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Introduction to Calculus

• Definition of calculus: The branch of mathematics that deals
with the study of rates of change and accumulation.

• Importance in simulation and modeling: Calculus provides
essential tools for analyzing and predicting dynamic systems.

• Applications of Calculus in Modeling and Simulation - Rate of
Change: Calculus helps in analyzing how quantities change
over time in dynamic systems.

• Optimization: Techniques like optimization involve finding
maximum or minimum values of functions, which often
requires calculus.
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Birth of Calculus

• Method of exaustion (Archimeds).
• Ibn Lhaytham
• Thabit bin korra
• Translation
• Isaac Newton
• Gottfried Leibniz
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Fundamental Concepts

• Differentiation: The process of finding the rate of change of a
function. Notation: df

dx or f ′(x)
• Integration: The process of finding the accumulation of a

quantity over a given interval. - Notation:
∫
f (x) dx
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Differentiation

• Definition: Given a function f (x), its derivative f ′(x)
represents the rate of change of f with respect to x .
Example: f (x) = x2 - f ′(x) = 2x
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Rules of Differentiation

• Power Rule: d
dx (x

n) = nxn−1

• Sum/Difference Rule: d
dx (f (x)± g(x)) = df

dx ± dg
dx

• Product Rule: d
dx (f (x) · g(x)) = f ′(x)g(x) + f (x)g ′(x)

• Quotient Rule: d
dx

(
f (x)
g(x)

)
= f ′(x)g(x)−f (x)g ′(x)

(g(x))2
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Integration

• Definition: Given a function f (x), its integral
∫
f (x) dx

represents the accumulation of f with respect to x . Example:∫
x2 dx = 1

3x
3 + C
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Techniques of Integration

• Substitution: Involves making a substitution to simplify the
integral.

• Integration by parts: Useful for integrating products of
functions.

• Partial fractions: Used for integrating rational functions.
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Example of Techniques of Integration 1

• Direct Integration: Consider the following indefinite integral:∫
(3x2 + 2 sin(x)− ex) dx

Using the basic rules of integration, we can integrate each
term separately:∫

(3x2 + 2 sin(x)− ex) dx = x3 − 2 cos(x)− ex + C

where C is the constant of integration.
• Integration by Parts: Consider the following definite integral:∫

x cos(x) dx

Using the integration by parts method with u = x and
dv = cos(x) dx , we get:∫

x cos(x) dx = x sin(x)−
∫

sin(x) dx = x sin(x)+cos(x)+C
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Example of Techniques of Integration 2

• Change of Variable: Consider the following indefinite integral:∫
2x

(x2 + 1)2
dx

Using the substitution u = x2 + 1, we have du = 2x dx , so
1
2du = x dx . Substituting this into the integral, we get:∫

2x
(x2 + 1)2

dx =
1
2

∫
1
u2 du = − 1

2u
+ C = − 1

2(x2 + 1)
+ C

• Partial Fraction Decomposition: Consider the following
indefinite integral: ∫

1
x2 + x

dx

We can decompose this fraction into partial fractions using
the method of partial fraction decomposition. After
decomposition, we get:∫

1
x2 + x

dx =

∫ (
1
x
− 1

x + 1

)
dx = ln |x | − ln |x + 1|+ C
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Practical Example 1

• Let’s consider a simple example of population growth.
Imagine you’re studying the growth of a population of
bacteria in a Petri dish. The rate at which the population
grows depends on various factors such as the initial population
size, the availability of nutrients, and the carrying capacity of
the environment. This scenario can be modeled using a
differential equation known as the logistic growth model.
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Practical Example 1 solution

• Let’s consider a simple example of population growth.
Imagine you’re studying the growth of a population of
bacteria in a Petri dish. The rate at which the population
grows depends on various factors such as the initial population
size, the availability of nutrients, and the carrying capacity of
the environment. This scenario can be modeled using a
differential equation known as the logistic growth model.
The logistic growth model can be represented by the following
ordinary differential equation:

dP

dt
= rP

(
1 − P

K

)
Where: - P represents the population size. - t represents time.
- r represents the intrinsic growth rate of the population. - K
represents the carrying capacity of the environment.
In this equation, the term dP

dt represents the rate of change of
the population size with respect to time, which is the
derivative of the population function P(t) with respect to
time t.
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Practical Example 2

• Imagine you’re designing a roller coaster ride and you want to
ensure that the ride is both thrilling and safe for passengers.
One important aspect to consider is the forces experienced by
riders as they travel along the track. Calculus can be used to
model these forces and optimize the design of the roller
coaster.
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Practical Example 2 Solution

• One crucial factor in designing roller coasters is understanding
the forces acting on the riders as they experience changes in
velocity and direction. Newton’s second law of motion, which
relates force F to mass m and acceleration a (F = ma), can
be expressed in terms of calculus as a differential equation:

F = m
dv

dt
Where: - F represents the force experienced by the rider. - m
represents the mass of the rider. - dv

dt represents the rate of
change of velocity with respect to time.
In the context of a roller coaster, the force experienced by
riders includes gravitational force, centripetal force due to
curvature in the track, and potentially other forces like air
resistance.
To model the forces experienced by riders, you would need to
analyze the geometry of the roller coaster track and how it
influences velocity changes. This involves concepts from
calculus such as derivatives (for velocity) and integrals (for
calculating work done by forces).
Using calculus, you can develop equations that describe the
acceleration and forces experienced by riders at various points
along the track. This information can then be used to
optimize the design of the roller coaster, ensuring that the
forces experienced by riders are within safe limits while still
providing an exciting experience.
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Practical Example 3

• Consider a simple mechanical system consisting of a mass m
attached to a spring with spring constant k. The mass is
subject to an external force F (t) and experiences damping
due to friction with damping coefficient c . We want to model
the motion of the mass as it responds to these forces.
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Practical Example 3 Solution

• We can start by applying Newton’s second law of motion,
which relates force to mass and acceleration. The equation of
motion for this system can be expressed as a second-order
ordinary differential equation:

m
d2x

dt2
+ c

dx

dt
+ kx = F (t)

Where: - x(t) represents the displacement of the mass from
its equilibrium position as a function of time. - d2x

dt2
represents

the acceleration of the mass. - dx
dt represents the velocity of

the mass. - F (t) represents the external force applied to the
mass at time t.
This second-order differential equation describes the dynamics
of the system. Solving this equation allows us to determine
how the displacement of the mass x(t) changes over time in
response to the applied force F (t).
Practical applications of this model include analyzing the
behavior of vibrating systems, such as oscillations in a car’s
suspension or the motion of a building during an earthquake.
By adjusting parameters such as the mass, spring constant,
damping coefficient, and applied force, engineers can optimize
the design of mechanical systems to meet desired performance
criteria, such as stability, responsiveness, and energy efficiency.

Dr. Ilyes Naidji Computer Science Department, Mohamed Khider University of Biskra Academic year: 2023/2024

Modeling and Simulation 20 / 23



Set Theory Linear Algebra Calculus Probability Modeling and Simulation of Dynamic Systems

1 Set Theory

2 Linear Algebra

3 Calculus

4 Probability

5 Modeling and Simulation of Dynamic Systems

Dr. Ilyes Naidji Computer Science Department, Mohamed Khider University of Biskra Academic year: 2023/2024

Modeling and Simulation 21 / 23



Set Theory Linear Algebra Calculus Probability Modeling and Simulation of Dynamic Systems

1 Set Theory

2 Linear Algebra

3 Calculus

4 Probability

5 Modeling and Simulation of Dynamic Systems

Dr. Ilyes Naidji Computer Science Department, Mohamed Khider University of Biskra Academic year: 2023/2024

Modeling and Simulation 22 / 23


	 Set Theory
	Linear Algebra
	Calculus
	Probability
	Modeling and Simulation of Dynamic Systems

