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Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic
• Unlimited population growth: xt+1 = r xt

• Non-linear dynamical system: Equations are non-linear

• Output is not proportional to input
• Predator-prey system
• Weather
• Financial markets

• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt
• Starvation: (1− xt)
• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2

23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic

• Unlimited population growth: xt+1 = r xt
• Non-linear dynamical system: Equations are non-linear

• Output is not proportional to input
• Predator-prey system
• Weather
• Financial markets

• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt
• Starvation: (1− xt)
• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2

23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic
• Unlimited population growth: xt+1 = r xt

• Non-linear dynamical system: Equations are non-linear

• Output is not proportional to input
• Predator-prey system
• Weather
• Financial markets

• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt
• Starvation: (1− xt)
• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2

23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic
• Unlimited population growth: xt+1 = r xt

• Non-linear dynamical system: Equations are non-linear

• Output is not proportional to input
• Predator-prey system
• Weather
• Financial markets

• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt
• Starvation: (1− xt)
• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2
23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic
• Unlimited population growth: xt+1 = r xt

• Non-linear dynamical system: Equations are non-linear
• Output is not proportional to input

• Predator-prey system
• Weather
• Financial markets

• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt
• Starvation: (1− xt)
• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2

23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic
• Unlimited population growth: xt+1 = r xt

• Non-linear dynamical system: Equations are non-linear
• Output is not proportional to input
• Predator-prey system

• Weather
• Financial markets

• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt
• Starvation: (1− xt)
• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2

23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic
• Unlimited population growth: xt+1 = r xt

• Non-linear dynamical system: Equations are non-linear
• Output is not proportional to input
• Predator-prey system
• Weather

• Financial markets
• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt
• Starvation: (1− xt)
• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2

23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic
• Unlimited population growth: xt+1 = r xt

• Non-linear dynamical system: Equations are non-linear
• Output is not proportional to input
• Predator-prey system
• Weather
• Financial markets

• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt
• Starvation: (1− xt)
• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2

23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic
• Unlimited population growth: xt+1 = r xt

• Non-linear dynamical system: Equations are non-linear
• Output is not proportional to input
• Predator-prey system
• Weather
• Financial markets

• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt
• Starvation: (1− xt)
• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2

23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic
• Unlimited population growth: xt+1 = r xt

• Non-linear dynamical system: Equations are non-linear
• Output is not proportional to input
• Predator-prey system
• Weather
• Financial markets

• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt

• Starvation: (1− xt)
• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2

23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic
• Unlimited population growth: xt+1 = r xt

• Non-linear dynamical system: Equations are non-linear
• Output is not proportional to input
• Predator-prey system
• Weather
• Financial markets

• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt
• Starvation: (1− xt)

• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2

23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Definitions

• Dynamical system: Set of equations specifying how variables
change over time

• Stochastic or deterministic
• Unlimited population growth: xt+1 = r xt

• Non-linear dynamical system: Equations are non-linear
• Output is not proportional to input
• Predator-prey system
• Weather
• Financial markets

• Limited population growth (logistic map):
xt+1 = r xt (1− xt)

• Reproduction: r xt
• Starvation: (1− xt)
• Deterministic

t
0 5 10 15 20 25

x t

0

20

40

60

80

100

r = 1.2

23/11/2016 Complex Systems Studies Workshop Non-Linear Dynamics and Chaos 1/6



Definitions Dynamics Bifurcation Diagram Chaos Attractor

Dynamics
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Bifurcation Diagram
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Chaos

• Apparent randomness

• Deterministic
• Sensitive dependence on initial conditions (butterfly effect)
• Long-term unpredictability
• Structure
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Attractor

• Embedding

• Return Map
• Dimension (box-counting algorithm)
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Thank you!

Questions?
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