnmiaYjPGQ9iwVOKbazxbXztCFVUIUSWVLGLRQf09kONZ6Gge2M8ZmpFe9ufif10tNdONnTCSpoYIsF0UpR0ai+esoZIoSw6eWYKKYvRWREVaYGBtQyYbgrb68Ttq1qndVrT3UK43bPI4inME5XIIH19CAe2hCCwg8wTO8wpsjnRfn3flYthacfOYU/sD5/AHZIY9O</latexit>

⌫
⌘

<latexit sha1_base64="zK7COHCZbtpatiTBoEinhrWs9qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JUQY9FLx4r2A9oQtlsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//Arh52dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhfkRGkoecEjDSwK56ECpCM0+meeYxIPnArjl1Zw68StyC1FCB1sD+8oYxTSMmgQqidd91EvAzooBTwfKKl2qWEDohI9Y3VJKIaT+bn57jU6MMcRgrUxLwXP09kZFI62kUmM6IwFgvezPxP6+fQnjlZ1wmKTBJF4vCVGCI8SwHPOSKURBTQwhV3NyK6ZiYKMCkVTEhuMsvr5JOo+6e1xt3F7XmdRFHGR2jE3SGXHSJmugWtVAbUfSIntErerOerBfr3fpYtJasYuYI/YH1+QMYgZSK</latexit>

⌘⇢e
<latexit sha1_base64="p7Gx5rRQ3Khlx1PDCbYL8WZydKQ=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM122i7dbOLuplBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqh1Sj4BIbhhuB7UQhjUKBrXB0N/NbY1Sax/LRTBIMIjqQvM8ZNVYKfDSU+GoYdzOcdktlt+LOQVaJl5My5Kh3S19+L2ZphNIwQbXueG5igowqw5nAadFPNSaUjegAO5ZKGqEOsvnRU3JulR7px8qWNGSu/p7IaKT1JAptZ0TNUC97M/E/r5Oa/k2QcZmkBiVbLOqngpiYzBIgPa6QGTGxhDLF7a2EDamizNicijYEb/nlVdKsVrzLSvXhqly7zeMowCmcwQV4cA01uIc6NIDBEzzDK7w5Y+fFeXc+Fq1rTj5zAn/gfP4AwUKSFw==</latexit>

⌘2Mr
<latexit sha1_base64="+zxWVmyWsCa8CcCZQPHSB39wbhk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16ECOaByRpmJ5NkyOzsMtMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSk7nEccz+kAyX6glG00kOHI32skNuu7hZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdKolL2zcuXuvFS9yuLIwxEcwyl4cAFVuIEa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QOxqpBG</latexit>

⌘2Dr
<latexit sha1_base64="lt/brakOaevDjsaQ3TbK7CpUD3g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6YrGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqHscx90M6UKIvGEUrPXQ40scKuenqbrHklt0ZyDLxMlKCDLVu8avTi1gScoVMUmPanhujn1KNgkk+KXQSw2PKRnTA25YqGnLjp7OLJ+TEKj3Sj7QthWSm/p5IaWjMOAxsZ0hxaBa9qfif106wf+mnQsUJcsXmi/qJJBiR6fukJzRnKMeWUKaFvZWwIdWUoQ2pYEPwFl9eJo1K2TsrV+7OS9WrLI48HMExnIIHF1CFW6hBHRgoeIZXeHOM8+K8Ox/z1pyTzRzCHzifP6P0kD0=</latexit>

⇤l
<latexit sha1_base64="DbIUyNSafq7iPR/LpS9dEtG435Y=">AAACDnicbVC7TsMwFHXKq5RXgJEloqrEVCUFCcYKFgaGItGH1ESR4zitVceObAepivIFLPwKCwMIsTKz8Tc4bYbSciXLR+fco3vvCRJKpLLtH6Oytr6xuVXdru3s7u0fmIdHPclTgXAXccrFIIASU8JwVxFF8SARGMYBxf1gclPo/UcsJOHsQU0T7MVwxEhEEFSa8s2GG3Aaymmsv8y908YQ5n62yNI898263bRnZa0CpwR1UFbHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrIYIyll83Oya2GZkIr4kI/pqwZu+jIYCyL3XRnDNVYLmsF+Z82TFV05WWEJanCDM0HRSm1FLeKbKyQCIwUnWoAkSB6VwuNoYBI6QRrOgRn+eRV0Gs1nfNm6/6i3r4u46iCE3AKzoADLkEb3IIO6AIEnsALeAPvxrPxanwYn/PWilF6jsGfMr5+AWKInZc=</latexit>

Bîl
<latexit sha1_base64="uojw1RXcXieJQr2KZLadXYyE3ts=">AAACD3icbVC7TsMwFHXKq5RXgJElogIxVUlBgrEqC2OR6ENqoshxnNaqY0e2g1RF+QMWfoWFAYRYWdn4G5w2Q2k5kuWjc+7VvfcECSVS2faPUVlb39jcqm7Xdnb39g/Mw6Oe5KlAuIs45WIQQIkpYbiriKJ4kAgM44DifjC5Lfz+IxaScPagpgn2YjhiJCIIKi355rkbcBrKaay/rJ27Y6iyRYnkuZ/R3DfrdsOewVolTknqoETHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrKYIyll83uya0zrYRWxIV+TFkzdbEjg7Es9tOVMVRjuewV4n/eMFXRjZcRlqQKMzQfFKXUUtwqwrFCIjBSdKoJRILoXS00hgIipSOs6RCc5ZNXSa/ZcC4bzfureqtdxlEFJ+AUXAAHXIMWuAMd0AUIPIEX8AbejWfj1fgwPuelFaPsOQZ/YHz9AouankA=</latexit>

ês
<latexit sha1_base64="ppKdzdCi8lZ1gZ5+7JzaTBy4tIA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl5E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDCsSX6g==</latexit>

es
<latexit sha1_base64="JGoUu8J/GgAT+orP6kVfRR6LokQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzOfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9EMpQR</latexit>

⌘2Da
<latexit sha1_base64="XrZYqNJ5IWe514qc7kZf/TbngqE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6YrKF3MkmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJoqxOIxGpVoCaCS5Z3XAjWCtWDMNAsGYwup76zSemNI/kvRnHzA9xIHmfUzRWeugwg48VctPFbrHklt0ZyDLxMlKCDLVu8avTi2gSMmmoQK3bnhsbP0VlOBVsUugkmsVIRzhgbUslhkz76eziCTmxSo/0I2VLGjJTf0+kGGo9DgPbGaIZ6kVvKv7ntRPTv/RTLuPEMEnni/qJICYi0/dJjytGjRhbglRxeyuhQ1RIjQ2pYEPwFl9eJo1K2TsrV+7OS9WrLI48HMExnIIHF1CFW6hBHShIeIZXeHO08+K8Ox/z1pyTzRzCHzifP4owkCw=</latexit>

⌘2Ma
<latexit sha1_base64="XT6HLJQk15CVjK/2Vm4zcBBB9KI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16ECOaByRp6J5NkyOzsMjMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKMrqNBKRagWomeCS1Q03grVixTAMBGsGo+up33xiSvNI3ptxzPwQB5L3OUVjpYcOM/hYIbdd7BZLbtmdgSwTLyMlyFDrFr86vYgmIZOGCtS67bmx8VNUhlPBJoVOolmMdIQD1rZUYsi0n84unpATq/RIP1K2pCEz9fdEiqHW4zCwnSGaoV70puJ/Xjsx/Us/5TJODJN0vqifCGIiMn2f9Lhi1IixJUgVt7cSOkSF1NiQCjYEb/HlZdKolL2zcuXuvFS9yuLIwxEcwyl4cAFVuIEa1IGChGd4hTdHOy/Ou/Mxb8052cwh/IHz+QOX5pA1</latexit>

⌘⌧m
<latexit sha1_base64="GK4ntIv+3wGMaCIsFdvPo1ABRZw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy2k3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFAqaKFBCJ9XA4lBCOxzdzvz2E2gjEvWA4xSCmA2UiARnaKVHH5D5yLJe3CtX3Ko7B10lXk4qJEejV/7y+wnPYlDIJTOm67kpBhOmUXAJ05KfGUgZH7EBdC1VLAYTTOYXT+mZVfo0SrQthXSu/p6YsNiYcRzazpjh0Cx7M/E/r5thdB1MhEozBMUXi6JMUkzo7H3aFxo4yrEljGthb6V8yDTjaEMq2RC85ZdXSatW9S6qtfvLSv0mj6NITsgpOSceuSJ1ckcapEk4UeSZvJI3xzgvzrvzsWgtOPnMMfkD5/MHrFqQ6g==</latexit>

⌘⌧e
<latexit sha1_base64="KSAO7CymAwgNWjhIna29rKwjrgs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy2k3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFAqaKFBCJ9XA4lBCOxzdzvz2E2gjEvWA4xSCmA2UiARnaKVHH5D5yLIe9MoVt+rOQVeJl5MKydHolb/8fsKzGBRyyYzpem6KwYRpFFzCtORnBlLGR2wAXUsVi8EEk/nFU3pmlT6NEm1LIZ2rvycmLDZmHIe2M2Y4NMveTPzP62YYXQcTodIMQfHFoiiTFBM6e5/2hQaOcmwJ41rYWykfMs042pBKNgRv+eVV0qpVvYtq7f6yUr/J4yiSE3JKzolHrkid3JEGaRJOFHkmr+TNMc6L8+58LFoLTj5zTP7A+fwBoDqQ4g==</latexit>

⌘⇢m
<latexit sha1_base64="Shllqt4yvpiM/eWLKi+1EyVw/lI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAdmlzA7mU2GzGOZmRVCyF948aCIV//Gm3/jJNmDJhY0FFXddHfFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnxoZyJmnTMstpJ9UUi5jTdjy6nfntJ6oNU/LBjlMaCTyQLGEEWyc9htTiUA9VT/TKFb/qz4FWSZCTCuRo9MpfYV+RTFBpCcfGdAM/tdEEa8sIp9NSmBmaYjLCA9p1VGJBTTSZXzxFZ07po0RpV9Kiufp7YoKFMWMRu06B7dAsezPxP6+b2eQ6mjCZZpZKsliUZBxZhWbvoz7TlFg+dgQTzdytiAyxxsS6kEouhGD55VXSqlWDi2rt/rJSv8njKMIJnMI5BHAFdbiDBjSBgIRneIU3z3gv3rv3sWgtePnMMfyB9/kDqteQ6Q==</latexit>

il
<latexit sha1_base64="EUyNJUDboqnjf9/CRDeBzuU0HCg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfe7bdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w8/spQO</latexit>

Ll
<latexit sha1_base64="DvGqTzoD2rtaLAtGR4mpByJCufU=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjriV6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBI2KNsw==</latexit>

Rl
<latexit sha1_base64="v53ggNaBDvlyVX3a0E7VPgkzLn4=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue7JXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMsho25</latexit>

Ȳf
<latexit sha1_base64="cOuWCIuIhSz3vyrqiwn/Kkl6VUE=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZdFNy4r2Ic0IUymk3boZCbMTIQS4sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvZCpAijnLQ11Yz0EklQHDLSDcfXhd99IFJRwe/0JCF+jIacRhQjbaTAPvRCJLP7PMi8ULCBmsTmy6I8D+yaU3emgIvELUkNlGgF9pc3EDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9MLcnhilAGMhDSPazhVf3dkKFbFbqYyRnqk5r1C/M/rpzq69DPKk1QTjmeDopRBLWARBxxQSbBmE0MQltTsCvEISYS1Ca1qQnDnT14knUbdPas3bs9rzasyjgo4AsfgFLjgAjTBDWiBNsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP14GXyQ==</latexit>

w0
<latexit sha1_base64="8PJlX3RvWSjfGY78R24udXL1juU=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExVUlBgrGChbFI9CG1UeQ4TmvVcSLbKaqi/gkLAwix8ids/A1OmwFajmT56Jx75eMTpJwp7Tjf1tr6xubWdmWnuru3f3BoHx13VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuM7wq/O6FSsUQ86mlKvRgPBYsYwdpIvm0PgoSHahqbK3+a+Y5v15y6MwdaJW5JalCi5dtfgzAhWUyFJhwr1XedVHs5lpoRTmfVQaZoiskYD2nfUIFjqrx8nnyGzo0SoiiR5giN5urvjRzHqghnJmOsR2rZK8T/vH6moxsvZyLNNBVk8VCUcaQTVNSAQiYp0XxqCCaSmayIjLDERJuyqqYEd/nLq6TTqLuX9cbDVa15W9ZRgVM4gwtw4RqacA8taAOBCTzDK7xZufVivVsfi9E1q9w5gT+wPn8A+hWT4A==</latexit>

(P̂l, Q̂l)
<latexit sha1_base64="9esz6wsd8/GiHXorPlSflVp7DGM=">AAACHHicdVDLSsNAFJ34rPVVdelmsAgVpCRpoe2u6MZlC/YBTQiTybQdOnkwMxFKyIe48VfcuFDEjQvBv3HSRvB5YJjDOfdy7z1uxKiQuv6urayurW9sFraK2zu7e/ulg8O+CGOOSQ+HLORDFwnCaEB6kkpGhhEnyHcZGbizy8wf3BAuaBhcy3lEbB9NAjqmGEklOaVaxZoimXRSJ7HckHli7qsvYWl6vjC6v40zp1TWqy3dbDaaUK/qC2Sk3jKNOjRypQxydJzSq+WFOPZJIDFDQowMPZJ2grikmJG0aMWCRAjP0ISMFA2QT4SdLI5L4alSPDgOuXqBhAv1a0eCfJEtpyp9JKfip5eJf3mjWI6bdkKDKJYkwMtB45hBGcIsKehRTrBkc0UQ5lTtCvEUcYSlyrOoQvi8FP5P+mbVqFXNbr3cvsjjKIBjcAIqwAAN0AZXoAN6AINbcA8ewZN2pz1oz9rLsnRFy3uOwDdobx/dN6O/</latexit>

ûe
<latexit sha1_base64="XxN+JJKW8TULmyh2puRPv4TbVG0=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI12CnocevE4wX3AWkqaZltYmpQkFUbtwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKEUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJVGLSwYIJ2Q+RIoxy0tFUM9JPJEFxyEgvnNwUfu+BSEUFv9fThPgxGnE6pBhpIwX2kTdGOvNCwSI1jc2VpXkekMCuOw1nBrhM3JLUQYl2YH95kcBpTLjGDCk1cJ1E+xmSmmJG8pqXKpIgPEEjMjCUo5goP5vlz+GpUSI4FNIcruFM/b2RoVgV6cxkjPRYLXqF+J83SPXwys8oT1JNOJ4/NEwZ1AIWZcCISoI1mxqCsKQmK8RjJBHWprKaKcFd/PIy6TYb7nmjeXdRb12XdVTBMTgBZ8AFl6AFbkEbdAAGj+AZvII368l6sd6tj/loxSp3DsEfWJ8/OImW4A==</latexit>

u?
m

<latexit sha1_base64="eDRK7aq/zb8YVQyNgj4LDJ6hsN8=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmqoMuiG5cV7APaGCaTSTt0HmFmIpQQN/6KGxeKuPUv3Pk3TtostPXAMIdz7uXee8KEEqVd99taWl5ZXVuvbFQ3t7Z3du29/Y4SqUS4jQQVshdChSnhuK2JpriXSAxZSHE3HF8XfvcBS0UEv9OTBPsMDjmJCYLaSIF9mA1CQSM1YebL0jwP2P1AaSgDu+bW3SmcReKVpAZKtAL7axAJlDLMNaJQqb7nJtrPoNQEUZxXB6nCCURjOMR9QzlkWPnZ9ILcOTFK5MRCmse1M1V/d2SQqWJHU8mgHql5rxD/8/qpji/9jPAk1Zij2aA4pY4WThGHExGJkaYTQyCSxOzqoBGUEGkTWtWE4M2fvEg6jbp3Vm/cnteaV2UcFXAEjsEp8MAFaIIb0AJtgMAjeAav4M16sl6sd+tjVrpklT0H4A+szx/weZfX</latexit>

Zs
<latexit sha1_base64="vEYs+bMLKlvKN6j9kWcmyYE0F4U=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqpKCBGMFC2OR6EO0UeQ4TmvVsSPbQSpRxF9hYQAhVv4HG/8Gp80ALSdZPt19n3y+IGFUacf5tpaWV1bX1isb1c2t7Z1de2+/o0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMrwu/+0CkooLf6UlCvBgNOY0oRtpIvn2Y3ed+NggEC9UkNlem8ty3a07dmQIuErckNVCi5dtfg1DgNCZcY4aU6rtOor0MSU0xI3l1kCqSIDxGQ9I3lKOYKC+bps/hiVFCGAlpDtdwqv7eyFCsimxmMkZ6pOa9QvzP66c6uvQyypNUE45nD0Upg1rAogoYUkmwZhNDEJbUZIV4hCTC2hRWNSW4819eJJ1G3T2rN27Pa82rso4KOALH4BS44AI0wQ1ogTbA4BE8g1fwZj1ZL9a79TEbXbLKnQPwB9bnD9a3lh4=</latexit>

Yf
<latexit sha1_base64="dMtNNZCtZb701Q6mKkJTvwF1gF0=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqpKCBGMFC2OR6AO1UeQ4TmvVsSPbQSpRxF9hYQAhVv4HG/8Gp80ALSdZPt19n3y+IGFUacf5tpaWV1bX1isb1c2t7Z1de2+/o0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMrwu/+0CkooLf6UlCvBgNOY0oRtpIvn2Y3ed+NggEC9UkNlcW5blv15y6MwVcJG5JaqBEy7e/BqHAaUy4xgwp1XedRHsZkppiRvLqIFUkQXiMhqRvKEcxUV42TZ/DE6OEMBLSHK7hVP29kaFYFdnMZIz0SM17hfif1091dOlllCepJhzPHopSBrWARRUwpJJgzSaGICypyQrxCEmEtSmsakpw57+8SDqNuntWb9ye15pXZR0VcASOwSlwwQVoghvQAm2AwSN4Bq/gzXqyXqx362M2umSVOwfgD6zPH8FTlhA=</latexit>

⇤l
<latexit sha1_base64="DbIUyNSafq7iPR/LpS9dEtG435Y=">AAACDnicbVC7TsMwFHXKq5RXgJEloqrEVCUFCcYKFgaGItGH1ESR4zitVceObAepivIFLPwKCwMIsTKz8Tc4bYbSciXLR+fco3vvCRJKpLLtH6Oytr6xuVXdru3s7u0fmIdHPclTgXAXccrFIIASU8JwVxFF8SARGMYBxf1gclPo/UcsJOHsQU0T7MVwxEhEEFSa8s2GG3Aaymmsv8y908YQ5n62yNI898263bRnZa0CpwR1UFbHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrIYIyll83Oya2GZkIr4kI/pqwZu+jIYCyL3XRnDNVYLmsF+Z82TFV05WWEJanCDM0HRSm1FLeKbKyQCIwUnWoAkSB6VwuNoYBI6QRrOgRn+eRV0Gs1nfNm6/6i3r4u46iCE3AKzoADLkEb3IIO6AIEnsALeAPvxrPxanwYn/PWilF6jsGfMr5+AWKInZc=</latexit>

îs
<latexit sha1_base64="uvX/ou+xtzE2FHW8oKqLX0qHqZY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl9E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDEOyX7g==</latexit>

v̂f
<latexit sha1_base64="V1913iEcu8LBPBVbaOrYu4vM3mA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZdFNy4r2Ac0IUymk3boZCbMTAolxI2/4saFIm79C3f+jZM2C209MMzhnHu5954wYVRpx/m2VlbX1jc2K1vV7Z3dvX374LCjRCoxaWPBhOyFSBFGOWlrqhnpJZKgOGSkG45vC787IVJRwR/0NCF+jIacRhQjbaTAPvZGSGdeKNhATWPzZZM8D7IoD+yaU3dmgMvELUkNlGgF9pc3EDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ7MLcnhmlAGMhDSPazhTf3dkKFbFfqYyRnqkFr1C/M/rpzq69jPKk1QTjueDopRBLWARBxxQSbBmU0MQltTsCvEISYS1Ca1qQnAXT14mnUbdvag37i9rzZsyjgo4AafgHLjgCjTBHWiBNsDgETyDV/BmPVkv1rv1MS9dscqeI/AH1ucPES2X7g==</latexit>

Bîl
<latexit sha1_base64="uojw1RXcXieJQr2KZLadXYyE3ts=">AAACD3icbVC7TsMwFHXKq5RXgJElogIxVUlBgrEqC2OR6ENqoshxnNaqY0e2g1RF+QMWfoWFAYRYWdn4G5w2Q2k5kuWjc+7VvfcECSVS2faPUVlb39jcqm7Xdnb39g/Mw6Oe5KlAuIs45WIQQIkpYbiriKJ4kAgM44DifjC5Lfz+IxaScPagpgn2YjhiJCIIKi355rkbcBrKaay/rJ27Y6iyRYnkuZ/R3DfrdsOewVolTknqoETHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrKYIyll83uya0zrYRWxIV+TFkzdbEjg7Es9tOVMVRjuewV4n/eMFXRjZcRlqQKMzQfFKXUUtwqwrFCIjBSdKoJRILoXS00hgIipSOs6RCc5ZNXSa/ZcC4bzfureqtdxlEFJ+AUXAAHXIMWuAMd0AUIPIEX8AbejWfj1fgwPuelFaPsOQZ/YHz9AouankA=</latexit>

ês
<latexit sha1_base64="ppKdzdCi8lZ1gZ5+7JzaTBy4tIA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl5E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDCsSX6g==</latexit>

⌧̂ e
<latexit sha1_base64="D/h13xWTOBgFZg+k46wNhCjzHPo=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVZIq6LLoxmUF+4AmhMlk2g6dTMLMjVBCFm78FTcuFHHrR7jzb5y0WWjrgWEO59zLvfcECWcKbPvbqKytb2xuVbdrO7t7+wfm4VFPxakktEtiHstBgBXlTNAuMOB0kEiKo4DTfjC9Kfz+A5WKxeIeZgn1IjwWbMQIBi35Zt2dYMjcIOahmkX6y1zAaZ77Gc19s2E37TmsVeKUpIFKdHzzyw1jkkZUAOFYqaFjJ+BlWAIjnOY1N1U0wWSKx3SoqcARVV42PyK3TrUSWqNY6ifAmqu/OzIcqWJFXRlhmKhlrxD/84YpjK68jIkkBSrIYtAo5RbEVpGIFTJJCfCZJphIpne1yARLTEDnVtMhOMsnr5Jeq+mcN1t3F432dRlHFdXRCTpDDrpEbXSLOqiLCHpEz+gVvRlPxovxbnwsSitG2XOM/sD4/AFrApk7</latexit>

!01
<latexit sha1_base64="ilAbmXnbgqpXUUDU2EInw/45uh8="></latexit>

Da
<latexit sha1_base64="7YCPBJ8S2lncPu1FLux0OSQjTm8="></latexit>

8 > > > > > > > > > > < > > > > > > > > > > : <latexit sha1_base64="rkwlV8+wHCfrJa/d4qKGyIGPJlo="></latexit>

Ynet
<latexit sha1_base64="d4OKJUCW6bQBVZy7m4YpKjdvxSA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSlIFXRbduKxgH9KGMJnetEMnkzAzKZSQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJEs6Udpxva219Y3Nru7JT3d3bPzi0j447Kk4lhTaNeSx7AVHAmYC2ZppDL5FAooBDN5jcFX53ClKxWDzqWQJeREaChYwSbSTftgcR0eMgzJ5yPxOgc9+uOXVnDrxK3JLUUImWb38NhjFNIxCacqJU33US7WVEakY55NVBqiAhdEJG0DdUkAiUl82T5/jcKEMcxtI8ofFc/b2RkUipWRSYySKnWvYK8T+vn+rwxsuYSFINgi4OhSnHOsZFDXjIJFDNZ4YQKpnJiumYSEK1KatqSnCXv7xKOo26e1lvPFzVmrdlHRV0is7QBXLRNWqie9RCbUTRFD2jV/RmZdaL9W59LEbXrHLnBP2B9fkDO/2UDA==</latexit>

⌧ ?
m

<latexit sha1_base64="WTiRdgLrWDolUeiYtHHWyUi7FMU=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQKuiy6cVnBPqCJYTKZtEMnD2ZuhBK6cOOvuHGhiFs/wp1/46TNQlsPDHM4517uvcdPBVdgWd/Gyura+sZmZau6vbO7t28eHHZVkknKOjQRiez7RDHBY9YBDoL1U8lI5AvW88fXhd97YFLxJL6DScrciAxjHnJKQEueWcsdPxGBmkT6yx0g2XTqRfeOAiI9s241rBnwMrFLUkcl2p755QQJzSIWAxVEqYFtpeDmRAKngk2rTqZYSuiYDNlA05hETLn57IgpPtFKgMNE6hcDnqm/O3ISqWJNXRkRGKlFrxD/8wYZhJduzuM0AxbT+aAwExgSXCSCAy4ZBTHRhFDJ9a6YjogkFHRuVR2CvXjyMuk2G/ZZo3l7Xm9dlXFUUA0do1NkowvUQjeojTqIokf0jF7Rm/FkvBjvxse8dMUoe47QHxifP01lmSY=</latexit>

De
<latexit sha1_base64="3nZxGbaWxoCQobHmPyTTTtpRSV0=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRT0ONQDx4nuA/YSknTdAtLk5Kk4ij9V7x4UMSr/4g3/xvTrQfdfBDyeO/3Iy8vSBhV2nG+rcra+sbmVnW7trO7t39gH9Z7SqQSky4WTMhBgBRhlJOuppqRQSIJigNG+sH0pvD7j0QqKviDniXEi9GY04hipI3k2/VbPxsFgoVqFpsrI3nu2w2n6cwBV4lbkgYo0fHtr1EocBoTrjFDSg1dJ9FehqSmmJG8NkoVSRCeojEZGspRTJSXzbPn8NQoIYyENIdrOFd/b2QoVkU2MxkjPVHLXiH+5w1THV15GeVJqgnHi4eilEEtYFEEDKkkWLOZIQhLarJCPEESYW3qqpkS3OUvr5Jeq+meN1v3F432dVlHFRyDE3AGXHAJ2uAOdEAXYPAEnsEreLNy68V6tz4WoxWr3DkCf2B9/gDKg5Tu</latexit>

Yf
<latexit sha1_base64="m+lUZmDQys+WvT1lEFPhMX3+B3Q=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/ZA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivdP/bCXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEuGI26</latexit>

(�r,✓)
<latexit sha1_base64="vEF24VBvliVF7I+vI04C8gMOOtQ="></latexit>

steady-state responseconsensus zero-dynamics manifold

accounts for

Z?
3 = {x : ⌫ = 0, ! = !01,


is
vf

il

�
= ⇡(�r,✓), rS(�r,✓) = 0}

<latexit sha1_base64="kFHtTsC/SnOw2L7luLP2v+zjhVg="></latexit>

<latexit sha1_base64="UV6l2qj3i5M3FJGwrS+JqkjLeDk="></latexit>

Re{Ynet}

• where:

4.4 Concluding thoughts

(S3) Target set attractivity: the following input transformation

fl2 =≠Ò“rW̃e + fl4

·2 =≠Ò◊W̃e + ·4 ,

restores passivity (and yields Zı

2 -detectability) of the error dynamics, where

W̃e = 1
2(is ≠ îs)€Ls(is ≠ îs) + 1

2(vf ≠ v̂f )€Cf (vf ≠ v̂f ) + 1
2(il ≠ îl)€Ll(il ≠ îl) ;

(S4) Potential energy shaping: upon defining the synchronization potential energy as

S(◊,“r) = 1
2 î
€
s
Lsîs ≠ 1

2 v̂
€
f
Cf v̂f + 1

2 î
€
l
Llîl , (4.115)

the energy-shaping input achieves the energy minimization objective associated
with optimal power flow assignment

fl4 =≠Ò“rS(◊,“r)
·4 =≠Ò◊S(◊,“r) .

Starting with an under-actuated system of the form (2.24), as seen in Fig. 4.7, we
have arrived (through a design procedure solving a TFPP) at error dynamics also of the
form (2.24), seen in Fig. 4.8. This allowed us to characterise the stability properties of a
sequentially refined target set incorporating general specifications for the power system
at large

Zı

3 = {‹ = 0 , Ê = Ê01 , is = îs , vf = v̂f , il = îl , ÒS(“r,◊) = 0} . (4.116)
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<latexit sha1_base64="k3E+O5ZiP396eZ0KGSmM8edeINA="></latexit>

d
dt
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�
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O �B� Rl
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ṽf
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�

� � ỹs

<latexit sha1_base64="zfw7R2jtTIXChoE0DXC+L1E/WuM="></latexit>

d
dtMr� = � Dr� � x̃r � ��r

S
d
dtMa�̃ = � Da�̃ � x̃a � ��rS

<latexit sha1_base64="OVGBUPLar/+sEDTjoLRzqL6XlUo="></latexit>

(�, �̃)
<latexit sha1_base64="VckSbIaGNSfyrW/xZnC/N1cnsCE="></latexit>

(x̃r, x̃a)
<latexit sha1_base64="fgDRSx8aitfAuKh1N0TM5h9KhzE="></latexit>

ỹs
<latexit sha1_base64="OlhLCakFP7PmzgUVgjE2ZEBBrzs="></latexit>

x̃s
<latexit sha1_base64="2zzAw9MUCfxwSRWU38qXIxHt+p0="></latexit>

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

��r
S(·, ·)

��rS(·, ·)
<latexit sha1_base64="X+pOiKqku/B5iLPvLjiOBjIcKuw="></latexit>

1
s
1
s

<latexit sha1_base64="k3E+O5ZiP396eZ0KGSmM8edeINA="></latexit>

d
dt
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�
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Cf ṽf

Llĩl
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�
Rs �I2n O
I2n Gf B
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<latexit sha1_base64="zfw7R2jtTIXChoE0DXC+L1E/WuM="></latexit>

d
dtMr� = � Dr� � x̃r � ��r

S
d
dtMa�̃ = � Da�̃ � x̃a � ��rS

<latexit sha1_base64="OVGBUPLar/+sEDTjoLRzqL6XlUo="></latexit>

(�r, �r)
<latexit sha1_base64="s3IszytQ7Dhh3wfuuVU+vVo2Wgw="></latexit>

(�, �̃)
<latexit sha1_base64="VckSbIaGNSfyrW/xZnC/N1cnsCE="></latexit>

(x̃r, x̃a)
<latexit sha1_base64="fgDRSx8aitfAuKh1N0TM5h9KhzE="></latexit>

��r
S

��rS
<latexit sha1_base64="k5ZNI24sGqcWfEaQhqIBp9E7Y38="></latexit>

ỹs
<latexit sha1_base64="OlhLCakFP7PmzgUVgjE2ZEBBrzs="></latexit>

x̃s
<latexit sha1_base64="2zzAw9MUCfxwSRWU38qXIxHt+p0="></latexit>

�g(�r, �r)
<latexit sha1_base64="B/r1wSFS6UtMsd8VJ4YTNaNBe0U="></latexit>

g(�r, �r)
�

<latexit sha1_base64="+LLCAYEOr2X/hOc2c8WA8k+Blfg="></latexit>

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

g(�r, �r)
�

<latexit sha1_base64="u3wx/4VlFiOuXwLe3LSHMe/jy6U="></latexit>

�g(�r, �r)
<latexit sha1_base64="94JFQxhrOZbbjfipT63Ckthyu00="></latexit>

(�r, �r)
<latexit sha1_base64="Ut3g5OOV4rR2nZxEQ/8aqu9er8g="></latexit>

Figure 4.8: Block diagram of the resulting transient system, where x̃r œ R
n, x̃a œ R

n,
x̃s œ R

4n2m, ỹs œ R
4n+2m, g œ R

2n◊4n+2m are placeholders for expressions in (4.52b).

In terms of implementation, a model matching procedure targeting (2.24) was devel-
oped as follows

103

S = 1
2 î

>
s Lsîs � 1

2 v̂
>
f Cf v̂f + 1

2 î
>
l Llîl

<latexit sha1_base64="XqTIIDWv9M2fSlNG8MdjGCvX4EM="></latexit>
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General strategy

• initial specs: energy bias (lose passivity)

• recover transverse passivity

• design potential energy function (tangential goal)

• stabilize the refined target set

⇢m

⌧m

�
=


0

Da!01

�
+


⇢̂e �r�r

S
⌧̂ e �r✓S

�

| {z }
GSRXVSPPIH�MRZEVMERGI

�

r�r

W̃e

r✓W̃e

�

| {z }
TEWWMZEXMSR

<latexit sha1_base64="auDkrUzR8Oh/Uyq7QzO3cHE2fcY="></latexit>

potential energy shaping

vdc
<latexit sha1_base64="cN8a2pc/JNquNFsAeTRBG1Djxaw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXisYD+gXUo2m21js8mSZAtl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpapIrRFJJeqG2BNORO0ZZjhtJsoiuOA004wvpv7nQlVmknxaKYJ9WM8FCxiBBsrtSeDLCSzQbniVt0F0DrxclKBHM1B+asfSpLGVBjCsdY9z02Mn2FlGOF0VuqnmiaYjPGQ9iwVOKbazxbXztCFVUIUSWVLGLRQf09kONZ6Gge2M8ZmpFe9ufif10tNdONnTCSpoYIsF0UpR0ai+esoZIoSw6eWYKKYvRWREVaYGBtQyYbgrb68Ttq1qndVrT3UK43bPI4inME5XIIH19CAe2hCCwg8wTO8wpsjnRfn3flYthacfOYU/sD5/AHZIY9O</latexit>

⌫
⌘

<latexit sha1_base64="zK7COHCZbtpatiTBoEinhrWs9qk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JUQY9FLx4r2A9oQtlsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IBFcg+N8W6W19Y3NrfJ2ZWd3b//Arh52dJwqyto0FrHqBUQzwSVrAwfBeoliJAoE6waTm5nffWBK81jewzRhfkRGkoecEjDSwK56ECpCM0+meeYxIPnArjl1Zw68StyC1FCB1sD+8oYxTSMmgQqidd91EvAzooBTwfKKl2qWEDohI9Y3VJKIaT+bn57jU6MMcRgrUxLwXP09kZFI62kUmM6IwFgvezPxP6+fQnjlZ1wmKTBJF4vCVGCI8SwHPOSKURBTQwhV3NyK6ZiYKMCkVTEhuMsvr5JOo+6e1xt3F7XmdRFHGR2jE3SGXHSJmugWtVAbUfSIntErerOerBfr3fpYtJasYuYI/YH1+QMYgZSK</latexit>

⌘⇢e
<latexit sha1_base64="p7Gx5rRQ3Khlx1PDCbYL8WZydKQ=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM122i7dbOLuplBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqh1Sj4BIbhhuB7UQhjUKBrXB0N/NbY1Sax/LRTBIMIjqQvM8ZNVYKfDSU+GoYdzOcdktlt+LOQVaJl5My5Kh3S19+L2ZphNIwQbXueG5igowqw5nAadFPNSaUjegAO5ZKGqEOsvnRU3JulR7px8qWNGSu/p7IaKT1JAptZ0TNUC97M/E/r5Oa/k2QcZmkBiVbLOqngpiYzBIgPa6QGTGxhDLF7a2EDamizNicijYEb/nlVdKsVrzLSvXhqly7zeMowCmcwQV4cA01uIc6NIDBEzzDK7w5Y+fFeXc+Fq1rTj5zAn/gfP4AwUKSFw==</latexit>

⌘2Mr
<latexit sha1_base64="+zxWVmyWsCa8CcCZQPHSB39wbhk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16ECOaByRpmJ5NkyOzsMtMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSk7nEccz+kAyX6glG00kOHI32skNuu7hZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdKolL2zcuXuvFS9yuLIwxEcwyl4cAFVuIEa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QOxqpBG</latexit>

⌘2Dr
<latexit sha1_base64="lt/brakOaevDjsaQ3TbK7CpUD3g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6YrGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqHscx90M6UKIvGEUrPXQ40scKuenqbrHklt0ZyDLxMlKCDLVu8avTi1gScoVMUmPanhujn1KNgkk+KXQSw2PKRnTA25YqGnLjp7OLJ+TEKj3Sj7QthWSm/p5IaWjMOAxsZ0hxaBa9qfif106wf+mnQsUJcsXmi/qJJBiR6fukJzRnKMeWUKaFvZWwIdWUoQ2pYEPwFl9eJo1K2TsrV+7OS9WrLI48HMExnIIHF1CFW6hBHRgoeIZXeHOM8+K8Ox/z1pyTzRzCHzifP6P0kD0=</latexit>

⇤l
<latexit sha1_base64="DbIUyNSafq7iPR/LpS9dEtG435Y=">AAACDnicbVC7TsMwFHXKq5RXgJEloqrEVCUFCcYKFgaGItGH1ESR4zitVceObAepivIFLPwKCwMIsTKz8Tc4bYbSciXLR+fco3vvCRJKpLLtH6Oytr6xuVXdru3s7u0fmIdHPclTgXAXccrFIIASU8JwVxFF8SARGMYBxf1gclPo/UcsJOHsQU0T7MVwxEhEEFSa8s2GG3Aaymmsv8y908YQ5n62yNI898263bRnZa0CpwR1UFbHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrIYIyll83Oya2GZkIr4kI/pqwZu+jIYCyL3XRnDNVYLmsF+Z82TFV05WWEJanCDM0HRSm1FLeKbKyQCIwUnWoAkSB6VwuNoYBI6QRrOgRn+eRV0Gs1nfNm6/6i3r4u46iCE3AKzoADLkEb3IIO6AIEnsALeAPvxrPxanwYn/PWilF6jsGfMr5+AWKInZc=</latexit>

Bîl
<latexit sha1_base64="uojw1RXcXieJQr2KZLadXYyE3ts=">AAACD3icbVC7TsMwFHXKq5RXgJElogIxVUlBgrEqC2OR6ENqoshxnNaqY0e2g1RF+QMWfoWFAYRYWdn4G5w2Q2k5kuWjc+7VvfcECSVS2faPUVlb39jcqm7Xdnb39g/Mw6Oe5KlAuIs45WIQQIkpYbiriKJ4kAgM44DifjC5Lfz+IxaScPagpgn2YjhiJCIIKi355rkbcBrKaay/rJ27Y6iyRYnkuZ/R3DfrdsOewVolTknqoETHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrKYIyll83uya0zrYRWxIV+TFkzdbEjg7Es9tOVMVRjuewV4n/eMFXRjZcRlqQKMzQfFKXUUtwqwrFCIjBSdKoJRILoXS00hgIipSOs6RCc5ZNXSa/ZcC4bzfureqtdxlEFJ+AUXAAHXIMWuAMd0AUIPIEX8AbejWfj1fgwPuelFaPsOQZ/YHz9AouankA=</latexit>

ês
<latexit sha1_base64="ppKdzdCi8lZ1gZ5+7JzaTBy4tIA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl5E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDCsSX6g==</latexit>

es
<latexit sha1_base64="JGoUu8J/GgAT+orP6kVfRR6LokQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzOfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9EMpQR</latexit>

⌘2Da
<latexit sha1_base64="XrZYqNJ5IWe514qc7kZf/TbngqE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6YrKF3MkmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJoqxOIxGpVoCaCS5Z3XAjWCtWDMNAsGYwup76zSemNI/kvRnHzA9xIHmfUzRWeugwg48VctPFbrHklt0ZyDLxMlKCDLVu8avTi2gSMmmoQK3bnhsbP0VlOBVsUugkmsVIRzhgbUslhkz76eziCTmxSo/0I2VLGjJTf0+kGGo9DgPbGaIZ6kVvKv7ntRPTv/RTLuPEMEnni/qJICYi0/dJjytGjRhbglRxeyuhQ1RIjQ2pYEPwFl9eJo1K2TsrV+7OS9WrLI48HMExnIIHF1CFW6hBHShIeIZXeHO08+K8Ox/z1pyTzRzCHzifP4owkCw=</latexit>

⌘2Ma
<latexit sha1_base64="XT6HLJQk15CVjK/2Vm4zcBBB9KI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL16ECOaByRp6J5NkyOzsMjMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKMrqNBKRagWomeCS1Q03grVixTAMBGsGo+up33xiSvNI3ptxzPwQB5L3OUVjpYcOM/hYIbdd7BZLbtmdgSwTLyMlyFDrFr86vYgmIZOGCtS67bmx8VNUhlPBJoVOolmMdIQD1rZUYsi0n84unpATq/RIP1K2pCEz9fdEiqHW4zCwnSGaoV70puJ/Xjsx/Us/5TJODJN0vqifCGIiMn2f9Lhi1IixJUgVt7cSOkSF1NiQCjYEb/HlZdKolL2zcuXuvFS9yuLIwxEcwyl4cAFVuIEa1IGChGd4hTdHOy/Ou/Mxb8052cwh/IHz+QOX5pA1</latexit>

⌘⌧m
<latexit sha1_base64="GK4ntIv+3wGMaCIsFdvPo1ABRZw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy2k3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFAqaKFBCJ9XA4lBCOxzdzvz2E2gjEvWA4xSCmA2UiARnaKVHH5D5yLJe3CtX3Ko7B10lXk4qJEejV/7y+wnPYlDIJTOm67kpBhOmUXAJ05KfGUgZH7EBdC1VLAYTTOYXT+mZVfo0SrQthXSu/p6YsNiYcRzazpjh0Cx7M/E/r5thdB1MhEozBMUXi6JMUkzo7H3aFxo4yrEljGthb6V8yDTjaEMq2RC85ZdXSatW9S6qtfvLSv0mj6NITsgpOSceuSJ1ckcapEk4UeSZvJI3xzgvzrvzsWgtOPnMMfkD5/MHrFqQ6g==</latexit>

⌘⌧e
<latexit sha1_base64="KSAO7CymAwgNWjhIna29rKwjrgs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy2k3bpZhN2J0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuhMyAFAqaKFBCJ9XA4lBCOxzdzvz2E2gjEvWA4xSCmA2UiARnaKVHH5D5yLIe9MoVt+rOQVeJl5MKydHolb/8fsKzGBRyyYzpem6KwYRpFFzCtORnBlLGR2wAXUsVi8EEk/nFU3pmlT6NEm1LIZ2rvycmLDZmHIe2M2Y4NMveTPzP62YYXQcTodIMQfHFoiiTFBM6e5/2hQaOcmwJ41rYWykfMs042pBKNgRv+eVV0qpVvYtq7f6yUr/J4yiSE3JKzolHrkid3JEGaRJOFHkmr+TNMc6L8+58LFoLTj5zTP7A+fwBoDqQ4g==</latexit>

⌘⇢m
<latexit sha1_base64="Shllqt4yvpiM/eWLKi+1EyVw/lI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAdmlzA7mU2GzGOZmRVCyF948aCIV//Gm3/jJNmDJhY0FFXddHfFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnxoZyJmnTMstpJ9UUi5jTdjy6nfntJ6oNU/LBjlMaCTyQLGEEWyc9htTiUA9VT/TKFb/qz4FWSZCTCuRo9MpfYV+RTFBpCcfGdAM/tdEEa8sIp9NSmBmaYjLCA9p1VGJBTTSZXzxFZ07po0RpV9Kiufp7YoKFMWMRu06B7dAsezPxP6+b2eQ6mjCZZpZKsliUZBxZhWbvoz7TlFg+dgQTzdytiAyxxsS6kEouhGD55VXSqlWDi2rt/rJSv8njKMIJnMI5BHAFdbiDBjSBgIRneIU3z3gv3rv3sWgtePnMMfyB9/kDqteQ6Q==</latexit>

il
<latexit sha1_base64="EUyNJUDboqnjf9/CRDeBzuU0HCg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfe7bdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w8/spQO</latexit>

Ll
<latexit sha1_base64="DvGqTzoD2rtaLAtGR4mpByJCufU=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjriV6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibNasU7r1TvL8q16zyOAhzDCZyBB5dQg1uoQwMYDOAZXuHNEc6L8+58zFtXnHzmCP7A+fwBI2KNsw==</latexit>

Rl
<latexit sha1_base64="v53ggNaBDvlyVX3a0E7VPgkzLn4=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/ue7JXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindeqd5dlGvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QMsho25</latexit>

Ȳf
<latexit sha1_base64="cOuWCIuIhSz3vyrqiwn/Kkl6VUE=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZdFNy4r2Ic0IUymk3boZCbMTIQS4sZfceNCEbf+hTv/xkmbhbYeGOZwzr3ce0+YMKq043xbS8srq2vrlY3q5tb2zq69t99RIpWYtLFgQvZCpAijnLQ11Yz0EklQHDLSDcfXhd99IFJRwe/0JCF+jIacRhQjbaTAPvRCJLP7PMi8ULCBmsTmy6I8D+yaU3emgIvELUkNlGgF9pc3EDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ9MLcnhilAGMhDSPazhVf3dkKFbFbqYyRnqk5r1C/M/rpzq69DPKk1QTjmeDopRBLWARBxxQSbBmE0MQltTsCvEISYS1Ca1qQnDnT14knUbdPas3bs9rzasyjgo4AsfgFLjgAjTBDWiBNsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP14GXyQ==</latexit>

w0
<latexit sha1_base64="8PJlX3RvWSjfGY78R24udXL1juU=">AAAB+XicbVC7TsMwFL3hWcorwMhiUSExVUlBgrGChbFI9CG1UeQ4TmvVcSLbKaqi/gkLAwix8ids/A1OmwFajmT56Jx75eMTpJwp7Tjf1tr6xubWdmWnuru3f3BoHx13VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuM7wq/O6FSsUQ86mlKvRgPBYsYwdpIvm0PgoSHahqbK3+a+Y5v15y6MwdaJW5JalCi5dtfgzAhWUyFJhwr1XedVHs5lpoRTmfVQaZoiskYD2nfUIFjqrx8nnyGzo0SoiiR5giN5urvjRzHqghnJmOsR2rZK8T/vH6moxsvZyLNNBVk8VCUcaQTVNSAQiYp0XxqCCaSmayIjLDERJuyqqYEd/nLq6TTqLuX9cbDVa15W9ZRgVM4gwtw4RqacA8taAOBCTzDK7xZufVivVsfi9E1q9w5gT+wPn8A+hWT4A==</latexit>

(P̂l, Q̂l)
<latexit sha1_base64="9esz6wsd8/GiHXorPlSflVp7DGM=">AAACHHicdVDLSsNAFJ34rPVVdelmsAgVpCRpoe2u6MZlC/YBTQiTybQdOnkwMxFKyIe48VfcuFDEjQvBv3HSRvB5YJjDOfdy7z1uxKiQuv6urayurW9sFraK2zu7e/ulg8O+CGOOSQ+HLORDFwnCaEB6kkpGhhEnyHcZGbizy8wf3BAuaBhcy3lEbB9NAjqmGEklOaVaxZoimXRSJ7HckHli7qsvYWl6vjC6v40zp1TWqy3dbDaaUK/qC2Sk3jKNOjRypQxydJzSq+WFOPZJIDFDQowMPZJ2grikmJG0aMWCRAjP0ISMFA2QT4SdLI5L4alSPDgOuXqBhAv1a0eCfJEtpyp9JKfip5eJf3mjWI6bdkKDKJYkwMtB45hBGcIsKehRTrBkc0UQ5lTtCvEUcYSlyrOoQvi8FP5P+mbVqFXNbr3cvsjjKIBjcAIqwAAN0AZXoAN6AINbcA8ewZN2pz1oz9rLsnRFy3uOwDdobx/dN6O/</latexit>

ûe
<latexit sha1_base64="XxN+JJKW8TULmyh2puRPv4TbVG0=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI12CnocevE4wX3AWkqaZltYmpQkFUbtwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8sKEUaUd59uqrKyurW9UN2tb2zu7e/b+QVeJVGLSwYIJ2Q+RIoxy0tFUM9JPJEFxyEgvnNwUfu+BSEUFv9fThPgxGnE6pBhpIwX2kTdGOvNCwSI1jc2VpXkekMCuOw1nBrhM3JLUQYl2YH95kcBpTLjGDCk1cJ1E+xmSmmJG8pqXKpIgPEEjMjCUo5goP5vlz+GpUSI4FNIcruFM/b2RoVgV6cxkjPRYLXqF+J83SPXwys8oT1JNOJ4/NEwZ1AIWZcCISoI1mxqCsKQmK8RjJBHWprKaKcFd/PIy6TYb7nmjeXdRb12XdVTBMTgBZ8AFl6AFbkEbdAAGj+AZvII368l6sd6tj/loxSp3DsEfWJ8/OImW4A==</latexit>

u?
m

<latexit sha1_base64="eDRK7aq/zb8YVQyNgj4LDJ6hsN8=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmqoMuiG5cV7APaGCaTSTt0HmFmIpQQN/6KGxeKuPUv3Pk3TtostPXAMIdz7uXee8KEEqVd99taWl5ZXVuvbFQ3t7Z3du29/Y4SqUS4jQQVshdChSnhuK2JpriXSAxZSHE3HF8XfvcBS0UEv9OTBPsMDjmJCYLaSIF9mA1CQSM1YebL0jwP2P1AaSgDu+bW3SmcReKVpAZKtAL7axAJlDLMNaJQqb7nJtrPoNQEUZxXB6nCCURjOMR9QzlkWPnZ9ILcOTFK5MRCmse1M1V/d2SQqWJHU8mgHql5rxD/8/qpji/9jPAk1Zij2aA4pY4WThGHExGJkaYTQyCSxOzqoBGUEGkTWtWE4M2fvEg6jbp3Vm/cnteaV2UcFXAEjsEp8MAFaIIb0AJtgMAjeAav4M16sl6sd+tjVrpklT0H4A+szx/weZfX</latexit>

Zs
<latexit sha1_base64="vEYs+bMLKlvKN6j9kWcmyYE0F4U=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqpKCBGMFC2OR6EO0UeQ4TmvVsSPbQSpRxF9hYQAhVv4HG/8Gp80ALSdZPt19n3y+IGFUacf5tpaWV1bX1isb1c2t7Z1de2+/o0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMrwu/+0CkooLf6UlCvBgNOY0oRtpIvn2Y3ed+NggEC9UkNlem8ty3a07dmQIuErckNVCi5dtfg1DgNCZcY4aU6rtOor0MSU0xI3l1kCqSIDxGQ9I3lKOYKC+bps/hiVFCGAlpDtdwqv7eyFCsimxmMkZ6pOa9QvzP66c6uvQyypNUE45nD0Upg1rAogoYUkmwZhNDEJbUZIV4hCTC2hRWNSW4819eJJ1G3T2rN27Pa82rso4KOALH4BS44AI0wQ1ogTbA4BE8g1fwZj1ZL9a79TEbXbLKnQPwB9bnD9a3lh4=</latexit>

Yf
<latexit sha1_base64="dMtNNZCtZb701Q6mKkJTvwF1gF0=">AAAB/XicbVA7T8MwGHR4lvIKj43FokJiqpKCBGMFC2OR6AO1UeQ4TmvVsSPbQSpRxF9hYQAhVv4HG/8Gp80ALSdZPt19n3y+IGFUacf5tpaWV1bX1isb1c2t7Z1de2+/o0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMrwu/+0CkooLf6UlCvBgNOY0oRtpIvn2Y3ed+NggEC9UkNlcW5blv15y6MwVcJG5JaqBEy7e/BqHAaUy4xgwp1XedRHsZkppiRvLqIFUkQXiMhqRvKEcxUV42TZ/DE6OEMBLSHK7hVP29kaFYFdnMZIz0SM17hfif1091dOlllCepJhzPHopSBrWARRUwpJJgzSaGICypyQrxCEmEtSmsakpw57+8SDqNuntWb9ye15pXZR0VcASOwSlwwQVoghvQAm2AwSN4Bq/gzXqyXqx362M2umSVOwfgD6zPH8FTlhA=</latexit>

⇤l
<latexit sha1_base64="DbIUyNSafq7iPR/LpS9dEtG435Y=">AAACDnicbVC7TsMwFHXKq5RXgJEloqrEVCUFCcYKFgaGItGH1ESR4zitVceObAepivIFLPwKCwMIsTKz8Tc4bYbSciXLR+fco3vvCRJKpLLtH6Oytr6xuVXdru3s7u0fmIdHPclTgXAXccrFIIASU8JwVxFF8SARGMYBxf1gclPo/UcsJOHsQU0T7MVwxEhEEFSa8s2GG3Aaymmsv8y908YQ5n62yNI898263bRnZa0CpwR1UFbHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrIYIyll83Oya2GZkIr4kI/pqwZu+jIYCyL3XRnDNVYLmsF+Z82TFV05WWEJanCDM0HRSm1FLeKbKyQCIwUnWoAkSB6VwuNoYBI6QRrOgRn+eRV0Gs1nfNm6/6i3r4u46iCE3AKzoADLkEb3IIO6AIEnsALeAPvxrPxanwYn/PWilF6jsGfMr5+AWKInZc=</latexit>

îs
<latexit sha1_base64="uvX/ou+xtzE2FHW8oKqLX0qHqZY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl9E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDEOyX7g==</latexit>

v̂f
<latexit sha1_base64="V1913iEcu8LBPBVbaOrYu4vM3mA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JUQZdFNy4r2Ac0IUymk3boZCbMTAolxI2/4saFIm79C3f+jZM2C209MMzhnHu5954wYVRpx/m2VlbX1jc2K1vV7Z3dvX374LCjRCoxaWPBhOyFSBFGOWlrqhnpJZKgOGSkG45vC787IVJRwR/0NCF+jIacRhQjbaTAPvZGSGdeKNhATWPzZZM8D7IoD+yaU3dmgMvELUkNlGgF9pc3EDiNCdeYIaX6rpNoP0NSU8xIXvVSRRKEx2hI+oZyFBPlZ7MLcnhmlAGMhDSPazhTf3dkKFbFfqYyRnqkFr1C/M/rpzq69jPKk1QTjueDopRBLWARBxxQSbBmU0MQltTsCvEISYS1Ca1qQnAXT14mnUbdvag37i9rzZsyjgo4AafgHLjgCjTBHWiBNsDgETyDV/BmPVkv1rv1MS9dscqeI/AH1ucPES2X7g==</latexit>

Bîl
<latexit sha1_base64="uojw1RXcXieJQr2KZLadXYyE3ts=">AAACD3icbVC7TsMwFHXKq5RXgJElogIxVUlBgrEqC2OR6ENqoshxnNaqY0e2g1RF+QMWfoWFAYRYWdn4G5w2Q2k5kuWjc+7VvfcECSVS2faPUVlb39jcqm7Xdnb39g/Mw6Oe5KlAuIs45WIQQIkpYbiriKJ4kAgM44DifjC5Lfz+IxaScPagpgn2YjhiJCIIKi355rkbcBrKaay/rJ27Y6iyRYnkuZ/R3DfrdsOewVolTknqoETHN7/dkKM0xkwhCqUcOnaivAwKRRDFec1NJU4gmsARHmrKYIyll83uya0zrYRWxIV+TFkzdbEjg7Es9tOVMVRjuewV4n/eMFXRjZcRlqQKMzQfFKXUUtwqwrFCIjBSdKoJRILoXS00hgIipSOs6RCc5ZNXSa/ZcC4bzfureqtdxlEFJ+AUXAAHXIMWuAMd0AUIPIEX8AbejWfj1fgwPuelFaPsOQZ/YHz9AouankA=</latexit>

ês
<latexit sha1_base64="ppKdzdCi8lZ1gZ5+7JzaTBy4tIA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCrosunFZwT6gCWEymbZDJzNhZiKUEDf+ihsXirj1L9z5N07aLLT1wDCHc+7l3nvChFGlHefbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkSKMctLRVDPSTyRBcchIL5zcFH7vgUhFBb/X04T4MRpxOqQYaSMF9pE3RjrzQsEiNY3Nl5E8DzKVB3bdaTgzwGXilqQOSrQD+8uLBE5jwjVmSKmB6yTaz5DUFDOS17xUkQThCRqRgaEcxUT52eyCHJ4aJYJDIc3jGs7U3x0ZilWxn6mMkR6rRa8Q//MGqR5e+RnlSaoJx/NBw5RBLWARB4yoJFizqSEIS2p2hXiMJMLahFYzIbiLJy+TbrPhnjeadxf11nUZRxUcgxNwBlxwCVrgFrRBB2DwCJ7BK3iznqwX6936mJdWrLLnEPyB9fkDCsSX6g==</latexit>

⌧̂ e
<latexit sha1_base64="D/h13xWTOBgFZg+k46wNhCjzHPo=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVZIq6LLoxmUF+4AmhMlk2g6dTMLMjVBCFm78FTcuFHHrR7jzb5y0WWjrgWEO59zLvfcECWcKbPvbqKytb2xuVbdrO7t7+wfm4VFPxakktEtiHstBgBXlTNAuMOB0kEiKo4DTfjC9Kfz+A5WKxeIeZgn1IjwWbMQIBi35Zt2dYMjcIOahmkX6y1zAaZ77Gc19s2E37TmsVeKUpIFKdHzzyw1jkkZUAOFYqaFjJ+BlWAIjnOY1N1U0wWSKx3SoqcARVV42PyK3TrUSWqNY6ifAmqu/OzIcqWJFXRlhmKhlrxD/84YpjK68jIkkBSrIYtAo5RbEVpGIFTJJCfCZJphIpne1yARLTEDnVtMhOMsnr5Jeq+mcN1t3F432dRlHFdXRCTpDDrpEbXSLOqiLCHpEz+gVvRlPxovxbnwsSitG2XOM/sD4/AFrApk7</latexit>

!01
<latexit sha1_base64="ilAbmXnbgqpXUUDU2EInw/45uh8="></latexit>

Da
<latexit sha1_base64="7YCPBJ8S2lncPu1FLux0OSQjTm8="></latexit>

8 > > > > > > > > > > < > > > > > > > > > > : <latexit sha1_base64="rkwlV8+wHCfrJa/d4qKGyIGPJlo="></latexit>

Ynet
<latexit sha1_base64="d4OKJUCW6bQBVZy7m4YpKjdvxSA=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSlIFXRbduKxgH9KGMJnetEMnkzAzKZSQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJEs6Udpxva219Y3Nru7JT3d3bPzi0j447Kk4lhTaNeSx7AVHAmYC2ZppDL5FAooBDN5jcFX53ClKxWDzqWQJeREaChYwSbSTftgcR0eMgzJ5yPxOgc9+uOXVnDrxK3JLUUImWb38NhjFNIxCacqJU33US7WVEakY55NVBqiAhdEJG0DdUkAiUl82T5/jcKEMcxtI8ofFc/b2RkUipWRSYySKnWvYK8T+vn+rwxsuYSFINgi4OhSnHOsZFDXjIJFDNZ4YQKpnJiumYSEK1KatqSnCXv7xKOo26e1lvPFzVmrdlHRV0is7QBXLRNWqie9RCbUTRFD2jV/RmZdaL9W59LEbXrHLnBP2B9fkDO/2UDA==</latexit>

⌧ ?
m

<latexit sha1_base64="WTiRdgLrWDolUeiYtHHWyUi7FMU=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaQKuiy6cVnBPqCJYTKZtEMnD2ZuhBK6cOOvuHGhiFs/wp1/46TNQlsPDHM4517uvcdPBVdgWd/Gyura+sZmZau6vbO7t28eHHZVkknKOjQRiez7RDHBY9YBDoL1U8lI5AvW88fXhd97YFLxJL6DScrciAxjHnJKQEueWcsdPxGBmkT6yx0g2XTqRfeOAiI9s241rBnwMrFLUkcl2p755QQJzSIWAxVEqYFtpeDmRAKngk2rTqZYSuiYDNlA05hETLn57IgpPtFKgMNE6hcDnqm/O3ISqWJNXRkRGKlFrxD/8wYZhJduzuM0AxbT+aAwExgSXCSCAy4ZBTHRhFDJ9a6YjogkFHRuVR2CvXjyMuk2G/ZZo3l7Xm9dlXFUUA0do1NkowvUQjeojTqIokf0jF7Rm/FkvBjvxse8dMUoe47QHxifP01lmSY=</latexit>

De
<latexit sha1_base64="3nZxGbaWxoCQobHmPyTTTtpRSV0=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabRT0ONQDx4nuA/YSknTdAtLk5Kk4ij9V7x4UMSr/4g3/xvTrQfdfBDyeO/3Iy8vSBhV2nG+rcra+sbmVnW7trO7t39gH9Z7SqQSky4WTMhBgBRhlJOuppqRQSIJigNG+sH0pvD7j0QqKviDniXEi9GY04hipI3k2/VbPxsFgoVqFpsrI3nu2w2n6cwBV4lbkgYo0fHtr1EocBoTrjFDSg1dJ9FehqSmmJG8NkoVSRCeojEZGspRTJSXzbPn8NQoIYyENIdrOFd/b2QoVkU2MxkjPVHLXiH+5w1THV15GeVJqgnHi4eilEEtYFEEDKkkWLOZIQhLarJCPEESYW3qqpkS3OUvr5Jeq+meN1v3F432dVlHFRyDE3AGXHAJ2uAOdEAXYPAEnsEreLNy68V6tz4WoxWr3DkCf2B9/gDKg5Tu</latexit>

Yf
<latexit sha1_base64="m+lUZmDQys+WvT1lEFPhMX3+B3Q=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/ZA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivdP/bCXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEuGI26</latexit>

(�r,✓)
<latexit sha1_base64="vEF24VBvliVF7I+vI04C8gMOOtQ="></latexit>

steady-state responseconsensus zero-dynamics manifold

� ↵l

↵2
l +!2

0
P̂l � !0

↵2
l +!2

0
Q̂l

� !0

↵2
l +!2

0
P̂l +

↵l

↵2
l +!2

0
Q̂l

<latexit sha1_base64="FdptWxZ29ytoSYIH2/aq8uxdHbI="></latexit>

synchronization torque

Z?
3 = {x : ⌫ = 0, ! = !01,


is
vf

il

�
= ⇡(�r,✓), rS(�r,✓) = 0}

<latexit sha1_base64="kFHtTsC/SnOw2L7luLP2v+zjhVg="></latexit>

• where:

4.4 Concluding thoughts

(S3) Target set attractivity: the following input transformation

fl2 =≠Ò“rW̃e + fl4

·2 =≠Ò◊W̃e + ·4 ,

restores passivity (and yields Zı

2 -detectability) of the error dynamics, where

W̃e = 1
2(is ≠ îs)€Ls(is ≠ îs) + 1

2(vf ≠ v̂f )€Cf (vf ≠ v̂f ) + 1
2(il ≠ îl)€Ll(il ≠ îl) ;

(S4) Potential energy shaping: upon defining the synchronization potential energy as

S(◊,“r) = 1
2 î
€
s
Lsîs ≠ 1

2 v̂
€
f
Cf v̂f + 1

2 î
€
l
Llîl , (4.115)

the energy-shaping input achieves the energy minimization objective associated
with optimal power flow assignment

fl4 =≠Ò“rS(◊,“r)
·4 =≠Ò◊S(◊,“r) .

Starting with an under-actuated system of the form (2.24), as seen in Fig. 4.7, we
have arrived (through a design procedure solving a TFPP) at error dynamics also of the
form (2.24), seen in Fig. 4.8. This allowed us to characterise the stability properties of a
sequentially refined target set incorporating general specifications for the power system
at large

Zı

3 = {‹ = 0 , Ê = Ê01 , is = îs , vf = v̂f , il = îl , ÒS(“r,◊) = 0} . (4.116)
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<latexit sha1_base64="k3E+O5ZiP396eZ0KGSmM8edeINA="></latexit>

d
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�
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<latexit sha1_base64="zfw7R2jtTIXChoE0DXC+L1E/WuM="></latexit>

d
dtMr� = � Dr� � x̃r � ��r

S
d
dtMa�̃ = � Da�̃ � x̃a � ��rS

<latexit sha1_base64="OVGBUPLar/+sEDTjoLRzqL6XlUo="></latexit>

(�, �̃)
<latexit sha1_base64="VckSbIaGNSfyrW/xZnC/N1cnsCE="></latexit>

(x̃r, x̃a)
<latexit sha1_base64="fgDRSx8aitfAuKh1N0TM5h9KhzE="></latexit>

ỹs
<latexit sha1_base64="OlhLCakFP7PmzgUVgjE2ZEBBrzs="></latexit>

x̃s
<latexit sha1_base64="2zzAw9MUCfxwSRWU38qXIxHt+p0="></latexit>

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

��r
S(·, ·)

��rS(·, ·)
<latexit sha1_base64="X+pOiKqku/B5iLPvLjiOBjIcKuw="></latexit>
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s
1
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<latexit sha1_base64="k3E+O5ZiP396eZ0KGSmM8edeINA="></latexit>

d
dt
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�
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Cf ṽf

Llĩl
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ĩl

�

� � ỹs

<latexit sha1_base64="zfw7R2jtTIXChoE0DXC+L1E/WuM="></latexit>

d
dtMr� = � Dr� � x̃r � ��r

S
d
dtMa�̃ = � Da�̃ � x̃a � ��rS

<latexit sha1_base64="OVGBUPLar/+sEDTjoLRzqL6XlUo="></latexit>

(�r, �r)
<latexit sha1_base64="s3IszytQ7Dhh3wfuuVU+vVo2Wgw="></latexit>

(�, �̃)
<latexit sha1_base64="VckSbIaGNSfyrW/xZnC/N1cnsCE="></latexit>

(x̃r, x̃a)
<latexit sha1_base64="fgDRSx8aitfAuKh1N0TM5h9KhzE="></latexit>

��r
S

��rS
<latexit sha1_base64="k5ZNI24sGqcWfEaQhqIBp9E7Y38="></latexit>

ỹs
<latexit sha1_base64="OlhLCakFP7PmzgUVgjE2ZEBBrzs="></latexit>

x̃s
<latexit sha1_base64="2zzAw9MUCfxwSRWU38qXIxHt+p0="></latexit>

�g(�r, �r)
<latexit sha1_base64="B/r1wSFS6UtMsd8VJ4YTNaNBe0U="></latexit>

g(�r, �r)
�

<latexit sha1_base64="+LLCAYEOr2X/hOc2c8WA8k+Blfg="></latexit>

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

g(�r, �r)
�

<latexit sha1_base64="u3wx/4VlFiOuXwLe3LSHMe/jy6U="></latexit>

�g(�r, �r)
<latexit sha1_base64="94JFQxhrOZbbjfipT63Ckthyu00="></latexit>

(�r, �r)
<latexit sha1_base64="Ut3g5OOV4rR2nZxEQ/8aqu9er8g="></latexit>

Figure 4.8: Block diagram of the resulting transient system, where x̃r œ R
n, x̃a œ R

n,
x̃s œ R

4n2m, ỹs œ R
4n+2m, g œ R

2n◊4n+2m are placeholders for expressions in (4.52b).

In terms of implementation, a model matching procedure targeting (2.24) was devel-
oped as follows
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S = 1
2 î
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s Lsîs � 1

2 v̂
>
f Cf v̂f + 1

2 î
>
l Llîl

<latexit sha1_base64="XqTIIDWv9M2fSlNG8MdjGCvX4EM="></latexit>
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• passive with

• zero potential energy

H = 1
2⌫

>Mr⌫ + 1
2!

>Ma! + 1
2i

>
s Lsis +

1
2v

>
f Cfvf + 1

2i
>
l Llil

<latexit sha1_base64="N55MYH4rT3esoNWQnBFieVCgKO4="></latexit>

Power system dynamics

⌘<latexit sha1_base64="ZB8qEFxlnWPy93Z9h+ym8EVWCGQ="></latexit>

⌃
y

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

d
dtMr⌫ =�Dr⌫ � ⇢e + ⇢m

d
dtMa! =�Da! � ⌧ e + ⌧m

<latexit sha1_base64="vkNAJhRrhUEHzrrdawnBzDKXj20="></latexit>

d
dtLsis =�Rsis � es + vf

d
dtCfvf =�Gfvf �Bil � is

d
dtLlil =�Rlil +B>vf

<latexit sha1_base64="mDg048JnvoTNTh4RkIpoCnGcko8="></latexit>

1
s
1
s

<latexit sha1_base64="k3E+O5ZiP396eZ0KGSmM8edeINA="></latexit>

es
<latexit sha1_base64="JGoUu8J/GgAT+orP6kVfRR6LokQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzOfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9EMpQR</latexit>

is
<latexit sha1_base64="3LThGqMusAgaZFpw48JHovRKjqQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cAwh3PuZc6cIOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wuS/83pRKxRLxpGcp9WI8EixiBGsj+bY9DBIeqllsrpzNfeXbdafhLIDWiVuSOpRo+/bXMExIFlOhCcdKDVwn1V6OpWaE03ltmCmaYjLBIzowVOCYKi9fJJ+jC6OEKEqkOUKjhfp7I8exKsKZyRjrsVr1CvE/b5Dp6NbLmUgzTQVZPhRlHOkEFTWgkElKNJ8ZgolkJisiYywx0aasminBXf3yOuk2G+5Vo/l4XW/dlXVU4QzO4RJcuIEWPEAbOkBgCs/wCm9Wbr1Y79bHcrRilTun8AfW5w9KTpQV</latexit>

(⇢e, ⌧ e)
<latexit sha1_base64="O8CKjW0i1rZ3XHoDhg6chK3s5qM="></latexit>

(⌫,!)
<latexit sha1_base64="dCOlXEt/EgDqw8h7sJGrDZHFA60="></latexit>

(�r,✓)
<latexit sha1_base64="vEF24VBvliVF7I+vI04C8gMOOtQ="></latexit>

⇢m
<latexit sha1_base64="vfB+swVt43sFm01oIFSTtPxURHI="></latexit>

⌧m
<latexit sha1_base64="F3HkkiAVsDpXL38pgLiPj4HJi8g="></latexit>

�(e[�r] ⌦ I2)LmR>
✓

R✓Lm(e[�r] ⌦ I2)
<latexit sha1_base64="oh7RcXAUc06GaRU2L5PPOYmRgns="></latexit>

<latexit sha1_base64="HqKzyH6Ntp+RjSdBq2uNSfvh15w=">AAACGXicdVDLSgMxFM34rPU16tJNsAiuhqQtY90V3bisYFVoh5JJb2to5kGSKZShX6Jb/Q934taVv+EXmKkVVPRAyOGce+HcE6ZSaEPIm7OwuLS8slpaK69vbG5tuzu7VzrJFIc2T2SibkKmQYoY2kYYCTepAhaFEq7D0VnhX49BaZHEl2aSQhCxYSwGgjNjpZ7rdsNE9vUksl8O057uuRXikRO/6lNMPNqg1CeW1An1azVMPTJDBc3R6rnv3X7CswhiwyXTukNJaoKcKSO4hGm5m2lIGR+xIXQsjVkEOshnyaf40Cp9PEiUfbHBM/X7Rs4iXYSzkxEzt/q3V4h/eZ0wHCqAkQzywgvtdb+SmEEjyEWcZgZi/hlkkElsElzUhPtCATdyYgnjSthbML9linFjyyzbkr6awP+Tq6pHfa9+Ua80T+d1ldA+OkBHiKJj1ETnqIXaiKMxukcP6NG5c56cZ+flc3TBme/soR9wXj8AaeChxg==</latexit>es



||Catalin Arghir 3823/05/22

Transient dynamics

1
s
1
s

<latexit sha1_base64="k3E+O5ZiP396eZ0KGSmM8edeINA="></latexit>

d
dt

2

4
Lsĩs
Cf ṽf

Llĩl

3

5 = �

2

4
Rs �I2n O

I2n Gf B
O �B> Rl

3

5

2

4
ĩs
ṽf

ĩl

3

5� ỹs

<latexit sha1_base64="zfw7R2jtTIXChoE0DXC+L1E/WuM="></latexit>

(⌫, !̃)
<latexit sha1_base64="VckSbIaGNSfyrW/xZnC/N1cnsCE="></latexit>

(x̃r, x̃a)
<latexit sha1_base64="fgDRSx8aitfAuKh1N0TM5h9KhzE="></latexit>

r�r
S

r✓rS
<latexit sha1_base64="k5ZNI24sGqcWfEaQhqIBp9E7Y38="></latexit>

ỹs
<latexit sha1_base64="OlhLCakFP7PmzgUVgjE2ZEBBrzs="></latexit>

x̃s
<latexit sha1_base64="2zzAw9MUCfxwSRWU38qXIxHt+p0="></latexit>

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

�g(�r,✓r)

g(�r,✓r)
>

<latexit sha1_base64="2HLuXlWksGlT8mRT8557SlnhkC4="></latexit>

(�r,✓r)
<latexit sha1_base64="x0xCnhEPcFLxtyZhMF217vSx6PM="></latexit>

d
dtMr⌫ =�Dr⌫ � x̃r �r�r

S
d
dtMa!̃ =�Da!̃ � x̃a �r✓rS

<latexit sha1_base64="OVGBUPLar/+sEDTjoLRzqL6XlUo="></latexit>

⌘<latexit sha1_base64="ZB8qEFxlnWPy93Z9h+ym8EVWCGQ="></latexit>

⌃
y

�1
<latexit sha1_base64="gxmVDwgXNkVVBW8MWuMKIAF1sIU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0cO71SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaVYr3kWlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+UwjPA=</latexit>

q
<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

⌧
<latexit sha1_base64="Wa8bCywmcQCIXorlDsXU45DPVf0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6zVH66qjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASJ7jkw=</latexit> 1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

1

s
<latexit sha1_base64="XrlZAywcQwZGU9yrNrdUIPxRpAc="></latexit>

M�1
<latexit sha1_base64="TEiN8ui5NzcleFrZOrZ5Wa2oI4I="></latexit>

G>
<latexit sha1_base64="BPvzIBR28heGWlbs6z/xY50uImw="></latexit>

G
<latexit sha1_base64="1RBeMS09mt5OwJvLP9a+9zyEUz8="></latexit>

⌃

J (q)�R
<latexit sha1_base64="s2KLzK8rP5GijJba/+JYeyf448I="></latexit>

rS(q)
<latexit sha1_base64="LjciCA541BI3/OlrH0zhPJPp9n0="></latexit>

• passive with

• different energy exchange structure

H̃ = 1
2 ⌫̃

>Mr⌫̃ + 1
2 !̃

>Ma!̃ + 1
2 ĩ

>
s Lsĩs +

1
2 ṽ

>
f Cf ṽf + 1

2 ĩ
>
l Llĩl

<latexit sha1_base64="45mksf17Ho7tM/01Ars4h6c3Z24="></latexit>

+ S(�r,✓r)
<latexit sha1_base64="147/dga8yaoK23P1TN6Qg4ZPRrA="></latexit>
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Concluding thoughts

• Relationship between active and reactive power and the ray-circle complementarity

• Control of the modulated energy transfer done via dynamic extension

• Zero-dynamics refinement helps construct transverse coordinates

• Circuit potential energy reveal inherent synchronization and optimal network flow

Related publications
C. Arghir and F. Dörfler. “Energy-based Stabilization of Network Flows in Multi-machine Power Systems”. In: 
Proceedings of the 23rd International Symposium on Mathematical Theory of Networks and Systems. July 2018. 

C. Arghir. “Transverse feedback passivation in control of multi-machine and multi-converter power networks”. In: 
ETH Research Collection, Doctoral Thesis. June 2020.



Thank you
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Part V
Additional material
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B
<latexit sha1_base64="hpcmi5EQcH0vovdDprfCUSAEvOg="></latexit>

�9�
 :�XVEGOMRK
<latexit sha1_base64="+W0/eJ4NBbT+WWZisoywdC7oIsg="></latexit>

�9�
 45�XVEGOMRK
<latexit sha1_base64="VOADe3/uqhdMwiLvBLq7HMz/ZOU="></latexit>

�9�
 45�XVEGOMRK�PSEH
<latexit sha1_base64="GvQvzDp2Rg4aQjyU4qR3NG7vlnk="></latexit>

Test case
8
><

>:
<latexit sha1_base64="q4tCG3qowNRLdc4QOkLqRk1SzI4="></latexit>

ms = e�r


� sin ✓
cos ✓

�


�̇r
✓̇

�
= �Ks


Qg �Q⇤

g

Pg � P ⇤
g

�
+


0

⌘vdc

�

<latexit sha1_base64="6zxMTC8w6HkrR0cEfwKamL1MRis="></latexit>

8
><

>:
<latexit sha1_base64="q4tCG3qowNRLdc4QOkLqRk1SzI4="></latexit>

ms = e�r


� sin ✓
cos ✓

�

�̇r = �Kf (kvfk2 � v⇤2f )

✓̇ = ⌘vdc
<latexit sha1_base64="z6VxZ9rdYPtKLWHGswkJQ+1rwdc="></latexit>

W

VAR

W

VAR

W

VAR

Qg
<latexit sha1_base64="WiKKOtberbrfklBPTntzVYBSytQ=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kpsqtr0VvXhs0X5Au5Rsmm1Ds9klyQpl6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5fiy4Nq774aysrq1vbOa28ts7u3v7hYPDto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yXXmd+6Z0jySd2YaMy8kI8kDTomx0m1zMBoUim7JdV2MMcoIrly6ltRq1TKuIpxZFkVYojEovPeHEU1CJg0VROsedmPjpUQZTgWb5fuJZjGhEzJiPUslCZn20vmpM3RqlSEKImVLGjRXv0+kJNR6Gvq2MyRmrH97mfiX10tMUPVSLuPEMEkXi4JEIBOh7G805IpRI6aWEKq4vRXRMVGEGptO3obw9Sn6n7TLJXxeKjcvivWrZRw5OIYTOAMMFajDDTSgBRRG8ABP8OwI59F5cV4XrSvOcuYIfsB5+wRwYo3p</latexit>

Q⇤
g

<latexit sha1_base64="EbkKDI5c55utapDGTFtHdu2H68Q=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBZBPIQkDW29Fb14bMG0hTaWzXbTLt1swu5GKKG/wYsHRbz6g7z5b9y0FVT0wcDjvRlm5gUJo1JZ1odRWFvf2Nwqbpd2dvf2D8qHRx0ZpwITD8csFr0AScIoJ56iipFeIgiKAka6wfQ697v3REga81s1S4gfoTGnIcVIaclrD8d3F8NyxTIvGzXHrUHLtKy67dg5cepu1YW2VnJUwAqtYfl9MIpxGhGuMENS9m0rUX6GhKKYkXlpkEqSIDxFY9LXlKOISD9bHDuHZ1oZwTAWuriCC/X7RIYiKWdRoDsjpCbyt5eLf3n9VIUNP6M8SRXheLkoTBlUMcw/hyMqCFZspgnCgupbIZ4ggbDS+ZR0CF+fwv9JxzHtqum03UrzahVHEZyAU3AObFAHTXADWsADGFDwAJ7As8GNR+PFeF22FozVzDH4AePtE54IjpE=</latexit>

Pg
<latexit sha1_base64="Lx/2WipF+8BbvHUNdAMdiCuCKQI=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t6MVjRfsB7VKyaXYbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbm+Yng2rjuh5NbWV1b38hvFra2d3b3ivsHbR2nirIWjUWsuj7RTHDJWoYbwbqJYiTyBev446vM79wzpXks78wkYV5EQskDTomx0m1zEA6KJbfsui7GGGUEVy9cS+r1WgXXEM4sixIs0RwU3/vDmKYRk4YKonUPu4nxpkQZTgWbFfqpZgmhYxKynqWSREx70/mpM3RilSEKYmVLGjRXv09MSaT1JPJtZ0TMSP/2MvEvr5eaoOZNuUxSwyRdLApSgUyMsr/RkCtGjZhYQqji9lZER0QRamw6BRvC16fof9KulPFZuXJzXmpcLuPIwxEcwylgqEIDrqEJLaAQwgM8wbMjnEfnxXldtOac5cwh/IDz9glu3I3o</latexit>

P ⇤
g

<latexit sha1_base64="S0nQ9b6GoCoLDK+2Xpk0OeMBbOY=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBZBPJQkDW29Fb14rGBaoY1ls922SzebsLsRSulv8OJBEa/+IG/+GzdtBRV9MPB4b4aZeWHCmdK2/WHlVlbX1jfym4Wt7Z3dveL+QUvFqSTUJzGP5W2IFeVMUF8zzeltIimOQk7b4fgy89v3VCoWixs9SWgQ4aFgA0awNpLf7A3vznrFkl0+r1ddr4rssm3XHNfJiFvzKh5yjJKhBEs0e8X3bj8maUSFJhwr1XHsRAdTLDUjnM4K3VTRBJMxHtKOoQJHVAXT+bEzdGKUPhrE0pTQaK5+n5jiSKlJFJrOCOuR+u1l4l9eJ9WDejBlIkk1FWSxaJBypGOUfY76TFKi+cQQTCQztyIywhITbfIpmBC+PkX/k5Zbdipl99orNS6WceThCI7hFByoQQOuoAk+EGDwAE/wbAnr0XqxXhetOWs5cwg/YL19ApyAjpA=</latexit>

Qg
<latexit sha1_base64="WiKKOtberbrfklBPTntzVYBSytQ=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kpsqtr0VvXhs0X5Au5Rsmm1Ds9klyQpl6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5fiy4Nq774aysrq1vbOa28ts7u3v7hYPDto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yXXmd+6Z0jySd2YaMy8kI8kDTomx0m1zMBoUim7JdV2MMcoIrly6ltRq1TKuIpxZFkVYojEovPeHEU1CJg0VROsedmPjpUQZTgWb5fuJZjGhEzJiPUslCZn20vmpM3RqlSEKImVLGjRXv0+kJNR6Gvq2MyRmrH97mfiX10tMUPVSLuPEMEkXi4JEIBOh7G805IpRI6aWEKq4vRXRMVGEGptO3obw9Sn6n7TLJXxeKjcvivWrZRw5OIYTOAMMFajDDTSgBRRG8ABP8OwI59F5cV4XrSvOcuYIfsB5+wRwYo3p</latexit>

Q⇤
g

<latexit sha1_base64="EbkKDI5c55utapDGTFtHdu2H68Q=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBZBPIQkDW29Fb14bMG0hTaWzXbTLt1swu5GKKG/wYsHRbz6g7z5b9y0FVT0wcDjvRlm5gUJo1JZ1odRWFvf2Nwqbpd2dvf2D8qHRx0ZpwITD8csFr0AScIoJ56iipFeIgiKAka6wfQ697v3REga81s1S4gfoTGnIcVIaclrD8d3F8NyxTIvGzXHrUHLtKy67dg5cepu1YW2VnJUwAqtYfl9MIpxGhGuMENS9m0rUX6GhKKYkXlpkEqSIDxFY9LXlKOISD9bHDuHZ1oZwTAWuriCC/X7RIYiKWdRoDsjpCbyt5eLf3n9VIUNP6M8SRXheLkoTBlUMcw/hyMqCFZspgnCgupbIZ4ggbDS+ZR0CF+fwv9JxzHtqum03UrzahVHEZyAU3AObFAHTXADWsADGFDwAJ7As8GNR+PFeF22FozVzDH4AePtE54IjpE=</latexit>

Pg
<latexit sha1_base64="Lx/2WipF+8BbvHUNdAMdiCuCKQI=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t6MVjRfsB7VKyaXYbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbm+Yng2rjuh5NbWV1b38hvFra2d3b3ivsHbR2nirIWjUWsuj7RTHDJWoYbwbqJYiTyBev446vM79wzpXks78wkYV5EQskDTomx0m1zEA6KJbfsui7GGGUEVy9cS+r1WgXXEM4sixIs0RwU3/vDmKYRk4YKonUPu4nxpkQZTgWbFfqpZgmhYxKynqWSREx70/mpM3RilSEKYmVLGjRXv09MSaT1JPJtZ0TMSP/2MvEvr5eaoOZNuUxSwyRdLApSgUyMsr/RkCtGjZhYQqji9lZER0QRamw6BRvC16fof9KulPFZuXJzXmpcLuPIwxEcwylgqEIDrqEJLaAQwgM8wbMjnEfnxXldtOac5cwh/IDz9glu3I3o</latexit>

P ⇤
g

<latexit sha1_base64="S0nQ9b6GoCoLDK+2Xpk0OeMBbOY=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBZBPJQkDW29Fb14rGBaoY1ls922SzebsLsRSulv8OJBEa/+IG/+GzdtBRV9MPB4b4aZeWHCmdK2/WHlVlbX1jfym4Wt7Z3dveL+QUvFqSTUJzGP5W2IFeVMUF8zzeltIimOQk7b4fgy89v3VCoWixs9SWgQ4aFgA0awNpLf7A3vznrFkl0+r1ddr4rssm3XHNfJiFvzKh5yjJKhBEs0e8X3bj8maUSFJhwr1XHsRAdTLDUjnM4K3VTRBJMxHtKOoQJHVAXT+bEzdGKUPhrE0pTQaK5+n5jiSKlJFJrOCOuR+u1l4l9eJ9WDejBlIkk1FWSxaJBypGOUfY76TFKi+cQQTCQztyIywhITbfIpmBC+PkX/k5Zbdipl99orNS6WceThCI7hFByoQQOuoAk+EGDwAE/wbAnr0XqxXhetOWs5cwg/YL19ApyAjpA=</latexit>

Qg
<latexit sha1_base64="WiKKOtberbrfklBPTntzVYBSytQ=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kpsqtr0VvXhs0X5Au5Rsmm1Ds9klyQpl6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5fiy4Nq774aysrq1vbOa28ts7u3v7hYPDto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yXXmd+6Z0jySd2YaMy8kI8kDTomx0m1zMBoUim7JdV2MMcoIrly6ltRq1TKuIpxZFkVYojEovPeHEU1CJg0VROsedmPjpUQZTgWb5fuJZjGhEzJiPUslCZn20vmpM3RqlSEKImVLGjRXv0+kJNR6Gvq2MyRmrH97mfiX10tMUPVSLuPEMEkXi4JEIBOh7G805IpRI6aWEKq4vRXRMVGEGptO3obw9Sn6n7TLJXxeKjcvivWrZRw5OIYTOAMMFajDDTSgBRRG8ABP8OwI59F5cV4XrSvOcuYIfsB5+wRwYo3p</latexit>

Pg
<latexit sha1_base64="Lx/2WipF+8BbvHUNdAMdiCuCKQI=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t6MVjRfsB7VKyaXYbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbm+Yng2rjuh5NbWV1b38hvFra2d3b3ivsHbR2nirIWjUWsuj7RTHDJWoYbwbqJYiTyBev446vM79wzpXks78wkYV5EQskDTomx0m1zEA6KJbfsui7GGGUEVy9cS+r1WgXXEM4sixIs0RwU3/vDmKYRk4YKonUPu4nxpkQZTgWbFfqpZgmhYxKynqWSREx70/mpM3RilSEKYmVLGjRXv09MSaT1JPJtZ0TMSP/2MvEvr5eaoOZNuUxSwyRdLApSgUyMsr/RkCtGjZhYQqji9lZER0QRamw6BRvC16fof9KulPFZuXJzXmpcLuPIwxEcwylgqEIDrqEJLaAQwgM8wbMjnEfnxXldtOac5cwh/IDz9glu3I3o</latexit>
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B
<latexit sha1_base64="hpcmi5EQcH0vovdDprfCUSAEvOg="></latexit>

�9�
 :�XVEGOMRK
<latexit sha1_base64="+W0/eJ4NBbT+WWZisoywdC7oIsg="></latexit>

�9�
 45�XVEGOMRK
<latexit sha1_base64="VOADe3/uqhdMwiLvBLq7HMz/ZOU="></latexit>

�9�
 45�XVEGOMRK�PSEH
<latexit sha1_base64="GvQvzDp2Rg4aQjyU4qR3NG7vlnk="></latexit>

Test case
8
><

>:
<latexit sha1_base64="q4tCG3qowNRLdc4QOkLqRk1SzI4="></latexit>

ms = e�r


� sin ✓
cos ✓

�


�̇r
✓̇

�
= �Ks


Qg �Q⇤

g

Pg � P ⇤
g

�
+


0

⌘vdc

�

<latexit sha1_base64="6zxMTC8w6HkrR0cEfwKamL1MRis="></latexit>

8
><

>:
<latexit sha1_base64="q4tCG3qowNRLdc4QOkLqRk1SzI4="></latexit>

ms = e�r


� sin ✓
cos ✓

�

�̇r = �Kf (kvfk2 � v⇤2f )

✓̇ = ⌘vdc
<latexit sha1_base64="z6VxZ9rdYPtKLWHGswkJQ+1rwdc="></latexit>

V

V

V

kvf1k
<latexit sha1_base64="ddwxSJLq7Tz3ZCrm7pGWdaQ8j/U="></latexit>

kvf2k
<latexit sha1_base64="AEpzpVeXPjsaP/AGtIWIFlaU160="></latexit>

kvf3k
<latexit sha1_base64="yEtjC7cFIC8ROnR9/zGpszSIGDY="></latexit>

v⇤f
<latexit sha1_base64="jVM5uGP+RKvbqBiwalup/+84IaA="></latexit>

v⇤f
<latexit sha1_base64="jVM5uGP+RKvbqBiwalup/+84IaA="></latexit>

v⇤f
<latexit sha1_base64="jVM5uGP+RKvbqBiwalup/+84IaA="></latexit>
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B
<latexit sha1_base64="hpcmi5EQcH0vovdDprfCUSAEvOg="></latexit>

�9�
 :�XVEGOMRK
<latexit sha1_base64="+W0/eJ4NBbT+WWZisoywdC7oIsg="></latexit>

�9�
 45�XVEGOMRK
<latexit sha1_base64="VOADe3/uqhdMwiLvBLq7HMz/ZOU="></latexit>

�9�
 45�XVEGOMRK�PSEH
<latexit sha1_base64="GvQvzDp2Rg4aQjyU4qR3NG7vlnk="></latexit>

Test case
8
><

>:
<latexit sha1_base64="q4tCG3qowNRLdc4QOkLqRk1SzI4="></latexit>

ms = e�r


� sin ✓
cos ✓

�


�̇r
✓̇

�
= �Ks


Qg �Q⇤

g

Pg � P ⇤
g

�
+


0

⌘vdc

�

<latexit sha1_base64="6zxMTC8w6HkrR0cEfwKamL1MRis="></latexit>

8
><

>:
<latexit sha1_base64="q4tCG3qowNRLdc4QOkLqRk1SzI4="></latexit>

ms = e�r


� sin ✓
cos ✓

�

�̇r = �Kf (kvfk2 � v⇤2f )

✓̇ = ⌘vdc
<latexit sha1_base64="z6VxZ9rdYPtKLWHGswkJQ+1rwdc="></latexit>

A

A

A

is1
<latexit sha1_base64="UyTXFyUowVTRngMO5FSbEHxR4uk="></latexit>

is2
<latexit sha1_base64="d8527kXCWEAC1/qoGV94Pk9QtNc="></latexit>

is3
<latexit sha1_base64="gCEBZ8gVbwcP+GwqK654FSJVzXM="></latexit>
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B
<latexit sha1_base64="hpcmi5EQcH0vovdDprfCUSAEvOg="></latexit>

�9�
 :�XVEGOMRK
<latexit sha1_base64="+W0/eJ4NBbT+WWZisoywdC7oIsg="></latexit>

�9�
 45�XVEGOMRK
<latexit sha1_base64="VOADe3/uqhdMwiLvBLq7HMz/ZOU="></latexit>

�9�
 45�XVEGOMRK�PSEH
<latexit sha1_base64="GvQvzDp2Rg4aQjyU4qR3NG7vlnk="></latexit>

eγr1
<latexit sha1_base64="R4w427f7xsvA9Qfyq18Fep5NmZE="></latexit>

θr1
<latexit sha1_base64="5i3GZZqHT3o4J7Ed28cTWbD02fA="></latexit>

θr2
<latexit sha1_base64="r0Ci+ktWMLFEIcHXNA3GNLY4k2c="></latexit>

eγr2
<latexit sha1_base64="xWQ9WKZmHL4hpNtQ7km85SvNd0c="></latexit>

eγr3
<latexit sha1_base64="Nym6am+ecta525j6MutqgukiWCU="></latexit>

θr3
<latexit sha1_base64="czFnzG58kNvmWI8hl0mCQu2u+mE="></latexit>

VEH
<latexit sha1_base64="GY0nIzUFhBjoWT7ri8sBMZ9OcIo="></latexit>

⇥
0,
p
3/8

⇤
<latexit sha1_base64="kupkXpGUtoidgLjcDAWt+mbIqJU="></latexit>

Test case
8
><

>:
<latexit sha1_base64="q4tCG3qowNRLdc4QOkLqRk1SzI4="></latexit>

ms = e�r


� sin ✓
cos ✓

�


�̇r
✓̇

�
= �Ks


Qg �Q⇤

g

Pg � P ⇤
g

�
+


0

⌘vdc

�

<latexit sha1_base64="6zxMTC8w6HkrR0cEfwKamL1MRis="></latexit>

8
><

>:
<latexit sha1_base64="q4tCG3qowNRLdc4QOkLqRk1SzI4="></latexit>

ms = e�r


� sin ✓
cos ✓

�

�̇r = �Kf (kvfk2 � v⇤2f )

✓̇ = ⌘vdc
<latexit sha1_base64="z6VxZ9rdYPtKLWHGswkJQ+1rwdc="></latexit>


