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What Are Numerical Methods
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* Numerical methods are techniques by which mathematical problems are formulated
so that they can be solved with arithmetic operations {+.-%*/} that can then be
performed by a computer.
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Numerical Analysis

Motivation

* Although there are many kinds of numerical methods, they have one common
characteristic: they invariably involve large numbers of tedious arithmetic

calculations.
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* It is little wonder that with the development of fast, efficient digital computers, the

role of numerical methods in engineering problem solving has increased dramatically

in recent years.
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Non-Computer Methods

* Solutions were derived for some problems using analytical, or exact, methods.
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* Graphical solutions were used to characterize the behavior of systems.
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Non-Computer Methods Yy
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®* Calculators and slide rules were used to implement numerical methods manually.
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Pre-Computer Era _.
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During the pre-computer era, significant amounts of energy were expended on the
solution technique itself, rather than on problem definition and interpretation
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Today, computers and numerical methods provide an alternative for such complicated
calculations.
Computer can be used to obtain solutions directly.
2
T Numerical methods represent alternatives that greatly enlarge your capabilities to
=]
confront and solve problems.
As a result, more time is available for the use of your creative skills.
More emphasis on problem formulation and solution interpretation and the
» incorporation of total system, or “holistic,” awareness.
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FORMULATION FORMIEATION
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make problem tractable
method
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2 INTERPRETATION INTERPRETATION
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& In-depth analysis Ease of calculation
T limited by time- allows holistic thoughts
s consuming solution and intuition to develop;
£ system sensitivity and behavior
2 can be studied
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The Most Mathematical Areas in Numerical Method a%?
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1. Roots of Equations
2. Systems of Linear Algebraic Equations
§ 3. Optimization
. 4. Curve Fitting
5. Integration
6. Ordinary Differential Equations
¢ 7. Partial Differential Equations
:
2
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The Most Mathematical Areas in Numerical Method H%D
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®* Roots of equations: concerns with finding the value of a variable that satisfies a single
nonlinear equation — especial valuable in engineering design where it is often

impossible to explicitly solve design equations of parameters.

Solve flx) = 0 for x.

flx) 4

Root

Y
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: The Most Mathematical Areas in Numerical Method
% ﬁjl;_u_i[
®* Roots of equations: concerns with finding the value of a variable that satisfies a single
nonlinear equation — especial valuable in engineering design where it is often
impossible to explicitly solve design equations of parameters.
" Some simple equations can be solved analytically:
x>’ +4x+3=0
—4+. /42 —2(D)(3
Analytic solution roots = \/ OIC)
2(1)
x=—1land x = —3
—é Many other equations have no analytical solution:
<
g x?—2x*245=0 : :
£ x } No analytic solution
3 xX=e
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The Most Mathematical Areas in Numerical Method E%V

6)liodl

Methods for Solving Nonlinear Equations

-
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The Most Mathematical Areas in Numerical Method EL%V
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* Systems of linear equations: a set of values is sought that simultaneously satisfies a set
of linear algebraic equations. They arise in all disciplines of engineering, e.g.,
structure, electric circuits, fluid networks; also in curve fitting and differential

eq uations. Given the a's and the ¢'s, solve

anXq + aipX = €

Ax1Xq + Ay = €y
for the x's.

________ Solution
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The Most Mathematical Areas in Numerical Method %Y/
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* Systems of linear equations: a set of values is sought that simultaneously satisfies a set
of linear algebraic equations. They arise in all disciplines of engineering, e.g.,
structure, electric circuits, fluid networks; also in curve fitting and differential

eq uations.

x1+x2=3
x1+2x2=5

We can solve it as:

x1=3_x2, 3_x2+2x2=5
Sx,=2, x=3-2=1

What to do if we have 1000 equations in 1000 unknowns.
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Methods for $olving Systems of Linear
Equations
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The Most Mathematical Areas in Numerical Method EL%V
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* Optimization: determine a value or values of an independent variable that correspond

to a “best” or optimal value of a function. It occurs routinely in engineering contexts.

Determine x that gives optimum fix).

f(x)

Minimum

w ¥
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The Most Mathematical Areas in Numerical Method H%V
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® Curve Fitting: to fit curves to data points. Two types: regression and interpolation.

X

fix) 4

1 Interpolation
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The Most Mathematical Areas in Numerical Method %H
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® Curve Fitting: to fit curves to data points. Two types: regression and interpolation.

Experimental results are often of the first type.

®* Given a set of data:

Xx 0

y 05

10.3

21.3

v

® Select a curve that best fits the data. One choice is to find the curve so

that the sum of the square of the error is minimized.
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The Most Mathematical Areas in Numerical Method LZ\R;’

® Curve Fitting: to fit curves to data points. Two types: regression and interpolation.

Experimental results are often of the first type.

®* Given a set of data:

Xi

Yi

0.5

10.3

15.3

v

® Find a polynomial P(x)whose graph passes through all tabulated points.

y; = P(x;) if x; isin the table
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The Most Mathematical Areas in Numerical Method H%V
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* Integration: determination of the area or volume under a curve or a surface. It has

many appllcatlons In engineering practlce, such as.

I=J"flx)dx
Find the area under the curve.

flx) 4

https://manara.edu.sy/ Slide 21


https://manara.edu.sy/

The Most Mathematical Areas in Numerical Method EL%V

<
S
g8 ,
2 0)lioall
® Integration: determination of the area or volume under a curve or a surface. It has
many applications in engineering practice, such as.

5
E Some functions can be integrated analytically:
[

3

3
j o Lla 9 1_,
xdx = —x === =
2 2 2

1 1

But many functions have no analytical solutions:

a
s j e~ dx =2
e
< 0
8
b
€
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The Most Mathematical Areas in Numerical Method EL%V
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= Ordinary Differential Equations: very important in engineering practice, because many
physical laws are couched in terms of the rate of change of a quantity rather than the

magnitude of the quantity itself, such as ....

Given
dy Ay
E ~ E =f([' y)

solve for y as a function of r.
Yie1=Yi+ flt;, y;) At

Slope =
T Ay
e— At —
| | .
tl ti+1 !
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The Most Mathematical Areas in Numerical Method %Y/
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* Partial Differential Equations: used to characterize engineering systems where the
behavior of a physical quantity is couched in terms of the rate of change with respect
to two or more independent variables. Examples: steady-state distribution of
temperature of a heated plate (two spatial dimensions) or the time-variable

temperature of a heated rod (time and one spatial dimension).

Given

n2 2
o“u o“u

— + — = flx, y)

ax? (')_\'2 A
solve for u as a function of
xandy
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Numerical Methods and Engineering Practice .l%
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Since the late 1940s the widespread availability of digital computers has led to a

veritable explosion in the use and development of numerical methods.

At first, this growth was somewhat limited by the cost of access to large mainframe

computers.

The recent evolution of inexpensive personal computers has given us ready access to

powerful computational capabilities.
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Why You Need to Learn Numerical Methods? ﬂ%‘”

it
* Numerical methods are extremely powerful problem-solving tools.

® During your career, you may often need to use commercial computer programs
(canned programs) that involve numerical methods. You need to know the basic
theory of numerical methods in order to be a better user.

* You will often encounter problems that cannot be solved by existing canned programs;
you must write your own program of numerical methods.

* Numerical methods are an efficient vehicle for Iearning to use computers.

® Numerical methods provide a good opportunity for you to reinforce your
understanding of mathematics.

You need that in your life as an engineer or a scientist
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Mathematical Background
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VECTORS

Vector :a one dimensional array of numbers
Examples:

2
rowvector [l 4 2|  column vector L}

ldentity vectors e;=| |, e,=| |, 3=

o O O

o O —» O

o O O B

L O O O

v
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Numerical Analysis

Matrix :a two dimensional array of numbers
Examples:

.10 0 O _ _ (1 0
Zero matrix Identity matrix
0 0O 0 1

10 0 0 1 20 0
I R R P
diagonal ,Tridiagonal

0 000 N4 1

0 0 06| 0 02 1
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Examples:
E 2 -1
2 symmetric| 1 5 |, upper triangular
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Adding and Multiplying Matrices

The addition of two matrices A and B
* Definedonly if they have the same size
* C=A+B&c;=a;tb; Vi, ]

Multiplication of two matrices A(nxm) and B(pxq)
* The product C = ABis definedonly if m=p

* C=ABec; =) a.hy, Vi, j
k=1

v
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: Multiplying Matrices -
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A B
1 2 5 6 19 22
o4 =
3 4 7 8 43 50
1 x6 + 2 x 8 = 22
1 x5 + 2 x(7 = 19
3 x5 +4 x /] = 43
Z 3 x6 +4x@8 = 50
g 8 multiplications
2
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DETERMINANT of MATRECIS

Determinant Of A Matrix

aei + bfg + cdh - afh - bdi - ceg

[
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Numerical Analysis

DETERMINANT of MATRECIS

Defined for square matricesonly

Examples:

2 3 -1
0 5 3 -
detj] 1 0 5 |=2 - -
5 4 5 4

-1 5 4

= 2(=25)-1(12 +5) —1(15—0) = —82

:

;
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2 Inverse of Matrices e
g 6)lioJI
Inverse of 2x2 Matrix
N ab
: If A= |:c: d:| then
o i
& | At =1 d -b
/ ad-bc |-c a
VAN
2 Inverse Determinant Adjoint
] of A of A of A
<
§ Note: A'exists only whenad - bc #0
2
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