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Textbook

Peter R. Turner, 

"Guide to Sceintific Computing" (Second"Guide to Sceintific Computing" (Second 
Edition), Macmillan Press LTD, 2000. 
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Content (I)

MM1: Introduction to numerical 
methods and Matlab 
MM2 App o imate e al ation ofMM2: Approximate evaluation of 
functions 
MM3: Iterative solutions of equations 
MM4: Newton's iteration method
MM5: Secant iteration method 
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Content (II)

MM6: Lagrange interpolation method 
MM7:Spline interpolation methods 
MM8: Solutions to differential equations 
MM9: Runge-Kutta methods and 
multistep methods 
MM10: Systems of differential equations 
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MM1: Introduction to numerical 
methods and Matlab 

Introduction 
Number representation and errors 
Matlab 
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Why do we need NM? 

Machine computing 
Number representations (e.g., pi, 1.0000000123)
Arithmetic calculation (e.g., 1/3, sqrt(2), e2… )
Algorithm development for solving complicated 
problems
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What does NM concern? 

Representation errors 
Accuracy 
Computation speedComputation speed 
Required computation power
Efficiency 
Robustness 
Robust, efficient computing algorithms with 
prescribed (acceptable) accuracy  
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One practical example: 
multi-pump scheduling and control (I)

8

One practical example: 
multi-pump scheduling and control (II)
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One practical example: 
multi-pump scheduling and control (III)

•Data acquisitionq
•Data analysis 
•Interpolation 
•Mathematical modeling
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One practical example: 
multi-pump scheduling and control (IV)

• Constraint optimization
• Numerical solution
• Mixed integer nonlinear 
programming

• Lagrangian multipliers
method

• Newton’s mthod 
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One practical example: 
multi-pump scheduling and control (V)

13

Practical example: 
Control of offshore HVAC system (I)
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Practical example: 
Control of offshore HVAC system (II)
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Practical example: 
Control of offshore HVAC system (III)
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Practical example: 
Control of offshore HVAC system (IV)

• Mathematical modeling 
• Simulation (Matlab)
Differential equations

• Model predictive control 
(on-line optimization)
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Introduction to Matlab....

>> demo
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Number representation
Range of numbers
Accuracy of representation
Fixed-point number 
Floating-point number 

Numbers are in general represented approximately to a fixed 
number of significant digits and scaled using an exponent. The 
base for the scaling is normally 2, 10 or 16. 
The typical number that can be represented exactly is of the form: 

significant digits × baseexponent
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Floating-point representation
Base (radix): 

decimal (10), binary (2), hexadecimal (16) 
Mantissa (significant digits, significand)
Exponent 
Normalization 
floating-point numbers achieve their greater range at 
the expense of precision.

20

IEEE 754 Standard
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Floating-point arithmetic 
Addition and subtraction 
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Loss of significant Digits 
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Sources of errors

Rounding errors
Truncation errors 
Overflow errorsOverflow errors 
Underflow errors
Modeling errors 
Ill-conditioning errors 
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Consequences of errors 

The Patriot Missile Failure

ESA: Ariane 5 LauncherESA: Ariane 5 Launcher 
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Example: Remedy to errors
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Measures of errors (precision)

Regarding to a number
Absolute error 
Relative errorRelative error 

Regarding to a function
L_infty norm
L_1 norm 
L_2 norm 
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Matlab Basics 
Format short, long, short e, 
String, print (fprintf)
Arithemetic operations
Mathematical functions 
Vectors (column, row)
Colon, semi-colon
Linspace, logspace
Array arithmetic 
String functions
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See appendix A 1-11

Summary

Necessarity of having basic NM 
Number representation and errors 

Floating point representationFloating-point representation

Start with Matlab

Next lecture – series approximation of 
functions
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