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Learning Objectives

In this lesson we will

• Discuss the use of sum-of-squares SOS optimizations for 
constructing Lyapunov and storage functions for uncertain 
polynomial systems.  

• Describe the generalization of the dissipation inequality / IQC 
conditions for uncertain systems with time-varying nominal 
dynamics. 

• Present the corresponding dissipation inequality / IQC results for 
the discrete-time systems.
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Outline

1. Sum-of-squares SOS 
2. Time-varying results (LTV)
3. Nonlinear reachability analysis
4. Discrete-time results
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Region of Attraction (ROA)
Consider the autonomous nonlinear dynamical system

where 𝑥(𝑡) ∈ ℝ! is the state at time 𝑡 and 𝑓:ℝ! → ℝ!. Assume:
• 𝑓(0) = 0, i.e. 𝑥 = 0 is an equilibrium point.
• 𝑥 = 0 is an asymptotically stable equilibrium point.
• 𝑓 is a polynomial function of 𝑥.
Define the region of attraction (ROA) as:

where 𝜙(𝜉, 𝑡) denotes the solution  at time 𝑡 starting from the 
initial condition 𝜙(𝜉, 0) = 𝜉.
Objective:  Compute or estimate the ROA.
We will show how to perform this computation using sum-of-
squares (SOS) optimization.
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Polynomials
• Given 𝛼 ∈ ℕ!, a monomial in 𝑛 variables is a function 
𝑚": 	ℝ! → ℝ defined as  𝑚" 𝑥 := 	𝑥#

"! 	𝑥$
""⋯	𝑥!

"#.
• The degree of a monomial is defined as deg	𝑚": = 	 ∑%&#! 𝛼%.
• A polynomial in 𝑛 variables is a function 𝑝:	ℝ! → ℝ defined as 

a finite linear combination of monomials:

    where 𝒜 ⊂	ℕ! is a finite set and 𝑐" ∈ ℝ	∀	𝛼 ∈ 𝒜.  
• The set of polynomials in 𝑛 variables {𝑥#, … , 𝑥!}  will be 

denoted ℝ[𝑥#, … , 𝑥!] or, more compactly, ℝ[𝑥].
• The degree of a polynomial 𝑓 is defined as
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Vector Representation
If 𝑝 is a polynomial of degree ≤ 𝑑 in 𝑛 variables then there exists 
a coefficient vector 𝑐 ∈ 	ℝ'$  such that 𝑝	 = 	 𝑐(	𝑤(𝑥) where

And 𝑙) denotes the length of 𝑤.  It is easy to verify 𝑙! =
𝑛 + 𝑑
𝑑 .   

Example: Using SOSTOOLs/Multipoly,
pvar x1 x2
p = 2*x1^4 + 2*x1^3*x2 - x1^2*x2^2 + 5*x2^4;

x = [x1;x2];

w = monomials(x,0:4);

c = poly2basis(p,w);

[c w]
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Gram Matrix Representation
If 𝑝 is a polynomial of degree ≤ 2𝑑 in 𝑛 variables then there 
exists a 𝑄 = 𝑄( ∈ ℝ'%  such that 𝑝 = 𝑧(	𝑄	𝑧 where

The dimension of 𝑧  is 𝑙& = 𝑛 + 𝑑
𝑑 . Equating coefficients of 𝑝 and 

𝑧(	𝑄	𝑧 yields linear equality constraints on the entries of 𝑄.

• Define 𝑞:= vec(𝑄) and 𝑙! =
𝑛 + 𝑑
𝑑 .

• There exists 𝐴 ∈ 	ℝ"!×""# 	and 𝑐 ∈ ℝ"! such that 𝑝 = 𝑧$𝑄𝑧 is 
equivalent to 𝐴	𝑞	 = 	𝑐.

• There are ℎ:= $"($"&')
# −	𝑙! linearly independent homogeneous 

solutions {𝑁%}%&'(  each of which satisfies 𝑧$𝑁%	𝑧 = 0.
Summary: All solutions to 𝑝 = 𝑧(	𝑄	𝑧 can be expressed as the 
sum of a particular solution and a homogeneous solution.  
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Gram Matrix Example

Polynomial 𝑝 in two variables:
𝑝	 = 	2𝑥!" 	+ 	2𝑥!#𝑥$ 	− 	𝑥!$𝑥$$ 	+ 	5𝑥$"

Gram matrix data:

Note that p = 𝑧%𝑄𝑧 and 𝑧%𝑁𝑧 = 0. 
Hence 𝑝 = 𝑧% 𝑄 + 𝜆𝑁 𝑧 for all 𝜆 ∈ ℝ.
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Positive Semidefinite (PSD) Polynomials
𝑝 ∈ ℝ[𝑥] is positive semi-definite (PSD) if 𝑝 𝑥 ≥ 	0	 ∀𝑥. 
• If 𝑝 is a (homogeneous) quadratic function then the Gram 

matrix is unique. Moreover, 𝑝 is PSD iff the Gram matrix is PSD.
• However, testing if 𝑝 is PSD is NP-hard when the polynomial 

degree is at least four. 
• Our computational procedures will be based on constructing  

polynomials which are PSD.

Objective: Given 𝑝 ∈ ℝ[𝑥], we would like a polynomial-time 
sufficient condition for testing if 𝑝 is PSD.
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Sum of Squares (SOS) Polynomials

𝑝 is a sum of squares (SOS) if there exist polynomials 
{𝑓&}&'!(  such that 𝑝 = ∑&'!( 𝑓&$.

• The set of SOS polynomials in 𝑛 variables {𝑥!, … , 𝑥)} 
will be denoted Σ[𝑥!, … , 𝑥)] or Σ[𝑥]. 

• If 𝑝 is a SOS then 𝑝 is PSD.
• The Motzkin polynomial, 𝑝	 = 	𝑥$𝑦* + 𝑥*𝑦$ + 1	 − 	3𝑥$𝑦$, is 

PSD but not SOS.
• Hilbert (1888) showed that the sets of PSD and SOS 

polynomials are equal only for: a) 𝑛 = 1, b)	𝑑 = 2, and c) 𝑑 =
4, 𝑛 = 2.

• 𝑝 is a SOS iff ∃𝑄 = 𝑄% ≥ 0 such that 𝑝	 = 	 𝑧%𝑄𝑧. 
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SOS Example (Parrilo, PhD, 2000)
All possible Gram matrix representations of 

𝑝	 = 	2𝑥#* 	+ 	2𝑥#+𝑥$ 	− 	𝑥#$𝑥$$ 	+ 	5𝑥$*

are given by 𝑧((𝑄 + 𝜆	𝑁)𝑧 where:

p is SOS iff 𝑄 + 𝜆	𝑁 ≥ 0 for some 𝜆 ∈ ℝ.
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SOS Example (Parrilo, PhD, 2000)
All possible Gram matrix representations of 

𝑝	 = 	2𝑥#* 	+ 	2𝑥#+𝑥$ 	− 	𝑥#$𝑥$$ 	+ 	5𝑥$*

𝑄 + 𝜆	𝑁 ≥ 0 for some 𝜆 = 5 so 𝑝 is SOS.
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SOS Example (Parrilo, PhD, 2000)
All possible Gram matrix representations of 

𝑝	 = 	2𝑥#* 	+ 	2𝑥#+𝑥$ 	− 	𝑥#$𝑥$$ 	+ 	5𝑥$*

𝑄 + 𝜆	𝑁 ≥ 0 for some 𝜆 = 5 so 𝑝 is SOS. 
An SOS decomposition can be constructed from a Cholesky 
factorization  𝑄 + 5𝑁	 = 	𝐿(𝐿 where:

 

Thus 
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Connection to LMIs
Checking if a given polynomial 𝑝 is a SOS can be done by solving a 
linear matrix inequality (LMI) feasibility problem.
Primal (Image) Form:

• Find 𝐴 ∈ ℝ'$×'%"  and 𝑐 ∈ ℝ'$ 	such that 𝑝 = 𝑧(𝑄𝑧 is equivalent 
to 𝐴	𝑞	 = 	𝑐 where 𝑞 = vec(𝑄).

• 𝑝 is a SOS if and only if there exists 𝑄 ≥ 0 such that 𝐴	𝑞 = 𝑐.
Dual (Kernel) Form:
• Let 𝑄- be a particular solution of 𝑝 = 𝑧(𝑄𝑧 and let {𝑁%}%&#.  be a 

basis for the homogeneous solutions.
•  p is a SOS if and only if there exists 𝜆 ∈ ℝ. 	such that 

𝑄- 	+V
%&#

.

𝜆%𝑁% ≥ 0.
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SOS Feasibility
SOS Feasibility: Given polynomials {𝑓/}/&-0 , does there exist 𝛼 ∈
	ℝ0 such that 𝑓- + ∑/&#0 𝛼/	𝑓/ is a SOS?
The SOS feasibility problem can also be posed as an LMI feasibility 
problem since 𝛼 enters linearly.
Primal (Image) Form:

• Find 𝐴 ∈ ℝ'!×'"# and 𝑐) ∈ ℝ'!	such that 𝑓) = 𝑧*𝑄𝑧 is equivalent to 
𝐴	𝑞	 = 	 𝑐)  where 𝑞 = vec(𝑄).

• Define 𝐶 ∶= 	− 	𝑐+, 𝑐,, ⋯	𝑐- 	 ∈ ℝ'!×-.
• There is an 𝛼 ∈ 	ℝ.  such that 𝑓/ + ∑)0+. 𝛼) 	𝑓)  is a SOS iff there exists 
𝛼 ∈ 	ℝ.  and 𝑄 ≥ 0 such that 𝐴	𝑞	 + 	𝐶	𝛼 = 𝑐/.

Dual (Kernel) Form:
• Let 𝑄)  be particular solutions of 𝑓) = 𝑧*𝑄	𝑧 and let {𝑁1}10+2  be a basis 

for the homogeneous solutions.
• There is an 𝛼 ∈ 	ℝ.  such that 𝑓/ + ∑)0+. 𝛼) 	𝑓)  is a SOS iff there exists 
𝛼 ∈ 	ℝ.  and 𝜆 ∈ 	ℝ2  such that 𝑄/ + ∑)0+. 	𝛼) 	𝑄) + ∑10+2 𝜆1 	𝑁1 ≥ 	0.
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SOS Programming
SOS Programming: Given 𝑐 ∈ ℝ0 and polynomials {𝑓/}/&-0 , solve:
 

This SOS programming problem is an SDP.
• The cost is a linear function of 𝛼.
• The SOS constraint can be replaced with either the primal or dual form 

LMI constraint.
• A more general SOS program can have many SOS constraints.

There is freely available  software (e.g. SOSTOOLS, YALMIP, 
SOSOPT) that: (i) Converts the SOS program to an SDP, (ii) Solves 
the SDP with available codes, and (iii) Converts the SDP results 
back into polynomial solutions.
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Complexity of SOS Feasiblity Problem
Let 𝑝 be a degree 2𝑑 polynomial in 𝑛 variables. The complexity of 
the LMI to test if 𝑝 is an SOS grows rapidly in (𝑛, 𝑑). 
For example, the Gram matrix 𝑄 = 𝑄( is 𝑙1×	𝑙1 where the 
dependence of 𝑙1 on (𝑛, 𝑑) is shown below.
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SOS Programming Example
Problem: Minimize 𝛼 subject to 𝑓- + 𝛼	𝑓# ∈ Σ[𝑥] where

For every 𝛼, 𝜆 ∈ ℝ, the Gram Matrix Decomposition equality is: 

where

Thus the problem is equivalent to the SDP
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SOS Programming Example
Use SOSTOOLs to minimize 𝛼 subject to 𝑓- + 𝛼	𝑓# ∈ Σ[𝑥].

% Define polynomials in the SOS optimization
pvar x1 x2 alpha;
f0 = -x1^4 + 2*x1^3*x2 + 9*x1^2*x2^2 - 2*x2^4;
f1 = x1^4 + x2^4;

% Solve the SOS optimization
prog = sosprogram([x1;x2]);  % Define polynomial variables
prog = sosdecvar(prog,alpha);  % Define decision variable
prog = sosineq(prog,f0+alpha*f1);  % Define SOS constraint
prog = sossetobj(prog,alpha);  % Define objective function
prog = sossolve(prog);   % Solve optimization

alphaOPT = sosgetsol(prog,alpha)  % Get optimal solution
alphaOPT =   2
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Global Stability Conditions Using SOS
Revisit the autonomous nonlinear dynamical system

where 𝑥(𝑡) ∈ ℝ! is the state at time 𝑡 and 𝑓:ℝ! → ℝ!. Assume 
𝑓 is a polynomial function of 𝑥 and 𝑓 0 = 0
Theorem: Let 𝑙#, 𝑙$ ∈ ℝ[𝑥] be given with 𝑙% 0 = 	0 and 𝑙% 𝑥 >
0	 ∀𝑥  (𝑖 = 1,2). The point 𝑥 = 0 is a globally asymptotically 
stable (GAS) equilibrium if  ∃	𝑉 ∈ ℝ[𝑥] such that:
• 𝑉(0) = 0
• 𝑉 − 𝑙# ∈ Σ 𝑥
• −𝛻	𝑉 ⋅ 	𝑓 − 𝑙$ ∈ Σ[𝑥]
Proof: The conditions imply that 𝑉 is pos. def, decrescent, and 
radially unbounded. Moreover, −	𝛻	V ⋅ 	𝑓 is a positive definite. 
Hence 𝑉 is a Lyapunov function that proves 𝑥 = 0 is GAS.
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Global Stability Example
The following example is sosdemo2 in SOSTOOLs. See Section 4.2 
of SOSTOOLS User's Manual.
% Constructing the vector field dx/dt = f
pvar x1 x2 x3;  vars = [x1; x2; x3];
f = [(-x1^3-x1*x3^2)*(x3^2+1);  (-x2-x1^2*x2)*(x3^2+1); …
    (-x3+3*x1^2*x3)*(x3^2+1)-3*x3];
% SOS Program
prog = sosprogram(vars);
[prog,V] = sospolyvar(prog,[x1^2; x2^2; x3^2],'wscoeff');
prog = sosineq(prog,V-(x1^2+x2^2+x3^2));
expr = -(diff(V,x1)*f(1)+diff(V,x2)*f(2)+diff(V,x3)*f(3));
prog = sosineq(prog,expr);
solver_opt.solver = 'sedumi';
prog = sossolve(prog,solver_opt);
SOLV = sosgetsol(prog,V)
     SOLV =   6.6589*x1^2 + 4.6277*x2^2 + 2.0734*x3^2
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Constructing Storage Functions With SOS & IQC
We can combine SOS and IQC techniques.  Consider an uncertain 
system 𝐹2(𝑀, Δ) where:
1. 𝑀 is described by polynomial dynamics:

2. Δ satisfies the QC defined by 𝐽 = 𝐽(.
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Constructing Storage Functions With SOS & IQC
We can combine SOS and IQC techniques.  Consider an uncertain 
system 𝐹2(𝑀, Δ) where:
1. 𝑀 is described by polynomial dynamics:

2. Δ satisfies the QC defined by 𝐽 = 𝐽(.

Theorem: 𝐹2(𝑀, Δ) has 𝐿$ gain ≤ 	𝛾 if  ∃	𝑉 ∈ ℝ[𝑥] such that:
• 𝑉(0) = 0
• 𝑉 ∈ Σ 𝑥

• − 𝛻	𝑉*	𝑓 + 𝑒*𝑒 − 𝛾,𝑑*𝑑 + 𝑣
𝑤

*
𝐽 𝑣
𝑤 	∈ Σ[𝑥, 𝑤, 𝑑]

Comments: 
• The last condition is a dissipation ineq. with IQC. It is a polynomial in 
(𝑥, 𝑤, 𝑑) after substituting for (𝑣, 𝑒) using the output equations of M.  

• These conditions can be checked as an SOS optimization.
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Equilibrium Independent Dissipativity

24
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V (x̄, x̄) = 0To enforce                         take
where                is a pos.def. symmetric matrix of polynomials.

Assume system defined by polynomial 𝑓, ℎ	and the supply rate 𝑠 is 
also polynomial. Recall          set of all polynomials and          all SOS 
polynomials in 𝑥. SOS formulation for EID:

Note:           are independent variables in the SOS program, but the 
term                                    ensures (1) holds when                      .

Recall the Equilibrium Independent Dissipativity (EID) conditions

where          are functions of    through                                      . 

(1)
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x̄



Delta Dissipativity
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where

Recall the delta dissipativity conditions:

SOS formulation:

where                                                                  with user-specified ψ s.t.

and 𝑃	symmetric matrix of polynomials, enforced to be pos.def. by  



Generalizations

• Dynamic IQCs (Ψ, 𝐽) can be combined with the search 
for polynomial storage functions.

• “Local” conditions can be constructed to estimate 
regions of attraction or local input/output gains.
• These conditions involve set containment constraints that can 

be relaxed via Lagrange multipliers (S-procedure).
• This typically leads to non-convex, bilinear SOS conditions.
• Various heuristic iterations have been developed to 

approximately solve these conditions.
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Time-Varying Systems
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Wind Turbine
Periodic /

Parameter-Varying

Flexible Aircraft
Parameter-Varying

Vega Launcher
Time-Varying

(Source: ESA)

Robotics
Time-Varying

(Source: ReWalk)

The IQC/DI results can be extended to assess 
the robustness of time-varying systems.



(Robust) Finite-Horizon Analysis
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Uncertain LTV System

Analysis Objective



Integral Quadratic Constraints (IQCs)
The robustness analysis uses constraints on the I/O behavior of Δ 
expressed as (time-domain) IQCs.

Definition: Δ satisfies the finite-horizon IQC defined by a stable 
filter Ψ and a matrix 𝐽 = 𝐽( ∈ ℝ !33!$ ×(!33!$) if every 𝑣 ∈
𝐿$[0, 𝑇] and 𝑤 = Δ(𝑣) satisfies:

Comments:
• The analysis that follows only requires the IQC to hold over the 

finite horizon [0,T].
• The filter Ψ and matrix 𝐽 can be time-varying with only 

notational changes, e.g. we could have a QC with time-varying 
sector bounds.
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Robustness Analysis
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Robust Finite Horizon Analysis
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Theorem [1,2]

[1] Moore, Finite Horizon Robustness Analysis using IQCs, MS Thesis, Berkeley, 2015.
[2] Seiler, Moore, Meissen, Arcak, Packard, Finite Horizon Robustness Analysis of LTV Systems Using 
IQCs, arXiv  2018 and Automatica 2019.

Proof



Robust Finite Horizon Analysis
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Theorem [1,2]

[1] Moore, Finite Horizon Robustness Analysis using IQCs, MS Thesis, Berkeley, 2015.
[2] Seiler, Moore, Meissen, Arcak, Packard, Finite Horizon Robustness Analysis of LTV Systems Using 
IQCs, arXiv  2018 and Automatica 2019.



Numerical Algorithms and Software
• Robustness Algorithms

• Differential LMI can be “solved” via convex optimization using 
basis functions for 𝑃 :  and gridding on time [1].

• A more efficient algorithm mixes the differential LMI and a 
related Riccati Differential Equation condition [2].

• Similar methods developed for LPV [4,5] and periodic systems [6].

• LTVTools Software [3]
• Time-varying state space system objects, e.g. obtained from 

Simulink snapshot linearizations.
• Includes functions for nominal and robustness analyses.

33

[1] Moore, Finite Horizon Robustness Analysis using IQCs, MS Thesis, Berkeley, 2015.
[2] Seiler, Moore, Meissen, Arcak, Packard, Finite Horizon Robustness Analysis of LTV Systems Using IQCs, 
arXiv  2018 and Automatica 2019.
[3] https://z.umn.edu/LTVTools 
[4] Pfifer & Seiler, Less Conservative Robustness Analysis of LPV Systems Using IQCs, IJRNC, 2016.
[5] Hjartarson, Packard, Seiler, LPVTools: A Toolbox for Modeling, Analysis, & Synthesis of LPV Systems, 2015. 
[6] Fry, Farhood, Seiler, IQC-based robustness analysis of discrete-time LTV systems, IJRNC 2017.

https://z.umn.edul/LTVTools


Two-Link Robot Arm

34

Nonlinear dynamics [MZS]:
�̇� = 𝑓(𝜂, 𝜏, 𝑑)

where
𝜂 = 𝜃1, �̇�1, 𝜃2, �̇�2 𝑇

𝜏 = 𝜏1,  𝜏2	 𝑇
𝑑 = 𝑑1,  𝑑2	 𝑇

t and d are control torques and 
disturbances at the link joints.

[1] R. Murray, Z. Li, and S. Sastry. A Mathematical Introduction to Robot Manipulation, 1994.

Two-Link Diagram [1]



Nominal Trajectory in Cartesian Coordinates
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Analysis

36

Nonlinear dynamics:
�̇� = 𝑓(𝜂, 𝜏, 𝑑)

Linearize along the finite –horizon trajectory �̅�, ̅𝜏, 𝑑 = 0
�̇� = 𝐴 𝑡 𝑥 + 𝐵 𝑡 𝑢 + 𝐵 𝑡 𝑑

Design finite-horizon state-feedback LQR gain.

Goal: Compute bound on 
the final position accounting 
for disturbances and LTI 
uncertainty D at 2nd joint.



Monte-Carlo Simulations
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LTV simulations with randomly sampled disturbances and 
uncertainties (overlaid on nominal trajectory).



Robustness Bound
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Cyan disk is bound computed in 102 sec using IQC/DI method
Bound accounts for disturbances ‖d‖≤5 and ‖Δ‖≤0.8 



Worst-Case Uncertainty / Disturbance

39

Randomly sample D to find “bad” perturbation and compute corresponding worst-case 
disturbance using method in [1].
[1] Iannelli, Seiler, Marcos, Construction of worst-case disturbances for LTV systems…, 2019.



Intermezzo

40

Given two functions                             how can we show

i.e.,               ?   
If we can find                              such that

then    and, since                  ,      .

The idea of using the nonnegativity property (2) to show the set 
containment (1) is called the S-procedure in control theory.
When         are polynomials we can apply the S procedure with SOS 
programming: find polynomial          such that

<latexit sha1_base64="yM2wG0v/oiT55SwHpq51RrqGKwA=">AAACCXicbVC7SgNBFL3rM8bXqqXNYBAsJOxK0GAVsLGMYh6QrGF2MpsMmZ1dZ2aFsKS18VdsLBSx9Q/s/BtnkxQx8cDA4Zx7mXuOH3OmtOP8WEvLK6tr67mN/ObW9s6uvbdfV1EiCa2RiEey6WNFORO0ppnmtBlLikOf04Y/uMr8xiOVikXiTg9j6oW4J1jACNZG6tgoPn24RO0Q677vp7eje4HaOpoROnbBKTpjoEXiTkkBpqh27O92NyJJSIUmHCvVcp1YeymWmhFOR/l2omiMyQD3aMtQgUOqvHScZISOjdJFQSTNExqN1dmNFIdKDUPfTGYXqnkvE//zWokOyl7KRJxoKsjkoyDhyGTNakFdJinRfGgIJpKZWxHpY4mJNuXlTQnufORFUj8ruufF0k2pUClP68jBIRzBCbhwARW4hirUgMATvMAbvFvP1qv1YX1ORpes6c4B/IH19QvNzpnE</latexit>

p, q : Rn ! R
<latexit sha1_base64="b/o6deW5xrtdPnEO91IsNGDL8Yc=">AAACFHicbVDLSgNBEJyNrxhfqx69DAYhIoRdCRo8Bbx4jGAekA1hdtJJhsw+MjMrCUs+wou/4sWDIl49ePNvnGwW1MSChqKqm+4uN+RMKsv6MjIrq2vrG9nN3Nb2zu6euX9Ql0EkKNRowAPRdIkEznyoKaY4NEMBxHM5NNzh9cxv3IOQLPDv1CSEtkf6PusxSpSWOuaZE4+vcFgYnzocsOVMsSMjV4KCEU6s0Y/VMfNW0UqAl4mdkjxKUe2Yn043oJEHvqKcSNmyrVC1YyIUoxymOSeSEBI6JH1oaeoTD2Q7Tp6a4hOtdHEvELp8hRP190RMPCknnqs7PaIGctGbif95rUj1yu2Y+WGkwKfzRb2IYxXgWUK4ywRQxSeaECqYvhXTARGEKp1jTodgL768TOrnRfuiWLot5SvlNI4sOkLHqIBsdIkq6AZVUQ1R9ICe0At6NR6NZ+PNeJ+3Zox05hD9gfHxDeHYnNE=</latexit>

{x : p(x)  0} ✓ {x : q(x)  0}
<latexit sha1_base64="QgAwUbRFdOhAMz7Tgzz1TDhXU1U=">AAACDHicbVDLTgIxFO3gC/GFunTTSExwQ2YMUZYkblyikUfCENIpHWjodMb2jkomfIAbf8WNC41x6we4828sMCYKnqTJ6Tnnpr3HiwTXYNtfVmZpeWV1Lbue29jc2t7J7+41dBgryuo0FKFqeUQzwSWrAwfBWpFiJPAEa3rD84nfvGVK81BewyhinYD0Jfc5JWCkbr4QFe+PXcGwjV3sXvH+AIhS4Z253fw4JmWX7CnwInFSUkApat38p9sLaRwwCVQQrduOHUEnIQo4FWycc2PNIkKHpM/ahkoSMN1JpsuM8ZFRetgPlTkS8FT9PZGQQOtR4JlkQGCg572J+J/XjsGvdBIuoxiYpLOH/FhgCPGkGdzjilEQI0MIVdz8FdMBUYSC6S9nSnDmV14kjZOSc1oqX5YL1UpaRxYdoENURA46Q1V0gWqojih6QE/oBb1aj9az9Wa9z6IZK53ZR39gfXwDQKOZMg==</latexit>

p(x)  0 ) q(x)  0
<latexit sha1_base64="pkTF/fUmsrGU6qy7GmUETz6W4CA=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISWRosVVwY3LKvYBTQyTyaQdOpmEmYlQQn/Cjb/ixoUibgV3/o2TNovaemDgcM69zD3HTxiVyrJ+jNLK6tr6RnmzsrW9s7tn7h90ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPrnO/+0iEpDG/V+OEuBEacBpSjJSWPPPMYXo4QFfQiZAa+n52N3ng0FHxnOBlzoBAa+KZVatmTQGXiV2QKijQ8sxvJ4hxGhGuMENS9m0rUW6GhKKYkUnFSSVJEB6hAelrylFEpJtNU03giVYCGMZCP67gVJ3fyFAk5Tjy9WR+qVz0cvE/r5+qsOFmlCepIhzPPgpTBnXmvCIYUEGwYmNNEBZU3wrxEAmElS6yokuwFyMvk855zb6o1W/r1WajqKMMjsAxOAU2uARNcANaoA0weAIv4A28G8/Gq/FhfM5GS0axcwj+wPj6BQ1dnrs=</latexit>

� : Rn ! R�0
<latexit sha1_base64="4bf0i0NBlhxfI+9DeMVW43+3H2c="></latexit>

�(x)p(x)� q(x) � 0 8x 2 Rn

<latexit sha1_base64="QD/xqLNe9WLehxK95vGXdlXizHU=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkUrTLghuXFewDmlAmk5t26OThzEQssQt/xY0LRdz6G+78G6dtFtp64MKZc+/h3jlewplUlvVtFFZW19Y3ipulre2d3T1z/6At41RQaNGYx6LrEQmcRdBSTHHoJgJI6HHoeKOrab9zD0KyOLpV4wTckAwiFjBKlJb65tFd5eHM4YAdrk0+0a9EV98sW1VrBrxM7JyUUY5m3/xy/JimIUSKciJlz7YS5WZEKEY5TEpOKiEhdEQG0NM0IiFIN5vdP8GnWvFxEAtdkcIz9bcjI6GU49DTkyFRQ7nYm4r/9XqpCupuxqIkVRDR+aIg5VjFeBoG9pkAqvhYE0IF07diOiSCUKUjK+kQ7MUvL5P2edW+qNZuauVGPY+jiI7RCaogG12iBrpGTdRCFD2iZ/SK3own48V4Nz7mowUj9xyiPzA+fwAGQJTM</latexit>

q(x)  �(x)p(x)
<latexit sha1_base64="QgAwUbRFdOhAMz7Tgzz1TDhXU1U=">AAACDHicbVDLTgIxFO3gC/GFunTTSExwQ2YMUZYkblyikUfCENIpHWjodMb2jkomfIAbf8WNC41x6we4828sMCYKnqTJ6Tnnpr3HiwTXYNtfVmZpeWV1Lbue29jc2t7J7+41dBgryuo0FKFqeUQzwSWrAwfBWpFiJPAEa3rD84nfvGVK81BewyhinYD0Jfc5JWCkbr4QFe+PXcGwjV3sXvH+AIhS4Z253fw4JmWX7CnwInFSUkApat38p9sLaRwwCVQQrduOHUEnIQo4FWycc2PNIkKHpM/ahkoSMN1JpsuM8ZFRetgPlTkS8FT9PZGQQOtR4JlkQGCg572J+J/XjsGvdBIuoxiYpLOH/FhgCPGkGdzjilEQI0MIVdz8FdMBUYSC6S9nSnDmV14kjZOSc1oqX5YL1UpaRxYdoENURA46Q1V0gWqojih6QE/oBb1aj9az9Wa9z6IZK53ZR39gfXwDQKOZMg==</latexit>

p(x)  0 ) q(x)  0
<latexit sha1_base64="zfSzB90ignH2n5I2R1eW/8KhFoQ=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREinZZcOOygn1AG8pkctMOnUzCzESsoV/ixoUibv0Ud/6N0zYLbT0wcDjnXO6d4yecKe0431ZhY3Nre6e4W9rbPzgs20fHHRWnkkKbxjyWPZ8o4ExAWzPNoZdIIJHPoetPbuZ+9wGkYrG419MEvIiMBAsZJdpIQ7s84CYckOrjxWAE2BnaFafmLIDXiZuTCsrRGtpfgyCmaQRCU06U6rtOor2MSM0oh1lpkCpICJ2QEfQNFSQC5WWLw2f43CgBDmNpntB4of6eyEik1DTyTTIieqxWvbn4n9dPddjwMiaSVIOgy0VhyrGO8bwFHDAJVPOpIYRKZm7FdEwkodp0VTIluKtfXiedy5p7Vavf1SvNRl5HEZ2iM1RFLrpGTXSLWqiNKErRM3pFb9aT9WK9Wx/LaMHKZ07QH1ifP2UZkj4=</latexit>

�(x) � 0

(1)

(2)

<latexit sha1_base64="zbLxZ03/zKlfJx4Pl3041j9TlMk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBM0x4MVjRPOAZAmzk9lkyOzsOtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWDzhOuB/RgRKhYBStdJ9cPPaKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYZVfyJUkiJXbLEoTCXBmMz+Jn2hOUM5toQyLeythA2ppgxtOgUbgrf88ippXpa9q3LlrlKqVbM48nACp3AOHlxDDW6hDg1gMIBneIU3RzovzrvzsWjNOdnMMfyB8/kDEu2NpA==</latexit>p, q
<latexit sha1_base64="TDZAyzrcT+dpuoabLj92BDSVjsM=">AAAB8XicbVDLSgMxFL3xWeur6tJNsAh1U2akaJcFNy4r2Ae2Q8lkMm1oJjMkGbEM/Qs3LhRx69+4829M21lo64HA4Zxzyb3HTwTXxnG+0dr6xubWdmGnuLu3f3BYOjpu6zhVlLVoLGLV9YlmgkvWMtwI1k0UI5EvWMcf38z8ziNTmsfy3kwS5kVkKHnIKTFWeugLGw1I5eliUCo7VWcOvErcnJQhR3NQ+uoHMU0jJg0VROue6yTGy4gynAo2LfZTzRJCx2TIepZKEjHtZfONp/jcKgEOY2WfNHiu/p7ISKT1JPJtMiJmpJe9mfif10tNWPcyLpPUMEkXH4WpwCbGs/NxwBWjRkwsIVRxuyumI6IINbakoi3BXT55lbQvq+5VtXZXKzfqeR0FOIUzqIAL19CAW2hCCyhIeIZXeEMavaB39LGIrqF85gT+AH3+AOU5kGM=</latexit>

�(x)
<latexit sha1_base64="O9CR9MPJJ4kxJTBvcFDqhizfhhw=">AAACLHicbVBLTwIxGOziC9fXqkcvjUSDB8muIcqRhItHjPJI2A3plgIN3e7adg1kww/y4l8xMR4kxqu/wwJ7QGCSNpOZ+dJ+40eMSmXbEyOzsbm1vZPdNff2Dw6PrOOTugxjgUkNhywUTR9JwignNUUVI81IEBT4jDT8QWXqN16IkDTkT2oUES9APU67FCOlpbZVcZkOd1B+eAUvoUs5dB9pL0Ctoee60FxwI31dw+c1wbaVswv2DHCVOCnJgRTVtvXhdkIcB4QrzJCULceOlJcgoShmZGy6sSQRwgPUIy1NOQqI9JLZsmN4oZUO7IZCH67gTF2cSFAg5SjwdTJAqi+Xvam4zmvFqlvyEsqjWBGO5w91YwZVCKfNwQ4VBCs20gRhQfVfIe4jgbDS/Zq6BGd55VVSvyk4t4XiQzFXLqV1ZMEZOAd54IA7UAb3oApqAINX8A6+wMR4Mz6Nb+NnHs0Y6cwp+Afj9w8yEaSC</latexit>

�(x) 2 ⌃[x]

�(x)p(x)� q(x) 2 ⌃[x]
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1. Forward Reachability:  Bounding trajectories from a set of initial 
conditions in the presence disturbances and unmodeled dynamics

�
<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

v
<latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit>

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>

w
<latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

𝐺: nominal plant model

𝑑: disturbance

Δ: unmodeled dynamics 
characterized by IQC:

�
<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

v
<latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit>

w
<latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit>

 
<latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit> z

<latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit>

with
<latexit sha1_base64="1hGpgGCecSxyvxUelvK8ape5JTA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPaUDbbTbN0dxN2J0op/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvSKSw6LrfTmljc2t7p7xb2ds/ODyqHp90bJwaxtsslrHpBdRyKTRvo0DJe4nhVAWSd4PJbe53H7mxItYPOE24r+hYi1Awirn0JDAaVmtu3V2ArBOvIDUo0BpWvwajmKWKa2SSWtv33AT9GTUomOTzyiC1PKFsQse8n1FNFbf+bHHrnFxkyoiEsclKI1movydmVFk7VUHWqShGdtXLxf+8forhtT8TOkmRa7ZcFKaSYEzyx8lIGM5QTjNCmRHZrYRF1FCGWTyVLARv9eV10mnUPbfu3TdqzZsijjKcwTlcggdX0IQ7aEEbGETwDK/w5ijnxXl3PpatJaeYOYU/cD5/AEIzjlw=</latexit><latexit sha1_base64="1hGpgGCecSxyvxUelvK8ape5JTA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPaUDbbTbN0dxN2J0op/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvSKSw6LrfTmljc2t7p7xb2ds/ODyqHp90bJwaxtsslrHpBdRyKTRvo0DJe4nhVAWSd4PJbe53H7mxItYPOE24r+hYi1Awirn0JDAaVmtu3V2ArBOvIDUo0BpWvwajmKWKa2SSWtv33AT9GTUomOTzyiC1PKFsQse8n1FNFbf+bHHrnFxkyoiEsclKI1movydmVFk7VUHWqShGdtXLxf+8forhtT8TOkmRa7ZcFKaSYEzyx8lIGM5QTjNCmRHZrYRF1FCGWTyVLARv9eV10mnUPbfu3TdqzZsijjKcwTlcggdX0IQ7aEEbGETwDK/w5ijnxXl3PpatJaeYOYU/cD5/AEIzjlw=</latexit><latexit sha1_base64="1hGpgGCecSxyvxUelvK8ape5JTA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPaUDbbTbN0dxN2J0op/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvSKSw6LrfTmljc2t7p7xb2ds/ODyqHp90bJwaxtsslrHpBdRyKTRvo0DJe4nhVAWSd4PJbe53H7mxItYPOE24r+hYi1Awirn0JDAaVmtu3V2ArBOvIDUo0BpWvwajmKWKa2SSWtv33AT9GTUomOTzyiC1PKFsQse8n1FNFbf+bHHrnFxkyoiEsclKI1movydmVFk7VUHWqShGdtXLxf+8forhtT8TOkmRa7ZcFKaSYEzyx8lIGM5QTjNCmRHZrYRF1FCGWTyVLARv9eV10mnUPbfu3TdqzZsijjKcwTlcggdX0IQ7aEEbGETwDK/w5ijnxXl3PpatJaeYOYU/cD5/AEIzjlw=</latexit><latexit sha1_base64="1hGpgGCecSxyvxUelvK8ape5JTA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPaUDbbTbN0dxN2J0op/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvSKSw6LrfTmljc2t7p7xb2ds/ODyqHp90bJwaxtsslrHpBdRyKTRvo0DJe4nhVAWSd4PJbe53H7mxItYPOE24r+hYi1Awirn0JDAaVmtu3V2ArBOvIDUo0BpWvwajmKWKa2SSWtv33AT9GTUomOTzyiC1PKFsQse8n1FNFbf+bHHrnFxkyoiEsclKI1movydmVFk7VUHWqShGdtXLxf+8forhtT8TOkmRa7ZcFKaSYEzyx8lIGM5QTjNCmRHZrYRF1FCGWTyVLARv9eV10mnUPbfu3TdqzZsijjKcwTlcggdX0IQ7aEEbGETwDK/w5ijnxXl3PpatJaeYOYU/cD5/AEIzjlw=</latexit>Z T

0
z(t)>Mz(t)dt � 0

<latexit sha1_base64="x1osus1nuuTxYAlQMc3rv7oHOZc=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyB2IRdEUwZsLERIuQG2STMTibJkNnZZeasEJc8gY2vYmOhiK21nW/jZLOFJv4w8PGfczhzfj8SXIPjfFtr6xubW9u5nfzu3v7BoX103NRhrChr0FCEqu0TzQSXrAEcBGtHipHAF6zlT67n9dY9U5qHsg7TiHUDMpJ8yCkBY/Xtoscl9BNn1qvjhxKc9zwII3ybMh5gwN6IYadvF5yykwqvgptBAWWq9e0vbxDSOGASqCBad1wngm5CFHAq2CzvxZpFhE7IiHUMShIw3U3Sc2a4aJwBHobKPAk4dX9PJCTQehr4pjMgMNbLtbn5X60Tw7DSTbiMYmCSLhYNY4EhxPNs8IArRkFMDRCquPkrpmOiCAWTYN6E4C6fvArNi7LrlN27y0K1ksWRQ6foDJWQi65QFd2gGmogih7RM3pFb9aT9WK9Wx+L1jUrmzlBf2R9/gCeVZnb</latexit><latexit sha1_base64="x1osus1nuuTxYAlQMc3rv7oHOZc=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyB2IRdEUwZsLERIuQG2STMTibJkNnZZeasEJc8gY2vYmOhiK21nW/jZLOFJv4w8PGfczhzfj8SXIPjfFtr6xubW9u5nfzu3v7BoX103NRhrChr0FCEqu0TzQSXrAEcBGtHipHAF6zlT67n9dY9U5qHsg7TiHUDMpJ8yCkBY/Xtoscl9BNn1qvjhxKc9zwII3ybMh5gwN6IYadvF5yykwqvgptBAWWq9e0vbxDSOGASqCBad1wngm5CFHAq2CzvxZpFhE7IiHUMShIw3U3Sc2a4aJwBHobKPAk4dX9PJCTQehr4pjMgMNbLtbn5X60Tw7DSTbiMYmCSLhYNY4EhxPNs8IArRkFMDRCquPkrpmOiCAWTYN6E4C6fvArNi7LrlN27y0K1ksWRQ6foDJWQi65QFd2gGmogih7RM3pFb9aT9WK9Wx+L1jUrmzlBf2R9/gCeVZnb</latexit><latexit sha1_base64="x1osus1nuuTxYAlQMc3rv7oHOZc=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyB2IRdEUwZsLERIuQG2STMTibJkNnZZeasEJc8gY2vYmOhiK21nW/jZLOFJv4w8PGfczhzfj8SXIPjfFtr6xubW9u5nfzu3v7BoX103NRhrChr0FCEqu0TzQSXrAEcBGtHipHAF6zlT67n9dY9U5qHsg7TiHUDMpJ8yCkBY/Xtoscl9BNn1qvjhxKc9zwII3ybMh5gwN6IYadvF5yykwqvgptBAWWq9e0vbxDSOGASqCBad1wngm5CFHAq2CzvxZpFhE7IiHUMShIw3U3Sc2a4aJwBHobKPAk4dX9PJCTQehr4pjMgMNbLtbn5X60Tw7DSTbiMYmCSLhYNY4EhxPNs8IArRkFMDRCquPkrpmOiCAWTYN6E4C6fvArNi7LrlN27y0K1ksWRQ6foDJWQi65QFd2gGmogih7RM3pFb9aT9WK9Wx+L1jUrmzlBf2R9/gCeVZnb</latexit><latexit sha1_base64="x1osus1nuuTxYAlQMc3rv7oHOZc=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyB2IRdEUwZsLERIuQG2STMTibJkNnZZeasEJc8gY2vYmOhiK21nW/jZLOFJv4w8PGfczhzfj8SXIPjfFtr6xubW9u5nfzu3v7BoX103NRhrChr0FCEqu0TzQSXrAEcBGtHipHAF6zlT67n9dY9U5qHsg7TiHUDMpJ8yCkBY/Xtoscl9BNn1qvjhxKc9zwII3ybMh5gwN6IYadvF5yykwqvgptBAWWq9e0vbxDSOGASqCBad1wngm5CFHAq2CzvxZpFhE7IiHUMShIw3U3Sc2a4aJwBHobKPAk4dX9PJCTQehr4pjMgMNbLtbn5X60Tw7DSTbiMYmCSLhYNY4EhxPNs8IArRkFMDRCquPkrpmOiCAWTYN6E4C6fvArNi7LrlN27y0K1ksWRQ6foDJWQi65QFd2gGmogih7RM3pFb9aT9WK9Wx+L1jUrmzlBf2R9/gCeVZnb</latexit>
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Goal:  Given set of initial conditions 𝑋- find an outer bound on 
trajectories at time 𝑇 for all Δ	satisfying the IQC and for all 𝑑 s.t.
                             .                              

�
<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

v
<latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit>

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>

w
<latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

 
<latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit> z

<latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit>

with
<latexit sha1_base64="1hGpgGCecSxyvxUelvK8ape5JTA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPaUDbbTbN0dxN2J0op/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvSKSw6LrfTmljc2t7p7xb2ds/ODyqHp90bJwaxtsslrHpBdRyKTRvo0DJe4nhVAWSd4PJbe53H7mxItYPOE24r+hYi1Awirn0JDAaVmtu3V2ArBOvIDUo0BpWvwajmKWKa2SSWtv33AT9GTUomOTzyiC1PKFsQse8n1FNFbf+bHHrnFxkyoiEsclKI1movydmVFk7VUHWqShGdtXLxf+8forhtT8TOkmRa7ZcFKaSYEzyx8lIGM5QTjNCmRHZrYRF1FCGWTyVLARv9eV10mnUPbfu3TdqzZsijjKcwTlcggdX0IQ7aEEbGETwDK/w5ijnxXl3PpatJaeYOYU/cD5/AEIzjlw=</latexit><latexit sha1_base64="1hGpgGCecSxyvxUelvK8ape5JTA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPaUDbbTbN0dxN2J0op/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvSKSw6LrfTmljc2t7p7xb2ds/ODyqHp90bJwaxtsslrHpBdRyKTRvo0DJe4nhVAWSd4PJbe53H7mxItYPOE24r+hYi1Awirn0JDAaVmtu3V2ArBOvIDUo0BpWvwajmKWKa2SSWtv33AT9GTUomOTzyiC1PKFsQse8n1FNFbf+bHHrnFxkyoiEsclKI1movydmVFk7VUHWqShGdtXLxf+8forhtT8TOkmRa7ZcFKaSYEzyx8lIGM5QTjNCmRHZrYRF1FCGWTyVLARv9eV10mnUPbfu3TdqzZsijjKcwTlcggdX0IQ7aEEbGETwDK/w5ijnxXl3PpatJaeYOYU/cD5/AEIzjlw=</latexit><latexit sha1_base64="1hGpgGCecSxyvxUelvK8ape5JTA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPaUDbbTbN0dxN2J0op/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvSKSw6LrfTmljc2t7p7xb2ds/ODyqHp90bJwaxtsslrHpBdRyKTRvo0DJe4nhVAWSd4PJbe53H7mxItYPOE24r+hYi1Awirn0JDAaVmtu3V2ArBOvIDUo0BpWvwajmKWKa2SSWtv33AT9GTUomOTzyiC1PKFsQse8n1FNFbf+bHHrnFxkyoiEsclKI1movydmVFk7VUHWqShGdtXLxf+8forhtT8TOkmRa7ZcFKaSYEzyx8lIGM5QTjNCmRHZrYRF1FCGWTyVLARv9eV10mnUPbfu3TdqzZsijjKcwTlcggdX0IQ7aEEbGETwDK/w5ijnxXl3PpatJaeYOYU/cD5/AEIzjlw=</latexit><latexit sha1_base64="1hGpgGCecSxyvxUelvK8ape5JTA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WPRi8cK9gPaUDbbTbN0dxN2J0op/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvSKSw6LrfTmljc2t7p7xb2ds/ODyqHp90bJwaxtsslrHpBdRyKTRvo0DJe4nhVAWSd4PJbe53H7mxItYPOE24r+hYi1Awirn0JDAaVmtu3V2ArBOvIDUo0BpWvwajmKWKa2SSWtv33AT9GTUomOTzyiC1PKFsQse8n1FNFbf+bHHrnFxkyoiEsclKI1movydmVFk7VUHWqShGdtXLxf+8forhtT8TOkmRa7ZcFKaSYEzyx8lIGM5QTjNCmRHZrYRF1FCGWTyVLARv9eV10mnUPbfu3TdqzZsijjKcwTlcggdX0IQ7aEEbGETwDK/w5ijnxXl3PpatJaeYOYU/cD5/AEIzjlw=</latexit>Z T

0
z(t)>Mz(t)dt � 0

<latexit sha1_base64="x1osus1nuuTxYAlQMc3rv7oHOZc=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyB2IRdEUwZsLERIuQG2STMTibJkNnZZeasEJc8gY2vYmOhiK21nW/jZLOFJv4w8PGfczhzfj8SXIPjfFtr6xubW9u5nfzu3v7BoX103NRhrChr0FCEqu0TzQSXrAEcBGtHipHAF6zlT67n9dY9U5qHsg7TiHUDMpJ8yCkBY/Xtoscl9BNn1qvjhxKc9zwII3ybMh5gwN6IYadvF5yykwqvgptBAWWq9e0vbxDSOGASqCBad1wngm5CFHAq2CzvxZpFhE7IiHUMShIw3U3Sc2a4aJwBHobKPAk4dX9PJCTQehr4pjMgMNbLtbn5X60Tw7DSTbiMYmCSLhYNY4EhxPNs8IArRkFMDRCquPkrpmOiCAWTYN6E4C6fvArNi7LrlN27y0K1ksWRQ6foDJWQi65QFd2gGmogih7RM3pFb9aT9WK9Wx+L1jUrmzlBf2R9/gCeVZnb</latexit><latexit sha1_base64="x1osus1nuuTxYAlQMc3rv7oHOZc=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyB2IRdEUwZsLERIuQG2STMTibJkNnZZeasEJc8gY2vYmOhiK21nW/jZLOFJv4w8PGfczhzfj8SXIPjfFtr6xubW9u5nfzu3v7BoX103NRhrChr0FCEqu0TzQSXrAEcBGtHipHAF6zlT67n9dY9U5qHsg7TiHUDMpJ8yCkBY/Xtoscl9BNn1qvjhxKc9zwII3ybMh5gwN6IYadvF5yykwqvgptBAWWq9e0vbxDSOGASqCBad1wngm5CFHAq2CzvxZpFhE7IiHUMShIw3U3Sc2a4aJwBHobKPAk4dX9PJCTQehr4pjMgMNbLtbn5X60Tw7DSTbiMYmCSLhYNY4EhxPNs8IArRkFMDRCquPkrpmOiCAWTYN6E4C6fvArNi7LrlN27y0K1ksWRQ6foDJWQi65QFd2gGmogih7RM3pFb9aT9WK9Wx+L1jUrmzlBf2R9/gCeVZnb</latexit><latexit sha1_base64="x1osus1nuuTxYAlQMc3rv7oHOZc=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyB2IRdEUwZsLERIuQG2STMTibJkNnZZeasEJc8gY2vYmOhiK21nW/jZLOFJv4w8PGfczhzfj8SXIPjfFtr6xubW9u5nfzu3v7BoX103NRhrChr0FCEqu0TzQSXrAEcBGtHipHAF6zlT67n9dY9U5qHsg7TiHUDMpJ8yCkBY/Xtoscl9BNn1qvjhxKc9zwII3ybMh5gwN6IYadvF5yykwqvgptBAWWq9e0vbxDSOGASqCBad1wngm5CFHAq2CzvxZpFhE7IiHUMShIw3U3Sc2a4aJwBHobKPAk4dX9PJCTQehr4pjMgMNbLtbn5X60Tw7DSTbiMYmCSLhYNY4EhxPNs8IArRkFMDRCquPkrpmOiCAWTYN6E4C6fvArNi7LrlN27y0K1ksWRQ6foDJWQi65QFd2gGmogih7RM3pFb9aT9WK9Wx+L1jUrmzlBf2R9/gCeVZnb</latexit><latexit sha1_base64="x1osus1nuuTxYAlQMc3rv7oHOZc=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQyB2IRdEUwZsLERIuQG2STMTibJkNnZZeasEJc8gY2vYmOhiK21nW/jZLOFJv4w8PGfczhzfj8SXIPjfFtr6xubW9u5nfzu3v7BoX103NRhrChr0FCEqu0TzQSXrAEcBGtHipHAF6zlT67n9dY9U5qHsg7TiHUDMpJ8yCkBY/Xtoscl9BNn1qvjhxKc9zwII3ybMh5gwN6IYadvF5yykwqvgptBAWWq9e0vbxDSOGASqCBad1wngm5CFHAq2CzvxZpFhE7IiHUMShIw3U3Sc2a4aJwBHobKPAk4dX9PJCTQehr4pjMgMNbLtbn5X60Tw7DSTbiMYmCSLhYNY4EhxPNs8IArRkFMDRCquPkrpmOiCAWTYN6E4C6fvArNi7LrlN27y0K1ksWRQ6foDJWQi65QFd2gGmogih7RM3pFb9aT9WK9Wx+L1jUrmzlBf2R9/gCeVZnb</latexit>

Lump plant and filter into single 
model with state                         :

t = 0 t = TxG(t; ⇠,w, d)
<latexit sha1_base64="RbSdv9vsIy06O1/4prq3ZlhFoOM=">AAAB9XicdVDLSgMxFM3UV62vqks3wSJUKENmbGnFTcGFLivYVmjHkslk2tDMgySjLUP/w40LRdz6L+78G9OHoKIHLhzOuZd773FjzqRC6MPILC2vrK5l13Mbm1vbO/ndvZaMEkFok0Q8EjculpSzkDYVU5zexILiwOW07Q7Pp377jgrJovBajWPqBLgfMp8RrLR0O+pdFNVZd8RKSck77uULyLRs27aqEJmVcgVZFU1Q9cQ+rUHLRDMUwAKNXv6960UkCWioCMdSdiwUKyfFQjHC6STXTSSNMRniPu1oGuKASiedXT2BR1rxoB8JXaGCM/X7RIoDKceBqzsDrAbytzcV//I6ifJrTsrCOFE0JPNFfsKhiuA0AugxQYniY00wEUzfCskAC0yUDiqnQ/j6FP5PWrZp6ayuyoV6bRFHFhyAQ1AEFqiCOrgEDdAEBAjwAJ7As3FvPBovxuu8NWMsZvbBDxhvn22Ekcg=</latexit><latexit sha1_base64="RbSdv9vsIy06O1/4prq3ZlhFoOM=">AAAB9XicdVDLSgMxFM3UV62vqks3wSJUKENmbGnFTcGFLivYVmjHkslk2tDMgySjLUP/w40LRdz6L+78G9OHoKIHLhzOuZd773FjzqRC6MPILC2vrK5l13Mbm1vbO/ndvZaMEkFok0Q8EjculpSzkDYVU5zexILiwOW07Q7Pp377jgrJovBajWPqBLgfMp8RrLR0O+pdFNVZd8RKSck77uULyLRs27aqEJmVcgVZFU1Q9cQ+rUHLRDMUwAKNXv6960UkCWioCMdSdiwUKyfFQjHC6STXTSSNMRniPu1oGuKASiedXT2BR1rxoB8JXaGCM/X7RIoDKceBqzsDrAbytzcV//I6ifJrTsrCOFE0JPNFfsKhiuA0AugxQYniY00wEUzfCskAC0yUDiqnQ/j6FP5PWrZp6ayuyoV6bRFHFhyAQ1AEFqiCOrgEDdAEBAjwAJ7As3FvPBovxuu8NWMsZvbBDxhvn22Ekcg=</latexit><latexit sha1_base64="RbSdv9vsIy06O1/4prq3ZlhFoOM=">AAAB9XicdVDLSgMxFM3UV62vqks3wSJUKENmbGnFTcGFLivYVmjHkslk2tDMgySjLUP/w40LRdz6L+78G9OHoKIHLhzOuZd773FjzqRC6MPILC2vrK5l13Mbm1vbO/ndvZaMEkFok0Q8EjculpSzkDYVU5zexILiwOW07Q7Pp377jgrJovBajWPqBLgfMp8RrLR0O+pdFNVZd8RKSck77uULyLRs27aqEJmVcgVZFU1Q9cQ+rUHLRDMUwAKNXv6960UkCWioCMdSdiwUKyfFQjHC6STXTSSNMRniPu1oGuKASiedXT2BR1rxoB8JXaGCM/X7RIoDKceBqzsDrAbytzcV//I6ifJrTsrCOFE0JPNFfsKhiuA0AugxQYniY00wEUzfCskAC0yUDiqnQ/j6FP5PWrZp6ayuyoV6bRFHFhyAQ1AEFqiCOrgEDdAEBAjwAJ7As3FvPBovxuu8NWMsZvbBDxhvn22Ekcg=</latexit><latexit sha1_base64="RbSdv9vsIy06O1/4prq3ZlhFoOM=">AAAB9XicdVDLSgMxFM3UV62vqks3wSJUKENmbGnFTcGFLivYVmjHkslk2tDMgySjLUP/w40LRdz6L+78G9OHoKIHLhzOuZd773FjzqRC6MPILC2vrK5l13Mbm1vbO/ndvZaMEkFok0Q8EjculpSzkDYVU5zexILiwOW07Q7Pp377jgrJovBajWPqBLgfMp8RrLR0O+pdFNVZd8RKSck77uULyLRs27aqEJmVcgVZFU1Q9cQ+rUHLRDMUwAKNXv6960UkCWioCMdSdiwUKyfFQjHC6STXTSSNMRniPu1oGuKASiedXT2BR1rxoB8JXaGCM/X7RIoDKceBqzsDrAbytzcV//I6ifJrTsrCOFE0JPNFfsKhiuA0AugxQYniY00wEUzfCskAC0yUDiqnQ/j6FP5PWrZp6ayuyoV6bRFHFhyAQ1AEFqiCOrgEDdAEBAjwAJ7As3FvPBovxuu8NWMsZvbBDxhvn22Ekcg=</latexit>

X0
<latexit sha1_base64="wIni3xgVrsCzDw0/v62ulvbjN5s=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldExJvAS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3hYng2mD84eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkg0E1yypuFGsE6iGIlCwdrh5Grut++Z0jyWd2aasCAiI8mHnBJjpdtOH/eLJex6vu97VYTdSrmCvYoluHrhX9aQ5+IFSrBCo1987w1imkZMGiqI1l0PJybIiDKcCjYr9FLNEkInZMS6lkoSMR1ki1Nn6MwqAzSMlS1p0EL9PpGRSOtpFNrOiJix/u3Nxb+8bmqGtSDjMkkNk3S5aJgKZGI0/xsNuGLUiKklhCpub0V0TBShxqZTsCF8fYr+Jy3f9WxWN+VSvbaKIw8ncArn4EEV6nANDWgChRE8wBM8O8J5dF6c12VrzlnNHMMPOG+fMm+NtQ==</latexit><latexit sha1_base64="wIni3xgVrsCzDw0/v62ulvbjN5s=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldExJvAS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3hYng2mD84eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkg0E1yypuFGsE6iGIlCwdrh5Grut++Z0jyWd2aasCAiI8mHnBJjpdtOH/eLJex6vu97VYTdSrmCvYoluHrhX9aQ5+IFSrBCo1987w1imkZMGiqI1l0PJybIiDKcCjYr9FLNEkInZMS6lkoSMR1ki1Nn6MwqAzSMlS1p0EL9PpGRSOtpFNrOiJix/u3Nxb+8bmqGtSDjMkkNk3S5aJgKZGI0/xsNuGLUiKklhCpub0V0TBShxqZTsCF8fYr+Jy3f9WxWN+VSvbaKIw8ncArn4EEV6nANDWgChRE8wBM8O8J5dF6c12VrzlnNHMMPOG+fMm+NtQ==</latexit><latexit sha1_base64="wIni3xgVrsCzDw0/v62ulvbjN5s=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldExJvAS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3hYng2mD84eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkg0E1yypuFGsE6iGIlCwdrh5Grut++Z0jyWd2aasCAiI8mHnBJjpdtOH/eLJex6vu97VYTdSrmCvYoluHrhX9aQ5+IFSrBCo1987w1imkZMGiqI1l0PJybIiDKcCjYr9FLNEkInZMS6lkoSMR1ki1Nn6MwqAzSMlS1p0EL9PpGRSOtpFNrOiJix/u3Nxb+8bmqGtSDjMkkNk3S5aJgKZGI0/xsNuGLUiKklhCpub0V0TBShxqZTsCF8fYr+Jy3f9WxWN+VSvbaKIw8ncArn4EEV6nANDWgChRE8wBM8O8J5dF6c12VrzlnNHMMPOG+fMm+NtQ==</latexit><latexit sha1_base64="wIni3xgVrsCzDw0/v62ulvbjN5s=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldExJvAS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3hYng2mD84eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkg0E1yypuFGsE6iGIlCwdrh5Grut++Z0jyWd2aasCAiI8mHnBJjpdtOH/eLJex6vu97VYTdSrmCvYoluHrhX9aQ5+IFSrBCo1987w1imkZMGiqI1l0PJybIiDKcCjYr9FLNEkInZMS6lkoSMR1ki1Nn6MwqAzSMlS1p0EL9PpGRSOtpFNrOiJix/u3Nxb+8bmqGtSDjMkkNk3S5aJgKZGI0/xsNuGLUiKklhCpub0V0TBShxqZTsCF8fYr+Jy3f9WxWN+VSvbaKIw8ncArn4EEV6nANDWgChRE8wBM8O8J5dF6c12VrzlnNHMMPOG+fMm+NtQ==</latexit>

FRS
<latexit sha1_base64="vfZeS/iE8UMJwm5LyNv6hh3QuAk=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSS2tO4Kgris1j6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/j9CGo6IELh3Pu5d57goQzpR3nw1pZXVvf2Mxt5bd3dvf2CweHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H48uZ376nUrFY3OlJQv0IDwULGcHaSI2r20a/UHRs1/M8t4Icu1wqO27ZEKdy7l1UkWs7cxRhiXq/8N4bxCSNqNCEY6W6rpNoP8NSM8LpNN9LFU0wGeMh7RoqcESVn81PnaJTowxQGEtTQqO5+n0iw5FSkygwnRHWI/Xbm4l/ed1Uh1U/YyJJNRVksShMOdIxmv2NBkxSovnEEEwkM7ciMsISE23SyZsQvj5F/5OWZ7smq5tSsVZdxpGDYziBM3ChAjW4hjo0gcAQHuAJni1uPVov1uuidcVazhzBD1hvnzhOjbk=</latexit><latexit sha1_base64="vfZeS/iE8UMJwm5LyNv6hh3QuAk=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSS2tO4Kgris1j6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/j9CGo6IELh3Pu5d57goQzpR3nw1pZXVvf2Mxt5bd3dvf2CweHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H48uZ376nUrFY3OlJQv0IDwULGcHaSI2r20a/UHRs1/M8t4Icu1wqO27ZEKdy7l1UkWs7cxRhiXq/8N4bxCSNqNCEY6W6rpNoP8NSM8LpNN9LFU0wGeMh7RoqcESVn81PnaJTowxQGEtTQqO5+n0iw5FSkygwnRHWI/Xbm4l/ed1Uh1U/YyJJNRVksShMOdIxmv2NBkxSovnEEEwkM7ciMsISE23SyZsQvj5F/5OWZ7smq5tSsVZdxpGDYziBM3ChAjW4hjo0gcAQHuAJni1uPVov1uuidcVazhzBD1hvnzhOjbk=</latexit><latexit sha1_base64="vfZeS/iE8UMJwm5LyNv6hh3QuAk=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSS2tO4Kgris1j6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/j9CGo6IELh3Pu5d57goQzpR3nw1pZXVvf2Mxt5bd3dvf2CweHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H48uZ376nUrFY3OlJQv0IDwULGcHaSI2r20a/UHRs1/M8t4Icu1wqO27ZEKdy7l1UkWs7cxRhiXq/8N4bxCSNqNCEY6W6rpNoP8NSM8LpNN9LFU0wGeMh7RoqcESVn81PnaJTowxQGEtTQqO5+n0iw5FSkygwnRHWI/Xbm4l/ed1Uh1U/YyJJNRVksShMOdIxmv2NBkxSovnEEEwkM7ciMsISE23SyZsQvj5F/5OWZ7smq5tSsVZdxpGDYziBM3ChAjW4hjo0gcAQHuAJni1uPVov1uuidcVazhzBD1hvnzhOjbk=</latexit><latexit sha1_base64="vfZeS/iE8UMJwm5LyNv6hh3QuAk=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchSS2tO4Kgris1j6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/j9CGo6IELh3Pu5d57goQzpR3nw1pZXVvf2Mxt5bd3dvf2CweHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H48uZ376nUrFY3OlJQv0IDwULGcHaSI2r20a/UHRs1/M8t4Icu1wqO27ZEKdy7l1UkWs7cxRhiXq/8N4bxCSNqNCEY6W6rpNoP8NSM8LpNN9LFU0wGeMh7RoqcESVn81PnaJTowxQGEtTQqO5+n0iw5FSkygwnRHWI/Xbm4l/ed1Uh1U/YyJJNRVksShMOdIxmv2NBkxSovnEEEwkM7ciMsISE23SyZsQvj5F/5OWZ7smq5tSsVZdxpGDYziBM3ChAjW4hjo0gcAQHuAJni1uPVov1uuidcVazhzBD1hvnzhOjbk=</latexit>

If ∃	storage function                                s.t.

then projection of                                       onto        subspace ⊃	FRS.
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Proof by integrating dissipation inequality from 0 to 𝑇:

Then, 

• Use semi-algebraic (sublevel set of polynomial) representation of 
𝑋-	and polynomial approximation of system model

• View dissipation inequality as a nonnegativity constraint
• Turn set containment condition 
     to nonnegativity constraint with S-procedure
• SOS relaxation for nonnegativity; SOS then translated into SDP

SOS procedure to find 𝑽:                              
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Example: Generic Transport Model (GTM)
• 5.5% scale commercial aircraft
• State variables: airspeed (𝑥#), angle of 
attack (𝑥$), pitch rate (𝑥+), pitch angle (𝑥*)
• Controls: elevator deflection (𝑢6'67), 
engine throttle (𝑢8.)
• 𝑋-: ellipsoid around the equilibrium
• Disturbance and unmodeled dynamics in elevator control channel:

GTM
<latexit sha1_base64="zQhiIN0ymxYQ5dFTngPD3z7jLJQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRg16ECv2CNpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMC2LBjXXdb6ewtr6xuVXcLu3s7u0flA+PWiZKNMMmi0SkOwE1KLjCpuVWYCfWSGUgsB2MbzO//YTa8Eg17CRGX9Kh4iFn1GbSXeOh1C9X3Ko7B1klXk4qkKPeL3/1BhFLJCrLBDWm67mx9adUW84Ezkq9xGBM2ZgOsZtSRSUafzq/dUbOUmVAwkinpSyZq78nplQaM5FB2impHZllLxP/87qJDa/9KVdxYlGxxaIwEcRGJHucDLhGZsUkJZRpnt5K2IhqymwaTxaCt/zyKmldVD236j1eVmo3eRxFOIFTOAcPrqAG91CHJjAYwTO8wpsjnRfn3flYtBacfOYY/sD5/AEPu42U</latexit><latexit sha1_base64="zQhiIN0ymxYQ5dFTngPD3z7jLJQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRg16ECv2CNpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMC2LBjXXdb6ewtr6xuVXcLu3s7u0flA+PWiZKNMMmi0SkOwE1KLjCpuVWYCfWSGUgsB2MbzO//YTa8Eg17CRGX9Kh4iFn1GbSXeOh1C9X3Ko7B1klXk4qkKPeL3/1BhFLJCrLBDWm67mx9adUW84Ezkq9xGBM2ZgOsZtSRSUafzq/dUbOUmVAwkinpSyZq78nplQaM5FB2impHZllLxP/87qJDa/9KVdxYlGxxaIwEcRGJHucDLhGZsUkJZRpnt5K2IhqymwaTxaCt/zyKmldVD236j1eVmo3eRxFOIFTOAcPrqAG91CHJjAYwTO8wpsjnRfn3flYtBacfOYY/sD5/AEPu42U</latexit><latexit sha1_base64="zQhiIN0ymxYQ5dFTngPD3z7jLJQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRg16ECv2CNpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMC2LBjXXdb6ewtr6xuVXcLu3s7u0flA+PWiZKNMMmi0SkOwE1KLjCpuVWYCfWSGUgsB2MbzO//YTa8Eg17CRGX9Kh4iFn1GbSXeOh1C9X3Ko7B1klXk4qkKPeL3/1BhFLJCrLBDWm67mx9adUW84Ezkq9xGBM2ZgOsZtSRSUafzq/dUbOUmVAwkinpSyZq78nplQaM5FB2impHZllLxP/87qJDa/9KVdxYlGxxaIwEcRGJHucDLhGZsUkJZRpnt5K2IhqymwaTxaCt/zyKmldVD236j1eVmo3eRxFOIFTOAcPrqAG91CHJjAYwTO8wpsjnRfn3flYtBacfOYY/sD5/AEPu42U</latexit><latexit sha1_base64="zQhiIN0ymxYQ5dFTngPD3z7jLJQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRg16ECv2CNpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMC2LBjXXdb6ewtr6xuVXcLu3s7u0flA+PWiZKNMMmi0SkOwE1KLjCpuVWYCfWSGUgsB2MbzO//YTa8Eg17CRGX9Kh4iFn1GbSXeOh1C9X3Ko7B1klXk4qkKPeL3/1BhFLJCrLBDWm67mx9adUW84Ezkq9xGBM2ZgOsZtSRSUafzq/dUbOUmVAwkinpSyZq78nplQaM5FB2impHZllLxP/87qJDa/9KVdxYlGxxaIwEcRGJHucDLhGZsUkJZRpnt5K2IhqymwaTxaCt/zyKmldVD236j1eVmo3eRxFOIFTOAcPrqAG91CHJjAYwTO8wpsjnRfn3flYtBacfOYY/sD5/AEPu42U</latexit>

x
<latexit sha1_base64="gi4QLkG7kic2zJnT3fUFV1107u0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eKthbaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKpV+tuXV3BrJMvILUoECzX/3qDWKWRlwhk9SYrucm6GdUo2CSTyu91PCEsjEd8q6likbc+Nns1Ck5scqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw0s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaZ/VPbfu3Z7XGldFHGU4gmM4BQ8uoAE30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AU9cjSQ=</latexit><latexit sha1_base64="gi4QLkG7kic2zJnT3fUFV1107u0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eKthbaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKpV+tuXV3BrJMvILUoECzX/3qDWKWRlwhk9SYrucm6GdUo2CSTyu91PCEsjEd8q6likbc+Nns1Ck5scqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw0s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaZ/VPbfu3Z7XGldFHGU4gmM4BQ8uoAE30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AU9cjSQ=</latexit><latexit sha1_base64="gi4QLkG7kic2zJnT3fUFV1107u0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eKthbaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKpV+tuXV3BrJMvILUoECzX/3qDWKWRlwhk9SYrucm6GdUo2CSTyu91PCEsjEd8q6likbc+Nns1Ck5scqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw0s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaZ/VPbfu3Z7XGldFHGU4gmM4BQ8uoAE30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AU9cjSQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="FMvNjgOBLfW9WFbjCMr/pPuSWYA=">AAAB33icbZDNSgMxFIXv1L86Vq1u3QSL4Kpk3OhScOOyom2FdiiZNNOGZjJDckcsQx/BjQtFfCt3vo2ZtgttPRD4OCch954oU9Iipd9eZWNza3unuuvv1fYPDutHtY5Nc8NFm6cqNY8Rs0JJLdooUYnHzAiWREp0o8lNmXefhLEy1Q84zUSYsJGWseQMnXX/7PuDeoM26VxkHYIlNGCp1qD+1R+mPE+ERq6Ytb2AZhgWzKDkSsz8fm5FxviEjUTPoWaJsGExH3VGzpwzJHFq3NFI5u7vFwVLrJ0mkbuZMBzb1aw0/8t6OcZXYSF1lqPQfPFRnCuCKSn3JkNpBEc1dcC4kW5WwsfMMI6unbKEYHXldehcNAPaDO4oVOEETuEcAriEa7iFFrSBwwhe4A3ePeW9eh+Luiresrdj+CPv8wc5WovP</latexit><latexit sha1_base64="FMvNjgOBLfW9WFbjCMr/pPuSWYA=">AAAB33icbZDNSgMxFIXv1L86Vq1u3QSL4Kpk3OhScOOyom2FdiiZNNOGZjJDckcsQx/BjQtFfCt3vo2ZtgttPRD4OCch954oU9Iipd9eZWNza3unuuvv1fYPDutHtY5Nc8NFm6cqNY8Rs0JJLdooUYnHzAiWREp0o8lNmXefhLEy1Q84zUSYsJGWseQMnXX/7PuDeoM26VxkHYIlNGCp1qD+1R+mPE+ERq6Ytb2AZhgWzKDkSsz8fm5FxviEjUTPoWaJsGExH3VGzpwzJHFq3NFI5u7vFwVLrJ0mkbuZMBzb1aw0/8t6OcZXYSF1lqPQfPFRnCuCKSn3JkNpBEc1dcC4kW5WwsfMMI6unbKEYHXldehcNAPaDO4oVOEETuEcAriEa7iFFrSBwwhe4A3ePeW9eh+Luiresrdj+CPv8wc5WovP</latexit><latexit sha1_base64="02yOR9ynVeNlLXL+zsicLm54bdU=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0m86LHoxWNF+wFtKJvtpl262YTdiVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXplIY9Lxvp7S2vrG5Vd52d3b39g8qh0ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+H4Zua3H7k2IlEPOEl5ENOhEpFgFK10/+S6/UrVq3lzkFXiF6QKBRr9yldvkLAs5gqZpMZ0fS/FIKcaBZN86vYyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQW5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOnMQvCXX14lrYua79X8O69avy7iKMMJnMI5+HAJdbiFBjSBwRCe4RXeHOm8OO/Ox6K15BQzx/AHzucPThyNIA==</latexit><latexit sha1_base64="gi4QLkG7kic2zJnT3fUFV1107u0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eKthbaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKpV+tuXV3BrJMvILUoECzX/3qDWKWRlwhk9SYrucm6GdUo2CSTyu91PCEsjEd8q6likbc+Nns1Ck5scqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw0s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaZ/VPbfu3Z7XGldFHGU4gmM4BQ8uoAE30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AU9cjSQ=</latexit><latexit sha1_base64="gi4QLkG7kic2zJnT3fUFV1107u0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eKthbaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKpV+tuXV3BrJMvILUoECzX/3qDWKWRlwhk9SYrucm6GdUo2CSTyu91PCEsjEd8q6likbc+Nns1Ck5scqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw0s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaZ/VPbfu3Z7XGldFHGU4gmM4BQ8uoAE30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AU9cjSQ=</latexit><latexit sha1_base64="gi4QLkG7kic2zJnT3fUFV1107u0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eKthbaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKpV+tuXV3BrJMvILUoECzX/3qDWKWRlwhk9SYrucm6GdUo2CSTyu91PCEsjEd8q6likbc+Nns1Ck5scqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw0s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaZ/VPbfu3Z7XGldFHGU4gmM4BQ8uoAE30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AU9cjSQ=</latexit><latexit sha1_base64="gi4QLkG7kic2zJnT3fUFV1107u0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eKthbaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKpV+tuXV3BrJMvILUoECzX/3qDWKWRlwhk9SYrucm6GdUo2CSTyu91PCEsjEd8q6likbc+Nns1Ck5scqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw0s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaZ/VPbfu3Z7XGldFHGU4gmM4BQ8uoAE30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AU9cjSQ=</latexit><latexit sha1_base64="gi4QLkG7kic2zJnT3fUFV1107u0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eKthbaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKpV+tuXV3BrJMvILUoECzX/3qDWKWRlwhk9SYrucm6GdUo2CSTyu91PCEsjEd8q6likbc+Nns1Ck5scqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw0s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaZ/VPbfu3Z7XGldFHGU4gmM4BQ8uoAE30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AU9cjSQ=</latexit><latexit sha1_base64="gi4QLkG7kic2zJnT3fUFV1107u0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eKthbaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKpV+tuXV3BrJMvILUoECzX/3qDWKWRlwhk9SYrucm6GdUo2CSTyu91PCEsjEd8q6likbc+Nns1Ck5scqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw0s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaZ/VPbfu3Z7XGldFHGU4gmM4BQ8uoAE30IQWMBjCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AU9cjSQ=</latexit>

K
<latexit sha1_base64="bLT10vdgEbgenfh4UIT2ZfR+yV0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi+Clgv2ANpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMCxPBjfW8b6e0tr6xuVXednd29/YPKodHLROnmmGTxSLWnZAaFFxh03IrsJNopDIU2A7Ht7nffkJteKwe7STBQNKh4hFn1ObSveu6/UrVq3lzkFXiF6QKBRr9yldvELNUorJMUGO6vpfYYEq15UzgzO2lBhPKxnSI3YwqKtEE0/mtM3KWKQMSxTorZclc/T0xpdKYiQyzTkntyCx7ufif101tdB1MuUpSi4otFkWpIDYm+eNkwDUyKyYZoUzz7FbCRlRTZrN48hD85ZdXSeui5ns1/+GyWr8p4ijDCZzCOfhwBXW4gwY0gcEInuEV3hzpvDjvzseiteQUM8fwB87nDz89jQs=</latexit><latexit sha1_base64="bLT10vdgEbgenfh4UIT2ZfR+yV0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi+Clgv2ANpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMCxPBjfW8b6e0tr6xuVXednd29/YPKodHLROnmmGTxSLWnZAaFFxh03IrsJNopDIU2A7Ht7nffkJteKwe7STBQNKh4hFn1ObSveu6/UrVq3lzkFXiF6QKBRr9yldvELNUorJMUGO6vpfYYEq15UzgzO2lBhPKxnSI3YwqKtEE0/mtM3KWKQMSxTorZclc/T0xpdKYiQyzTkntyCx7ufif101tdB1MuUpSi4otFkWpIDYm+eNkwDUyKyYZoUzz7FbCRlRTZrN48hD85ZdXSeui5ns1/+GyWr8p4ijDCZzCOfhwBXW4gwY0gcEInuEV3hzpvDjvzseiteQUM8fwB87nDz89jQs=</latexit><latexit sha1_base64="bLT10vdgEbgenfh4UIT2ZfR+yV0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi+Clgv2ANpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMCxPBjfW8b6e0tr6xuVXednd29/YPKodHLROnmmGTxSLWnZAaFFxh03IrsJNopDIU2A7Ht7nffkJteKwe7STBQNKh4hFn1ObSveu6/UrVq3lzkFXiF6QKBRr9yldvELNUorJMUGO6vpfYYEq15UzgzO2lBhPKxnSI3YwqKtEE0/mtM3KWKQMSxTorZclc/T0xpdKYiQyzTkntyCx7ufif101tdB1MuUpSi4otFkWpIDYm+eNkwDUyKyYZoUzz7FbCRlRTZrN48hD85ZdXSeui5ns1/+GyWr8p4ijDCZzCOfhwBXW4gwY0gcEInuEV3hzpvDjvzseiteQUM8fwB87nDz89jQs=</latexit><latexit sha1_base64="bLT10vdgEbgenfh4UIT2ZfR+yV0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi+Clgv2ANpTNdtIu3d2E3Y1QSv+CFw+KePUPefPfmLQ5aOuDgcd7M8zMCxPBjfW8b6e0tr6xuVXednd29/YPKodHLROnmmGTxSLWnZAaFFxh03IrsJNopDIU2A7Ht7nffkJteKwe7STBQNKh4hFn1ObSveu6/UrVq3lzkFXiF6QKBRr9yldvELNUorJMUGO6vpfYYEq15UzgzO2lBhPKxnSI3YwqKtEE0/mtM3KWKQMSxTorZclc/T0xpdKYiQyzTkntyCx7ufif101tdB1MuUpSi4otFkWpIDYm+eNkwDUyKyYZoUzz7FbCRlRTZrN48hD85ZdXSeui5ns1/+GyWr8p4ijDCZzCOfhwBXW4gwY0gcEInuEV3hzpvDjvzseiteQUM8fwB87nDz89jQs=</latexit>

+
<latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit>

+
<latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit>

�
<latexit sha1_base64="3Ocl8I5MsUJnjF26V77KqbvLwbo=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5zf3OE2gjYvWI0wT8iI2UCAVnaKVO/w4kssqgWnPr7hx0lXgFqZECzUH1qz+MeRqBQi6ZMT3PTdDPmEbBJcwq/dRAwviEjaBnqWIRGD+bnzujZ1YZ0jDWthTSufp7ImORMdMosJ0Rw7FZ9nLxP6+XYnjtZ0IlKYLii0VhKinGNP+dDoUGjnJqCeNa2FspHzPNONqE8hC85ZdXSfui7rl17+Gy1rgp4iiTE3JKzolHrkiD3JMmaRFOJuSZvJI3J3FenHfnY9FacoqZY/IHzucPluiPEA==</latexit><latexit sha1_base64="3Ocl8I5MsUJnjF26V77KqbvLwbo=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5zf3OE2gjYvWI0wT8iI2UCAVnaKVO/w4kssqgWnPr7hx0lXgFqZECzUH1qz+MeRqBQi6ZMT3PTdDPmEbBJcwq/dRAwviEjaBnqWIRGD+bnzujZ1YZ0jDWthTSufp7ImORMdMosJ0Rw7FZ9nLxP6+XYnjtZ0IlKYLii0VhKinGNP+dDoUGjnJqCeNa2FspHzPNONqE8hC85ZdXSfui7rl17+Gy1rgp4iiTE3JKzolHrkiD3JMmaRFOJuSZvJI3J3FenHfnY9FacoqZY/IHzucPluiPEA==</latexit><latexit sha1_base64="3Ocl8I5MsUJnjF26V77KqbvLwbo=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5zf3OE2gjYvWI0wT8iI2UCAVnaKVO/w4kssqgWnPr7hx0lXgFqZECzUH1qz+MeRqBQi6ZMT3PTdDPmEbBJcwq/dRAwviEjaBnqWIRGD+bnzujZ1YZ0jDWthTSufp7ImORMdMosJ0Rw7FZ9nLxP6+XYnjtZ0IlKYLii0VhKinGNP+dDoUGjnJqCeNa2FspHzPNONqE8hC85ZdXSfui7rl17+Gy1rgp4iiTE3JKzolHrkiD3JMmaRFOJuSZvJI3J3FenHfnY9FacoqZY/IHzucPluiPEA==</latexit><latexit sha1_base64="3Ocl8I5MsUJnjF26V77KqbvLwbo=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oQ9lsJ+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqObR4LGPdDZgBKRS0UKCEbqKBRYGETjC5zf3OE2gjYvWI0wT8iI2UCAVnaKVO/w4kssqgWnPr7hx0lXgFqZECzUH1qz+MeRqBQi6ZMT3PTdDPmEbBJcwq/dRAwviEjaBnqWIRGD+bnzujZ1YZ0jDWthTSufp7ImORMdMosJ0Rw7FZ9nLxP6+XYnjtZ0IlKYLii0VhKinGNP+dDoUGjnJqCeNa2FspHzPNONqE8hC85ZdXSfui7rl17+Gy1rgp4iiTE3JKzolHrkiD3JMmaRFOJuSZvJI3J3FenHfnY9FacoqZY/IHzucPluiPEA==</latexit>

v
<latexit sha1_base64="m3S3ubd9domfw/2okRqzlKfrIn0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7m0IJ/QdePCji1X/kzX/jps1Bqw8GHu/NMDMvSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udKSrNY/loZgn6ER1JHnJGjZUeppVBtebW3QXIX+IVpAYFmoPqZ38YszRCaZigWvc8NzF+RpXhTOC80k81JpRN6Ah7lkoaofazxaVzcmaVIQljZUsaslB/TmQ00noWBbYzomasV71c/M/rpSa89jMuk9SgZMtFYSqIiUn+NhlyhcyImSWUKW5vJWxMFWXGhpOH4K2+/Je0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYhPAEL/DqTJxn5815X7aWnGLmGH7B+fgGF8KNDg==</latexit><latexit sha1_base64="m3S3ubd9domfw/2okRqzlKfrIn0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7m0IJ/QdePCji1X/kzX/jps1Bqw8GHu/NMDMvSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udKSrNY/loZgn6ER1JHnJGjZUeppVBtebW3QXIX+IVpAYFmoPqZ38YszRCaZigWvc8NzF+RpXhTOC80k81JpRN6Ah7lkoaofazxaVzcmaVIQljZUsaslB/TmQ00noWBbYzomasV71c/M/rpSa89jMuk9SgZMtFYSqIiUn+NhlyhcyImSWUKW5vJWxMFWXGhpOH4K2+/Je0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYhPAEL/DqTJxn5815X7aWnGLmGH7B+fgGF8KNDg==</latexit><latexit sha1_base64="m3S3ubd9domfw/2okRqzlKfrIn0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7m0IJ/QdePCji1X/kzX/jps1Bqw8GHu/NMDMvSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udKSrNY/loZgn6ER1JHnJGjZUeppVBtebW3QXIX+IVpAYFmoPqZ38YszRCaZigWvc8NzF+RpXhTOC80k81JpRN6Ah7lkoaofazxaVzcmaVIQljZUsaslB/TmQ00noWBbYzomasV71c/M/rpSa89jMuk9SgZMtFYSqIiUn+NhlyhcyImSWUKW5vJWxMFWXGhpOH4K2+/Je0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYhPAEL/DqTJxn5815X7aWnGLmGH7B+fgGF8KNDg==</latexit><latexit sha1_base64="m3S3ubd9domfw/2okRqzlKfrIn0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7m0IJ/QdePCji1X/kzX/jps1Bqw8GHu/NMDMvSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udKSrNY/loZgn6ER1JHnJGjZUeppVBtebW3QXIX+IVpAYFmoPqZ38YszRCaZigWvc8NzF+RpXhTOC80k81JpRN6Ah7lkoaofazxaVzcmaVIQljZUsaslB/TmQ00noWBbYzomasV71c/M/rpSa89jMuk9SgZMtFYSqIiUn+NhlyhcyImSWUKW5vJWxMFWXGhpOH4K2+/Je0L+qeW/fuL2uNmyKOMpzAKZyDB1fQgDtoQgsYhPAEL/DqTJxn5815X7aWnGLmGH7B+fgGF8KNDg==</latexit>

+
<latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit>

+
<latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit><latexit sha1_base64="cW7Fr63sjKVVwlLUVW9qwYaMA+o=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBZBEEoigh6LXjxWsB/QhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5YSKFRc/7dkpr6xubW+Vtd2d3b/+gcnjUsnFqGG+yWMamE1LLpdC8iQIl7ySGUxVK3g7Hd7nffuLGilg/4iThgaJDLSLBKObSheu6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/mP1xV67dFHGU4gVM4Bx+uoQ730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AQ5djOs=</latexit> uth = uth,t

<latexit sha1_base64="wUN3vW5bGDNtW/RG0di7dDp+KnM=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuJCSiKAboejGZQV7gTaEyXTaDp1MwsyJUmIexY0LRdz6JO58G6dpFtr6w8DHf87hnPmDWHANjvNtlVZW19Y3ypuVre2d3T27ut/WUaIoa9FIRKobEM0El6wFHATrxoqRMBCsE0xuZvXOA1OaR/IepjHzQjKSfMgpAWP5djXxUxhn+ArncAqZb9ecupMLL4NbQA0Vavr2V38Q0SRkEqggWvdcJwYvJQo4FSyr9BPNYkInZMR6BiUJmfbS/PQMHxtngIeRMk8Czt3fEykJtZ6GgekMCYz1Ym1m/lfrJTC89FIu4wSYpPNFw0RgiPAsBzzgilEQUwOEKm5uxXRMFKFg0qqYENzFLy9D+6zuOnX37rzWuC7iKKNDdIROkIsuUAPdoiZqIYoe0TN6RW/Wk/VivVsf89aSVcwcoD+yPn8A6S+Twg==</latexit><latexit sha1_base64="wUN3vW5bGDNtW/RG0di7dDp+KnM=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuJCSiKAboejGZQV7gTaEyXTaDp1MwsyJUmIexY0LRdz6JO58G6dpFtr6w8DHf87hnPmDWHANjvNtlVZW19Y3ypuVre2d3T27ut/WUaIoa9FIRKobEM0El6wFHATrxoqRMBCsE0xuZvXOA1OaR/IepjHzQjKSfMgpAWP5djXxUxhn+ArncAqZb9ecupMLL4NbQA0Vavr2V38Q0SRkEqggWvdcJwYvJQo4FSyr9BPNYkInZMR6BiUJmfbS/PQMHxtngIeRMk8Czt3fEykJtZ6GgekMCYz1Ym1m/lfrJTC89FIu4wSYpPNFw0RgiPAsBzzgilEQUwOEKm5uxXRMFKFg0qqYENzFLy9D+6zuOnX37rzWuC7iKKNDdIROkIsuUAPdoiZqIYoe0TN6RW/Wk/VivVsf89aSVcwcoD+yPn8A6S+Twg==</latexit><latexit sha1_base64="wUN3vW5bGDNtW/RG0di7dDp+KnM=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuJCSiKAboejGZQV7gTaEyXTaDp1MwsyJUmIexY0LRdz6JO58G6dpFtr6w8DHf87hnPmDWHANjvNtlVZW19Y3ypuVre2d3T27ut/WUaIoa9FIRKobEM0El6wFHATrxoqRMBCsE0xuZvXOA1OaR/IepjHzQjKSfMgpAWP5djXxUxhn+ArncAqZb9ecupMLL4NbQA0Vavr2V38Q0SRkEqggWvdcJwYvJQo4FSyr9BPNYkInZMR6BiUJmfbS/PQMHxtngIeRMk8Czt3fEykJtZ6GgekMCYz1Ym1m/lfrJTC89FIu4wSYpPNFw0RgiPAsBzzgilEQUwOEKm5uxXRMFKFg0qqYENzFLy9D+6zuOnX37rzWuC7iKKNDdIROkIsuUAPdoiZqIYoe0TN6RW/Wk/VivVsf89aSVcwcoD+yPn8A6S+Twg==</latexit><latexit sha1_base64="wUN3vW5bGDNtW/RG0di7dDp+KnM=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuJCSiKAboejGZQV7gTaEyXTaDp1MwsyJUmIexY0LRdz6JO58G6dpFtr6w8DHf87hnPmDWHANjvNtlVZW19Y3ypuVre2d3T27ut/WUaIoa9FIRKobEM0El6wFHATrxoqRMBCsE0xuZvXOA1OaR/IepjHzQjKSfMgpAWP5djXxUxhn+ArncAqZb9ecupMLL4NbQA0Vavr2V38Q0SRkEqggWvdcJwYvJQo4FSyr9BPNYkInZMR6BiUJmfbS/PQMHxtngIeRMk8Czt3fEykJtZ6GgekMCYz1Ym1m/lfrJTC89FIu4wSYpPNFw0RgiPAsBzzgilEQUwOEKm5uxXRMFKFg0qqYENzFLy9D+6zuOnX37rzWuC7iKKNDdIROkIsuUAPdoiZqIYoe0TN6RW/Wk/VivVsf89aSVcwcoD+yPn8A6S+Twg==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

w
<latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit>

uelev = v + w
<latexit sha1_base64="chZ2LXUgmhE14Yurg1bu8smIfpc=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAZBEMKuCHoRgl48RjAPSJZldtJJhszOLvOIxCVf4sWDIl79FG/+jZNkD5pY0FBUddPdFaWcKe15387K6tr6xmZhq7i9s7tXcvcPGioxkkKdJjyRrYgo4ExAXTPNoZVKIHHEoRkNb6d+cwRSsUQ86HEKQUz6gvUYJdpKoVsyYQYcRhN8jUdn+DF0y17FmwEvEz8nZZSjFrpfnW5CTQxCU06UavteqoOMSM0oh0mxYxSkhA5JH9qWChKDCrLZ4RN8YpUu7iXSltB4pv6eyEis1DiObGdM9EAtelPxP69tdO8qyJhIjQZB54t6hmOd4GkKuMskUM3HlhAqmb0V0wGRhGqbVdGG4C++vEwa5xXfq/j3F+XqTR5HAR2hY3SKfHSJqugO1VAdUWTQM3pFb86T8+K8Ox/z1hUnnzlEf+B8/gCug5Ju</latexit><latexit sha1_base64="chZ2LXUgmhE14Yurg1bu8smIfpc=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAZBEMKuCHoRgl48RjAPSJZldtJJhszOLvOIxCVf4sWDIl79FG/+jZNkD5pY0FBUddPdFaWcKe15387K6tr6xmZhq7i9s7tXcvcPGioxkkKdJjyRrYgo4ExAXTPNoZVKIHHEoRkNb6d+cwRSsUQ86HEKQUz6gvUYJdpKoVsyYQYcRhN8jUdn+DF0y17FmwEvEz8nZZSjFrpfnW5CTQxCU06UavteqoOMSM0oh0mxYxSkhA5JH9qWChKDCrLZ4RN8YpUu7iXSltB4pv6eyEis1DiObGdM9EAtelPxP69tdO8qyJhIjQZB54t6hmOd4GkKuMskUM3HlhAqmb0V0wGRhGqbVdGG4C++vEwa5xXfq/j3F+XqTR5HAR2hY3SKfHSJqugO1VAdUWTQM3pFb86T8+K8Ox/z1hUnnzlEf+B8/gCug5Ju</latexit><latexit sha1_base64="chZ2LXUgmhE14Yurg1bu8smIfpc=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAZBEMKuCHoRgl48RjAPSJZldtJJhszOLvOIxCVf4sWDIl79FG/+jZNkD5pY0FBUddPdFaWcKe15387K6tr6xmZhq7i9s7tXcvcPGioxkkKdJjyRrYgo4ExAXTPNoZVKIHHEoRkNb6d+cwRSsUQ86HEKQUz6gvUYJdpKoVsyYQYcRhN8jUdn+DF0y17FmwEvEz8nZZSjFrpfnW5CTQxCU06UavteqoOMSM0oh0mxYxSkhA5JH9qWChKDCrLZ4RN8YpUu7iXSltB4pv6eyEis1DiObGdM9EAtelPxP69tdO8qyJhIjQZB54t6hmOd4GkKuMskUM3HlhAqmb0V0wGRhGqbVdGG4C++vEwa5xXfq/j3F+XqTR5HAR2hY3SKfHSJqugO1VAdUWTQM3pFb86T8+K8Ox/z1hUnnzlEf+B8/gCug5Ju</latexit><latexit sha1_base64="chZ2LXUgmhE14Yurg1bu8smIfpc=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAZBEMKuCHoRgl48RjAPSJZldtJJhszOLvOIxCVf4sWDIl79FG/+jZNkD5pY0FBUddPdFaWcKe15387K6tr6xmZhq7i9s7tXcvcPGioxkkKdJjyRrYgo4ExAXTPNoZVKIHHEoRkNb6d+cwRSsUQ86HEKQUz6gvUYJdpKoVsyYQYcRhN8jUdn+DF0y17FmwEvEz8nZZSjFrpfnW5CTQxCU06UavteqoOMSM0oh0mxYxSkhA5JH9qWChKDCrLZ4RN8YpUu7iXSltB4pv6eyEis1DiObGdM9EAtelPxP69tdO8qyJhIjQZB54t6hmOd4GkKuMskUM3HlhAqmb0V0wGRhGqbVdGG4C++vEwa5xXfq/j3F+XqTR5HAR2hY3SKfHSJqugO1VAdUWTQM3pFb86T8+K8Ox/z1hUnnzlEf+B8/gCug5Ju</latexit>

<latexit sha1_base64="pLaEi2Z2xl2duaR5Xsp64YFLymA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCbOznWTIzOwyMyuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmmvvH9weHRcOTltmyTTDFssEYnuRtSg4ApblluB3VQjlZHATjS5m/udJ9SGJ+rRTlMMJR0pPuSMWid1skHOZDwbVKp+zV+ArJOgIFUo0BxUvvpxwjKJyjJBjekFfmrDnGrLmcBZuZ8ZTCmb0BH2HFVUognzxbkzcumUmAwT7UpZslB/T+RUGjOVkeuU1I7NqjcX//N6mR3Ww5yrNLOo2HLRMBPEJmT+O4m5RmbF1BHKNHe3EjammjLrEiq7EILVl9dJ+7oW+LXg4abaqBdxlOAcLuAKAriFBtxDE1rAYALP8ApvXuq9eO/ex7J1wytmzuAPvM8foASPtg==</latexit><latexit sha1_base64="pLaEi2Z2xl2duaR5Xsp64YFLymA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCbOznWTIzOwyMyuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmmvvH9weHRcOTltmyTTDFssEYnuRtSg4ApblluB3VQjlZHATjS5m/udJ9SGJ+rRTlMMJR0pPuSMWid1skHOZDwbVKp+zV+ArJOgIFUo0BxUvvpxwjKJyjJBjekFfmrDnGrLmcBZuZ8ZTCmb0BH2HFVUognzxbkzcumUmAwT7UpZslB/T+RUGjOVkeuU1I7NqjcX//N6mR3Ww5yrNLOo2HLRMBPEJmT+O4m5RmbF1BHKNHe3EjammjLrEiq7EILVl9dJ+7oW+LXg4abaqBdxlOAcLuAKAriFBtxDE1rAYALP8ApvXuq9eO/ex7J1wytmzuAPvM8foASPtg==</latexit><latexit sha1_base64="pLaEi2Z2xl2duaR5Xsp64YFLymA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCbOznWTIzOwyMyuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmmvvH9weHRcOTltmyTTDFssEYnuRtSg4ApblluB3VQjlZHATjS5m/udJ9SGJ+rRTlMMJR0pPuSMWid1skHOZDwbVKp+zV+ArJOgIFUo0BxUvvpxwjKJyjJBjekFfmrDnGrLmcBZuZ8ZTCmb0BH2HFVUognzxbkzcumUmAwT7UpZslB/T+RUGjOVkeuU1I7NqjcX//N6mR3Ww5yrNLOo2HLRMBPEJmT+O4m5RmbF1BHKNHe3EjammjLrEiq7EILVl9dJ+7oW+LXg4abaqBdxlOAcLuAKAriFBtxDE1rAYALP8ApvXuq9eO/ex7J1wytmzuAPvM8foASPtg==</latexit><latexit sha1_base64="pLaEi2Z2xl2duaR5Xsp64YFLymA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCbOznWTIzOwyMyuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VpYIb6/vf3sbm1vbObmmvvH9weHRcOTltmyTTDFssEYnuRtSg4ApblluB3VQjlZHATjS5m/udJ9SGJ+rRTlMMJR0pPuSMWid1skHOZDwbVKp+zV+ArJOgIFUo0BxUvvpxwjKJyjJBjekFfmrDnGrLmcBZuZ8ZTCmb0BH2HFVUognzxbkzcumUmAwT7UpZslB/T+RUGjOVkeuU1I7NqjcX//N6mR3Ww5yrNLOo2HLRMBPEJmT+O4m5RmbF1BHKNHe3EjammjLrEiq7EILVl9dJ+7oW+LXg4abaqBdxlOAcLuAKAriFBtxDE1rAYALP8ApvXuq9eO/ex7J1wytmzuAPvM8foASPtg==</latexit>

𝑋/
samples of 
FRS estimate for



Nonlinear Reachability Analysis

45

2.   Backward Reachability:  Given target set 𝑋9 find a set of initial
states (BRS) and a controller that drives states from BRS to 𝑋9 

𝐺: nominal plant model

𝑑: disturbance

Δ: unmodeled dynamics 
characterized by IQC as before

�
<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

v
<latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit>

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>

w
<latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

BRS

t = 0 t = T

XT
<latexit sha1_base64="SHYgzuOOOWWj1wmbslvq1YOZAoE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GrpjQpJbwIvHiNkgGUJPpydp0rPQ3SOEkE/w4kERr36RN//GziKo6IOCx3tVVNXzEym0wfjDyWxsbm3vZHdze/sHh0f545O2jlPFeIvFMlZdn2ouRcRbRhjJu4niNPQl7/iT64XfuedKizhqmmnCvZCOIhEIRo2V7rqD5iBfwC6uXBFSQdglpFgkNUtKuIbLZURcvEQB1mgM8u/9YczSkEeGSap1j+DEeDOqjGCSz3P9VPOEsgkd8Z6lEQ259mbLU+fowipDFMTKVmTQUv0+MaOh1tPQt50hNWP921uIf3m91ARVbyaiJDU8YqtFQSqRidHibzQUijMjp5ZQpoS9FbExVZQZm07OhvD1KfqftIsusRHdlgr16jqOLJzBOVwCgQrU4QYa0AIGI3iAJ3h2pPPovDivq9aMs545hR9w3j4BYKaN0w==</latexit><latexit sha1_base64="SHYgzuOOOWWj1wmbslvq1YOZAoE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GrpjQpJbwIvHiNkgGUJPpydp0rPQ3SOEkE/w4kERr36RN//GziKo6IOCx3tVVNXzEym0wfjDyWxsbm3vZHdze/sHh0f545O2jlPFeIvFMlZdn2ouRcRbRhjJu4niNPQl7/iT64XfuedKizhqmmnCvZCOIhEIRo2V7rqD5iBfwC6uXBFSQdglpFgkNUtKuIbLZURcvEQB1mgM8u/9YczSkEeGSap1j+DEeDOqjGCSz3P9VPOEsgkd8Z6lEQ259mbLU+fowipDFMTKVmTQUv0+MaOh1tPQt50hNWP921uIf3m91ARVbyaiJDU8YqtFQSqRidHibzQUijMjp5ZQpoS9FbExVZQZm07OhvD1KfqftIsusRHdlgr16jqOLJzBOVwCgQrU4QYa0AIGI3iAJ3h2pPPovDivq9aMs545hR9w3j4BYKaN0w==</latexit><latexit sha1_base64="SHYgzuOOOWWj1wmbslvq1YOZAoE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GrpjQpJbwIvHiNkgGUJPpydp0rPQ3SOEkE/w4kERr36RN//GziKo6IOCx3tVVNXzEym0wfjDyWxsbm3vZHdze/sHh0f545O2jlPFeIvFMlZdn2ouRcRbRhjJu4niNPQl7/iT64XfuedKizhqmmnCvZCOIhEIRo2V7rqD5iBfwC6uXBFSQdglpFgkNUtKuIbLZURcvEQB1mgM8u/9YczSkEeGSap1j+DEeDOqjGCSz3P9VPOEsgkd8Z6lEQ259mbLU+fowipDFMTKVmTQUv0+MaOh1tPQt50hNWP921uIf3m91ARVbyaiJDU8YqtFQSqRidHibzQUijMjp5ZQpoS9FbExVZQZm07OhvD1KfqftIsusRHdlgr16jqOLJzBOVwCgQrU4QYa0AIGI3iAJ3h2pPPovDivq9aMs545hR9w3j4BYKaN0w==</latexit><latexit sha1_base64="SHYgzuOOOWWj1wmbslvq1YOZAoE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GrpjQpJbwIvHiNkgGUJPpydp0rPQ3SOEkE/w4kERr36RN//GziKo6IOCx3tVVNXzEym0wfjDyWxsbm3vZHdze/sHh0f545O2jlPFeIvFMlZdn2ouRcRbRhjJu4niNPQl7/iT64XfuedKizhqmmnCvZCOIhEIRo2V7rqD5iBfwC6uXBFSQdglpFgkNUtKuIbLZURcvEQB1mgM8u/9YczSkEeGSap1j+DEeDOqjGCSz3P9VPOEsgkd8Z6lEQ259mbLU+fowipDFMTKVmTQUv0+MaOh1tPQt50hNWP921uIf3m91ARVbyaiJDU8YqtFQSqRidHibzQUijMjp5ZQpoS9FbExVZQZm07OhvD1KfqftIsusRHdlgr16jqOLJzBOVwCgQrU4QYa0AIGI3iAJ3h2pPPovDivq9aMs545hR9w3j4BYKaN0w==</latexit>

Control design now part of
the formulation:
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then                                               is a BRS inner approximation. 

If ∃	storage function                               and control                               :

• Can use SOS to search for 𝑉 and 𝑘 by restricting 𝑉, 𝑘, 𝐹, 𝐻 to be 
polynomials and 𝑋9 to be semi-algebraic

• The dissipation inequality is 
     bilinear in 𝑉 and 𝑘. Alternate the
    search between the two.
• BRS inner-approximation is
     useful even if we don’t commit
     to using the control 𝑘	obtained
     along with the approximation.
     

BRS

t = 0 t = T

XT
<latexit sha1_base64="SHYgzuOOOWWj1wmbslvq1YOZAoE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GrpjQpJbwIvHiNkgGUJPpydp0rPQ3SOEkE/w4kERr36RN//GziKo6IOCx3tVVNXzEym0wfjDyWxsbm3vZHdze/sHh0f545O2jlPFeIvFMlZdn2ouRcRbRhjJu4niNPQl7/iT64XfuedKizhqmmnCvZCOIhEIRo2V7rqD5iBfwC6uXBFSQdglpFgkNUtKuIbLZURcvEQB1mgM8u/9YczSkEeGSap1j+DEeDOqjGCSz3P9VPOEsgkd8Z6lEQ259mbLU+fowipDFMTKVmTQUv0+MaOh1tPQt50hNWP921uIf3m91ARVbyaiJDU8YqtFQSqRidHibzQUijMjp5ZQpoS9FbExVZQZm07OhvD1KfqftIsusRHdlgr16jqOLJzBOVwCgQrU4QYa0AIGI3iAJ3h2pPPovDivq9aMs545hR9w3j4BYKaN0w==</latexit><latexit sha1_base64="SHYgzuOOOWWj1wmbslvq1YOZAoE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GrpjQpJbwIvHiNkgGUJPpydp0rPQ3SOEkE/w4kERr36RN//GziKo6IOCx3tVVNXzEym0wfjDyWxsbm3vZHdze/sHh0f545O2jlPFeIvFMlZdn2ouRcRbRhjJu4niNPQl7/iT64XfuedKizhqmmnCvZCOIhEIRo2V7rqD5iBfwC6uXBFSQdglpFgkNUtKuIbLZURcvEQB1mgM8u/9YczSkEeGSap1j+DEeDOqjGCSz3P9VPOEsgkd8Z6lEQ259mbLU+fowipDFMTKVmTQUv0+MaOh1tPQt50hNWP921uIf3m91ARVbyaiJDU8YqtFQSqRidHibzQUijMjp5ZQpoS9FbExVZQZm07OhvD1KfqftIsusRHdlgr16jqOLJzBOVwCgQrU4QYa0AIGI3iAJ3h2pPPovDivq9aMs545hR9w3j4BYKaN0w==</latexit><latexit sha1_base64="SHYgzuOOOWWj1wmbslvq1YOZAoE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GrpjQpJbwIvHiNkgGUJPpydp0rPQ3SOEkE/w4kERr36RN//GziKo6IOCx3tVVNXzEym0wfjDyWxsbm3vZHdze/sHh0f545O2jlPFeIvFMlZdn2ouRcRbRhjJu4niNPQl7/iT64XfuedKizhqmmnCvZCOIhEIRo2V7rqD5iBfwC6uXBFSQdglpFgkNUtKuIbLZURcvEQB1mgM8u/9YczSkEeGSap1j+DEeDOqjGCSz3P9VPOEsgkd8Z6lEQ259mbLU+fowipDFMTKVmTQUv0+MaOh1tPQt50hNWP921uIf3m91ARVbyaiJDU8YqtFQSqRidHibzQUijMjp5ZQpoS9FbExVZQZm07OhvD1KfqftIsusRHdlgr16jqOLJzBOVwCgQrU4QYa0AIGI3iAJ3h2pPPovDivq9aMs545hR9w3j4BYKaN0w==</latexit><latexit sha1_base64="SHYgzuOOOWWj1wmbslvq1YOZAoE=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GrpjQpJbwIvHiNkgGUJPpydp0rPQ3SOEkE/w4kERr36RN//GziKo6IOCx3tVVNXzEym0wfjDyWxsbm3vZHdze/sHh0f545O2jlPFeIvFMlZdn2ouRcRbRhjJu4niNPQl7/iT64XfuedKizhqmmnCvZCOIhEIRo2V7rqD5iBfwC6uXBFSQdglpFgkNUtKuIbLZURcvEQB1mgM8u/9YczSkEeGSap1j+DEeDOqjGCSz3P9VPOEsgkd8Z6lEQ259mbLU+fowipDFMTKVmTQUv0+MaOh1tPQt50hNWP921uIf3m91ARVbyaiJDU8YqtFQSqRidHibzQUijMjp5ZQpoS9FbExVZQZm07OhvD1KfqftIsusRHdlgr16jqOLJzBOVwCgQrU4QYa0AIGI3iAJ3h2pPPovDivq9aMs545hR9w3j4BYKaN0w==</latexit>



Nonlinear Reachability Analysis

47

Example: Six-state quadrotor model

Credit: DJI

C
<latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit><latexit sha1_base64="/9k1Jv5/ArFaNoalXd7NEFzrfuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUrA/KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryu1uzyOIpzBOVyCBzdQg3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AleWMxw==</latexit>

�
<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit> xG

<latexit sha1_base64="S9XHDYnnlLbY9FIsNB5SaJcx1P8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2L1gOOE+xEdKBEKRtFK90+9m1654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF76mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvXcqnd3Xqld5XEU4QiO4RQ8uIAa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wctCI22</latexit><latexit sha1_base64="S9XHDYnnlLbY9FIsNB5SaJcx1P8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2L1gOOE+xEdKBEKRtFK90+9m1654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF76mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvXcqnd3Xqld5XEU4QiO4RQ8uIAa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wctCI22</latexit><latexit sha1_base64="S9XHDYnnlLbY9FIsNB5SaJcx1P8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2L1gOOE+xEdKBEKRtFK90+9m1654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF76mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvXcqnd3Xqld5XEU4QiO4RQ8uIAa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wctCI22</latexit><latexit sha1_base64="S9XHDYnnlLbY9FIsNB5SaJcx1P8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMrqd+65FrI2L1gOOE+xEdKBEKRtFK90+9m1654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF76mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvXcqnd3Xqld5XEU4QiO4RQ8uIAa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wctCI22</latexit>v
<latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

w
<latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit>

G
<latexit sha1_base64="KkWWpXIYpqlaqPnX64JSRkZFKKU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCBz22YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOl5t2gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPW/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDmPOMwQ==</latexit><latexit sha1_base64="KkWWpXIYpqlaqPnX64JSRkZFKKU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCBz22YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOl5t2gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPW/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDmPOMwQ==</latexit><latexit sha1_base64="KkWWpXIYpqlaqPnX64JSRkZFKKU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCBz22YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOl5t2gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPW/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDmPOMwQ==</latexit><latexit sha1_base64="KkWWpXIYpqlaqPnX64JSRkZFKKU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCBz22YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOl5t2gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPW/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDmPOMwQ==</latexit>
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Example: Six-state quadrotor model
BRS inner-approximation with 
degree-2 and degree-4 polynomial 
storage functions:

Credit: DJI
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•  
• Computation times:    

18 min. for degree-2; 
60 min for degree-4

• Higher degree: tighter 
approximation but 
longer computation
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Key take-aways:
• We can account for dynamic uncertainty in reachability analysis
• Dissipation formulation played a key role:

• to accommodate dynamic uncertainty (described by IQCs) and 
disturbances simultaneously

• to translate analysis/synthesis to optimization problems, via      
S-procedure  and SOS programming

• No gridding of state space required (unlike Hamilton-Jacobi or 
symbolic control methods, which suffer exponential growth in 
complexity with state dimension).

• However, scalability is still a challenge for the SOS procedures 
mentioned



Discrete-Time IQCs
We can define discrete-time IQCs analogously to their continuous-
time counterparts.  In this case, “summation quadratic constraints” 
(SQCs) would be more appropriate terminology but we’ll continue to 
use “IQCs “.

Definition: A discrete-time system Δ satisfies the IQC defined by a 
stable filter Ψ and a matrix 𝐽 = 𝐽( ∈ ℝ !)3!! ×(!)3!!) if every 𝑣 ∈ ℓ$ 
and 𝑤 = Δ(𝑣) satisfies:

Most continuous-time IQCs have 
similar discrete-time versions.  
We’ll briefly discuss a few cases on the next slides.
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Example: Sector-bounded Nonlinearity 
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Example: Slope-Restricted Nonlinearity 
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Define	Ψ as the system shown above. It contains delays to store 
𝑣(𝑡 − 1) and 𝑤(𝑡 − 1). Then, Δ satisfies the IQC defined by (Ψ, 𝐽).  
• This is called the “off-by-one” IQC [Lessard, Recht, Packard, 2016].
• This leads to the more general Zames-Falb IQC [Carrasco, et al, 2019; 

Scherer, 2022; Zames, Falb, 1968].

Example: Slope-Restricted Nonlinearity 
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Slope-Restricted Nonlinearity
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Wake-up Problems
Suppose Δ is a nonlinearity,  𝑤 = 𝑓(𝑣), whose 
slope lies in 𝛼, 𝛽 ≔ [0,1] and 𝑓(0) = 0.
1) Write a quadratic constraints on 𝑣 𝑡 , 𝑤 𝑡 ( representing the 
sector constraint at time 𝑡.
2) Write a quadratic constraints on 𝑣 𝑡 − 1 ,𝑤 𝑡 − 1 ( 
representing the sector constraint at time 𝑡 − 1.
3) Write a quadratic constraints on 𝑣 𝑡 , 𝑣 𝑡 − 1 ,𝑤 𝑡 , 𝑤 𝑡 − 1 ( 
representing the slope constraint at times 𝑡 and 𝑡 − 1.
4) Write a general QC formed by the conic combination of the QCs 
created in parts a)-c).  Note that you can scale QC 𝑖 by a non-
negative constant 𝜆% for 𝑖 = 1,2,3.



Constructing storage functions using IQCs
The analysis procedure consists of the following steps:
1. Express the uncertain system as an LFT 𝐹2(𝑀, Δ) 
with the uncertainty/nonlinearity in  Δ.
2. Specify an IQC (𝐽, Ψ) for Δ. This bounds the 
Input/output characteristics of Δ.
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Constructing storage functions using IQCs
The analysis procedure consists of the following steps:
1. Express the uncertain system as an LFT 𝐹2(𝑀, Δ) 
with the uncertainty/nonlinearity in  Δ.
2. Specify an IQC (𝐽, Ψ) for Δ. This bounds the 
Input/output characteristics of Δ.
3. Append the IQC dynamics to the system. The
appended system has the dynamics of M and Ψ.

4. Write a dissipation inequality on the
appended system exploiting the IQC. (See next slide.)

Note: Multiple uncertainties/nonlinearities can be combined into 
Δ=diag(Δ#, … , Δ!) and each block can have multiple IQCs.

56



Constructing storage functions using IQCs

The appended system has the form:

Suppose there is a storage function 𝑉(𝑥6) = 𝑥6(	𝑃	𝑥6  with 𝑃 ≥ 0 such 
that the dissipation inequality (DI) holds along trajectories:
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Constructing storage functions using IQCs

The appended system has the form:

Suppose there is a storage function 𝑉(𝑥6) = 𝑥6(	𝑃	𝑥6  with 𝑃 ≥ 0 such 
that the dissipation inequality (DI) holds along trajectories:

Summing from 𝑡 = 0 to 𝑡 = 𝑇 yields:

If 𝑥6(0) = 0, 𝑑 ∈ ℓ$ then we can let 𝑇 → ∞ to obtain ||𝑒||$ ≤ 𝛾||𝑑||$.
The DI + IQC verifies the uncertain system 𝐹2(𝑀, Δ) has ℓ$ gain ≤ 	𝛾. 
With a few additional technical details, we can prove 𝑥6 𝑡 → 	0.
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Constructing storage functions using IQCs

The appended system has the form:

Suppose there is a storage function 𝑉(𝑥6) = 𝑥6(	𝑃	𝑥6  with 𝑃 ≥ 0 such 
that the dissipation inequality (DI) holds along trajectories:

This DI can be expressed as an LMI:
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Summary

In this lesson:
• We introduced sum-of-squares (SOS) optimization. 
• We merged SOS methods with our dissipation inequality/IQC 

formalism to assess the stability and performance of polynomial 
systems. This included results for nonlinear reachability.

• We generalized our dissipation inequality / IQC results to systems 
that are linear time-varying (LTV) or discrete-time.

Next lesson: Application of the methods to optimization algorithms 
and games.
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IQCs for LTV Systems
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Discrete-Time IQCs
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See Web site for problems and solutions.

sites.google.com/berkeley.edu/dissipation-iqc

https://sites.google.com/berkeley.edu/dissipation-iqc

