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Abstract—Operations involving safe interactions in unstruc-
tured environments require robots with adapting behaviors.
Compliant manipulators are a promising technology to achieve
this goal. Despite that, some classical control problems such as
following a trajectory are still open. A typical solution is to
compensate the system dynamics with feedback loops. However,
this solution increases the effective robot stiffness and jeopardizes
the safety property provided by the compliant design. On the
other hand, purely feedforward approaches can achieve good
tracking performance while preserving the robot intrinsic com-
pliance. However, a feedforward control framework for robots
with passive elastic joints is still missing. This article presents an
iterative learning control algorithm for purely feedforward tra-
jectory tracking for compliant underactuated arms. Each arm is
composed of active elastic joints and a generic number of passive
ones connected through rigid links. We prove the convergence of
the iterative method, also in the presence of uncertainties and
bounded disturbances. Different output functions are analyzed
providing conditions, based on the system inertial properties that
ensure the algorithm applicability. Additionally, an automatic
selection of the learning gain is proposed. Finally, we extensively
validate the theoretical results with simulations and experiments.

Index Terms—Robotics, Iterative Learning Control (ILC),
flexible structures.

I. INTRODUCTION

Recent years have seen the growing interest in a novel

generation of robots, the so-called soft robots [1]. These

systems present lumped elastic elements at the joints [2],

flexible elements [3], or continuum soft bodies [4]. We here

focus on underactuated compliant arms (Fig. 1), which are

soft robots with elastic elements lumped at the joints, and a

limited number of actuated joints, leading to a flexible be-

havior. The elastic elements in soft robots enable a compliant

behavior, which is a crucial feature to safely and resiliently

interact with unstructured environments, with human beings,
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Fig. 1. An underactuated compliant arm is a robot composed of several joints,
of which only a few are actuated. The compliance is conferred to the arm
by elastic elements lumped at the joints (both actuated and unactuated). It is
worth noting that there is no limit on the number of unactuated joints. As an
example, the figure depicts a robot with only two actuated elastic joints (red
cylinders) and a generic number of passive ones (white cylinders).

and other robots. Additionally, they present properties such as

adaptability [5], energy efficiency [6], shock absorption [7],

which allow outperforming traditional rigid robots in novel

applications such as agri-food [8], healthcare [9], service [10],

search & rescue [11], etc.

With the advent of soft robotics, the control problem rad-

ically changed, and several old challenges needed to be re-

opened, re-analyzed, and solved. Trajectory tracking is one of

these classical problems. Historically, robot control was based

on the stiffer the better paradigm [12] because robots used to

work isolated in cages solving pick and place tasks. Indeed,

stiff behavior allows maximizing the robot accuracy [13].

Therefore, controllers mainly incorporated compensation of

the robot dynamics [14], and a high-gain feedback-loop [15].

Nowadays, to achieve adaptability and interaction safety,

controllers aim to fully exploit the softness of the robot

structure. This idea has been implemented into a model-based

paradigm [3], [16]–[22] and a learning-based algorithm [23]–

[26]. The performance of the former is intrinsically linked

to the model accuracy. This may lead to a lack of reliability

because the dynamic of soft robots is typically hard-to-model

[27]. For this reason, model-based controllers usually present

a feedback loop to increase robustness to model uncertainties.

However, using a feedback loop will stiffen up the robot

behavior [23]. Conversely, feedforward approaches preserve

the natural compliance of the robot. For this reason, learning-

based methods are a proper solution. Indeed, they mainly

rely on feedforward components, and they do not require an

accurate description of the robot model. However, machine

learning approaches, e.g., Reinforcement Learning [25], are

time-consuming, and they do not exploit the system properties,
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e.g., inertial coupling [28] or stability [29], [30]. On the other

hand, the Iterative Learning Control (ILC) [31] framework

consists of an almost purely feedforward iterative control

approach that can lead to good tracking performance without

requiring an accurate description of the model. ILC has been

already applied to robots with elasticity lumped at the joints,

and it has been proved to avoid any alteration of the robot

compliant dynamics [23], [32]. In [23], ILC deals with robots

whose joints are all independently actuated. This control

framework is generalized w.r.t. the desired stiffness profile in

[24]. However, controlling robots with a generic number of

unactuated elastic joints is still an open problem.

In our previous work [33], we proposed an ILC framework

that targets the trajectory tracking problem for compliant

arms composed of two elastic joints, where only the first

is actuated. The main limitations of [33] are that only one

unactuated elastic joint is present, only one output function

is employed, and only Single-Input Single-Output (SISO)

systems are analyzed.

The contributions of the paper are:

1) we propose a pure feedforward ILC law for trajectory

tracking for compliant underactuated arms.

a) The proposed algorithm generalizes [23], [24], [33],

[34] managing a generic number of actuated and un-

actuated elastic joints. This includes also the case of a

number of unactuated joints that is even greater than

the number of actuated ones (Fig. I). Note also that this

algorithm can be applied to Multiple-Input Multiple-

Output (MIMO) systems too.

b) We quantify the robustness of the convergence of

the proposed method in the case of continuous time

nonlinear systems with a fixed generic relative degree

affected by nonrepetitive disturbance. A similar prob-

lem is studied in [35]–[37] for discrete-time systems

without any relative degree dependence, in [38] the

underactuated continuous-time nonlinear system has

a relative degree equal to one and saturated iterative

control law is employed, and in [39] the nonlinear

system is not affected by disturbances. Moreover, these

articles do not present any experimental validation.

2) We analyze different choices of the output functions. The

main challenge, to guarantee the learning converge, is

given by the relative degree dependence [40]. Hence:

a) we design conditions to ensure the applicability of

the learning method, generalizing the Strong Inertial

Coupling (SIC) condition [28].

b) We develop two automatic procedures to select the

learning gains while guaranteeing the convergence.

3) We extensively validate the effectiveness of the pro-

posed method through different tests. First, we perform

a simulative comparison between the proposed approach

and State-of-the-Art (SoA) controllers on a 2 degree of

freedoms (DOFs) robot. Second, we validate the proposed

method in both simulations and on real hardware. We

simulate two systems: a 10 DOFs SISO system, and a

6 DOFs MIMO arm. The former validates the tracking

performance of a chain with 9 passive joints and the latter

operates in a tridimensional workspace. Then, we com-

pare the results of simulations and experiments for a 2

DOFs chain, a 3 DOFs arm, and a 4 DOFs planar MIMO

robot, varying output functions, disturbances, payloads,

desired trajectories, and the stiffness values of the joints.

This paper is organized as follows. Sec. II introduces

the underactuated compliant arm model, and it defines the

control problem. In Sec. III, the design of the ILC is defined.

Sec. III-A provides sufficient conditions to guarantee the

convergence of the learning based on the inertial coupling

property. Sec. III-B derives conditions to ensure the strong

inertial coupling considering different output functions, and

Sec. III-C proposes two automatic procedures to compute

the control gains. Sec. III-D studies the applicability of the

learning method, and Sec. IV validates its effectiveness. The

results are discussed in Sec. V. Finally, Sec VI reports the

conclusions. All the proofs are reported in the Appendix.

II. PROBLEM STATEMENT

Notation: Let 11×n = [1, 1, · · · , 1] ∈ R
1×n, In ∈ R

n×n be

the identity matrix, and 0n ∈R
n×n be a zero matrix. Let f ,g :

x ∈ R
n → R

n be two vector fields, L f g(x) stands for the Lie

derivative of g(x) along f (x), i.e., L f g(x) = ∂g(x)
∂x

f (x). For any

matrix A∈R
n×m, we denote with Ai, j its (i, j)−th element. For

any vector v ∈ R
n, for any matrix A ∈ R

n×m, we denote with

||v|| and ||A|| their infinity norm. Let λ be a positive constant,

for any vector v ∈R
n, we denote with ||v||λ its λ−norm, i.e.,

||v||λ , supt

{

||v||e−λ t
}

. Finally, let y(·) : t ∈ R → R
n be a

vector function, we denote with y(i)(t) its i−th time derivative.

We refer to the model of an n-DOFs compliant robot having

a combination of actuated and unactuated elastic joints, i.e.,

M(q)q̈+C(q, q̇)q̇+G(q)+Dq̇+Kq = Sτ + τext , (1)

where q, q̇, q̈ ∈ R
n are the joint position, velocity, and accel-

eration vectors, respectively. M(q) ∈ R
n×n is the inertia robot

matrix, C(q, q̇)∈R
n×n is the Coriolis matrix, G(q)∈R

n is the

gravitational term, D ∈ R
n×n and K ∈ R

n×n are the damping

and stiffness matrices, respectively. We indicate with τ ∈ R
na

the control input, where na indicates the number of active

joints. The matrix S ∈ R
n×na is the underactuation map, and

it is such that rank{S}= na. The vector τext ∈ R
n denotes the

external disturbances (if present).

We study an iterative procedure over a finite time interval

[0, tf]. Let j = 0, 1, · · · be the iteration index, we follow the

classic affine state-space form representation by defining the

state vector x j ,
[

q⊤j , q̇⊤j
]⊤

∈R
2n at the j−th iteration. Thus,

the system (1) can be written as
{

ẋ j(t) = f (x j(t))+g(x j(t))u j(t)+ v j(t) (2)

y j(t) = h(x j(t))+w j(t) , (3)

where y j ∈ R
ny is the output, h(·) : R2n × [0, tf]→ R

ny is the

output function, while u j ∈ R
na is the control action, i.e., τ .

f (·) : R2n × [0, tf]→ R
2n, and g(·) : R2n × [0, tf]→ R

2n×na are

the drift and control vector field, respectively, i.e.,

f (x j) =

[

q̇ j

−M−1(q j)N(q j, q̇ j)

]

, g(x j) =

[

0n×na

M−1(q j)S

]

, (4)
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with N(q j, q̇ j),C(q j, q̇ j)q̇ j +G(q j)+Kq j +Dq̇ j.

The nonrepetitive disturbances are v j(t) : [0, tf] → R
2n,

which is a more general form of M−1(q j)τext j
(t), and w j(t) :

[0, tf] → R
ny . Moreover, the initial condition x j(0) ∈ R

2n

presents nonrepetitive bounded deviation from an iteration-

constant value x(0)∈R
2n such that x j(0) = x(0)+ l j, l j ∈R

2n.

We assume that

A1) the system (2)-(3) is square, i.e., ny = na [39].

A2) The system (2)-(3) has a (vector) relative degree (see,

e.g., [40]) rv = [r1, . . . , rna ]
⊤ ,∀t ∈ [0, tf], with r1 = · · ·=

rna = r > 0, for almost all x ∈ R
2n.

It is instrumental for the description of the method to recall the

decoupling matrix E(x)∈R
na×na , i.e., Ei,k(x) = Lgi

Lrk−1hk(x),
with ∀i,k ∈ [1,na] (see, e.g., [40]).

A3) f (x), g(x), h(x), Ls
f h(x), s = 1, · · · ,r, and E(x) are

globally Lipschitz with constants f0, g0, h0, Φs, and

η ∈ R, respectively.

Remark 1. Assumptions A1-A3 are commonly used in the

ILC framework [35], [39]. In particular, assumption A1 pre-

vents dimensional ambiguity while inverting the decoupling

matrices. Note that assumption A1 does not limit the choice

of the output function but only its dimension. This means that

both actuated and unactuated variables can be included in

(3). Assumption A2 allows a dynamic coupling between the

output time derivatives and the control inputs. The Lipschitz

assumption, i.e. A3, implies that the functions in (2)-(3) and

their Lie derivatives are continuous in x.

Given the desired output trajectory yd(t) : [0, tf]→ R
na , we

introduce the definition of realizable reference [38], [39].

Definition 1. The desired trajectory yd(t) : [0, tf] → R
na is

said realizable when there exists the unique desired control

action ud ∈ R
na and a desired state xd ∈ R

2n such that

ẋd(t) = f (xd(t))+g(xd(t))ud(t) and yd = h(xd(t)).

Given the desired output, which is feasible, continuous, and

differentiable for, at least, r times, ∀t ∈ [0, tf], the goal of this

work is to design a control input for a system affected by

disturbances in the form (2)-(3) under assumptions A1-A3,

able to follow the desired trajectory yd with a bounded error

in λ−norm. Additionally, to preserve the intrinsic compliance

of the system, the control action must be feedforward [32].

III. SOLUTION

In this section, the problem defined in Sec. II is tackled. We

design an ILC controller [31], [39], we prove its convergence

and study its robustness to disturbances and uncertainties (The-

orem 1). To ensure the method convergence, we investigate the

system inertial coupling property for different choices of the

output function (Proposition 1). Corollary 2 and 3 present two

automatic procedures to select the learning gains. Finally, we

studies the method applicability w.r.t. the robot design.

A. Control Design

Through trails of the same task, the ILC learns a feedfor-

ward action that is able to drive the robot following the desired

trajectory yd, while preserving the system elasticity.

Fig. 2. Scheme of a single iteration of the proposed ILC approach. The “On-
line” green box shows the trial execution. The “Off-line” blue box shows the
computation of the control action for the next iteration.

Recalling the system (2)-(3) and the assumptions A1-A3,

we define the pure feedforward control law as

u j+1(t) = u j(t)+Γ j(t) er
j(t) , (5)

where Γ j(t) ∈ R
na×na is a learning gain which is both time

and iteration variant, and the error is defined as

er
j(t),

r

∑
s=0

ϒs

(

Ls
f h(xd)−Ls

f h(x j)
)

+ϒr (E(xd)ud −E(x j)u j)−
r

∑
s=0

ϒsw
(s)
j (6)

= Φ(x j,xd)+ϒr (E(xd)ud −E(x j)u j)−
r

∑
s=0

ϒsw
(s)
j ,

where E(x) ∈ R
na×na is the decoupling matrix, and ϒs ∈

R
na×na , ϒs ≻ 0, s= 0, . . . ,r are the control gains. The controller

(5) requires an initial guess u0, which can be freely chosen.

Fig. 2 shows the block-diagram of the proposed approach.

Def. 1 provides the existence of ud and xd, which are re-

quired to theoretically prove the convergence of (5) (Theorem

1). However, the knowledge of ud and xd is not required, and

from a practical point of view, the controller only needs the

output and its time derivatives, i.e., (6).

In the following Theorem, we prove the convergence of the

proposed iterative controller (5).

Theorem 1. Let us consider the system (2)-(3) under assump-

tions A1-A3, the control law (5), a desired output yd(t) ∈R
na ,

and the error definition (6). Let us suppose that the nonrepet-

itive disturbances are bounded, i.e., sup j maxt

{∣

∣

∣

∣v j(t)
∣

∣

∣

∣

}

≤

bv < +∞, sup j maxt

{∣

∣

∣

∣w j(t)
∣

∣

∣

∣

}

≤ bw < +∞, and let x(0) =

xd(0) be such that x j(0) = xd(0)+ l j, with sup j

{∣

∣

∣

∣l j

∣

∣

∣

∣

}

≤ bl <
+∞. Moreover, let us suppose that w j(t) can be differentiated

r times with bounded derivatives, i.e., sup j maxt{
∣

∣

∣

∣w
(s)
j (t)

∣

∣

∣

∣}≤
bws, where bws with s = 1, · · · ,r.

If the learning gain Γ j(t) ∈ R
na×na satisfies

∣

∣

∣

∣Ina −Γ j(t)ϒrE(x j)
∣

∣

∣

∣≤ ρ < 1 ,∀t ∈ [0, tf] , j = 0,1, . . . , (7)

where E(x)∈R
na×na is the decoupling matrix, and ϒr ∈R

na×na
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is a control gain, then

lim
j→+∞

∥

∥ud(t)−u j(t)
∥

∥

λ
→ bu (8)

lim
j→+∞

∥

∥xd(t)− x j(t)
∥

∥

λ
→ bx (9)

lim
j→+∞

∥

∥ er
j(t)

∥

∥

λ
→ be , (10)

where bu, bx, and be are finite positive constants dependent

on bl, bv, bw, and bws for s = 1, · · · ,r.

Proof. See the Appendix.

Remark 2. The presence of bounded disturbances in Theorem

1 allows to derive robust result on the convergence, i.e., (10).

Note that, since the (5) is purely feedforward, we can differ-

entiate the disturbances w j(t) off-line after filtering gaining

bounded derivatives.

Corollary 1. Suppose that all the hypotheses of Theorem 1 are

verified with l j = 0, v j(t) = 0, and w j(t) = 0,∀t ∈ [0, tf],∀ j. If

the learning gain Γ j(t) ∈ R
na×na satisfies (7), then the Thesis

of Theorem 1 is still valid with bu = bx = be = 0.

Proof. See the Appendix.

Remark 3. The control algorithm (5) is able to manage

also repetitive disturbances dd(x) : R2n →R
2n and multiplica-

tive uncertainties ψ ∈ R. The system (2) can be rewritten

as ẋ j = ψ f (x j) +ψg(x j)u j + d(x j) + v j, thus any repetitive

disturbance dd(x) can be included in the drift field f (x) [31].

Finally, it is worth noting that assumptions A1 and A2 can

be relaxed at the cost of more complex notation. Assumption

A1 requires a study of the null space of the decoupling matrix.

Results of Theorem 1 can also be obtained considering in

assumption A2 that ri 6= r j, when i 6= j, i, j = 1, · · · ,na. This

is beyond the scope of this work and assumption A3 will be

analyzed in future work.

B. On the Inertial Coupling Property of Compliant Arms

In Sec. III-A, we proved the convergence of (5) based on the

assumption A2, which depends on the chosen output function.

In this section, we study how different choices of the desired

output function (3) affect the validity of the assumption A2. In

particular, we propose dynamic conditions that ensure a fixed

relative degree based on the inertial coupling of robot. To keep

the notation simple, we will omit the iteration dependency.

Proposition 1. Let us consider a system in the form (1)-(2)-

(3), under assumptions A1,A3. Let h(q, q̇) ∈R
na be the output

function, which includes the positions and velocities of the

joints, then the relative degree r is r = 1 iff

rank{E}= rank

{

∂h(q, q̇)

∂ q̇
M−1(q)S

}

= na,∀q, q̇ ∈ R
n , (11)

where E(x) ∈ R
na×na is the decoupling matrix.

Conversely, if the output function does not include the

velocities, the relative degree r is r = 2 iff

rank{E}= rank

{

∂L f h(q, q̇)

∂q
M−1(q)S

}

= na,∀q, q̇ ∈ R
n .

(12)

Proof. See the Appendix.

It is worth noting that (11) and (12) depend on the inertial

coupling of the system (1) and on the chosen trajectory (3).

Remark 4. Recalling system (1)-(2)-(3), we highlight that

(12), is a more general result of the SIC definition [28]. In

[28], the output function was the active joint positions vector,

namely collocated variables. Conversely, (12) can be applied

to any output choice. In the case of y = Saq with Sa = S⊤,

(12) becomes rank
{

SaM−1(q)S
}

= na, [28]. Note that no

assumption is required on the number of the passive joints.

In this work, two output functions are analyzed. Firstly, we

focus on the absolute angle of the tip of the robot, i.e.,

y = h(x) = 11×nq 11×n = [1, · · · ,1] ∈ R
1×n . (13)

Secondly, we use the Cartesian Planar position of the robot

tip. The chosen output function for planar operations is

y =

[

yX(q)
yY(q)

]

∈ R
2

{

yX(q) = ∑
n
i=1 lci

cos(∑i
j=1 q j)

yY(q) = ∑
n
i=1 lci

sin(∑i
j=1 q j)

(14)

where lci
∈ R , i = 1, · · · ,n is the centre of mass distance of

the i−th link. Instead, if the robot operates in a tridimensional

workspace, we can use the direct kinematics map, i.e.,

y = [yX(q), yY(q), yZ(q)]
⊤ ∈ R

3 . (15)

Note that the output functions (13),(14), and (15) depend on

the whole joints’ position and in no way the output is limited

to include only the position of actuated joints.

C. Automatic Gains Selection to Guarantee the Convergence

In this section, we propose two automatic procedures to

design the learning gain Γ j(t) ∈ R
na×na to fulfill (7).

Corollary 2. Under the same assumptions of Proposition 1,

let h(q) ∈ R
na be the output function, and let (12) be true. If

we choose the leaning gain Γ j(t) ∈ R
na×na such as

Γ j(t) = εE−1(q j, q̇ j)ϒ
−1
r , ε ∈ [0,1), ∀t ∈ [0, tf],∀ j , (16)

where E(x)∈R
na×na is the decoupling matrix, and ϒr ∈R

na×na

is the control gain, then the condition (7) in Theorem 1 holds.

Proof. See the Appendix.

Applying Corollary 2 to the output (13), (16) becomes

Γ j(t) = ε/
(

11×nM−1(q j)S
)

. (17)

From a practical point of view, a trivial case in which (17)

is not fulfilled is ∑
n
i=2 νiqi = π/2 where νi ∈ R, i = 2, · · · ,n.

Hence, the angle between the tip of the robot and the first

link position q1 is equal to π/2. Corollary 2 is an automatic

procedure, which allows a precise design of the learning

gains Γ j(t) in (7). However, it presents two limitations. First,

it requires the full knowledge of the inertia matrix of the

robot. Second, if the relative degree changes, (16) is divergent.

Therefore, we propose an alternative gain selection method.

Corollary 3. Under the same assumptions of Proposition 1

and A2, let h(x) ∈ R
na be the output function, and let ω be
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a finite constant value such as ω ≫ maxt ||ϒrE(x(t))||. If we

choose a time and iteration constant learning gain Γ such as

Γi,i = sgn
{

na

∑
j=1

Ei, j

}

/ω , i = 1, · · · ,na , (18)

where Γi,i is the i−th diagonal element of Γ ∈ R
na×na , and

E(x)∈R
na×na is the decoupling matrix; then the condition (7)

in Theorem 1 holds.

Proof. See the Appendix.

The iterative controller (5) with learning gain (17) requires

the knowledge of the robot’s inertial model. Conversely, (18)

requires the boundedness of the inertia matrix and some

information on the sign of decoupling matrix’s elements to

guarantee the convergence of (5).

D. Method Applicability

We here study the applicability of the iterative method. As

depicted by Fig. 2, (5) is purely feedforward, and it cannot be

applied to any unstable system. Hence, we discuss about the

open-loop stability of a generic underactuated compliant arm.

Recalling (1) and (4), the stability depends on the drift

vector. Thus, it is strictly connected to the stiffness [15],

[32], [41]. Let us consider any equilibrium point such as

x =
[

q⊤,0⊤1×n

]⊤
, we linearize (1) around the pair (x ,u), i.e.,

˙̃x=

[

0n In

− M−1(q)
(

∂G(q)
∂q

+K
)∣

∣

∣

q
−M−1(q)D

]

x̃+

[

0n×na

M−1(q)S

]

ũ

(19)

where x̃ , x − x, and ũ , u − u. Consider (19), if

M−1(q)(∂G(q)/∂q+K)
∣

∣

q
≻ 0, then the overall matrix is Hur-

witz and Lyapunov indirect Theorem implies that (2) is asymp-

totically stable in (x,u). Since M−1(q)(∂G(q)/∂q+K)
∣

∣

q

depends on the dynamic parameters, e.g., stiffness, design

choices can lead to the asymptotic stability of the equilibrium

or around trajectories.

Conversely, a feedback controller could stabilize the closed-

loop system [15], [42] at the cost of a stiffening of the robot

behavior [32], and of the necessity of a novel convergence

condition. This problem is out of the scope of this paper.

IV. VALIDATION

In this section, we validate the effectiveness of the pro-

posed method on compliant arms through simulations and

experiments. First, the proposed technique is compared with

SoA controllers. Then, we extensively validate the proposed

approach on several different robotic structures in different

conditions. In the following, we denote with R the active

revolute joints and with R the passive ones.

A. Simulation and Experimental Setup

We simulate the five systems, namely RR in Fig. 3(a),

R9R in Fig. 3(b), RRRRRR in Fig. 3(c), R2R in Fig. 3(d),

RRRR in Fig. 3(e), respectively. To simulate the dynamics, we

employ the Robotics System Toolbox by MATLAB,

and the dynamic parameters are reported in Tab. I, where

J, m, a, lc, k, and d are the inertia, mass, length, center of

mass distance, spring, and damper of each link, respectively.

The joint springs and dampers are assumed linear.

We perform simulations to compare ILC with the SoA on

the RR in Sec. IV-C. We simulate the R9R in Sec. IV-D,

and RRRRRR in Sec. IV-E. Simulations, which are carried out

with the RR, R2R, and RRRR system, are compared with the

experimental results in Sec IV-F, Sec. IV-G, and Sec. IV-H. It

is worth noting that M−1(q)(∂G(q)/∂q+K)
∣

∣

q
≻ 0 ,∀q ∈ R

n,

hence the equilibrium of the system is asymptotically stable,

and the controller (5) is applicable.

In the experiments, as elastic actuators, we employ a qb-

Move Advanced, which are variable stiffness actuators [43].

This actuator is based on the agonistic-antagonistic principle,

for which two motors connect the output shaft via a nonlin-

ear elastic mechanism. The actuators are equipped with an

AS5045 12 bit magnetic encoder.

The elastic torque τe and the nonlinear stiffness function σ
of the actuator are τe = 2β cosh(αθs)sinh(α(qi−θe)) and σ =
2αβ cosh(αθs)cosh(α(qi−θe)), where α = 6.7328rad−1, β =
0.0222Nm, and qi is the Lagrangian variable of the i−th active

link i = 1, · · · ,na. This actuator can be controlled through two

parameters θs and θe. θs tunes the desired stiffness profile and

will be set constant. Note that this leads to a nonlinear stiffness

profile, differently from the stiffness matrix K in (1). θe is the

motor equilibrium position, and, assuming a negligible motor

dynamics, it becomes the control input τ in (1) by multiplying

it for the joint stiffness.

To implement a passive joint, we employ a qbMove Ad-

vanced actuator, where θs is set constant, while θe is set null.

Thanks to this practical method, we have a passive joint with

a torsional spring and a position encoder sensor.

B. Simulation and Experimental Description

We first compare the proposed method with SoA controllers

in simulation on the SISO RR system in Fig 3(a). Then, the

proposed technique is validated through several simulations

and experiments on systems depicted in Fig 3 varying payload

masses, stiffness profiles, nonrepetitive disturbances, trajecto-

ries, and output functions. For the SISO systems, namely

TABLE I
DYNAMIC MODEL PARAMETERS.

RR
Link m[kg] lc[m] a[m] J[kgm2] k

[

Nm
rad

]

d
[

Nms
rad

]

1 0.55 0.085 0.089 0.002 3,5.04 0.3
2 0.45,0.15 0.085 0.089 0.002,9e−4 3,5.04 0.3

R9R

Link m[kg] lc[m] a[m] J[kgm2] k
[

Nm
rad

]

d
[

Nms
rad

]

1, · · · ,9 0.085 0.085 0.089 7e−4 5.04 0.3
10 0.02 0.085 0.089 6e−4 5.04 0.3

R2R

Link m[kg] lc[m] a[m] J[kgm2] k
[

Nm
rad

]

d
[

Nms
rad

]

1,2 0.25 0.085 0.089 0.001 3,5.04 0.3
3 0.20 0.085 0.089 0.001 3,5.04 0.3

RRRR, and RRRRRR

Link m[kg] lc[m] a[m] J[kgm2] k
[

Nm
rad

]

d
[

Nms
rad

]

1, · · · ,6 0.55 0.085 0.089 0.001 5.04 0.3

RR, R9R, and R2R, the chosen output function is (13) and
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𝑎!

𝑎"

𝑙!

𝑙"

J2, a
<latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit><latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit><latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit><latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit>

k2, d2,m2,
<latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit><latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit><latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit><latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit>

k1, d1,m1,
<latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit><latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit><latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit><latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit>

J1, a
<latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit><latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit><latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit><latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit>

q1
<latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit>

q2
<latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit><latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit><latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit><latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit>

BaseX<latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit> Y<latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9c+EnmUdu1GQhiKy/Fi6dWWsknE=">AAAB33icbZBLSwMxFIXv+Ky1anXrJtgKrsqMG10KblxWtA9ph5JJ77ShmcyQ3BFK6U9w40IR/5U7/43pY6GtBwIf5yTk3hNlSlry/W9vY3Nre2e3sFfcLx0cHpWPS02b5kZgQ6QqNe2IW1RSY4MkKWxnBnkSKWxFo9tZ3npGY2WqH2mcYZjwgZaxFJyc9VB9qvbKFb/mz8XWIVhCBZaq98pf3X4q8gQ1CcWt7QR+RuGEG5JC4bTYzS1mXIz4ADsONU/QhpP5qFN27pw+i1PjjiY2d3+/mPDE2nESuZsJp6FdzWbmf1knp/g6nEid5YRaLD6Kc8UoZbO9WV8aFKTGDrgw0s3KxJAbLsi1U3QlBKsrr0Pzshb4teDehwKcwhlcQABXcAN3UIcGCBjAC7zBu6e8V+9jUdeGt+ztBP7I+/wBV+6L5A==</latexit><latexit sha1_base64="dp+dcz/JyhsQIrJbGYoO8jIqc/c=">AAAB33icdVDLSgNBEOyNrxijRq9eBhPB0zKThCTeBC8eI5qHJEuYncwmQ2YfzMwKIeQTvHhQxL/y5t84eQgqWtBQVHXT3eUnUmiD8YeT2djc2t7J7ub28vsHh4WjfFvHqWK8xWIZq65PNZci4i0jjOTdRHEa+pJ3/MnVwu88cKVFHN2ZacK9kI4iEQhGjZVuS/elQaGI3Uqd1GtVhN1ahTRqF5aUSRU3CCIuXqIIazQHhff+MGZpyCPDJNW6R3BivBlVRjDJ57l+qnlC2YSOeM/SiIZce7PlqXN0ZpUhCmJlKzJoqX6fmNFQ62no286QmrH+7S3Ev7xeaoKGNxNRkhoesdWiIJXIxGjxNxoKxZmRU0soU8LeitiYKsqMTSdnQ/j6FP1P2mWXYJfcYMjCCZzCORCowyVcQxNawGAEj/AML450npzXVVwZZ53bMfyA8/YJxGKMMQ==</latexit><latexit sha1_base64="A6JKqqjaVmYdpCuEI9CEuhdyhls=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtacddwY3LivYh7VAyaaYNzWSGJCOU0k9w40IRt36RO//G9CGo6IELh3Pu5d57gkRwbRD6cDJr6xubW9nt3M7u3v5B/vCopeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDn32/dMaR7LWzNJmB+RoeQhp8RY6aZ4V+znC8gt13CtWoHIrZaxV72wpIQryMMQu2iBAlih0c+/9wYxTSMmDRVE6y5GifGnRBlOBZvleqlmCaFjMmRdSyWJmPani1Nn8MwqAxjGypY0cKF+n5iSSOtJFNjOiJiR/u3Nxb+8bmpCz59ymaSGSbpcFKYCmhjO/4YDrhg1YmIJoYrbWyEdEUWosenkbAhfn8L/SavkYuTia1Soe6s4suAEnIJzgEEN1MEVaIAmoGAIHsATeHaE8+i8OK/L1oyzmjkGP+C8fQLaWI14</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit>

(a) RR System.

q1
<latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit>

q2
<latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit><latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit><latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit><latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit>

q10
<latexit sha1_base64="jZHOWvyepTUVq4n1SiSSOs72cB0=">AAAB73icdVDJSgNBEK2JW4xb1KOXxkTwNPTERJNbwIvHCGaBZAg9nZ6kSc+S7h4hDPkJLx4U8ervePNv7CyCij4oeLxXRVU9LxZcaYw/rMza+sbmVnY7t7O7t3+QPzxqqSiRlDVpJCLZ8YhigoesqbkWrBNLRgJPsLY3vp777XsmFY/COz2NmRuQYch9Tok2Uqc46acOnhX7+QK2a9gpXZQRtsu4giuXhjjlGq5WkGPjBQqwQqOff+8NIpoELNRUEKW6Do61mxKpORVsluslisWEjsmQdQ0NScCUmy7unaEzowyQH0lToUYL9ftESgKlpoFnOgOiR+q3Nxf/8rqJ9qtuysM40Syky0V+IpCO0Px5NOCSUS2mhhAqubkV0RGRhGoTUc6E8PUp+p+0SrZjkrktFep4FUcWTuAUzsGBK6jDDTSgCRQEPMATPFsT69F6sV6XrRlrNXMMP2C9fQJITI9p</latexit><latexit sha1_base64="jZHOWvyepTUVq4n1SiSSOs72cB0=">AAAB73icdVDJSgNBEK2JW4xb1KOXxkTwNPTERJNbwIvHCGaBZAg9nZ6kSc+S7h4hDPkJLx4U8ervePNv7CyCij4oeLxXRVU9LxZcaYw/rMza+sbmVnY7t7O7t3+QPzxqqSiRlDVpJCLZ8YhigoesqbkWrBNLRgJPsLY3vp777XsmFY/COz2NmRuQYch9Tok2Uqc46acOnhX7+QK2a9gpXZQRtsu4giuXhjjlGq5WkGPjBQqwQqOff+8NIpoELNRUEKW6Do61mxKpORVsluslisWEjsmQdQ0NScCUmy7unaEzowyQH0lToUYL9ftESgKlpoFnOgOiR+q3Nxf/8rqJ9qtuysM40Syky0V+IpCO0Px5NOCSUS2mhhAqubkV0RGRhGoTUc6E8PUp+p+0SrZjkrktFep4FUcWTuAUzsGBK6jDDTSgCRQEPMATPFsT69F6sV6XrRlrNXMMP2C9fQJITI9p</latexit><latexit sha1_base64="jZHOWvyepTUVq4n1SiSSOs72cB0=">AAAB73icdVDJSgNBEK2JW4xb1KOXxkTwNPTERJNbwIvHCGaBZAg9nZ6kSc+S7h4hDPkJLx4U8ervePNv7CyCij4oeLxXRVU9LxZcaYw/rMza+sbmVnY7t7O7t3+QPzxqqSiRlDVpJCLZ8YhigoesqbkWrBNLRgJPsLY3vp777XsmFY/COz2NmRuQYch9Tok2Uqc46acOnhX7+QK2a9gpXZQRtsu4giuXhjjlGq5WkGPjBQqwQqOff+8NIpoELNRUEKW6Do61mxKpORVsluslisWEjsmQdQ0NScCUmy7unaEzowyQH0lToUYL9ftESgKlpoFnOgOiR+q3Nxf/8rqJ9qtuysM40Syky0V+IpCO0Px5NOCSUS2mhhAqubkV0RGRhGoTUc6E8PUp+p+0SrZjkrktFep4FUcWTuAUzsGBK6jDDTSgCRQEPMATPFsT69F6sV6XrRlrNXMMP2C9fQJITI9p</latexit><latexit sha1_base64="jZHOWvyepTUVq4n1SiSSOs72cB0=">AAAB73icdVDJSgNBEK2JW4xb1KOXxkTwNPTERJNbwIvHCGaBZAg9nZ6kSc+S7h4hDPkJLx4U8ervePNv7CyCij4oeLxXRVU9LxZcaYw/rMza+sbmVnY7t7O7t3+QPzxqqSiRlDVpJCLZ8YhigoesqbkWrBNLRgJPsLY3vp777XsmFY/COz2NmRuQYch9Tok2Uqc46acOnhX7+QK2a9gpXZQRtsu4giuXhjjlGq5WkGPjBQqwQqOff+8NIpoELNRUEKW6Do61mxKpORVsluslisWEjsmQdQ0NScCUmy7unaEzowyQH0lToUYL9ftESgKlpoFnOgOiR+q3Nxf/8rqJ9qtuysM40Syky0V+IpCO0Px5NOCSUS2mhhAqubkV0RGRhGoTUc6E8PUp+p+0SrZjkrktFep4FUcWTuAUzsGBK6jDDTSgCRQEPMATPFsT69F6sV6XrRlrNXMMP2C9fQJITI9p</latexit>

q9
<latexit sha1_base64="1jV1QsY624SVgTuwXeY8JRzyZOo=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxrl8v9vMFXKpjt3xWQbhUwVVcPbfErdRxrYrcEp6jAEs0+/n33iCiScikoYJo3XVxbLyUKMOpYNNcL9EsJnRMhqxrqSQh0146P3aKTqwyQEGkbEmD5ur3iZSEWk9C33aGxIz0b28m/uV1ExPUvJTLODFM0sWiIBHIRGj2ORpwxagRE0sIVdzeiuiIKEKNzSdnQ/j6FP1Pbssl1yZzXS408DKOLBzBMZyCCxfQgCtoQgsocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BHuWOKw==</latexit><latexit sha1_base64="1jV1QsY624SVgTuwXeY8JRzyZOo=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxrl8v9vMFXKpjt3xWQbhUwVVcPbfErdRxrYrcEp6jAEs0+/n33iCiScikoYJo3XVxbLyUKMOpYNNcL9EsJnRMhqxrqSQh0146P3aKTqwyQEGkbEmD5ur3iZSEWk9C33aGxIz0b28m/uV1ExPUvJTLODFM0sWiIBHIRGj2ORpwxagRE0sIVdzeiuiIKEKNzSdnQ/j6FP1Pbssl1yZzXS408DKOLBzBMZyCCxfQgCtoQgsocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BHuWOKw==</latexit><latexit sha1_base64="1jV1QsY624SVgTuwXeY8JRzyZOo=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxrl8v9vMFXKpjt3xWQbhUwVVcPbfErdRxrYrcEp6jAEs0+/n33iCiScikoYJo3XVxbLyUKMOpYNNcL9EsJnRMhqxrqSQh0146P3aKTqwyQEGkbEmD5ur3iZSEWk9C33aGxIz0b28m/uV1ExPUvJTLODFM0sWiIBHIRGj2ORpwxagRE0sIVdzeiuiIKEKNzSdnQ/j6FP1Pbssl1yZzXS408DKOLBzBMZyCCxfQgCtoQgsocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BHuWOKw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3yyfAGaYOlmRQCJnHZuRRXXr/SI=">AAAB4XicbZDNSgMxFIXv+Ftr1erWTbAVXJUZN+pOcOOygtMW2qFk0kwbmknG5I5Qhj6DGxeK+FLufBvTn4W2Hgh8nJOQe0+cSWHR97+9jc2t7Z3d0l55v3JweFQ9rrSszg3jIdNSm05MLZdC8RAFSt7JDKdpLHk7Ht/N8vYzN1Zo9YiTjEcpHSqRCEbRWWH9qX9T71drfsOfi6xDsIQaLNXsV796A83ylCtkklrbDfwMo4IaFEzyabmXW55RNqZD3nWoaMptVMyHnZJz5wxIoo07Csnc/f2ioKm1kzR2N1OKI7uazcz/sm6OyXVUCJXlyBVbfJTkkqAms83JQBjOUE4cUGaEm5WwETWUoeun7EoIVldeh9ZlI/AbwYMPJTiFM7iAAK7gFu6hCSEwEPACb/DuKe/V+1jUteEtezuBP/I+fwCmuIym</latexit><latexit sha1_base64="15wbABLm2cqmMrfevvrSs7wfVGk=">AAAB4XicdZDNSgMxFIXv+Ftr1erWTbAVXA2Z2mq7E9y4rOC0hXYomTTThmYyY5IRSukzuHGhiC/lzrcx/RFU9EDgcE5C7v3CVHBtMP5w1tY3Nre2czv53cLe/kHxsNDSSaYo82kiEtUJiWaCS+YbbgTrpIqROBSsHY6v5337gSnNE3lnJikLYjKUPOKUGBv55ft+o9wvlrDbwF7lvIqwW8U1XLuwxqs2cL2GPBcvVIKVmv3ie2+Q0Cxm0lBBtO56ODXBlCjDqWCzfC/TLCV0TIasa60kMdPBdDHsDJ3aZICiRNkjDVqk319MSaz1JA7tzZiYkf7dzcO/um5monow5TLNDJN0+VGUCWQSNN8cDbhi1IiJNYQqbmdFdEQUocbyyVsIX5ui/02r4nqWzC2GHBzDCZyBB5dwBTfQBB8ocHiEZ3hxpPPkvC5xrTkrbkfwQ87bJwMgjOg=</latexit><latexit sha1_base64="ybqBcc3MGuxswUQ9otJKYHc3kTU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFVxbaEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRZlHIxGptk80E1wyz3AjWDtWjIS+YC1/fDnzW/dMaR7JGzOJWS8kQ8kDTomxkle869eL/XwBl+rYLZ9VEC5VcBVXzy1xK3VcqyK3hOcowBLNfv69O4hoEjJpqCBad1wcm15KlOFUsGmum2gWEzomQ9axVJKQ6V46P3aKTqwyQEGkbEmD5ur3iZSEWk9C33aGxIz0b28m/uV1EhPUeimXcWKYpItFQSKQidDsczTgilEjJpYQqri9FdERUYQam0/OhvD1Kfqf3JZLrk3mGhcaeBlHFo7gGE7BhQtowBU0wQMKHB7gCZ4d6Tw6L87rojXjLGcO4Qect08eRY4p</latexit><latexit sha1_base64="1jV1QsY624SVgTuwXeY8JRzyZOo=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxrl8v9vMFXKpjt3xWQbhUwVVcPbfErdRxrYrcEp6jAEs0+/n33iCiScikoYJo3XVxbLyUKMOpYNNcL9EsJnRMhqxrqSQh0146P3aKTqwyQEGkbEmD5ur3iZSEWk9C33aGxIz0b28m/uV1ExPUvJTLODFM0sWiIBHIRGj2ORpwxagRE0sIVdzeiuiIKEKNzSdnQ/j6FP1Pbssl1yZzXS408DKOLBzBMZyCCxfQgCtoQgsocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BHuWOKw==</latexit><latexit sha1_base64="1jV1QsY624SVgTuwXeY8JRzyZOo=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxrl8v9vMFXKpjt3xWQbhUwVVcPbfErdRxrYrcEp6jAEs0+/n33iCiScikoYJo3XVxbLyUKMOpYNNcL9EsJnRMhqxrqSQh0146P3aKTqwyQEGkbEmD5ur3iZSEWk9C33aGxIz0b28m/uV1ExPUvJTLODFM0sWiIBHIRGj2ORpwxagRE0sIVdzeiuiIKEKNzSdnQ/j6FP1Pbssl1yZzXS408DKOLBzBMZyCCxfQgCtoQgsocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BHuWOKw==</latexit><latexit sha1_base64="1jV1QsY624SVgTuwXeY8JRzyZOo=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxrl8v9vMFXKpjt3xWQbhUwVVcPbfErdRxrYrcEp6jAEs0+/n33iCiScikoYJo3XVxbLyUKMOpYNNcL9EsJnRMhqxrqSQh0146P3aKTqwyQEGkbEmD5ur3iZSEWk9C33aGxIz0b28m/uV1ExPUvJTLODFM0sWiIBHIRGj2ORpwxagRE0sIVdzeiuiIKEKNzSdnQ/j6FP1Pbssl1yZzXS408DKOLBzBMZyCCxfQgCtoQgsocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BHuWOKw==</latexit><latexit sha1_base64="1jV1QsY624SVgTuwXeY8JRzyZOo=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxrl8v9vMFXKpjt3xWQbhUwVVcPbfErdRxrYrcEp6jAEs0+/n33iCiScikoYJo3XVxbLyUKMOpYNNcL9EsJnRMhqxrqSQh0146P3aKTqwyQEGkbEmD5ur3iZSEWk9C33aGxIz0b28m/uV1ExPUvJTLODFM0sWiIBHIRGj2ORpwxagRE0sIVdzeiuiIKEKNzSdnQ/j6FP1Pbssl1yZzXS408DKOLBzBMZyCCxfQgCtoQgsocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BHuWOKw==</latexit><latexit sha1_base64="1jV1QsY624SVgTuwXeY8JRzyZOo=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxrl8v9vMFXKpjt3xWQbhUwVVcPbfErdRxrYrcEp6jAEs0+/n33iCiScikoYJo3XVxbLyUKMOpYNNcL9EsJnRMhqxrqSQh0146P3aKTqwyQEGkbEmD5ur3iZSEWk9C33aGxIz0b28m/uV1ExPUvJTLODFM0sWiIBHIRGj2ORpwxagRE0sIVdzeiuiIKEKNzSdnQ/j6FP1Pbssl1yZzXS408DKOLBzBMZyCCxfQgCtoQgsocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BHuWOKw==</latexit><latexit sha1_base64="1jV1QsY624SVgTuwXeY8JRzyZOo=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxrl8v9vMFXKpjt3xWQbhUwVVcPbfErdRxrYrcEp6jAEs0+/n33iCiScikoYJo3XVxbLyUKMOpYNNcL9EsJnRMhqxrqSQh0146P3aKTqwyQEGkbEmD5ur3iZSEWk9C33aGxIz0b28m/uV1ExPUvJTLODFM0sWiIBHIRGj2ORpwxagRE0sIVdzeiuiIKEKNzSdnQ/j6FP1Pbssl1yZzXS408DKOLBzBMZyCCxfQgCtoQgsocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BHuWOKw==</latexit>

k10, d10,m10,
<latexit sha1_base64="bKx/iCuwNyNj9vMhQB08zS27gq8=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAVXEhJutFlwY3LCvYBbQiTyaQdOpOEmYlQQnHjr7hxoYhbv8Kdf+O0zUJbDwz3cM693LknSDlT2nG+rdLa+sbmVnm7srO7t39gHx51VJJJQtsk4YnsBVhRzmLa1kxz2kslxSLgtBuMb2Z+94FKxZL4Xk9S6gk8jFnECNZG8u2T2tjPXWd6icKiikWt+XbVqTtzoFXiFqQKBVq+/TUIE5IJGmvCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g2NsaDKy+cnTNG5UUIUJdK8WKO5+nsix0KpiQhMp8B6pJa9mfif1890dO3lLE4zTWOyWBRlHOkEzfJAIZOUaD4xBBPJzF8RGWGJiTapVUwI7vLJq6TTqLtO3b1rVJuNIo4ynMIZXIALV9CEW2hBGwg8wjO8wpv1ZL1Y79bHorVkFTPH8AfW5w+9gpUD</latexit><latexit sha1_base64="bKx/iCuwNyNj9vMhQB08zS27gq8=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAVXEhJutFlwY3LCvYBbQiTyaQdOpOEmYlQQnHjr7hxoYhbv8Kdf+O0zUJbDwz3cM693LknSDlT2nG+rdLa+sbmVnm7srO7t39gHx51VJJJQtsk4YnsBVhRzmLa1kxz2kslxSLgtBuMb2Z+94FKxZL4Xk9S6gk8jFnECNZG8u2T2tjPXWd6icKiikWt+XbVqTtzoFXiFqQKBVq+/TUIE5IJGmvCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g2NsaDKy+cnTNG5UUIUJdK8WKO5+nsix0KpiQhMp8B6pJa9mfif1890dO3lLE4zTWOyWBRlHOkEzfJAIZOUaD4xBBPJzF8RGWGJiTapVUwI7vLJq6TTqLtO3b1rVJuNIo4ynMIZXIALV9CEW2hBGwg8wjO8wpv1ZL1Y79bHorVkFTPH8AfW5w+9gpUD</latexit><latexit sha1_base64="bKx/iCuwNyNj9vMhQB08zS27gq8=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAVXEhJutFlwY3LCvYBbQiTyaQdOpOEmYlQQnHjr7hxoYhbv8Kdf+O0zUJbDwz3cM693LknSDlT2nG+rdLa+sbmVnm7srO7t39gHx51VJJJQtsk4YnsBVhRzmLa1kxz2kslxSLgtBuMb2Z+94FKxZL4Xk9S6gk8jFnECNZG8u2T2tjPXWd6icKiikWt+XbVqTtzoFXiFqQKBVq+/TUIE5IJGmvCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g2NsaDKy+cnTNG5UUIUJdK8WKO5+nsix0KpiQhMp8B6pJa9mfif1890dO3lLE4zTWOyWBRlHOkEzfJAIZOUaD4xBBPJzF8RGWGJiTapVUwI7vLJq6TTqLtO3b1rVJuNIo4ynMIZXIALV9CEW2hBGwg8wjO8wpv1ZL1Y79bHorVkFTPH8AfW5w+9gpUD</latexit><latexit sha1_base64="bKx/iCuwNyNj9vMhQB08zS27gq8=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAVXEhJutFlwY3LCvYBbQiTyaQdOpOEmYlQQnHjr7hxoYhbv8Kdf+O0zUJbDwz3cM693LknSDlT2nG+rdLa+sbmVnm7srO7t39gHx51VJJJQtsk4YnsBVhRzmLa1kxz2kslxSLgtBuMb2Z+94FKxZL4Xk9S6gk8jFnECNZG8u2T2tjPXWd6icKiikWt+XbVqTtzoFXiFqQKBVq+/TUIE5IJGmvCsVJ910m1l2OpGeF0WhlkiqaYjPGQ9g2NsaDKy+cnTNG5UUIUJdK8WKO5+nsix0KpiQhMp8B6pJa9mfif1890dO3lLE4zTWOyWBRlHOkEzfJAIZOUaD4xBBPJzF8RGWGJiTapVUwI7vLJq6TTqLtO3b1rVJuNIo4ynMIZXIALV9CEW2hBGwg8wjO8wpv1ZL1Y79bHorVkFTPH8AfW5w+9gpUD</latexit>

J10, a10, l10
<latexit sha1_base64="0/EugP6ozXrjb++mACTmq5B1QHo=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4ut4EFK0oseC17EUwVbC20Im+2mXbrZhN2NUEK9+Fe8eFDEq//Cm//GbZqDtj5Y5vHeDLPzgoQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BR8WpJLRNYh7LboAV5UzQtmaa024iKY4CTu+D8dXMv3+gUrFY3OlJQr0IDwULGcHaSL59VLvxM9eZniNcVJ7Xmm9XnbqTAy0TtyBVKNDy7a/+ICZpRIUmHCvVc51EexmWmhFOp5V+qmiCyRgPac9QgSOqvCy/YIpOjTJAYSzNExrl6u+JDEdKTaLAdEZYj9SiNxP/83qpDi+9jIkk1VSQ+aIw5UjHaBYHGjBJieYTQzCRzPwVkRGWmGgTWsWE4C6evEw6jbrr1N3bRrXZKOIowzGcwBm4cAFNuIYWtIHAIzzDK7xZT9aL9W59zFtLVjFzCH9gff4AEzuUqA==</latexit><latexit sha1_base64="0/EugP6ozXrjb++mACTmq5B1QHo=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4ut4EFK0oseC17EUwVbC20Im+2mXbrZhN2NUEK9+Fe8eFDEq//Cm//GbZqDtj5Y5vHeDLPzgoQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BR8WpJLRNYh7LboAV5UzQtmaa024iKY4CTu+D8dXMv3+gUrFY3OlJQr0IDwULGcHaSL59VLvxM9eZniNcVJ7Xmm9XnbqTAy0TtyBVKNDy7a/+ICZpRIUmHCvVc51EexmWmhFOp5V+qmiCyRgPac9QgSOqvCy/YIpOjTJAYSzNExrl6u+JDEdKTaLAdEZYj9SiNxP/83qpDi+9jIkk1VSQ+aIw5UjHaBYHGjBJieYTQzCRzPwVkRGWmGgTWsWE4C6evEw6jbrr1N3bRrXZKOIowzGcwBm4cAFNuIYWtIHAIzzDK7xZT9aL9W59zFtLVjFzCH9gff4AEzuUqA==</latexit><latexit sha1_base64="0/EugP6ozXrjb++mACTmq5B1QHo=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4ut4EFK0oseC17EUwVbC20Im+2mXbrZhN2NUEK9+Fe8eFDEq//Cm//GbZqDtj5Y5vHeDLPzgoQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BR8WpJLRNYh7LboAV5UzQtmaa024iKY4CTu+D8dXMv3+gUrFY3OlJQr0IDwULGcHaSL59VLvxM9eZniNcVJ7Xmm9XnbqTAy0TtyBVKNDy7a/+ICZpRIUmHCvVc51EexmWmhFOp5V+qmiCyRgPac9QgSOqvCy/YIpOjTJAYSzNExrl6u+JDEdKTaLAdEZYj9SiNxP/83qpDi+9jIkk1VSQ+aIw5UjHaBYHGjBJieYTQzCRzPwVkRGWmGgTWsWE4C6evEw6jbrr1N3bRrXZKOIowzGcwBm4cAFNuIYWtIHAIzzDK7xZT9aL9W59zFtLVjFzCH9gff4AEzuUqA==</latexit><latexit sha1_base64="0/EugP6ozXrjb++mACTmq5B1QHo=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4ut4EFK0oseC17EUwVbC20Im+2mXbrZhN2NUEK9+Fe8eFDEq//Cm//GbZqDtj5Y5vHeDLPzgoQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BR8WpJLRNYh7LboAV5UzQtmaa024iKY4CTu+D8dXMv3+gUrFY3OlJQr0IDwULGcHaSL59VLvxM9eZniNcVJ7Xmm9XnbqTAy0TtyBVKNDy7a/+ICZpRIUmHCvVc51EexmWmhFOp5V+qmiCyRgPac9QgSOqvCy/YIpOjTJAYSzNExrl6u+JDEdKTaLAdEZYj9SiNxP/83qpDi+9jIkk1VSQ+aIw5UjHaBYHGjBJieYTQzCRzPwVkRGWmGgTWsWE4C6evEw6jbrr1N3bRrXZKOIowzGcwBm4cAFNuIYWtIHAIzzDK7xZT9aL9W59zFtLVjFzCH9gff4AEzuUqA==</latexit>

J1, a1, l1
<latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit><latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit><latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit><latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit>

k1, d1,m1,
<latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit><latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit><latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit><latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit>

J2, a2, l2
<latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit><latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit><latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit><latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit>

k2, d2,m2,
<latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit><latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit><latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit><latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit>

X<latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit> Y<latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9c+EnmUdu1GQhiKy/Fi6dWWsknE=">AAAB33icbZBLSwMxFIXv+Ky1anXrJtgKrsqMG10KblxWtA9ph5JJ77ShmcyQ3BFK6U9w40IR/5U7/43pY6GtBwIf5yTk3hNlSlry/W9vY3Nre2e3sFfcLx0cHpWPS02b5kZgQ6QqNe2IW1RSY4MkKWxnBnkSKWxFo9tZ3npGY2WqH2mcYZjwgZaxFJyc9VB9qvbKFb/mz8XWIVhCBZaq98pf3X4q8gQ1CcWt7QR+RuGEG5JC4bTYzS1mXIz4ADsONU/QhpP5qFN27pw+i1PjjiY2d3+/mPDE2nESuZsJp6FdzWbmf1knp/g6nEid5YRaLD6Kc8UoZbO9WV8aFKTGDrgw0s3KxJAbLsi1U3QlBKsrr0Pzshb4teDehwKcwhlcQABXcAN3UIcGCBjAC7zBu6e8V+9jUdeGt+ztBP7I+/wBV+6L5A==</latexit><latexit sha1_base64="dp+dcz/JyhsQIrJbGYoO8jIqc/c=">AAAB33icdVDLSgNBEOyNrxijRq9eBhPB0zKThCTeBC8eI5qHJEuYncwmQ2YfzMwKIeQTvHhQxL/y5t84eQgqWtBQVHXT3eUnUmiD8YeT2djc2t7J7ub28vsHh4WjfFvHqWK8xWIZq65PNZci4i0jjOTdRHEa+pJ3/MnVwu88cKVFHN2ZacK9kI4iEQhGjZVuS/elQaGI3Uqd1GtVhN1ahTRqF5aUSRU3CCIuXqIIazQHhff+MGZpyCPDJNW6R3BivBlVRjDJ57l+qnlC2YSOeM/SiIZce7PlqXN0ZpUhCmJlKzJoqX6fmNFQ62no286QmrH+7S3Ev7xeaoKGNxNRkhoesdWiIJXIxGjxNxoKxZmRU0soU8LeitiYKsqMTSdnQ/j6FP1P2mWXYJfcYMjCCZzCORCowyVcQxNawGAEj/AML450npzXVVwZZ53bMfyA8/YJxGKMMQ==</latexit><latexit sha1_base64="A6JKqqjaVmYdpCuEI9CEuhdyhls=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtacddwY3LivYh7VAyaaYNzWSGJCOU0k9w40IRt36RO//G9CGo6IELh3Pu5d57gkRwbRD6cDJr6xubW9nt3M7u3v5B/vCopeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDn32/dMaR7LWzNJmB+RoeQhp8RY6aZ4V+znC8gt13CtWoHIrZaxV72wpIQryMMQu2iBAlih0c+/9wYxTSMmDRVE6y5GifGnRBlOBZvleqlmCaFjMmRdSyWJmPani1Nn8MwqAxjGypY0cKF+n5iSSOtJFNjOiJiR/u3Nxb+8bmpCz59ymaSGSbpcFKYCmhjO/4YDrhg1YmIJoYrbWyEdEUWosenkbAhfn8L/SavkYuTia1Soe6s4suAEnIJzgEEN1MEVaIAmoGAIHsATeHaE8+i8OK/L1oyzmjkGP+C8fQLaWI14</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit> Base

(b) R9R System.

q2
<latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit><latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit><latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit><latexit sha1_base64="E2Q0jRk9YkrQ5XIVNfpycoW12Og=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5JdW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsemdlhEtlXMGVc0vccg1XK8gt4TkKsESjm3/v9GKaRkwaKojWbRcnJpgQZTgVbJrrpJolhI7IgLUtlSRiOpjMj52iE6v0UD9WtqRBc/X7xIREWo+j0HZGxAz1b28m/uW1U9OvBhMuk9QwSReL+qlAJkazz1GPK0aNGFtCqOL2VkSHRBFqbD45G8LXp+h/cuuVXJvMtVeo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BFEKOJA==</latexit>

q3
<latexit sha1_base64="HxLC5AskEQ28CHibnuiD5PLBMFg=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxkTwFHqyaHILePEYwSyQhNDT6Uma9PSM3T1CGPINXjwo4tUP8ubf2FkEFX1Q8Hiviqp6XiS4Nhh/OKm19Y3NrfR2Zmd3b/8ge3jU0mGsKGvSUISq4xHNBJesabgRrBMpRgJPsLY3uZr77XumNA/lrZlGrB+QkeQ+p8RYqZm/G5Tyg2wOF2rYLZbKCBfKuIIrF5a45RquVpBbwAvkYIXGIPveG4Y0Dpg0VBCtuy6OTD8hynAq2CzTizWLCJ2QEetaKknAdD9ZHDtDZ1YZIj9UtqRBC/X7REICraeBZzsDYsb6tzcX//K6sfGr/YTLKDZM0uUiPxbIhGj+ORpyxagRU0sIVdzeiuiYKEKNzSdjQ/j6FP1PWsWCa5O5KebqeBVHGk7gFM7BhUuowzU0oAkUODzAEzw70nl0XpzXZWvKWc0cww84b58Vx44l</latexit><latexit sha1_base64="HxLC5AskEQ28CHibnuiD5PLBMFg=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxkTwFHqyaHILePEYwSyQhNDT6Uma9PSM3T1CGPINXjwo4tUP8ubf2FkEFX1Q8Hiviqp6XiS4Nhh/OKm19Y3NrfR2Zmd3b/8ge3jU0mGsKGvSUISq4xHNBJesabgRrBMpRgJPsLY3uZr77XumNA/lrZlGrB+QkeQ+p8RYqZm/G5Tyg2wOF2rYLZbKCBfKuIIrF5a45RquVpBbwAvkYIXGIPveG4Y0Dpg0VBCtuy6OTD8hynAq2CzTizWLCJ2QEetaKknAdD9ZHDtDZ1YZIj9UtqRBC/X7REICraeBZzsDYsb6tzcX//K6sfGr/YTLKDZM0uUiPxbIhGj+ORpyxagRU0sIVdzeiuiYKEKNzSdjQ/j6FP1PWsWCa5O5KebqeBVHGk7gFM7BhUuowzU0oAkUODzAEzw70nl0XpzXZWvKWc0cww84b58Vx44l</latexit><latexit sha1_base64="HxLC5AskEQ28CHibnuiD5PLBMFg=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxkTwFHqyaHILePEYwSyQhNDT6Uma9PSM3T1CGPINXjwo4tUP8ubf2FkEFX1Q8Hiviqp6XiS4Nhh/OKm19Y3NrfR2Zmd3b/8ge3jU0mGsKGvSUISq4xHNBJesabgRrBMpRgJPsLY3uZr77XumNA/lrZlGrB+QkeQ+p8RYqZm/G5Tyg2wOF2rYLZbKCBfKuIIrF5a45RquVpBbwAvkYIXGIPveG4Y0Dpg0VBCtuy6OTD8hynAq2CzTizWLCJ2QEetaKknAdD9ZHDtDZ1YZIj9UtqRBC/X7REICraeBZzsDYsb6tzcX//K6sfGr/YTLKDZM0uUiPxbIhGj+ORpyxagRU0sIVdzeiuiYKEKNzSdjQ/j6FP1PWsWCa5O5KebqeBVHGk7gFM7BhUuowzU0oAkUODzAEzw70nl0XpzXZWvKWc0cww84b58Vx44l</latexit><latexit sha1_base64="HxLC5AskEQ28CHibnuiD5PLBMFg=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxkTwFHqyaHILePEYwSyQhNDT6Uma9PSM3T1CGPINXjwo4tUP8ubf2FkEFX1Q8Hiviqp6XiS4Nhh/OKm19Y3NrfR2Zmd3b/8ge3jU0mGsKGvSUISq4xHNBJesabgRrBMpRgJPsLY3uZr77XumNA/lrZlGrB+QkeQ+p8RYqZm/G5Tyg2wOF2rYLZbKCBfKuIIrF5a45RquVpBbwAvkYIXGIPveG4Y0Dpg0VBCtuy6OTD8hynAq2CzTizWLCJ2QEetaKknAdD9ZHDtDZ1YZIj9UtqRBC/X7REICraeBZzsDYsb6tzcX//K6sfGr/YTLKDZM0uUiPxbIhGj+ORpyxagRU0sIVdzeiuiYKEKNzSdjQ/j6FP1PWsWCa5O5KebqeBVHGk7gFM7BhUuowzU0oAkUODzAEzw70nl0XpzXZWvKWc0cww84b58Vx44l</latexit>

q4
<latexit sha1_base64="9kj7VcWQ4VOvkPMI7tezDNydinU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5KtW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsls88hEseruDKuSWuV8PVCnJLeI4CLNHo5t87vZimEZOGCqJ128WJCSZEGU4Fm+Y6qWYJoSMyYG1LJYmYDibzY6foxCo91I+VLWnQXP0+MSGR1uMotJ0RMUP925uJf3nt1PSrwYTLJDVM0sWifiqQidHsc9TjilEjxpYQqri9FdEhUYQam0/OhvD1Kfqf3JZLrk3mulyo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BF0yOJg==</latexit><latexit sha1_base64="9kj7VcWQ4VOvkPMI7tezDNydinU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5KtW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsls88hEseruDKuSWuV8PVCnJLeI4CLNHo5t87vZimEZOGCqJ128WJCSZEGU4Fm+Y6qWYJoSMyYG1LJYmYDibzY6foxCo91I+VLWnQXP0+MSGR1uMotJ0RMUP925uJf3nt1PSrwYTLJDVM0sWifiqQidHsc9TjilEjxpYQqri9FdEhUYQam0/OhvD1Kfqf3JZLrk3mulyo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BF0yOJg==</latexit><latexit sha1_base64="9kj7VcWQ4VOvkPMI7tezDNydinU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5KtW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsls88hEseruDKuSWuV8PVCnJLeI4CLNHo5t87vZimEZOGCqJ128WJCSZEGU4Fm+Y6qWYJoSMyYG1LJYmYDibzY6foxCo91I+VLWnQXP0+MSGR1uMotJ0RMUP925uJf3nt1PSrwYTLJDVM0sWifiqQidHsc9TjilEjxpYQqri9FdEhUYQam0/OhvD1Kfqf3JZLrk3mulyo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BF0yOJg==</latexit><latexit sha1_base64="9kj7VcWQ4VOvkPMI7tezDNydinU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5KtW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsls88hEseruDKuSWuV8PVCnJLeI4CLNHo5t87vZimEZOGCqJ128WJCSZEGU4Fm+Y6qWYJoSMyYG1LJYmYDibzY6foxCo91I+VLWnQXP0+MSGR1uMotJ0RMUP925uJf3nt1PSrwYTLJDVM0sWifiqQidHsc9TjilEjxpYQqri9FdEhUYQam0/OhvD1Kfqf3JZLrk3mulyo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BF0yOJg==</latexit>

q1
<latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit>

q5
<latexit sha1_base64="LKS26JZtcpK4/c9QgGJWvGnfsTo=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBhPB07KbtxcJePEYwU0CyRJmJ5NkyOzsOjMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uIOZMacf5sFJr6xubW+ntzM7u3v5B9vCoqaJEEuqRiEeyHWBFORPU00xz2o4lxWHAaSsYX8391j2VikXiVk9i6od4KNiAEayN5OXveuV8L5tz7FrlolgpI8cuurVS0THEdcvVUgW5trNADlZo9LLv3X5EkpAKTThWquM6sfanWGpGOJ1luomiMSZjPKQdQwUOqfKni2Nn6MwofTSIpCmh0UL9PjHFoVKTMDCdIdYj9dubi395nUQPav6UiTjRVJDlokHCkY7Q/HPUZ5ISzSeGYCKZuRWREZaYaJNPxoTw9Sn6nzQLtmuSuSnk6perONJwAqdwDi5UoQ7X0AAPCDB4gCd4toT1aL1Yr8vWlLWaOYYfsN4+ATIUjkM=</latexit><latexit sha1_base64="LKS26JZtcpK4/c9QgGJWvGnfsTo=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBhPB07KbtxcJePEYwU0CyRJmJ5NkyOzsOjMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uIOZMacf5sFJr6xubW+ntzM7u3v5B9vCoqaJEEuqRiEeyHWBFORPU00xz2o4lxWHAaSsYX8391j2VikXiVk9i6od4KNiAEayN5OXveuV8L5tz7FrlolgpI8cuurVS0THEdcvVUgW5trNADlZo9LLv3X5EkpAKTThWquM6sfanWGpGOJ1luomiMSZjPKQdQwUOqfKni2Nn6MwofTSIpCmh0UL9PjHFoVKTMDCdIdYj9dubi395nUQPav6UiTjRVJDlokHCkY7Q/HPUZ5ISzSeGYCKZuRWREZaYaJNPxoTw9Sn6nzQLtmuSuSnk6perONJwAqdwDi5UoQ7X0AAPCDB4gCd4toT1aL1Yr8vWlLWaOYYfsN4+ATIUjkM=</latexit><latexit sha1_base64="LKS26JZtcpK4/c9QgGJWvGnfsTo=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBhPB07KbtxcJePEYwU0CyRJmJ5NkyOzsOjMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uIOZMacf5sFJr6xubW+ntzM7u3v5B9vCoqaJEEuqRiEeyHWBFORPU00xz2o4lxWHAaSsYX8391j2VikXiVk9i6od4KNiAEayN5OXveuV8L5tz7FrlolgpI8cuurVS0THEdcvVUgW5trNADlZo9LLv3X5EkpAKTThWquM6sfanWGpGOJ1luomiMSZjPKQdQwUOqfKni2Nn6MwofTSIpCmh0UL9PjHFoVKTMDCdIdYj9dubi395nUQPav6UiTjRVJDlokHCkY7Q/HPUZ5ISzSeGYCKZuRWREZaYaJNPxoTw9Sn6nzQLtmuSuSnk6perONJwAqdwDi5UoQ7X0AAPCDB4gCd4toT1aL1Yr8vWlLWaOYYfsN4+ATIUjkM=</latexit><latexit sha1_base64="LKS26JZtcpK4/c9QgGJWvGnfsTo=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBhPB07KbtxcJePEYwU0CyRJmJ5NkyOzsOjMrhJBv8OJBEa9+kDf/xslDUNGChqKqm+6uIOZMacf5sFJr6xubW+ntzM7u3v5B9vCoqaJEEuqRiEeyHWBFORPU00xz2o4lxWHAaSsYX8391j2VikXiVk9i6od4KNiAEayN5OXveuV8L5tz7FrlolgpI8cuurVS0THEdcvVUgW5trNADlZo9LLv3X5EkpAKTThWquM6sfanWGpGOJ1luomiMSZjPKQdQwUOqfKni2Nn6MwofTSIpCmh0UL9PjHFoVKTMDCdIdYj9dubi395nUQPav6UiTjRVJDlokHCkY7Q/HPUZ5ISzSeGYCKZuRWREZaYaJNPxoTw9Sn6nzQLtmuSuSnk6perONJwAqdwDi5UoQ7X0AAPCDB4gCd4toT1aL1Yr8vWlLWaOYYfsN4+ATIUjkM=</latexit>

q6
<latexit sha1_base64="8uGGKZljlL+FzgYyI2iGRtdrSw8=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBhPBU9jNYxMvEvDiMYKbBJIlzE4myZDZ2XVmVggh3+DFgyJe/SBv/o2Th6CiBQ1FVTfdXUHMmdK2/WGl1tY3NrfS25md3b39g+zhUVNFiSTUIxGPZDvAinImqKeZ5rQdS4rDgNNWML6a+617KhWLxK2exNQP8VCwASNYG8nL3/XcfC+bsws196LkVpBdKDm1csk2xHEq1bKLnIK9QA5WaPSy791+RJKQCk04Vqrj2LH2p1hqRjidZbqJojEmYzykHUMFDqnyp4tjZ+jMKH00iKQpodFC/T4xxaFSkzAwnSHWI/Xbm4t/eZ1ED2r+lIk40VSQ5aJBwpGO0Pxz1GeSEs0nhmAimbkVkRGWmGiTT8aE8PUp+p80iwXHJHNTzNUvV3Gk4QRO4RwcqEIdrqEBHhBg8ABP8GwJ69F6sV6XrSlrNXMMP2C9fQIzmY5E</latexit><latexit sha1_base64="8uGGKZljlL+FzgYyI2iGRtdrSw8=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBhPBU9jNYxMvEvDiMYKbBJIlzE4myZDZ2XVmVggh3+DFgyJe/SBv/o2Th6CiBQ1FVTfdXUHMmdK2/WGl1tY3NrfS25md3b39g+zhUVNFiSTUIxGPZDvAinImqKeZ5rQdS4rDgNNWML6a+617KhWLxK2exNQP8VCwASNYG8nL3/XcfC+bsws196LkVpBdKDm1csk2xHEq1bKLnIK9QA5WaPSy791+RJKQCk04Vqrj2LH2p1hqRjidZbqJojEmYzykHUMFDqnyp4tjZ+jMKH00iKQpodFC/T4xxaFSkzAwnSHWI/Xbm4t/eZ1ED2r+lIk40VSQ5aJBwpGO0Pxz1GeSEs0nhmAimbkVkRGWmGiTT8aE8PUp+p80iwXHJHNTzNUvV3Gk4QRO4RwcqEIdrqEBHhBg8ABP8GwJ69F6sV6XrSlrNXMMP2C9fQIzmY5E</latexit><latexit sha1_base64="8uGGKZljlL+FzgYyI2iGRtdrSw8=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBhPBU9jNYxMvEvDiMYKbBJIlzE4myZDZ2XVmVggh3+DFgyJe/SBv/o2Th6CiBQ1FVTfdXUHMmdK2/WGl1tY3NrfS25md3b39g+zhUVNFiSTUIxGPZDvAinImqKeZ5rQdS4rDgNNWML6a+617KhWLxK2exNQP8VCwASNYG8nL3/XcfC+bsws196LkVpBdKDm1csk2xHEq1bKLnIK9QA5WaPSy791+RJKQCk04Vqrj2LH2p1hqRjidZbqJojEmYzykHUMFDqnyp4tjZ+jMKH00iKQpodFC/T4xxaFSkzAwnSHWI/Xbm4t/eZ1ED2r+lIk40VSQ5aJBwpGO0Pxz1GeSEs0nhmAimbkVkRGWmGiTT8aE8PUp+p80iwXHJHNTzNUvV3Gk4QRO4RwcqEIdrqEBHhBg8ABP8GwJ69F6sV6XrSlrNXMMP2C9fQIzmY5E</latexit><latexit sha1_base64="8uGGKZljlL+FzgYyI2iGRtdrSw8=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBhPBU9jNYxMvEvDiMYKbBJIlzE4myZDZ2XVmVggh3+DFgyJe/SBv/o2Th6CiBQ1FVTfdXUHMmdK2/WGl1tY3NrfS25md3b39g+zhUVNFiSTUIxGPZDvAinImqKeZ5rQdS4rDgNNWML6a+617KhWLxK2exNQP8VCwASNYG8nL3/XcfC+bsws196LkVpBdKDm1csk2xHEq1bKLnIK9QA5WaPSy791+RJKQCk04Vqrj2LH2p1hqRjidZbqJojEmYzykHUMFDqnyp4tjZ+jMKH00iKQpodFC/T4xxaFSkzAwnSHWI/Xbm4t/eZ1ED2r+lIk40VSQ5aJBwpGO0Pxz1GeSEs0nhmAimbkVkRGWmGiTT8aE8PUp+p80iwXHJHNTzNUvV3Gk4QRO4RwcqEIdrqEBHhBg8ABP8GwJ69F6sV6XrSlrNXMMP2C9fQIzmY5E</latexit>

X<latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit>

Y<latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9c+EnmUdu1GQhiKy/Fi6dWWsknE=">AAAB33icbZBLSwMxFIXv+Ky1anXrJtgKrsqMG10KblxWtA9ph5JJ77ShmcyQ3BFK6U9w40IR/5U7/43pY6GtBwIf5yTk3hNlSlry/W9vY3Nre2e3sFfcLx0cHpWPS02b5kZgQ6QqNe2IW1RSY4MkKWxnBnkSKWxFo9tZ3npGY2WqH2mcYZjwgZaxFJyc9VB9qvbKFb/mz8XWIVhCBZaq98pf3X4q8gQ1CcWt7QR+RuGEG5JC4bTYzS1mXIz4ADsONU/QhpP5qFN27pw+i1PjjiY2d3+/mPDE2nESuZsJp6FdzWbmf1knp/g6nEid5YRaLD6Kc8UoZbO9WV8aFKTGDrgw0s3KxJAbLsi1U3QlBKsrr0Pzshb4teDehwKcwhlcQABXcAN3UIcGCBjAC7zBu6e8V+9jUdeGt+ztBP7I+/wBV+6L5A==</latexit><latexit sha1_base64="dp+dcz/JyhsQIrJbGYoO8jIqc/c=">AAAB33icdVDLSgNBEOyNrxijRq9eBhPB0zKThCTeBC8eI5qHJEuYncwmQ2YfzMwKIeQTvHhQxL/y5t84eQgqWtBQVHXT3eUnUmiD8YeT2djc2t7J7ub28vsHh4WjfFvHqWK8xWIZq65PNZci4i0jjOTdRHEa+pJ3/MnVwu88cKVFHN2ZacK9kI4iEQhGjZVuS/elQaGI3Uqd1GtVhN1ahTRqF5aUSRU3CCIuXqIIazQHhff+MGZpyCPDJNW6R3BivBlVRjDJ57l+qnlC2YSOeM/SiIZce7PlqXN0ZpUhCmJlKzJoqX6fmNFQ62no286QmrH+7S3Ev7xeaoKGNxNRkhoesdWiIJXIxGjxNxoKxZmRU0soU8LeitiYKsqMTSdnQ/j6FP1P2mWXYJfcYMjCCZzCORCowyVcQxNawGAEj/AML450npzXVVwZZ53bMfyA8/YJxGKMMQ==</latexit><latexit sha1_base64="A6JKqqjaVmYdpCuEI9CEuhdyhls=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtacddwY3LivYh7VAyaaYNzWSGJCOU0k9w40IRt36RO//G9CGo6IELh3Pu5d57gkRwbRD6cDJr6xubW9nt3M7u3v5B/vCopeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDn32/dMaR7LWzNJmB+RoeQhp8RY6aZ4V+znC8gt13CtWoHIrZaxV72wpIQryMMQu2iBAlih0c+/9wYxTSMmDRVE6y5GifGnRBlOBZvleqlmCaFjMmRdSyWJmPani1Nn8MwqAxjGypY0cKF+n5iSSOtJFNjOiJiR/u3Nxb+8bmpCz59ymaSGSbpcFKYCmhjO/4YDrhg1YmIJoYrbWyEdEUWosenkbAhfn8L/SavkYuTia1Soe6s4suAEnIJzgEEN1MEVaIAmoGAIHsATeHaE8+i8OK/L1oyzmjkGP+C8fQLaWI14</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit>
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Z<latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit><latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit><latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit><latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit>

τ1<latexit sha1_base64="muXFdNq2GnK3tV2mcO/zr13w1BE=">AAACAnicbVC7TsNAEDzzDOFloEI0FgkSVWSngTKChjJI5CHFlnW+bJJTzg/drRGRFdHwKzQUIETLV9DxN1wcF5Aw0kqjmd3b2wkSwRXa9rexsrq2vrFZ2ipv7+zu7ZsHh20Vp5JBi8Uilt2AKhA8ghZyFNBNJNAwENAJxtczv3MPUvE4usNJAl5IhxEfcEZRS7557CI8YP5OJqE/zaou0tR3qlPfrNg1O4e1TJyCVEiBpm9+uf2YpSFEyARVqufYCXoZlciZgGnZTRUklI3pEHqaRjQE5WX56ql1ppW+NYilrgitXP09kdFQqUkY6M6Q4kgtejPxP6+X4uDSy3iUpAgRmy8apMLC2JrlYfW5BIZiogllkuu/WmxEJWWoUyvrEJzFk5dJu15z7JpzW680roo4SuSEnJJz4pAL0iA3pElahJFH8kxeyZvxZLwY78bHvHXFKGaOyB8Ynz+jeZeM</latexit><latexit sha1_base64="muXFdNq2GnK3tV2mcO/zr13w1BE=">AAACAnicbVC7TsNAEDzzDOFloEI0FgkSVWSngTKChjJI5CHFlnW+bJJTzg/drRGRFdHwKzQUIETLV9DxN1wcF5Aw0kqjmd3b2wkSwRXa9rexsrq2vrFZ2ipv7+zu7ZsHh20Vp5JBi8Uilt2AKhA8ghZyFNBNJNAwENAJxtczv3MPUvE4usNJAl5IhxEfcEZRS7557CI8YP5OJqE/zaou0tR3qlPfrNg1O4e1TJyCVEiBpm9+uf2YpSFEyARVqufYCXoZlciZgGnZTRUklI3pEHqaRjQE5WX56ql1ppW+NYilrgitXP09kdFQqUkY6M6Q4kgtejPxP6+X4uDSy3iUpAgRmy8apMLC2JrlYfW5BIZiogllkuu/WmxEJWWoUyvrEJzFk5dJu15z7JpzW680roo4SuSEnJJz4pAL0iA3pElahJFH8kxeyZvxZLwY78bHvHXFKGaOyB8Ynz+jeZeM</latexit><latexit sha1_base64="muXFdNq2GnK3tV2mcO/zr13w1BE=">AAACAnicbVC7TsNAEDzzDOFloEI0FgkSVWSngTKChjJI5CHFlnW+bJJTzg/drRGRFdHwKzQUIETLV9DxN1wcF5Aw0kqjmd3b2wkSwRXa9rexsrq2vrFZ2ipv7+zu7ZsHh20Vp5JBi8Uilt2AKhA8ghZyFNBNJNAwENAJxtczv3MPUvE4usNJAl5IhxEfcEZRS7557CI8YP5OJqE/zaou0tR3qlPfrNg1O4e1TJyCVEiBpm9+uf2YpSFEyARVqufYCXoZlciZgGnZTRUklI3pEHqaRjQE5WX56ql1ppW+NYilrgitXP09kdFQqUkY6M6Q4kgtejPxP6+X4uDSy3iUpAgRmy8apMLC2JrlYfW5BIZiogllkuu/WmxEJWWoUyvrEJzFk5dJu15z7JpzW680roo4SuSEnJJz4pAL0iA3pElahJFH8kxeyZvxZLwY78bHvHXFKGaOyB8Ynz+jeZeM</latexit><latexit sha1_base64="muXFdNq2GnK3tV2mcO/zr13w1BE=">AAACAnicbVC7TsNAEDzzDOFloEI0FgkSVWSngTKChjJI5CHFlnW+bJJTzg/drRGRFdHwKzQUIETLV9DxN1wcF5Aw0kqjmd3b2wkSwRXa9rexsrq2vrFZ2ipv7+zu7ZsHh20Vp5JBi8Uilt2AKhA8ghZyFNBNJNAwENAJxtczv3MPUvE4usNJAl5IhxEfcEZRS7557CI8YP5OJqE/zaou0tR3qlPfrNg1O4e1TJyCVEiBpm9+uf2YpSFEyARVqufYCXoZlciZgGnZTRUklI3pEHqaRjQE5WX56ql1ppW+NYilrgitXP09kdFQqUkY6M6Q4kgtejPxP6+X4uDSy3iUpAgRmy8apMLC2JrlYfW5BIZiogllkuu/WmxEJWWoUyvrEJzFk5dJu15z7JpzW680roo4SuSEnJJz4pAL0iA3pElahJFH8kxeyZvxZLwY78bHvHXFKGaOyB8Ynz+jeZeM</latexit>

τ2<latexit sha1_base64="mBQbNyy5ZVmBQzlUxfj9+KTOO5U=">AAACAnicbVBNS8NAEN34WetX1JN4CbaCp5L0oseiF48V7Ae0IWy203bpZhN2J2IJxYt/xYsHRbz6K7z5b9y2OWjrg4HHezM7Oy9MBNfout/Wyura+sZmYau4vbO7t28fHDZ1nCoGDRaLWLVDqkFwCQ3kKKCdKKBRKKAVjq6nfuselOaxvMNxAn5EB5L3OaNopMA+7iI84OydTEFvkpW7SNOgWp4EdsmtuDM4y8TLSYnkqAf2V7cXszQCiUxQrTuem6CfUYWcCZgUu6mGhLIRHUDHUEkj0H42Wz1xzozSc/qxMiXRmam/JzIaaT2OQtMZURzqRW8q/ud1Uuxf+hmXSYog2XxRPxUOxs40D6fHFTAUY0MoU9z81WFDqihDk1rRhOAtnrxMmtWK51a822qpdpXHUSAn5JScE49ckBq5IXXSIIw8kmfySt6sJ+vFerc+5q0rVj5zRP7A+vwBpP+XjQ==</latexit><latexit sha1_base64="mBQbNyy5ZVmBQzlUxfj9+KTOO5U=">AAACAnicbVBNS8NAEN34WetX1JN4CbaCp5L0oseiF48V7Ae0IWy203bpZhN2J2IJxYt/xYsHRbz6K7z5b9y2OWjrg4HHezM7Oy9MBNfout/Wyura+sZmYau4vbO7t28fHDZ1nCoGDRaLWLVDqkFwCQ3kKKCdKKBRKKAVjq6nfuselOaxvMNxAn5EB5L3OaNopMA+7iI84OydTEFvkpW7SNOgWp4EdsmtuDM4y8TLSYnkqAf2V7cXszQCiUxQrTuem6CfUYWcCZgUu6mGhLIRHUDHUEkj0H42Wz1xzozSc/qxMiXRmam/JzIaaT2OQtMZURzqRW8q/ud1Uuxf+hmXSYog2XxRPxUOxs40D6fHFTAUY0MoU9z81WFDqihDk1rRhOAtnrxMmtWK51a822qpdpXHUSAn5JScE49ckBq5IXXSIIw8kmfySt6sJ+vFerc+5q0rVj5zRP7A+vwBpP+XjQ==</latexit><latexit sha1_base64="mBQbNyy5ZVmBQzlUxfj9+KTOO5U=">AAACAnicbVBNS8NAEN34WetX1JN4CbaCp5L0oseiF48V7Ae0IWy203bpZhN2J2IJxYt/xYsHRbz6K7z5b9y2OWjrg4HHezM7Oy9MBNfout/Wyura+sZmYau4vbO7t28fHDZ1nCoGDRaLWLVDqkFwCQ3kKKCdKKBRKKAVjq6nfuselOaxvMNxAn5EB5L3OaNopMA+7iI84OydTEFvkpW7SNOgWp4EdsmtuDM4y8TLSYnkqAf2V7cXszQCiUxQrTuem6CfUYWcCZgUu6mGhLIRHUDHUEkj0H42Wz1xzozSc/qxMiXRmam/JzIaaT2OQtMZURzqRW8q/ud1Uuxf+hmXSYog2XxRPxUOxs40D6fHFTAUY0MoU9z81WFDqihDk1rRhOAtnrxMmtWK51a822qpdpXHUSAn5JScE49ckBq5IXXSIIw8kmfySt6sJ+vFerc+5q0rVj5zRP7A+vwBpP+XjQ==</latexit><latexit sha1_base64="mBQbNyy5ZVmBQzlUxfj9+KTOO5U=">AAACAnicbVBNS8NAEN34WetX1JN4CbaCp5L0oseiF48V7Ae0IWy203bpZhN2J2IJxYt/xYsHRbz6K7z5b9y2OWjrg4HHezM7Oy9MBNfout/Wyura+sZmYau4vbO7t28fHDZ1nCoGDRaLWLVDqkFwCQ3kKKCdKKBRKKAVjq6nfuselOaxvMNxAn5EB5L3OaNopMA+7iI84OydTEFvkpW7SNOgWp4EdsmtuDM4y8TLSYnkqAf2V7cXszQCiUxQrTuem6CfUYWcCZgUu6mGhLIRHUDHUEkj0H42Wz1xzozSc/qxMiXRmam/JzIaaT2OQtMZURzqRW8q/ud1Uuxf+hmXSYog2XxRPxUOxs40D6fHFTAUY0MoU9z81WFDqihDk1rRhOAtnrxMmtWK51a822qpdpXHUSAn5JScE49ckBq5IXXSIIw8kmfySt6sJ+vFerc+5q0rVj5zRP7A+vwBpP+XjQ==</latexit>

τ3
<latexit sha1_base64="HChQ2Phfh+cGcnLxoT7WU8zRAU8=">AAACAnicbVC7TsNAEDyHVwivABWisUiQqCI7FFBG0FAGiTykOIrO53VyyvmhuzUisiwafoWGAoRo+Qo6/oaLkwISRlppNLN7eztuLLhCy/o2Ciura+sbxc3S1vbO7l55/6CtokQyaLFIRLLrUgWCh9BCjgK6sQQauAI67vh66nfuQSoehXc4iaEf0GHIfc4oamlQPnIQHjB/J5XgZWnVQZoMzqvZoFyxalYOc5nYc1IhczQH5S/Hi1gSQIhMUKV6thVjP6USOROQlZxEQUzZmA6hp2lIA1D9NF+dmada8Uw/krpCNHP190RKA6Umgas7A4ojtehNxf+8XoL+ZT/lYZwghGy2yE+EiZE5zcP0uASGYqIJZZLrv5psRCVlqFMr6RDsxZOXSbtes62afVuvNK7mcRTJMTkhZ8QmF6RBbkiTtAgjj+SZvJI348l4Md6Nj1lrwZjPHJI/MD5/AKaFl44=</latexit><latexit sha1_base64="HChQ2Phfh+cGcnLxoT7WU8zRAU8=">AAACAnicbVC7TsNAEDyHVwivABWisUiQqCI7FFBG0FAGiTykOIrO53VyyvmhuzUisiwafoWGAoRo+Qo6/oaLkwISRlppNLN7eztuLLhCy/o2Ciura+sbxc3S1vbO7l55/6CtokQyaLFIRLLrUgWCh9BCjgK6sQQauAI67vh66nfuQSoehXc4iaEf0GHIfc4oamlQPnIQHjB/J5XgZWnVQZoMzqvZoFyxalYOc5nYc1IhczQH5S/Hi1gSQIhMUKV6thVjP6USOROQlZxEQUzZmA6hp2lIA1D9NF+dmada8Uw/krpCNHP190RKA6Umgas7A4ojtehNxf+8XoL+ZT/lYZwghGy2yE+EiZE5zcP0uASGYqIJZZLrv5psRCVlqFMr6RDsxZOXSbtes62afVuvNK7mcRTJMTkhZ8QmF6RBbkiTtAgjj+SZvJI348l4Md6Nj1lrwZjPHJI/MD5/AKaFl44=</latexit><latexit sha1_base64="HChQ2Phfh+cGcnLxoT7WU8zRAU8=">AAACAnicbVC7TsNAEDyHVwivABWisUiQqCI7FFBG0FAGiTykOIrO53VyyvmhuzUisiwafoWGAoRo+Qo6/oaLkwISRlppNLN7eztuLLhCy/o2Ciura+sbxc3S1vbO7l55/6CtokQyaLFIRLLrUgWCh9BCjgK6sQQauAI67vh66nfuQSoehXc4iaEf0GHIfc4oamlQPnIQHjB/J5XgZWnVQZoMzqvZoFyxalYOc5nYc1IhczQH5S/Hi1gSQIhMUKV6thVjP6USOROQlZxEQUzZmA6hp2lIA1D9NF+dmada8Uw/krpCNHP190RKA6Umgas7A4ojtehNxf+8XoL+ZT/lYZwghGy2yE+EiZE5zcP0uASGYqIJZZLrv5psRCVlqFMr6RDsxZOXSbtes62afVuvNK7mcRTJMTkhZ8QmF6RBbkiTtAgjj+SZvJI348l4Md6Nj1lrwZjPHJI/MD5/AKaFl44=</latexit><latexit sha1_base64="HChQ2Phfh+cGcnLxoT7WU8zRAU8=">AAACAnicbVC7TsNAEDyHVwivABWisUiQqCI7FFBG0FAGiTykOIrO53VyyvmhuzUisiwafoWGAoRo+Qo6/oaLkwISRlppNLN7eztuLLhCy/o2Ciura+sbxc3S1vbO7l55/6CtokQyaLFIRLLrUgWCh9BCjgK6sQQauAI67vh66nfuQSoehXc4iaEf0GHIfc4oamlQPnIQHjB/J5XgZWnVQZoMzqvZoFyxalYOc5nYc1IhczQH5S/Hi1gSQIhMUKV6thVjP6USOROQlZxEQUzZmA6hp2lIA1D9NF+dmada8Uw/krpCNHP190RKA6Umgas7A4ojtehNxf+8XoL+ZT/lYZwghGy2yE+EiZE5zcP0uASGYqIJZZLrv5psRCVlqFMr6RDsxZOXSbtes62afVuvNK7mcRTJMTkhZ8QmF6RBbkiTtAgjj+SZvJI348l4Md6Nj1lrwZjPHJI/MD5/AKaFl44=</latexit>

(c) RRRRRR Sys-
tem.

𝑞!
−𝑞"

𝑎!

𝑎"
𝑙!

𝑙"

−𝑞!
𝑎#

𝑙#

J2, a
<latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit><latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit><latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit><latexit sha1_base64="nqUHYvaW7WgOHdG1dfDcVik2bJA=">AAAB/nicbVDLSsNAFL2pr1pfVXHlZrAVXEhJstFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFaeS0DaJeSx7AVaUM0HbmmlOe4mkOAo47QaTm9zvPlKpWCwe9DShXoRHgoWMYG0kv3pSv/Mzd3aJ8KLwvNT9as1u2HOgVeIUpAYFWn71azCMSRpRoQnHSvUdO9FehqVmhNNZZZAqmmAywSPaN1TgiCovm58/Q+dGGaIwluYJjebq74kMR0pNo8B0RliP1bKXi/95/VSH117GRJJqKshiUZhypGOUZ4GGTFKi+dQQTCQztyIyxhITbRKrmBCc5S+vko7bcOyGc+/Wmm4RRxlO4QwuwIEraMIttKANBDJ4hld4s56sF+vd+li0lqxi5hj+wPr8Ab1Ik/0=</latexit>

k2, d2,m2,
<latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit><latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit><latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit><latexit sha1_base64="G1OwJyDpwQbNIshk4RteUp6sqak=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZQkG10W3LisYB/QhjCZTNuhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0w5U9pxvq3K1vbO7l51v3ZweHR8Yp+edVWSSUI7JOGJ7IdYUc4E7WimOe2nkuI45LQXTu8LvzejUrFEPOl5Sv0YjwUbMYK1kQLbbkwD7wZFRYlNaQR23Wk6S6BN4pakDiXagf01jBKSxVRowrFSA9dJtZ9jqRnhdFEbZoqmmEzxmA4MFTimys+Xly/QlVEiNEqkeUKjpfp7IsexUvM4NJ0x1hO17hXif94g06M7P2cizTQVZLVolHGkE1TEgCImKdF8bggmkplbEZlgiYk2YdVMCO76lzdJ12u6TtN99Ootr4yjChdwCdfgwi204AHa0AECM3iGV3izcuvFerc+Vq0Vq5w5hz+wPn8A9PeRNA==</latexit>

J1, a
<latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit><latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit><latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit><latexit sha1_base64="jgWWJPgWYXw3d4wixteV9+OI9zk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAVXEhJutFlwY24qmAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y0WWjrgeEezrmXe+cECWdKO863VVpb39jcKm9Xdnb39g/sw6OOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTe53H6lULBYPeppQL8IjwUJGsDaSb5/U7vzMnV0ivCg8LzXfrjp1Zw60StyCVKFAy7e/BsOYpBEVmnCsVN91Eu1lWGpGOJ1VBqmiCSYTPKJ9QwWOqPKy+fkzdG6UIQpjaZ7QaK7+nshwpNQ0CkxnhPVYLXu5+J/XT3V47WVMJKmmgiwWhSlHOkZ5FmjIJCWaTw3BRDJzKyJjLDHRJrGKCcFd/vIq6TTqrlN37xvVZqOIowyncAYX4MIVNOEWWtAGAhk8wyu8WU/Wi/VufSxaS1Yxcwx/YH3+ALihk/o=</latexit>

k1, d1,m1,
<latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit><latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit><latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit><latexit sha1_base64="1wUvVzjNJ7A8tiMvV1p2enWZn0Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBlvBhZSkG10W3LisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw/M5XDOvdw7J0g5U9pxvq3K1vbO7l51v3ZweHR8Yp+e9VSSSUK7JOGJHARYUc4E7WqmOR2kkuI44LQfTO8Lvz+jUrFEPOl5Sr0YjwWLGMHaSL5tN6a+e4PCosSmNHy77jSdJdAmcUtShxId3/4ahQnJYio04Vipoeuk2sux1IxwuqiNMkVTTKZ4TIeGChxT5eXLyxfoyighihJpntBoqf6eyHGs1DwOTGeM9USte4X4nzfMdHTn5UykmaaCrBZFGUc6QUUMKGSSEs3nhmAimbkVkQmWmGgTVs2E4K5/eZP0Wk3XabqPrXq7VcZRhQu4hGtw4Rba8AAd6AKBGTzDK7xZufVivVsfq9aKVc6cwx9Ynz/wVpEx</latexit>

k3, d3,m3,

J , a , l
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J3, a
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X<latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit> Y<latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9c+EnmUdu1GQhiKy/Fi6dWWsknE=">AAAB33icbZBLSwMxFIXv+Ky1anXrJtgKrsqMG10KblxWtA9ph5JJ77ShmcyQ3BFK6U9w40IR/5U7/43pY6GtBwIf5yTk3hNlSlry/W9vY3Nre2e3sFfcLx0cHpWPS02b5kZgQ6QqNe2IW1RSY4MkKWxnBnkSKWxFo9tZ3npGY2WqH2mcYZjwgZaxFJyc9VB9qvbKFb/mz8XWIVhCBZaq98pf3X4q8gQ1CcWt7QR+RuGEG5JC4bTYzS1mXIz4ADsONU/QhpP5qFN27pw+i1PjjiY2d3+/mPDE2nESuZsJp6FdzWbmf1knp/g6nEid5YRaLD6Kc8UoZbO9WV8aFKTGDrgw0s3KxJAbLsi1U3QlBKsrr0Pzshb4teDehwKcwhlcQABXcAN3UIcGCBjAC7zBu6e8V+9jUdeGt+ztBP7I+/wBV+6L5A==</latexit><latexit sha1_base64="dp+dcz/JyhsQIrJbGYoO8jIqc/c=">AAAB33icdVDLSgNBEOyNrxijRq9eBhPB0zKThCTeBC8eI5qHJEuYncwmQ2YfzMwKIeQTvHhQxL/y5t84eQgqWtBQVHXT3eUnUmiD8YeT2djc2t7J7ub28vsHh4WjfFvHqWK8xWIZq65PNZci4i0jjOTdRHEa+pJ3/MnVwu88cKVFHN2ZacK9kI4iEQhGjZVuS/elQaGI3Uqd1GtVhN1ahTRqF5aUSRU3CCIuXqIIazQHhff+MGZpyCPDJNW6R3BivBlVRjDJ57l+qnlC2YSOeM/SiIZce7PlqXN0ZpUhCmJlKzJoqX6fmNFQ62no286QmrH+7S3Ev7xeaoKGNxNRkhoesdWiIJXIxGjxNxoKxZmRU0soU8LeitiYKsqMTSdnQ/j6FP1P2mWXYJfcYMjCCZzCORCowyVcQxNawGAEj/AML450npzXVVwZZ53bMfyA8/YJxGKMMQ==</latexit><latexit sha1_base64="A6JKqqjaVmYdpCuEI9CEuhdyhls=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtacddwY3LivYh7VAyaaYNzWSGJCOU0k9w40IRt36RO//G9CGo6IELh3Pu5d57gkRwbRD6cDJr6xubW9nt3M7u3v5B/vCopeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDn32/dMaR7LWzNJmB+RoeQhp8RY6aZ4V+znC8gt13CtWoHIrZaxV72wpIQryMMQu2iBAlih0c+/9wYxTSMmDRVE6y5GifGnRBlOBZvleqlmCaFjMmRdSyWJmPani1Nn8MwqAxjGypY0cKF+n5iSSOtJFNjOiJiR/u3Nxb+8bmpCz59ymaSGSbpcFKYCmhjO/4YDrhg1YmIJoYrbWyEdEUWosenkbAhfn8L/SavkYuTia1Soe6s4suAEnIJzgEEN1MEVaIAmoGAIHsATeHaE8+i8OK/L1oyzmjkGP+C8fQLaWI14</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit>

(d) R2R System.

X<latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit>
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q4
<latexit sha1_base64="9kj7VcWQ4VOvkPMI7tezDNydinU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5KtW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsls88hEseruDKuSWuV8PVCnJLeI4CLNHo5t87vZimEZOGCqJ128WJCSZEGU4Fm+Y6qWYJoSMyYG1LJYmYDibzY6foxCo91I+VLWnQXP0+MSGR1uMotJ0RMUP925uJf3nt1PSrwYTLJDVM0sWifiqQidHsc9TjilEjxpYQqri9FdEhUYQam0/OhvD1Kfqf3JZLrk3mulyo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BF0yOJg==</latexit><latexit sha1_base64="9kj7VcWQ4VOvkPMI7tezDNydinU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5KtW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsls88hEseruDKuSWuV8PVCnJLeI4CLNHo5t87vZimEZOGCqJ128WJCSZEGU4Fm+Y6qWYJoSMyYG1LJYmYDibzY6foxCo91I+VLWnQXP0+MSGR1uMotJ0RMUP925uJf3nt1PSrwYTLJDVM0sWifiqQidHsc9TjilEjxpYQqri9FdEhUYQam0/OhvD1Kfqf3JZLrk3mulyo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BF0yOJg==</latexit><latexit sha1_base64="9kj7VcWQ4VOvkPMI7tezDNydinU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5KtW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsls88hEseruDKuSWuV8PVCnJLeI4CLNHo5t87vZimEZOGCqJ128WJCSZEGU4Fm+Y6qWYJoSMyYG1LJYmYDibzY6foxCo91I+VLWnQXP0+MSGR1uMotJ0RMUP925uJf3nt1PSrwYTLJDVM0sWifiqQidHsc9TjilEjxpYQqri9FdEhUYQam0/OhvD1Kfqf3JZLrk3mulyo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BF0yOJg==</latexit><latexit sha1_base64="9kj7VcWQ4VOvkPMI7tezDNydinU=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5KtW21vBS8eK7i20C4lm6ZtaDa7JlmhlP4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbmhYng2mD84WRWVtfWN7Kbua3tnd29/P7BrY5TRZlPYxGrVkg0E1wy33AjWCtRjEShYM1wdDnzm/dMaR7LGzNOWBCRgeR9Tomxkl+863rFbr6ASzXsls88hEseruDKuSWuV8PVCnJLeI4CLNHo5t87vZimEZOGCqJ128WJCSZEGU4Fm+Y6qWYJoSMyYG1LJYmYDibzY6foxCo91I+VLWnQXP0+MSGR1uMotJ0RMUP925uJf3nt1PSrwYTLJDVM0sWifiqQidHsc9TjilEjxpYQqri9FdEhUYQam0/OhvD1Kfqf3JZLrk3mulyo42UcWTiCYzgFFy6gDlfQAB8ocHiAJ3h2pPPovDivi9aMs5w5hB9w3j4BF0yOJg==</latexit>

q1
<latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit><latexit sha1_base64="NmxlbHuPJ7o4brFtpP8kV6wzbvw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CbaCp5Ktrba3ghePFawttEvJptk2NJtdk6xQlv4GLx4U8eoP8ua/Mf0QVPTBwOO9GWbm+bHg2mD84WRWVtfWN7Kbua3tnd29/P7BrY4SRVmLRiJSHZ9oJrhkLcONYJ1YMRL6grX98eXMb98zpXkkb8wkZl5IhpIHnBJjpVbxru8W+/kCLtWxWz6rIFyq4CqunlviVuq4VkVuCc9RgCWa/fx7bxDRJGTSUEG07ro4Nl5KlOFUsGmul2gWEzomQ9a1VJKQaS+dHztFJ1YZoCBStqRBc/X7REpCrSehbztDYkb6tzcT//K6iQlqXsplnBgm6WJRkAhkIjT7HA24YtSIiSWEKm5vRXREFKHG5pOzIXx9iv4nt+WSa5O5LhcaeBlHFo7gGE7BhQtowBU0oQUUODzAEzw70nl0XpzXRWvGWc4cwg84b58SvY4j</latexit>

Z<latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit><latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit><latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit><latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit>

X<latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit><latexit sha1_base64="bwoDWLlNfoZGghiSNWSVIMwKB3A=">AAAB6nicdVDLSsNAFL2pr1pfVZduBlvBVUhSsHFXcOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57/IQzqSzrwyitrW9sbpW3Kzu7e/sH1cOjroxTQWiHxDwWfR9LyllEO4opTvuJoDj0Oe35s6vc791TIVkc3al5Qr0QTyIWMIKVlm7r/fqoWrNM99JtOC6yTGuJnDQuHLeJ7EKpQYH2qPo+HMckDWmkCMdSDmwrUV6GhWKE00VlmEqaYDLDEzrQNMIhlV62PHWBzrQyRkEsdEUKLdXvExkOpZyHvu4MsZrK314u/uUNUhW4XsaiJFU0IqtFQcqRilH+NxozQYnic00wEUzfisgUC0yUTqeiQ/j6FP1Puo5pW6Z949RabhFHGU7gFM7Bhia04Bra0AECE3iAJ3g2uPFovBivq9aSUcwcww8Yb5/Gso1s</latexit>

Y<latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9c+EnmUdu1GQhiKy/Fi6dWWsknE=">AAAB33icbZBLSwMxFIXv+Ky1anXrJtgKrsqMG10KblxWtA9ph5JJ77ShmcyQ3BFK6U9w40IR/5U7/43pY6GtBwIf5yTk3hNlSlry/W9vY3Nre2e3sFfcLx0cHpWPS02b5kZgQ6QqNe2IW1RSY4MkKWxnBnkSKWxFo9tZ3npGY2WqH2mcYZjwgZaxFJyc9VB9qvbKFb/mz8XWIVhCBZaq98pf3X4q8gQ1CcWt7QR+RuGEG5JC4bTYzS1mXIz4ADsONU/QhpP5qFN27pw+i1PjjiY2d3+/mPDE2nESuZsJp6FdzWbmf1knp/g6nEid5YRaLD6Kc8UoZbO9WV8aFKTGDrgw0s3KxJAbLsi1U3QlBKsrr0Pzshb4teDehwKcwhlcQABXcAN3UIcGCBjAC7zBu6e8V+9jUdeGt+ztBP7I+/wBV+6L5A==</latexit><latexit sha1_base64="dp+dcz/JyhsQIrJbGYoO8jIqc/c=">AAAB33icdVDLSgNBEOyNrxijRq9eBhPB0zKThCTeBC8eI5qHJEuYncwmQ2YfzMwKIeQTvHhQxL/y5t84eQgqWtBQVHXT3eUnUmiD8YeT2djc2t7J7ub28vsHh4WjfFvHqWK8xWIZq65PNZci4i0jjOTdRHEa+pJ3/MnVwu88cKVFHN2ZacK9kI4iEQhGjZVuS/elQaGI3Uqd1GtVhN1ahTRqF5aUSRU3CCIuXqIIazQHhff+MGZpyCPDJNW6R3BivBlVRjDJ57l+qnlC2YSOeM/SiIZce7PlqXN0ZpUhCmJlKzJoqX6fmNFQ62no286QmrH+7S3Ev7xeaoKGNxNRkhoesdWiIJXIxGjxNxoKxZmRU0soU8LeitiYKsqMTSdnQ/j6FP1P2mWXYJfcYMjCCZzCORCowyVcQxNawGAEj/AML450npzXVVwZZ53bMfyA8/YJxGKMMQ==</latexit><latexit sha1_base64="A6JKqqjaVmYdpCuEI9CEuhdyhls=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtacddwY3LivYh7VAyaaYNzWSGJCOU0k9w40IRt36RO//G9CGo6IELh3Pu5d57gkRwbRD6cDJr6xubW9nt3M7u3v5B/vCopeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDn32/dMaR7LWzNJmB+RoeQhp8RY6aZ4V+znC8gt13CtWoHIrZaxV72wpIQryMMQu2iBAlih0c+/9wYxTSMmDRVE6y5GifGnRBlOBZvleqlmCaFjMmRdSyWJmPani1Nn8MwqAxjGypY0cKF+n5iSSOtJFNjOiJiR/u3Nxb+8bmpCz59ymaSGSbpcFKYCmhjO/4YDrhg1YmIJoYrbWyEdEUWosenkbAhfn8L/SavkYuTia1Soe6s4suAEnIJzgEEN1MEVaIAmoGAIHsATeHaE8+i8OK/L1oyzmjkGP+C8fQLaWI14</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit><latexit sha1_base64="g61qYGnSW2h1w1YYaSoCE5+mPpk=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNSRtaeuu4MZlRfuQdiiZNNOGZjJDkhHK0E9w40IRt36RO//G9CGo6IELh3Pu5d57/FhwbRD6cDJr6xubW9nt3M7u3v5B/vCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cjn3O/dMaR7JWzONmReSkeQBp8RY6aZ4VxzkC8gt13CtWoHIrZZxvXphSQlXUB1D7KIFCmCF5iD/3h9GNAmZNFQQrXsYxcZLiTKcCjbL9RPNYkInZMR6lkoSMu2li1Nn8MwqQxhEypY0cKF+n0hJqPU09G1nSMxY//bm4l9eLzFB3Uu5jBPDJF0uChIBTQTnf8MhV4waMbWEUMXtrZCOiSLU2HRyNoSvT+H/pF1yMXLxdanQqK/iyIITcArOAQY10ABXoAlagIIReABP4NkRzqPz4rwuWzPOauYY/IDz9gna+I16</latexit>

Z<latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit><latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit><latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit><latexit sha1_base64="1I8i0eV6Eb+j9tb0v+49j6B2faE=">AAAB6nicdVDLTgJBEOzFF+IL9ehlIph42syuKHAjevGIUZAIGzI7zMKE2UdmZk0I4RO8eNAYr36RN//G4WGiRivppFLVne4uPxFcaYw/rMzS8srqWnY9t7G5tb2T391rqjiVlDVoLGLZ8oligkesobkWrJVIRkJfsFt/eDH1b++ZVDyObvQoYV5I+hEPOCXaSNfFu2I3X8C2W3VOShhh+9StliolQ8rVM1x2kWPjGQqwQL2bf+/0YpqGLNJUEKXaDk60NyZScyrYJNdJFUsIHZI+axsakZApbzw7dYKOjNJDQSxNRRrN1O8TYxIqNQp90xkSPVC/van4l9dOdVDxxjxKUs0iOl8UpALpGE3/Rj0uGdViZAihkptbER0QSag26eRMCF+fov9J07UdbDtXbqF2vogjCwdwCMfgQBlqcAl1aACFPjzAEzxbwnq0XqzXeWvGWszsww9Yb5/mF42K</latexit>
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τ2<latexit sha1_base64="mBQbNyy5ZVmBQzlUxfj9+KTOO5U=">AAACAnicbVBNS8NAEN34WetX1JN4CbaCp5L0oseiF48V7Ae0IWy203bpZhN2J2IJxYt/xYsHRbz6K7z5b9y2OWjrg4HHezM7Oy9MBNfout/Wyura+sZmYau4vbO7t28fHDZ1nCoGDRaLWLVDqkFwCQ3kKKCdKKBRKKAVjq6nfuselOaxvMNxAn5EB5L3OaNopMA+7iI84OydTEFvkpW7SNOgWp4EdsmtuDM4y8TLSYnkqAf2V7cXszQCiUxQrTuem6CfUYWcCZgUu6mGhLIRHUDHUEkj0H42Wz1xzozSc/qxMiXRmam/JzIaaT2OQtMZURzqRW8q/ud1Uuxf+hmXSYog2XxRPxUOxs40D6fHFTAUY0MoU9z81WFDqihDk1rRhOAtnrxMmtWK51a822qpdpXHUSAn5JScE49ckBq5IXXSIIw8kmfySt6sJ+vFerc+5q0rVj5zRP7A+vwBpP+XjQ==</latexit><latexit sha1_base64="mBQbNyy5ZVmBQzlUxfj9+KTOO5U=">AAACAnicbVBNS8NAEN34WetX1JN4CbaCp5L0oseiF48V7Ae0IWy203bpZhN2J2IJxYt/xYsHRbz6K7z5b9y2OWjrg4HHezM7Oy9MBNfout/Wyura+sZmYau4vbO7t28fHDZ1nCoGDRaLWLVDqkFwCQ3kKKCdKKBRKKAVjq6nfuselOaxvMNxAn5EB5L3OaNopMA+7iI84OydTEFvkpW7SNOgWp4EdsmtuDM4y8TLSYnkqAf2V7cXszQCiUxQrTuem6CfUYWcCZgUu6mGhLIRHUDHUEkj0H42Wz1xzozSc/qxMiXRmam/JzIaaT2OQtMZURzqRW8q/ud1Uuxf+hmXSYog2XxRPxUOxs40D6fHFTAUY0MoU9z81WFDqihDk1rRhOAtnrxMmtWK51a822qpdpXHUSAn5JScE49ckBq5IXXSIIw8kmfySt6sJ+vFerc+5q0rVj5zRP7A+vwBpP+XjQ==</latexit><latexit sha1_base64="mBQbNyy5ZVmBQzlUxfj9+KTOO5U=">AAACAnicbVBNS8NAEN34WetX1JN4CbaCp5L0oseiF48V7Ae0IWy203bpZhN2J2IJxYt/xYsHRbz6K7z5b9y2OWjrg4HHezM7Oy9MBNfout/Wyura+sZmYau4vbO7t28fHDZ1nCoGDRaLWLVDqkFwCQ3kKKCdKKBRKKAVjq6nfuselOaxvMNxAn5EB5L3OaNopMA+7iI84OydTEFvkpW7SNOgWp4EdsmtuDM4y8TLSYnkqAf2V7cXszQCiUxQrTuem6CfUYWcCZgUu6mGhLIRHUDHUEkj0H42Wz1xzozSc/qxMiXRmam/JzIaaT2OQtMZURzqRW8q/ud1Uuxf+hmXSYog2XxRPxUOxs40D6fHFTAUY0MoU9z81WFDqihDk1rRhOAtnrxMmtWK51a822qpdpXHUSAn5JScE49ckBq5IXXSIIw8kmfySt6sJ+vFerc+5q0rVj5zRP7A+vwBpP+XjQ==</latexit><latexit sha1_base64="mBQbNyy5ZVmBQzlUxfj9+KTOO5U=">AAACAnicbVBNS8NAEN34WetX1JN4CbaCp5L0oseiF48V7Ae0IWy203bpZhN2J2IJxYt/xYsHRbz6K7z5b9y2OWjrg4HHezM7Oy9MBNfout/Wyura+sZmYau4vbO7t28fHDZ1nCoGDRaLWLVDqkFwCQ3kKKCdKKBRKKAVjq6nfuselOaxvMNxAn5EB5L3OaNopMA+7iI84OydTEFvkpW7SNOgWp4EdsmtuDM4y8TLSYnkqAf2V7cXszQCiUxQrTuem6CfUYWcCZgUu6mGhLIRHUDHUEkj0H42Wz1xzozSc/qxMiXRmam/JzIaaT2OQtMZURzqRW8q/ud1Uuxf+hmXSYog2XxRPxUOxs40D6fHFTAUY0MoU9z81WFDqihDk1rRhOAtnrxMmtWK51a822qpdpXHUSAn5JScE49ckBq5IXXSIIw8kmfySt6sJ+vFerc+5q0rVj5zRP7A+vwBpP+XjQ==</latexit>

(e) RRRR System.

Fig. 3. Pictures of the compliant robots employed as simulation and experimental testbed. (a), (b), (d) are SISO systems, while (c) and (e) are MIMO. In (b)
and (c) are reported the simulated models. (a), (d), and (e) depict the 2 DOFs, 3 DOFs, and 4 DOFs arm employed in the experiments, respectively.

as reference trajectory yd we use two trajectories. First, a

sinusoidal signal lasting for tf = 6s, i.e.,

yd(t) = π/8cos(t +π)+π/8 . (20)

Second, a minimum jerk signal that starts from ys and reaches

yf =
π
4

in tf = 10s or 1s, i.e., defining tt , t/tf, one has

yd(t) = yf +(yf − ys)
(

10t3
t −15t4

t +6t5
t

)

. (21)

Conversely, for the MIMO systems, namely RRRRRR and

RRRR, we choose (14) and (15) performing a minimum

jerk trajectory (21). Additionally, with the RRRR system, we

perform also a planar circumference, i.e., defining ι , 2πtt−π

ydX
(t) = yX(0)+ rc cos(ι) , ydY

(t) = yY(0)+ rc sin(ι) , (22)

where rc is the radius, tt = t/tf with tf final time, and

y(0) = y(tf) = [yX(0), yY(0)]
⊤

is the Cartesian initial and final

position of the tip of the robot.

The dynamic model, described in Sec. IV-A, is used both for

simulating the system and for tuning the learning gain Γ j(t)
of the controller (5) in the experimental trials.

To fulfill the convergence condition (7) in Theorem 1, we

employ one of the two gain selection methods proposed in

Sec. III-C: Gain Selection Procedure 1 (namely, GSP1), i.e.,

(16) in Corollary 2, or Gain Selection Procedure 2 (namely,

GSP2), i.e., (18) in Corollary 3. In (16), we set the parameter

ε as ε = 0.9. The value of the control gains ϒi, i = 0, · · · , r

is chosen depending on the test: Tab. II lists the control

parameters ϒ0,ϒ1,ϒ2 used in each simulation and experiment.

The initial guess u0 ∈ R
na is the constant input able

to maintain the robot in the starting configuration x(0) =
[

q⊤(0), 01×n

]⊤
∈R

2n, i.e., solving Su0(t) = G(q(0))+Kq(0).
It is worth noting that the nonrepetitive disturbances l j in the

experiments are such that l j 6= 02n×1 ,∀ j.

We utilize the root mean square (RMS) error as a metric to

evaluate the controller tracking performance. As a result, for

MIMO systems, the error is calculated as the RMS error of

each output function Euclidean norm.

Note that the controller (5) requires up to the r−th order

differentiation of the output signal. Thanks to the feedforward

nature of the controller, the estimation of the output derivatives

is performed off-line using the the numerical gradient.

Finally, we highlight that the main discrepancies between

simulations and experiments are due to the inaccurate dynamic

model, output derivative estimate, and nonlinear joint stiffness.

TABLE II
SIMULATIONS AND EXPERIMENTS CONTROL GAINS

SISO: [υ0,υ1,υ2] , MIMO: [υ0Ina ,υ1Ina ,υ2Ina ]

RR Sim. Sin. Min. Jerk 10s Min. Jerk 1s

Heavy, Light [250,10,1] [250,10,1] [250,10,1]
Exp. Sin. Min. Jerk 10s Min. Jerk 1s

Heavy [200,0.5,0.5] [250,0.5,0.5] [250,0.5,0.5]
Light [150,5,0.3] [250,5,0.3] [250,5,0.3]

R9R Sim. Sin. Min. Jerk

θs = 0.523 [1,0.1,0.01] [1,0.1,0.01]
RRRRRR Sim. Swing

θs = 0.523 [20,1,0.1]

R2R Sim. Sin. Min. Jerk 10s

θs = 0.523,0.349 [80,1,1] [80,1,1]
Exp. Sin. Min. Jerk 10s

θs = 0.523,0.349 [150,1,1] [150,1,1]
RRRR Sim. Circ. Swing

θs = 0.523,0.349 [50,5,1] [50,5,1]
Exp. Circ. Swing

θs = 0.523,0.349 [20,1,0.1] [20,1,0.1]

C. Simulation Results: SoA and ILC Comparison on RR

This section compares the proposed method with SoA

controllers simulating the RR system described in Tab. I, with

S = [1 , 0]⊤, n = 2, and na = 1. More details about the RR

system can be found in [33].

We implement two baseline controllers: a Proportional-

Derivative (PD) [15] and a Computed Torque (CT) [44]. The

former is model-free, and its control law can be written as

τ(t) = KV (ẏd(t)− ẏ(t))+KP (yd(t)− y(t)) , (23)

where KV = 1 and KP = 10. The CT method is model-based.
Recalling (1), the CT control law can is

τ(t) =
(

M1,1(q)−M1,2(q)M
−1
22 M2,1(q)

)

û(t)

+N1(q, q̇)−M1,2(q)M
−1
2,2 N2(q, q̇) ,

(24)

where û ∈R is a PD action such as (23). These two methods

are compared with the proposed ILC, whose learning gain is

designed via GSP1. The starting configuration is x0 = 04×1,

thus the ILC initial guess u0 ∈ R is equal to zero.

We apply all controllers to the minimum jerk reference (21).

We test both the case of perfect knowledge of the model

parameters (Tab.I), and the case of an inaccurate model. The

latter is obtained introducing a multiplicative uncertainty on

the masses and inertias in Tab.I, i.e., m̃i = 0.9mi, J̃i = 0.9Ji , i=
1,2. This case will be referred to as Perturbed and, we do not

test the PD Perturbed case because it is completely model-free.

Fig. 4 compares results with all controllers in all scenarios.

Fig. 4(a), reports the error evolution, while Fig. 4(b) shows

the final output evolution.
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Fig. 4. RR: simulation results for the minimum jerk trajectory. Different control actions have been tested by varying the parameters.

D. Simulation Results: R9R

We here report the results of the R9R system, whose

dynamic parameters are listed in Tab. I, with S =
[

1 , 0⊤9×1

]⊤
,

n = 10, and na = 1. This simulation aims at testing the per-

formance of the proposed method in presence of nine passive

joints. Furthermore, we compare the performance of GSP1

and GSP2. This is done both with and without disturbances.

Indeed, we also inject Gaussian noise with zero mean and

standard deviation 10−3 and 10−4 in the position and velocities

measurements, respectively. The output function is (13), the

starting configuration is x(0) = 020×1 thus, the initial guess

u0 ∈ R is equal to zero.

Fig. 5 reports the results for (20) and (21). Fig. 5(a) and

5(c) show the error evolution, while Fig. 5(b) and 5(d) report

the final output evolution.

E. Simulation Results: RRRRRR

We here report the results of the RRRRRR system, whose dy-

namic parameters are listed in Tab. I. The selection matrix S ∈
R

n×na , with n= 6 and na = 3, is a null matrix except for S1,1 =
S3,2 = S5,3 = 1. This simulation validates the performance

of (5) dealing with MIMO systems moving in the Cartesian

space, i.e., the output function is (15). The robot swings from

the initial Cartesian position ys = y(0) = [0, 0.4, −0.3]⊤m to

the final position yf = y(tf) = [−0.43, 0.03, 0.03]⊤m. Then, it

swings back to the initial one, i.e., y(2tf) = y(0). The desired

trajectory is composed of two minimum jerk signals (21)

lasting tf = 5s each, so the task lasts 10s in total. The starting

configuration is x(0) = 012×1 thus, the initial guess u0 ≡ 03×1.

The learning gain is designed via GSP2, i.e., (18).

Fig. 6 reports the results. Fig. 6(a) reports the error evolu-

tion. Fig. 6(b) shows the final output evolution in the Cartesian

space, formally (15). Fig. 6(c) visualizes the robot motion in

the initial, middle, and final configuration. Finally Fig. 6(d)

depicts the learned control action.

F. Simulation and Experimental Results: RR

This experiment aims at validating the proposed approach

varying the mass of the second link of the RR system:

Light (m2 = 0.15kg), and Heavy payload configuration (m2 =
0.55kg), as reported in Tab. I, with S = [1 , 0]⊤, n = 2, and

na = 1. A comparison between simulation and experiment

is also presented. The output function is (13) with starting

configuration x(0) = 04×1. Consequently, the initial guess

u0 ∈ R is equal to zero. The learning gain is designed using

GSP1 using the nominal model in Tab.I.

In the Heavy Payload scenario, we set θs = 0.523rad for

both joints, that leads to a joint stiffness equal to σ =

5.04Nm/rad in case of zero deflection. Analogously, in the

Light Payload scenario, we set θs = 0.349rad leading to

σ = 1.57Nm/rad in case of zero deflection. Additionally, both

scenarios are performed using three trajectories: the sinusoidal

(20) and the minimum jerk (21) with tf = 10s and tf = 1s.

Fig. 7, 8, and 9 show the results. Fig. 7(a), 8(a), and 9(a)

reports the error. Fig. 7(b), 8(b), and 9(b) show the final output

and Fig. 7(c), 8(c), and 9(c) depicts the final control action.

Finally, Fig. 7(d), 8(d), and 9(d) show the final joints evolution.

Finally, Fig. 10 shows a photo-sequence of the RR, Heavy

Payload, executing (21) with tf = 10s (see Video extension).

G. Simulation and Experimental Results: R2R

In this experiment, we employ the R2R arm to validate

the effectiveness of the method in presence of different joint

stiffness, repetitive and nonrepetitive disturbances. For each

scenario, the task is to follow the desired trajectories (20) and

(21) with the output function (13). The starting configuration

is x(0) = 06×1, which leads to u0 = 0∈R. The learning gain is

chosen as in GSP1, i.e., Corollary 2, using the nominal model

in Tab. I with S = [1 , 0 , 0]⊤, n = 3, and na = 1.

We test two stiffness configurations: Softer case obtained

with θs = 0.349rad, which leads to σ = 1.57Nm/rad in case

of zero deflection, and Stiffer case, with θs = 0.523rad and

σ = 5.04Nm/rad in case of zero deflection. In the disturbed

scenario, we attach a pendulum with a mass equal to 0.1kg to

the tip of the robot (see Fig. 11). The mass is free to oscillate

during the robot motion. Its dynamics is not modeled in (1),

leading to a repetitive disturbance [45]. This experiment is

called Pendulum, and it is a direct application of Remark

3. Additionally, we also test the iterative algorithm in the

presence of nonrepetitive disturbances. In particular, every 5

iterations, the user hits the robot. These experiments reproduce

the presence of the disturbances v j(t). We test this case in

the Softer and Stiffer scenarios and follow the two desired

trajectories, minimum jerk and sinusoidal, respectively. Fig. 12

and 13 compare the simulation and the experimental results

for (20) and (21), respectively. Fig. 12(a) and 13(a) report

the error, while Fig. 12(b) and 13(b) show the final output.

Fig. 13(c) and 12(c) depict the leaned control action. Fig. 11

depicts a photo-sequence of the Pendulum scenario executing

(20) at the last iteration (see Video extension).

H. Simulation and Experimental Results: RRRR

This experiment aims at validating the proposed approach

with a MIMO system, varying also the passive joint stiffness.

We here report the results of the RRRR robot, whose dynamic

parameters are listed in Tab. I. The selection matrix S ∈R
n×na ,

with n = 4 and na = 2, is a null matrix except for S1,1 = S3,2 =
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Fig. 5. R9R: simulation results for the sinusoidal trajectory ((a),(b)) and for the minimum jerk trajectory ((c)-(d)). Different conditions have been tested by
varying the gains and the noise affecting the robot.
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Fig. 6. RRRRRR: simulation results. In Fig. 6(c) the transparent structure depicts the initial and final robot configuration.
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Fig. 7. RR: results for the sinusoidal trajectory tf = 10s. We vary joints stiffness and payload of the robot.
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Fig. 8. RR: results for the minimum jerk trajectory tf = 10s. We vary joints stiffness and payload of the robot.
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Fig. 9. RR: results for the minimum jerk trajectory tf = 1s. We vary joints stiffness and payload of the robot.
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Fig. 10. RR: photo-sequence of the final (21) with tf = 10s, heavy payload.

Fig. 11. R2R: photo-sequence of the final (20), Pendulum.

1. The output function is (14), i.e., horizontal plane. We test

two planar trajectories: Circumference and Planar Swing. Both

tasks are performed in two configurations: Soft and Stiff. In

particular, we vary the θs of the passive joints, which is set as

θs = 0.349rad and θs = 0.523rad respectively. Conversely, the

active ones have a fixed preset equal to θs = 0.698rad, leading

to σ = 13.44Nm/rad in case of zero deflection.

1) Circumference: The desired trajectory is a circumfer-

ence (22) with rc = 50mm and tf = 5s. The chosen initial

pose is x(0) = [0, 0, π/3, 01×5]
⊤

, hence, the initial guess is

u0/K1,1 = [0, π/3]⊤. We design the learning gain via GSP2.

Fig. 14 reports a photo-sequence of the Circumference tra-

jectory final execution (see Video extension). Fig. 15 compares

the results in both configurations. Fig. 15(a) reports the error

evolution, while Fig. 15(c) shows the final output evolution.

Fig. 15(b) depicts the learned control action.

2) Planar Swing: The robot swings from the initial Carte-

sian position ys = y(0) = [−0.27, 0.30]⊤m to the final po-

sition yf = y(tf) = [0.15, 0.38]⊤m. Then, it swings back to

the initial one, i.e., y(2tf) = y(0). The desired trajectory is

composed of two minimum jerk signals (21), lasting tf =
5s each, so the task lasts 10s in total. The initial pose

is x(0) = [π/6, 0, π/6, 01×5]
⊤

, hence, the initial guess is

u0/K1,1 = [π/6, π/6]⊤. We design the learning gain via GSP2.

Fig. 16 shows a photo-sequence of the Circumference

trajectory execution at the last iteration (see Video extension).

Fig. 17 compares the results in both configurations. Fig. 17(a)

reports the error evolution, while Fig. 17(c) shows the final

output evolution. Fig. 17(b) depicts the leaned control action.

V. DISCUSSION

In this section, we discuss the results of Sec. IV. We em-

ployed several different robotic structures varying the number

of passive elements, payloads, desired trajectories, stiffness

profiles, and disturbances.

The applicability of the iterative method is limited to intrin-

sically stable systems and the controller (5) cannot compensate

for nonrepetitive disturbances in the time domain. This is true

for all the pure feedforward approach. Conversely, Taking

inspiration from, e.g., [23], [24], [42], it would be possible

to include also a feedback loop in the control law. However,

in this case, a different convergence condition is required.

We compared our iterative method with baseline controllers,

namely PD and CT, Fig. 4. Since the initial guess is such that

the system does not move, Fig. 4(a) shows that ILC has the

worst performance at the first iterations.Refining the input,

the ILC law achieves performance (RMS ∼10−4rad) that are

comparable with the one of CT with perfect knowledge of

the model (RMS ∼10−3rad), Fig. 4(b). In case of inaccurate

model, the CT performance are drastically reduced. Con-

versely, the ILC continues to achieve analogous performance

at the cost of a slower learning rate. PD shows always the

worst performance.

The baseline controllers are feedback approaches, differ-

ently from the proposed ILC, which is purely feedforward.

Thus, the performance of the CT and PD are obtained dras-

tically altering the robot compliance. Additionally, classical

model-based feedforward inverse dynamic controllers cannot

be applied for highly underactuated systems, because they

require information about the xd, which cannot be obtained

uniquely from yd.

Regarding the ILC results, we note that, even though the

model of the system is not accurate, the method improve

the tracking performance within the iteration domain. In

the simulations, the match between the model and the

controlled system is perfect, and numerical issues in the

derivatives estimation are not present, leading to a smooth

error convergence. Conversely, the experiments present

model and measurement inaccuracies. However, the obtained

tracking error at the last iteration is comparable with

the simulations at the cost of a greater number of trials,

Fig.5(a),5(c),6(a),6(d),7(a),7(c)8(a),8(c),9(a),9(c),12(a),12(c),

13(a),13(c),15(a),15(b), and 17(a), 17(b).

Underactuated compliant arms usually present oscillatory

movements. However, the method we proposed is able to

achieve satisfying tracking performance at the last iteration

Fig.5(b),5(d),6(b),7(b),8(b),9(b),12(b),13(b), 15(c), and 17(c).

The only exception is (21) with tf = 1s and heavy payload,

depicted in Fig. 9. In this case the comparison between sim-

ulation and experiments empathizes that actuation saturation

and errors in the derivatives prevent the oscillations removal,

thus the performance are reduced.

The controller (5) can execute the task despite the pres-

ence of passive joints, unmodeled dynamics and disturbances

while guaranteeing good tracking performances also varying

payloads, stiffness profiles, and output functions. This happens

also in the case of MIMO systems and systems with a number

of unactuated joints that is even greater than the actuated ones.

Fig. 7(d), 8(d), and 9(d) show the evolution of the joints in

the RR experiments, proving that the unactuated joints present

a not negligible motion. An analogous behavior occurs for all

systems, but it is not reported here for the sake of space.

Sec. IV-G shows that the error convergence is (mostly)

affected by the elastic behavior of the robot: softer behavior

leads to slower learning processes Fig. 12(a)-13(a). Indeed,

even though the final RMS error value is the same in both

cases, the Stiffer robot reaches it about 5 iterations before the

Softer one. Conversely, in Sec. IV-H, the absence of gravity

lead to the same performances despite the variation of the

stiffness profile, Fig. 15(a) and 17(a).

In Sec. IV-D, we point out that the convergence achieved

with GSP1, i.e., (16), is faster than the one of GSP2, i.e., (18),

at the cost of a more accurate description of the model. Indeed,

if the robot model is available, the learning process can be

expedited designing a learning gain such as in (16)-(17), and

potentially using a model-based initial guess u0. Conversely, if
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Fig. 12. R2R: simulation and experimental results for the sinusoidal trajectory. We vary the joints stiffness, we test the method in the case of disturbances.
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Fig. 13. R2R: simulation and experimental results for the minimum jerk trajectory. We vary the joints stiffness, we test the method in the case of disturbances.

Fig. 14. RRRR: photo-sequence of the final Circumference task, Softer case.

the inertia matrix is not known, after the first iteration where

the robot does not move, one checks the learning gain sign

and properly select it in (18).

Additionally, according to Theorem 1, the presence of

bounded nonrepetitive uncertainties in the output function

leads to a bounded error: 0.01rad, which is achieved at iteration

20, Fig. 5(a) and 5(c). Moreover, the iterative framework

can manage the presence of external disturbances of different

types, namely Dist Ext and Pendulum scenario in Sec. IV-G.

The former represents a nonrepetitive external disturbance on

the robot, while the latter is an unmodeled dynamic effect.

Indeed, Fig. 12-13 show that the iterative process learns the

unmodeled dynamics of the mass and rejects the external

disturbance reaching good tracking performances.

Finally, it is worth remarking that Proposition 1 holds true,

then the relative degree r is equal to r = 2, so the convergence

is guaranteed thanks to the choice of the gains.

VI. CONCLUSION AND FUTURE WORK

In this paper, we proposed a control framework to precisely

follow a trajectory with underactuated compliant arms present-

ing any combination of active and passive elastic joints with no

limitation on their number. For this scope, we designed a pure

feedforward control framework based on the ILC approach.

The convergence of the method is proved also in the presence

of bounded disturbances. The applicability of the approach is

guaranteed via inertial conditions on the system and output

functions, and via design choices leading to stable behavior.

Additionally, we proposed two automatic procedures to select

the learning gains. Finally, we compared the method with SoA

control algorithms and we extensively validate its effectiveness

varying trajectories, the number of passive and active joints,

stiffness, robots, output functions, disturbances, and payloads.

Future extensions of this work will apply the iterative

control to a soft continuum robot [22].

APPENDIX

Proof of Theorem 1. To keep the notation simple, we will

omit the time dependence. Given (5) and (6), one has

ud −u j+1 = (Ina −Γ jϒrE(x j))(ud −u j)−Γ jΦ(x j,xd)

+Γ jϒr (E(x j)−E(xd))ud +Γ j

r

∑
s=0

ϒsw
(s)
j .

(25)

Given the definitions δu j , ud −u j and δx j , xd −x j, we can

write the following inequality
∣

∣

∣

∣δu j+1

∣

∣

∣

∣≤
∣

∣

∣

∣Ina −Γ jϒrE(x j)
∣

∣

∣

∣

∣

∣

∣

∣δu j

∣

∣

∣

∣+
∣

∣

∣

∣Γ j

∣

∣

∣

∣

∣

∣

∣

∣Φ(x j,xd)
∣

∣

∣

∣

+
∣

∣

∣

∣Γ j

∣

∣

∣

∣ ||ϒr||
∣

∣

∣

∣E(x j)−E(xd)
∣

∣

∣

∣ ||ud||+
∣

∣

∣

∣Γ j

∣

∣

∣

∣bw ,
(26)

where bw ≥ (r + 1)max{||ϒ0||bw, · · · , ||ϒr||bwr} ≥ 0. Simi-

larly, recalling assumptions A2, A3, and (6), we can compute

a finite positive constant Φ such that

∣

∣

∣

∣Φ(x j,xd)
∣

∣

∣

∣=
∣

∣

∣

∣

∣

∣

r

∑
s=0

ϒs

(

Ls
f h(xd)−Ls

f h(x j)
)

∣

∣

∣

∣

∣

∣

≤
r

∑
s=0

||ϒsΦs||
∣

∣

∣

∣δx j

∣

∣

∣

∣≤ Φ
∣

∣

∣

∣δx j

∣

∣

∣

∣ ,

(27)

where Φ ≥ (r+1)max{||ϒ0Φ0|| , · · · , ||ϒrΦr||} ≥ 0.

Let (7) be true, using (27) and recalling assumption A3, we

can derive the following inequality
∣

∣

∣

∣δu j+1

∣

∣

∣

∣≤ ρ
∣

∣

∣

∣δu j

∣

∣

∣

∣+
∣

∣

∣

∣Γ j

∣

∣

∣

∣

((

||ϒr||η ||ud||+Φ
)∣

∣

∣

∣δx j

∣

∣

∣

∣+bw

)

.
(28)

Defining µ , supt

{∣

∣

∣

∣Γ j

∣

∣

∣

∣

(

||ϒr||η ||ud||+Φ
)}

, we obtain
∣

∣

∣

∣δu j+1

∣

∣

∣

∣≤ ρ
∣

∣

∣

∣δu j

∣

∣

∣

∣+µ
∣

∣

∣

∣δx j

∣

∣

∣

∣+
∣

∣

∣

∣Γ j

∣

∣

∣

∣bw . (29)

Given assumption A3 and the system (2), one has

∣

∣

∣

∣δx j

∣

∣

∣

∣≤ bl +
∫ t

0
( f0 +g0 ||ud(z)||)

∣

∣

∣

∣δx j(z)
∣

∣

∣

∣

+
∣

∣

∣

∣g(x j(z))
∣

∣

∣

∣

∣

∣

∣

∣δu j(z)
∣

∣

∣

∣+bvdz .
(30)

Applying the Gronwall’s Lemma to (30) leads to

∣

∣

∣

∣δx j

∣

∣

∣

∣≤ ble
c2t +

∫ t

0

(

c1

∣

∣

∣

∣δu j(z)
∣

∣

∣

∣+bv

)

ec2(t−z)dz , (31)

where, c2 , supt { f0 +g0 ||ud||} and c1 , supt

{∣

∣

∣

∣g(x j)
∣

∣

∣

∣

}

.

Substituting (31) into (29) leads to
∣

∣

∣

∣δu j+1

∣

∣

∣

∣≤ ρ
∣

∣

∣

∣δu j

∣

∣

∣

∣+µble
c2t +

∣

∣

∣

∣Γ j

∣

∣

∣

∣bw

+µ

∫ t

0

(

c1

∣

∣

∣

∣δu j(z)
∣

∣

∣

∣+bv

)

ec2(t−z)dz .
(32)
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(c) Output evolution over time in the horizontal plane.

Fig. 15. RRRR: experimental results for the planar Circumference. Different conditions have been tested by varying the stiffness of the passive joints.

Fig. 16. RRRR: photo-sequence of the final Swing task, Softer case.

Computing the λ−norm of (32) leads to
∣

∣

∣

∣δu j+1

∣

∣

∣

∣

λ
≤ ρ

∣

∣

∣

∣δu j

∣

∣

∣

∣

λ
+µbl sup

t

{

e(c2−λ )t
}

+
∣

∣

∣

∣Γ j

∣

∣

∣

∣

λ
bw

+ sup
t

{

∫ t

0
e(c2−λ )(t−z)dz

}

µ
(

c1

∣

∣

∣

∣δu j

∣

∣

∣

∣

λ
+bv

)

.
(33)

Solving the integral in (33) and defining b j , µbl +
∣

∣

∣

∣Γ j

∣

∣

∣

∣

λ
bw +µbv

(

1− e(c2−λ )tf
)

/(λ − c2) lead to

∣

∣

∣

∣δu j+1

∣

∣

∣

∣

λ
≤



ρ +
µc1

(

1− e(c2−λ )tf
)

λ − c2





∣

∣

∣

∣δu j

∣

∣

∣

∣

λ
+b j . (34)

Defining ζ (λ ), (1−e(c2−λ )tf)/(λ − c2), we compact (34) as
∣

∣

∣

∣δu j+1

∣

∣

∣

∣

λ
≤ (ρ +µζ (λ ))

∣

∣

∣

∣δu j

∣

∣

∣

∣

λ
+b j = ρ

∣

∣

∣

∣δu j

∣

∣

∣

∣

λ
+b j.

For hypotheses ρ < 1, then ∀c2, ∃λ large enough such

that ρ < 1. Hence, defining b = max j b j, and substituting the

previous j trials, we have

∣

∣

∣

∣δu j+1

∣

∣

∣

∣

λ
≤ ρ j ||δu0||λ +b

1−ρ j−1

1−ρ
. (35)

Then, when the index j approaches +∞, we have

lim
j→+∞

∣

∣

∣

∣δu j+1

∣

∣

∣

∣

λ
≤ b/(1−ρ), bu . (36)

This proves (8).

Recalling (31) and computing its λ -norm, we obtain
∣

∣

∣

∣δx j

∣

∣

∣

∣

λ
≤ bl +

(

c1

∣

∣

∣

∣δu j

∣

∣

∣

∣

λ
+bv

)

ζ (λ ) . (37)

Computing the limit and recalling (36), we have

lim
j→+∞

∣

∣

∣

∣δx j

∣

∣

∣

∣

λ
≤ bl +(c1bu +bv)ζ (λ ), bx . (38)

This proves (9).

To prove (10), we start by noting that if (7) is satisfied, then

Γ j is full rank. This can be easily proven by contradiction. Let

us suppose that (7) is satisfied and Γ j singular. This implies

that the spectral radius of Ina −Γ j(t)ϒrE(x j) is (greater or)

equal to 1. Recalling that the spectral radius of a matrix is

always lesser or equal to any natural norm of the same matrix

(see, e.g., Chap. 10 of [46]), we have that this contradicts the

validity of (7), which is absurd. Inverting Γ j in (5) and recall-

ing (A1), we have er
j =Γ−1

j

(

u j+1 −u j

)

=Γ−1
j

(

δu j+1 −δu j

)

.

Computing its λ -norm, we can write

∣

∣

∣

∣ er
j

∣

∣

∣

∣

λ
≤
∣

∣

∣

∣

∣

∣Γ
−1
j

∣

∣

∣

∣

∣

∣

λ

(∣

∣

∣

∣δu j+1

∣

∣

∣

∣

λ
+
∣

∣

∣

∣δu j

∣

∣

∣

∣

λ

)

. (39)

We define bγ , max j

∣

∣

∣

∣Γ−1
j

∣

∣

∣

∣

λ
. Then, computing the limit of

(39) and recalling (36), we have

lim
j→+∞

∣

∣

∣

∣ er
j

∣

∣

∣

∣

λ
≤ 2bγ bu , be . (40)

This proves (10), and it concludes the proof of Theorem 1.

Proof of Corollary 1. If l j ≡ 0, v j(t)≡ 0, and w j(t)≡ 0, then

b in (36) is equal to 0, i.e., perfect convergence in (8). Then, it

comes that (38) and (40) are 0. This concludes the proof.

Proof of Proposition 1. Differentiating h(q, q̇) ∈R
na leads to

ẏ =
∂h(q, q̇)

∂q
q̇+

∂h(q, q̇)

∂ q̇
q̈ = L f h(q, q̇)+E(q)u . (41)

Directly substituting (4) in (41) yields to

L f h(q, q̇) =
∂h(q, q̇)

∂q
q̇−

∂h(q, q̇)

∂q
M−1(q)N(q, q̇) ,

E(q, q̇) = (∂h(q, q̇)/∂q)M−1(q)S ,

(42)

which leads to (11).

Conversely, if y = h(q) ∈ R
na then, E(q, q̇) in (41) has not

maximum rank. Differentiating the output function leads to

ÿ =
∂L f h(q, q̇)

∂q
q̇+

∂L f h(q, q̇)

∂ q̇
q̈ = L2

f h(q, q̇)+E(q, q̇)u ,

E(q, q̇) =
(

∂L f h(q, q̇)/∂q
)

M−1(q)S ,

L2
f h(q, q̇) =

(

∂L f h(q, q̇)/∂q
)

q̇−
(

∂L f h(q, q̇)/∂ q̇
)

N(q, q̇) .
(43)

This proof is completed.

Proof of Corollary 2. The proof naturally comes from Propo-

sition 1, and substituting (16) into (7).

Proof of Corollary 3. Let be p ∈ [1 , na] the norm−1 index.
Directly substituting (18) into the condition (7), one has

na

∑
i=1

∣

∣1−Γp,iϒrp,p Ep,i(x)
∣

∣=
na

∑
i=1

∣

∣

∣

∣

1−
Ep,i(x)

ω

∣

∣

∣

∣

≤

∣

∣

∣

∣

1−na

(

E

ω

)na
∣

∣

∣

∣

< 1 ,

(44)

where E = maxi=1,...,na

{

Ep,i(x)
}

, ∀x ∈ R
2n. Thus, ∃ω such

that E/ω is small by hypotheses, and (7) holds true.
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