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Detailed Topics General Topics Sources 
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1.1 
System Description  

Nonlinear Systems: An 
Introduction 

[1,2,3,6] 

Types of Systems 
Equilibrium Points 

1.2 Stability of First-Order Systems 
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2.1 
Autonomous (Time Invariant) Systems 

Nonlinear State Models  
Unforced Systems 

Affine Systems 

2.2 Essentially Nonlinear Phenomena 
Common Types of Nonlinearities 
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3.1 
Vector and Matrix Norms 

Some Linear Algebraic Concepts 

[1,3] 

Norm Inequalities  
Hölder's Inequality 

3.2 
Sufficient Conditions for being Locally Lipschitz Continuity and Lipschitz 

Conditions Necessary and Sufficient Conditions for being 
Globally Lipschitz 

3.3 Local Existence and Uniqueness Existence and Uniqueness 
Theorems Global Existence and Uniqueness 

3.4 Sensitivity Equations Differentiability of Solutions [1] 
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 4.1 Gronwall-Bellman Inequality Compute Bounds on Solutions [1,3] Comparison Principle 

4.2 

Sum of Vectors 

Second-Order Systems [1,2,3] Qualitative Behavior of Linear Systems 
Qualitative Behavior Near Equilibrium Points 

Lyapunov's Indirect Method 
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5.1 
The Method of Isocline 

Constructing Phase Portraits 

[1,2,3] 

Numerical Construction of Phase Portraits 

5.2 Types of Limit Cycles 

Limit Cycles 
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6.1 
Bendixon Criterion 

Poincaré-Bendixon Criterion 

6.2 Types of Stability Stability of Equilibrium Points 
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7.1 

Lyapunov Function 

Lyapunov Stability [1,2,3,4] 

Lyapunov's Theorem 
Lyapunov Surface (Level Sets) 

Energy and Dissipation Functions 
7.2 A Lyapunov Global Asymptotic Stability Theorem 
7.3 A Lyapunov Exponential Stability Theorem 
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8.1 
Quadratic Forms of Lyapunov Functions 

Lyapunov Equation 
Variable Gradient Method 

8.2 A Lyapunov Global Exponential Stability Theorem 
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 9.1 Instability Theorems 

9.2 

The Invariance Principle 
Positive Limit Point/Set 

 (Positively) Invariant Sets 
LaSalle's Theorem 
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 10.1 Exponential Stability 

10.2 
Region of Attraction 

Estimate of Region of Attraction 
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11.1 

Time-Varying Systems  
Comparison Functions 

Uniform Stability 
Lyapunov Theorems for Time-Varying Systems 

11.2 Converse Theorems 
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 12.1 Class K functions 

12.2 
Linearization Principle 

Invariance Like Theorems 
12.3 Barbalat's Lemma 
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 13.1 Saddle-Node Bifurcation 

Bifurcation [1,4,6,8,9] 

13.2 Transcritical Bifurcation 
13.3 Pitchfork Bifurcation 
13.4 Hopf Bifurcation  
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 14.1 Homoclinic Bifurcation 

14.2 Hamiltonian Systems 

14.3   Implicit Function Theorem 
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15.1 Invariant Manifolds 
The Center Manifold Theorem [1,5] 

15.2 Reduction Theorem 
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16.1 
Definition 

 (Ultimate) Boundedness [1] 
Lyapunov Analysis 
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17.1 Vanishing Perturbations 

Stability of Perturbed Systems 

[1] 18 
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18.1 Non-vanishing Perturbations 

18.2 Stability Analysis of Interconnected Systems Interconnected Systems 
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 19.1 Parameterized Families of Systems 

Slowly Varying Systems 19.2 Uniform Stability in Parameter 

19.3 Linear Parameterized Systems 
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 20.1 Standard Form 

Singular Perturbations 

[1,7] 
Time-Scale Properties of the Standard Model 

20.2 Boundary-Layer Systems 
Exponential Stability of Boundary-Layer System 

20.3 Tikhonov Theorem 
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21.1 Slow and Fast Manifolds 
[1,7,10] 

21.2 Stability Analysis 
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 22.1 Passivity Formalism  

Passivity 

[1,2,11] 

22.2 Memoryless Functions 

22.3 
Sector Nonlinearity 

State Models 
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23.1 Positive Real Transfer Functions 

Absolute Stability 

Strictly Positive Real Functions 
23.2 Positive Real Lemma 
23.3 Kalman-Yakubovich-Popov Lemma 
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 24.1 Connection with Lyapunov Stability 

24.2 Absolute Stability 

24.3 Circle Criterion 
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25.1 Popov Criterion 
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26.1 Input-to-State Stability of Systems 
Input-to-State Stability [1] 

262 Stability of Cascade Systems  
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27.1 P-norms 

Input-Output Stability [1,3,11] 

27.2 𝐿𝐿𝑝𝑝 Space 
27.3 Causality 

27.4 

𝐿𝐿 − Stability 
Small-Signal 𝐿𝐿 − Stability 

Finite-Gain 𝐿𝐿 − Stability 
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28.1 𝐿𝐿2 Gain 
Input-Output Stability 

[1,11] 

28.2 𝐿𝐿2 Stability 
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29.1 Passivity of Feedback Connection 

Passivity 
29.2 Asymptotic Stability of Feedback Connections in terms 

of Passivity  

29.3 Loop Transformation 

29.4 𝐿𝐿2 Stability of Feedback Connections in terms of 
Passivity 
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 30.1 Small-Gain Theorem 

Input-Output Stability 

30.2 Finite Gain 𝐿𝐿 Stability of Feedback Connection 
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