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Preface

MATLAB (short for MATrix LABoratory) is a special-put-pose computer pro-

gram optimized to perform engineering and scientific calculations. It started life

as a program designed to perform matrix mathematics, but over the years it has

grown into a flexible computing system capable of solving essentially any tech-
nical problem.

The MATLAB program implements the MATLAB language and provides a

very extensive library of predefined functions to make technical programming

tasks easier and more efficient. This extremely wide variety of functions makes it

much easier to solve technical problems in MATLAR than in other languages

such as Fortran or C. This book introduces the MATLAB language and shows

how to use it to solve typical technical problems.

This book teaches MATLAB as a technical programming langua ge. showing
students how to write clean, efficient, and documented programs. It makes no

pretense at being a complete description of all of MATLAB's hundreds of fut-c-
tions, Instead, it teaches the student how, to use NIATLAB as a langua ge. and ho
to locate any desired function with MATLABs extensive on-line help faciltties

The first six chapters of the text are desi gned to serve as the text for an
"Introduction to Programmin g Problem Solving • course for freshman engineer-
ills students. This material should fit comfortabl y into a 9-week. 3-hour course.
The remaining chapters cover advanced topics such as 10 and graphical user

interfaces. These chapters may be covered in a longer course or used as a refer-

ence by engineering students or practicing engineers who use NIATLAB as a part
of their coursework or employment

V
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Changes in the Third Edition

The third edition of this book is specificall y devoted to MATLAB 7. MATLAB 7
contains many langua ge and tool chainzcs, and this book had to he revised exten-
si clv for the new version. Some of the major chan ges include:

' Case-sensittve function and direc!orv name- on all platforms.

• Function handles.

• 1 he use of an end statement at the end of functions.
• Nested thnetions.

• Math operations with single and inte ge. data types.

• Major revision of the GUI code, includin g the addition of panels, button
g rouns, and toolbars. The code auto-cencrated by guide has been totally

chan ged. Frames have been deprecated.

• Major revisions to prog ramming tools, such as the addition of conditional

breakpoints and the nl.int tool to check For poor progrmmiiig i,ractices
within an NI-file.

The changes in MATLAB are so major that many MATLAB 7 ptoerams (especiaily
GUIs) may not he backward compatible with earlier versions of NIATLAB. Jfou
are workin g with an earlier version of M \TLAB, do not use this book- ---get the

Second Edition instead. Both the Second Edition and the Third Edition of this hook

will remain available until the transition to MATLAB 7 is essentially compcte.

The Advantages of MATLAB for Technical_Programming

MATLAB has many advanta ges compared to conventional computer languages
for technical problem solving. These include:

1. Ease of Use

MATLAB is an interpreted langua ge. like many versions of Basic, Like
Basic, it is ver y easy to use. Theprogram can bc i,ed as a scratch pad

to caluate expressions typed at the command Lac, c  t can be Lce:l t

execute large prewritten programs. Programs may oe easily wia:icfl
and modified with the built-in integrated development ens mionmemit and
debu gged with the MATLAB debu gger. Because the languaee is s:' easy
to use, it is ideal for educational use and for therapid prutot pio of oe.v
programs

Many program development tools arc Iros iaed to make the prcer-Ln1
eas y to use They include an inte g rated editor du gg e, on-Lac Eoeu-
nientalion amid manuals, a workspacehrowser, and OXtCOive dei,ic.

2. Platform Independence

\IAT L-\[3 is ippoitej on many different computer V,-tCfl5.1110\.,
large measure of platform independence At the time of this i I tO-f. tuC

language is supported on Windows NT 2000 \P. Linux. L Ili\...md ihe
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Macintosh. p rog rams \vrittcrl on anY platiotiii ' ill run on all of the
platforms, and data files \vrittcit ott an platform ma y bc read tran p jr-
ently on any other platform. As ii [cSLilt. proo rams \ Fl lien itt I \T I - \H
can mierate to ne\\ plattoi nis witon the needs t the u-er Cl1ttlCC

Pre-Defined Functions
M.ATLAB comes complete with an extei1I\ e lihrar o:	 eUetinaO
functions that provide tested and prepacka g e-i solnt;ons to 0 15

technical tasks. For example, suppose that 00 are writin g a prourail:
that must calculate the statistics associated with an input data set In
most languages. you would need to \\ rite  your own subroutines or func-
tions to implement calculations such as the arithmetic mean, standard
deviation, median, amonh others. These and hundreds of other func-
tions are built right into the MATLAB lan g uaoc. makin g your job much
easier.

In addition to the large library of functions built into the basic
MATLAB language, there are many special-purpose toolboxes available
to help solve complex problems in specific areas. For example, a user can
buy standard toolboxes to solve problems in signal processin g . control
systems, communications, image processing, and neural networks. among
many others.

4. Device-Independent Plotting
Unlike other computer languages. MATLAB has many integral plotting
and imaging commands. The plots and images can be displayed on any
graphical output device supported by the computer on which MATLAB is
running. This capability makes MATLAB an outstanding tool for visual-
izing technical data.

5. Graphical User Interface
MATLAB includes tools that allow a prog ram to interactivel y construct a
graphical user interface (GUI) for his or her program. With this capabili-
ty, the programmer can design sophisticated data anal y sis programs that
can be operated by relatively-inexperienced users.

6. 1IATLAB Compiler
MATLAB's flexibilit y and platform independence are achiesed by com-
piling MATLAB programs into a ice-inde ndent p-code and titer.
interpreting the p-code instructions at run-time This approach Is similar
to that used by Microsoft's Visual Basic lan g ua ge. Unforrunatek. the
resulting programs can sometimes execute sloo I because the \l.-\TLAB
code is interpreted rather than compiled. We s' ill point out features that
tend to slow program execution ss hen ssc encounter them.

A separate MATLAB compiler is available. This compiler cart com-
pile a MATLAB program into a true exeeutahT that runs faster than the
interpreted code. It is a great way to convert a protots pe \IATL\B pro-
gram into an executable suitable for sale and dtstrihuuarr 10 user
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Features of This Book

Many features of this book are designed to emphasize the proper way to write

reliable MATLAB programs. These features should serve a student well as he or

she is first learning MATL.AB and should also be useful to the practitioner on the

job. They include:

1. Emphasis on Top-Down Design Methodology

The book introduces a top-down design methodology in Chapter 3 and

uses it consistently throughout the rest of the hook. This methodology

encourages a student to think about the proper design of a pro g ram before

beginning to code. It emphasizes the inportance of clearly defining the

problem to be solved and the required inputs and outputs before any other

work is begun. Once the problem is properly defined, it teaches the

student to employ stepwise refinement to break the task down into suc-

cessively smaller subtasks and to implement the subtasks as separate

subroutines or functions. Fina!iy, it teaches the importance of testing at all

stages of the process, both unit testing of the component routines and

exhaustive testing of the final product.

The formal design process taught by the book may be summarized as

follows:

1. Clearly state the problem that .you are tiying to solve.

2. Define the inputs required by the program and the outputs to be

produced by the program.

3. Describe the algorithm that you intend to implement in the pro-

gram. This step involves top-down design and stepwise decompo-

sition, using pseudocode or flow charts.

4. Turn the algorithm into ItIATL.4B statements.

3. Test the MATL4B program. This step includes Unit testing of spe-

cific functions, and also exhaustive testing of the final program

with many different data sets.

2. Emphasis on Functions
The book emphasizes the use of functions to logically decompose tks

into smaller subtasks. it teaches the advantages of functions for data h i d-

ing. It also emphasizes the importance of Unit te.ting functoiis before

they are combined into the final program. In add-ion, the book reaches

about the common mistakes trade with functions, and how to avoid

them.

3. Emphasis on MA1'LAB Tools
The book teaches the proper use of MATLABs hui!t-i took to mkC
programming and debugging easier. The tools co\ered n'1ude he

Editor/ Debugger, Workspace Browscr, Help Browser. and 611 design
tools.
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4. Good Programming Practice Boxes

These boxes highlight good programming practi5 lien th arcIntro-

duced for the convenience of the student In addition, the good pro g ram-
ining practices introduced in a chapter are summarized at the end of tltc

chapter An example Good Programming Practice Box is ShL' n hIo

Good Programming Practice

	

.	 tho hod of u if 10111tFUCt by to or more spaces to improve
the readability of the code.

5. Programming Pitfalls Boxes

These boxes highlight common errors so that the can be aotded An

example Pro g ramming Pitfalls Box is sho\sn heloss.

Programming Pitfalls

	Val"', 	 ir '.i ih	 nam.	 are unique in the first 63 characters.

Otherwise, MA[LAB will not be able to tell the difference between them.

6. Emphasis on Data Structures

Chapter 7 contains a detailed discussion of MATLAB data structures,

including sparse arrays. cell arrays, and structure arra\ s. The proper use

of these data structures is illustrated in the chapters on handle graphics

and graphical user interfaces.

Pedagogical Features

The first six chapters of this book are specifically designed to be used in a fresh-

man "Introduction to Program Problem Solsing" course. It should he possible to

cover this material comfortabl y in a 9-week. 3 hour-per-week course If there is

insufficient time to cover all of the material in a particular engincerine program.

Chapter 6 may be deleted, the remaining material will still teach the fundamen-

tals of programming and using \IATLAB to solve problems. This feature should

appeal to harassed engineering educators irt in g to cram ever more material into

a finite curriculum.

The remaining chapters coer athanced material that A ill he useful to engi-

neers and engineering students as they progress in their careers. This material

includes advanced 10 and the design of graphical user interfaces for programs.
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The book includes several features designed to aid student comprehension.

A total of 15 quizzes appear scattered throughout the chapters, with answers to all

questions included in Appendix B. These quizzes can serve as a useful self-test of

comprehension. In addition, there are approximately 160 end-of-chapter exercis-

es. Answers to all exercises are included in the Instructor's Manual. Good pro-

gramming practices are highlighted in all chapters with special Good

Programming Practice boxes, and common errors are highlighted in

Programming Pitfalls boxes. End-of-chapter materials include Summaries of

Good Programming Practice and Summaries of MATLAB Commands and

Functions.
The book is accompanied by an Instructor's Manual, containing the solu-

tions to all end-of-chapter exercises. The source code for all examples in the book

is available from the book's Web site, and the source code for all solutions in the

Instructor's Manual is available separately to instructors.

A Final Note to the User

No matter how hard I try to proofread a document like this book, it is inevitable

that some typographical errors will slip through and appear in print. If you should

spot any such errors, please drop me a note via the publisher, and I will do my

best to get them eliminated from subsequent printings and editions. Thank you

very much for your help in this matter.
I will maintain a complete list of errata and corrections at the book's World

Wide Web site, which is 
http://www engineeriflg .th0mS0fl rumg.c0m Please

check that site for any updates and/or corrections.
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