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Abstract8

This paper presents the implementation and validation of a strongly coupled
numerical model of a fully passive flapping foil turbine operating at a high
Reynolds number. Thanks to a strong fluid-solid coupling strategy, the well
known added-mass instability is mitigated while simulating a lightweight flapping
foil. The numerical results are first validated in the case of a fixed foil undergoing
static stall. The model is then validated with respect to numerical results available
in the literature for a heavy flapping foil turbine. Finally, the numerical results
of the strongly coupled model are compared to experimental data of a lightweight
turbine prototype tested in a confined channel. The numerical results have
shown to be in good agreement with the experimental measurements. Indeed,
the kinematics and harvesting performances of the turbine prototype have been
accurately reproduced by the numerical simulations. Besides, the leading edge
vortex shedding observed in the experiments has also been precisely reproduced
by the numerical results. The strongly coupled model implemented and validated
in the present paper constitutes a useful tool for expanding the parameter space
in the search for an optimised design of the fully passive flapping foil turbine.

Keywords: fully passive flapping foil, hydrokinetic turbine, fluid-structure9

interaction, numerical coupling, added-mass instability.10

1. Introduction11

Micro and pico hydropower technologies have shown to be a promising solution12

in the present energy transition scenario, whose primary goal is to move towards13

a more sustainable and eco-friendly development. Among those technologies,14

oscillating foils are innovative devices capable of efficiently harvesting diffuse15

hydrokinetic energy to produce electricity on a small and local scale. Besides16

contributing to the development of the hydropower potential of low current sites17
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(with average flow velocities of about 1 m s−1), such turbines have a limited18

environmental impact and thus ensure a better ecological continuity (Xiao and19

Zhu, 2014).20

McKinney and DeLaurier (1981) first introduced the idea of using a two21

degree of freedom (DOF) oscillating foil as an energy harvesting device. They22

showed that a foil performing a translational motion – heaving – and a rotational23

motion – pitching – in the cross-section of a flow is capable of harvesting its24

kinetic energy. Originally, the first concept studied is that of an active flapping25

foil, in which the two DOF are kinematically constrained. Since then, many26

numerical and experimental studies have been carried out and successfully proved27

the feasibility of the concept (Xiao and Zhu, 2014; Young et al., 2014; Wu et al.,28

2020).29

Despite the high hydraulic efficiencies of about 40 % achieved by the active30

flapping foil (Kinsey et al., 2011), this first concept has the disadvantage of31

requiring very complex and costly constraining mechanisms. An alternative32

solution introduced by Shimizu et al. (2008) and Zhu et al. (2009) consisted33

of constraining only the pitching motion and leaving the heaving motion free.34

The so called semi-passive flapping foil would have the advantage of being less35

complex from a technological point of view, while proving to be as efficient as36

the fully activated devices. However, reports from the first full scale prototype37

of a semi-passive flapping foil turbine (Stingray, 2002) highlighted prohibitively38

high maintenance costs related to the pitching activation system.39

Finally, Peng and Zhu (2009) suggested the much simpler concept of a fully40

passive flapping foil turbine. Through a numerical study, they showed that41

an elastically mounted 2-DOF foil could perform self-sustained oscillations in42

a suitable way for energy harvesting purposes. In this configuration, the foil43

undergoes deep dynamic stall and shed a leading edge vortex (LEV) twice during44

one period of oscillation, preventing the system from a chaotic behaviour and45

giving raise to limit cycle oscillations instead.46

Later, Zhu (2012) and Wang et al. (2017) refined the numerical findings47

of Peng and Zhu (2009) under more realistic conditions. Very recently, those48

results where experimentally validated by Duarte et al. (2019). They provided49

conditions on the structural parameters of the system in order for its dynamic50

behaviour to be suitable for energy harvesting.51

An extensive numerical optimisation of the structural parameters of a fully52

passive flapping foil turbine has been performed by Veilleux and Dumas (2017).53

Varying the mass-spring-damper properties for both DOF of a NACA15 foil54

with a fixed pitching axis located at one third of the chord length from the55

leading edge, they found an optimised configuration with a hydraulic efficiency of56

33.6 %. However, their numerical model was implemented with a weak fluid-solid57

coupling strategy. The parameter space for the numerical optimisation conducted58

by Veilleux and Dumas (2017) was then constrained by a lower limitation of59

the foil mass, otherwise their simulations would diverge due to the well known60

added-mass instability (Causin et al., 2005; Förster et al., 2006).61
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Those promising numerical results were later verified by Boudreau (2019), who62

performed the very first experimental study on the subject. He also conducted63

a numerical study on a new oscillatory behaviour of a fully passive flapping64

foil. His findings suggested that a high inertia system could operate without65

undergoing deep dynamic stall – and thus without shedding LEV – leading to66

substantially higher efficiencies. The feasibility of such a heavy flapping foil67

turbine has yet to be verified experimentally.68

In summary, great advances have been achieved both numerically and ex-69

perimentally on the development of the fully passive flapping foil turbine. Yet70

relatively little is known about the performances of the system equipped with a71

lightweight foil. Aside from the very recent experimental study carried out by72

Duarte (2019), no numerical model has yet been implemented to that end.73

In such context, this paper presents the implementation and the validation of74

a numerical model capable of simulating a lightweight fully passive flapping foil.75

Thanks to a strong fluid-solid coupling strategy, the model will constitute a useful76

tool for expanding the parameter space in the search for an optimised design77

of the turbine. In what follows, Section 2 starts by introducing the physical78

parameters and equations that govern the dynamics of a fully passive flapping79

foil turbine; the implementation of the numerical model in order to solve the80

governing equations is then presented. Finally, the results of the different steps81

of validation of the numerical model are discussed in Section 3.82

2. Methodology83

2.1. Problem statement84

Let ~x be the direction of a uniform flow of free stream velocity U∞. A fully85

passive flapping foil turbine interacting with that flow can be modelled by a86

rigid blade performing a 2-DOF oscillatory motion: the heaving motion in the87

~y direction, and the pitching motion about the axis (P, ~z). A 2D model of the88

system on the plane (P, ~x, ~y) is proposed in Figure 1.89

A symmetric foil of chord length c is elastically mounted with springs and90

dampers for each DOF. The viscous damping coefficient and the stiffness related91

to the heaving motion are referred to as cy and ky, respectively. Analogously,92

cθ and kθ stand for the viscous damping coefficient and stiffness related to the93

pitching motion. The point P lies on the chord line of the foil at a distance lθ94

from the leading edge. The distance from P to the center of mass G – which is95

also on the chord line – is referred to as λg, defined so that λg > 0 when G is96

located downstream from P .97

Under the actions of the hydrodynamic forces, springs and dampers, the98

foil performs a 2-DOF motion described by its heaving linear position h(t) and99

its pitching angular position θ(t). The equations of motion of the foil can be100

straightforwardly derived from Newton’s second law. They can be written :101 {
my ÿ + cy ẏ + kyy + Λ(θ̇2 sin θ − θ̈ cos θ) = Fy

Iθ θ̈ + cθ θ̇ + kθθ − Λ (ÿ cos θ) = Mθ

(1)
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P
<latexit sha1_base64="rjMY34uqbN1m35FgyQa5Wf4Zww8=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiTd2GXBjcsW7APaIJPpTTt2MgkzEyGEfoEbF4q49ZPc+TdO2yy09cDA4ZxzmXtPkAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW03GqGHZZLGI1CKhGwSV2DTcCB4lCGgUC+8HsduH3n1BpHst7kyXoR3QiecgZNVbqtB+qNbfuLkE2iVeQGhSw+a/ROGZphNIwQbUeem5i/Jwqw5nAeWWUakwom9EJDi2VNELt58tF5+TKKmMSxso+achS/T2R00jrLApsMqJmqte9hfifN0xN2PRzLpPUoGSrj8JUEBOTxdVkzBUyIzJLKFPc7krYlCrKjO2mYkvw1k/eJL1G3XPrXqdRazWLOspwAZdwDR7cQAvuoA1dYIDwDK/w5jw6L86787GKlpxi5hz+wPn8AaX3jMg=</latexit><latexit sha1_base64="rjMY34uqbN1m35FgyQa5Wf4Zww8=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiTd2GXBjcsW7APaIJPpTTt2MgkzEyGEfoEbF4q49ZPc+TdO2yy09cDA4ZxzmXtPkAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW03GqGHZZLGI1CKhGwSV2DTcCB4lCGgUC+8HsduH3n1BpHst7kyXoR3QiecgZNVbqtB+qNbfuLkE2iVeQGhSw+a/ROGZphNIwQbUeem5i/Jwqw5nAeWWUakwom9EJDi2VNELt58tF5+TKKmMSxso+achS/T2R00jrLApsMqJmqte9hfifN0xN2PRzLpPUoGSrj8JUEBOTxdVkzBUyIzJLKFPc7krYlCrKjO2mYkvw1k/eJL1G3XPrXqdRazWLOspwAZdwDR7cQAvuoA1dYIDwDK/w5jw6L86787GKlpxi5hz+wPn8AaX3jMg=</latexit><latexit sha1_base64="rjMY34uqbN1m35FgyQa5Wf4Zww8=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiTd2GXBjcsW7APaIJPpTTt2MgkzEyGEfoEbF4q49ZPc+TdO2yy09cDA4ZxzmXtPkAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW03GqGHZZLGI1CKhGwSV2DTcCB4lCGgUC+8HsduH3n1BpHst7kyXoR3QiecgZNVbqtB+qNbfuLkE2iVeQGhSw+a/ROGZphNIwQbUeem5i/Jwqw5nAeWWUakwom9EJDi2VNELt58tF5+TKKmMSxso+achS/T2R00jrLApsMqJmqte9hfifN0xN2PRzLpPUoGSrj8JUEBOTxdVkzBUyIzJLKFPc7krYlCrKjO2mYkvw1k/eJL1G3XPrXqdRazWLOspwAZdwDR7cQAvuoA1dYIDwDK/w5jw6L86787GKlpxi5hz+wPn8AaX3jMg=</latexit><latexit sha1_base64="rjMY34uqbN1m35FgyQa5Wf4Zww8=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiTd2GXBjcsW7APaIJPpTTt2MgkzEyGEfoEbF4q49ZPc+TdO2yy09cDA4ZxzmXtPkAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW03GqGHZZLGI1CKhGwSV2DTcCB4lCGgUC+8HsduH3n1BpHst7kyXoR3QiecgZNVbqtB+qNbfuLkE2iVeQGhSw+a/ROGZphNIwQbUeem5i/Jwqw5nAeWWUakwom9EJDi2VNELt58tF5+TKKmMSxso+achS/T2R00jrLApsMqJmqte9hfifN0xN2PRzLpPUoGSrj8JUEBOTxdVkzBUyIzJLKFPc7krYlCrKjO2mYkvw1k/eJL1G3XPrXqdRazWLOspwAZdwDR7cQAvuoA1dYIDwDK/w5jw6L86787GKlpxi5hz+wPn8AaX3jMg=</latexit>

y(t)
<latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit><latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit><latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit><latexit sha1_base64="FwO2HG2q4Lo/zPvDB3KS9SeLKv0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEsMeCF48V7Ae0oWy223bpbhJ2J0II/QtePCji1T/kzX/jps1BWx8MPN6bYWZeEEth0HW/nY3Nre2d3dJeef/g8Oi4cnLaMVGiGW+zSEa6F1DDpQh5GwVK3os1pyqQvBvM7nK/+8S1EVH4iGnMfUUnoRgLRjGX0hpeDStVt+4uQNaJV5AqFGgNK1+DUcQSxUNkkhrT99wY/YxqFEzyeXmQGB5TNqMT3rc0pIobP1vcOieXVhmRcaRthUgW6u+JjCpjUhXYTkVxala9XPzP6yc4bviZCOMEeciWi8aJJBiR/HEyEpozlKkllGlhbyVsSjVlaOMp2xC81ZfXSee67rl17+Gm2mwUcZTgHC6gBh7cQhPuoQVtYDCFZ3iFN0c5L86787Fs3XCKmTP4A+fzB4BOjdY=</latexit>

✓(t)
<latexit sha1_base64="vk9YmOkkEH4+1wrAHuGhiPdjmdM=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigj0WvHisYD+kDWWznbRLN5uwOxFK6K/w4kERr/4cb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkdu53nkAbEasHnCbgR2ykRCg4Qys99nEMyKp4OShX3Jq7AF0nXk4qJEdzUP7qD2OeRqCQS2ZMz3MT9DOmUXAJs1I/NZAwPmEj6FmqWATGzxYHz+iFVYY0jLUthXSh/p7IWGTMNApsZ8RwbFa9ufif10sxrPuZUEmKoPhyUZhKijGdf0+HQgNHObWEcS3srZSPmWYcbUYlG4K3+vI6aV/VPLfm3V9XGvU8jiI5I+ekSjxyQxrkjjRJi3ASkWfySt4c7bw4787HsrXg5DOn5A+czx9CkZAB</latexit><latexit sha1_base64="vk9YmOkkEH4+1wrAHuGhiPdjmdM=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigj0WvHisYD+kDWWznbRLN5uwOxFK6K/w4kERr/4cb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkdu53nkAbEasHnCbgR2ykRCg4Qys99nEMyKp4OShX3Jq7AF0nXk4qJEdzUP7qD2OeRqCQS2ZMz3MT9DOmUXAJs1I/NZAwPmEj6FmqWATGzxYHz+iFVYY0jLUthXSh/p7IWGTMNApsZ8RwbFa9ufif10sxrPuZUEmKoPhyUZhKijGdf0+HQgNHObWEcS3srZSPmWYcbUYlG4K3+vI6aV/VPLfm3V9XGvU8jiI5I+ekSjxyQxrkjjRJi3ASkWfySt4c7bw4787HsrXg5DOn5A+czx9CkZAB</latexit><latexit sha1_base64="vk9YmOkkEH4+1wrAHuGhiPdjmdM=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigj0WvHisYD+kDWWznbRLN5uwOxFK6K/w4kERr/4cb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkdu53nkAbEasHnCbgR2ykRCg4Qys99nEMyKp4OShX3Jq7AF0nXk4qJEdzUP7qD2OeRqCQS2ZMz3MT9DOmUXAJs1I/NZAwPmEj6FmqWATGzxYHz+iFVYY0jLUthXSh/p7IWGTMNApsZ8RwbFa9ufif10sxrPuZUEmKoPhyUZhKijGdf0+HQgNHObWEcS3srZSPmWYcbUYlG4K3+vI6aV/VPLfm3V9XGvU8jiI5I+ekSjxyQxrkjjRJi3ASkWfySt4c7bw4787HsrXg5DOn5A+czx9CkZAB</latexit><latexit sha1_base64="vk9YmOkkEH4+1wrAHuGhiPdjmdM=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigj0WvHisYD+kDWWznbRLN5uwOxFK6K/w4kERr/4cb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkdu53nkAbEasHnCbgR2ykRCg4Qys99nEMyKp4OShX3Jq7AF0nXk4qJEdzUP7qD2OeRqCQS2ZMz3MT9DOmUXAJs1I/NZAwPmEj6FmqWATGzxYHz+iFVYY0jLUthXSh/p7IWGTMNApsZ8RwbFa9ufif10sxrPuZUEmKoPhyUZhKijGdf0+HQgNHObWEcS3srZSPmWYcbUYlG4K3+vI6aV/VPLfm3V9XGvU8jiI5I+ekSjxyQxrkjjRJi3ASkWfySt4c7bw4787HsrXg5DOn5A+czx9CkZAB</latexit>

k✓, c✓
<latexit sha1_base64="AsUdY95Vt+Ye7J6T6eUtTGXK8RU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSiGCXBTcuK9gLtCFMpift0MmFmROxhL6KGxeKuPVF3Pk2TtsstPWHgY//nMM58wepFBod59sqbWxube+Udyt7+weHR/ZxtaOTTHFo80QmqhcwDVLE0EaBEnqpAhYFErrB5HZe7z6C0iKJH3CaghexUSxCwRkay7erE3+AY0B2SXlBvl1z6s5CdB3cAmqkUMu3vwbDhGcRxMgl07rvOil6OVMouIRZZZBpSBmfsBH0DcYsAu3li9tn9Nw4QxomyrwY6cL9PZGzSOtpFJjOiOFYr9bm5n+1foZhw8tFnGYIMV8uCjNJMaHzIOhQKOAopwYYV8LcSvmYKcbRxFUxIbirX16HzlXdderu/XWt2SjiKJNTckYuiEtuSJPckRZpE06eyDN5JW/WzHqx3q2PZWvJKmZOyB9Znz+IbpQR</latexit><latexit sha1_base64="AsUdY95Vt+Ye7J6T6eUtTGXK8RU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSiGCXBTcuK9gLtCFMpift0MmFmROxhL6KGxeKuPVF3Pk2TtsstPWHgY//nMM58wepFBod59sqbWxube+Udyt7+weHR/ZxtaOTTHFo80QmqhcwDVLE0EaBEnqpAhYFErrB5HZe7z6C0iKJH3CaghexUSxCwRkay7erE3+AY0B2SXlBvl1z6s5CdB3cAmqkUMu3vwbDhGcRxMgl07rvOil6OVMouIRZZZBpSBmfsBH0DcYsAu3li9tn9Nw4QxomyrwY6cL9PZGzSOtpFJjOiOFYr9bm5n+1foZhw8tFnGYIMV8uCjNJMaHzIOhQKOAopwYYV8LcSvmYKcbRxFUxIbirX16HzlXdderu/XWt2SjiKJNTckYuiEtuSJPckRZpE06eyDN5JW/WzHqx3q2PZWvJKmZOyB9Znz+IbpQR</latexit><latexit sha1_base64="AsUdY95Vt+Ye7J6T6eUtTGXK8RU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSiGCXBTcuK9gLtCFMpift0MmFmROxhL6KGxeKuPVF3Pk2TtsstPWHgY//nMM58wepFBod59sqbWxube+Udyt7+weHR/ZxtaOTTHFo80QmqhcwDVLE0EaBEnqpAhYFErrB5HZe7z6C0iKJH3CaghexUSxCwRkay7erE3+AY0B2SXlBvl1z6s5CdB3cAmqkUMu3vwbDhGcRxMgl07rvOil6OVMouIRZZZBpSBmfsBH0DcYsAu3li9tn9Nw4QxomyrwY6cL9PZGzSOtpFJjOiOFYr9bm5n+1foZhw8tFnGYIMV8uCjNJMaHzIOhQKOAopwYYV8LcSvmYKcbRxFUxIbirX16HzlXdderu/XWt2SjiKJNTckYuiEtuSJPckRZpE06eyDN5JW/WzHqx3q2PZWvJKmZOyB9Znz+IbpQR</latexit><latexit sha1_base64="AsUdY95Vt+Ye7J6T6eUtTGXK8RU=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSiGCXBTcuK9gLtCFMpift0MmFmROxhL6KGxeKuPVF3Pk2TtsstPWHgY//nMM58wepFBod59sqbWxube+Udyt7+weHR/ZxtaOTTHFo80QmqhcwDVLE0EaBEnqpAhYFErrB5HZe7z6C0iKJH3CaghexUSxCwRkay7erE3+AY0B2SXlBvl1z6s5CdB3cAmqkUMu3vwbDhGcRxMgl07rvOil6OVMouIRZZZBpSBmfsBH0DcYsAu3li9tn9Nw4QxomyrwY6cL9PZGzSOtpFJjOiOFYr9bm5n+1foZhw8tFnGYIMV8uCjNJMaHzIOhQKOAopwYYV8LcSvmYKcbRxFUxIbirX16HzlXdderu/XWt2SjiKJNTckYuiEtuSJPckRZpE06eyDN5JW/WzHqx3q2PZWvJKmZOyB9Znz+IbpQR</latexit>

c
<latexit sha1_base64="k1fihHIuUn37/kFvH8tJvt0GFYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/DY4zd</latexit><latexit sha1_base64="k1fihHIuUn37/kFvH8tJvt0GFYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/DY4zd</latexit><latexit sha1_base64="k1fihHIuUn37/kFvH8tJvt0GFYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/DY4zd</latexit><latexit sha1_base64="k1fihHIuUn37/kFvH8tJvt0GFYc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/DY4zd</latexit>
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Figure 1: Scheme of the 2D model of a fully passive flapping foi turbine.

with my the heaving mass and Iθ the moment of inertia of the foil with respect to102

the axis (P, ~z). The static imbalance Λ is defined by the product between λg and103

the mass of the pitching components mθ. Finally, Fy refers to the y component104

of the hydrodynamic forces over the foil, while Mθ refers to the hydrodynamic105

pitching moment about the axis (P, ~z). All the physical parameters and variables106

considered in the model – and their respective non-dimensional form – are107

summarised in Table 1.108

The mechanical power provided by the fully passive flapping foil turbine in109

order to produce electricity is modelled through the viscous damping coefficients110

cy and cθ. Therefore, the hydraulic efficiency of the turbine – expressing the111

ratio between the total power harvested and the hydraulic power available in112

the cross section of the flow swept by the foil – can be defined as follows:113

η =
1

∆t

∫ t0+∆t

t0

cy ẏ
2 + cθ θ̇

2

1
2ρU

3∞S
dt (2)

with S defined as the product between the span b and the maximum cross-flow114

distance swept by the foil during its motion.115

Furthermore, the total power harvested by the turbine can be normalised in116

terms of the projected surface of the foil instead. This normalisation conducts117

to the definition of the average power coefficient:118

CP =
1

∆t

∫ t0+∆t

t0

cy ẏ
2 + cθ θ̇

2

1
2ρU

3∞bc
dt (3)

The equations of motion of the fully passive flapping foil turbine (Eqs. 1) are119

non-linearly coupled. The coupling between the heaving and pitching dynamics120

is provided explicitly by the static imbalance Λ. Besides, the hydrodynamic121
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Table 1: Physical parameters and variables considered in the modelling of a fully passive
flapping foil turbine and their respective non-dimensional form (taking * as superscript).

F
lo

w

ρ [kg m−3] Fluid density −
ν [m2 s−1] Fluid kinematic viscosity −
U∞ [m s−1] Free stream velocity −
Fy [N] Heaving force F ∗y = Fy/0.5ρU

2
∞bc

Mθ [N m] Pitching moment M∗θ = Mθ/0.5ρU
2
∞bc

2

S
tr

u
ct

u
re

c [m] Foil chord length −
b [m] Foil span b∗ = b/c
lθ [m] Pitching axis location l∗θ = lθ/c
λg [m] Inertial eccentricity λ∗g = λg/c
my [kg] Heaving mass m∗y = my/ρbc

2

cy [N s m−1] Heaving viscous damping c∗y = cy/ρU∞bc
ky [N m−1] Heaving stiffness k∗y = ky/ρU

2
∞b

Iθ [kg m2] Moment of inertia I∗θ = Iθ/ρbc
4

cθ [N m s rad−1] Pitching viscous damping c∗θ = cθ/ρU∞bc3

kθ [N m rad−1] Pitching stiffness k∗θ = kθ/ρU
2
∞bc

2

mθ [kg] Pitching mass m∗θ = mθ/ρbc
2

Λ [kg m] Static imbalance Λ∗ = Λ/ρbc3

S
ta

te

y [m] Heaving position y∗ = y/c
ẏ [m s−1] Heaving velocity ẏ∗ = ẏ/U∞
ÿ [m s−2] Heaving acceleration ÿ∗ = ÿc/U2

∞
θ [rad] Pitching position −
θ̇ [rad s−1] Pitching velocity θ̇∗ = θ̇c/U∞
θ̈ [rad s−2] Pitching acceleration θ̈∗ = θ̈c2/U2

∞

force Fy and moment Mθ are non-linearly related to both heaving and pitching122

kinematics. An analytical solution of Eqs. 1 would require solving for the123

pressure and momentum fields of the flow around the foil, and thus solving the124

Navier-Stokes equations.125

Alternatively, some particular solutions can be obtained under the assumption126

of very low amplitudes of oscillation of the foil. In that case, the hydrodynamic127

forces can be linearised following the general theory of aerodynamic instability128

(Theodorsen, 1935). Based on this approach, Peng and Zhu (2009) and Duarte129

et al. (2019) analytically identified necessary conditions on the structural pa-130

rameters of the system in order for the self sustained oscillations of the foil to131

arise. As for today, a more general and accurate solution of Eqs. 1 can only be132

achieved through numerical simulations.133

2.2. Numerical modelling134

A 2D numerical model for simulating the fully passive flapping foil turbine135

has been implemented on OpenFOAM 5.0. The main features of the model –136

5



namely the fluid-solid coupling strategy, mesh and boundary conditions, time137

step, turbulence modelling and boundary layer resolution – will be discussed in138

the next sections.139

2.2.1. Fluid-solid coupling strategy140

Based on a segregated approach, the fluid-structure interactions between141

the foil and the flow are addressed through two different solvers: a fluid solver142

handles the Navier-Stokes equations for solving the pressure and momentum143

fields in the fluid domain, while a solid solver takes care of solving the equations144

of motion of the foil (Eqs. 1). In this approach, which has the advantage of145

allowing the recycling of independent solvers, a coupling algorithm has to be146

designed in order for the fluid and solid solvers to communicate properly.147

The simplest and least expansive fluid-solid coupling strategy is the so called148

weak algorithm, in which the fluid and solid solvers operate successively, once149

per time step. This weak coupling strategy – which is readily available on150

OpenFOAM 5.0 – introduces an inherent time lag between the fluid and solid151

solutions. If the inertial forces applied by the solid on the fluid do not outweigh152

those applied by the fluid on the solid, such desynchronization may give raise to153

the well known added-mass instability (Causin et al., 2005; Förster et al., 2006).154

Following Veilleux (2014), a weakly coupled numerical model of a fully passive155

flapping foil turbine can be expected to be stable as long as the non-dimensional156

mass of the foil is greater than the unit:157

min{m∗y,m∗θ} > 1 (4)

In order to be able of simulating a lightweight flapping foil without the158

restrictions imposed by Eq. 4, a strong fluid-solid coupling strategy has been159

implemented in the present model. In a strongly coupled algorithm, the fluid and160

solid solvers operate iteratively, several times per time step. The intermediate161

solutions exchanged between the solvers converge to the monolithic solution and162

the inherent time lag is thus eliminated.163

This approach introduces a numerical relaxation of the foil accelerations in164

the intermediate solutions. Following Soding (2001), an approximative condition165

for the relaxation coefficient Kr can be written:166

Kr <
1

Ca
(5)

with Ca the added-mass coefficient, given by the ratio between the fluid mass167

dragged by the foil – the added-mass – and the mass of the oscillating system.168

This coefficient is highly dependant on the kinematics of the foil and the flow169

dynamics, and thus hard to determine. In the much simpler case of a 1-DOF170

oscillating cylinder, Rajaona (2003) and Dellinger et al. (2018) found that Ca can171

vary between 0.5 and 2 depending on the amplitude of oscillation. Considering172

the worst scenario, the relaxation coefficient of the foil accelerations will be set173

to Kr = 0.5.174
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A flow chart of the strongly coupled numerical model implemented on175

OpenFOAM 5.0 for simulating the fully passive flapping foil turbine is pre-176

sented in Figure 2. In the beginning of the simulation, a time step ∆t is taken177

from the initial conditions. In this first time step, the simulation is forced into the178

outer correction loop, entering the solid solver. Based on the initial conditions179

for the pressure and momentum fields of the fluid flow, the hydrodynamic forces180

over the foil are computed. Newton’s second law of motion applied to the foil181

allows for computing its accelerations, which are submitted to the relaxation182

coefficient Kr = 0.5. Then, the velocities and displacements are computed by183

a method based on leapfrog integration. Finally, a morphing mesh technique184

allows for moving the mesh according to the new position of the foil.185

Subsequently, the simulation enters the fluid solver. The well known PIMPLE186

algorithm allows for iteratively correcting the pressure and momentum fields of187

the fluid flow in the inner correction loop until residuals lower than 10−6 are188

reached. Finally, the additional equations related to the turbulence modelling189

are solved. The updated fluid solution is then fed back into the solid solver190

through the outer correction loop. The foil position is recomputed based on the191
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Figure 2: Flow chart of the strongly coupled numerical model implemented on OpenFOAM
5.0 for simulating the fully passive flapping foil turbine.
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new pressure and momentum fields and fed back once again into the fluid solver.192

This iterative process of recomputing solid and fluid solutions is carried on until193

the residuals of pressure and momentum are lower than 5× 10−3. Then, the194

simulation leaves the outer correction loop and takes another time step ∆t. The195

whole process is repeated until the end time of the simulation tend is reached.196

2.2.2. Mesh and boundary conditions197

Assuming that the three-dimensional effects on an unconfined flapping foil can198

be neglected – which is likely for a high aspect ratio foil with endplates (Kinsey199

and Dumas, 2012) – the fluid domain is chosen to be a 2D disk of diameter 200200

times the chord length of the foil. An inlet uniform velocity ~V = U∞ ~x is set at201

the left boundary, while a zero relative static pressure p = 0 is assumed at the202

outlet boundary. The foil surface is modelled by a smooth wall, over which a203

non-slip boundary condition is applied.204

In order for the fluid domain to be dynamically adjusted according to the205

foil motion, a morphing mesh technique is used. This technique consists of206

defining a morphing zone in a ring-shaped region of the fluid domain, in which207

the cells will be allowed to deform. Close to the foil and to the borders, the mesh208

is kept rigid to ensure a good mesh quality and not to disturb the boundary209

conditions. A topological scheme of the computational domain is proposed in210

Figure 3, highlighting its boundary conditions and the rigid and morphing zones.211

The computational domain is discretised in a structured quadrilateral mesh,212

with an increasing refinement level from the borders to the center. The baseline213

mesh presents an angular resolution of 1 cell per degree and a total of 96 000214

Inlet Outlet

Wall

c

� = 200c
<latexit sha1_base64="KL3WDkrKh9YQn2PD8c0beuxwkiM="></latexit>

� = 120c
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Figure 3: Computational domain and boundary conditions of the 2D model of a fully passive
flapping foil turbine, highlighting the rigid and morphing zones of the dynamic mesh.
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Figure 4: Baseline mesh of the computational domain nearby the fully passive flapping foil
turbine at high heaving and pitching positions.

cells. An overview of the baseline mesh is provided in Figure 4.215

For the purpose of verifying the independence of the numerical results to216

the mesh refinement, a mesh sensitivity study has been conducted. To this217

end, the optimised configuration proposed by Veilleux and Dumas (2017) has218

been simulated with four different mesh refinements: 48 000, 64 000, 96 000 and219

144 000 cells. The results are evaluated in terms of the average kinematics and220

harvesting metrics: the pitching amplitude Aθ, the normalised heaving amplitude221

A∗y = Ay/c, the reduced oscillating frequency f∗ = fc/U∞, the average power222

coefficient CP and the hydraulic efficiency η. The relative errors observed for223

each metric with respect to the finest mesh are provided in Table 2.224

As it can be seen, the relative errors computed for all the mesh refinements do225

not exceed about 5 %. In particular, the baseline mesh (96 000 cells) reproduces226

the same results as the finest mesh (144 000 cells) with an error of only about227

Table 2: Sensibility analysis of the mesh refinement on the numerical results, expressed in
terms of the relative errors of the kinematics and harvesting metrics with respect to the finest
mesh.

Number of cells ∆Aθ ∆A∗y ∆f∗ ∆CP ∆η

144 000 – – – – –
96 000 −1.76 % 0.92 % −2.17 % −2.51 % −1.12 %
64 000 −3.14 % 2.06 % −3.40 % −3.75 % −2.05 %
48 000 −3.50 % 4.06 % −5.20 % −4.27 % −2.69 %
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2 %. These results validate the independence of the numerical results to the228

mesh refinement and supports the choice for the baseline mesh.229

2.2.3. Time step230

The time step ∆t taken between two consecutive states of the numerical231

model is defined in terms of the characteristic advection time of the flow over232

the foil:233

tadv =
c

U∞
(6)

In the baseline model, ∆t is chosen so that the time interval corresponding234

to the advection time tadv is discretized in 500 time steps, that is tadv/∆t = 500.235

The sensibility of the numerical results to this choice is evaluated through the236

simulation of the optimised configuration proposed by Veilleux and Dumas (2017)237

considering three other values of tadv/∆t: 100, 200 and 1000. The relative errors238

observed for the kinematics and harvesting metrics with respect to the finest239

time step (tadv/∆t = 1000) are presented in Table 3.240

Table 3: Sensibility analysis of the time step ∆t on the numerical results, expressed in terms
of the relative errors of the kinematics and harvesting metrics with respect to the finest time
step.

tadv/∆t ∆Aθ ∆A∗y ∆f∗ ∆CP ∆η

1000 – – – – –
500 0.68 % −0.36 % 1.23 % 2.02 % 0.70 %
200 6.14 % 1.75 % 4.45 % 14.5 % 6.76 %
100 8.22 % 11.7 % 2.05 % 28.6 % 9.86 %

Unlike the previous sensibility study of the mesh refinement, significant errors241

have been computed between the different temporal refinements considered.242

Indeed, the accuracy of the numerical results for tadv/∆t < 500 is deteriorated243

of up to 29 % with respect to the finest time step. However, the relative244

errors observed for the baseline case are of only about 2 %, which proves that245

tadv/∆t = 500 is a suitable choice for ensuring the independence of the numerical246

results to the time step size.247

2.2.4. Turbulence and boundary layer resolution248

The regime of the flow nearby a flapping foil can be dictated in terms of the249

Reynolds number based on the chord length, defined as it follows:250

Rec =
U∞c
ν

(7)

Considering a low current water flow with an average velocity from 0.1 m s−1
251

to 1 m s−1 and a flapping foil with a chord length between 0.1 m and 1 m, the flow252

10



can be expected to be turbulent since 104 < Rec < 106 (Yousefi and Razeghi,253

2018).254

In the present study, turbulence is modelled in a URANS approach. Under the255

Boussinesq’s hypothesis, the effects of the turbulent stresses on the mean flow are256

addressed by locally increasing the fluid viscosity by an amount νt, the turbulent257

viscosity. Two different well known approaches for solving νt will be considered258

in the first steps of the model validation: first, the Spalart-Allmaras (S–A), a259

one-equation turbulence model originally conceived for aerospace applications260

(Spalart and Allmaras, 1992); second, the SST k–ω, a two-equation turbulence261

model particularly suited for flows with massive boundary layer separation262

(Menter, 1993).263

The accuracy of the turbulence models is intimately related to the spatial264

resolution in the boundary layer. This resolution is measured in terms of the265

non-dimensional distance y+ from the first cell centre to the wall surface. In266

order for the boundary layer to be fully solved, the near-wall meshing must be267

fine enough so that y+ < 1. Alternatively, the boundary layer can be modelled268

by the use of wall functions, which allows for a coarser near-wall mesh refinement269

(y+ ≈ 50), thus reducing the computational costs. Along with the two different270

turbulence models, the solve wall (y+ < 1) and the wall function (y+ ≈ 50)271

approaches for solving the boundary layer will be considered in the first steps of272

the model validation, discussed in the following section.273

3. Results and discussion274

The results of the validation of the strongly coupled numerical model of a275

fully passive flapping foil turbine are presented and discussed in this section.276

First, the numerical results are validated in the well documented case of a fixed277

foil undergoing static stall followed by vortex shedding. Second, the accuracy278

of the model is validated in the simulation of the optimised design of a heavy279

flapping foil turbine proposed by Veilleux and Dumas (2017). Finally, the validity280

of the present model is verified in the case of a lightweight flapping foil turbine,281

according to the experimental study conducted by Duarte (2019).282

3.1. Static stall and vortex shedding283

The purpose of this first scenario is to validate the evolution of the hydro-284

dynamic forces over a static foil as a function of the angle of attack. To that285

end, a NACA0015 foil is considered interacting with a uniform flow at chord286

Reynolds numbers of Rec = 105 and Rec = 106. For different values of the287

angle of attack α – which equals the geometric pitching angle θ for a static foil –288

varying from zero to the stalling angle αc, a steady state simulation is performed.289

The numerical results obtained through the different turbulence models (S–A,290

SST k–ω) and boundary layer resolutions (y+ < 1, y+ ≈ 50) are evaluated in291

terms of the lift coefficient CL – which corresponds to the non-dimensional form292

of the heaving force F ∗y for a static foil. The results are compared with reference293

data from Xfoil (Drela, 1989) and are provided in Figure 5.294

11



0 2 4 6 8 10 12 14 16

Æ (o)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4
C

L

xfoil

S° A y+ < 1

k° ! SST y+ < 1

S° A y+ º 50

k° ! SST y+ º 50

0 5 10 15 20 25

Æ (o)

0.0

0.5

1.0

1.5

2.0

C
L

xfoil

S° A y+ < 1

k° ! SST y+ < 1

S° A y+ º 50

k° ! SST y+ º 50

(a) (b)

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

S–A, y+ < 1
<latexit sha1_base64="u3F8cKyuLz8YBDtLxuvQtdONdBE="></latexit>

Reference (Xfoil)

S–A, y+ ⇡ 50
<latexit sha1_base64="gU8473i1za/YEYoIMSEZeq4rcw0="></latexit>

SST k–!, y+ ⇡ 50
<latexit sha1_base64="8lH+mqCr2rizJmbKK2J43KvIeUA="></latexit>

SST k–!, y+ < 1
<latexit sha1_base64="oYuhghkdBJdd11qI6spja6vfsJM="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

S–A, y+ < 1
<latexit sha1_base64="u3F8cKyuLz8YBDtLxuvQtdONdBE="></latexit>

Reference (Xfoil)

S–A, y+ ⇡ 50
<latexit sha1_base64="gU8473i1za/YEYoIMSEZeq4rcw0="></latexit>

SST k–!, y+ ⇡ 50
<latexit sha1_base64="8lH+mqCr2rizJmbKK2J43KvIeUA="></latexit>

SST k–!, y+ < 1
<latexit sha1_base64="oYuhghkdBJdd11qI6spja6vfsJM="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit> ⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

⇥<latexit sha1_base64="PcNBZ+k3dnNGojhYt75BSmjl47k="></latexit>

Figure 5: Validation of the numerical results in the prediction of the lift coefficient CL as
a function of the angle of attack α for a NACA0015 foil at a chord Reynolds number of (a)
Rec = 105 and (b) Rec = 106.

At a Reynolds number of Rec = 105, the lift coefficient CL is underestimated295

by all the different approaches for low angles of attack, as it can be seen in296

Figure 5a. This is due to the transitory character of the flow at a relatively297

low Reynolds number, which is difficult to reproduce accurately without a more298

complex turbulence model. In the vicinity of the critical stalling angle αc, for299

which the maximum value of the lift coefficient CLc is reached, the results from300

the S–A model provide the best fit to the reference data.301

Indeed, the static stall of the foil at Rec = 105 is reproduced by the S–A302

model with errors in the critical angle αc and lift coefficient CLc of less than303

6 %, as shown in Table 4. In contrast, the SST k–ω model has shown to be less304

accurate in its attempt to predict the static stall of the foil: with y+ < 1, the305

critical lift coefficient CLc is overestimated by 14 %, while both αc and CLc are306

underestimated by more than 20 % with y+ ≈ 50.307

At a higher Reynolds number of Rec = 106, Figure 5b shows that the308

numerical results are more accurate at low angles of attack. However, significant309

Table 4: Validation of the numerical results in the prediction of the critical angle of attack
αc and the critical lift coefficient CLc of a NACA0015 foil undergoing static stall at a chord
Reynolds number of Rec = 105.

Model αc ∆αc CLc ∆CLc

Reference (Xfoil) 12.8◦ – 1.11 –
S–A, y+ < 1 13.1◦ 2 % 1.13 2 %
SST k–ω, y+ < 1 13.0◦ 2 % 1.27 14 %
S–A, y+ ≈ 50 12.2◦ −5 % 1.04 −6 %
SST k–ω, y+ ≈ 50 10.1◦ −21 % 0.87 −22 %
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variations are observed in the vicinity of the critical stalling angle. As a matter310

of fact, only the S–A model with y+ < 1 succeeds in predicting the static stall311

of the foil with reasonable accuracy, as it can be seen in Table 5.312

Table 5: Validation of the numerical results in the prediction of the critical angle of attack
αc and the critical lift coefficient CLc of a NACA0015 foil undergoing static stall at a chord
Reynolds number of Rec = 106.

Model αc ∆αc CLc ∆CLc

Reference (Xfoil) 16.8◦ – 1.40 –
S–A, y+ < 1 15.0◦ −11 % 1.43 2 %
SST k–ω, y+ < 1 17.0◦ 1 % 1.75 25 %
S–A, y+ ≈ 50 19.9◦ 18 % 1.99 42 %
SST k–ω, y+ ≈ 50 11.9◦ −29 % 1.15 −18 %

For angles of attack higher than αc, the flow over a stalled foil presents313

massive separation; an alternate vortex shedding from the leading edge and314

the trailing edge takes place. In order to validate the dynamics of the vortex315

shedding in a post-stall regime, a NACA0015 foil is considered in a uniform316

flow of Rec = 105 at an angle of attack of α = 30◦. An unsteady simulation is317

performed using the S–A turbulence model with y+ < 1, which has shown to be318

the more accurate approach according to the previous results. A picture of the319

instantaneous flow around the stalled foil as predicted by the numerical model is320

provided in Figure 6.321
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Figure 6: Vortex shedding of a stalled NACA0015 foil at a chord Reynolds number of Rec = 105;
wake patterns visualised in terms of the non-dimensional z-vorticity ω∗

z .
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The frequency ft in which the vortex are shed from the stalled foil can be322

predicted in terms of the Strouhal number :323

St =
ftL

U∞
(8)

with L the length of the cross section of the flow blocked by the foil. According324

to Mahbub Alam et al. (2010) and Zakaria et al. (2018), the Strouhal number of325

a symmetric NACA foil at high angles of attack in a uniform flow at Rec = 105 is326

approximatively St = 0.22. Therefore, the theoretical vortex shedding frequency327

ft of a stalled NACA0015 foil under the conditions described above can be328

estimated as follows:329

ft =
0.22U∞

c(sinα+ 0.075)
(9)

With the aim of validating the numerical results with respect to the theoretical330

prediction for the vortex shedding frequency (Eq. 9), a velocity probe is placed331

3 chords downstream from the stalled foil, just as illustrated in Figure 6. The332

vortex shedding frequency f can thus be deduced from the fluctuations of the333

flow velocities captured by the probe. The results are provided in Figure 7.334

Figure 7a shows that, after a short transient regime for about 20 times335

the advection time tadv, steady fluctuations can be observed in both x and y336

components of the flow velocity. The y velocity oscillates with high amplitudes337

around zero, while the x velocity presents small amplitude oscillations about338

a positive value. A Discrete Fourier Transform (DFT) applied to the velocity339

measurements shows that the fluctuations in both x and y components occur340

at the same frequency, as it can be seen in Figure 7b. Indeed, the fundamental341

frequency f of the measured oscillations in the velocity field is of about f/ft = 0.9.342

This reasonably satisfies the theoretical prediction of the frequency ft given by343
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(a) (b)

Figure 7: (a) Velocity probe measurements downstream from a stalled NACA0015 foil at a
chord Reynolds number of Rec = 105 and (b) the corresponding Discrete Fourier Transform
(DFT), with the frequencies f normalised by the theoretical vortex shedding frequency ft (Eq.
9).
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Eq. 9, thus validating the numerical results regarding to the vortex shedding of344

a foil in a post-stall regime.345

Based on the precision of the numerical results in the simulation of the static346

stall and the vortex shedding – which are key phenomena in the dynamics of a347

fully passive flapping foil turbine – the S–A turbulence model with a boundary348

layer resolution of y+ < 1 is the chosen approach for the next validation scenarios.349

3.2. Heavy flapping foil turbine350

In order to validate the numerical model in the simulation of a fully passive351

flapping foil turbine, reference data from the optimised configuration proposed352

by Veilleux and Dumas (2017) will be considered. It consists of a NACA0015353

foil, with the pitching axis fixed at one third of the chord length (l∗θ = 0.33),354

operating at a Reynolds number of Rec = 5× 105. Through a gradient-based355

optimisation algorithm, the numerical study conducted by Veilleux and Dumas356

(2017) resulted in an optimised configuration of the turbine, for which a hydraulic357

efficiency of η = 33.6 % could be reached.358

Since their numerical model was implemented with a weak fluid-solid coupling359

algorithm, they were only able to simulate a flapping foil with a heaving mass360

m∗y greater than 2; otherwise, the numerical simulation would diverge due to the361

added-mass instability. This is why the optimised configuration proposed by362

Veilleux and Dumas (2017) – considered as reference in the present validation363

scenario – is referred to as a heavy flapping foil turbine.364

The results of the present model in the simulation of the heavy flapping foil365

turbine proposed by Veilleux and Dumas (2017) are provided in Figure 8. They366

are evaluated in terms of the motion described by the foil and the hydrodynamic367

forces during one period of oscillation T , with t∗ = t/T .368

As it can be seen, both the kinematics of the foil and the hydrodynamic forces369

reproduced by the model are in very good agreement with the reference data.370

Nevertheless, a small time lag can be observed in the evolution of the pitching371
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Figure 8: Validation of the numerical results against reference data from Veilleux and Dumas
(2017) in the prediction of (a) the foil motion and (b) the hydrodynamic forces over a heavy
fully passive flapping foil turbine.
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angle θ. The same is noticed in Figure 8b regarding the hydrodynamic forces F ∗x372

(the surging force, which corresponds to the x component of the hydrodynamic373

forces over the foil and is normalised just as F ∗y ), F ∗y and M∗θ .374

The accuracy of the numerical results are also expressed in terms of the375

average kinematics and harvesting metrics of the foil, as provided in Table 6.376

The largest relative error measured in the average metrics is of only about 4 %,377

for the oscillating frequency f∗.378

Table 6: Comparison of the average kinematics and harvesting metrics between the present
model and the reference data from Veilleux and Dumas (2017) for a heavy fully passive flapping
foil turbine.

Data Aθ A∗y f∗ CP η

Reference 83◦ 1.26 0.096 1.079 0.336
Present 83.3◦ 1.23 0.100 1.099 0.337
Error 0.4 % −2.4 % 4.2 % 1.9 % 0.3 %

Finally, a comparison between the dynamics of the vortex shedding reproduced379

by the present model and the reference data is provided in Figure 9. The contours380

of the normalised vorticity ω∗z in the vicinity of the foil reveal very similar flow381

paterns during the formation and shedding of the LEV.382
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Figure 9: Validation of the numerical results against the reference data from Veilleux and
Dumas (2017) for a heavy fully passive flapping foil turbine, expressed in terms of the LEV
shedding dynamics.
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At t∗ = 8/12, the heaving velocity of the foil is high and thus the effective383

angle of attack is small, which makes the flow to remain essentially attached384

to the foil. A more significant separation can already be observed at t∗ = 9/12385

as the heaving velocity of the foil decreases. At t∗ = 10/12, the critical angle386

of attack for triggering the dynamic stall has just been reached and the LEV387

begins to form. When it grows past the size of the chord length, the LEV is388

shed in the flow around t∗ = 11/12. As the LEV is advected by the flow, its low389

pressure core produces a restoring pitching moment over the foil, thus reducing390

the pitching angle until the heaving motion is reversed at t∗ = 12/12.391

3.3. Lightweight flapping foil turbine392

The last scenario considered in the validation of the present model is the one393

of a lightweight fully passive flapping foil turbine. After all, the numerical model394

was specifically implemented with a strong fluid-solid coupling strategy so that395

it would not be constrained by any lower limitations of the foil mass (Eq. 4).396

For this purpose, reference data from an experimental study conducted by397

Duarte (2019) will be considered. It consists of a fully passive flapping foil398

prototype, operating in a confined channel at a chord Reynolds number of399

Rec = 6× 104. The foil is a symmetric NACA0015 of aspect ratio b∗ = 4.5400

equipped with winglets in order to reduce the 3D effects. The confinement of401

the prototype is given in terms of the surface blockage ratio – projected surface402

of the foil divided by the cross section of the channel – that equals 0.14.403

A parametric study on the structural parameters of the prototype conducted404

to an optimised configuration, for which a hydraulic efficiency of η = 31.0 % has405

been measured. In this configuration, the heaving mass of the prototype is only406

about m∗y = 0.92, which indeed characterises a lightweight flapping foil turbine.407

The accuracy of the present model in the simulation of the lightweight fully408

passive flapping foil turbine is evaluated in terms of its kinematics (y∗ and θ) and409

instantaneous power coefficients (CP y and CP θ). The latter correspond to the410

power harvested individually by the heaving and pitching motions, respectively,411

and are normalised by the same quantity as for the average power coefficient CP412

(Eq. 3). The results over one period of the steady oscillations described by the413

foil are provided in Figure 10. The average kinematics and harvesting metrics of414

the turbine are provided in Table 7.415

In spite of the significant disparities between the experimental conditions and416

the simplified model – notably the three-dimensional effects, the confinement417

of the flow and the interactions with the free-surface – the numerical results418

reproduced fairly accurately the behaviour of the turbine prototype. Indeed,419

Figure 10a shows a quite good agreement with the reference data regarding the420

motions of the foil, specially the evolution of the pitching angle θ. The amplitude421

of the heaving motion y∗ is, however, a little overestimated by the numerical422

model. A relative error of 8.7 % could be measured in the average normalised423

heaving amplitude A∗y, as shown in Table 7.424

The predictions of the numerical model for the instantaneous power coeffi-425

cients are also in good agreement with the reference data, as it can be seen in426
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<latexit sha1_base64="MzxQ7LsbVDOHpj1FcKp2F53ttiI=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCF48VbCs0IWy2m3bp7ibsvggh1L/ixYMiXv0h3vw3btoctHVgYZh5jzc7UcqZBtf9tmobm1vbO/Xdxt7+weGRfXwy0EmmCO2ThCfqIcKaciZpHxhw+pAqikXE6TCa3ZT+8JEqzRJ5D3lKA4EnksWMYDBSaDd9mFLAoS8wTJUoZCbmod1y2+4CzjrxKtJCFXqh/eWPE5IJKoFwrPXIc1MICqyAEU7nDT/TNMVkhid0ZKjEguqgWISfO+dGGTtxosyT4CzU3xsFFlrnIjKTZUa96pXif94og7gTFEymGVBJlofijDuQOGUTzpgpSoDnhmCimMnqkClWmIDpq2FK8Fa/vE4Gl23PbXt3V61up6qjjk7RGbpAHrpGXXSLeqiPCMrRM3pFb9aT9WK9Wx/L0ZpV7TTRH1ifP6JclV0=</latexit><latexit sha1_base64="MzxQ7LsbVDOHpj1FcKp2F53ttiI=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCF48VbCs0IWy2m3bp7ibsvggh1L/ixYMiXv0h3vw3btoctHVgYZh5jzc7UcqZBtf9tmobm1vbO/Xdxt7+weGRfXwy0EmmCO2ThCfqIcKaciZpHxhw+pAqikXE6TCa3ZT+8JEqzRJ5D3lKA4EnksWMYDBSaDd9mFLAoS8wTJUoZCbmod1y2+4CzjrxKtJCFXqh/eWPE5IJKoFwrPXIc1MICqyAEU7nDT/TNMVkhid0ZKjEguqgWISfO+dGGTtxosyT4CzU3xsFFlrnIjKTZUa96pXif94og7gTFEymGVBJlofijDuQOGUTzpgpSoDnhmCimMnqkClWmIDpq2FK8Fa/vE4Gl23PbXt3V61up6qjjk7RGbpAHrpGXXSLeqiPCMrRM3pFb9aT9WK9Wx/L0ZpV7TTRH1ifP6JclV0=</latexit><latexit sha1_base64="MzxQ7LsbVDOHpj1FcKp2F53ttiI=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCF48VbCs0IWy2m3bp7ibsvggh1L/ixYMiXv0h3vw3btoctHVgYZh5jzc7UcqZBtf9tmobm1vbO/Xdxt7+weGRfXwy0EmmCO2ThCfqIcKaciZpHxhw+pAqikXE6TCa3ZT+8JEqzRJ5D3lKA4EnksWMYDBSaDd9mFLAoS8wTJUoZCbmod1y2+4CzjrxKtJCFXqh/eWPE5IJKoFwrPXIc1MICqyAEU7nDT/TNMVkhid0ZKjEguqgWISfO+dGGTtxosyT4CzU3xsFFlrnIjKTZUa96pXif94og7gTFEymGVBJlofijDuQOGUTzpgpSoDnhmCimMnqkClWmIDpq2FK8Fa/vE4Gl23PbXt3V61up6qjjk7RGbpAHrpGXXSLeqiPCMrRM3pFb9aT9WK9Wx/L0ZpV7TTRH1ifP6JclV0=</latexit><latexit sha1_base64="MzxQ7LsbVDOHpj1FcKp2F53ttiI=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCF48VbCs0IWy2m3bp7ibsvggh1L/ixYMiXv0h3vw3btoctHVgYZh5jzc7UcqZBtf9tmobm1vbO/Xdxt7+weGRfXwy0EmmCO2ThCfqIcKaciZpHxhw+pAqikXE6TCa3ZT+8JEqzRJ5D3lKA4EnksWMYDBSaDd9mFLAoS8wTJUoZCbmod1y2+4CzjrxKtJCFXqh/eWPE5IJKoFwrPXIc1MICqyAEU7nDT/TNMVkhid0ZKjEguqgWISfO+dGGTtxosyT4CzU3xsFFlrnIjKTZUa96pXif94og7gTFEymGVBJlofijDuQOGUTzpgpSoDnhmCimMnqkClWmIDpq2FK8Fa/vE4Gl23PbXt3V61up6qjjk7RGbpAHrpGXXSLeqiPCMrRM3pFb9aT9WK9Wx/L0ZpV7TTRH1ifP6JclV0=</latexit>

✓exp
<latexit sha1_base64="oEmWdNctBycJO819qYguRN4k9fE=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRIR7LLgxmUF+4A2hMn0ph06eTBzI4ZQf8WNC0Xc+iHu/BsnbRbaemDgcM693DPHTwRXaNvfRmVjc2t7p7pb29s/ODwyj096Kk4lgy6LRSwHPlUgeARd5ChgkEigoS+g789uCr//AFLxOLrHLAE3pJOIB5xR1JJn1kc4BaTeKKQ4lWEOj8ncMxt2017AWidOSRqkRMczv0bjmKUhRMgEVWro2Am6OZXImYB5bZQqSCib0QkMNY1oCMrNF+Hn1rlWxlYQS/0itBbq742chkploa8ni4xq1SvE/7xhikHLzXmUpAgRWx4KUmFhbBVNWGMugaHINKFMcp3VYlMqKUPdV02X4Kx+eZ30LpuO3XTurhrtVllHlZySM3JBHHJN2uSWdEiXMJKRZ/JK3own48V4Nz6WoxWj3KmTPzA+fwCdvpVa</latexit><latexit sha1_base64="oEmWdNctBycJO819qYguRN4k9fE=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRIR7LLgxmUF+4A2hMn0ph06eTBzI4ZQf8WNC0Xc+iHu/BsnbRbaemDgcM693DPHTwRXaNvfRmVjc2t7p7pb29s/ODwyj096Kk4lgy6LRSwHPlUgeARd5ChgkEigoS+g789uCr//AFLxOLrHLAE3pJOIB5xR1JJn1kc4BaTeKKQ4lWEOj8ncMxt2017AWidOSRqkRMczv0bjmKUhRMgEVWro2Am6OZXImYB5bZQqSCib0QkMNY1oCMrNF+Hn1rlWxlYQS/0itBbq742chkploa8ni4xq1SvE/7xhikHLzXmUpAgRWx4KUmFhbBVNWGMugaHINKFMcp3VYlMqKUPdV02X4Kx+eZ30LpuO3XTurhrtVllHlZySM3JBHHJN2uSWdEiXMJKRZ/JK3own48V4Nz6WoxWj3KmTPzA+fwCdvpVa</latexit><latexit sha1_base64="oEmWdNctBycJO819qYguRN4k9fE=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRIR7LLgxmUF+4A2hMn0ph06eTBzI4ZQf8WNC0Xc+iHu/BsnbRbaemDgcM693DPHTwRXaNvfRmVjc2t7p7pb29s/ODwyj096Kk4lgy6LRSwHPlUgeARd5ChgkEigoS+g789uCr//AFLxOLrHLAE3pJOIB5xR1JJn1kc4BaTeKKQ4lWEOj8ncMxt2017AWidOSRqkRMczv0bjmKUhRMgEVWro2Am6OZXImYB5bZQqSCib0QkMNY1oCMrNF+Hn1rlWxlYQS/0itBbq742chkploa8ni4xq1SvE/7xhikHLzXmUpAgRWx4KUmFhbBVNWGMugaHINKFMcp3VYlMqKUPdV02X4Kx+eZ30LpuO3XTurhrtVllHlZySM3JBHHJN2uSWdEiXMJKRZ/JK3own48V4Nz6WoxWj3KmTPzA+fwCdvpVa</latexit><latexit sha1_base64="oEmWdNctBycJO819qYguRN4k9fE=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRIR7LLgxmUF+4A2hMn0ph06eTBzI4ZQf8WNC0Xc+iHu/BsnbRbaemDgcM693DPHTwRXaNvfRmVjc2t7p7pb29s/ODwyj096Kk4lgy6LRSwHPlUgeARd5ChgkEigoS+g789uCr//AFLxOLrHLAE3pJOIB5xR1JJn1kc4BaTeKKQ4lWEOj8ncMxt2017AWidOSRqkRMczv0bjmKUhRMgEVWro2Am6OZXImYB5bZQqSCib0QkMNY1oCMrNF+Hn1rlWxlYQS/0itBbq742chkploa8ni4xq1SvE/7xhikHLzXmUpAgRWx4KUmFhbBVNWGMugaHINKFMcp3VYlMqKUPdV02X4Kx+eZ30LpuO3XTurhrtVllHlZySM3JBHHJN2uSWdEiXMJKRZ/JK3own48V4Nz6WoxWj3KmTPzA+fwCdvpVa</latexit>

y⇤
exp

<latexit sha1_base64="RXaTX+aXyK7skvALPAWRpPUkCFA=">AAAB+XicbVDLSsNAFJ34rPUVdekmWARxURIR7LLgxmUF+4A2hsn0ph06Mwkzk2II/RM3LhRx65+482+ctFlo64GBwzn3cs+cMGFUadf9ttbWNza3tis71d29/YND++i4o+JUEmiTmMWyF2IFjApoa6oZ9BIJmIcMuuHktvC7U5CKxuJBZwn4HI8EjSjB2kiBbWePl8GAYz2WPIenZBbYNbfuzuGsEq8kNVSiFdhfg2FMUg5CE4aV6ntuov0cS00Jg1l1kCpIMJngEfQNFZiD8vN58plzbpShE8XSPKGdufp7I8dcqYyHZrLIqJa9QvzP66c6avg5FUmqQZDFoShljo6dogZnSCUQzTJDMJHUZHXIGEtMtCmrakrwlr+8SjpXdc+te/fXtWajrKOCTtEZukAeukFNdIdaqI0ImqJn9IrerNx6sd6tj8XomlXunKA/sD5/AOdlk8s=</latexit><latexit sha1_base64="RXaTX+aXyK7skvALPAWRpPUkCFA=">AAAB+XicbVDLSsNAFJ34rPUVdekmWARxURIR7LLgxmUF+4A2hsn0ph06Mwkzk2II/RM3LhRx65+482+ctFlo64GBwzn3cs+cMGFUadf9ttbWNza3tis71d29/YND++i4o+JUEmiTmMWyF2IFjApoa6oZ9BIJmIcMuuHktvC7U5CKxuJBZwn4HI8EjSjB2kiBbWePl8GAYz2WPIenZBbYNbfuzuGsEq8kNVSiFdhfg2FMUg5CE4aV6ntuov0cS00Jg1l1kCpIMJngEfQNFZiD8vN58plzbpShE8XSPKGdufp7I8dcqYyHZrLIqJa9QvzP66c6avg5FUmqQZDFoShljo6dogZnSCUQzTJDMJHUZHXIGEtMtCmrakrwlr+8SjpXdc+te/fXtWajrKOCTtEZukAeukFNdIdaqI0ImqJn9IrerNx6sd6tj8XomlXunKA/sD5/AOdlk8s=</latexit><latexit sha1_base64="RXaTX+aXyK7skvALPAWRpPUkCFA=">AAAB+XicbVDLSsNAFJ34rPUVdekmWARxURIR7LLgxmUF+4A2hsn0ph06Mwkzk2II/RM3LhRx65+482+ctFlo64GBwzn3cs+cMGFUadf9ttbWNza3tis71d29/YND++i4o+JUEmiTmMWyF2IFjApoa6oZ9BIJmIcMuuHktvC7U5CKxuJBZwn4HI8EjSjB2kiBbWePl8GAYz2WPIenZBbYNbfuzuGsEq8kNVSiFdhfg2FMUg5CE4aV6ntuov0cS00Jg1l1kCpIMJngEfQNFZiD8vN58plzbpShE8XSPKGdufp7I8dcqYyHZrLIqJa9QvzP66c6avg5FUmqQZDFoShljo6dogZnSCUQzTJDMJHUZHXIGEtMtCmrakrwlr+8SjpXdc+te/fXtWajrKOCTtEZukAeukFNdIdaqI0ImqJn9IrerNx6sd6tj8XomlXunKA/sD5/AOdlk8s=</latexit><latexit sha1_base64="RXaTX+aXyK7skvALPAWRpPUkCFA=">AAAB+XicbVDLSsNAFJ34rPUVdekmWARxURIR7LLgxmUF+4A2hsn0ph06Mwkzk2II/RM3LhRx65+482+ctFlo64GBwzn3cs+cMGFUadf9ttbWNza3tis71d29/YND++i4o+JUEmiTmMWyF2IFjApoa6oZ9BIJmIcMuuHktvC7U5CKxuJBZwn4HI8EjSjB2kiBbWePl8GAYz2WPIenZBbYNbfuzuGsEq8kNVSiFdhfg2FMUg5CE4aV6ntuov0cS00Jg1l1kCpIMJngEfQNFZiD8vN58plzbpShE8XSPKGdufp7I8dcqYyHZrLIqJa9QvzP66c6avg5FUmqQZDFoShljo6dogZnSCUQzTJDMJHUZHXIGEtMtCmrakrwlr+8SjpXdc+te/fXtWajrKOCTtEZukAeukFNdIdaqI0ImqJn9IrerNx6sd6tj8XomlXunKA/sD5/AOdlk8s=</latexit>

0.0 0.2 0.4 0.6 0.8 1.0

t§

0.0

0.5

1.0

1.5

2.0

2.5

C
P

CP cy

CP cµ

CP T

CP ynum<latexit sha1_base64="mwlET7sBlyWQ5Eq2cKBgeMmeJx8=">AAAB/3icbVBNS8NAFHypX7V+VQUvXoJF8FQSEeyx0IvHCrYV2hA22027dHcTdjdCiDn4V7x4UMSrf8Ob/8ZNm4O2DiwMM+/xZieIGVXacb6tytr6xuZWdbu2s7u3f1A/POqrKJGY9HDEInkfIEUYFaSnqWbkPpYE8YCRQTDrFP7ggUhFI3Gn05h4HE0EDSlG2kh+/STLOn4399PcH3Gkp5JnIuG5X284TWcOe5W4JWlAia5f/xqNI5xwIjRmSKmh68Tay5DUFDOS10aJIjHCMzQhQ0MF4kR52Tx/bp8bZWyHkTRPaHuu/t7IEFcq5YGZLDKqZa8Q//OGiQ5bXkZFnGgi8OJQmDBbR3ZRhj2mkmDNUkMQltRktfEUSYS1qaxmSnCXv7xK+pdN12m6t1eNdqusowqncAYX4MI1tOEGutADDI/wDK/wZj1ZL9a79bEYrVjlzjH8gfX5AxxKlsM=</latexit><latexit sha1_base64="mwlET7sBlyWQ5Eq2cKBgeMmeJx8=">AAAB/3icbVBNS8NAFHypX7V+VQUvXoJF8FQSEeyx0IvHCrYV2hA22027dHcTdjdCiDn4V7x4UMSrf8Ob/8ZNm4O2DiwMM+/xZieIGVXacb6tytr6xuZWdbu2s7u3f1A/POqrKJGY9HDEInkfIEUYFaSnqWbkPpYE8YCRQTDrFP7ggUhFI3Gn05h4HE0EDSlG2kh+/STLOn4399PcH3Gkp5JnIuG5X284TWcOe5W4JWlAia5f/xqNI5xwIjRmSKmh68Tay5DUFDOS10aJIjHCMzQhQ0MF4kR52Tx/bp8bZWyHkTRPaHuu/t7IEFcq5YGZLDKqZa8Q//OGiQ5bXkZFnGgi8OJQmDBbR3ZRhj2mkmDNUkMQltRktfEUSYS1qaxmSnCXv7xK+pdN12m6t1eNdqusowqncAYX4MI1tOEGutADDI/wDK/wZj1ZL9a79bEYrVjlzjH8gfX5AxxKlsM=</latexit><latexit sha1_base64="mwlET7sBlyWQ5Eq2cKBgeMmeJx8=">AAAB/3icbVBNS8NAFHypX7V+VQUvXoJF8FQSEeyx0IvHCrYV2hA22027dHcTdjdCiDn4V7x4UMSrf8Ob/8ZNm4O2DiwMM+/xZieIGVXacb6tytr6xuZWdbu2s7u3f1A/POqrKJGY9HDEInkfIEUYFaSnqWbkPpYE8YCRQTDrFP7ggUhFI3Gn05h4HE0EDSlG2kh+/STLOn4399PcH3Gkp5JnIuG5X284TWcOe5W4JWlAia5f/xqNI5xwIjRmSKmh68Tay5DUFDOS10aJIjHCMzQhQ0MF4kR52Tx/bp8bZWyHkTRPaHuu/t7IEFcq5YGZLDKqZa8Q//OGiQ5bXkZFnGgi8OJQmDBbR3ZRhj2mkmDNUkMQltRktfEUSYS1qaxmSnCXv7xK+pdN12m6t1eNdqusowqncAYX4MI1tOEGutADDI/wDK/wZj1ZL9a79bEYrVjlzjH8gfX5AxxKlsM=</latexit><latexit sha1_base64="mwlET7sBlyWQ5Eq2cKBgeMmeJx8=">AAAB/3icbVBNS8NAFHypX7V+VQUvXoJF8FQSEeyx0IvHCrYV2hA22027dHcTdjdCiDn4V7x4UMSrf8Ob/8ZNm4O2DiwMM+/xZieIGVXacb6tytr6xuZWdbu2s7u3f1A/POqrKJGY9HDEInkfIEUYFaSnqWbkPpYE8YCRQTDrFP7ggUhFI3Gn05h4HE0EDSlG2kh+/STLOn4399PcH3Gkp5JnIuG5X284TWcOe5W4JWlAia5f/xqNI5xwIjRmSKmh68Tay5DUFDOS10aJIjHCMzQhQ0MF4kR52Tx/bp8bZWyHkTRPaHuu/t7IEFcq5YGZLDKqZa8Q//OGiQ5bXkZFnGgi8OJQmDBbR3ZRhj2mkmDNUkMQltRktfEUSYS1qaxmSnCXv7xK+pdN12m6t1eNdqusowqncAYX4MI1tOEGutADDI/wDK/wZj1ZL9a79bEYrVjlzjH8gfX5AxxKlsM=</latexit>

CP ✓num
<latexit sha1_base64="xauREATuI979lpim3ecR8VH93nM=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuSiKCXRa6cVnBPqANYTKdtENnJmHmRighCzf+ihsXirj1I9z5N07aLLT1wDCHc+7l3nvChDMNrvttbWxube/sVvaq+weHR8f2yWlPx6kitEtiHqtBiDXlTNIuMOB0kCiKRchpP5y1C7//QJVmsbyHeUJ9gSeSRYxgMFJg17KsHXTyYARTCtj8AsNUiUymIg/suttwF3DWiVeSOirRCeyv0TgmqaASCMdaDz03AT/DChjhNK+OUk0TTGZ4QoeGSiyo9rPFEblzYZSxE8XKPAnOQv3dkWGh9VyEprLYUa96hfifN0whavoZk0kKVJLloCjlDsROkYgzZooS4HNDMFHM7OqQKVaYgMmtakLwVk9eJ72rhuc2vLvreqtZxlFBNXSOLpGHblAL3aIO6iKCHtEzekVv1pP1Yr1bH8vSDavsOUN/YH3+AANjmO4=</latexit><latexit sha1_base64="xauREATuI979lpim3ecR8VH93nM=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuSiKCXRa6cVnBPqANYTKdtENnJmHmRighCzf+ihsXirj1I9z5N07aLLT1wDCHc+7l3nvChDMNrvttbWxube/sVvaq+weHR8f2yWlPx6kitEtiHqtBiDXlTNIuMOB0kCiKRchpP5y1C7//QJVmsbyHeUJ9gSeSRYxgMFJg17KsHXTyYARTCtj8AsNUiUymIg/suttwF3DWiVeSOirRCeyv0TgmqaASCMdaDz03AT/DChjhNK+OUk0TTGZ4QoeGSiyo9rPFEblzYZSxE8XKPAnOQv3dkWGh9VyEprLYUa96hfifN0whavoZk0kKVJLloCjlDsROkYgzZooS4HNDMFHM7OqQKVaYgMmtakLwVk9eJ72rhuc2vLvreqtZxlFBNXSOLpGHblAL3aIO6iKCHtEzekVv1pP1Yr1bH8vSDavsOUN/YH3+AANjmO4=</latexit><latexit sha1_base64="xauREATuI979lpim3ecR8VH93nM=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuSiKCXRa6cVnBPqANYTKdtENnJmHmRighCzf+ihsXirj1I9z5N07aLLT1wDCHc+7l3nvChDMNrvttbWxube/sVvaq+weHR8f2yWlPx6kitEtiHqtBiDXlTNIuMOB0kCiKRchpP5y1C7//QJVmsbyHeUJ9gSeSRYxgMFJg17KsHXTyYARTCtj8AsNUiUymIg/suttwF3DWiVeSOirRCeyv0TgmqaASCMdaDz03AT/DChjhNK+OUk0TTGZ4QoeGSiyo9rPFEblzYZSxE8XKPAnOQv3dkWGh9VyEprLYUa96hfifN0whavoZk0kKVJLloCjlDsROkYgzZooS4HNDMFHM7OqQKVaYgMmtakLwVk9eJ72rhuc2vLvreqtZxlFBNXSOLpGHblAL3aIO6iKCHtEzekVv1pP1Yr1bH8vSDavsOUN/YH3+AANjmO4=</latexit><latexit sha1_base64="xauREATuI979lpim3ecR8VH93nM=">AAACBHicbVDLSsNAFJ34rPUVddlNsAiuSiKCXRa6cVnBPqANYTKdtENnJmHmRighCzf+ihsXirj1I9z5N07aLLT1wDCHc+7l3nvChDMNrvttbWxube/sVvaq+weHR8f2yWlPx6kitEtiHqtBiDXlTNIuMOB0kCiKRchpP5y1C7//QJVmsbyHeUJ9gSeSRYxgMFJg17KsHXTyYARTCtj8AsNUiUymIg/suttwF3DWiVeSOirRCeyv0TgmqaASCMdaDz03AT/DChjhNK+OUk0TTGZ4QoeGSiyo9rPFEblzYZSxE8XKPAnOQv3dkWGh9VyEprLYUa96hfifN0whavoZk0kKVJLloCjlDsROkYgzZooS4HNDMFHM7OqQKVaYgMmtakLwVk9eJ72rhuc2vLvreqtZxlFBNXSOLpGHblAL3aIO6iKCHtEzekVv1pP1Yr1bH8vSDavsOUN/YH3+AANjmO4=</latexit>

CP ✓exp
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Figure 10: Validation of the numerical results with respect to the experimental data of a
lightweight fully passive flapping foil turbine (Duarte, 2019), expressed in terms of (a) the foil
motion and (b) the power coefficients.

Figure 10b. The contribution from the pitching motion to the energy harvesting427

is very small compared to power extracted by the heaving motion. Indeed, about428

92 % of the energy harvested by the turbine come from the heaving motion.429

Despite the essentially good predictions of the numerical results, a slight devia-430

tion can be observed in the heaving power coefficient CP y with respect to the431

experimental data of reference. This leads to relative errors in the average power432

coefficient CP and the hydraulic efficiency η of 11.0 % and 5.5 %, respectively. A433

significant error of 14.5 % can also be observed in the prediction of the oscillating434

frequency f∗, as shown in Table 7.435

In order to investigate the reasons of the deviations between the numerical436

results and the experimental data of reference, the flow velocity downstream437

the flapping foil has been examined. To that end, velocity probes have been438

placed in the computational domain at a distance of 1.3c downstream from the439

foil. The numerical predictions for the y component of the flow velocity Vy could440

then be compared with experimental data produced by Duarte (2019) through441

measurements with a pulse pair technique device (Dellinger et al., 2018).442

Table 7: Comparison of the average kinematics and harvesting metrics between the present
model and the experimental data of reference from Duarte (2019) for a lightweight fully passive
flapping foil turbine.

Data Aθ A∗y f∗ CP η

Reference 74◦ 1.38 0.131 1.09 0.310
Present 72◦ 1.50 0.112 1.21 0.327
Error −2.7 % 8.7 % −14.5 % 11.0 % 5.5 %
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The experimental setup implemented by Duarte (2019) for the velocity mea-443

surements is illustrated in Figure 11. The velocity probe is placed perpendicularly444

to the flow at a distance of 1.3c downstream from the foil and at a height of445

b/2 from the bottom of the channel. This setup allowed for measuring the y446

component of the flow velocity Vy throughout the whole width of the channel;447

besides capturing the deviation of the flow streamlines by the foil, it would also448

provide valuable information on the LEV shedding dynamics.449

A comparison between the numerical results of the present model and the450

experimental data of reference (Duarte, 2019) for the y component of the451

normalised flow velocity V ∗y = Vy/U∞ is provided in Figure 12. Four relevant452

times t∗ around the detection of the LEV by the velocity probes have been453

considered. For each value of t∗, a picture of the flow streamlines according to454

the numerical results is provided on the left; the velocity profile V ∗y as a function455

of the lateral position y∗ = y/c at the corresponding time t∗ is provided on the456

right, according to both numerical and experimental results.457

At t∗ = 0.32, the values of V ∗y are slightly greater than zero, which corrobo-458

rates the small deviation of the streamlines observed in the corresponding picture459

of the numerical results. At t∗ = 0.45, the LEV has just been shed over the460

foil; the deviation of the streamlines is more accentuated and occurs at different461

positions y∗ according to the numerical and experimental results. At t∗ = 0.58,462

V ∗y reaches a peak value, which indicates the detection by the probes of the463

rotational induced by the LEV; the numerical results suggest higher values of464

V ∗y than the experimental data, according to which the LEV is detected at a465

lower y∗ and thus closer to the center of the channel. After the LEV has crossed466

the probe line at t∗ = 0.71, the velocity profiles V ∗y are logically reversed; the467

numerical results still overestimate the peak value of V ∗y and suggest that the468

LEV would be further away from the foil than what is observed.469

The disparities between the numerical and experimental results provided in470
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Figure 11: Experimental setup implemented by Duarte (2019) in order to investigate the flow
velocity downstream from a lightweight fully passive flapping foil turbine through a pulse pair
technique.
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�1.8
<latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit>

�2.4<latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit>

�3.0
<latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit>

y
⇤

<latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit>

t⇤ = 0.32
<latexit sha1_base64="rmM62ShMnjCgXIe5ilzvCN2ITQY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgHpbdKOhFCHjxGME8IFnD7GQ2GTL7cKZXCEt+wosHRbz6O978GyfJHjSxoKGo6qa7y0+k0Og431ZhZXVtfaO4Wdra3tndK+8fNHWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yRzdTv/XElRZxdI/jhHshHUQiEIyikdr4cHbt2OfVXrni2M4MZJm4OalAjnqv/NXtxywNeYRMUq07rpOgl1GFgkk+KXVTzRPKRnTAO4ZGNOTay2b3TsiJUfokiJWpCMlM/T2R0VDrceibzpDiUC96U/E/r5NicOVlIkpS5BGbLwpSSTAm0+dJXyjOUI4NoUwJcythQ6ooQxNRyYTgLr68TJpV23Vs9+6iUqvmcRThCI7hFFy4hBrcQh0awEDCM7zCm/VovVjv1se8tWDlM4fwB9bnDzhgjrY=</latexit><latexit sha1_base64="rmM62ShMnjCgXIe5ilzvCN2ITQY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgHpbdKOhFCHjxGME8IFnD7GQ2GTL7cKZXCEt+wosHRbz6O978GyfJHjSxoKGo6qa7y0+k0Og431ZhZXVtfaO4Wdra3tndK+8fNHWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yRzdTv/XElRZxdI/jhHshHUQiEIyikdr4cHbt2OfVXrni2M4MZJm4OalAjnqv/NXtxywNeYRMUq07rpOgl1GFgkk+KXVTzRPKRnTAO4ZGNOTay2b3TsiJUfokiJWpCMlM/T2R0VDrceibzpDiUC96U/E/r5NicOVlIkpS5BGbLwpSSTAm0+dJXyjOUI4NoUwJcythQ6ooQxNRyYTgLr68TJpV23Vs9+6iUqvmcRThCI7hFFy4hBrcQh0awEDCM7zCm/VovVjv1se8tWDlM4fwB9bnDzhgjrY=</latexit><latexit sha1_base64="rmM62ShMnjCgXIe5ilzvCN2ITQY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgHpbdKOhFCHjxGME8IFnD7GQ2GTL7cKZXCEt+wosHRbz6O978GyfJHjSxoKGo6qa7y0+k0Og431ZhZXVtfaO4Wdra3tndK+8fNHWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yRzdTv/XElRZxdI/jhHshHUQiEIyikdr4cHbt2OfVXrni2M4MZJm4OalAjnqv/NXtxywNeYRMUq07rpOgl1GFgkk+KXVTzRPKRnTAO4ZGNOTay2b3TsiJUfokiJWpCMlM/T2R0VDrceibzpDiUC96U/E/r5NicOVlIkpS5BGbLwpSSTAm0+dJXyjOUI4NoUwJcythQ6ooQxNRyYTgLr68TJpV23Vs9+6iUqvmcRThCI7hFFy4hBrcQh0awEDCM7zCm/VovVjv1se8tWDlM4fwB9bnDzhgjrY=</latexit><latexit sha1_base64="rmM62ShMnjCgXIe5ilzvCN2ITQY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgHpbdKOhFCHjxGME8IFnD7GQ2GTL7cKZXCEt+wosHRbz6O978GyfJHjSxoKGo6qa7y0+k0Og431ZhZXVtfaO4Wdra3tndK+8fNHWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yRzdTv/XElRZxdI/jhHshHUQiEIyikdr4cHbt2OfVXrni2M4MZJm4OalAjnqv/NXtxywNeYRMUq07rpOgl1GFgkk+KXVTzRPKRnTAO4ZGNOTay2b3TsiJUfokiJWpCMlM/T2R0VDrceibzpDiUC96U/E/r5NicOVlIkpS5BGbLwpSSTAm0+dJXyjOUI4NoUwJcythQ6ooQxNRyYTgLr68TJpV23Vs9+6iUqvmcRThCI7hFFy4hBrcQh0awEDCM7zCm/VovVjv1se8tWDlM4fwB9bnDzhgjrY=</latexit>
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<latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit>

�0.6
<latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit><latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit><latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit><latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit>

�1.2<latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit><latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit><latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit><latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit>

�1.8
<latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit>

�2.4<latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit>

�3.0
<latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit>

y
⇤

<latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit>

t⇤ = 0.45
<latexit sha1_base64="vmrc+jnhsQMhxP+frPOzmyAOy/0=">AAAB73icbVBNS8NAEJ34WetX1aOXYBHEQ0hKRS9CwYvHCvYD2lg22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0gE1+i639bK6tr6xmZhq7i9s7u3Xzo4bOo4VZQ1aCxi1Q6IZoJL1kCOgrUTxUgUCNYKRjdTv/XElOaxvMdxwvyIDCQPOSVopDY+nF+7TvWiVyq7jjuDvUy8nJQhR71X+ur2Y5pGTCIVROuO5yboZ0Qhp4JNit1Us4TQERmwjqGSREz72ezeiX1qlL4dxsqURHum/p7ISKT1OApMZ0RwqBe9qfif10kxvPIzLpMUmaTzRWEqbIzt6fN2nytGUYwNIVRxc6tNh0QRiiaiognBW3x5mTQrjuc63l21XKvkcRTgGE7gDDy4hBrcQh0aQEHAM7zCm/VovVjv1se8dcXKZ47gD6zPHz5xjro=</latexit><latexit sha1_base64="vmrc+jnhsQMhxP+frPOzmyAOy/0=">AAAB73icbVBNS8NAEJ34WetX1aOXYBHEQ0hKRS9CwYvHCvYD2lg22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0gE1+i639bK6tr6xmZhq7i9s7u3Xzo4bOo4VZQ1aCxi1Q6IZoJL1kCOgrUTxUgUCNYKRjdTv/XElOaxvMdxwvyIDCQPOSVopDY+nF+7TvWiVyq7jjuDvUy8nJQhR71X+ur2Y5pGTCIVROuO5yboZ0Qhp4JNit1Us4TQERmwjqGSREz72ezeiX1qlL4dxsqURHum/p7ISKT1OApMZ0RwqBe9qfif10kxvPIzLpMUmaTzRWEqbIzt6fN2nytGUYwNIVRxc6tNh0QRiiaiognBW3x5mTQrjuc63l21XKvkcRTgGE7gDDy4hBrcQh0aQEHAM7zCm/VovVjv1se8dcXKZ47gD6zPHz5xjro=</latexit><latexit sha1_base64="vmrc+jnhsQMhxP+frPOzmyAOy/0=">AAAB73icbVBNS8NAEJ34WetX1aOXYBHEQ0hKRS9CwYvHCvYD2lg22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0gE1+i639bK6tr6xmZhq7i9s7u3Xzo4bOo4VZQ1aCxi1Q6IZoJL1kCOgrUTxUgUCNYKRjdTv/XElOaxvMdxwvyIDCQPOSVopDY+nF+7TvWiVyq7jjuDvUy8nJQhR71X+ur2Y5pGTCIVROuO5yboZ0Qhp4JNit1Us4TQERmwjqGSREz72ezeiX1qlL4dxsqURHum/p7ISKT1OApMZ0RwqBe9qfif10kxvPIzLpMUmaTzRWEqbIzt6fN2nytGUYwNIVRxc6tNh0QRiiaiognBW3x5mTQrjuc63l21XKvkcRTgGE7gDDy4hBrcQh0aQEHAM7zCm/VovVjv1se8dcXKZ47gD6zPHz5xjro=</latexit><latexit sha1_base64="vmrc+jnhsQMhxP+frPOzmyAOy/0=">AAAB73icbVBNS8NAEJ34WetX1aOXYBHEQ0hKRS9CwYvHCvYD2lg22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0gE1+i639bK6tr6xmZhq7i9s7u3Xzo4bOo4VZQ1aCxi1Q6IZoJL1kCOgrUTxUgUCNYKRjdTv/XElOaxvMdxwvyIDCQPOSVopDY+nF+7TvWiVyq7jjuDvUy8nJQhR71X+ur2Y5pGTCIVROuO5yboZ0Qhp4JNit1Us4TQERmwjqGSREz72ezeiX1qlL4dxsqURHum/p7ISKT1OApMZ0RwqBe9qfif10kxvPIzLpMUmaTzRWEqbIzt6fN2nytGUYwNIVRxc6tNh0QRiiaiognBW3x5mTQrjuc63l21XKvkcRTgGE7gDDy4hBrcQh0aQEHAM7zCm/VovVjv1se8dcXKZ47gD6zPHz5xjro=</latexit>
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<latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit>

�0.6
<latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit><latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit><latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit><latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit>

�1.2<latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit><latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit><latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit><latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit>

�1.8
<latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit>

�2.4<latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit>

�3.0
<latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit>

y
⇤

<latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit>

t⇤ = 0.58
<latexit sha1_base64="5u7LZCdM4I2AjAUiYe6vylPNIjE=">AAAB73icbVBNS8NAEJ34WetX1aOXYBHEQ0iKYi9CwYvHCvYD2lg22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0gE1+i639bK6tr6xmZhq7i9s7u3Xzo4bOo4VZQ1aCxi1Q6IZoJL1kCOgrUTxUgUCNYKRjdTv/XElOaxvMdxwvyIDCQPOSVopDY+nF+7zmW1Vyq7jjuDvUy8nJQhR71X+ur2Y5pGTCIVROuO5yboZ0Qhp4JNit1Us4TQERmwjqGSREz72ezeiX1qlL4dxsqURHum/p7ISKT1OApMZ0RwqBe9qfif10kxrPoZl0mKTNL5ojAVNsb29Hm7zxWjKMaGEKq4udWmQ6IIRRNR0YTgLb68TJoVx3Md7+6iXKvkcRTgGE7gDDy4ghrcQh0aQEHAM7zCm/VovVjv1se8dcXKZ47gD6zPH0SCjr4=</latexit><latexit sha1_base64="5u7LZCdM4I2AjAUiYe6vylPNIjE=">AAAB73icbVBNS8NAEJ34WetX1aOXYBHEQ0iKYi9CwYvHCvYD2lg22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0gE1+i639bK6tr6xmZhq7i9s7u3Xzo4bOo4VZQ1aCxi1Q6IZoJL1kCOgrUTxUgUCNYKRjdTv/XElOaxvMdxwvyIDCQPOSVopDY+nF+7zmW1Vyq7jjuDvUy8nJQhR71X+ur2Y5pGTCIVROuO5yboZ0Qhp4JNit1Us4TQERmwjqGSREz72ezeiX1qlL4dxsqURHum/p7ISKT1OApMZ0RwqBe9qfif10kxrPoZl0mKTNL5ojAVNsb29Hm7zxWjKMaGEKq4udWmQ6IIRRNR0YTgLb68TJoVx3Md7+6iXKvkcRTgGE7gDDy4ghrcQh0aQEHAM7zCm/VovVjv1se8dcXKZ47gD6zPH0SCjr4=</latexit><latexit sha1_base64="5u7LZCdM4I2AjAUiYe6vylPNIjE=">AAAB73icbVBNS8NAEJ34WetX1aOXYBHEQ0iKYi9CwYvHCvYD2lg22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0gE1+i639bK6tr6xmZhq7i9s7u3Xzo4bOo4VZQ1aCxi1Q6IZoJL1kCOgrUTxUgUCNYKRjdTv/XElOaxvMdxwvyIDCQPOSVopDY+nF+7zmW1Vyq7jjuDvUy8nJQhR71X+ur2Y5pGTCIVROuO5yboZ0Qhp4JNit1Us4TQERmwjqGSREz72ezeiX1qlL4dxsqURHum/p7ISKT1OApMZ0RwqBe9qfif10kxrPoZl0mKTNL5ojAVNsb29Hm7zxWjKMaGEKq4udWmQ6IIRRNR0YTgLb68TJoVx3Md7+6iXKvkcRTgGE7gDDy4ghrcQh0aQEHAM7zCm/VovVjv1se8dcXKZ47gD6zPH0SCjr4=</latexit><latexit sha1_base64="5u7LZCdM4I2AjAUiYe6vylPNIjE=">AAAB73icbVBNS8NAEJ34WetX1aOXYBHEQ0iKYi9CwYvHCvYD2lg22027dLOJuxOhhP4JLx4U8erf8ea/cdvmoK0PBh7vzTAzL0gE1+i639bK6tr6xmZhq7i9s7u3Xzo4bOo4VZQ1aCxi1Q6IZoJL1kCOgrUTxUgUCNYKRjdTv/XElOaxvMdxwvyIDCQPOSVopDY+nF+7zmW1Vyq7jjuDvUy8nJQhR71X+ur2Y5pGTCIVROuO5yboZ0Qhp4JNit1Us4TQERmwjqGSREz72ezeiX1qlL4dxsqURHum/p7ISKT1OApMZ0RwqBe9qfif10kxrPoZl0mKTNL5ojAVNsb29Hm7zxWjKMaGEKq4udWmQ6IIRRNR0YTgLb68TJoVx3Md7+6iXKvkcRTgGE7gDDy4ghrcQh0aQEHAM7zCm/VovVjv1se8dcXKZ47gD6zPH0SCjr4=</latexit>

ŷ
<latexit sha1_base64="bBm9qOIY6/XzeRkKHeB/s7zVbX0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7hZ+74lrI2L1iFnC/YhOlAgFo2il3nBKMc/mo2rNrbtLkE3iFaQGBdqj6tdwHLM04gqZpMYMPDdBP6caBZN8XhmmhieUzeiEDyxVNOLGz5fnzsmVVcYkjLUthWSp/p7IaWRMFgW2M6I4NeveQvzPG6QY3vq5UEmKXLHVojCVBGOy+J2MheYMZWYJZVrYWwmbUk0Z2oQqNgRv/eVN0r2pe27de2jUWo0ijjJcwCVcgwdNaME9tKEDDGbwDK/w5iTOi/PufKxaS04xcw5/4Hz+AK2Lj7w=</latexit><latexit sha1_base64="bBm9qOIY6/XzeRkKHeB/s7zVbX0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7hZ+74lrI2L1iFnC/YhOlAgFo2il3nBKMc/mo2rNrbtLkE3iFaQGBdqj6tdwHLM04gqZpMYMPDdBP6caBZN8XhmmhieUzeiEDyxVNOLGz5fnzsmVVcYkjLUthWSp/p7IaWRMFgW2M6I4NeveQvzPG6QY3vq5UEmKXLHVojCVBGOy+J2MheYMZWYJZVrYWwmbUk0Z2oQqNgRv/eVN0r2pe27de2jUWo0ijjJcwCVcgwdNaME9tKEDDGbwDK/w5iTOi/PufKxaS04xcw5/4Hz+AK2Lj7w=</latexit><latexit sha1_base64="bBm9qOIY6/XzeRkKHeB/s7zVbX0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7hZ+74lrI2L1iFnC/YhOlAgFo2il3nBKMc/mo2rNrbtLkE3iFaQGBdqj6tdwHLM04gqZpMYMPDdBP6caBZN8XhmmhieUzeiEDyxVNOLGz5fnzsmVVcYkjLUthWSp/p7IaWRMFgW2M6I4NeveQvzPG6QY3vq5UEmKXLHVojCVBGOy+J2MheYMZWYJZVrYWwmbUk0Z2oQqNgRv/eVN0r2pe27de2jUWo0ijjJcwCVcgwdNaME9tKEDDGbwDK/w5iTOi/PufKxaS04xcw5/4Hz+AK2Lj7w=</latexit><latexit sha1_base64="bBm9qOIY6/XzeRkKHeB/s7zVbX0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7hZ+74lrI2L1iFnC/YhOlAgFo2il3nBKMc/mo2rNrbtLkE3iFaQGBdqj6tdwHLM04gqZpMYMPDdBP6caBZN8XhmmhieUzeiEDyxVNOLGz5fnzsmVVcYkjLUthWSp/p7IaWRMFgW2M6I4NeveQvzPG6QY3vq5UEmKXLHVojCVBGOy+J2MheYMZWYJZVrYWwmbUk0Z2oQqNgRv/eVN0r2pe27de2jUWo0ijjJcwCVcgwdNaME9tKEDDGbwDK/w5iTOi/PufKxaS04xcw5/4Hz+AK2Lj7w=</latexit>

x̂
<latexit sha1_base64="vdl2V/i5NPJbvEPwJPNAgCT2l1E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeTaiEQ94DTlQUxHSkSCUbRSpz+mmD/NBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872af1+vNupFHGU4g3O4BB+uoQF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A6wGj7s=</latexit><latexit sha1_base64="vdl2V/i5NPJbvEPwJPNAgCT2l1E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeTaiEQ94DTlQUxHSkSCUbRSpz+mmD/NBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872af1+vNupFHGU4g3O4BB+uoQF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A6wGj7s=</latexit><latexit sha1_base64="vdl2V/i5NPJbvEPwJPNAgCT2l1E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeTaiEQ94DTlQUxHSkSCUbRSpz+mmD/NBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872af1+vNupFHGU4g3O4BB+uoQF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A6wGj7s=</latexit><latexit sha1_base64="vdl2V/i5NPJbvEPwJPNAgCT2l1E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeTaiEQ94DTlQUxHSkSCUbRSpz+mmD/NBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872af1+vNupFHGU4g3O4BB+uoQF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A6wGj7s=</latexit>

ẑ
<latexit sha1_base64="x7Wws7CzFkuYQbx5k7EkfHnwhsU=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeTaiEQ94DTlQUxHSkSCUbRSpz+mmD/NBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872af1+vNupFHGU4g3O4BB+uoQF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A68Qj70=</latexit><latexit sha1_base64="x7Wws7CzFkuYQbx5k7EkfHnwhsU=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeTaiEQ94DTlQUxHSkSCUbRSpz+mmD/NBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872af1+vNupFHGU4g3O4BB+uoQF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A68Qj70=</latexit><latexit sha1_base64="x7Wws7CzFkuYQbx5k7EkfHnwhsU=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeTaiEQ94DTlQUxHSkSCUbRSpz+mmD/NBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872af1+vNupFHGU4g3O4BB+uoQF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A68Qj70=</latexit><latexit sha1_base64="x7Wws7CzFkuYQbx5k7EkfHnwhsU=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeCF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74ST27nfeeTaiEQ94DTlQUxHSkSCUbRSpz+mmD/NBm7Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItzZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UY3QS5UGmGXLHloiiTBBMy/50MheYM5dQSyrSwtxI2ppoytAlVbAj+6svrpH1V872af1+vNupFHGU4g3O4BB+uoQF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A68Qj70=</latexit>

!
⇤ z

=
!

z
c

U
1

<latexit sha1_base64="/h3Ihl2Sf2wqf8K0e5BFRdlELRg=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBaheCiJCHoRCl48VjBtoYlhs920SzebsLsRYshf8OJf8eJBEa/evPlv3LYRtPXBwOO9GWbmBQmjUlnWl1FZWl5ZXauu1zY2t7Z3zN29joxTgYmDYxaLXoAkYZQTR1HFSC8RBEUBI91gfDnxu3dESBrzG5UlxIvQkNOQYqS05JsNN47IEPn3t8fwArqhQDj/kSAucsd3KQ9VVvhm3WpaU8BFYpekDkq0ffPTHcQ4jQhXmCEp+7aVKC9HQlHMSFFzU0kShMdoSPqachQR6eXTjwp4pJUBDGOhiys4VX9P5CiSMosC3RkhNZLz3kT8z+unKjz3csqTVBGOZ4vClEEVw0k8cEAFwYplmiAsqL4V4hHSqSgdYk2HYM+/vEg6J03batrXp/VWo4yjCg7AIWgAG5yBFrgCbeAADB7AE3gBr8aj8Wy8Ge+z1opRzuyDPzA+vgFbWp1H</latexit><latexit sha1_base64="/h3Ihl2Sf2wqf8K0e5BFRdlELRg=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBaheCiJCHoRCl48VjBtoYlhs920SzebsLsRYshf8OJf8eJBEa/evPlv3LYRtPXBwOO9GWbmBQmjUlnWl1FZWl5ZXauu1zY2t7Z3zN29joxTgYmDYxaLXoAkYZQTR1HFSC8RBEUBI91gfDnxu3dESBrzG5UlxIvQkNOQYqS05JsNN47IEPn3t8fwArqhQDj/kSAucsd3KQ9VVvhm3WpaU8BFYpekDkq0ffPTHcQ4jQhXmCEp+7aVKC9HQlHMSFFzU0kShMdoSPqachQR6eXTjwp4pJUBDGOhiys4VX9P5CiSMosC3RkhNZLz3kT8z+unKjz3csqTVBGOZ4vClEEVw0k8cEAFwYplmiAsqL4V4hHSqSgdYk2HYM+/vEg6J03batrXp/VWo4yjCg7AIWgAG5yBFrgCbeAADB7AE3gBr8aj8Wy8Ge+z1opRzuyDPzA+vgFbWp1H</latexit><latexit sha1_base64="/h3Ihl2Sf2wqf8K0e5BFRdlELRg=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBaheCiJCHoRCl48VjBtoYlhs920SzebsLsRYshf8OJf8eJBEa/evPlv3LYRtPXBwOO9GWbmBQmjUlnWl1FZWl5ZXauu1zY2t7Z3zN29joxTgYmDYxaLXoAkYZQTR1HFSC8RBEUBI91gfDnxu3dESBrzG5UlxIvQkNOQYqS05JsNN47IEPn3t8fwArqhQDj/kSAucsd3KQ9VVvhm3WpaU8BFYpekDkq0ffPTHcQ4jQhXmCEp+7aVKC9HQlHMSFFzU0kShMdoSPqachQR6eXTjwp4pJUBDGOhiys4VX9P5CiSMosC3RkhNZLz3kT8z+unKjz3csqTVBGOZ4vClEEVw0k8cEAFwYplmiAsqL4V4hHSqSgdYk2HYM+/vEg6J03batrXp/VWo4yjCg7AIWgAG5yBFrgCbeAADB7AE3gBr8aj8Wy8Ge+z1opRzuyDPzA+vgFbWp1H</latexit><latexit sha1_base64="/h3Ihl2Sf2wqf8K0e5BFRdlELRg=">AAACEXicbVBNS8NAEN3Ur1q/oh69LBaheCiJCHoRCl48VjBtoYlhs920SzebsLsRYshf8OJf8eJBEa/evPlv3LYRtPXBwOO9GWbmBQmjUlnWl1FZWl5ZXauu1zY2t7Z3zN29joxTgYmDYxaLXoAkYZQTR1HFSC8RBEUBI91gfDnxu3dESBrzG5UlxIvQkNOQYqS05JsNN47IEPn3t8fwArqhQDj/kSAucsd3KQ9VVvhm3WpaU8BFYpekDkq0ffPTHcQ4jQhXmCEp+7aVKC9HQlHMSFFzU0kShMdoSPqachQR6eXTjwp4pJUBDGOhiys4VX9P5CiSMosC3RkhNZLz3kT8z+unKjz3csqTVBGOZ4vClEEVw0k8cEAFwYplmiAsqL4V4hHSqSgdYk2HYM+/vEg6J03batrXp/VWo4yjCg7AIWgAG5yBFrgCbeAADB7AE3gBr8aj8Wy8Ge+z1opRzuyDPzA+vgFbWp1H</latexit>

0
<latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit><latexit sha1_base64="GtPZzOiWyA3oz//C6t/G5jFRh/w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27NXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3Sua55bs1r3VQa1TyOIlzAJVTBgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xR4ya</latexit>

10
<latexit sha1_base64="db6eu7TFzWmgTtXcQ4obYRzjUWs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg+cOqjW34S5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7cuG5za8+6tas17EUYYzOIc6eHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP4KCM1Q==</latexit><latexit sha1_base64="db6eu7TFzWmgTtXcQ4obYRzjUWs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg+cOqjW34S5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7cuG5za8+6tas17EUYYzOIc6eHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP4KCM1Q==</latexit><latexit sha1_base64="db6eu7TFzWmgTtXcQ4obYRzjUWs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg+cOqjW34S5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7cuG5za8+6tas17EUYYzOIc6eHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP4KCM1Q==</latexit><latexit sha1_base64="db6eu7TFzWmgTtXcQ4obYRzjUWs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSg+cOqjW34S5A1olXkBoUaA2qX/1hwrKYK2SSGtPz3BSDnGoUTPJZpZ8ZnlI2oSPes1TRmJsgX1w6IxdWGZIo0bYUkoX6eyKnsTHTOLSdMcWxWfXm4n9eL8PoJsiFSjPkii0XRZkkmJD522QoNGcop5ZQpoW9lbAx1ZShDadiQ/BWX14n7cuG5za8+6tas17EUYYzOIc6eHANTbiDFvjAIIJneIU3Z+K8OO/Ox7K15BQzp/AHzucP4KCM1Q==</latexit>

�10
<latexit sha1_base64="jcClVXTYpb7GRXtH1dLXlvKG7MM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahF0siBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVx67qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+qnluzbuvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBKI40M</latexit><latexit sha1_base64="jcClVXTYpb7GRXtH1dLXlvKG7MM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahF0siBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVx67qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+qnluzbuvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBKI40M</latexit><latexit sha1_base64="jcClVXTYpb7GRXtH1dLXlvKG7MM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahF0siBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVx67qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+qnluzbuvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBKI40M</latexit><latexit sha1_base64="jcClVXTYpb7GRXtH1dLXlvKG7MM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahF0siBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVx67qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+qnluzbuvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwBKI40M</latexit>
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<latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit>

�0.6
<latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit><latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit><latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit><latexit sha1_base64="N82/4UToGj6XlDakt3U4dLE39Jc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRUj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXnNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46167vuf5DvdZsFHGU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBF41X</latexit>

�1.2<latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit><latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit><latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit><latexit sha1_base64="Iy8vyxMEuNXpbFVnu1ERjxtCqx0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXv1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46ddf3XP+hUWteF3GU4QzO4RJ8uIEm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we8jY1U</latexit>

�1.8
<latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit><latexit sha1_base64="17SBtOunpsiriHMx5EKPd3IUL/8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGRoj0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0pXvNobVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJmoEGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXieda9f3XP+hXmveFHGU4QzO4RJ8uIUm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfFpY1a</latexit>

�2.4<latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit><latexit sha1_base64="sjvFFkqlccjxsCsgy+6mLo+fBxU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyEpRT0WvHisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jk0lXdbQyrNc/1FkDrxC9IDQq0htWvwSgmqaDSEI617vteYoIMK8MIp/PKINU0wWSKx7RvqcSC6iBb3DpHF1YZoShWtqRBC/X3RIaF1jMR2k6BzUSvern4n9dPTXQbZEwmqaGSLBdFKUcmRvnjaMQUJYbPLMFEMXsrIhOsMDE2nooNwV99eZ106q7vuf5Do9a8LuIowxmcwyX4cANNuIcWtIHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/BG41X</latexit>

�3.0
<latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit><latexit sha1_base64="zVhGLlN6cYqBglqCKdNtzu0bOwE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyGxoh4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxy6aLueoNqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90GGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LuIowwmcwjn4cAMNuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w+8kY1U</latexit>

y
⇤

<latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit><latexit sha1_base64="UV+k/nd2C7QpdLzxtljOhBo9yug=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBMVTwYvHivYD2lg220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/lgxkn6Ed0IHnIGTVWuh8/nvXKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlc9t+rdXVRq13kcRTiCYzgFDy6hBrdQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB/p6NkQ==</latexit>

V ⇤
y

<latexit sha1_base64="Xdbx60JFqaYZrVV13zJopZfdtes=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoHgqePFYwbSFNpbNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut7Oyura+sVnaKm/v7O7tVw4OmybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoBxynPIjpQIlIMIpW8pu98eN5r1J1a+4MZJl4BalCgUav8tXtJyyLuUImqTEdz00xyKlGwSSflLuZ4SllIzrgHUsVjbkJ8tmxE3JqlT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMroNcqDRDrth8UZRJggmZfk76QnOGcmwJZVrYWwkbUk0Z2nzKNgRv8eVl0ryoeW7Nu7+s1m+KOEpwDCdwBh5cQR3uoAE+MBDwDK/w5ijnxXl3PuatK04xcwR/4Hz+AF1Xjlo=</latexit><latexit sha1_base64="Xdbx60JFqaYZrVV13zJopZfdtes=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoHgqePFYwbSFNpbNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut7Oyura+sVnaKm/v7O7tVw4OmybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoBxynPIjpQIlIMIpW8pu98eN5r1J1a+4MZJl4BalCgUav8tXtJyyLuUImqTEdz00xyKlGwSSflLuZ4SllIzrgHUsVjbkJ8tmxE3JqlT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMroNcqDRDrth8UZRJggmZfk76QnOGcmwJZVrYWwkbUk0Z2nzKNgRv8eVl0ryoeW7Nu7+s1m+KOEpwDCdwBh5cQR3uoAE+MBDwDK/w5ijnxXl3PuatK04xcwR/4Hz+AF1Xjlo=</latexit><latexit sha1_base64="Xdbx60JFqaYZrVV13zJopZfdtes=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoHgqePFYwbSFNpbNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut7Oyura+sVnaKm/v7O7tVw4OmybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoBxynPIjpQIlIMIpW8pu98eN5r1J1a+4MZJl4BalCgUav8tXtJyyLuUImqTEdz00xyKlGwSSflLuZ4SllIzrgHUsVjbkJ8tmxE3JqlT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMroNcqDRDrth8UZRJggmZfk76QnOGcmwJZVrYWwkbUk0Z2nzKNgRv8eVl0ryoeW7Nu7+s1m+KOEpwDCdwBh5cQR3uoAE+MBDwDK/w5ijnxXl3PuatK04xcwR/4Hz+AF1Xjlo=</latexit><latexit sha1_base64="Xdbx60JFqaYZrVV13zJopZfdtes=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIoHgqePFYwbSFNpbNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut7Oyura+sVnaKm/v7O7tVw4OmybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoBxynPIjpQIlIMIpW8pu98eN5r1J1a+4MZJl4BalCgUav8tXtJyyLuUImqTEdz00xyKlGwSSflLuZ4SllIzrgHUsVjbkJ8tmxE3JqlT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTKMroNcqDRDrth8UZRJggmZfk76QnOGcmwJZVrYWwkbUk0Z2nzKNgRv8eVl0ryoeW7Nu7+s1m+KOEpwDCdwBh5cQR3uoAE+MBDwDK/w5ijnxXl3PuatK04xcwR/4Hz+AF1Xjlo=</latexit>

0.0
<latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit><latexit sha1_base64="xkEOy9eAObxYgaVfkSszi7bRgpY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9xm+agrQ92ebw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD27dHVRr9s9BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/y1edkTOrDEkYa/sUklz93ZHRyJhpFNjKiOLYLHtz8T+vl2J442dCJSlyxRaDwlQSjMn8bjIUmjOUU0so08LuStiYasrQplOxIXjLJ6+S9kXdc+ve/WWtcVXEUYYTOIVz8OAaGnAHTWgBgxE8wyu8OdJ5cd6dj0VpySl6juEPnM8fTlyNGg==</latexit>

�1.0
<latexit sha1_base64="Caw9ni17v5O0lOogJRSQN95I4UM=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyERUY8FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5UcqZNr7/7VTW1jc2t6rbtZ3dvf0D9/CorZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uSv8zhNVmiXy0UxTGgo8kixmBJtCugg8f+DWfc+fA62SoCR1KNEcuF/9YUIyQaUhHGvdC/zUhDlWhhFOZ7V+pmmKyQSPaM9SiQXVYT6/dYbOrDJEcaJsSYPm6u+JHAutpyKynQKbsV72CvE/r5eZ+DbMmUwzQyVZLIozjkyCisfRkClKDJ9agoli9lZExlhhYmw8NRtCsPzyKmlfeoHvBQ9X9cZ1GUcVTuAUziGAG2jAPTShBQTG8Ayv8OYI58V5dz4WrRWnnDmGP3A+fwC5hY1S</latexit><latexit sha1_base64="Caw9ni17v5O0lOogJRSQN95I4UM=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyERUY8FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5UcqZNr7/7VTW1jc2t6rbtZ3dvf0D9/CorZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uSv8zhNVmiXy0UxTGgo8kixmBJtCugg8f+DWfc+fA62SoCR1KNEcuF/9YUIyQaUhHGvdC/zUhDlWhhFOZ7V+pmmKyQSPaM9SiQXVYT6/dYbOrDJEcaJsSYPm6u+JHAutpyKynQKbsV72CvE/r5eZ+DbMmUwzQyVZLIozjkyCisfRkClKDJ9agoli9lZExlhhYmw8NRtCsPzyKmlfeoHvBQ9X9cZ1GUcVTuAUziGAG2jAPTShBQTG8Ayv8OYI58V5dz4WrRWnnDmGP3A+fwC5hY1S</latexit><latexit sha1_base64="Caw9ni17v5O0lOogJRSQN95I4UM=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyERUY8FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5UcqZNr7/7VTW1jc2t6rbtZ3dvf0D9/CorZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uSv8zhNVmiXy0UxTGgo8kixmBJtCugg8f+DWfc+fA62SoCR1KNEcuF/9YUIyQaUhHGvdC/zUhDlWhhFOZ7V+pmmKyQSPaM9SiQXVYT6/dYbOrDJEcaJsSYPm6u+JHAutpyKynQKbsV72CvE/r5eZ+DbMmUwzQyVZLIozjkyCisfRkClKDJ9agoli9lZExlhhYmw8NRtCsPzyKmlfeoHvBQ9X9cZ1GUcVTuAUziGAG2jAPTShBQTG8Ayv8OYI58V5dz4WrRWnnDmGP3A+fwC5hY1S</latexit><latexit sha1_base64="Caw9ni17v5O0lOogJRSQN95I4UM=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyERUY8FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5UcqZNr7/7VTW1jc2t6rbtZ3dvf0D9/CorZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uSv8zhNVmiXy0UxTGgo8kixmBJtCugg8f+DWfc+fA62SoCR1KNEcuF/9YUIyQaUhHGvdC/zUhDlWhhFOZ7V+pmmKyQSPaM9SiQXVYT6/dYbOrDJEcaJsSYPm6u+JHAutpyKynQKbsV72CvE/r5eZ+DbMmUwzQyVZLIozjkyCisfRkClKDJ9agoli9lZExlhhYmw8NRtCsPzyKmlfeoHvBQ9X9cZ1GUcVTuAUziGAG2jAPTShBQTG8Ayv8OYI58V5dz4WrRWnnDmGP3A+fwC5hY1S</latexit>

�0.5
<latexit sha1_base64="G04bTbwiOGehLfcJwdya9k7uTYg=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgxpBIfSwLblxWsA9oQ5lMJ+3QmUmYmQgl9BfcuFDErT/kzr9x0mahrQcuHM65l3vvCRPOtPG8b6e0tr6xuVXeruzs7u0fVA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek7vc7zxRpVksH800oYHAI8kiRrDJpQvPvRpUa57rzYFWiV+QGhRoDqpf/WFMUkGlIRxr3fO9xAQZVoYRTmeVfqppgskEj2jPUokF1UE2v3WGzqwyRFGsbEmD5urviQwLracitJ0Cm7Fe9nLxP6+Xmug2yJhMUkMlWSyKUo5MjPLH0ZApSgyfWoKJYvZWRMZYYWJsPBUbgr/88ippX7q+5/oP9VrjuoijDCdwCufgww004B6a0AICY3iGV3hzhPPivDsfi9aSU8wcwx84nz+/k41W</latexit><latexit sha1_base64="G04bTbwiOGehLfcJwdya9k7uTYg=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgxpBIfSwLblxWsA9oQ5lMJ+3QmUmYmQgl9BfcuFDErT/kzr9x0mahrQcuHM65l3vvCRPOtPG8b6e0tr6xuVXeruzs7u0fVA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek7vc7zxRpVksH800oYHAI8kiRrDJpQvPvRpUa57rzYFWiV+QGhRoDqpf/WFMUkGlIRxr3fO9xAQZVoYRTmeVfqppgskEj2jPUokF1UE2v3WGzqwyRFGsbEmD5urviQwLracitJ0Cm7Fe9nLxP6+Xmug2yJhMUkMlWSyKUo5MjPLH0ZApSgyfWoKJYvZWRMZYYWJsPBUbgr/88ippX7q+5/oP9VrjuoijDCdwCufgww004B6a0AICY3iGV3hzhPPivDsfi9aSU8wcwx84nz+/k41W</latexit><latexit sha1_base64="G04bTbwiOGehLfcJwdya9k7uTYg=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgxpBIfSwLblxWsA9oQ5lMJ+3QmUmYmQgl9BfcuFDErT/kzr9x0mahrQcuHM65l3vvCRPOtPG8b6e0tr6xuVXeruzs7u0fVA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek7vc7zxRpVksH800oYHAI8kiRrDJpQvPvRpUa57rzYFWiV+QGhRoDqpf/WFMUkGlIRxr3fO9xAQZVoYRTmeVfqppgskEj2jPUokF1UE2v3WGzqwyRFGsbEmD5urviQwLracitJ0Cm7Fe9nLxP6+Xmug2yJhMUkMlWSyKUo5MjPLH0ZApSgyfWoKJYvZWRMZYYWJsPBUbgr/88ippX7q+5/oP9VrjuoijDCdwCufgww004B6a0AICY3iGV3hzhPPivDsfi9aSU8wcwx84nz+/k41W</latexit><latexit sha1_base64="G04bTbwiOGehLfcJwdya9k7uTYg=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgxpBIfSwLblxWsA9oQ5lMJ+3QmUmYmQgl9BfcuFDErT/kzr9x0mahrQcuHM65l3vvCRPOtPG8b6e0tr6xuVXeruzs7u0fVA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek7vc7zxRpVksH800oYHAI8kiRrDJpQvPvRpUa57rzYFWiV+QGhRoDqpf/WFMUkGlIRxr3fO9xAQZVoYRTmeVfqppgskEj2jPUokF1UE2v3WGzqwyRFGsbEmD5urviQwLracitJ0Cm7Fe9nLxP6+Xmug2yJhMUkMlWSyKUo5MjPLH0ZApSgyfWoKJYvZWRMZYYWJsPBUbgr/88ippX7q+5/oP9VrjuoijDCdwCufgww004B6a0AICY3iGV3hzhPPivDsfi9aSU8wcwx84nz+/k41W</latexit>

0.5
<latexit sha1_base64="n8nodrN9J2UWdFov/uuTTAcbTBU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile8+96FVrnuvNQJaJX5AaFGj0ql/dfsKymCtkkhrT8b0Ug5xqFEzySaWbGZ5SNqID3rFU0ZibIJ+dOiEnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nYkPwF19eJo9nru+5/t15rX5ZxFGGIziGU/DhCupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH1XwjR8=</latexit><latexit sha1_base64="n8nodrN9J2UWdFov/uuTTAcbTBU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile8+96FVrnuvNQJaJX5AaFGj0ql/dfsKymCtkkhrT8b0Ug5xqFEzySaWbGZ5SNqID3rFU0ZibIJ+dOiEnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nYkPwF19eJo9nru+5/t15rX5ZxFGGIziGU/DhCupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH1XwjR8=</latexit><latexit sha1_base64="n8nodrN9J2UWdFov/uuTTAcbTBU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile8+96FVrnuvNQJaJX5AaFGj0ql/dfsKymCtkkhrT8b0Ug5xqFEzySaWbGZ5SNqID3rFU0ZibIJ+dOiEnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nYkPwF19eJo9nru+5/t15rX5ZxFGGIziGU/DhCupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH1XwjR8=</latexit><latexit sha1_base64="n8nodrN9J2UWdFov/uuTTAcbTBU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEr2PBi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile8+96FVrnuvNQJaJX5AaFGj0ql/dfsKymCtkkhrT8b0Ug5xqFEzySaWbGZ5SNqID3rFU0ZibIJ+dOiEnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DrIhUoz5IrNF0WZJJiQ6d+kLzRnKMeWUKaFvZWwIdWUoU2nYkPwF19eJo9nru+5/t15rX5ZxFGGIziGU/DhCupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH1XwjR8=</latexit>

1.0
<latexit sha1_base64="o04KrN8zOcqW7/s3dPGs+eKrUYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+96/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YY3QS5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6ldFHGU4gVM4Bx+uoQ530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AU/ijRs=</latexit><latexit sha1_base64="o04KrN8zOcqW7/s3dPGs+eKrUYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+96/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YY3QS5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6ldFHGU4gVM4Bx+uoQ530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AU/ijRs=</latexit><latexit sha1_base64="o04KrN8zOcqW7/s3dPGs+eKrUYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+96/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YY3QS5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6ldFHGU4gVM4Bx+uoQ530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AU/ijRs=</latexit><latexit sha1_base64="o04KrN8zOcqW7/s3dPGs+eKrUYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z+oHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSg+96/WrNc705yCrxC1KDAo1+9as3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YY3QS5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHXh+p7r31/W6ldFHGU4gVM4Bx+uoQ530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AU/ijRs=</latexit>

t⇤ = 0.71
<latexit sha1_base64="wRTHthtF4PzDqXlXEV+hRv7NPGg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIsgHkJShHoRCl48VrAf0May2W7apZtN3J0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeUEiuEbX/bYKa+sbm1vF7dLO7t7+QfnwqKXjVFHWpLGIVScgmgkuWRM5CtZJFCNRIFg7GN/M/PYTU5rH8h4nCfMjMpQ85JSgkTr4cHHtOjWvX664jjuHvUq8nFQgR6Nf/uoNYppGTCIVROuu5yboZ0Qhp4JNS71Us4TQMRmyrqGSREz72fzeqX1mlIEdxsqURHuu/p7ISKT1JApMZ0RwpJe9mfif100xvPIzLpMUmaSLRWEqbIzt2fP2gCtGUUwMIVRxc6tNR0QRiiaikgnBW355lbSqjuc63t1lpV7N4yjCCZzCOXhQgzrcQgOaQEHAM7zCm/VovVjv1seitWDlM8fwB9bnDzzwjrk=</latexit><latexit sha1_base64="wRTHthtF4PzDqXlXEV+hRv7NPGg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIsgHkJShHoRCl48VrAf0May2W7apZtN3J0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeUEiuEbX/bYKa+sbm1vF7dLO7t7+QfnwqKXjVFHWpLGIVScgmgkuWRM5CtZJFCNRIFg7GN/M/PYTU5rH8h4nCfMjMpQ85JSgkTr4cHHtOjWvX664jjuHvUq8nFQgR6Nf/uoNYppGTCIVROuu5yboZ0Qhp4JNS71Us4TQMRmyrqGSREz72fzeqX1mlIEdxsqURHuu/p7ISKT1JApMZ0RwpJe9mfif100xvPIzLpMUmaSLRWEqbIzt2fP2gCtGUUwMIVRxc6tNR0QRiiaikgnBW355lbSqjuc63t1lpV7N4yjCCZzCOXhQgzrcQgOaQEHAM7zCm/VovVjv1seitWDlM8fwB9bnDzzwjrk=</latexit><latexit sha1_base64="wRTHthtF4PzDqXlXEV+hRv7NPGg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIsgHkJShHoRCl48VrAf0May2W7apZtN3J0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeUEiuEbX/bYKa+sbm1vF7dLO7t7+QfnwqKXjVFHWpLGIVScgmgkuWRM5CtZJFCNRIFg7GN/M/PYTU5rH8h4nCfMjMpQ85JSgkTr4cHHtOjWvX664jjuHvUq8nFQgR6Nf/uoNYppGTCIVROuu5yboZ0Qhp4JNS71Us4TQMRmyrqGSREz72fzeqX1mlIEdxsqURHuu/p7ISKT1JApMZ0RwpJe9mfif100xvPIzLpMUmaSLRWEqbIzt2fP2gCtGUUwMIVRxc6tNR0QRiiaikgnBW355lbSqjuc63t1lpV7N4yjCCZzCOXhQgzrcQgOaQEHAM7zCm/VovVjv1seitWDlM8fwB9bnDzzwjrk=</latexit><latexit sha1_base64="wRTHthtF4PzDqXlXEV+hRv7NPGg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIsgHkJShHoRCl48VrAf0May2W7apZtN3J0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeUEiuEbX/bYKa+sbm1vF7dLO7t7+QfnwqKXjVFHWpLGIVScgmgkuWRM5CtZJFCNRIFg7GN/M/PYTU5rH8h4nCfMjMpQ85JSgkTr4cHHtOjWvX664jjuHvUq8nFQgR6Nf/uoNYppGTCIVROuu5yboZ0Qhp4JNS71Us4TQMRmyrqGSREz72fzeqX1mlIEdxsqURHuu/p7ISKT1JApMZ0RwpJe9mfif100xvPIzLpMUmaSLRWEqbIzt2fP2gCtGUUwMIVRxc6tNR0QRiiaikgnBW355lbSqjuc63t1lpV7N4yjCCZzCOXhQgzrcQgOaQEHAM7zCm/VovVjv1seitWDlM8fwB9bnDzzwjrk=</latexit>

1.3c
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Figure 12: Comparison between the numerical results of the present model and experimental
data of reference for the flow velocity downstream from a lightweight fully passive flapping foil
turbine (Duarte, 2019).
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Figure 12 can be assigned to two different issues. First, the lower peak values471

of V ∗y observed in the reference data can be justified by the three-dimensional472

aspects of the flow. According to Duarte (2019), a non-zero vertical component473

of the flow velocity is observed downstream from the foil; the LEV would then474

be advected on a plane which is not perpendicular to the pitching axis, and thus475

V ∗y would not fully account for the rotational induced by the LEV. Second, the476

detection of the LEV in a position y∗ closer to the foil may be related to the477

confinement of the channel flow. Indeed, in the unconfined fluid domain of the478

numerical model, the LEV are indefinitely pulled away from the foil as they are479

not constrained by the presence of side walls.480

Finally, the investigation of the flow velocities downstream from the flapping481

foil turbine reaffirmed some divergences between the numerical model and482

experimental conditions. Notwithstanding those disparities, the predictions483

provided by the strongly coupled numerical model in the simulation of a fully484

passive flapping foil turbine have proven the be quite accurate. As a matter485

of fact, the 2D model was able to reproduce the behaviour of the lightweight486

turbine prototype without being vulnerable to the added-mass instability.487

4. Conclusion488

Fully passive flapping foil turbines are a promising solution in terms of small489

and local scale electricity production. They can contribute to the environmentally490

friendly exploitation of the diffuse hydrokinetic energy from low current sites.491

Deprived of technologically complex activation and constraining mechanisms,492

their behaviour are fully induced by the fluid-structure interactions with the493

flow. Therefore, the design of a fully passive flapping foil turbine requires an494

extensive knowledge of the influence of all its structural parameters on the energy495

harvesting, which is generally achieved through numerical simulations.496

In this context, a numerical model of a fully passive flapping foil turbine497

operating at a high Reynolds number has been implemented and validated.498

The model has been built on OpenFOAM 5.0 through a segregated approach499

for solving the fluid and solid equations. The 2D computational domain is500

dynamically adapted to the foil motion through a morphing mesh technique.501

Turbulence is modelled in a URANS approach by the S–A model with a boundary502

layer resolution of y+ < 1. The main distinctive feature of the present model is503

its strong fluid-solid coupling algorithm, which allows the numerical simulation504

of a lightweight flapping foil without the arising of the well known added-mass505

instability.506

The first validation scenario considered is that of a foil undergoing static stall507

followed by vortex shedding, which are key phenomena in the dynamics of the508

turbine. The predictions of the model for the evolution of the lift coefficient as a509

function of the angle of attack were validated against reference data from Xfoil510

Drela (1989). Subsequently, the vortex shedding frequency of a foil in post-stall511

regime was validated with respect to the analytical prediction by the Strouhal512

number. The results of this first validation scenario allowed for verifying the513
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accuracy of the baseline model and corroborate the choice of the turbulence514

modelling approach.515

A second validation scenario consisted of simulating the optimised config-516

uration of a heavy fully passive flapping foil turbine (m∗y > 2), proposed by517

Veilleux and Dumas (2017). The numerical results have shown to be in very good518

agreement with the reference data. Indeed, both the kinematics of the foil and519

the hydrodynamic forces were accurately reproduced by the model with relative520

errors of less than about 4 %. Moreover, the examination of the z-vorticity in521

the vicinity of the foil allowed for an accurate description of the LEV shedding522

dynamics.523

Finally, in order to validate the robustness and accuracy of the model in the524

simulation of a lightweight fully flapping foil turbine (m∗y < 1), experimental525

data of reference from a study conducted by Duarte (2019) has been considered.526

Despite the notable divergences between the simplified 2D model and the real527

operating conditions, the numerical results reproduced fairly accurately the528

behaviour of the turbine prototype. As a matter of fact, an error of less than529

about 14 % has been computed for the numerical predictions with respect to the530

average kinematics and harvesting metrics of the turbine.531

Moreover, the investigation of the flow velocities downstream from the flapping532

foil allowed for a deeper understanding on the limitations of the model. Indeed,533

the three-dimensional and the confinement effects encountered in real operating534

conditions interfere in the LEV shedding dynamics, thus reducing the accuracy535

of the 2D model. A more precise numerical simulation of the turbine prototype536

would require integrating those effects into the model through a 3D computational537

domain. That being said, the present model constitutes already a useful tool for538

expanding the parameter space in the search for an optimised design of the fully539

passive flapping foil turbine.540
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autour d’un cylindre oscillant au voisinage d’une surface libre. In 9èmes582
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