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Preface to the
third edition

Why a new edition?
The Internet

Just a few years ago, the Internet consisted of little more than e-mail, USENET, and
FTP sites. The state-of-the-art in information technology was Gopher, a text-based
system using hierarchical menus to organize documents. Today the World Wide
Web dominates the headlines in major magazines and newspapers. Many journals
now have electronic editions, and new journals published solely on the Internet are
beginning to appear. E-books and e-learning have started to establish themselves.
The popularity and ease of use of the World Wide Web make it one of the best
ways to share I4TEX articles, reports, and books with a wider audience.

Part VI discusses the interaction between I4TEX and the Internet:

= Chapter 13 examines the role of the Internet as the main source for information
about using and customizing I4TEX.

= Chapter 14 explains how to publish your own IXTEX articles, reports, and books
on the World Wide Web.

New focus

This edition focuses on the “standard IXTgX.” The first edition of this book (pub-
lished in 1993) described ApS-IXTEX, version 1.1, and the amsart document
style. ApS-IATEX, version 1.1, was a stand-alone product that was incompatible
with the standard IXTEX of the time, IXTEX 2.09. The second edition (in 1996)
reported on the new IXTEX (then called IXTEX 2¢ ) and the new IATEX-compatible
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Preface to the thivd edition

AMS packages that replaced ApS-IATEX, version 1.1, but the book still had an
AMS-IATEX—centric view.

This third edition is about ISTEX. Where necessary, I recommend that you use
packages to extend IXTEX’s capabilities. For typesetting mathematics, I strongly
recommend that you use the AMS packages.

AMS packages, version 2.0

The American Mathematical Society released version 2.0 of the AMS packages in
1999. This third edition covers the changes made in this release.

Books

The first and second editions of this book dealt primarily with the tasks involved
in writing articles. In Part V, the third edition addresses the issues that arise when
creating longer documents. In addition to chapters on BIBTEX and Makelndex,
I have added a new chapter on writing books. Appendix F illustrates the impor-
tance of choosing a well-designed book document class.

Other changes

IATEX IATEX 2¢ has been remarkably stable since its release in 1996, becoming
the standard IXTEX (see Section C.1.2). Changes have been minor except for ad-
vances in using IXTEX with non-English languages (see the new Appendix E) and
the widespread use of the PostScript CM and AMS fonts (see the new Section D.1).

Reorganization and additions Due to the new emphasis on writing books, a
number of sections and subsections have moved from Chapter 2 and Chapters 6-8
to the new Chapter 12.

I have carefully revised the content to cover the changes made in IATEX and
the AMS packages. I have added new material based on my own experiences (since
1996, I have typeset roughly 1500 pages—including two books—using IXTEX)
and in response to e-mail queries from readers of previous editions (as an example,
see the revised Section 5.6.2 on the split subsidiary math environment). Most of
the text has been rewritten and there are many minor corrections.

In 1999, my introductory book, First Steps in IATEX, [30] was published; it is
based on Part I of the second edition of this book. Part I of this third edition takes
into account the rewriting and editing that was done for First Steps.

Illustrations I believe that a visual illustration of a complicated construct sub-
stantially cuts the learning curve. So I have almost doubled the number of illus-
trations. See, for example, the illustrations of aligned formulas in Section 1.6.2;
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the new Section 5.1, a visual guide to multiline math formulas; and the two-page
spread of bibliographic styles in Chapter 10.

Web enhanced In the introduction, I explain how I plan to keep you, the reader,
up-to-date on changes to come via the Web.

Two rvecurring questions

When I hear from readers, there are two questions that come up again and again:

1. I do not have much time to spend learning the technical aspects of writing arti-
cles. Do I really need a book as large as this one?

2. Canyou help me to get started from scratch, covering everything from installing
a working IATEX system to the rudiments of text editing?

My answer to the first question is no. You do not need to read the entire book
to get started. If you only read Part I (the short course), the few pages discussing
the top matter of an AMS document (Section 8.1), and those parts of the book
that cover the types of mathematical expressions your work uses, you will be able
to write a basic article. Math into IATEX is as large as it is because it addresses the
use of IATEX for a wide range of users. You can be very selective about what you
choose to read at first, and come back later for more detail as needed.

The second question is addressed in a very small way by a section in the in-
troduction, Setting the stage. There are dozens of different I4TgX implementations
and hundreds of text editors. Your environment will be based on the kind of com-
puter you have (or have access to), what you need your IXTEX system to do, how
much work you are willing to do to maintain the system, and how much money
you are willing to spend. Sections 13.2 and 13.3 will help you select a IXIEX system
that meets your needs.

Because of the complex choices involved, no one book can possibly cover all
of the possible combinations. I assume that you have a working and up-to-date
IATEX system, that you know how to use some text-editing application (even Word
will do), and that you know the basics of working with your computer’s operating
system.

George Gritzer



Introduction

Is this book for you?

This book is for the mathematician, physicist, engineer, scientist, or technical typist
who has to learn how to typeset articles containing mathematical formulas.

Part I provides a quick introduction to I£TgX, so that you will be ready to type
your first article (such as the sample article on pages 44—45) in a very short time.
That is followed, in Parts II-IV, by a detailed exposition that provides you with
a solid foundation in IXTEX, so that typing mathematical documents will become
second nature.

You can find specific topics in the short table of contents, in the detailed ta-
ble of contents, in the Quick Finder, or in the index. While the index is I&TgX-
oriented, the Quick Finder lists the main topics mainly using the terminology uti-
lized by word processing applications. For example, to find out how to italicize
text, look under “italics” in the Quick Finder, and under \emph in the index.

Setting the stage

Watch someone type a mathematical article in IZTEX. You will see that

= A text editor is used to create a I&TEX source file. A source file (we will call it
first.tex) might look like the following:

\documentclass{article}

\begin{document}

The hypotenuse: $\sqrt{a”{2} + b {2}}$. I can type math!
\end{document}

Note that the source file first.tex is different from a typical word-processor
file: All characters are displayed at the same size and in the same font.
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= Typeset the sonrce file and view the result on their monitor (the two corners indicate
material that is shown as typeset by XTEX):

-
The hypotenuse: va? + b2. I can type math!

= Continue the editing cycle. You will go back and forth between the source file and
the typeset version, making changes and observing the results of those changes.

= Print the file. Once you are satisfied with the typeset version, you can print the
document, creating a paper version of the typeset article.

Unfortunately, I cannot tell you exactly how your particular text editor works,
or how typesetting and printing is done on your system. Just as there are many
text editors (ranging from the ancient vi to modern editors with graphical user
interfaces), there are many I4TEX setups, each with its own unique installation and
a different way of typesetting and printing. However, the following two examples
should give you some idea of the process.

Example 1: UNIX

UNIX commands are typed at a shell prompt (such as unix$). The following com-
mand starts a text editor:

unix$ vi first.tex

Once the editor starts, you type the text of your article. When you are ready to
typeset the article, save the file and quit the editor. Back at the shell prompt, typing

unix$ latex first

results in a series of messages scrolling up the screen as the file is typeset.
When this process is complete, you will have a DVI file, first.dvi, that may
be viewed (in an X Window environment) by typing

unix$ xdvi first
If changes must be made, you can return to the editor and make them, save

and quit, then typeset and preview the file again. To print the DVI file, type a com-
mand such as the following at the shell prompt:

unix$ dvips first | lpr
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Example 2: TEXTURES on a Macintosh

When you start the TEXTURES application on a Macintosh computer, a blank text-
editing window appears. Type the text of your document in the window and save
itas first.tex. When you are ready to typeset the document, make sure that the
LaTeX format is selected in the Typeset menu, and then choose Typeset from the
same menu.

Asecond window (titled first.tex typeset) appears, displaying the typeset
version of your document:

|\documentclass{article}

:\begin{document}
[The hypotenuse: $\sqrt{a~{2} + b {2}}$. I can type math!
|\end{document}

414 » ;'ﬂ!lm].ﬂnlfll

|
[ |O first.tex typeset
|
[

The hypotenuse: v/a? + b2. I can type math!

-1ﬁllu

To print your document, choose Print... from the File menu. To con-
tinue editing your document, simply click the mouse in the text-editing window
to bring it to the front, and type. Depending on how you have set the options, the
changes in the IXTEX source file may automatically appear in the window displaying
the typeset version.

Choosing a ETEX setup

In Sections 13.2 and 13.3, I briefly review a few of the most popular I4TEX setups.
My best advice is to get the same IXTEX setup as that of a friend or colleague so
they can help you get started. Many I4TEX implementations come on a CD-ROM or
are downloadable from the Internet, and installation is often no more complicated
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than double-clicking on an icon. Learning the fundamentals of using a text editor
(typing text and simple editing) is easy—if you know how to use a word processor,
you already know how to use a text editor. And it is just as easy to become familiar
with a few basic commands for tasks such as typesetting and printing.

Now that you have some idea of the basic requirements for typing a mathe-
matical article in IXTEX, you are ready for the rest of the introduction.

What is document markup?

When you work with a word processor, you see your document on the computer
monitor more or less as it will look when printed, with different fonts, font sizes,
font shapes (e.g., roman, italic) and weights (e.g., normal, boldface), interline spac-
ing (leading), indentation, and so on.

Working with a markup language' is different. Since all characters appear in
the same font in your text editor, to indicate changes in the typeset text, you must
mark up the source file, that is, add commands to format the text. For instance,
to emphasize the phrase detailed description in a I4TEX source file, type

\emph{detailed description}

The \emph command is a markup command; the marked-up text will yield the type-
set output

detailed description

In this book, I will introduce you to IXTEX, a markup language designed and
implemented by Leslie Lamport, based on Donald E. Knuth’s typesetting language
TgX (see Donald E. Knuth’s The TgXbook [34] and Leslie Lamport’s KTEX: A
Document Preparation System [39]). I believe that you will find that it is actually
quite easy to learn how to mark up text.

On pages 290-297, I juxtapose the source file for an AMS sample article with
the typeset version. The markup in the source file may appear somewhat challeng-
ing at first, but I think you will agree that the typeset article is a pleasing rendering
of the marked-up material.

1 Markup languages have always dominated typographic work of high quality. Communications
on the World Wide Web are also customarily written in a markup language called HTML (HyperText
Markup Language). More about markup languages in Section 14.1.1.
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TgX

KX

The TgX composition language was designed for typesetting mathematical and sci-
entific articles and books, and can handle complex mathematical formulas as well
as text: To get the formula [ Vo2 + z2 dz, type

$\int_{0}"{\pi} \sqgrt{\alpha~{2} + x~{2}}\,dx$

You do not have to worry about determining the size of the integral symbol or how
to construct the square root symbol that covers o + x2 because TgX does this for
you!

A tremendous part of the appeal of the TEX language is that a source file is
plain text (ASCII text), which is easy to transmit electronically to colleagues, coau-
thors, journals, editors, and publishers.

TEX is also platform independent. You may type the first version of a source
file on a Macintosh computer; your coauthor may make improvements to the same
file on a PC (a computer running Microsoft Windows); and the journal publishing
the article may use a UNIX machine (a computer running a UNIX variant such as
Solaris or Linux) to prepare the manuscript for printing.’

I4TEX was built on TEX’s foundation, and has commands that are easier to use, a
set of structural elements, and a larger set of diagnostic messages.

IATEX provides the following additional features:

= A document is divided into logical units, including an abstract, various sections
and subsections, theorems, and a bibliography. The logical units are typed in-
dependently of one another. Once all the units have been typed, IXTEX controls
the placement and formatting of these elements.

= Line 4 of the sample article intrart.tex (on page 39) reads
\documentclass{article}

This line tells IATEX to load the document class article, which causes IXTEX to
format the document as a generic article. When submitting your article to a jour-
nal that is equipped to handle IXTEX manuscripts (the number of such journals
is increasing rapidly), the editor can simply substitute the name of the journal’s
document class to make the body of your article conform to the journal’s design.
(Depending on the journal, you may need to use the AMS article document class,
amsart, in order to ensure that the front matter of your article also adapts.) Many
journals make their own document classes available to prospective authors to use
while preparing their articles.

2You may take this sentence as a definition of the three major computing platforms. We will only
discuss tools that are available in some form on all three platforms.
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= JATEX’s automatic numbering relieves you of tedious bookkeeping chores. Imag-
ine that you have finished writing an article, with all of your theorems and equa-
tions numbered and properly cross-referenced. After a final reading, you must
make some changes: Section 4 needs to be moved after Section 7, and some
new theorems have to be inserted somewhere in the middle. Such minor changes
used to be a major headache! But with I#TEX, it almost becomes a pleasure to
make such changes: I4TEX automatically renumbers the sections, theorems, and
equations in your article, and rebuilds the cross-references.

= With IXTEX you may use BIBTEX , an application that helps you create and main-
tain bibliographic databases, so references do not have to be retyped for each
article. BIBTEX will select and format the needed references from your database.

= Compiling a large index is a big job. I&TEX users are assisted by MakelIndex, an
application which makes this job easier.

The AMS packages

The AMS packages distill the American Mathematical Society’s (AMS) years of ex-
perience in publishing mathematical journals and books; they add a host of features
related to mathematical typesetting, especially the typesetting of multiline formu-
las and the production of finely tuned printed output. The AMS packages enhance
I4TEX’s capabilities in three different areas:

1. Math. The amsmath package adds a wide variety of tools for typesetting math,
including

= Powerful tools to deal with multiline math formulas. For instance, in the
following formula, the equal signs (=) and the explanatory comments are

vertically aligned:
z=(z+y)(zr+=2) (by distributivity)
=T +yz (by Condition (M))
= yz.

= Numerous constructs for typesetting mathematical formulas, exemplified
by the following;:

-z2, ifz <0
f)=qa+z, f0<z<

z2, otherwise.

= Special spacing rules for dozens of formula types; for example,

a=b (mod O)
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typed inline becomes a = b (mod O).
= Multiline subscripts, as in

Yy Ly

——
i2452=50 (@+J)!
i, <10

» User-defined symbols for typesetting math, such as

Trunc f(x), A, *Z*
» Formulas numbered in a variety of ways:
— Automatically (with numbers)
— Manually (with tags)

— By groups, with a group number such as (2) and individual formulas
numbered as (2a), (2b), and so on

2. Document classes. The AMS packages provide a number of document classes;
the most important of which is the AMS article document class, amsart; it
allows the input of title page information (e.g., author, address, e-mail ad-
dress) as separate entities. As a result, a journal can typeset even the title page
of an article according to its own specifications without having to retype any
information.

The AMS document classes provide the proof environment and three theo-
rem styles: plain, definition, and remark. (See the sampart . tex sample arti-
cle on pages 286-288: Theorem 1 uses the plain style, Definition 1 uses the
definition style, and the Notation uses the remark style.)

Many users also prefer the visual design of the amsart document class to the
simpler design of the classic IXTEX article document class.

3. Fonts. The AMS packages provide hundreds of symbols for binary operations,
binary relations, negated binary relations, arrows, extensible arrows, and so
on (see the tables in Appendix A); there are also additional math alphabets
such as blackboard bold, Euler Fraktur, Euler Script, and math bold and
math bold italic. Here are just a few examples:

:7 A? £7 A7 p? 8

2,

The AMS calls these enhancements ApS-IXTEX (consisting of the math pack-
ages and the document classes) and AMSFonts (consisting of the font-related pack-
ages and the fonts themselves). In this book, to simplify the terminology, I refer
to all these enhancements collectively as AMS packages; | use AMS distribution and
AMS enhancements as synonyms.

I will point out in the text which commands are I4TgX commands and which
are defined by AMS packages. References to AMS commands will also be indicated
@ by the use of a symbol in the margin (such as the one shown here). A smaller ver-
sion, @), is used in the tables of Appendixes A and B and in the index.
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What’s in the book?

Just before this introduction is the Quick Finder, a brief index using mainly non-
IXTEX terms.

Part I (Chapter 1) will help you get started quickly with I4TgX; if you read
it carefully, you will be ready to type your own first article and to tackle I#TgX in
more depth.

Part I guides you through

= Text markup, which is quite easy
= Math markup, which is not so straightforward; several sections ease you into
mathematical typesetting, including

— The basic building blocks of math formulas

— How to build up a complex formula in simple steps
— A formula gallery

— Equations and multiline formulas

= The anatomy of an article
= How to set up an article template
= Typing your first article

Part II introduces the two most basic skills for writing with I4TEX in depth:
typing text and typing math.

Chapters 2 and 3 introduce text and displayed text. Chapter 2 is especially im-
portant because when you type a ISTEX document, most of your time is spent typ-
ing text. The topics covered include special characters and accents, hyphenation,
fonts, and spacing. Chapter 3 covers displayed text, including /ists and tables, and
for the mathematician, proclamations (theorem-like structures) and proofs.

Chapters 4 and 5 discuss inline and displayed math. Typing math is the heart
of any mathematical typesetting system. Chapter 4 discusses this topic in detail,
including basic constructs, operators, delimiters, building new symbols, fonts, and
grouping equations. Chapter 5 presents one of the major contributions of the AMS
packages: aligned multiline formulas. This chapter also discusses other forms of
multiline formulas.

Part III discusses the parts of a IXTEX document. In Chapter 6, you learn
about the structure of a XTEX document. The most important topics are section-
ing and cross-referencing. In Chapter 7, the most commonly used standard I4TgX
document classes are presented: article, report, and letter (the book class is
discussed in Chapter 12), along with a description of the standard IATEX distribu-
tion.

In Chapter 8, we discuss the AMS document classes. In particular, I present
the title page information for the AMS article document class and provide a descrip-
tion of the standard AMS distribution.
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Chapter 8 also features the AMS sample article, sampart. tex, first in typeset
form (pages 286-288), then in mixed form, juxtaposing the source file and the
typeset article (pages 290-297). You can learn a lot about IXTEX and the AMS
packages just by reading the source file one paragraph at a time and seeing how
that paragraph is typeset by IXTEX.

Part IV (Chapter 9) introduces techniques to customize XTEX to speed up
the typing of source files and the typesetting of documents: user-defined com-
mands, user-defined environments, and custom formats. You will learn how pa-
rameters that affect IXTEX’s behavior are stored in counters and length commands,
how to change them, and how to design your own custom lists.

Chapter 9 also contains a version of the AMS sample article utilizing the user-
defined commands collected in lattice.sty.

In Part V (Chapters 10 and 11), we will discuss longer documents, which
have special needs. Two applications, contained in the standard I4TEX distribution,
BIBTEX and Makelndex make compiling large bibliographies and indexes much
easier.

I present the IATEX and the AMS book document classes in Chapter 12 along
with the dos and don’ts of book writing in I4TEX.

Part VI deals with IATEX and the Internet. Chapter 13 discusses where to
find useful IATEX-related information on the Internet. The main topics are:

= Obtaining files from the Internet

» CTAN, the Comprehensive TEX Archive Network

= Obtaining the I#TEX distribution and the AMS packages
= Getting the sample files for this book

= Some commercial TEX implementations

= Freeware and shareware TEX implementations

= TgX user groups and the AMS

» Important I4TgX-related FTP and Web sites

You can share your I#TEX articles, reports, and books by putting them on the
Web so that others can view, read, download, and print them. Chapter 14 tells
you how.

You will probably find yourself referring to Appendices A and B time and
again: They contain the math and text symbol tables.

Appendix C relates some historical background material on IXTEX: how it
developed and how it works. Appendix D is a brief introduction to the use of
PostScript fonts in a IXTgX document.

Appendix E briefly describes the use of IXTEX for languages other than Amer-
ican English. Appendix F shows a few pages from a book typeset with a Springer-
Verlag book document class along with excerpts from the source document.

Appendix G will help orient those people who have previously worked with
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(Plain) TEX, I&TEX, version 2.09, AMS-TEX, or AMS-IATEX, version 1.x. Some
tips are given to smooth your transition to using the current standard I4TEX and
the AMS packages. Finally, Appendix H points you towards some areas for further
study.

Mission statement

This book is a guide for typesetting mathematical documents within the constraints
imposed by IXTEX, an elaborate system with hundreds of rules. I4TgX allows you
to perform almost any mathematical typesetting task through the appropriate ap-
plication of its rules. You can customize IZTEX (as it was designed to be modified)
by introducing user-defined commands and environments and by changing IXTEX
parameters.

You can also extend I£TEX by invoking packages that accomplish special tasks:
One such set of packages from the AMS plays an important role in this book—as it
should in any book dealing with mathematical typesetting.

It is not my goal to teach you

= How to modify IATEX code to change I£TEX’s behavior
= How to write TEX code to create your own packages (IXTEX extensions)
= How to design beautiful documents (writing document classes)

The definitive book on the first topic is Michel Goossens, Frank Mittelbach,
and Alexander Samarin’s The IATEX Companion [17]. The second and third topics
still await authoritative books.

A recommendation

I strongly recommend that you use the amsart document class for all your articles.
Begin each article with the lines

\documentclass{amsart}
\usepackage{amssymb,latexsym}
\begin{document}

and you can ignore all of the discussions in this book about I#TEX commands versus
AMS commands, and I4TEX fonts and the latexsym package versus AMS fonts and
the amssymb package.

Some of you may not be able to follow this recommendation, including those
who work with older installations whose system managers cannot or will not install
a newer version of IXTEX or the AMS packages, and those who are forced to use
a publisher’s document class file that is not compatible with the AMS packages.
But most users of I4TEX who typeset documents with significant amounts of math
will find that using the amsart document class and loading amssymb and latexsym
make their work easier.
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Keeping up-to-date

Like most computer-related subjects, the material in this book is subject to change
over time. While IATEX itself may not change much until the advent of IATEX3,
there is a new version of the amsmath package on the horizon, introducing a vari-
ant of the equation environment that will automatically break long formulas into
shorter lines. Chapter 13 deals with the Internet, which is in a state of constant
flux. To keep you up-to-date, I am maintaining a Web page to track these changes
for you. To find this page, go to my home page,
http://www.maths.umanitoba.ca/homepages/gratzer/

and follow the links LaTeX books and MiL Update. Or go directly to
http://www.maths.umanitoba.ca/homepages/gratzer/LaTeXBooks/milupdate.html

Conventions

To make this book easy to read, I use some simple conventions:

= Explanatory text is set in this typeface: Galliard.

= Computer Modern typewriter is used to show what you should type
(as well as messages from LaTeX). All the characters in this
typeface have the same width, making it easy to recognize.

I also use Computer Modern typewriter to indicate

— Commands (\parbox)

— Environments (align)

— Documents (intrart.tex)

~ Document classes (article)

— Document class options (draft)
— Directories or folders (work)

= The names of packages, which are extensions of I#TEX, are set in a sans-serif type-
face (amsmath).

= When I show you how something looks when typeset, I use Computer Modern,
TEX’s standard typeface:

=
I think you will find this typeface sufficiently different from the other typefaces
I have used (the strokes are much lighter) so that you should not have much
difficulty recognizing typeset INTEX material. When the typeset material is a
separate paragraph (or paragraphs), corner brackets in the margin set it off
from the rest of the text—unless it is a single displayed formula.

= For explanations in the text, such as

Compare iff with iff, typed as iff and if{f}, respectively.
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the same typefaces are used. Because they are not set off spatially, it may be a little
more difficult to see that iff is set in Computer Modern roman, whereas iff is
set in the Computer Modern typewriter typeface.

I usually introduce commands with examples, such as

\\ [22pt]

However, it is sometimes necessary to define the syntax of a command more for-
mally. For instance,

\\[length]

where length is a placeholder representing the value you have to supply. I use
the Computer Modern typewriter italic font for placeholders.
= I use the term directory to mean both directory and folder.
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PART I

A short conrse



CHAPTER

Typing
your first article

In this chapter, you will write your first article. All you have to do is to type the
(electronic) source file; IXTEX does the rest. I will introduce you to the most im-
portant commands for typesetting text and math by working through examples.
More details are provided in the rest of the book.

A source file is made up of text, math (e.g., V/5), and instructions to IATEX.
You would type the last sentence as follows:

A source file is made up of \emph{text,} \emph{math} (e.g.,
$\sqrt{5}$), and \emph{instructions to \LaTeX.}

In that sentence,
The source file is made up of \emph{text,} \emph{math} (e.g.,
is text,
$\sqrt{5}$
is math, and

\emph{instructions to \LaTeX.}
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is an instruction (a command with an argument). Commands, as a rule, start with
a backslash (\) and tell IATEX to do something special. In this case, the command
\emph emphasizes its argument (the text between the braces). Another kind of
instruction is called an environment.

For instance, the commands

\begin{flushright}
and
\end{flushright}

enclose a flushright environment—text that is typed between these two com-
mands is right justified (lined up against the right margin) when typeset. (The
flushleft environment creates left-justified text; the center environment creates
text that is centered on the page.)

In practice, text, math, and instructions are usually mixed. For example,

\emph{My first integral:} $\int \zeta {2}(x) \, dx$.

produces

.
L—My first integral: [ (*(z)dz.

which is a mixture of all three. Nevertheless, I will introduce the three topics (typ-
ing text, typing math, and giving instructions to I&TEX) as if they were independent
in order to make the discussion clearer.

We will be working with a number of sample documents; you can type the
documents from the examples in the text; alternatively, you can download them
from the Internet (see Section 13.1). I suggest you create a directory on your com-
puter named samples to store the sample files, and another directory called work
where you can keep your working files. Whenever you want to use one of these
documents, copy it from your samples directory into your work directory, so that
the original remains unchanged. In this book, the samples and work directories will
refer to the dirvectories you have created.

1.1 Typing text

We start with the keyboard, proceed to type a short text-only note, and learn some
simple rules for typing text in IXTEX.

1.1.1 The keyboard
The following keys are used to type text in a IXTEX source file:
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a-z A-Z 0-9
+=x/ () []

You may also use the following punctuation marks:

and the spacebar, the Tab key (which—unlike in a word processor—has the same
effect as the spacebar), and the Return (or Enter) key.

Since TgX source files are “pure text” (ASCII! files), they are very portable.
There is one possible problem? limiting this portability: The line endings used.
When you press the Return (or Enter) key, your text editor writes an invisible code
into your source file that indicates where the line ends. Because this code is differ-
ent on each of the major platforms (Macintosh, PC,3 and UNIX*), you may have
problems reading a source file created on a different platform. Luckily, many text
editors include the ability to switch end-of-line codes; some even do so automati-
cally.

Finally, there are twelve special keys that are mostly used in IATgX instructions:

# 8 % & 7 -~ \N{} "I

There are commands available so that you can typeset most of these special
characters (as well as composite characters, such as accented characters) if you need
to use them in your document. For instance, $ is typed as \$; the underscore, _,
is typed as \_; and % is typed as \%; whereas 4 is typed as \"{a}. See Section 2.4
for a complete discussion of symbols not available directly from the keyboard and
Appendix B for the text symbol tables.

IXTEX prohibits the use of other keys on your keyboard (unless you are us-
ing a version of IXTEX that is set up to work with non-English languages—see Ap-
pendix E). When trying to typeset a source file that contains a prohibited character,
IATEX will display an error message similar to the following:

! Text line contains an invalid character.

1.222 completely irreducible”"?
~no

In this message, 1.222 means line 222 of your source file. You must edit that
line to remove the character that TgX cannot understand. The log file (see Sec-
tion C.2.4) will also contain this message.

LasclII stands for American Standard Code for Information Interchange.

2Actually, there is another problem, directory structure, that we will discuss in Section 9.1.1.
3A computer running Microsoft Windows.

4A computer running a UNIX variant such as Solaris or Linux.
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1.1.2  Your first note

We start our discussion on how to type a note in I£IEX with a simple example.
Suppose you want to use I&TEX to produce the following:
~

It is of some concern to me that the terminology used in multi-section math
courses is not uniform.

In several sections of the course on matrix theory, the term “hamiltonian-
reduced” is used. I, personally, would rather call these “hyper-simple.” I invite
others to comment on this problem.

Of special concern to me is the terminology in the course by Prof. Rudi
Hochschwabauer. Since his field is new, there is no accepted terminology. It is
imperative that we arrive at a satisfactory solution.

Create a new file in your work directory with the name notel.tex and type
the following, including the spacing and linebreaks shown, but not the line num-
bers (or copy the notel.tex file from the samples directory; see page 4):

1 7 Sample file: notel.tex

2 ', Typeset with LaTeX format

3 \documentclass{article}

4

5 \begin{document}

6 It is of some concern to me that

7 the terminology used in multi-section

8 math courses is not uniform.

9

10 In several sections of the course on

11 matrix theory, the term

12 ‘‘hamiltonian-reduced’’ is used.

13 I, personally, would rather call these ‘‘hyper-simple.’’ I
14 invite others to comment on this problem.
15

16  0f special concern to me is the terminology in the course
17 by Prof."Rudi Hochschwabauer.

18 Since his field is new, there is

19 no accepted

20 terminology. It is imperative

21 that we arrive at a satisfactory solution.
22  \end{document}

The first two lines start with %. These lines are called comments and are ignored
by IATEX. The % character is very useful. For example, if you want to add some
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notes to your source files, and you do not want those notes to appear in the typeset
version of your article, you can begin those lines with a % , and TgX will ignore
everything on them when typesetting your source file. You can also comment out
part of a line:

simply put, we believe % Actually it is not so simple.

Everything on the line after the ¥ character will be ignored.

Line 3 specifies the document class (in our case, article), which controls how
the document will be formatted.

The text of the note is typed within the document environment; that is, be-
tween the lines

\begin{document}
and
\end{document}

Now typeset notel. tex; you should get the same document shown on page 6.
As you can see from this example, IXTEX is different from a word processor. It dis-
regards the way you input and position the text, and follows only the formatting
instructions given by the markup commands. IATEX notices when you put a space
in the text, but it ignores how many spaces have been inserted. Similarly, one or
more blank lines mark the end of a paragraph.

IATEX, by default, fully justifies the text by placing space between words—the
interword space—and a somewhat larger space between sentences—the intersen-
tence space. If you have to force an interword space, you can use the \, command
(the symbol , means a blank space).

The ~ (tilde) command also forces an interword space, but with a difference:
It keeps the words together on the same line. This command is called a tie or non-
breakable space—see Section 2.4.3.

Note that on lines 12 and 13, the left double quotes are typed as ¢ (two
left single quotes) and the right double quotes are typed as ’’ (two right single
quotes). The left single quote key is not always easy to find; it is usually hidden
in the upper-left or upper-right corner of the keyboard, and shares a key with the
tilde (7).

1.1.3 Lines too wide

IXTEX reads the text in the source file one line at a time; when the end of a para-
graph is reached, IATEX typesets the entire paragraph. Most of the time, there is no
need for corrective action. Occasionally, however, IXTEX gets into trouble when
trying to split the paragraph into typeset lines. To illustrate this situation, modify
notel.tex: In the second sentence, replace term by strange term; in the fourth
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sentence, delete Rudi, (including the blank space following Rudi). Now save this
modified file in your work directory using the name notelb.tex. (If you down-
loaded the sample files, you can find notelb.tex in the samples directory—see
page 4.)

When you typeset notelb. tex, you should obtain the following;:

r

It is of some concern to me that the terminology used in multi-section math
courses is not uniform.

In several sections of the course on matrix theory, the strange term “hamiltoni
reduced” is used. I, personally, would rather call these “hyper-simple.” I invite
others to comment on this problem.

Of special concern to me is the terminology in the course by Prof. Hochschwab
Since his field is new, there is no accepted terminology. It is imperative that we
arrive at a satisfactory solution.

The first line of paragraph two is about 1/4 inch too wide. The first line of
paragraph three is even wider. On your monitor, IXTEX displays the following mes-
sages:

Overfull \hbox (15.38948pt too wide) in paragraph at lines 10--15
[I\OT1/cmr/m/n/10 In sev-eral sec-tions of the course on ma-trix
the-ory, the strange term ‘‘hamiltonian-

a
Overfull \hbox (23.27834pt too wide) in paragraph at lines 16--22

[I\OT1/cmr/m/n/10 Of spe-cial con-cern to me is the ter-mi-nol-ogy
in the course by Prof. Hochschwabauer.

|
You will find the same messages in the log file, notelb.log (see Section 1.13).

The first message,
Overfull \hbox (15.38948pt too wide) in paragraph at lines 10--15

refers to paragraph two (lines 10-15 in the source file—its location in the typeset
document is not specified). The typeset version of this paragraph has a line that is
15.38948 points too wide. IATEX uses points (pt) to measure distances; there are
about 72 points in 1 inch (or about 28 points in 1 ¢cm); thus 15.38948 points is
about this long: L.

The next two lines,

[J\OT1/cmr/m/n/10 In sev-eral sec-tions of the course on ma-trix
the-ory, the strange term ‘‘hamiltonian-
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identify the source of the problem: I4TEX did not hyphenate the word
hamiltonian-reduced

because it (automatically) hyphenates a hyphenated word only at the hyphen.
The second reference,

Overfull \hbox (23.27834pt too wide) in paragraph at lines 16--22

is to paragraph three (lines 16-22 of the source file). There is a problem with
the word Hochschwabauer, which IXTEX’s standard hyphenation routine cannot
handle. (A German hyphenation routine would have no difficulty hyphenating
Hochschwabauer; see Appendix E.) If you encounter such a problem, you can
either try to reword the sentence or insert one or more optional hyphen com-
mands (\-), which tell XTgX where it may hyphenate the word. In this case, you
can rewrite Hochschwabauer as Hoch\-schwabauer and the second hyphenation
problem will disappear.

Sometimes a small horizontal overflow can be difficult to spot. The draft
document class option may help (see Sections 7.1.1, 8.5, and 12.1 for more about
document class options): IXTEX will put a black box (or slug) in the margin to mark
an overfull line. You can invoke this option by changing the \documentclass line
to

\documentclass[draft]{article}

A version of notelb. tex with this option can be found in the samples directory
under the name noteslug. tex.

1.1.4 Move text features

Next, you will produce the following note:

-

March 12, 2000

From the desk of George Gratzer

February 7-21 please use my temporary e-mail address:

George_Gratzer@umanitoba.ca
L

Type in the following source file and save it as note2.tex in your work di-
rectory, without the line numbers (note2.tex can also be found in the samples
directory—see page 4):
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1 % Sample file: note2.tex

2 ) Typeset with LaTeX format

3  \documentclass{article}

4

5 \begin{document}

6 \begin{flushright}

7 \today

8 \end{flushright}

9 \textbf{From the desk of George Gr\"{a}tzer}\\[22pt]
10  February~7--21 \emph{please} use my temporary e-mail address:
11 \begin{center}

12 \texttt{George\_Gratzer@umanitoba.ca}
13 \end{center}

14  \end{document}
This note introduces several additional features of I4TgX:

= The \today command (in line 7) displays the date on which the document is
being typeset.

= The use of environments to 7ight justify (lines 6-8) or center (lines 11-13) text.

= The use of text style commands, including the \emph command (line 10) to em-
phasize text, the \textbf command (line 9) to embolden text, and the \texttt
command (line 12) to produce typewriter-style text.

These are commands with arguments. In each case, the argument of the
command follows the name of the command and is typed between braces; that
is, between { and }.

= Almost all IATEX commands start with a backslash (\) followed by the command
name; for instance, \textbf. The command name is terminated by the first zon-
alphabetic character (i.c., by any character other than a—z or A-Z). Note that
command names are case sensitive: Typing \Textbf or \TEXTBF will generate an
error message.

= The use of double hyphens for number ranges (en dash): 7--21 (in line 10) type-
sets as 7-21. Use triple hyphens for the em dash punctuation mark—such as the
one in this sentence.

= Forcing a line break with the \\ command. To create additional space between
lines (as in the last note, under the line From the desk...), you can use the \\
command and specify an appropriate amount of vertical space: \\[22pt] (see
also Formula 20 in Section 1.5). Note that this command uses square brackets
rather than braces because the argument is optional. The distance may be given
in points (pt), centimeters (cm), or inches (in).

To force a page break, use \newpage.

= Special rules for special characters (see Section 1.1.1), for accented characters, and
for some European characters. For instance, the special character underscore (_) is
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typed as \_, and the accented character & is typed as \"{a}. Accents are explained
in Section 2.4.7 (see also the tables in Appendix B).

You will seldom need to know more than we have discussed here about typing
text. When you do, however, see Chapters 2 and 3. See also Appendix B, where
all text symbols are organized into tables.

1.2 Typing math

Now we will start mixing text with math formulas.

1.2.1 A note with math

In addition to the regular text keys and the twelve special keys discussed in Sec-
tion 1.1.1, three more keys are needed to type mathematical formulas:

| < >

(] is the shifted \ key on many keyboards.) The formula 2 < |z| > y uses all three.
You will begin typesetting math with the following note:

r

In first-year calculus, we define intervals such as (u,v) and (u, 00). Such an
interval is a neighborhood of a if a is in the interval. Students should realize that
oo is only a symbol, not a number. This is important since we soon introduce
concepts such as limg o f(x).

When we introduce the derivative

f(z) — f(a)

lim —————~,
r—a Tr —a

we assume that the function is defined and continuous in a neighborhood of a.

To create the source file for this mixed text and math note, create a new doc-
ument with your text editor. Name it math.tex, place it in the work directory,
and type in the following source file—without the line numbers (or simply copy
math.tex from the samples directory; see page 4):

% Sample file: math.tex
% Typeset with LaTeX format
\documentclass{article}

\begin{document}

In first-year calculus, we define intervals such as
$(u, v)$ and $(u, \infty)$. Such an interval is a
\emph{neighborhood} of $a$

0 N O O d WN -
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if $a$ is in the interval. Students should
realize that $\infty$ is only a

symbol, not a number. This is important since
we soon introduce concepts

such as $\lim_{x \to \infty} f(x)$.

When we introduce the derivative
\ [
\lim_{x \to a} \frac{f(x) - f(a)}{x - a},
\]
we assume that the function is defined and continuous
in a neighborhood of $a$.
\end{document}

This note introduces several basic concepts of math in I4TEX:

» There are two kinds of math formulas and environments:

— Inline math environments can open and close with $ (as seen throughout this

book) or open with \ ( and close with \).

— Displayed math environments open with \ [ and close with \].

= Within math environments, I4TEX uses its own spacing rules and completely ig-
nores the white space you type with two exceptions:

1. Spaces that delimit commands (so in $\infty a$ the space is not ignored; in

fact, $\inftya$ is an error)

2. Spaces in the arguments of commands that temporarily revert to text mode

(\mbox is such a command; see Sections 1.3 and 4.5)

The white space that you add when typing math is important only for the read-
ability of the source file. To summarize:

Rule ®m Spacing in text and math
In text mode, many spaces equal one space, whereas in math mode, your spacing
is ignored (unless the space terminates a command).

= The same formula may be typeset differently depending on whether it is inline or
displayed. The expression z — a is set as a subscript to lim in the inline formula
limg_, f(z), typed as $\1im_{x \to a} f£(x)$, but it is set below lim in the
displayed version,

lim f(x)

T—a

typed as
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\ [
\1lim_{x \to a} f(x)
\]

= A math symbol is invoked by a command. For example, the command for oo is
\infty and the command for — is \to. The math symbols are organized into
tables in Appendix A.
To access all IATEX symbols, use the latexsym package; in other words, begin
your article with

\documentclass{article}
\usepackage{latexsym}

@ Many of the symbols listed in Appendix A require the amssymb package. To
use all of the IATEX and AMS symbols, load both packages:®

\documentclass{article}
\usepackage{latexsym,amssymb}

@ The amssymb package loads the amsfonts package, which contains the commands
for using the AMSFonts (see Section 4.13.2).

= Some commands, such as \sqrt, need arguments enclosed in { and }. To type-
set /5, type $\sqrt{5}$, where \sqrt is the command and 5 is the argument.
Some commands need more than one argument. To get

34+=x
5
type
\[
\frac{3+x}{52}
\]

\frac is the command, 3+x and 5 are the arguments.

1.2.2  Ewrrors in math

Even in such a simple note there are many opportunities for errors. To help famil-
iarize yourself with some of the most commonly seen I4TEX errors and their causes,
we will deliberately introduce mistakes into math.tex. The version of math.tex
with mistakes is mathb.tex. By inserting and deleting % signs, you will make the
mistakes visible to I#TEX one at a time. (Recall that lines starting with % are ignored
by IXTEX.) Type the following source file, and save it under the name mathb. tex
in the work directory (or copy the file mathb. tex from the samples directory—see
page 4). As usual, do not type the line numbers! They are shown here to help you
with the exercises.

SRecall my recommendation from page xxxvi.
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1 7 Sample file: mathb.tex
2 % Typeset with LaTeX format
3 \documentclass{article}
4
5 \begin{document}
6 In first-year calculus, we define intervals such as
7  %$Cu, v)$ and $(u, \infty)$. Such an interval is a
8 $(u, v)$ and (u, \infty)$. Such an interval is a
9 \emph{neighborhood} of $a$
10 if $a$ is in the interval. Students should
11 realize that $\infty$ is only a
12 symbol, not a number. This is important since
13 we soon introduce concepts
14 such as $\lim_{x \to \infty} £(x)$.
15  Ysuch as $\lim_{x \to \infty £(x)$.
16
17 When we introduce the derivative
18 \[
19 \lim_{x \to a} \frac{f(x) - f(a)}{x - a}
20 % \lim_{x \to a} \frac{f(x) - f(a) x - a}
21 \]
22 we assume that the function is defined and continuous
23  in a neighborhood of $a$.

24 \end{document}

Exercise 1 Note that on line 8, the third $ is missing. When you typeset the
mathb.tex file, IXTEX generates the following error message:

! Missing $ inserted.
<inserted text>
$
1.8 ..., v)$ and (u, \infty
)$. Such an interval is a
?

Since the $ was omitted, I4TEX reads (u, \infty) as text; but the \infty com-
mand instructs IATEX to typeset a math symbol, which can only be done in math
mode. So IXTEX offers to put a $ in front of \infty. I£TEX attempts a cure, but
in this example it comes too late, because math mode should start just before (u.

Whenever you see the 7 prompt, you may press Return to ignore the error
and continue typesetting the document (see Section 1.13.2 for other options and
other prompts).

Exercise 2 Delete the % at the beginning of line 7 and insert a  at the beginning
of line 8 (this eliminates the previous error); then delete the % at the beginning
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of line 15 and insert a % at the beginning of line 14, introducing a new error (the
closing brace of the subscript is missing). Now typeset the note. You will get the
error message

! Missing } inserted.
<inserted text>

}
1.15 ...im_{x \to \infty f(x)$

IATEX is telling you that a closing brace (}) is missing, but it is not sure where
the brace should be. IXTEX noticed that the subscript started with {, but reached
the end of the math formula before finding the matching }. You must look in the
formula for a { that is not balanced, and insert the missing }.

Exercise 3 Now delete the % at the beginning of line 14, and insert a % at the
beginning of line 15, removing the previous error. Delete the ¥ at the beginning
of line 20 and insert a % at the beginning of line 19, introducing our final error
(omitting the closing brace of the first argument and the opening brace of the sec-
ond argument of \frac). Save and typeset the file. You will get the error message

! LaTeX Error: Bad math environment delimiter.

1.21 \]

This error message says that I4TEX believes that there is a bad math environment
delimiter on line 21 of your source file, specifically, the \]. When we look at the
source file, we can see that this delimiter is correct, which means that the problem
must lie within the displayed formula preceding the delimiter, which is the case:
IXTEX was trying to typeset

\lim_{x \to a} \frac{f(x) - f(a) x - a}

but \frac requires two arguments: IATEX found £(x) - f(a) x - aas the first
argument, then found the \], closing the displayed math environment before a
second argument was found.

See Section 1.10 for more information about finding and fixing problems in
your I4TEX source files.

1.3 Building blocks of a formula

A formula is built from a large collection of components. We group them as fol-
lows:
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= Arithmetic
— Subscripts and superscripts
= Binomial coefficients
= Congruences
= Delimiters
= Ellipses
= Integrals
= Math accents
= Matrices
= Operators
— Large operators
= Roots
= Text

In this section, I will describe each of these groups, and provide examples illustrat-
ing their use.

Some of the commands in the following examples are defined by the amsmath
package; in other words, to typeset these examples with the I4TgX article doc-
ument class, your file must begin with

\documentclass{article}
\usepackage{amssymb,latexsym,amsmath}

But recall my recommendation from page xxxvi: You may begin your articles with

\documentclass{amsart}
\usepackage{amssymb,latexsym}

and ignore all of the discussions about packages and fonts. (The amsmath package
is automatically loaded by the amsart document class.)

Arithmetic The arithmetic operations a + b, a — b, —a, a/b, and ab are typed as
you might expect:

$a + b$, $a - b$, $-a$, $a / b$, $a b}

If you wish to use - or x for multiplication, asin a - b or a x b, use \cdot or
\times, respectively. The expressions a - b and a x b are typed as follows:

$a \cdot b$ $a \times b$

Displayed fractions, such as

142z
T+yt+zy

are typed with \frac:

®
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\ [
\frac{l + 2x}{x + y + xy}
\]

The \frac command is seldom used inline because it can disrupt the interline
spacing of the paragraph; see the comment on page 318 for another example
of this problem.

Subscripts and superscripts Subscripts are typed with _ (underscore) and
superscripts with ~ (caret). Subscripts and superscripts should be en-
closed in braces; that is, typed between { and }. To get a1, type the
following characters:

Begin inline math mode: $
Type the letter a:

Subscript command: _
Put the subscripted 1 in braces: {1}
Exit inline math mode: $

that is, type $a_{1}$. Omitting the braces in this example causes no
harm, but to get a1o, you must type $a_{10}$; indeed, $a_108$ is type-
set as ;0. Further examples: a;,, a2, a™t, a2 are typed as

$a_{i_{1}}$, $a~{2}$, $a~{i_{1}}$, $a_{n}"{2}$

Binomial coefficients For binomial coefficients, IATEX offers the \choose com-
mand. For example, (¢ ) is typed inlinc as

$a \choose {b + c}$

whereas a displayed version,

is typed as
A
\frac{n"{2} - 1}{2} \choose {n + 1}
\]
@ The amsmath package provides the \binom command for typesetting bino-

mial coefficients. The examples shown above are typed as

$\binom{a}{b + c}$

and
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A\
\binom{ \frac{n~"{2} - 1}{2} }{n + 1}
\]

The amsmath package considers \choose to be an obsolete command. If @
you use \choose when you have amsmath loaded, you will see the following
warning:

Package amsmath Warning: Foreign command \atopwithdelims;
\frac or \genfrac should be used instead.

Congruences The two most important forms are

a=v (mod #) typedas $a \equiv v \pmod{\thetal}$
a=v () typed as  $a \equiv v \pod{\thetal}$

The second form requires the amsmath package. The command \pmod be- @
haves differently when the amsmath package is used: Its inline and displayed
forms use different spacing (see Section 4.7.3).

Delimiters Parentheses and square brackets are examples of delimiters; they are
used to delimit some subformulas, asin $ [ (a*b) +(c*d) ] ~2$, which typesets
as [(a * b) + (c * d)]2. They can expand vertically to enclose a formula:

1+z )2
2 +y?
is typed as

\ [
\left( \frac{l + x}{2 + y~{2}} \right)~{2}
\]

The \left ( and \right) commands tell IXTEX to size the parentheses cor-
rectly (relative to the size of the symbols inside the parentheses). Two further

examples,
a+b 2
2
would be typed as
\

\left| \frac{a + b}{2} \rightl,
\quad \left\| A~{2} \right\|
\]
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where \quad is a spacing command (see Sections 4.11 and A.9).

Additional delimiters are listed in Sections 4.6 and A.6.
Ellipses The ellipsis (...) in text is provided by the \1dots command:
A...Z istypedas A \ldots Z

In formulas, the ellipsis can be printed either as low (or on-the-line) dots with
the \1dots command:

F(zy,z2,...,2n) istypedas $F(x_{1}, x_{2}, \ldots, x_{n})$
or as centered dots with the \cdots command:
1+ T2+ -+, istypedas $x_{1} + x_{2} + \cdots + x_{n}$

@ If you use the amsmath package, the command \dots will typeset the cor-
rect ellipsis (with the correct spacing) in most cases; if it does not, see Sec-
tion 4.4.3 on how to specify the appropriate ellipsis from the four types avail-
able.

Integrals The command for an integral is \int; the lower limit is specified as a
subscript and the upper limit is specified as a superscript. For example, the
integral [ sinz dz = 2 is typed as

$\int_{0}"{\pi} \sin x \, dx = 2%

\, is a spacing command (see Sections 4.11 and A.9).

Math accents The four most frequently used math accents are:

a typedas $\bar{al}$
a typedas $\hat{a}$
a typedas $\tilde{al}$

@ typedas $\vec{al$

See Section 4.9 for a complete list.

Matrices IXTEX provides the array environment to typeset matrices.

array is a subsidiary math environment: It must be used inside a displayed
math environment or within an equation environment (see Section 1.6).

For example,
a+b+c w ax-y 27
a+bdb u+v z 134

is typed as
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\[

\begin{array}{cccc}
a+b+cé&auv & x -y & 27\\
a+b Su+vékz & 134

\end{array}

\]

The required argument consists of a character 1, r, or ¢ (meaning left, right,
or center alignment) for each column. All the columns in this example are
centered, so the argument is cccc.

The amsmath package provides the matrix subsidiary math environment; us- @
ing this environment, you would type the previous example as follows:

\
\begin{matrix}
a+b+cé&uv & x -y & 27\\
a+bé&u+vé&zé&i134
\end{matrix}
\]

Both environments separate adjacent matrix elements within a row with am-
persands (&); rows are separated by linebreak commands (\\). No linebreak
command is needed on the last row.

The basic form of the AMS matrix environment does not include delimiters.
Several additional subsidiary math environments do, including pmatrix and
vmatrix. For example,

A=(® +b+c w 30 7
"\ a+bdb u+v)|3 17
is typed as follows:
\
\mathbf{A} =
\begin{pmatrix}

a+b+c&uv\\
a+bé&u+v
\end{pmatrix}
\begin{vmatrix}
30 & 7\\

3 & 17
\end{vmatrix}

\]
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As you can see, pmatrix typesets as a matrix between a pair of \left( and
\right) commands, while vmatrix typesets as a matrix between a pair of
\left| and \right| commands. See Section 5.7.1 for a listing of all the
matrix variants.

Operators To typeset the sine function, sin z, type: $\sin x$.

Note that $sin x$ would be typeset as sinz because IXTEX interprets this
expression as the product of four variables.

IATEX calls \sin an operator; there are a number of operators listed in Sec-
tions 4.7.1 and A.7 (see Section 4.7.2 for user-defined operators). Some are
just like \sin; others produce a more complex display:

lin}) flx)y=0
which is typed as

\ [
\lim_{x \to 0} f(x) = 0
\]

Large operators The command for sum is \sum and for product is \prod.
The following examples,

n

n
2 2
DL | £
i=1 i=1

are typed as

\[
\sum_{i=1}"{n} x_{i}"{2} \qquad
\prod_{i=1}"{n} x_{i}~{2}

\]

\qquad is a spacing command (see Sections 4.11 and A.9) used to sep-
arate the two formulas.

Sums and products are examples of large operators; these are listed in

Section A.7.3. They appear in a different style and size when used in an

inline formula: "7, z? T[], z2.

Roots \sqrt produces the square root; for instance, v'a + 2b is typed as
$\sqrt{a + 2b}$

The n-th root, /5, requires the use of an optional argument, which is spec-
ified using brackets ([ ], see Section 2.3.1): $\sqrt [n]{5}$.
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Text You can include text in a formula with an \mbox command. For instance,
a=hb, by assumption
is typed as

\
a = b, \mbox{\qquad by assumption}
\]

Note the spacing command \qquad (equivalent to \quad\quad) in the ar-
gument of \mbox. You could also have typed

\
a = b, \gqquad \mbox{by assumption}
\]

because \qquad works in math mode as well as in text mode (see Sections
4.11 and A9).

If'you use the amsmath package, the \text command is available as a replace-
ment for the \mbox command. It works just like \mbox except that \text
automatically changes the size of its argument when necessary, as in aP°"e*,

typed as
$a~{\text{power}}$

1.4 Building a formula step-by-step

It is easy to build up complex formulas from the components described in Sec-
tion 1.3. Try the following formula:

&l far pi)H - 1)
1,141
2 ([%‘—3}> o) =2+ {/p(i) — 1

i=1

(I have used the AMS \binom command; if you want to stick with IXTEX, you could
use the \choose command instead.)

You should build this formula up in several steps. Create a new file in your
work directory. Name it formula.tex, type in the following lines, and save it:

% File: formula.tex

% Typeset with LaTeX format
\documentclass{article}
\usepackage{amssymb,latexsym, amsmath}
\begin{document}

\end{document}
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(Using standard I4TgX, the fourth line should be \usepackage{latexsym}.)

At present, the file has an empty document environment. Type each part of
the formula as an inline or displayed formula within this environment so that you
can typeset the document and check for errors. (You can find these formulas in the
file gallery.tex in the samples directory.)

Step 1 We will start with [%]
$\left[ \frac{n}{2} \rightl$

Type the previous line into formula.tex and test it by typesetting the document.

Step 2 Now you can do the sum:

—.
nf3
ki)

i=1

For the superscript, you can copy and paste the formula created in Step 1 (without
the dollar signs), so that you have the following:

\ [
\sum_{i = 1}°{ \left[ \frac{n}{2} \right] }
\]

Step 3 Next, do the two formulas in the binomial:
ziz 1+ 3
iit1 3

Type them as separate formulas in formula.tex:

\[
x_{i, i + 1}°{i"{2}} \qquad \left[ \frac{i + 3}{3} \right]
\]

Step 4 Now it is easy to do the binomial. Piece together the following formula
by copying and pasting the previous formulas (dropping the \qquad command):

\[
\binom{ x_{i,i + 1}~{i"{2}} }{ \left[ \frac{i + 3}{3} \right] }
\]

which typesets as
2

)
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Step 5 Next, type the formula under the square root, u(i)? (i2 — 1):

$\mu(i)~{ \frac{3}{2} } (i~{2} - 1)$

and then the square root, 4/ p(i) (2 = 1):

$\sqrt{ \mu(i)"{ \frac{3}{2} } (i~{2} - 1) }$

Step 6 The two cube roots, ¥/p(7) — 2 and {/p(i) — 1, are easy to type:
$\sqrt [3]1{ \rho(i) - 2 }$ $\sqrt[3]{ \rho(i) - 1 }$

Step 7 Now the fraction

u(i)} (@2 - 1)
Vp() =2+ /p(i) - 1
which is typed, copied, and pasted together as

\[
\frac{ \sqrt{ \mu(i)~{ \frac{3}{2}} (i~{2} -1) } }
{ \sqrt[3]1{\rho(i) - 2} + \sqrt[3]{\rho(i) - 1} }

\]
Step 8 Finally, the whole formula,

(%3] /(i) — 2+ /p() — 1

is formed by copying and pasting the pieces together, leaving only one pair of dis-
played math delimiters:

\ [
\sum_{i = 1}°{ \left[ \frac{n}{2} \right] }
\binom{ x_{i, i + 1}~{i~{2}} }
{ \left[ \frac{i + 3}{3} \right] }
\frac{ \sqrt{ \mu(i)“{ \frac{3}{2}} (i~{2} - 1) } }
{ \sqrt[3]{\rho(i) - 2} + \sqrt[3]{\rho(i) - 1} }

i=1

\]
Note the use of

= Hierarchical indentation, to keep track of the structure of the formula

= Spacing to help distinguish the braces (some text editors will help you balance
braces)

= Separate lines for the various pieces of the formula
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It is to your advantage to keep your source file readable. 15TEX does not care
how its input is formatted, and would happily accept the following:

\[\sum_{i=1}"{\1left [\frac{n}{2}\right] }\binom{x_{i,i+1}"{i~{2}}}
{\left [\frac{i+3}{3}\right] }\frac{\sqrt{\mu(i) “{\frac{3}
{233 @~ {2}-1) 3 {\sqrt [3]{\rho (i) -2}+\sqrt [3] {\rho (i) -1}}\]

But this haphazard style will not only make it more difficult for your coauthors or
editor to work with your source file, it will make finding mistakes difficult. Try to
find the error in the next version:

\[\sum_{i=1}"{\left [\frac{n}{2}\right] }\binom{x_{i,i+1}"{i~{2}}}
{\left [\frac{i+3}{3}\right] \frac{\sqrt{\mu(i) “{\frac{3}
{2333 (1~{2}-1) 3} {\sqrt [3] {\rho (i) -2}+\sqrt [3] {\rho (i) -1} }\]

(Answer: \frac{3}{2 should be followed by }} and not by }}}.)

1.5 Formula gallery

In this section, I present the formula gallery, a collection of formulas—some sim-
ple, some complex—that illustrate the power of IXTEX and the AMS packages. (You
can find these examples in the file gallery.tex in the samples directory.) Some
of the commands in these examples have not been discussed previously, but you
should be able to answer most of your questions about how they work by com-
paring the source with the typeset result or by looking up these commands in the
later parts of this book. Occasionally, I will give you a helping hand with some
comments.

Many of these formulas are taken from textbooks and research articles. The
last six are reproduced from the document testart.tex, which was distributed
by the AMS some years ago.

@ Some of these examples require the amssymb and amsmath packages; be sure
to include the line

\usepackage{amssymb,latexsym,amsmath}

following the documentclass line of any article using such constructs; or follow
my recommendation on page xxxvi and ignore this warning. I will point out what
additional packages (if any) are required for each formula.

Formula 1 A set-valued function:
t—{ceClc<z}

\ [
x \mapsto \{\, ¢ \in C \mid ¢ \leq x \,\}
\]
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Note that both | and \mid are typeset as |. Use | for absolute value signs. In this
formula, \mid is used because it provides extra spacing (see Section 4.6.4). To
equalize the spacing around ¢ € C and ¢ < z, a thin space (\,) was added inside
each brace (see Section 4.11). The same technique is used in several other formulas
in this section.

Formula 2
Utz 1€ )| <m

is typed as

\
\left| \bigcup (\, I_{j} \mid j \in J \,) \rightl|
< \mathfrak{m}

\]

The \1eft| and \right| commands are delimiters; they create vertical bars
whose size adjusts to the size of the formula. The \mathfrak command provides
access to the Fraktur math alphabet (which requires either the amsfonts or the
eufrak package).

Formula 3 Note that you have to add spacing both before and after the text frag-
ment for some in the following example. The argument of \mbox is typeset in text
mode, so the space is recognized.

A={zeX|ze€ X, forsomeiec I}

\[
A = \{\, x \in X \mid x \in X_{i},
\mbox{ for some $i \in I$} \,\}
\]

Formula 4 Space to show logical structure:
{a1,a2) < (af,as) iff a3 <a} or a;=a]anday<a)

\[

\langle a_{1},a_{2} \rangle \leq \langle a’_{1},a’_{2}\rangle
\qquad \mbox{if{f}} \qquad a_{1} < a’_{1} \quad \mbox{or}
\quad a_{1} = a’_{1} \mbox{ and } a_{2} \leq a’_{2}

\]

Note that in if{f} (in the argument of the first \mbox) the second f is enclosed in
braces to avoid the use of the ligature—the merging of the two fs. For the proper
way of typesetting iff without a ligature, see Section 2.4.6.
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&

Formula 5 Here are some examples of Greek letters:
Fu’={717<2X, Ba,¢_Ul7 B'ygu,}

\[

\Gamma_{u’} = \{\, \gamma \mid \gamma < 2\chi,

\ B_{\alpha} \nsubseteq u’, \ B_{\gamma} \subseteq u’ \,\}
\]

See Section A.1.2 for a complete listing of Greek letters. The \nsubseteq com-
mand requires the amssymb package.

Formula 6 \mathbb allows you to use the blackboard bold math alphabet (which
only provides capital letters):
A=B>x1Z

\([
A = B"{2} \times \mathbb{Z}
\]

Blackboard bold requires the amssymb package.

Formula 7 The \1eft[ and \right] delimiters set square brackets whose size
is proportional to the height of the symbols delimited by them:

yC=zv \/ [s¢]  (mod ®)
i€C
\[
y~C \equiv z \vee \bigvee_{ i \in C } \left[ s_{i}"{C} \right]

\pmod{ \Phi }
\]

Notice how the superscript is set directly above the subscript in s¢.

Formula 8
yV V(B yeT)=2v\/([B,)|y€T) (mod &°)

\ ([
y \vee \bigvee (\, [B_{\gamma}] \mid \gamma \in \Gamma \,)
\equiv z \vee \bigvee (\, [B_{\gammal}]
\mid \gamma \in \Gamma \,) \pmod{ \Phi~{x} }

\]

The spacing shown was created by the amsmath package.
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Formula 9 Use \nolimits to force the “limit” of the large operator to display

as a subscript:
1=\ (A (ziliel)|i<Ra)

\[
f (\mathbf{x}) = \bigvee\nolimits_{\!\mathfrak{m}}
\left(\,
\bigwedge\nolimits_{\mathfrak{m}}
(\, x_{j} \mid j \in I_{i} \,) \mid i < \aleph_{\alpha}
\,\right)
\]

Notice that a negative space (\!) was inserted to bring the m a little closer to the
big join symbol /.
The \mathfrak command requires either the amsfonts or eufrak package. @

Formula 10 The \left. command gives a blank left delimiter, which is needed
to balance the \right| command (if the \left and \right commands are not
balanced, you will get an error message):

~ b ~ ~

F(z)| = F(b) — F(a)

a
\ [
\left. \widehat{F}(x) \right|_{a}"{b}
= \widehat{F}(b) - \widehat{F}(a)

\]
Formula 11
12
utv~w~2z
\
u \underset{\alpha}{+} v \overset{1}{\thicksim} w
\overset{2}{\thicksim} z
\]

The \underset and \overset commands require the amsmath package. A @
special case, placing a symbol above a binary relation, can be done in I#TEX with
the \stackrel command.

Formula 12 In this formula, \mbox would not work properly because the overset
text would be too large, so we use \text, which requires the amsmath package:

f(z) ef2

\ [
f(x) \overset{ \text{def} }{ =} x~{2} - 1
\]
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Formula 13 .,
e N
a+b+-+z
\ [
\overbrace{a + b + \cdots + z}"{n}
\]
The symbol typed as the exponent is attached to the horizontal curly brace. Note
@ that if you use the amsmath package, \dots will do.
Formula 14
a+b+c uv | _ .
a+b c+d
\[
\begin{vmatrix}
a+b+c&u\\
a+b&c+d
\end{vmatrix}
=7
\]
a+b+c wv ||
a+b c+d|
\[
\begin{Vmatrix}
a+b+cé&uv\\
a+b&c+d
\end{Vmatrix}
=7
\]
@ The vmatrix and Vmatrix environments require the amsmath package. In I4TgX,
the second matrix would be typed as
A
\left\|\begin{array}{cc}
a+b+c&uv\\
at+bé&c+d
\end{array\right\|
=7
\]
which produces the typeset formula
a+b+c w | .
a+b c+d |

Note, again, that the I&TEX spacing is different.
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Formula 15
. A - ..
Z bij 0 = Z bgj)yj + (bii — Xi)3sy
JEN JEN
is typed as
\ [

\sum_{j \in \mathbf{N}} b_{ij} \hat{y}_{j}
= \sum_{j \in \mathbf{N}} b~{(\lambda)}_{ij} \hat{y}_{j}
+ (b_{ii} - \lambda_{i}) \hat{y}_{i} \hat{y}

\]

The \mathbf{N} command makes a bold N. Since the \mathbf command cannot
be used to produce a bold math symbol (in math mode), the amsmath package
offers the \boldsymbol command: \boldsymbol{\alpha} produces c.

Formula 16 To produce the formula
T 1o oo
(H mj)Hc = ikij det K(i]7)
j=1

try typing
\ [

\left( \prod“n_{\, j = 1} \hat x_{j} \right) H_{c}

= \frac{1}{2} \hat k_{ij} \det \hat{ \mathbf{K} }(ili)
\]

which typesets as
(H x]) H, = %icij det K (1)
j=1

This is not quite right. You can correct the overly large parentheses by using the
\biggl and \biggr commands in place of \left ( and \right), respectively (see
Section 4.6.2). Adjust the small hat over K by using \widehat:

\ [

\biggl( \prod“n_{\, j = 1} \hat x_{j} \biggr) H_{c}

= \frac{1}{2} \hat{k}_{ij} \det \widehat{ \mathbf{K} }(ili)
\]

which will give you the original formula.

Formula 17 In this formula, I have used \overline{I} to get I (you could also
use \bar{I}, which is typeset as I ):

det K(t = 1,t1,...,tn) = Y (DI [ t: [T (D + Ajt;) det AX(T[T) =0
Ien iel jeI
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\[
\det \mathbf{K} (¢t = 1, t_{1}, \ldots, t_{n})
= \sum_{I \in \mathbf{n} }(-1)"{II|} \prod_{i \in I} t_{i}
\prod_{j \in I} (D_{j} + \lambda_{j} t_{j})
\det \mathbf{A}"{(\lambda)}(\,\overline{I} | \overline{I}\,)
=0
\]

@ Note that if you use the amsmath package, \dots will do.
Formula 18 The command \| provides the || math symbol in this formula:

H(z+v)— H(z+v")— BH(z)(v — ')
(v,0")—(0,0) lv —v'||

=0

\ [
\lim_{(v, v’) \to (0, 0)}
\frac{H(z + v) - H(z + v’) - BH(z)(v - v’)}
NNl v-v\I}=0
\]

Formula 19 This formula uses the calligraphic math alphabet:

/ Ful2®o(2)e”” > caa / lu2@oe! 4 562 / ju[2®pe0"
D D A

\[
\int_{\mathcal{D}} | \overline{\partial u} |~{2}
\Phi_{0}(z) e~{\alpha |z|~2}
\geq c_{4} \alpha \int_{\mathcal{D}} lul-~{2} \Phi_{0}
e~{\alpha |z|~{2}}
+ c_{5} \delta~{-2} \int_{A} |ul~{2}
\Phi_{0} e~{\alpha |z|~{2}}

\]

@ Formula 20 The \hdotsfor command sets dots that span multiple columns in

a matrix. The \dfrac command is the displayed variant of the \frac command
(see Section 4.4.1).

SO'Xn,l (
Y1 X €

SO'Xn,l ‘P'Xn,2
p2 X €1 P2 XE2

T+e)? 0 (THen)”r (T4 )"

+1n
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\[
\mathbf{A} =
\begin{pmatrix}

\dfrac{\varphi \cdot X_{n, 1}} {\varphi_{1} \times
\varepsilon_{1}} & (x + \varepsilon_{2})"{2} & \cdots
& (x + \varepsilon_{n - 1})"{n - 1}

& (x + \varepsilon_{n}) "{n}\\[10pt]

\dfrac{\varphi \cdot X_{n, 1}} {\varphi_{2} \times
\varepsilon_{1}} & \dfrac{\varphi \cdot X_{n, 2}}
{\varphi_{2} \times \varepsilon_{2}} & \cdots &
(x + \varepsilon_{n - 1})"{n - 1}

& (x + \varepsilon_{n}) “{n}\\

\hdotsfor{5}\\

\dfrac{\varphi \cdot X_{n, 1}} {\varphi_{n} \times
\varepsilon_{1}} & \dfrac{\varphi \cdot X_{n, 2}}
{\varphi_{n} \times \varepsilon_{2}} & \cdots
& \dfrac{\varphi \cdot X_{n, n - 1}} {\varphi_{n}
\times \varepsilon_{n - 1}} &

\dfrac{\varphilcdot X_{n, n}}
{\varphi_{n} \times \varepsilon_{n}}
\end{pmatrix}
+ \mathbf{I}_{n}
\]

Note the use of the command \\ [10pt]; if you only use \\, the first and sec-
ond lines of the matrix will be set too close.

This formula requires the amsmath and amssymb packages. I will show you @
how to rewrite the formula to make it shorter and more readable in Section 9.1.2.

1.6 Displayed formulas
1.6.1 Equations

The equation environment creates a displayed math formula and automatically
generates an equation number. The equation

(1) / sinzdr =2
0

is typed as

\begin{equation}\label{E:firstInt}
\int_{0}"{\pi} \sin x \, dx = 2
\end{equation}
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The equation number (which is automatically generated) depends on how many
other equations occur before the given equation. The placement and style of the
equation number is dependent on the document class and packages loaded by your
document. (In this book, you will find equation numbers on the left—which is the
AMS default—except for the sample IATEX article on pages 44—45.)

To refer to this formula without having to remember a number (which may
change if you edit your document), you can assign a #ame to the equation in the
argument of a \label command. In this example, I have called the first equation
firstInt (first integral), and used the convention that the label of an equation
starts with E:, so that the complete \1abel command is

\label{E:firstInt}

The number of this formula is referenced with the \ref command. Its page
is referenced using the \pageref command. For example, to get the reference

see (1), type
see” (\ref{E:firstInt})

The amsmath package includes the \eqref command, which provides the ref-
erence number in parentheses. This command is smart: Even if the equation num-
ber appears in boldface or italic text, the reference will be typeset upright (in roman
type).

Note the use of the tie (7) to ensure that the equation number is on the same
line as the word see. You should always use ties to connect a \ref command to
the name of its part (equation, page, section, chapter, etc.).

The main advantage of this cross-referencing system is that when you add,
delete, or rearrange equations, I#TEX automatically renumbers the equations and
adjusts the references that appear in your typeset document.

Rule =

Typeset twice
For renumbering to work, you have to typeset the source file twice.

See Sections 12.2 and C.2.4. I4TEX will issue a warning if you forget.

IATEX stores the labels in an auxiliary file while it typesets your source file (see
Section 1.13). For each label, it stores the number of the equation and the page
on which the equation appears. (A third round of typesetting may be necessary to
get the correct page numbers in the table of contents.)

An equation will be numbered whether or not there is a \label command
attached to it. Of course, if there is no \label command, the number generated
for the equation by I#TEX cannot be referenced automatically.

The system described here is called symbolic referencing. The symbol for the
number is the argument of the \label command, and that symbol can be refer-
enced with \ref or \pageref commands. I&IgX uses the same mechanism for
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all of the numberings it automatically generates: sections, subsections, subsubsec-
tions, equations, theorems, lemmas, and bibliographic references—except that for
bibliographic references, I4TEX uses the \bibitem command to define a biblio-
graphic item and the \cite command to cite a bibliographic item (see Section 1.9.4
and Chapter 10).

With the amsmath package, equations can also be zagged by attaching a name @
to the formula with the \tag command. The tag replaces the equation number.

For example,

(Int) / sinzxdr =2
0
is typed as
\begin{equation}
\int_{0}~{\pi} \sin x \, dx = 2 \tag{Int}
\end{equation}

Tags (of the type discussed here) are absolute: This equation should always be
referred to as (Int). Equation numbers, on the other hand, are relative: They may
change when equations are added, deleted, or rearranged.

1.6.2 Aligned formulas

I£TEX, with the help of the amsmath package, has many ways to typeset multiline @
formulas. We will discuss three constructs in this section: simple alignment, anno-
tated alignment, and cases; see Chapter 5 for many others.

For simple and annotated alignment we use the align math environment.
Each line in the align environment is a separate equation, which I4TgX will auto-
matically number.

Simple alignment

Simple alignment is used to align two or more formulas. To obtain the formulas @

(2) r? =54+ 2
(3) u+1=v+w®
y+z

4) T=Jorou

type the following, using \\ as the line separator and & as the alignment point (note
that you do not need a \\ on the last line):
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r {2} &= s"{2} + t7{2}, \label{E:Pyth}\\
2u + 1!&= v + w"{\alpha}, \label{E:alpha}\\
x,&= \frac{y + z}{\sqrt{s + 2u}}; \label{E:frac}

alignment points

of formulas
(2) r2:= §° + %
(3) 2u+ 1)= v+ w?,
(4) .r:: y+z

Vst 2u

1

1
alignment points
of formulas

Figure 1.1: Simple alignment: source and typeset.

\begin{align}
r~{2} &= s~{2} + t°{2}, \label{E:Pyth}\\
2u + 1 &= v + w™{\alpha}, \label{E:alpha}\\

x &= \frac{y + z}{\sqrt{s + 2u}}; \label{E:frac}
\end{align}

(These formulas are numbered (2), (3), and (4) because they are preceded by one
numbered equation earlier in this section.)

The intercolumn space is set by amsmath; if you want to set it yourself, use
the alignat math environment (see Section 5.5.4).

The align environment can also be used to break a long formula into two (or
more) parts. Since numbering both lines in such a case would be undesirable, you
can prevent the numbering of the second line by using the \notag command in
the second part of the formula.

For example,

_ [ (&) +9(=) 1+ f(x)g(z)

(5) h(:c)—/< 1+ F(2) + s ) dx
(14 /@) i
-/mdl‘-QtaH 1((1‘—2)

is typed as follows:

\begin{align}\label{E:longInt}
h(x) &= \int \left( \frac{ £(x) + g(x) } { 1+ £~{2}(x) }
+ \frac{ 1+ £(x)g(x) } { \sqrt{1l - \sin x} } \right) \, dx\\
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&= \int \frac{ 1 + £(x) } {1 + g(x) } \, dx
- 2 \tan"{-1}(x-2)\notag
\end{align}

The multline math environment (See Section 5.3) and the split subsidiary math @
environment (see Section 5.6.2) provide better ways to split a long formula into
two or more aligned parts. split also centers the formula number vertically.

The rules for simple alignment are easy to remember:

Rule m Simple alignments @

= Use the align environment.

= Separate the lines with \\.

» In each line, indicate the alignment point with &.

® Place a \notag command in each line that you do not wish numbered.

= Place a \1abel command in each numbered line you may want to reference with
\ref, \eqref, or \pageref.

Annotated alignment

Annotated alignment allows you to align formulas and their annotations (explana- @
tory text) separately (see Figure 1.2):

(6) z=zA(yVz) (by distributivity)
=(xAy)V(zAz) (by condition (M))
=yVez.

This example is typed as

\begin{align}\label{E:DoAlign}
x &= x \wedge (y \vee 2)
&&\text{(by distributivity)\\
&= (x \wedge y) \vee (x \wedge z)
&&\text{(by condition (M))} \notag\\
&= y \vee z. \notag

\end{align}

The rules for annotated alignment are similar to the rules of simple alignment.
In each line, in addition to the alignment point marked by &, there is also a mark
for the start of the annotation: &&.

The align environment can be used for much more than simple and anno-
tated alignments—see Section 5.5.
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aligned formulas annotation
I
x1&= x \wedge (y \vee z) te&\text{(by distributivity)}\\
&= (x \wedge y) \vee (x \wedge z) [&&\text{(by condition (M))}\\
l&= y \vee z. :
[} |
| |
alignment points alignment points
of formulas of annotations
aligned formulas annotation
Ti=z A (yV=2) H ' (by distributivity)
= (xAy)V(zA2) E(by condition (M))
!
=yVz :
alignment points alignment points
of formulas of annotations
<>

intercolumn space

Figure 1.2: Annotated alignment: source and typeset.

1.6.3 Cases

@ The cases construct is another subsidiary math environment. It must be used in
a displayed math environment (e.g., align) or within an equation environment
(see Section 1.6.1). Here is a typical example:

—z2,  ifz <0
flx)=<a+z, f0<z<l;
x?, otherwise.
typed as follows:
\
f(x)=
\begin{cases}
-x~{2}, &\text{if $x < 0%;}\\

\alpha + x, &\text{if $0 \leq x \leq 1$;}\\
x~{2}, &\text{otherwise.}
\end{cases}

\]
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The rules for using the cases environment are simple:

Rule B cases environments

= Separate the lines with \\.
= In each line, indicate the alignment point for the annotation with &.

1.7 The anatomy of an article

In this introductory chapter, I will use the popular IXTEX articledocument class
and the sample article intrart.tex (in the samples directory) to examine the
anatomy of an article. Type it in as we discuss the parts of an article.

The preamble of an article is everything from the first line of the source file up
to the line

\begin{document}

\documentclass{...}
\usepackage{...} preamble

\begin{document}

\title{...}
\author{...}
\date{...}
\maketitle

top matter

\begin{abstract}
abstract

iégd{abstract} body

\section{...}

\section{...}

\begin{thebibliography}{9}
bibliography

\end{thebibliography}

\end{document}
Figure 1.3: A schematic view of an article.
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See Figure 1.3. The preamble contains instructions affecting the entire document.
The \documentclass command is the only required command in the preamble.
There are other commands (such as the \usepackage command) that must be
placed in the preamble if they are used, but these commands do not have to be
present in every document.

Here is the preamble of the introductory sample article:

% Introductory sample article: intrart.tex
% Typeset with LaTeX format

\documentclass{article}
\usepackage{latexsym}
\newtheorem{theorem}{Theorem}
\newtheorem{definition}{Definition}
\newtheorem{notation}{Notation}

The preamble specifies the document class and then the IXTEX enhancements,
or packages, used by the article. It can also specity additional commands that will
be used throughout the document (such as proclamation definitions, user-defined
commands, and so on). intrart.tex specifies the article document class, and
then loads the latexsym package that provides access to some additional I&TEX sym-
bols.

A proclamation is a theorem, definition, corollary, note, or other similar con-
struct. The intrart.tex article defines three proclamations. The first of these,

\newtheorem{theorem}{Theorem}

defines the theorem environment, which then can be used in the body of the article
(as explained in Section 1.9.3). The other two are similar. IXTEX will automatically
number and format proclamations.

The article proper, called the body, is contained within the document environ-
ment—between the lines

\begin{document}
and
\end{document}

as illustrated in Figure 1.3. The body of an article is also split into several parts,
starting with the zop matter, which contains title page information. The top matter
tollows the line

\begin{document}
and concludes with the line

\maketitle
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Here is the top matter of the introductory sample article:

\title{A construction of complete-simple\\

distributive lattices}

\author{George™A. Menuhin\thanks{Research supported
by the NSF under grant number 23466.}\\
Computer Science Department\\

Winnebago, MN 23714\\
menuhin@cc.uwinnebago.edu}

\date{March 15, 2000}

\maketitle

The body continues with an (optional) abstract, contained within an abstract en-
vironment:

\begin{abstract}
In this note, we prove that there exist \emph{complete-simple
distributive lattices,} that is, complete distributive
lattices in which there are only two complete congruences.
\end{abstract}

And here is the rest of the body of the introductory sample article, exclusive of the
bibliography (with one comment in the middle):

\section{Introduction}\label{S:intro}
In this note, we prove the following result:

\begin{theorem}
There exists an infinite complete distributive lattice”$K$
with only the two trivial complete congruence relations.
\end{theorem}

\section{The $\Pi~{*}$ construction}\label{S:Px*}
The following construction is crucial in the proof of our Theorem:

\begin{definition}\label{D:P*}
Let $D_{i}$, for $i \in I$, be complete distributive
lattices satisfying condition™\textup{(J)}. Their
$\Pi~{*}$ product is defined as follows:
\[
\Pi“{*} ( D_{i} \mid i \in I ) =
\Pi ( D_{i}"{-} \mid i \in I ) + 1;
\]
that is, $\Pi“{*} ( D_{i} \mid i \in I )$ is
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$\Pi ( D_{i}"{-} \mid i \in I )$ with a new unit element.
\end{definition}

Notice that we refer to condition (J) in the definition as \textup{(J)}. As a re-
sult, even if the text of the definition is emphasized (as it will be in the typeset
article), (J) will still be typeset upright as (J) and not slanted as (J).

\begin{notation}
If $i \in I$ and $d \in D_{i}"{-}$, then
\[
\langle \ldots, 0, \ldots, d, \ldots, 0, \ldots \rangle
\]
is the element of $\Pi~{*} ( D_{i} \mid i \in I )$ whose
$i$-th component is $d$ and all the other components
are $0$.
\end{notation}

See also Ernest”T. Moynahan™\cite{eM57a}.
Next we verify the following result:

\begin{theorem}\label{T:P*}
Let $D_{i}$, $i \in I$, be complete distributive
lattices satisfying condition™\textup{(J)}. Let $\Theta$
be a complete congruence relation on
$\Pi~{*} ( D_{i} \mid i \in I )$.
If there exist $i \in I$ and $d \in D_{i}$ with
$d < 1_{i}$ such that, for all $d \leq c < 1_{i}$,
\begin{equation}\label{E:congl}
\langle \ldots, d, \ldots, 0, \ldots \rangle \equiv
\langle \ldots, c, \ldots, 0, \ldots \rangle \pmod{\Theta},
\end{equation}
then $\Theta = \iota$.
\end{theorem}

\emph{Proof.} Since
\begin{equation}\label{E: cong2}
\langle \ldots, d, \ldots, 0, \ldots \rangle \equiv
\langle \ldots, c, \ldots, 0, \ldots \rangle \pmod{\Theta},
\end{equation}
and $\Theta$ is a complete congruence relation, it follows
from condition”(J) that
\begin{equation}\label{E:cong}
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\langle \ldots, d, \ldots, 0, \ldots \rangle \equiv
\bigvee ( \langle \ldots, c, \ldots, 0, \ldots \rangle
\mid d \leq ¢ < 1 ) \pmod{\Theta}.

\end{equation}

Let $j \in I$, $j \neq i$, and let $a \in D_{j}"{-1$.
Meeting both sides of the congruence (\ref{E:cong2}) with
$\langle \ldots, a, \ldots, O, \ldots \rangle$, we obtain that
\begin{equation}\label{E:comp}
0 = \langle \ldots, a, \ldots, 0, \ldots \rangle \pmod{\Theta},
\end{equation}
Using the completeness of $\Theta$ and (\ref{E:comp}),
we get:
\
0 \equiv \bigvee ( \langle \ldots, a, \ldots, O, \ldots
\rangle \mid a \in D_{j}"{-} ) = 1 \pmod{\Theta},
\]
hence $\Theta = \iota$.

At the end of the body, the bibliographic entries are typed between the lines
\begin{thebibliography}{9}

and

\end{thebibliography}

There are fewer than 10 references in this article, so we tell IXTEX to make room
for single-digit numbering by providing the argument 9 to the thebibliography
environment; use 99 if the number of references is between 10 and 99. The typeset
bibliography will be titled References.

Here is the bibliography from intrart.tex:

\begin{thebibliography}{9}

\bibitem{sF90}

Soo-Key Foo,

\emph{Lattice Constructions},

Ph.D. thesis,

University of Winnebago, Winnebago, MN, December, 1990.
\bibitem{gM68}

George~™A. Menuhin,

\emph{Universal Algebra},

D.~van Nostrand, Princeton, 1968.
\bibitem{eM57}
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Ernest”T. Moynahan,
\emph{0On a problem of M. Stone},
Acta Math. Acad. Sci. Hungar. \textbf{8} (1957), 455--460.
\bibitem{eM57a}
Ernest™T. Moynahan,
\emph{Ideals and congruence relations in lattices.} II,
Magyar Tud. Akad. Mat. Fiz. Oszt. K\"{o}zl. \textbf{9}
(1957), 417--434.
\end{thebibliography}

The body (and the article) ends when the document environment is closed with

\end{document}

1.7.1 The typeset sample article

On pages 44 and 45, you will find the typeset intrart. tex, the introductory sam-
ple article. Notice that the equation numbers are on the right, which is the default
in IATEX’s article document class. Elsewhere in this book you will find equation
numbers on the left, which is the AMS default—see Sections 7.1.1, 8.5, and 12.1.3
to learn how to change the default.
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A construction of complete-simple
distributive lattices

George A. Menuhin*
Computer Science Department

Winnebago, MN 23714
menuhin@cc.uwinnebago.edu

March 15, 2000

Abstract

In this note, we prove that there exist complete-simple distributive
lattices, that is, complete distributive lattices in which there are only two
complete congruences.

1 Introduction

In this note, we prove the following result:

Theorem 1 There exists an infinite complete distributive lattice K with only
the two trivial complete congruence relations.

2 The II* construction

The following construction is crucial in the proof of our Theorem:

Definition 1 Let D;, for i € I, be complete distributive lattices satisfying con-
dition (J). Their II* product is defined as follows:

m*D;liel)=I(D; |iel)+1;
that is, II*(D; | i € I) is II(D | i € I) with a new unit element.
Notation 1 Ifi € I and d € D, then
(...,0,...,d,...,0,...)

is the element of II*(D; | i € I) whose i-th component is d and all the other
components are 0.

*Research supported by the NSF under grant number 23466.
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See also Ernest T. Moynahan [4].
Next we verify the following result:

Theorem 2 Let D;, i € I, be complete distributive lattices satisfying condi-
tion (J). Let © be a complete congruence relation on I1*(D; | i € I). If there
erist i € I and d € D; with d < 1; such that, for alld < ¢ < 1;,

(..,d,...,0,..0=(..,¢...,0,...) (mod ©), (1)
then © = ¢.
Proof. Since

(..oyd,...,0,..0=(..,¢,...,0,...) (mod ©), (2)

(ondy 0,00 =\/((-..r0,...,0,..) [d<ec<1) (mod®). (3)

Let j € I, j # 1, and let @ € D;. Meeting both sides of the congruence (2)
with (...,a,...,0,...), we obtain that

0={(..,a,...,0,...) (mod ©), 4)
Using the completeness of © and (4), we get:
05\/((...,(1,...,0,...)laEDj")zl (mod ©),

hence © = ..

References
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1.8 ITEX article templates

Before you start writing your first article, you should create two article templates
using I4TgX’s article document class:

= article.tpl for articles with one author
= article2.tpl for articles with two authors

You will find copies of these templates in the samples directory (see page 4). Start
by copying them to your work directory, or type them in from the following list-
ings:

% Sample file: article.tpl

% Typeset with LaTeX format
\documentclass{article}
\usepackage{amssymb,latexsym,amsmath}
\newtheorem{theorem}{Theorem}
\newtheorem{lemma}{Lemma}
\newtheorem{proposition}{Proposition}
\newtheorem{definition}{Definition}
\newtheorem{corollary}{Corollary}
\newtheorem{notation}{Notation}

\begin{document}

\title{titlelinel\\
titleline2}

\author{name\thanks{support}\\
addresslinel\\
addressline2\\
addressline3}

\date{date}

\maketitle

\begin{abstract}
abstract text
\end{abstract}

\begin{thebibliography}{99}
bibliographic entries

\end{thebibliography}

\end{document}

The document article2.tpl is identical to article.tpl except for the ar-
gument of the \author command which is expanded to accommodate two au-
thors:
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\author{namel\thanks{support1}\\
addressilinel\\
addressiline2\\
addressiline3
\and
name2\thanks{support2}\\
address2linel\\
address2line2\\
address2line3}

Note the use of the \and command, which separates the two authors.

Once you have copies of the template files in your work directory, you can
customize them by putting your own information into the arguments of the top-
matter commands. You may also want to save your modified templates in another
directory, with more meaningful names. My templates are named ggart.tpl and
ggart2.tpl.

The top matter of my personalized template file looks like this:

\title{titlelinel\\
titleline2}
\author{G. Gr\"{a}tzer\thanks{Research supported by the
NSERC of Canada.}\\
University of Manitoba\\
Department of Mathematics\\
Winnipeg, MB R3T 2N2\\
Canada}
\date{date}

Notice that I did not edit the \title lines (or the \date command) because
they change from article to article. I also left the second author’s information un-
changed in ggart2.tpl.

1.9 Your first article

Your first article will use the article document class. To start, open the person-
alized article template that you created in Section 1.8, and save a copy with an ap-
propriate name. The name should be one word (no spaces, no special characters)
and end with . tex.

1.9.1 Editing the top matter

Edit the top matter to contain the relevant information (e.g., title and date) for
your article.
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Here are some simple rules to follow:

Rule =

Top matter for the article document class

1.

2.

If necessary, break the title into separate lines with \\. Do not put a \\ at the
end of the last line.

\thanks places a footnote at the bottom of the first page. If it is not needed,
delete it.

Separate the lines of your address with \\. Do not put a \\ at the end of the
last line.

Multiple authors are separated by \and. There is only one \author command,
and it contains all the information (name, address, support) about the authors.
There is no \\ command before the \and command.

If there is no \date command, IITEX will insert the date on which you are type-
setting the file (\date{\today} will produce the same result). If you do not
want any date to appear, type \date{}. For a specific date, such as February
21, 2000, type \date{February 21, 2000}.

The \title command is the only required command. The others are optional.

1.9.2 Sectioning

An article, as a rule, is divided into sections. To start the section entitled Introduc-
tion, type

\section{Introduction}\label{S:intro}

Introduction is the title of the section; S:intro is its label. (I use the conven-
tion that S: starts the label for a section.) The section’s number is automatically
assigned by IATEX; you can refer to this section number with \ref{S:intro}:

In Section~\ref{S:intro}, we introduce ...

\section* produces an unnumbered section.

Sections have subsections, and subsections have subsubsections, followed by

paragraphs and subparagraphs. The corresponding commands are

\subsection \subsubsection \paragraph \subparagraph

Their unnumbered variants are

\subsection* \subsubsection* \paragraph* \subparagraphx*
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1.9.3 Invoking proclamations

In the preamble of article.tpl, you defined the theorem, lemma, proposition,
definition, corollary, and notation proclamations. These proclamations define en-
vironments.

For example, you type a theorem within a theorem environment. The body
of the theorem (that is, the part of the source file that produces the theorem) is
typed between the lines

\begin{theorem}\label{T: zzz}
and
\end{theorem}

where T: zzz is the label for the theorem. (You should replace zzz with a label that
is somewhat descriptive of the contents of your theorem.) IATEX will automatically
assign a number to the theorem, and the theorem can be referenced by using a
command of the form \ref{T:zzz}.

1.9.4 Inserting references

Finally, we discuss the bibliography. Below are typical entries for the most fre-
quently used types of references: an article in a journal, a book, an article in a vol-
ume of conference proceedings, an article (or a chapter) in a book, a Ph.D. the-
sis, and a technical report. For more examples, see the bibliographic template file,
bibl.tpl, in the samples directory.

\begin{thebibliography}{9}
\bibitem{sF90}
Soo-Key Foo,
\emph{Lattice Constructions},
Ph.D. thesis,
University of Winnebago, Winnebago, MN, December, 1990.
\bibitem{gM68}
George”A. Menuhin,
\emph{Universal Algebra},
D."van Nostrand, Princeton, 1968.
\bibitem{eM57}
Ernest”T. Moynahan,
\emph{On a problem of M. Stone},
Acta Math. Acad. Sci. Hungar. \textbf{8} (1957), 455--460.
\bibitem{eM57a}
Ernest”T. Moynahan,
\emph{Ideals and congruence relations in lattices.} II,
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Magyar Tud. Akad. Mat. Fiz. Oszt. K\"{o}zl. \textbf{9}
(1957), 417--434.
\end{thebibliography}

I use the convention that the label for a \bibitem consists of the initials of the au-
thor and the year of publication: A publication by Andrew B. Reich in 1987 would
have the label aR87 (a second publication by that author from that year would be
aR87a). For joint publications, the label consists of the initials of the authors and
the year of publication: A publication by John Bradford and Andrew B. Reich in
1987 would have the label BR87. Of course, you can use any label you choose
(subject to the rule in Section 6.4.2).

A reference to Bradford and Reich’s 1987 article is made with \cite{BR87}.
For instance,

r
this result was first published in [5]

typed as

this result was first published in~\cite{BR87}

You have to arrange the references in your document’s thebibliography en-
vironment in the order you wish to see them. I4TEX only takes care of the num-
bering and the citations in the text.

If you use an AMS document class, then you can use the \MR command to add
a Mathematical Reviews number reference and the \URL command to add a Web
page reference to a bibliographic item.

IATEX evvor messages

You will probably make a number of mistakes in your first article. These mistakes
will fall into one of the following categories:

1. Typographical errors, which IATEX will blindly typeset.
2. Errors in mathematical formulas or in the formatting of the text.
3. Errors in your instructions to I&TEX (commands and environments).

can be corrected by viewing the typeset article, finding the errors, and then
editing the source file.

Using a spelling checker before typesetting will help you catch many of these
errors: See Section 1.13.4 for more information.

Mistakes in the second and third categories will probably trigger errors during
the typesetting process (we looked at a few math errors in Section 1.2.2), some of
which will require correction before your article can be completely typeset.
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We will now look at some examples of the third class of errors by deliberately
introducing a number of mistakes into the source file of the introductory I4TgX
sample article, intrart.tex (in your work directory, source file on pages 3943,
and shown typeset on pages 44—45), and examining the error messages that occur.

When IXTEX displays a 7 prompt, you can either try to continue typesetting
the document by pressing Return, or type x to stop typesetting immediately. See
Section 1.13.2 for other options.

Example 1 In intrart.tex, go to line 21 (avoid counting lines by using your
editor’s Go to Line function or searching for some text) and remove the closing
brace so that it reads

\begin{abstract
When you typeset intrart.tex, IXTEX reports a problem:

Runaway argument?
{abstract In this note, we prove that there exist \emph \ETC.
! Paragraph ended before \begin was complete.
<to be read again>
\par
1.26

Line 26 of the file is the line after \end{abstract}. From the error message,
you can tell that something is wrong with the command that starts the abstract
environment.

Example 2 Now correct line 21, then go to line 25 and change it from
\end{abstract}

to

\end{abstrac}

and typeset the article again. IXTEX will inform you of another error:

! LaTeX Error: \begin{abstract} on input line 21
ended by \end{abstracl}.

See the LaTeX manual or LaTeX Companion for explanationm.
Type H <Return> for immediate help.

1.25 \end{abstrac}

You may continue typesetting the article by pressing Return: I4TEX will recover
from this error.
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Example 3 Instead of correcting the error in line 25, comment it out:
% \end{abstrac}
Introduce an additional error in line 66. This line reads

lattices satisfying condition™\textup{(J)}. Let $\Theta$
Change \Theta to \Teta:

lattices satisfying condition™\textup{(J)}. Let $\Teta$
Now, when you typeset the article, I4TEX reports

! Undefined control sequence.
<recently read> \Teta

1.66 ...textup{(J)}. Let $\Teta
$

Pressing Return results in the message

! LaTeX Error: \begin{abstract} on input line 21 ended
by \end{document}.

See the LaTeX manual or LaTeX Companion for explanation.
Type H <Return> for immediate help.

1.126 \end{document}

These two mistakes are ecasy to identify: \Teta is a misspelling of \Theta, and
(since \end{abstract} is missing) IXTEX is trying to match

\begin{abstract}
with
\end{document}

Now undo the changes you made to lines 25 and 66.

Example 4 In line 38, drop the closing brace of the \1abel command:

\begin{definition}\label{D:P*
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This results in the message

Runaway argument?
{D:Px Let $D_{i}$, for $i \in I$, be complete distribu\ETC.
! Paragraph ended before \label was complete.
<to be read again>
\par
1.49

Line 49 is the blank line following \end{definition}. The error message is easy
to understand: You cannot begin a new paragraph (\par) within the argument of
a \label command.

Undo the change to line 38.

Example 5 Add a blank line following line 53:
\langle \dots, 0, \dots, d, \dots, 0, \dots \rangle
This change results in the message

! Missing $ inserted.
<inserted text>

$
1.54

There can be no blank lines within a displayed math environment. I#TEX catches
the mistake, but the line number reported in the error message is incorrect and the
message itself is misleading.

Example 6 Add a $ somewhere in line 53 (such errors often occur when copying
and pasting formulas):

\langle $\dots, O, \dots, d, \dots, 0, \dots \rangle
This results in the message:

! Display math should end with $$.
<to be read again>
\protect
1.53 \langle $\dots
, 0, \dots, d, \dots, 0, \dots \rangle

You cannot have a $ (an inline math delimiter) in a displayed math formula. IXTgX
catches the mistake, but the line number in the error message is wrong.
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Example 7 Error messages from IXTEX are not always as helpful as they could be,
but there is always some information that can be gleaned from them. In Theorem 1
of intrart.tex, delete the second $ symbol, changing $K$ to $K. You will get the
error message

! LaTeX Error: Something’s wrong--perhaps a missing \item.

See the LaTeX manual or LaTeX Companion for explanation.
Type H <return> for immediate help.

1.33 \end{theorem}

Since there is no list, there can be no missing \item. The last line of the error
message tells you to look at the theorem environment.

As a rule, the error message should at least tell you the line number (or para-
graph or formula) where I4TEX realizes that there is a problem. Try to identify the
structure (the command or environment) that caused the error—read the section
of this book that describes that command or environment. Doing so should help
you correct the error. Keep in mind that the error could be quite far from the line
IATEX indicates, but will always be on or before that line in the source file.

If you have difficulty isolating a problem, create a current.tex file that has
the same preamble as your current source file and an empty document environ-
ment. Then copy the paragraphs you suspect might have problems into this doc-
ument one by one and track down the errors. Once your new document typesets
correctly, copy the paragraph back into your real document, and work on another
paragraph. If necessary, split a large paragraph into smaller pieces. See also Sec-
tion 2.5 on how to use the comment environment to help you find errors.

To a large extent you can prevent having to isolate problems by typesetting
often. For instance, if I were to typeset First Steps into IATEX [30], with the closing
brace of the first \caption command on line 480 of the source file missing, I would
get the error message

! Text line contains an invalid character.
1.1227 ...pletely irreducible”"7

where the reference is to line 1227 (about 700 lines removed from the actual error).
However, if the only thing I had done before typesetting was to insert that figure
(with its incorrect caption command), at least I would know where to look for
errors. If you make a dozen corrections and then typeset, you may not know where
to start.
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1.11

Logical and visual design

The typeset version of intrart.tex (pp. 44—45) looks impressive. I believe that
the typeset version of sampart . tex (on pp. 286-288) is even more impressive. To
produce such articles, you need to understand that there are two aspects to article
design: visual and logical.

As an example, let us look at a theorem from intrart.tex, the INTEX sample
article (the typeset form of the theorem is on page 45). You tell IXTgX that you
want to state a theorem by using a theorem environment:

\begin{theorem}\1label{T:P*}
Let $D_{i}$, $i \in I$, be complete distributive
lattices satisfying condition”\textup{(J)}. Let $\Theta$
be a complete congruence relation on
$\Pi~{*} ( D_{i} \mid i \in I )$.
If there exist $i \in I$ and $d \in D_{i}$ with
$d < 1_{i}$ such that, for all $d \leq c < 1_{i}$,
\begin{equation}\label{E:congl}
\langle \ldots, d, \ldots, 0, \ldots \rangle \equiv
\langle \ldots, c, \ldots, 0, \ldots \rangle \pmod{\Theta},
\end{equation}
then $\Theta = \iota$.
\end{theorem}

The logical part of the design is choosing to define a theorem by placing mate-
rial inside a theorem environment. For the visual design, IXTEX must make hun-
dreds of decisions. Could you have specified all of the spacing, font size changes,
centering, numbering, and so on? Maybe, but would you want to? And would
you want to repeat that process for every theorem in your document?

Even if you did, you would have spent a great deal of time and energy on the
visual design of the theorem rather than on the logical design of your article. The
idea behind I4TEX is that you should concentrate on what you have to say and let
IATEX take care of the visual design.

This approach allows you to easily alter the visual design by changing the doc-
ument class (or its options; see Sections 7.1.1, 8.5, and 12.1). If you code the
visual design into the article (hard coding it, as a programmer would say), such
changes are much harder to accomplish.

IATEX uses four major tools to separate the logical and visual design of a doc-
ument:

1. Commands Information is given to I4TEX in the arguments of commands; it is
up to IXTEX to process that information. For instance, titlepage information
(especially in the amsart document class) is given in this form; the final orga-
nization and appearance of the title page is completely up to the document
class and its options.
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A more subtle example is the use of a command for distinguishing a term or
notation. For instance, you may want to use an \env command for environ-
ment names. You may define \env as follows (\newcommand is explained in
Section 9.1.1):

\newcommand{\env}[1]{\texttt{#1}}

giving you a command that typesets all environment names in typewriter style
(see Section 2.6.2). Logically, you have decided that an environment name
should be marked up. Visually, you may change your decision any time. By
changing the definition to

\newcommand{\env} [1]{\textbf{#1}}

all environment names will be typeset in bold (see Section 2.6.6).

The following, more mathematical, example is taken from sampartu.tex
(see Section 8.3 and the samples directory). This article defines the con-
struct D) with the command

\newcommand{\Ds}{D"{\langle 2 \ranglel}}

If a referee or coauthor suggests a different notation, editing this one lne will
change the notation throughout the entire article.

2. Environments Important logical structures are placed within environments.
For example, list items (see Section 3.1) are typed within a list environment
and formatted accordingly. If you later decide to change the type of the list,
you can do so by simply changing the name of the environment.

3. Proclamations You can change the style or numbering scheme of any proc-
lamation at any time by changing that proclamation’s definition in the pre-
amble, especially if you use the amsart document class. See the typeset AMS
sample article (sampart . tex, on pages 286-288) for examples of proclama-
tions typeset with different styles.

4. Numbering and cross-referencing Theorems, lemmas, definitions, sections,
and equations are logical units that can be freely moved around. I&TEX auto-
matically recalculates the numbers and cross-references.

You write articles to communicate your ideas. The closer you get to a sepa-
ration of logical and visual design, the more you are able to concentrate on that
goal. Of course, you can never quite reach this ideal. For instance, a 1ine too
wide warning (see Sections 1.1.3 and 2.7.1) is a problem of visual design. When
a journal changes the document class, unless the new document class retains the
same fonts and line width of the document class the author used, new line too
wide problems will arise. IATEX is successful in automatically solving visual design
problems well over 95% of the time. That is getting fairly close to the ideal.
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Figure 1.4: The structure of IXTEX.

1.12 A brief overview

Now that you have learned how to use IATEX to typeset an article, I will give you
a brief overview of how I4TEX works (see Figure 1.4). As I mentioned in the in-
troduction, IXTEX’s core is a programming language created by Donald E. Knuth
called TEX, which provides low-level typesetting instructions. TEX comes with a
set of fonts called Computer Modern (CM). (See Appendix D for a discussion of
PostScript CM fonts.) The CM fonts and the TgX programming language form
the foundation of a typical TgX system.

TgX is extensible—new commands can be defined in terms of more basic ones.
I&TEX is one of the best known extensions of TEX, introducing the concept of log-
ical units, which you read about in Section 1.11, and adding a large number of
higher-level commands.

The visual layout of IXTgX documents is primarily determined by the docu-
ment class (you now have some familiarity with the document class, article; other
standard classes include book, letter, report, and slides). Many journals, pub-
lishers, and schools have their own document classes for formatting articles, books,
and theses.

Extensions of IMTEX are called packages (we have already come across a num-
ber of them, including the amsmath, amssymb, eufrak, and latexsym packages);
they add new functionality to IXTEX (by adding new commands and environments)
or change the way previously defined commands and environments work. It is es-
sential that you find the packages that make your work ecasier. (See Section 13.1.)
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My view of the structure of TEX and I#TgX is illustrated in Figure 1.4. This
figure suggests that in order to work with a I4IgX document, you first have to in-
stall TEX and the CM fonts, then IXTEX, and finally specify the document class and
the necessary packages. The AMSFonts font set is very useful, but not absolutely
necessary.

Using KTgX

Figure 1.5 illustrates the steps in the production of a typeset document.

You start by opening an existing I4TEX source file or creating a new one with
a text editor (for this discussion, the source file will be called myart.tex). Once
the source file is ready, you typeset it using the LaTeX format. Depending on the
document class options you choose and the packages the document loads, you will
end up with at least three additional files:

1. myart.dvi The typeset article in machine-readable format—DVI stands for
DeVice Independent.

2. myart.aux The auxiliary file, used by IXTEX for internal bookkeeping, includ-
ing cross-references and bibliographic citations.

3. myart.log The log file. I4TEX records the typesetting session in the log file,
including any warnings and error messages that appear on your monitor.

Your computer uses a video driver (DVI viewer) to display the typeset article,
myart.dvi, on your monitor; a (DVI) printer driver to print the typeset article on
a printer; and a (DV1) PostScript driver (DVI to PS converter) to convert the typeset
article to PostScript format. (For Macintosh and PC implementations of TgX, the
PostScript converters are often in the Save as option of the printer driver dialog
boxes; for most UNIX implementations, the printer driver and the PostScript driver
are separate applications.)

It should be emphasized that of the four applications used (TEX and the three
drivers), only one (TgX) is the same for all computers and all implementations. If
you use TgX in an integrated environment, the four applications may even appear
to be a single application.

1.13.1 AMS packages revisited

Now that you understand the structure of IATEX, we can again discuss the AMS
packages. As outlined in the introduction, the AMS enhancements to IATEX fall
into three groups: the AMS math enhancements, the document classes, and the
AMSFonts. They consist of several packages.

An AMS document class automatically loads a number of AMS packages (see
Section 8.6 for a more detailed discussion) including:

®

®
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Figure 1.5: Using IXTEX.
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= amsmath, the main AMS math package
= amsfonts, commands for math alphabets
= amsbsy, bold symbol commands

The AMS document classes do not automatically load the amssymb package, which @
provides math symbol names. This package and other AMS or IXTEX packages can
be loaded as needed.

When we discuss a feature of I4TEX that requires a package, I mention it in the
text. I do not always point out, however, the interdependencies of the document
classes and of the packages. For instance, the \text command (Section 2.9) is
provided by the amstext package, which is loaded automatically by the amsmath @
package, which is, in turn, loaded automatically by all the AMS document classes.
These interdependencies are discussed in Section 8.6.

1.13.2 Interactive BTEX

If I4TEX cannot carry out your instructions, it displays a prompt (and possibly an
error message; see Section 1.10):

» The ** prompt means that I#IEX needs to know the name of a source file to
typeset. This usually means that you misspelled a file name, you are trying to
typeset a document that is not located in TgX’s current directory, or that there
is a space in the name of your source file.

= The 7 prompt indicates that IXTEX has found an error in your source file, and
wants you to decide what to do next. You can try to continue typesetting the
file by pressing

— Return

~ q to typeset in quiet mode, not stopping for errors (depending on the nature
of the error, I4TEX may either recover or generate error messages)

— x to stop typesetting your file

— h to get advice on how to correct the error

= If you have misspelled the name of a package (in a \usepackage command), or
if IXTEX cannot find a file, it will display a message similar to the following:

! LaTeX Error: File ‘misspelled.sty’ not found.

Type X to quit or <RETURN> to proceed,
or enter new name. (Default extension: sty)

Enter file name:

You can either type the correct name of the file at the prompt, or type x to quit
IATEX.
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s The * prompt signifies that ISTEX is in interactive mode and is waiting for instruc-
tions. To get such a prompt, comment out the line

\end{document}

in a source file by inserting a % symbol as the first character of the line; then
typeset the file. Interactive instructions (such as \show and \showthe—see Sec-
tion 9.1.7) may be given at the * prompt. To exit, type

\end{document}

at the * prompt, and press Return.
» Ifyou get the * prompt and no error message, type \stop and press Return.

1.13.3 Versions

A complete IATEX distribution consists of hundreds of files, all of which interact.
Since most of these files have had many revisions, you should make sure that they
are all up-to-date and compatible with each other. You can check the version num-
bers and dates by reading the first few lines of each file in a text editor or by check-
ing the dates and version numbers that are shown on the list created by the com-
mand \listfiles, which I discuss later in this section.

IATEX has been updated every six months; while writing this book, I used the
version of IXTEX that was issued on June 1, 1999. Starting with the year 2000,
updates will be issued once a year.

When you typeset a ISTEX document, IXTgX prints its release date in the log
file with a line such as

LaTeX2e <1999/06/01>

If you use a I4TEX feature that was introduced recently, you can put a command
such as the following into the preamble of your source file:

\NeedsTeXFormat{LaTeX2e}[1999/06/01]

This command specifies the date of the oldest version of I#TEX that may be used
to typeset your file. If someone attempts to typeset your file with an older version,
IATEX will generate a warning.

The AMS math packages (in particular, amsmath) and document classes are at
version 2.0; and the AMSFonts set is at version 2.2¢. See Section 13.1 for more
information on obtaining updated versions.

If you include the \1istfiles command in the preamble of your document,
the log file will contain a detailed listing of all the files used in the typesetting of
your document. Here are the first few (truncated) lines from such a listing:
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*File List*
book.cls 1999/01/07 v1.4a Standard LaTeX document class
legno.clo 1998/08/17 v1.1c Standard LaTeX option
bk10.clo 1999/01/07 v1.4a Standard LaTeX file
LaTeXB3.sty 1999/04/15 Commands for LaTeX book, third edition
amsmath.sty 2000/01/06 v2.04 AMS math features
amstext.sty 1999/11/15 v2.0
amsgen.sty 1999/11/30 v2.0
amsbsy.sty 1999/11/29 vi1.2d
amsopn.sty 1999/12/14 v2.01 operator names
amsthm.sty 1999/12/16 v2.01
verbatim.sty 1997/04/30 v1.5k verbatim enhancements
amsxtra.sty 1999/11/15 v1.2c
eucal.sty 1995/01/06 v2.2 Euler Script fonts
amssymb.sty 1996/11/03 v2.2b
amsfonts.sty 1997/09/17 v2.2e
omxcmex.fd 1999/05/25 v2.5h Standard LaTeX font definitions
latexsym.sty 1998/08/17 v2.2e Standard LaTeX package
amscd.sty 1999/11/29 v2.0
alltt.sty<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>