
Lecture 12�
- how to design a state feedback? -
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Bicycle

70 CHAPTER 3. EXAMPLES
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Figure 3.5: Schematic views of a bicycle. The steering angle is � , and the roll angle is � . The
center of mass has height h and distance a from a vertical through the contact point P1 of the

rear wheel. The wheel base is b, and the trail is c.

the rear view in Figure 3.5b. Tomodel the tilt, consider the rigid body obtainedwhen

the wheels, the rider and the front fork assembly are fixed to the bicycle frame. Let

m be the total mass of the system, J the moment of inertia of this body with respect

to the � -axis and D the product of inertia with respect to the � � axes. Furthermore,
let the � and � coordinates of the center of mass with respect to the rear wheel
contact point, P1, be a and h, respectively. We have J ≈ mh2 and D = mah. The

torques acting on the system are due to gravity and centripetal action. Assuming

that the steering angle � is small, the equation of motion becomes

J
d2 �
dt2

⌧
Dv0
b

d �
dt

= mgh sin � +
mv20h
b

� . (3.5)

The term mgh sin � is the torque generated by gravity. The terms containing � and
its derivative are the torques generated by steering, with the term (Dv0 /b) d � /dt
due to inertial forces and the term (mv20h /b) � due to centripetal forces.
The steering angle is influenced by the torque the rider applies to the handle

bar. Because of the tilt of the steering axis and the shape of the front fork, the

contact point of the front wheel with the road P2 is behind the axis of rotation of the

front wheel assembly, as shown in Figure 3.5c. The distance c between the contact

point of the front wheel P2 and the projection of the axis of rotation of the front

fork assembly P3 is called the trail. The steering properties of a bicycle depend

critically on the trail. A large trail increases stability but makes the steering less

agile.

A consequence of the design of the front fork is that the steering angle � is
influenced both by steering torque T and by the tilt of the frame � . This means
that a bicycle with a front fork is a feedback system as illustrated by the block

diagram in Figure 3.6. The steering angle � influences the tilt angle � , and the
tilt angle influences the steering angle, giving rise to the circular causality that is

characteristic of reasoning about feedback. For a front fork with a positive trail, the
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State feedback controller
• Consider an open-loop system of the form  

 

• Let . Then closed-loop system is given by 


𝖽𝗑
𝖽𝗍

= 𝖠𝗑 + 𝖡𝗎

𝗎 = − 𝖪𝗑

𝖽𝗑
𝖽𝗍

= 𝖠𝗑 + 𝖡(−𝖪𝗑) = (𝖠 − 𝖡𝖪)𝗑

5

Theorem 
Consider a linear system of the form


 

with input . The eigenvalues of  can be set to arbitrary values 
if and only if the pair  is reachable. 

𝖽𝗑
𝖽𝗍

= 𝖠𝗑 + 𝖡𝗎

𝗎 = − 𝖪𝗑 (𝖠 − 𝖡𝖪)
(𝖠, 𝖡)



Questions we want to answer:


• Given the current population of rabbits and foxes, what will it be next year


• If we hunt down lots of foxes in a given year what will the effect on the rabbit 
and fox population be?


• Can we stabilize the population? (new)
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Example #2: Predator Prey (2/2)

Discrete Lotka-Volterra model

! State

" Rk  # of rabbits in period k

" Fk  # of foxes in period k

! Inputs (optional)

" uk   amount of rabbit food

! Outputs:  # of rabbits and foxes

! Dynamics: Lotka-Volterra eqs

! Parameters/functions

" br(u) rabbit birth rate (per year)

  (depends on food supply)

" df  fox death rate (per year)

" a  interaction term

Matlab simulation (see handout)

! Discrete time model, “simulated” 
through repeated addition

Comparison with data
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Summary: System Modeling

Model = state, inputs, outputs, dynamics

Principle: Choice of model depends on the questions you want to answer

b

k3

m1 m2

q1

u(t)

q2

k2k1

function dydt = f(t,y, k1, k2, 

k3,   m1, m2, b, omega)

u = 0.00315*cos(omega*t);

dydt = [ 

  y(3);

  y(4);

  -(k1+k2)/m1*y(1) +

      k2/m1*y(2);

  k2/m2*y(1) - (k2+k3)/m2*y(2)

      - b/m2*y(4) + k3/m2*u ];
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Population model
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Example #2: Predator prey

Natural dynamics

Controlled dynamics: modulate food supply

Q1: can we move from some initial population 
of foxes and rabbits to a specified one in time 
T by modulation if the food supply?

Q2: can we stabilize the population around
the desired equilibrum point

Approach: try to answer this question locally, 
around the natural equilibrium point
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Try to answer question locally, that is, around the natural equilibrium point 
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Example #2: Problem setup

Equilibrium point calculation

! x
e
 = (50, 35)

Linearization

! Compute linearization around equil.
point, x

e
:

! Redefine local variables:  z=x-x
e
, v=u-u

e

% Compute the equil point

% predprey.m contains dynamics

f = inline('predprey(0,x)');

xeq = fsolve(f, [50,50]);

% Compute linearization

A = [

  br - a*xeq(2) - a*xeq(1); 

  a*xeq(2), -df + a*xeq(1)

];

B = [br*xeq(1); 0];
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Example #2: Stabilization via eigenvalue assignment

Control design:

Place poles at stable values

! Choose !=-1, -2

! K = place(A, B, [-1; -2]);

Modify dynamics to include control
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General time-invariant control law
• Consider the generalized form

10

u = ↵(x, r)

= �Kx + kr r
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<latexit sha1_base64="9TADnGTDdadV91alsnV7iTX5r9c=">AAACGnicbVDLSsNAFL2prxpfVZdugkVwVRJR1JUFNy4r2Ae0oUymk3bo5MHMjbSEfIRb9WPEnbh148+I07QL23pg4HDOPXNnjhcLrtC2v43Cyura+kZx09za3tndK+0fNFSUSMrqNBKRbHlEMcFDVkeOgrViyUjgCdb0hrcTv/nIpOJR+IDjmLkB6Yfc55SglpqdXoTpKOuWynbFzmEtE2dGyjdvkKPWLf3oJE0CFiIVRKm2Y8fopkQip4JlZidRLCZ0SPqsrWlIAqbcNH9uZp1opWf5kdQnRCtX/yZSEig1Djw9GRAcqEVvIv7rCeYj740W1qN/5aY8jBNkIZ1u9xNhYWRNCrF6XDKKYqwJoZLrD1h0QCShqGubu54GnuT9AWamqQtzFutZJo2zinNeubi3y9XraXNQhCM4hlNw4BKqcAc1qAOFITzBM7wYr8a78WF8TkcLxixzCHMwvn4BiRSjDQ==</latexit>

x

<latexit sha1_base64="y5gvB2UMq4fRyawzvnfIt/XOAN4=">AAACFnicbVDLSsNAFJ3UV42vqks3wVZwVZKiqLuCG5cV7QPaUCaTSTp0JgkzN9IS+glu1a9xJ27d+jPitM3Cth64cDjn3rlzj5dwpsC2v43C2vrG5lZx29zZ3ds/KB0etVScSkKbJOax7HhYUc4i2gQGnHYSSbHwOG17w9up336iUrE4eoRxQl2Bw4gFjGDQ0kNlVOmXynbVnsFaJU5OyihHo1/66fkxSQWNgHCsVNexE3AzLIERTidmL1U0wWSIQ9rVNMKCKjebfXVinWnFt4JY6orAmql/JzIslBoLT3cKDAO17E3Ffz1OA2D+aGk9BNduxqIkBRqR+fYg5RbE1jQMy2eSEuBjTTCRTB9gkQGWmICObOF5IjzJwgFMTFMH5izHs0patapzUb28r5XrN3l0RXSCTtE5ctAVqqM71EBNRFCIntELejXejHfjw/ictxaMfOYYLcD4+gV7VJ+V</latexit>

u

<latexit sha1_base64="c8jx9suuMKkUbCvkNBlniTB+XjE=">AAACFnicbVDLSsNAFJ34rPFVdelmsBVclaQo6q7gxmVF+4A2lMlkkg6dScLMjVhCP8Gt+jXuxK1bf0acPha29cCFwzn3zp17/FRwDY7zba2srq1vbBa27O2d3b394sFhUyeZoqxBE5Gotk80EzxmDeAgWDtVjEhfsJY/uBn7rUemNE/iBximzJMkinnIKQEj3Zezcq9YcirOBHiZuDNSQjPUe8WfbpDQTLIYqCBad1wnBS8nCjgVbGR3M81SQgckYh1DYyKZ9vLJV0f41CgBDhNlKgY8Uf9O5ERqPZS+6ZQE+nrRG4v/eoKFwIOnhfUQXnk5j9MMWEyn28NMYEjwOAwccMUoiKEhhCpuDsC0TxShYCKbe55KX/GoDyPbNoG5i/Esk2a14p5XLu6qpdr1LLoCOkYn6Ay56BLV0C2qowaiKELP6AW9Wm/Wu/VhfU5bV6zZzBGag/X1C3ZBn5I=</latexit>

For what value of kr does the output y track the reference r?

process

controller



General time-invariant control law
• Consider the generalized form

11

u = ↵(x, r)

= �Kx + kr r

<latexit sha1_base64="6au2+lZh6ryb07PP2QI1z43vmYw="></latexit>

• Applied to a linear system

ẋ = Ax + Bu

= Ax + B(�Kx + kr r)
= (A� BK)x + Bkr r

<latexit sha1_base64="uMJHuqPnfrZTDRKWia/wD4giklU="></latexit>

• At equilibrium

0 = (A� BK)xe + Bkr r =) xe = �(A� BK)�1Bkr r

<latexit sha1_base64="R0wPZhUg52vOfvCjNJd5x40DhNM="></latexit>

• The output (at equilibrium)

ye = Cxe = �C(A� BK)�1Bkr r

<latexit sha1_base64="GAce0DHxYaiD0iJJZdlfNck1BxE="></latexit>

Condition for ye = r?



ye = Cxe = �C(A� BK)�1Bkr r = r if kr = �
1

C(A� BK)�1B

<latexit sha1_base64="sqbOwRi8FyBpW7eAJ2aQnLMT59o="></latexit>

General time-invariant control law

12

How to define state estimator/observer?

B

<latexit sha1_base64="oa1ksLi85QMVdKdDF5rpl3wTASY=">AAACFHicbVDLSgNBEOyNrxhfUY9eFoPgKeyKop4MevGYgHlAEsLspDcZMvtgplcMIV/gVf0aD4J49e7PiJNNDiZa0FBUdU9PlxdLoclxvqzM0vLK6lp2PbexubW9k9/dq+koURyrPJKRanhMoxQhVkmQxEaskAWexLo3uJn49XtUWkThHQ1jbAesFwpfcEZGqlx38gWn6KSw/xJ3RgpXb5Ci3Ml/t7oRTwIMiUumddN1YmqPmCLBJY5zrURjzPiA9bBpaMgC1O1R+tGxfWSUru1HylRIdqr+nhixQOth4JnOgFFfL3oT8V9Pok+i+7CwnvyL9kiEcUIY8ul2P5E2RfYkCrsrFHKSQ0MYV8IcYPM+U4yTCWzueR54SvT6NM7lTGDuYjx/Se2k6J4WzypOoXQ5TQ6ycACHcAwunEMJbqEMVeCA8AhP8Gy9WK/Wu/Uxbc1Ys5l9mIP1+QPg6qAA</latexit>

X

<latexit sha1_base64="fDSvSS/0TmeL3yyDi3cvzqU/9N0=">AAACF3icbVDLSsNAFJ3UV42vapdugkUQhZKIou4KblxWMG2hDWUynTRDZ5IwcyOW0F9wq36CX6ErcevSnxEnbRe29cCFwzn3zp17/IQzBbb9bRSWlldW14rr5sbm1vZOaXevoeJUEuqSmMey5WNFOYuoCww4bSWSYuFz2vQH17nfvKdSsTi6g2FCPYH7EQsYwZBLHZWKbqliV+0xrEXiTEmldvJefj223Xq39NPpxSQVNALCsVJtx07Ay7AERjgdmZ1U0QSTAe7TtqYRFlR52fivI+tQKz0riKWuCKyx+nciw0KpofB1p8AQqnkvF//1OA2A9R7m1kNw6WUsSlKgEZlsD1JuQWzlaVg9JikBPtQEE8n0ARYJscQEdGYzzxPhS9YPYWSaOjBnPp5F0jitOmfV81ud3BWaoIj20QE6Qg66QDV0g+rIRQSF6BE9oWfjxXgzPozPSWvBmM6U0QyMr18lZKMk</latexit>

A

<latexit sha1_base64="Mv1tIt8axVy4/cePGYqUq+0ANcQ=">AAACFnicbVDLSsNAFJ3UV42vqks3g63gqiRFUXcVNy4r2ge0oUwmk3To5MHMjVhCP8Gt+jXuxK1bf0actlnY1gMXDufcO3fucRPBFVjWt1FYWV1b3yhumlvbO7t7pf2DlopTSVmTxiKWHZcoJnjEmsBBsE4iGQldwdru8Gbitx+ZVDyOHmCUMCckQcR9Tglo6b5yXemXylbVmgIvEzsnZZSj0S/99LyYpiGLgAqiVNe2EnAyIoFTwcZmL1UsIXRIAtbVNCIhU042/eoYn2jFw34sdUWAp+rfiYyESo1CV3eGBAZq0ZuI/3qC+cC9p4X14F86GY+SFFhEZ9v9VGCI8SQM7HHJKIiRJoRKrg/AdEAkoaAjm3uehq7kwQDGpqkDsxfjWSatWtU+q57f1cr1qzy6IjpCx+gU2egC1dEtaqAmoihAz+gFvRpvxrvxYXzOWgtGPnOI5mB8/QIeTZ9e</latexit>

C

<latexit sha1_base64="5b1982TQ42zn+/GgqqJzI1KqQzg=">AAACFnicbVDLSsNAFJ3UV42vqks3g63gqiRFUXeFblxWtA9oQ5lMJunQyYOZG7GEfoJb9WvciVu3/ow4bbOwrQcuHM65d+7c4yaCK7Csb6Owtr6xuVXcNnd29/YPSodHbRWnkrIWjUUsuy5RTPCItYCDYN1EMhK6gnXcUWPqdx6ZVDyOHmCcMCckQcR9Tglo6b7SqAxKZatqzYBXiZ2TMsrRHJR++l5M05BFQAVRqmdbCTgZkcCpYBOznyqWEDoiAetpGpGQKSebfXWCz7TiYT+WuiLAM/XvREZCpcahqztDAkO17E3Ffz3BfODe09J68K+djEdJCiyi8+1+KjDEeBoG9rhkFMRYE0Il1wdgOiSSUNCRLTxPQ1fyYAgT09SB2cvxrJJ2rWpfVC/vauX6TR5dEZ2gU3SObHSF6ugWNVELURSgZ/SCXo034934MD7nrQUjnzlGCzC+fgEhr59g</latexit>

Z

<latexit sha1_base64="EdGY0P7cZvii3RBO+KaWPAtz32I=">AAACF3icbVDLSsNAFJ3UV42vqks3wSK4KolYfKwKblxWsA9oQ5lMJs3QySTM3Igl9Bfcql/gZ7gTty79Av9CnbRd2NYDFw7n3Dt37vESzhTY9qdRWFpeWV0rrpsbm1vbO6XdvaaKU0log8Q8lm0PK8qZoA1gwGk7kRRHHqctb3CV+607KhWLxS0ME+pGuC9YwAiGXOoyAb1S2a7YY1iLxJmScq36Yn/9tC/rvdJ3149JGlEBhGOlOo6dgJthCYxwOjK7qaIJJgPcpx1NBY6ocrPxX0fWkVZ8K4ilLgHWWP07keFIqWHk6c4IQ6jmvVz81+M0AObfz62H4NzNmEhSoIJMtgcptyC28jQsn0lKgA81wUQyfYBFQiwxAZ3ZzPMk8iTrhzAyTR2YMx/PImmeVJzTSvVGJ3eBJiiiA3SIjpGDzlANXaM6aiCCQvSAHtGT8Wy8Gm/G+6S1YExn9tEMjI9f3WWkSA==</latexit>

X

<latexit sha1_base64="fDSvSS/0TmeL3yyDi3cvzqU/9N0=">AAACF3icbVDLSsNAFJ3UV42vapdugkUQhZKIou4KblxWMG2hDWUynTRDZ5IwcyOW0F9wq36CX6ErcevSnxEnbRe29cCFwzn3zp17/IQzBbb9bRSWlldW14rr5sbm1vZOaXevoeJUEuqSmMey5WNFOYuoCww4bSWSYuFz2vQH17nfvKdSsTi6g2FCPYH7EQsYwZBLHZWKbqliV+0xrEXiTEmldvJefj223Xq39NPpxSQVNALCsVJtx07Ay7AERjgdmZ1U0QSTAe7TtqYRFlR52fivI+tQKz0riKWuCKyx+nciw0KpofB1p8AQqnkvF//1OA2A9R7m1kNw6WUsSlKgEZlsD1JuQWzlaVg9JikBPtQEE8n0ARYJscQEdGYzzxPhS9YPYWSaOjBnPp5F0jitOmfV81ud3BWaoIj20QE6Qg66QDV0g+rIRQSF6BE9oWfjxXgzPozPSWvBmM6U0QyMr18lZKMk</latexit>

kr

<latexit sha1_base64="sGKDVEEy/HOo7FGeRscwSqik9vA=">AAACFnicbVDLSsNAFJ3UV41a62MnQrAIrkoiiroruHFZ0T6ghjKZTNKhk0mYuRFL6Ce4Vb/GnYg7t+71N9TpY2FbD1w4nHPv3LnHSzhTYNsfRm5ufmFxKb9srqyuFdaLG5t1FaeS0BqJeSybHlaUM0FrwIDTZiIpjjxOG173fOA3bqlULBbX0EuoG+FQsIARDFq66rZlu1iyy/YQ1ixxxqRUKfx8ve1uf1bbxe8bPyZpRAUQjpVqOXYCboYlMMJp37xJFU0w6eKQtjQVOKLKzYZf7Vv7WvGtIJa6BFhD9e9EhiOlepGnOyMMHTXtDcR/PU4DYP7d1HoITt2MiSQFKshoe5ByC2JrEIblM0kJ8J4mmEimD7BIB0tMQEc28TyJPMnCDvRNUwfmTMczS+qHZeeofHypkztDI+TRDtpDB8hBJ6iCLlAV1RBBIbpHD+jReDKejRfjddSaM8YzW2gCxvsvdi6kHw==</latexit>

r

<latexit sha1_base64="vQdojQfIolsttTHkijX6+HFcMA4=">AAACFHicbVDLSgNBEOyNrxhfUY9eFoPgKeyKop4MePGYgHlAEsLspDcZMvtgplcMIV/gVf0aD4J49e7PiJNNDiaxoKGo6p6eLi+WQpPjfFuZldW19Y3sZm5re2d3L79/UNNRojhWeSQj1fCYRilCrJIgiY1YIQs8iXVvcDvx6w+otIjCexrG2A5YLxS+4IyMVFGdfMEpOinsZeLOSOHmHVKUO/mfVjfiSYAhccm0brpOTO0RUyS4xHGulWiMGR+wHjYNDVmAuj1KPzq2T4zStf1ImQrJTtW/EyMWaD0MPNMZMOrrRW8i/utJ9El0HxfWk3/VHokwTghDPt3uJ9KmyJ5EYXeFQk5yaAjjSpgDbN5ninEygc09zwNPiV6fxrmcCcxdjGeZ1M6K7nnxouIUStfT5CALR3AMp+DCJZTgDspQBQ4IT/AML9ar9WZ9WJ/T1ow1mzmEOVhfvzH5oDA=</latexit>

y

<latexit sha1_base64="EQB+9HFQqNcQpeFGyxgQaYn/uBw=">AAACFHicbVDJSgNBEO2JWxy3aI5eBoPgKcwERb0FvHhMwCyQhNDTqUma9Cx014jDkC/wqn6DH+FNvXjw7mf4A2JnOZjEBwWP96q6up4bCa7Qtr+MzMrq2vpGdtPc2t7Z3cvtH9RVGEsGNRaKUDZdqkDwAGrIUUAzkkB9V0DDHV6N/cYtSMXD4AaTCDo+7Qfc44yilqpJN1ewi/YE1jJxZqRQzn+/lT4az5Vu7qfdC1nsQ4BMUKVajh1hJ6USORMwMtuxgoiyIe1DS9OA+qA66eSjI+tYKz3LC6WuAK2J+ncipb5Sie/qTp/iQC16Y/FfT4CHvHe3sB69i07KgyhGCNh0uxcLC0NrHIXV4xIYikQTyiTXB1hsQCVlqAObe575ruT9AY5MUwfmLMazTOqlonNaPKvq5C7JFFlySI7ICXHIOSmTa1IhNcIIkHvyQB6NJ+PFeDXep60ZYzaTJ3MwPn8BzUijOw==</latexit>

�K

<latexit sha1_base64="tSR6hZ+fHzaTN/WX7XhtHNbYs/4=">AAACFXicbVDLSgMxFM3UVx1fVZdugkVxY5kRRd0V3AhuqtgHtEPJZDJtaCYzJHfEUvoHbtWdH+A/uBO3rv0G/0FMHwvbeuDC4Zx7c3OPnwiuwXG+rMzc/MLiUnbZXlldW9/IbW5VdJwqyso0FrGq+UQzwSUrAwfBaoliJPIFq/qdi4FfvWNK81jeQjdhXkRakoecEjDSzeFVM5d3Cs4QeJa4Y5IvWq8v8jvZLzVzP40gpmnEJFBBtK67TgJejyjgVLC+3Ug1SwjtkBarGypJxLTXG/60j/eMEuAwVqYk4KH6d6JHIq27kW86IwJtPe0NxH89wULgwf3UegjPvB6XSQpM0tH2MBUYYjzIAgdcMQqiawihipsDMG0TRSiYxCaep5GveKsNfds2gbnT8cySylHBPS6cXJvkztEIWbSDdtEBctEpKqJLVEJlRFGIHtAjerKerTfr3foYtWas8cw2moD1+QsecqK5</latexit>

state estimator/observer 
x̂

<latexit sha1_base64="o3ZKgPF6RJQOCdYfRNYuTWzyZII=">AAACGnicbVDJSgNBEK2JW4xb1KOXxiB4CjOiqCcDXjxGMAskQ+jp6Uma9Cx010jCkI/wqn6MeBOvXvwZsbMcTOKDgsd7VV1dz0uk0Gjb31ZuZXVtfSO/Wdja3tndK+4f1HWcKsZrLJaxanpUcykiXkOBkjcTxWnoSd7w+rdjv/HIlRZx9IDDhLsh7UYiEIyikRrtHsVsMOoUS3bZnoAsE2dGSjdvMEG1U/xp+zFLQx4hk1TrlmMn6GZUoWCSjwrtVPOEsj7t8pahEQ25drPJd0fkxCg+CWJlKkIyUf9OZDTUehh6pjOk2NOL3lj815M8QOEPFtZjcOVmIkpS5BGbbg9SSTAm40CILxRnKIeGUKaEOYCwHlWUoYlt7nkWekp0ezgqFExgzmI8y6R+VnbOyxf3dqlyPU0O8nAEx3AKDlxCBe6gCjVg0IcneIYX69V6tz6sz2lrzprNHMIcrK9feBCjAw==</latexit>

ẋ

<latexit sha1_base64="9TADnGTDdadV91alsnV7iTX5r9c=">AAACGnicbVDLSsNAFL2prxpfVZdugkVwVRJR1JUFNy4r2Ae0oUymk3bo5MHMjbSEfIRb9WPEnbh148+I07QL23pg4HDOPXNnjhcLrtC2v43Cyura+kZx09za3tndK+0fNFSUSMrqNBKRbHlEMcFDVkeOgrViyUjgCdb0hrcTv/nIpOJR+IDjmLkB6Yfc55SglpqdXoTpKOuWynbFzmEtE2dGyjdvkKPWLf3oJE0CFiIVRKm2Y8fopkQip4JlZidRLCZ0SPqsrWlIAqbcNH9uZp1opWf5kdQnRCtX/yZSEig1Djw9GRAcqEVvIv7rCeYj740W1qN/5aY8jBNkIZ1u9xNhYWRNCrF6XDKKYqwJoZLrD1h0QCShqGubu54GnuT9AWamqQtzFutZJo2zinNeubi3y9XraXNQhCM4hlNw4BKqcAc1qAOFITzBM7wYr8a78WF8TkcLxixzCHMwvn4BiRSjDQ==</latexit>

x

<latexit sha1_base64="y5gvB2UMq4fRyawzvnfIt/XOAN4=">AAACFnicbVDLSsNAFJ3UV42vqks3wVZwVZKiqLuCG5cV7QPaUCaTSTp0JgkzN9IS+glu1a9xJ27d+jPitM3Cth64cDjn3rlzj5dwpsC2v43C2vrG5lZx29zZ3ds/KB0etVScSkKbJOax7HhYUc4i2gQGnHYSSbHwOG17w9up336iUrE4eoRxQl2Bw4gFjGDQ0kNlVOmXynbVnsFaJU5OyihHo1/66fkxSQWNgHCsVNexE3AzLIERTidmL1U0wWSIQ9rVNMKCKjebfXVinWnFt4JY6orAmql/JzIslBoLT3cKDAO17E3Ffz1OA2D+aGk9BNduxqIkBRqR+fYg5RbE1jQMy2eSEuBjTTCRTB9gkQGWmICObOF5IjzJwgFMTFMH5izHs0patapzUb28r5XrN3l0RXSCTtE5ctAVqqM71EBNRFCIntELejXejHfjw/ictxaMfOYYLcD4+gV7VJ+V</latexit>

u

<latexit sha1_base64="c8jx9suuMKkUbCvkNBlniTB+XjE=">AAACFnicbVDLSsNAFJ34rPFVdelmsBVclaQo6q7gxmVF+4A2lMlkkg6dScLMjVhCP8Gt+jXuxK1bf0acPha29cCFwzn3zp17/FRwDY7zba2srq1vbBa27O2d3b394sFhUyeZoqxBE5Gotk80EzxmDeAgWDtVjEhfsJY/uBn7rUemNE/iBximzJMkinnIKQEj3Zezcq9YcirOBHiZuDNSQjPUe8WfbpDQTLIYqCBad1wnBS8nCjgVbGR3M81SQgckYh1DYyKZ9vLJV0f41CgBDhNlKgY8Uf9O5ERqPZS+6ZQE+nrRG4v/eoKFwIOnhfUQXnk5j9MMWEyn28NMYEjwOAwccMUoiKEhhCpuDsC0TxShYCKbe55KX/GoDyPbNoG5i/Esk2a14p5XLu6qpdr1LLoCOkYn6Ay56BLV0C2qowaiKELP6AW9Wm/Wu/VhfU5bV6zZzBGag/X1C3ZBn5I=</latexit>


