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A polynomial function is a function of a single variable that can 

be expressed in the general form:

Where the variable is x and the polynomial coefficient are 

represented by the values a0, a1….an. 

The degree of a polynomial is equal to the largest value used as 

an exponent.  

Cubic (degree 3) polynomial

Example for Cubic polynomial

Polynomial Functions
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There are several ways to evaluate a polynomial using MATLAB

Example:

If x is a vector or a 

matrix

or

Polynomial Functions



MUSES_SECRET: ORF-RE Project   - © PAMI Research Group – University of Waterloo 6/226L10, BSE122: 2016-2017 Suez University © Dr. Alaa Khamis

This code will generate 201 points of the polynomial over the 

desired interval.

Polynomial Functions
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• Polynomial Operations

MATLAB statements to perform this polynomial addition are

Polynomial Functions
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MATLAB contains functions to perform polynomial 

multiplication and division:

Polynomial Functions
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• Example:

Polynomial Functions
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As expected, the quotient coefficient vector is [3,-5,6,-2], which 

represents a quotient polynomial of 3x3-5x2+6x-2, the remainder 

vector contains zeros.

Polynomial Functions
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• Roots of Polynomial: 

The solution of many engineering problems involve finding the 

roots of an equation of the form

Where the roots are the values of x for which y is equal to 0.

Roots of this polynomial are 2 and -3

Polynomial Functions
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• Cubic polynomial:

Examples of functions:

Polynomial Functions
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Polynomial Functions
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Example:

Value of the polynomial 

at the roots

The result

Polynomial Functions

• Roots of Polynomial:
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Consider the following system of three equations with three 

unknowns:

3x+2y-z=10

-x+3y+2z=5

x-y-z=-1

























111

231

123

A



















z

y

x

X





















1

5

10

B

BAX 

Solutions to Systems of Linear Equations
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Consider the following system of three equations with three 

unknowns:
3x + 2y – x = 10

-x + 3y + 2z = 5

x - y   - z   = -1
BAC 

A=[3 , 2 , -1 ; -1 , 3 , 2 ; 1 , -1 , -1];

B=[10 ; 5 ; -1];

C=A\B;

Try this: C=B/A; And try this also:C=inv(A)*B;

Solutions to Systems of Linear Equations
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Example: Electrical Circuit Analysis
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Using input values for the resistors and voltage sources, compute 

the three mesh currents in the circuit shown in the figure.

Example: Electrical Circuit Analysis
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Resistor Values

Voltage Values

Current values

The following I/O diagram shows the five resistor value inputs 

and two voltage source inputs to the program. The output 

consists of the three mesh currents. 

Example: Electrical Circuit Analysis
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For a hand example, we use the following values:

R1=R2=R3=R4=R5=1 ohm

V1=V2=5 volts.

The corresponding set of equations is then

We use MATLAB to compute the solution 520
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A=[2,-1,0;-1,3,-1;0,-1,2];

B=[5;,0;-5];

X=A\B;

ERR=sum(A*X-B)

This gives:

X=

2.5000

0

-2.5000

ERR=

0

Example: Electrical Circuit Analysis
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Example: Electrical Circuit Analysis
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Enter resistor values in ohms,  [R1…R5]  [1 1 1 1 1]

Enter voltage values in volts, [V1 V2]   [5 5]

Mesh Currents

i=

2.5000

0

-2.5000

Enter resistor values in ohms,  [R1…R5]  [2 8 6 6 4]

Enter voltage values in volts, [V1 V2]   [40 20]

Mesh Currents

i=

5.6000

2.0000

-0.8000

Example: Electrical Circuit Analysis
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• Statement of an Optimization Problem

An optimization or a mathematical programming problem can 

be stated as follows.

subject to the constraints
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Optimization Problem
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Objective 

Function

Design vector (Set 

of unknowns or 

decision variables)

Optimization Problem

Set of inequality 

and/or equality 

constraints

+ +

f(X)
 Tnxxx ...21X )(  ),( XX jj lg

Optimization Problem
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• Example-1:

◊objective 

function

f=fuel economy

◊Design vector or unknown ◊Constraints

distance traveled per 

unit of fuel used; in 

miles per gallon (mpg) 

or kilometres per litre 

(km/L), 

Optimization Problem

   Km/hor mph in  speedcar 1  xX limit speed)( 11  xg X
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Problem 

Statement

Formulate an 

optimization 

problem

Use a solver

Optimization Problem
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• What Is the Optimization Toolbox?

Matlab Optimization Toolbox

 Collection of functions that extends Matlab capabilities

 Includes functions to solve difficult optimization problems

Minimization and Maximization Problems

Multi-variable objective function optimization

Linear and Quadratic optimization

Nonlinear system of equation solving

Nonlinear least squares and curve-fitting
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Matlab Optimization Toolbox

Non-linear inequality

Non-linear equality

Linear inequality

Linear equality

Bounds
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Matlab Optimization Toolbox
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• Examples using the Matlab Optimization Toolbox

– Unconstrained Example

– Constrained Example

– Constrained With Bounds Example

Matlab Optimization Toolbox
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• Unconstrained Example

Matlab Optimization Toolbox

min
𝑥

𝑒𝑥1[4 𝑥1
2 + 2 𝑥2

2 + 4 𝑥1𝑥2 + 2𝑥2 + 1]

𝑥 =
𝑥1
𝑥2
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• Unconstrained Example

Matlab Optimization Toolbox



MUSES_SECRET: ORF-RE Project   - © PAMI Research Group – University of Waterloo 36/2236L10, BSE122: 2016-2017 Suez University © Dr. Alaa Khamis

• Constrained Example

Matlab Optimization Toolbox

Such that

1.5 𝑥1𝑥2 − 𝑥1 − 𝑥2 ≤ 0

−𝑥1 × 𝑥2 ≤ 10

min
𝑥

𝑒𝑥1[4 𝑥1
2 + 2 𝑥2

2 + 4 𝑥1𝑥2 + 2𝑥2 + 1]

𝑥 =
𝑥1
𝑥2

𝑐 𝑥 ≤ 0
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• Constrained Example

Matlab Optimization Toolbox
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• Constrained With Bounds Example

Matlab Optimization Toolbox

Such that

1.5 𝑥1 × 𝑥2 − 𝑥1 − 𝑥2 ≤ 0

−𝑥1 × 𝑥2 ≤ 10

min
𝑥

𝑒𝑥1[4 𝑥1
2 + 2 𝑥2

2 + 4 𝑥1𝑥2 + 2𝑥2 + 1]

𝑥1
2 + 𝑥2 − 1 = 0

𝑐 𝑥 ≤ 0

𝑐𝑒𝑞 𝑥 ≤ 0

𝑥1 ≤ 0

𝑥2 ≤ 0
𝑙𝑏 ≤ 𝑥
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• Constrained With Bounds Example

Matlab Optimization Toolbox
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A very simple design problem in engineering is to design a 

spring under tension and/or compression for given 

requirements or constraints including minimum deflection, 

outer diameter, frequency, and maximum shear stress. 

For a given problem such as forming a 

spring using a wire, the adjustable 

parameters or design variables are the 

wire diameter w (thickness), the 

coil diameter d, and the length L 

(or equivalently, the number of active 

coils). 

[1]

• Spring Design

Design Problem
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[1]

This design optimization problem can be formulated as follows:

The simple bounds are

If we use the Matlab program, we can find the following best 

solution:

• Spring Design

Design Problem
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• Spring Design

Design Problem
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The bounds can be written as

with the lower bound

and the upper bound

Starting from an educated guess

UbxLb 

]0.2;25.0;05.0[Lb

]0.15;3.1;0.2[Ub

]10;5.0;1.0[0 x

• Spring Design

Design Problem
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Run

• Spring Design

Design Problem
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Pressure vessels are literarily everywhere such as bottles of 

sparkling drink, and gas tanks. For a given volume and working 

pressure, the basic aim of designing a cylindrical vessel is to 

minimize the total cost.

Typically, the design variables 

are:

◊ the thickness d1 of the head,

◊ the thickness d2 of the body,

◊ the inner radius r, and 

◊ the length L of the cylindrical 

section.

• Pressure Vessels

Design Problem
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This is a well-known test problem for and it can be written as

The simple bounds are

It is worth pointing out that d1 and d2 should only take discrete 

values of integer multiples of 0.0625.

Solution:

• Pressure Vessels

Design Problem
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• Pressure Vessels

Design Problem
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The first three inequalities g1,g2,g3 can be written as
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The simple bounds can be rewritten as

𝐿𝑏 = [𝑑; 𝑑; 10; 10]; 𝑈𝑏 = [99 × 𝑑; 99 × 𝑑; 200; 200],

where 𝑑 = 0.0625.

• Pressure Vessels

Design Problem
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• Pressure Vessels

Design Problem

Run
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Conclusion

• Matlab is a high-level and interactive environment used 

by millions of engineers and scientists worldwide.

• It enables rapid development of prototypes.

• Mathematical optimization problems have three components.

• Decision variables.

• Objective function.

• Constraints.

• Matlab optimization toolbox can be used to solve these 

problems.


