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Abstract
This document explains how to use Encapsulated PostSERS (iles in IATEX2: documents. Thgraph-
ics andgraphicx packages provide commands which insert, scale, and lBRSgraphics. The following
EPSinclusion topics are covered

e Compresseé P Sfiles and nonEP Sgraphic formatsTIFF, GIF, JPEG PICT, etc.) can also be inserted
whendvips is used. Since neitheATEX nor dvips has any built-in decompression or graphics-
conversion capabilities, that software must be provided by the user.

e Since many applications which produg® Sfiles support onlyASCII text, thePSrag system allows
text in EPSfiles to be replaced witfNIEX symbols or mathematical expressions.

e When anEPSgraphic is inserted multiple times, the final PostScript includes multiple copies of the
graphics, making the file large. A smaller final PostScript file results from defining a PostScript com-
mand for the graphics. An example of insertingE®S graphic in the page header with tfacyhdr
package is provided.

Various commands are often used in conjunction Vi8S graphics. The following topics are covered in
this document

e the insertion of graphics ifigure  environments allows the graphics to float for better formatting and
allows graphics to be referenced,

e thelscape androtating packages provide methods for producing figures with landscape orientation in
a portrait document,

e methods for arranging side-by-side graphics. The graphics can be placed in a single figure, in multiple
figures contained in a single float, or in subfigures.

e boxed figures can be created withox or the commands from thfancybox package.

e the figure captions can be placed next to the figure or table, instead of the conventional above or below
placement,

e the caption2 package adds flexibility to the caption formatting, allowing users to modify the style,
width, and font of captions.
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Background Information

1 Introduction

Inserting Encapsulated PostScrift9 graphics in ATEX originally required the low-levelspecial  command. To
make graphic-insertion easier and more portable, two higher-level packpgieandps g were written for IATEX2.009.

In epsf, the graphics insertion was done by ¥epsfbox command, while three other commands controlled graphic
scaling. Inps g, the\psfig command not only inserted graphics, it also scaled and rotated them. Whijestige
syntax was popular, its code was not as robusepsfbox . Theeps g package was created as a hybrid of the two
graphics packages, with itepsfig command using thipsfig  syntax and much of the more-robdspsfbox

code. Unfortunatelyepsfig  still used some of the less-robdpsfig  code.

Theeps g package was updated tATEX 2 as a stop-gap measure while tAGEX3 team addressed the general problem
of inserting graphics irATEX2:. The commands in the totally re-written “graphics bundle” are more efficient and more
robust than those in other packages.

The graphics bundle contains the “standagciphics package and the “extendegfaphicx package. While both pack-
ages contain akincludegraphics command which includes graphics, the packages couifferentversions of
\includegraphics . The syntax of thgraphicx \includegraphics is modeled aftepsfig , while the syntax
of thegraphics\includegraphics is modeled after theepsfbox command. Thgraphicx\includegraphics
supports scaling and rotating, but tii@aphics \includegraphics command must be nested insidetatebox
and/onscalebox commands for scaling and/or rotating.

This document uses thgraphicx package because its syntax is more convenient thagréphics syntax. Since both
packages have the same capabilities, the examples in this document can also be performedyvethite package,
although the resulting syntax may be more cumbersome. The syntaxgrigiticx commands is described in section 5.

The syntax of thegraphics commands is described in section 6. For a more-detailed description of the packages, see
David Carlisle’s graphics bundle documentation [1].
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For backward-compatibility, the graphics bundle also includegfiseg package which replaces the origin&TeX 2,
eps g package. The neeps g package defines thepsfbox ,\psfig ,and\epsfig commands as wrappers which
simply call the\includegraphics command.

2 |ATEX Terminology

A boxis any ATEX object (characters, graphics, etc.) that is treated as a unit (see [4, page 103]). Each befdranee
point on its left side. The box’®aselineis a horizontal line which passes through the reference point (see Figure 1).
When BTEX forms lines of text, characters are placed left-to-right with their reference points aligned on a horizontal line
called thecurrent baselingaligning the characters’ baselines with the current baselfsigeX follows the same process

for typesetting graphics or other objects; the reference point of each object is placed on the current baseline.

!
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totalheight i Point
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\ width

Figure 1: SampleATEX Box

The size of each box is described by three lengtteight depth width. The heightis the distance from the reference
point to the top of the box. Theepthis the distance from the reference point to the bottom of the box. witih is

the width of the box. Theotalheightis defined as the distance from the bottom of the box to the top of the box, or
totalheight=height+depth.

The reference point of a non-rotate@® Sgraphic is its lower-left corner (see left box in Figure 2), giving it zero depth
and making its totalheight equal its height. The middle box in Figure 2 shows a rotated graphic where the height is not
equal to the totalheight. The right box in Figure 2 shows a rotated graphic where the height is zero.
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Figure 2: RotatedATEX Boxes

3 The EPS BoundingBox

In addition to PostScript graphics language commands which draw the grapRi8$jes contain a BoundingBox line
which specifies the natural size of the graphics. By convention, the first line of a PostScript file specifies the type of Post-
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Script and is then followed by a series of comments callechéeeleror preamble (Like IATEX, PostScript’s comment
character i29. One of these comments specifies the BoundingBox. The BoundingBox line contains four integers
1. Thex-coordinate of the lower-left corner of the BoundingBox.

2. They-coordinate of the lower-left corner of the BoundingBox.

3. Thex-coordinate of the upper-right corner of the BoundingBox.

4. They-coordinate of the upper-right corner of the BoundingBox.

For example, the first 5 lines of &P Sfile created by gnuplot are

%!PS-Adobe-2.0 EPSF-2.0
%%Creator: gnuplot
%%DocumentFonts: Times-Roman
%%BoundingBox: 50 50 410 302
%%EndComments

Thus the gnuploE P Sgraphic has a lower-left corner with coordina¢e8, 50) and an upper-right corner with coordinates
(410, 302. The BoundingBox parameters have units of PostScript points whicky/aref an inch, making the above
graphic’s natural width 5 inches and its natural height 3.5 inches. Note that a PostScript point is is slightly larger than
a TeX point which is 172 270f an inch. In BX and ATEX, PostScript points are called “big points” and abbrevidipd

while TEX points are called “points” and abbreviated.

3.1 Converting PS files to EPS

While most PostScript files (without BoundingBox information) can be convert&® there are restrictions on the
PostScript commands which can be use&ERSfiles. For exampleEPSfiles cannot include theetpagedevice

letter , ora4 PostScript operators. Single-page PostScript files without any such offending commands can be converted
to EPSby one of the following methods

1. The best option is to use a utility such as ghostscrig®epsi which reads the PostScript file, calculates the

BoundingBox parameters, and createse®S file (complete with a BoundingBox) which contains the PostScript

graphics. Unfortunately, ghostscript is a large package which is not trivial to install.

2. Alternatively, the BoundingBox parameters can be calculated and enterechin tiion of\includegraphics

or a text editor can be used to insert them directly in the PostScript file's BoundingBox line. There are several ways

to calculate the BoundingBox

1. Thebbfig script uses a PostScript printer to calculate the BoundingBdtitig adds some PostScript com-
mands to the beginning of the PostScript file and sends it to the printer. At the printer, the added PostScript
commands calculate the BoundingBox of the original PostScript file, printing the BoundingBox coordinates su-
perimposed on the PostScript graphic.

2. Use ghostviewto display the PostScript graphic. As you move the ghostview pointer around the graphic, ghostview
displays the pointer’s coordinates (with respect the the lower-left corner of the page). To determine the Bounding-
Box parameters, record the pointer coordinates at the lower-left corner of the graphic and the upper-right corner
of the graphic.

3. Print out a copy of the PostScript graphics and measure the horizontal and vertical distances (in inches) from the
lower-left corner of the paper to the lower-left corner of the graphics. Multiply these measurements by 72 to get the
coordinates of the BoundingBox’s lower-left corner. Likewise, measure the distances from the lower-left corner of
the paper to the upper-right corner of the graphics to get the coordinates of the BoundingBox'’s upper-right corner.

4 Graphics in DVI Files

When BTEX documents are compiled, the graphics-inclusion commands do not ins&®&graphics file into thé®VI
file. Rather, they do two things

1. They reserve the proper amount of space for the graphic if\iigxXIdocument.

2. They place a file-specification command in Bl file which specifies the name of titP Sfile.

When aDVI-to-PSconverter (such advips ) converts thedVI file to PostScript, the file-specification command causes
the converter to insert theP Sgraphics into the PostScript file. Therefore,
o the EPSgraphics do not appear in mds¥/|-viewers. To help the user with placement of the graphics, o4t
viewers display the BoundingBox in which the graphics will be inserted.
o the EPSfiles must be present when tB/1 file is converted td®S Thus theEP Sfiles must accompanyV|1 files
whenever they are moved.



76 Using EPS Graphics if\I[EX2: Documents Bijlage Q

Part Il
Graphics Inclusion Commands

5 The Commands in thegraphicx Package

The best reference for thgraphics andgraphicx packages is the graphics guide [1]. The coverage ofgtaphicx
package in the standar@TgX references is sporadic: [6] covers both g@phics andgraphicx packages, [4] only
covers thegraphics package and [5] describes neither.

Thegraphicx package has five main commands
\includegraphics[options]{filename}
\rotatebox[options]{angle}{argument}
\scalebox{h-scale}[v-scale]{argument}
\resizebox{widthKheight{argument}
\resizebox*{width}{totalheight}{argument}

5.1 The includegraphics Command
Syntax: \includegraphics[options]{filename}

where the options are listed in Tables 1, 2, and 3. Sinmctudegraphics does not end the current paragraph, it can
placeEP Sgraphics within text such as or &®. The commands

\documentclass{article}

\usepackage{graphicx}

\begin{document}

\includegraphicsf{file.eps}

\end{document}

include the graphics frorfile.eps at its natural size.

Specifying Width

The command
\includegraphics[width=3in]{file.eps}
includes the graphics frofile.eps scaled such that its width is 3 inches. The command
\includegraphics[width=\textwidth]{box.eps}
scales the included graphic such that it is as wide as the text. The command
\includegraphics[width=0.80\textwidth]{box.eps}
makes the included graphic 80% as wide as the text. The following commands make the graphic width 2 inches less than
the width of text
\newlength{\epswidth}
\setlength{\epswidth}{\textwidth}
\addtolength{\epswidth}{-2.0in}
\includegraphics[width=\epswidth]{box.eps}
If the calc package is available, this is shortened to
\newlength{\epswidth}
\setlength{\epswidth}{\textwidth -2.0in}
\includegraphics[width=\epswidth]{box.eps}
The\newlength  command only needs to be issued once. Subsequent graphics can be scaled without re-issuing the
\newlength command. The length namepswidth is not special. Any other name (which isn’t already used by
LATEX) could have been used. Thkalc package with the 12/98raphicx package shortens this further to
\includegraphics[width=\textwidth-2.0in]{box.eps}

Specifying Height

Users must be careful when using theight option, as they often mean the overall height which is set by the
totalheight option (see Figure 1). When the object has zero depthptatheight is the same as theeight

and specifyindneight works fine. When the object has a non-zero depth, specifigight instead ofotalheight

causes either an incorrectly-sized graphic or a divide-by-zero error.

Graphic Justification

The placement of the graphic is controlled by the current text justification. To center the graphic, put it inside a center
environment
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height

The height of the graphics (in any of the acceptgH inits).

totalheight

The totalheight of the graphics, in any of the accepteXi Units. (Added
6/95)

width

The width of the graphics, in any of the acceptg Tnits.

scale

Scale factor for the graphic. Specifyingale=2 makes the graphic twic
as large as its natural size.

11%)

angle

Specifies the angle of rotation, in degrees, with a counter-clockwise
clockwise) rotation being positive.

anti-

origin

Theorigin  command specifies what point to use for the rotation ori
By default, the object is rotated about its reference péidded 12/95)
The possible origin points are the same as those fokrtitatebox

command in section 5.4. For examptajgin=c  rotates the graphic

about its center.

gin.

"

bb

Specifies BoundingBox parameters. For exanpplel0 20 100 200
specifies that the BoundingBox has its lower-left corner at (10,20) ar
upper-right corner at (100,200).

Since\includegraphics automatically reads the BoundingBox p
rameters from th&PsSfile, the bb option is usually not specified. It i
useful if the BoundingBox parameters in tB@Sfile are missing or are
incorrect.

The BoundingBox can be specified with tha&theight  andnatwidth
options instead of theéb options. natheight=h, natwidth=w is
equivalent tdbb=0 0 h w. For backward compatibility, the Bounding
Box coordinates can also be individually specified viatiix , bblly

dits

[2)

)

bburx , bbury options.

Table 1:includegraphics Options

viewport

Specify what portion of the graphic to view. Like a BoundingBox, the area
is specified by four numbers which are the coordinates of the lowef-left

corner and upper-right corner. The coordinates are relative to lowe
corner of the BoundingBoxAdded 6/95)

For exampleyiewport=0 0 72 72  displays the 1-inch square from

the lower left of the graphic.
Note that some earlgraphicx versions may have a brokesewport

option in whichviewport=a b ¢ d produces an upper-right corner pf

(a+c,b+d) instead of (c,d).

trim

An alternate method for specifying what portion of the graphic to v
The four numbers specify the amount to remove from the left, bott
right, and top side, respectively. Positive numbers trim from a side, 1
tive numbers add to a sidéAdded 6/95)

For exampletrim=1 2 3 4 trims the graphic by bp on the left, 2op
on the bottom, dp on the right, 4op on the top.

\begin{center}

Table 2:includegraphics Cropping Options

\includegraphics[width=2in]{box.eps}

\end{center}

If the \includegraphics

\begin{figure}
\centering

r-left

ew.
om,
ega-

command is inside an environment (suchh@eipage orfigure ), the\centering
declaration centers the remaining output of the environment. For example
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clip Whenclip is specified, any graphics outside of the viewing area are
clipped and do not appear.
keepaspectratio When keepaspectratio is not specified, specifying both the

width and eitherheight or totalheight causes the graphic
to be scaled anamorphically to fit both the specified height and wjdth.
Whenkeepaspectratio is specified, specifying both theidth
and eithetheight or totalheight makes the graphic as large as
possible such that its aspect ratio remains the same and the graphic
does exceeds neither the specified height nor widttided 9/95)
draft When draft is specified, the graphic’'s BoundingBox and file-
name are displayed in place of the graphic, making it faster to
display and print the document. Thdraft package optior)
\usepackage[draft[{graphicx} causes all the graphics i
a document to be inserted in draft mode.

>

Table 3:includegraphics Boolean Options

\includegraphics[width=2in]{box.eps}
\end{figure}
is similar to
\begin{figure}
\begin{center}
\includegraphics[width=2in]{box.eps}
\end{center}
\end{figure}
The difference between these examples is that#mer environment produces extra vertical space above and below
the environment, whilscentering produces no extra space.

5.2 The scalebox Command
Syntax: \scalebox{h-scale}[v-scale]{argument}

Thel\scalebox command scales an object, making its width be its original width multiplieldtbyale . The object
can be anyATEX object: letter, paragraplEPS graphic, etc. The object’s height is its original height multiplied by
v-scale . Negative values reflect the objectviscale is omitted, it defaults to h-scale, which keeps the aspect ratio
constant.

5.3 The resizebox Commands

Syntax: \resizebox{width}{height}{argument}
\resizebox*{width}{totalheight{argument}

The\resizebox  command resizes an object to a specified size. The object can b&Tgxydbject: letter, paragraph,
EPSgraphic, etc. Specifying as either height or width makes that length be such that the aspect ratio remains constant.
The standardATEX2 argumentsheight , \width , \totalheight , \depth can be used to refer to the original

size ofargument . So\resizebox{2in{\height{argument} makesargument keep its same height but

have a width of 2 inches.

The\resizebox* command is identical tiresizebox , except the second argument specifiesdi@height
of the object.

5.4 The rotatebox Command
Syntax: \rotatebox[options]{angle}{argument}

The \rotatebox command rotates an object by an angle given in degrees, with a counter-clockwise rotation being

positive. The object can be anfTeX object: letter, paragraplEPSgraphic, etc. By default, the object is rotated about

its reference point. The options allow the user to specify the point of rotation

1. Specifying thgx=xdim,y=ydim] , the object is rotated about the point whose coordinates relative to the reference
point are kdim,ydim ).
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[1t] [ct] [rt]

Centerlines
\\ [c]
Reference [I€] |- - -~~~ 1:-)-/- ----- [rc]
Point E\o---/----: ------- [B]
Bascline 1 [°F]
[1b] [cb] [rb]

Figure 3: Available Origin Points

2. Theorigin  option specifies one of 12 special points shown in in Figure 3.

The horizontal position of therigin  points is specified by one of three lettels:  (which stand for left, center,
right, respectively), while the vertical position is specified by one of four letteesB,b  (which stand for top,
center, Baseline, bottom, respectively). For example

[rb]  specifies the bottom-right corner

[It] specifies the top-left corner

[cB] specifies the center of the graphic’s Baseline

[lc]  specifies the midpoint of the left side

[ct]  specifies the midpoint of the top side

Note that

e The order of the letters is not important, mak[bgl equivalent tdrb]

e C represents either the horizontal center or vertical center depending what letter is used with it.

e If only one letter is specified, the other is assumed te pmaking[c] equivalenttdcc] ,[l] equivalentto
[lc] ,[t] equivalenttdtc] |, etc.

6 Thegraphics Version of includegraphics

This document uses thgraphicx package because its syntax is more convenient thagréphics syntax. Since both
packages have the same capabilities, the examples in this document can also be performedyvethite package,
although the resulting syntax may be more cumbersome.

The graphics package contains two commanifscludegraphics and\includegraphics* which are iden-
tical except thatincludegraphics* clips (does not show) graphics outside the BoundingBox. The syntax for
\includegraphics is

\includegraphics]lix,lly][urx,ury){filename}
[1x,1y] are thex andy coordinates of the lower-left corner of the ima§#x,ury] are thex andy coordinates
of the upper-right corner of the image. If no coordinates are given, the BoundingBox in the file is used. If only one set of
coordinates is listed, it is assumed to[bex,ury] , with [lIx,lly] set to zero. The default units for the coordinates

arebp, although any valid gX units can be used.

The graphics package’sirotatebox , \scalebox , \resizebox = commands are the same as the corresponding
graphicx commands except tleraphics version ofirotatebox ~ does not allow any of the options which theaphicx
version offers (see section 5.4).

The following commands use tlggaphicx version oflincludegraphics

\documentclass{article}

\usepackage{graphicx}

\begin{document}
%% include filel.eps with a width of 3 inches
\includegraphics[width=3in]{file1.eps}
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%% include file2.eps with a width of 3 inches, then rotate 45 degrees
\includegraphics[width=3in,angle=45]{file2.eps}

%% include file3.eps, rotate 45 degrees, and resize to a width of 3 inches
\includegraphics[angle=45,width=3in]{file3.eps}
\end{document}

The same output can be produced bydhaphics version of\includegraphics

\documentclass{article}

\usepackage{graphics}

\begin{document}
%% include filel.eps with a width of 3 inches
\resizebox{3in}{!}{\includegraphics{file1.eps}}

%% include file2.eps with a width of 3 inches, then rotate 45 degrees
\rotatebox{45H\resizebox{3in{!K\includegraphics{file2.eps}}}

%% include file3.eps, rotate 45 degrees, and resize to a width of 3 inches
\resizebox{3in}{!}{\rotatebox{45K\includegraphics{file3.eps}}}
\end{document}

Part Il
Importing EPS Graphics

7 Rotation and Scaling

Since the\includegraphics options are interpreted from left to right, the order in which the angle and size are
specified makes a difference. For example
\begin{center}
\includegraphics[angle=90,totalheight=0.5in[{box.eps}
\includegraphics[totalheight=0.5in,angle=90]{box.eps}
\end{center}

produces

Box

Box

The first box is rotated 90 degrees and then scaled such that its height is a half inch. The second box is scaled such that
its heightis a half inch and then it is rotated 90 degrees.

7.1 Scaling of Rotated Graphics

When the height or width of a graphic is specified, the specified size is not the size of the graphic but rather of its
BoundingBox. This distinction is especially important in order to understand the scaling of rotated graphics. For example

\begin{center}
\includegraphics[totalheight=1in}{rosette.eps}
\includegraphics[angle=45,totalheight=1in]{rosette.eps}
\includegraphics[angle=90,totalheight=1in]{rosette.eps}

\end{center}

produces
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Tes

Although it may seem strange that the graphics have different sizes, it makes sense after viewing the BoundingBoxes

Bijlage Q

Each graphic is scaled such that its rotated BoundingBox is 1 inch tall.

7.2 Alignment of Rotated Graphics
When graphics are rotated, the objects may not align properly. For example

\begin{center}
\includegraphics[totalheight=1in}{rosette.eps}
\includegraphics[totalheight=1in,angle=-45]{rosette.eps}
\includegraphics[totalheight=1in,angle=-90]{rosette.eps}

\end{center}

Again, this is better illustrated by the BoundingBoxes

produces

In this case, the objects’ reference points (original lower-left corners) are aligned on a horizontal line. If it is desired to
instead have the centers aligned, thi@ipage environment can be used



82 Using EPS Graphics if\I[EX2: Documents Bijlage Q

\begin{center}
\begin{minipage}[c]{1.25in}
\centering
\includegraphics[totalheight=1in,angle=0]{rosette.eps}
\end{minipage}
\begin{minipage}[c}{1.25in}
\centering
\includegraphics[totalheight=1in,angle=-45]{rosette.eps}
\end{minipage}
\begin{minipage}[c]{1.25in}
\centering
\includegraphics[totalheight=1in,angle=-90]{rosette.eps}
\end{minipage}
\end{center}

However, it is easier to use th®tatebox =~ command to rotate the graphic about its center

\begin{center}
\includegraphics[totalheight=1in[{rosette.eps}
\rotatebox[origin=c]{-45}\includegraphics[totalheight=1in]{rosette.eps}}
\rotatebox[origin=c]{-90}{\includegraphicsJ[totalheight=1in]{rosette.eps}}
\end{center}

This aligns the centers of the graphics

If the 12/95 version ofraphicx is used, therigin  option can be used kincludegraphics

\begin{center}
\includegraphics[totalheight=1in}{rosette.eps}
\includegraphics[totalheight=1in,origin=c,angle=-45]{rosette.eps}
\includegraphics[totalheight=1in,origin=c,angle=-90]{rosette.eps}
\end{center}

Similarly, the commands

\begin{center}
\includegraphics|[width=1in]{box.eps}
\hspace{lin}
\includegraphics[width=1in,angle=-90]{box.eps}
\end{center}

rotate the right box around its lower-left corner, producing

Box

xog

To align the bottoms of the graphics, use the following commands
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\begin{center}
\includegraphics[width=1in]{box.eps}
\hspace{lin}
\rotatebox[origin=br]{-90}\includegraphics[width=1in[{box.eps}}
\end{center}

to rotate the right box around its lower-right corner

xog

Box

If the 12/95 version ofraphicx is used, therigin  option can be used fincludegraphics

\begin{center}
\includegraphics|[width=1in]{box.eps}
\hspace{lin}
\includegraphics|[width=1in,origin=br,angle=-90]{box.eps}}
\end{center}

8 Compressed and Non-EPS Graphics Files

When usingdvips , users can specify an operation to be performed on the file before it is inserted. By making this
operation a decompression command, compressed graphics files can be used. By making this a graphics-conversion com-
mand, nonEP Sgraphics files can be used. Sirmbdps is currently the oniyDVI-to-PS converter with this capability,
everything in this section requirelsips . Users need to pass thgips option to thegraphicx package. This can be
done by either specifying thavips global option in thddocumentclass  command

\documentclass[dvips,11pt]{article}
or by specifying thelvips option in thelusepackage command

\usepackage[dvips]{graphicx}
Since specifying thevips option in\documentclass  passes it to all packages, it is generally preferred.

The\DeclareGraphicsRule and\DeclareGraphicsExtensions commands control howATEX deals with

files specified inincludegraphics . In particular,\DeclareGraphicsRule specifies a command which oper-

ates on the file. The execution of this command requires that the operating system support pipes. Without piping, the
decompression or conversion cannot be done on-the-fly and the user must store all graphics as uncdam8éksed

8.1 Compressed EPS Example

The steps for using compresseg Sfiles are

1. Create aePSfile (filel.eps for example)

2. Store the BoundingBox line in another fifdg1.eps.bb )

3. Compress th&PSfile. For example, the Unix commargkip -9 filel.eps creates the compressed file
filel.eps.gz . The-9 (or-best ) option specifies maximum compression.

4. Include the propabeclareGraphicsRule command before théncludegraphics command in theATEX
file. The\DeclareGraphicsRule command informsATEX how to treat the particular suffix (see section 8.2).
For example

\documentclass[dvips]{article}
\usepackage{graphicx}

\begin{document}
\DeclareGraphicsRule{.eps.gzH{epsH.eps.bbH{'gunzip -c #1}
\begin{figure}
\centering
\includegraphics[width=3in]{file1.eps.gz}
\caption{Compressed EPS Graphicplabel{fig:compressed:eps}
\end{figure}
\end{document}
In this case, th&DeclareGraphicsRule command is actually not necessary because it happens to be one of the
pre-defined graphics rules. If another compression program or suffixes were us#detlereGraphicsRule
command would be mandatory. For example, if the BoundingBox file had been stdiled.ipb  , the corresponding
\DeclareGraphicsRule would be
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\DeclareGraphicsRule{.eps.gz{eps}{.bb}{'gunzip -c #1}
If many compresse&PSfiles are used, the BoundingBox extraction d@&i@Sfile compression may be tedious. This

process can be automated withexl script nameapsbb which was included with the oldps g package and is still
available fromCTAN.

8.2 The DeclareGraphicsRule Command

The\DeclareGraphicsRule command specifies hoincludegraphics treats files depending on their exten-
sions. Multiple\DeclareGraphicsRule commands may be issued.

Syntax: \DeclareGraphicsRule{ext}{type}{sizefile{command}

ext The file extension.

type The graphics type for that extension.

sizefile The extension of the file which contains the BoundingBox information for
the graphics. If this option is blar{k , the size information must be spec-
ified by an\includegraphics option.

command The command to be applied to the file (often left blghR. The command
must be preceded by a single backward quote (not to be confused with the
more common forward single quote.)

Table 4:DeclareGraphicsRule Arguments

For example, the command

\DeclareGraphicsRule{.eps.gz{eps}{.eps.bbH{‘gunzip -c #1}
specifies that any file with.@ps.gz  extension is treated as compresg&sfile, with the the BoundingBox information
stored in the file with aeps.bb  extension, and thgunzip -c command uncompresses the file. (Sifk&X cannot

read BoundingBox information from a compressed file, the BoundingBox line must be stored in an uncompressed file.)

Users generally do not need to use theclareGraphicsRule command because the following graphics rules are

defined by default imvips.def
\DeclareGraphicsRule{.epsHepsH.eps}{}

\DeclareGraphicsRule{.psH{epsK.psK}

\DeclareGraphicsRule{.pz}{epsH.bbH{'gunzip -c #1}

\DeclareGraphicsRule{.eps.Z}{epsH.eps.bb}{‘gunzip -c #1}

\DeclareGraphicsRule{.ps.Z}{eps}{.ps.bbH{'gunzip -c #1}

\DeclareGraphicsRule{.eps.gz{eps}{.eps.bbH{‘gunzip -c #1}

\DeclareGraphicsRule{.ps.gzH{epsH.ps.bb}{‘gunzip -c #1}

\DeclareGraphicsRule{.pcx}{bmp}H}}

\DeclareGraphicsRule{.bmp}bmp}{}{}

\DeclareGraphicsRule{.mspH{bmp}{}{}

\DeclareGraphicsRule{*{epsH{*K}
The first two commands define theps and.ps extensions agPSfiles. The next five commands define extensions
for compresse& P Sfiles. The next three commands define extensions for bitmaps (see section 8.5.2). The last command
defines any other suffix as &P Sfile.

8.3 TeX Search Path anddvips

When BTEX encounters afincludegraphics command, it looks in the current directory for the file. If it does
not find the file in the current directory, it searches through thépath for the file. When th®V1 file is converted to
PostScriptdvips performs the same search routine and everything works well. When the file is an uncompeSsed
file, dvips directly includes the specified file. However, when the file is compressed or hasEPg&format, the file

must be operated on by the command specifia®eaclareGraphicsRule . For example, the rule
\DeclareGraphicsRule{.eps.gzH{epsH.eps.bbH'gunzip -c #1}
specifies that thgunzip -c  command be used on files havingeps.gz  suffix. Suppose the following command is

used

\includegraphicsf{file.eps.gz}
If file.eps.gz andfile.eps.bb are in the current directoryATEX usesfile.eps.bb anddvips executes
gunzip -c file.eps.gz to uncompressed the file.

If file.eps.gz andfile.eps.bb are in the directorya/b/c/  (on the BX path), ATEX searches the path to find
/a/bl/clfile.eps.bb . Howeverdvips does not know what part of the command construction is the filename, and
thus cannot find the filgunzip -c file.eps.gz in the TEX search path. If gX is using a recenkpathsea

library (such as théeTeX distribution), this problem can be solved by the following graphics rule
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\DeclareGraphicsRule{.eps.gz{eps}{.eps.bb}%
{'gunzip -c ‘kpsewhich -n latex tex #1‘}
This rule specifies that any file ending witkps.gz is an EPSfile whose BoundingBox file ends witleps.bb
and is uncompressed witjunzip -c . Thekpsewhich -n latex tex command makedvips look for the
compressed file in the directories on theXBearch path. This rule allowdvips to operate on any file whicheX can
find. This replaces the default definitiondwips.def ~ which is essentially
\DeclareGraphicsRule {.eps.gz{epsH{.eps.bb}‘gunzip -c #1}

The rules for other suffixes (such &ps.gz or.ps.Z ) can be modified similarly.

While the newDeclareGraphicsRule command can be placed at the beginning of every document, it may be more
convenient to add the following to tlggaphics.cfg file
\AtEndOfPackage{%

\DeclareGraphicsRule{.eps.gz{eps}{.eps.bb}%
{'gunzip -c ‘kpsewhich -n latex tex #1'}}

and leaving the existingexecuteOptions{dvips} line.

8.4 The DeclareGraphicsExtensions Command

The\DeclareGraphicsExtensions command tellsATEX which extensions to try if a file with no extension is
specified in théincludegraphics command. The following graphic extensions are defined by defadiips.def

\DeclareGraphicsExtensions{.eps,.ps,.eps.gz,.ps.gz,.eps.Z}
With the above graphics extensions specified|udegraphics{file} firstlooksforfile.eps  ,thenfile.ps

thenfile.eps.gz , etc. until a file is found. ThéDeclareGraphicsExtensions command allows the graphics
to be specified with

\includegraphics{file}
instead of
\includegraphicsf{file.eps}
The first syntax has the advantage that if you later decide to confileesps  , you need not edit thé\IEX file.

8.5 Non-EPS Graphic Files

While it is easy to inserEPSgraphics into ATEX documents, it is not as straight-forward to insert reRS graphics

(GIF, TIFF, JPEG PICT, etc.). A simple solution is to determine whether the application which generated the non-
EPSgraphic also generat&P Soutput. If not, a graphics-conversion program must be used to convert the graphics to
PostScript. See

http://www.wizards.dupont.com/cristy/ImageMagick.html

for information on ImageMagick, a very good graphics-conversion utility for Unix, Linux,\ad& that is distributed
for free fromftp.wizards.dupont.com and other sites. See

http://www.sun.com/sunsoft/catlink/xv/note.html
forinformation orxv , an X-Windows graphics viewing and conversion program distributed fifoieis.upenn.edu

as shareware. Unlike ImageMagick; does not provide command-line conversion capabilities for on-the-fly graphics
conversion.

Since a norEPSgraphics file may be smaller than the correspondiRgfile, it may be desirable to keep the graphics
in a nonEPSformat and convert them to PostScript when Bl file is converted to PostScript. tivips is used,

this on-the-fly conversion can be specified by the command optitiddalareGraphicsRule . For example, using

on-the-fly conversion to insefite2.gif into a IATEX document requires the following steps

1. Find aGIF-to-PSconversion program (assume it’s callgips )

2. One needs to create a BoundingBox file which specifies the natural size fiéhgif graphics. To do this,
convertfile2.gif to PostScript and

1. If the Postscript file iEPS save the BoundingBox line ifile2.gif.bb
2. If the Postscript file is ndEPS determine the appropriate BoundingBox (see section 3) and place those nhumbers
in a%%BoundingBox: line in file2.gif.bb

3. Keefpfile2.gif andfile2.gif.bb and delete the PostScript file.
4. Include\DeclareGraphicsRule{.gifi{eps}{.gif.bb}{'gif2ps #1}
before thdincludegraphics command in theATEX file.

When\includegraphics{file.gif} is issued, ATEX reads the BoundingBox frorfile.gif.bb and tells
dvips tousegif2ps to converffile.gif to EPS
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8.5.1 GIF Example

While the commands necessary for including rEirSgraphics are dependent on the operating system and the graphics
conversion program, this section provides examples for two common Unix conversion programs. The commands
\DeclareGraphicsRule{.gif{epsH.gif.bb}{‘convert #1 ’eps:-’ }
\begin{figure}
\centering
\includegraphics[width=3in}{file2.qgif}
\caption{GIF Graphic}
\end{figure}
use theconvert program (part of the ImageMagick package) package to translal théle into EPS The command
convert file2.gif 'eps:-’
translatedile2.gif into EP Sformat (specified by theéps: ” option), sending the result to standard output (specified
by the * ” specification).

Alternatively, one can use thgpom utilities in which giftoppm , ppmtopgm, andpgmtops convert theGIF file to
EPSvia theppmand grayscalpgm formats. In Unix, the piping between these programs is specified by the following
\DeclareGraphicsRule command

\DeclareGraphicsRule{.gif{epsH.gif.bb}{'giftoppm #1 | ppmtopgm | pgmtops}

8.5.2 Direct Support for Non-EPS Graphics

It is often requested tha®TpX anddvips  support the direct inclusion of noBP Sgraphic formats, making it as easy as
insertingEP Sfiles. While this would be convenient, there unfortunately are problems with this.

For example, most noBP Sgraphic formats use binary files which cannot be read@$;, Which preventsATEX from
determining the size of the ndBPSgraphics. Furthermore, supporting nBRSgraphics would also requirdvips

to incorporate graphics-conversion capabiliti€dR-to-PS TIFF-to-PS etc.). This would not only require a lot of
programming, it would also require more future maintenance.

Rather than directly incorporating graphics-conversion routohdps provides a mechanism of calling external conver-

sion programs. This mechanism can be accessed fdpXIby using the command argumenibkclareGraphicsRule

This has the benefit of being more flexible than direct support, and since it keeps the graphics-conversion uncoupled from
theDVI-to-PSconversion, users are free to choose their own graphics-conversion program.

While IATEX anddvips generally do not support the directinclusion of nBR-Sgraphics, there are some exceptions

1. If dvips is compiled with-Demtex , it supports some EngK \special commands, allowing it to includeCx,
BMP, or MSP bitmaps.

2. Some commercial versions éfTgX support nonEPSgraphics

1. Textures for the Macintosh suppoRECT graphics.

2. Y&Y’s TeX package for Windows includes tHaVI1-to-PS converterDVIPSONE which supportsTIFF files.
However, EX cannot read the binaryIFF files, preventingATeX from reading theT IFF tags the same way it
readsEPSBoundingBox information. SincéAIEX cannot determine the natural sizeTifF graphics, the user
must still use abb file or specify thebb parameters explicitly in thencludegraphics command.

Check your documentation or contact the company’s customer service for the correct syntax.

9 The PSfrag System

While there are many drawing and analysis packages which pr@&Ri8éles, most of them do not support symbols and
equations as well ad\TpX . The PSrag system allowsATEX users to replace text strings P Sfiles with IATEX text or
equations. Currently available for both DOS and Unix,R#rag system consists of th&TeX style file psfrag.sty

and theperl scriptps2frag and is well-documented by [7].

PSfrag currently does not support compressed or El®B-graphics. This means that ifSrag is used for even one
graphic in a document, all of the document’s graphics must be non-compEeBSdites.

The procedure for usingSfrag

1. Create aEPSfile.

2. At the operating system prompt, typs2frag file.eps which scans th&P Sfile file.eps for text strings
and then records these locations in ERSfile. Since this added information is in the form of header comments in
the EPSfile, it does not change the appearance ofERS output.
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3. In the ATEX document, use the following commands

1. Include\usepackage{psfrag} in the preamble.

2. Usethépsfrag command to specify thEPStext and theATEX string to replace it. This makes the specified
substitution occur in any subsequé&ntludegraphics command issued in the same environment.

3. Use thdincludegraphics command as usual.

The ATEX \psfrag  command has the following syntax
\psfrag{PStext}[posn][PSposn][scale][rot]{text}

with its arguments described in Table 5.

PStext

Text in EPSfile to be replaced.
Pdrag is sensitive about what type of text it replaces. For example, if the
EPsfile contains the texError (%) , the percent sign confuse8TeX
and Pdrag cannotbe used on the file, regardless of whetRefrag re-
placesError (%) . Instead, regenerate tl#PSfile using text such as
Error (percent) which does not contain any of tAdgX special charac
ters.

"4

posn

(Optional, Defaults tgBI] .) Position of placement point relative to new
IATEX text. [] indicates center.

PSposn

(Optional, Defaults tgBI] .) Position of placement point relative to ei-
isting EPStext.[] indicates center.

scale

(Optional, defaults to 1.5caling factor for the text. For best results, avpid
using the scaling factor and instead uS&gX type-size commands sugh
as\small and\large

rot

(Optional, defaults to zero)When this rotation angle is zero, the new text
is inserted at the same angle as the exisiRg text. When an angle is
specified here, it is the angle of rotation of the new text relative to| the
existing text. The angle is in degrees with a counterclockwise rotation
being positive.
This option is useful when dealing wigPsfiles generated by applications
which only allow horizontal text. This option effectively adds rotated-text
capabilities to those applications.

text

The ATEX text to insert into theEPSgraphic.
Like regular ATpX text, math formulas must be enclosed by dollar signs
(e.g.,.$\frac{1{2}$ or$x°2$ ) and special symbols can be used (e}g.,
\% produces % ).

Table 5:psfrag Options

Theposn andPSposn options are one of the 12 points shown in Figure 3 on page 79, except tltasfeeifier is not
available (e.g., to align the left-center, y§e instead offlc] ;to align centers, usl|g instead oficc] ). See [7] for
examples of various combinations of placement points.

9.1 PSfrag Example
The commands

\includegraphics{pend.eps}
include the graphic without argSrag replacement, producing Figure 4. The commands

\psfrag{ql}{$\theta_1%$}
\psfrag{q2}{$\theta_2$}
\psfrag{L1H{$L_1$}
\psfrag{L2}{$L_2%}
\psfrag{P1}[][{$P_1$}
\psfrag{P2}[][[{\Large $P_2%}
\includegraphics{pend.eps}
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Figure 4: Without PSfrag Replacement Figure 5: With PSfrag Replacement

include the graphic withP Srag replacement, producing Figure 5. The first fipgfrag commands position the new
IATEX text such that its left baseline point corresponds to the left baseline point BRtBéext. The last twdpsfrag
commands position the neWTeX text such that its center corresponds to the center oEfhBtext.

Note that one need not replace all the EPS text WNFEK text. For example, thél tag is left unchanged in Figure 5.
Also note thatpsfrag matchesntiretext strings. Thus the command

\psfrag{pi{$\pi$}
replaces the stringi  with 7, but does not affect the string§2 or 2pi . Separatépsfrag commands must entered
for these strings.

9.2 IATEX Text in EPS File

In the previous section, thpsfrag  command specified th&TeX text in the ATEX file. While this is the most popular
method,PSrag’s \tex command includesATEX text directly in EPSfiles. Theltex command has the following
syntax

\tex[posn][PSposn][scale][rot]{text}
which is the same apsfrag command, except there is fBStext} argument. Unlike th&psfrag command, the
\tex command is placed in theP Sfile.

For example, if arEP Sfile contains the textex{$x 2%} PSfrag automatically replaces it wix. The left-baseline
point of x? is aligned with the left-baseline point &ex{$x"2$} . Note thatPSrag does the replacement auto-
matically; apart from théusepackage{psfrag} command, it does not require any commands in &EX file.
Placement, scaling, and rotation options can be specified as withdfiag command. If arEPSfile contains the
text \tex[][{$x"2%} PSrag replaces it with a centered. Theltex command must bentire text string. For
example, the text

Transfer Function \tex{$\frac{s+a}{s+b}$}
produces an error. Instead use

\tex{Transfer Function $\frac{s+a}{s+b}$}
The advantage of théex command is that theNTEX file doesn’t need to be edited when BR Sfile is modified. The
\tex command has two disadvantages. FirstERefile cannot be used for noMEX purposes, while thE P Sgraphic
in Figure 4 could be used without replacement. Secoritexf command contains complicated formulas, the text can
extend beyond the edge of the graphics, enlarginge®8BoundingBox. This oversized BoundingBox causes incorrect
graphic placement irfATEX .

9.3 Text Scaling in PSfrag

A subtlety of thelincludegraphics command (see [3, page 3]) comes into play with PSfrag. When scaling options
are specifiedeforerotation

\includegraphics[width=3in,angle=30]{file.eps}
the scaling is implicitly handled by the graphics inclusion function. However, when scaling options are spdtEfied
rotation

\includegraphics[angle=30,width=3in]{file.eps}
the graphic is first included at its natural size, then rotated, and then scaled PSirag replaces the new text during the
graphicsinclusion, the second command scales thePginag text while the first command doaet When the included
size of theEPSgraphic greatly differs from its natural size, the two commands produce very different results. See [7,
pages 10-11] for information.
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10 Graphics in Page Header or Footer

Thefancyhdr package (an improved version of the fdticyheadings package) makes it easy to customize a document’s
page headers and footers. It is often desired to place a logo orEf&graphics in the header or footer, which results in
the sameeP Sfile being included multiple times.

10.1 Including An EPS File Multiple Times

There are four common methods for including the s&R&graphics many times

1. Using\includegraphics{file.eps} wherever you want the graphic has two problems
1. IATEX must find and read the file every tiiecludegraphics is used.
2. The EPS graphics commands are repeated in the final PS file, producing a large file.

3. Save the graphics in A&TEX box, using the box wherever you want the graphic. This sa@sXLtime since it must
only find and read the file once. However, it does not reduce the size of the final PostScript file.
At the beginning of the file, include the following commands
\newsavebox\mygraphic
\sbox\mygraphic{\includegraphics{file.eps}}
Then use the commandsebox{\mygraphic} wherever you want the graphic.
4. Define a PostScript command which draws the graphics, and then issue the Postscript command wherever you want
the graphic. Section 10.2 describes this procedure.
Since the final PostScript file includes the graphics commands only once, the final PostScript file is much smaller.
Note that since the graphics commands are stored in printer memory while the final PostScript file is being printed,
this method may cause the printer to run out of memory and not print the document.
Although this method results in a small final PostScript file, it still requitdgX to find and read the file containing
the PostScript commands.
5. Like the previous method, define a PostScript command which draws the graphics, but include this command in a
IATEX box. This results in a small final PostScript file and only requifdgX to find and read the file once.

10.2 Defining a PostScript Command
To convert theEPSgraphics into a PostScript Command, theSfile must be broken into two files, one which defines
the PostScript dictionary and the graphics commands, and another which includes the header information and the uses the
previously-defined PostScript command. For exampld R8file created by xfig has the form

%!PS-Adobe-2.0 EPSF-2.0

%%Title: /tmp/xfig-fig017255

%%Creator: fig2dev Version 2.1.8 Patchlevel 0

%%CreationDate: Sun Sep 3 15:36:01 1995

%%0Orientation: Portrait

%%BoundingBox: 0 0 369 255

%%Pages: 0

%%EndComments

/$F2psDict 200 dict def

$F2psDict begin

%%EndProlog
$F2psBegin

$F2psEnd

Where... indicates unlisted commands. TE® Sfile generally contains three parts
1. The header commands which begin with
2. The Prolog section which starts with
/$F2psDict 200 dict def
and ends with
%%EndProlog

The Prolog defines the commands in the PostScript dictionary used Byth#le. In this example, the dictionary is
namedbF2psDict  although other names can be used.
3. The last part contains the commands used to draw the graphics.

Suppose the aboEP Sfile is namedile.eps . Create the filefile.h  andfile.ps  wherefile.h  contains
/$F2psDict 200 dict def
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$F2psDict begin
%%EndProlog

IMyFigure {
$F2psBegin

$F2psEnd

} def
andfile.ps contains

%!PS-Adobe-2.0 EPSF-2.0

%%Title: /tmp/xfig-fig017255

%%Creator: fig2dev Version 2.1.8 Patchlevel 0

%%CreationDate: Sun Sep 3 15:36:01 1995

%%Orientation: Portrait

%%BoundingBox: 0 0 369 255

%%Pages: 0

%%EndComments

$F2psDict begin MyFigure end
file.h  defines the dictionary and defines the PostScript comridyBigure , while file.ps contains the header
information and uses the PostScript command definéiteih . In particular, it is important that thfide.ps header
includes theé»!PS... line and the BoundingBox line. The graphics can then be used il\igX Idocument as

\documentclass{article}
\usepackage{graphicx}

i;pecial{header:file.h}

ilt;egin{document}
\includegraphicswidth=2in]{file.ps}
ii.ﬁcludegraphics[totalheightzlin]{file.ps}

\end{document}

Note that the original fildile.eps is not used. Since the graphics command#énh  are only included once, the
final PostScript file remains small. However, this still requiEX to find and readile.ps whenever the graphics
are used. The following commands save the graphicsAT@Xbox to produce a small final PostScript file while reading
file.ps only once.

\documentclass{article}
\usepackage{graphicx}

\special{header=file.h}

\newsavebox\mygraphic
\sbox\mygraphic{\includegraphics[width=2in[{file.ps}}

\begin{document}
\usebox{\mygraphic}
\resizebox*{lin}{!}{\usebox{\mygraphic}}

\end{document}

Like the previous example, these commands produce a 2-inch wide graphic and another graphic whose totalheight is 1
inch.

10.3 fancyhdr Package
An easy method of including graphics in the heading is to usdatheyhdr package, which is documented by [8]. The
header consists of three parts: its left field, its center field, and its right fieldfdineyhead = command specifies the
contents of the header fields, with thg,R options specifying which field(s) the command modifies. For example
\pagestyle{fancy}
\fancyhead[C){My Paper}
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causes the center header field to be “My Paper”, while

\pagestyle{fancy}

\fancyhead|L,R]{\textbf{Confidential}}
causes the left and right header fields to Berifidential”. If no L,C,R option is specified, it applies to all three header
fields. Thusfancyhead{} is used to clear all the header fields. Tfancyfoot command similarly specifies the
left, center, and right footer fields.

Note that the abovdancyhead commands only apply to pages whose style are “fancy”. Even though the command
\pagestyle{fancy} causes the document to have a fancy page style, some pages (title pages, table of contents pages,
the first page of chapters, etc.) are still given a plain pagestyle by default.

Graphics in Page Header/Footer

The commands in thfancyhdr package can insert graphics in the headers and footers. For example, after splitting the
EPSfile file.eps into the two filefile.h  andfile.ps as described in section 10.2, the commands
\documentclass{article}
\usepackage{fancyhdr,graphicx}

\renewcommand{\headheight{0.6in} %% must be large enough for graphic
\renewcommand{\textheight}{7.5in}

% Define PostScript graphics command
\special{header=file.h}

% Save graphics in LaTeX box
\newsavebox\mygraphic
\sbox\mygraphic{\includegraphics|[totalheight=0.5in]{file.ps}}

\pagestyle{fancy}

\fancyhead{} % clear all header fields
\fancyhead[L]{\usebox{\mygraphic}}
\fancyfoot{} % clear all footer fields
\fancyfoot[C}{\thepage}
\renewcommand{\headrulewidth}{0.5pt}
\renewcommand{\footrulewidth}{Opt}

\begin{document}

ié.nd{document}
places the graphics at the top left of each “fancy” page with a 0.5 pt horizontal line drawn under the header. Additionally,
the page number is placed at the bottom center of each page, with no horizontal line drawn above the footer.

Odd/Even Headings

When the[twoside] documentclass option is used, one may want to individually specify the odd and even page
headers/footers. THe,O \fancyhead options specify the even and odd page headers, respectivelyBf€heptions
are not specified, the command applies to both even and odd pages. Likevks® tii@ncyfoot options specify the
even and odd page footers. For example,
\pagestyle{fancy}
\fancyhead[LE{My Paper}
\fancyhead[RO}{My Name}
\fancyfoot[C]{\thepage}
places “My Paper” in the upper left of even fancy pages, “My Name” in the upper right of odd fancy pages, and the page
number in the bottom center of all fancy pages. Replacing the
\fancyhead[L]{\usebox{\mygraphic}}
command in the above example with
\fancyhead[LE,RO]{\usebox{\mygraphic}}
places the graphic at the top outside (the left side of even pages, right side of odd pages) of all fancy pages.

Modifying Plain Pages

Although the above commands do not affect pages with plain pagestylé$aribgpagestyle command can be
used to modify the plain pagestyle. For example
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\documentclass{article}
\usepackage{fancyhdr,graphicx}

\renewcommand{\headheight{0.6in} %% must be large enough for graphic
\renewcommand{\textheight}{7.5in}

% Define PostScript graphics command
\special{header=file.h}

% Save graphics in LaTeX box
\newsavebox\mygraphic
\sbox\mygraphic{\includegraphicsl[totalheight=0.5in]{file.ps}}

\pagestyle{fancy}

\fancyhead{} % clear all header fields
\fancyhead|[L]{\usebox{\mygraphic}}
\fancyfoot{} % clear all footer fields
\fancyfoot[C}{\thepage}
\renewcommand{\headrulewidth}0.5pt}
\renewcommand{\footrulewidth}{Opt}

\fancypagestyle{plain}{%
\fancyhead{} % clear all header fields
\fancyhead[L]{\usebox{\mygraphic}}
\fancyfoot{} % clear all footer fields
\fancyfoot[C[{\thepage}
\renewcommand{\headrulewidth}{0.5pt}
\renewcommand{\footrulewidth{Opt}}

\begin{document}

\end{document}
place the graphic at the upper left of every page (both plain and fancy). Likewise, whevoiide documentclass
option is used, replacing both of the
\fancyhead[L]{\usebox{\mygraphic}}
commands with
\fancyhead[LE,ROJ{\usebox{\mygraphic}}
places the graphic at the top outside of every page (both plain and fancy).

Part IV
Related ATEX Commands

11 The figure Environment

Graphics can be inserted as part oAFgX \figure  environment, which allows the graphics to float for better for-
matting, especially for large graphics. Tkfigure  environment also makes it easy to reference the graphic. The
commands
\begin{figure}[htb]
\centering
\includegraphics[totalheight=2in[{graph.eps}
\caption{This is an inserted EPS graphicj\label{fig:graph}
\end{figure}

The graph in Figure™\ref{fig:graph} is

from an EPS file generated by gnuplot.
insert the graphicin a figure and place a caption under the graphic. The ofisdyedl command specifies a label which
is used by théref command to reference the figure (Mebel command must bafterthe\caption = command).
Note that the figure environment can only be usedlter paragraph modend thus cannot be used inside any box (such
as parbox or minipage).
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11.1 Caption Vertical Spacing
While the figure caption is usually placed below the graphic, it can be placed above the graphics simply by placing the
\caption = command before the graphics-inclusion command. For example, the commands
\begin{figure}[htb]
\centering
\caption{Caption Above Graphic}
\includegraphics[width=1in]{box.eps}
\end{figure}
produce Figure 6.

Figure 6: Caption Above Graphic
Box

Since captions are generally placed below the grapfAigX_places more vertical spacing above the caption than below
it. As a result, the caption in Figure 6 is placed quite close to the graphic. The spacing above and below the caption is
controlled by the two lengthsibovecaptionskip (which is10pt by default) andbelowcaptionskip (which
is zero by default). The standaiTieX commandssetlength and\addtolength are used to modify these lengths.
The commands
\setlength{\abovecaptionskip{5pt}
\setlength{\belowcaptionskip}{0.5cm}
provides a 5 point spacing above the caption and a 0.5 centimeter spacing below the caption. The commands
\addtolength{\abovecaptionskip}{5pt}
\addtolength{\belowcaptionskip{-5pt}
increases the spacing above the captions by 5 points and decreases the spacing below the captions by 5 points. For
example, the commands
\begin{figure}[htb]
\setlength{\belowcaptionskip}{10pt}
\centering
\caption{Caption Above Graphic}
\includegraphics[width=1in]{box.eps}
\end{figure}
produce Figure 7.

Figure 7: Caption Above Graphic

Box

11.2 Figure Placement Options

IATEX figures are “floats” whose placement are decided®lgK. Since your taste in figure-placement may differ from
that of ATEX, the\figure  environment has placement options

h Here: Place the figure in the text where the figure command is located.

t Top: Place the figure at the top of a page.

b Bottom: Place the figure at the bottom of a page.

p Page of FloatsPlace the figure on a separate page which contains only floats.

The placement options in the above example[ate] which means thatATEX first tries to place the figure at that
location, then tries to place the figure at the top of a page, and finally tries to place the figure at the bottom of a page.
When BTEX “tries” to place a figure, it checks how many figures are already on the page and other esthetic concerns. If
IATEX determines that the figure wouldn't look good, it tries the next placement option.

The order in which the placement options are specified dogsake any difference. The placement options are attempted
inthe ordeh-t-b-p  regardless of the order in which the options are specified. [Fijs and[bh] are both attempted
ash-b .

To make ATEX “try really hard” in its float placement, specify an exclamation point in the placement options (e.g.,
\begin{figure}{'ht] ) which makesATEX suspend its esthetic rules and do its best to make the requested place-
ment. Even with thé option, ATEX has the final say in the placement and reserves the right to override the request. For
example, if the commands
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\begin{figure}['ht]
\includegraphics[totalheight=4in[{graph.eps}
\end{figure}
occur 3 inches from the bottom of the pag¥[iX objects to leaving 3 inches of whitespace at the bottom of the page and
overrides thg!h] , with the text which is after the figure in the .tex file filling the bottom 3 inches of the page.

If you feel IATEX is making poor float placement decisions, you may need to tweak its placement algorithm by modifying
the float parameters (see [4, pages 199-200], [5, pages 141-143], or [6, pages 174-175]).

11.2.1 The oat Package’'s|[H] Placement Option

The oat package adds gi] option to the\figure  environment whictalwaysplaces the float “here”. However, the
[H] option should generally be avoided, as ftid]  option is a better way of producing the desired behavior.

To use thdH] option, include dusepackage{float} in the preamble and issue tlrestylefloat{figure}
commandeforethe\begin{figure}[H] command is used (See [5, page 149]). When usingHihe option, the
user is responsible for managing the document to avoid large sections of whitespace.

While the figure environment defined by thaat package allows thgH] option, it also places the figure caption below
the figure environment. While this does not affect simple figures, it prevents captions above graphics as in Figure 6 or the
construction of side-by-side and other complex figure arrangements.

12 Landscape Figures

In a document with portrait orientation, there are three methods for producing figures with landscape orientation.

1. Thelscape package provides landscape environment, which treats the left edge of the paper as the top of the
page, causing any text, tables, or figures inlimelscape environment to have landscape orientation.

2. Therotating package provides aidewaysfigure environment which is similar to thégure  environment
except that the figures have landscape orientation.

3. Therotating package provides\sotcaption command which is similar to theaption =~ command except that
caption has landscape orientation.

Differences between methods

e Both options 1 and 2 place the rotated figure on a separate page. Option 3 produces an individual float which need not
be on its own page.

e The full-page figure produced by Option 2 will float to provide better document formatting. Since the figure(s)
produced by Option 1 can only float within the landscape pages, it may result in a partially-empty page before the
figure.

e Thelandscape environmentin Option 1 can be used to produce landscape pages containing any combination of
text, tables, and figures. Option 2 produces only rotated figures.

12.1 Landscape Environment

Thelscape package (which is part of the standard “graphics bundle” distributed WilgX) defines thdandscape
environment, which provides a method of placing landscape pages in a portrait document. The landscape pages are rotated
such that the left edge of the portrait page is the top edge of the landscape page.

Entering\begin{landscape} prints all unprocessed portrait floats and then switches to landscape orientation. Like-
wise,\end{landscape} prints all unprocessed landscape floats and then switches back to portrait orientation.

The entire contents of tHandscape environmentis typeset with landscape orientation. This may include any mixture
of text, figures, and tables. If the landscape environment contains only a figure environment
\begin{landscape}
\begin{figure}
\centering
\includegraphics[width=4in]{box.eps}
\caption{Landscape Figure}
\end{figure}
\end{landscape}
thelandscape environment produces a landscape figure. Note that sincartdscape environment starts a new
page, it may result in a partially-blank page.

12.2 Sidewaysfigure Environment

Therotating package provides th&@dewaysfigure environment which produces figures with landscape orientation.
For example
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\begin{sidewaysfigure}
\centering
\includegraphics[width=4in]{box.eps}
\caption{Sidewaysfigure Figure}
\end{sidewaysfigure}

produces Figure 8.

Unlike thelandscape environment, the figure produced biglewaysfigure can float within the portrait pages to
avoid the partially-blank page that thendscape environment may produce. (Thetating package also provides a
sidewaystable  environment for producing tables with landscape orientation.) Note thaatldscape environ-
ment is much more flexible, allowing the landscape pages to consist of a mixture of text, tables, and figures.

The default orientation of the figures produceddigewaysfigure depends on whether the document is processed
with theoneside ortwoside documentclass option

o When theoneside option is chosen, the bottom of graphic is towards the the right edge of the portrait page.

e When thetwoside option is chosen, the bottom of graphic is towards the the outside edge of the portrait page.

This default behavior can be overridden by options tatisepackage{rotating} command.
\usepackagelrotateleft]{rotating}

causes the bottom of thedewaysfigure graphics to be towards the left edge of the portrait page (regardless of
oneside ortwoside options). Similarly,

\usepackagelrotateright]{rotating}

causes the bottom of treiddewaysfigure graphics to be towards the right edge of the portrait page.

12.3 Rotcaption Command

The methods in Sections 12.1 and 12.2 both produce full-page landscape figures, which may not be necessary for smaller
landscape figures. Thetating package’drotcaption command can be used to construct smaller landscape figures.

For example

\begin{figure}
\centering
\begin{minipage}[c]{1lin}
\includegraphics[angle=90,width=\textwidth]{box.eps}
\end{minipage}
\begin{minipage}[c]{0.5in}
\rotcaption{Rotcaption Caption}
\label{fig:rotcaption}
\end{minipage}
\end{figure}

produces Figure 9. The caption producedimicaption is always rotated such that its bottom is towards the right
edge of the paper. Unlike the methods in Sections 12.1 and 12.2roticaption command does not rotate the
graphics. Therefore, thencludegraphics command in the above example requireddahgle=90 option.

13 Side-by-Side Graphics

The commands necessary for side-by-side graphics depend on how the user wants the graphics organized. This section
covers three common methods of organizing side-by-side graphics

1. The side-by-side graphics are combined into a single figure.

2. The side-by-side graphics each form their own figure (e.g., Figure 12, Figure 13, etc.)

3. The side-by-side graphics each form a subfigure (e.g., Figure 12a, Figure 12b, etc.) of a single figure (Figure 12).

While this section specifically discusses side-by-side graphics, most of the information is also valid for vertically-stacked
graphics and complex figures such as Figures 33-39 on Page 110.

13.1 Side-by-Side Graphics in a Single Figure

The two most common methods for placing side-by-side graphics in a figure are

1. Multiple\includegraphics commands

2. Multipleminipage environments, each of which containiacludegraphics command
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Figure 8: Sidewaysfigure Figure

Bijlage Q
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Figure 9: Rotcaption Caption

13.1.1 Side-by-Side includegraphics Commands

While spacing side-by-side graphics in a figure is as simple as
\begin{figure}
\centering
\includegraphics[width=1in]{filel.eps}
\includegraphics[width=2in]{file2.eps}
\caption{Two Graphics in One Figure}
\end{figure}
there usually are horizontal-spacing commands suldtsasce{1in} or\hfill between th&ncludegraphics
commands. For example
\begin{figure}
\centering
\includegraphics[width=1in]{box.eps}%
\hspace{lin}%
\includegraphics[width=2in]{box.eps}
\caption{Two Graphics in One Figure}

\end{figure}
produces Figure 10 whichis 4 inches wide (1lincifiled.eps  , 1inch forthdhspace ,and 2inchesfdile2.eps ).
This 4-inch-wide figure is centered on the pag@ahfill is used instead dhspace , the graphics are pushed to the

margins.

Box

Box

Figure 10: Two Graphics in One Figure

13.1.2 Side-by-Side Minipage Environments

Placing thdincludegraphics commands insideninipage environments provides the user more control over the
graphics’ horizontal and vertical placement. For example
\begin{figure}
\centering

\begin{minipage}[c]{0.5\textwidth}
\centering \includegraphics[width=1in]{box.eps}
\end{minipage}%
\begin{minipage}[c]{0.5\textwidth}
\centering \includegraphics[width=2in]{box.eps}
\end{minipage}
\caption{Centers Aligned Vertically}
\end{figure}
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Box B OX

Figure 11: Centers Aligned Vertically

produces Figure 11.

Notes on this example

o Like any other ATEX object, minipages are positioned such that their baseline is aligned with the current baseline.
The minipagdc] option defines the minipage’s baseline as its centerline.[Bheoption defines the minipage’s
baseline as the baseline of the bottom line of the minipage (which is not necessarily the bottom of the minipage). The
[t] option defines the minipage’s baseline as the baseline of the top line of the minipage (which is not necessarily
the top of the minipage). See section 14 for information omtirepage environment and its placement options.

e The %after the firsttend{minipage} command prevents a space from being inserted betweemitiipage

boxes. Such a space would use some horizontal space, preventing both minipages from fitting on the same line.

When the widths of the minipages do not add.tB\textwidth , the\hspace or\hfill commands can be used
to specify to horizontal spacing. For example

\begin{figure}
\centering
\begin{minipage}[c]{1lin}
\centering \includegraphics[width=\textwidth]{box.eps}
\end{minipage}
\hspace{lin}
\begin{minipage}[c]{2in}
\centering \includegraphics[width=\textwidth]{box.eps}
\end{minipage}
\caption{Centers Aligned Vertically}
\end{figure}

produces a figure with the same horizontal spacing as Figure 10, but the centers of the boxes are aligned vertically.

13.2 Side-by-Side Figures
In the previous section, multipl@inipage environments were used insiddigure  environment to produce a sin-
gle figure consisting of multiple graphics. Placivagption  statements inside the minipages makes the minipages
themselves become figures. For example
\begin{figure}
\begin{minipage}[b{0.5\linewidth}
\centering \includegraphics[width=1in]{box.eps}
\caption{Small Box}label{fig:side:a}
\end{minipage}%
\begin{minipage}[b{0.5\linewidth}
\centering \includegraphics[width=1.5in[{box.eps}
\caption{Big Box} \label{fig:side:b}
\end{minipage}
\end{figure}

produces Figures 12 and 13.

Box Box

Figure 12: Small Box Figure 13: Big Box

Although the above commands inclualeefigure environment, the commands prodtwefigures. Since thiaption
command actually produces the figure, figure environments with multplgtion = commands produce multiple fig-
ures.
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13.2.1 Alignment Problems with Side-by-Side Figures

The [b] options aligned the bottoms of Figures 12 and 13. However, long captions may affect this alignment. For
example
\begin{figure}
\begin{minipage}[b]{.333\linewidth}
\centering \includegraphics[width=1in]{box.eps}
\caption{Small Box with a Long Caption}label{fig:side:c}
\end{minipage}%
\begin{minipage}[b]{.333\linewidth}
\centering \includegraphics[width=1.5in[{box.eps}
\caption{Medium Box}label{fig:side:d}
\end{minipage}%
\begin{minipage}[b]{.333\linewidth}
\centering \includegraphics[width=2.0in[{box.eps}
\caption{Big Box}\label{fig:side:e}
\end{minipage}
\end{figure}
produces Figures 14, 15, and 16.

Box BoOX B OX

Figure 14: Small Box with a Long
Caption Figure 15: Medium Box Figure 16: Big Box

The long caption of Figure 14 makes it unaligned with the other figures. In this case, the baselines of all the figures are
their bottoms, so the alignment can be corrected by changingitiipage positioning option fronjb] to[t] which
aligns the baselines of the graphics (see Section 14 for information). If the baselines of the graphics do not correspond to
their bottoms, th§tf] option does not produce the desired positioning. Instead, invisible vertical lines (@allegican
be placed in the captions of the other figures to m&RgX think that all the captions are two lines long.
\begin{figure}
\begin{minipage}[b]{.333\linewidth}
\centering \includegraphics[width=1in]{box.eps}
\caption{Small Box with a Long Caption}\label{fig:side:cc}
\end{minipage}%
\begin{minipage}[b]{.333\linewidth}
\centering \includegraphics[width=1.5in}{box.eps}
\caption[Medium Box]
{Medium Box \protect\rule[-\baselineskip]{Opt}{2\baselineskip}}
\label{fig:side:dd}
\end{minipage}%
\begin{minipage}[b]{.333\linewidth}
\centering \includegraphics[width=2.0in}{box.eps}
\caption[Big Box]
{Big Box \protect\rule[-\baselineskip]{Opt}{2\baselineskip}}\label{fig:side:ee}
\end{minipage}
\end{figure}
which produces Figures 17, 18, and 19.

Box Box B OX
Figure 17: Small Box with a Long  Figure 18: Medium Box Figure 19: Big Box
Caption
The commandrule[start]{width}{height} produces an vertical line with a width wfidth  startingstart

above the baseline and with a heiplsight . When the width is zero, the line becomes invisible and is calkd In
the above captions, the strut
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\rule[-\baselineskip]{Opt}{2\baselineskip}}
starts one line below the baseline and continues to the top of the current line. This WgR¢gHInk that, like the
Figure 17 caption, the captions for Figures 18 and 19 are two lines tall. Sindeutbe command is fragile, the
\protect = command must be used Bole can be used in theaption = command. Thécaption[Big Box]
option specifies that the text “Big Box” should be used in the list of figures (where the extra vertical space is not desired).

13.3 Side-by-Side Subfigures

It is often desirable to refer to side-by-side graphics both individually and as a group\sulfegure command

(from thesub gure package) defines the group of side-by-side graphics as a single figure and defines each graphics as a
subfigure. For example

\begin{figure}

\centering

\subfigure[Small Box with a Long Caption]{
\label{fig:subfig:a} %% label for first subfigure
\includegraphics[width=1.0in[{box.eps}}

\hspace{lin}

\subfigure[Big Box]{
\label{fig:subfig:b} %% label for second subfigure

\includegraphics[width=1.5in[{box.eps}}
\caption{Two Subfigures}

\label{fig:subfig} %% label for entire figure
\end{figure}
produces Figure 20. The labffg:subfig:a} refers to subfigure 20(a), the labdilg:subfig:b} refers to

subfigure 20(b), and the labfgig:subfig} refers to to Figure 20.

Box Box

(@) Small Box (b) Big Box
with a Long
Caption

Figure 20: Two Subfigures

13.3.1 Subfigures Inside Minipage Environments

Like other side-by-side graphics, subfigures are often put imsidgpage environments. For example
\begin{figure}
\centering
\begin{minipage}[b]{0.5\textwidth}
\centering
\subfigure[Small Box with a Long Caption]{
\label{fig:subfig:mini:a} %% label for first subfigure
\includegraphics[width=1.0in[{box.eps}}
\end{minipage}%
\begin{minipage}[b]{0.5\textwidth}
\centering
\subfigure[Big BoxJ{
\label{fig:subfig:mini:b} %% label for second subfigure
\includegraphics[width=1.5in[{box.eps}}
\end{minipage}
\caption{Subfigures Inside Minipages}
\label{fig:subfig:mini} %% label for entire figure
\end{figure}
produces Figure 21 which contains subfigures 21(a) and 21(b).

13.3.2 Minipage Environments Inside Subfigures

Since Subfigure 21(a) consists of only drecludegraphics command, the caption in subfigure 21(a) is only as
wide as the included graphic. If the subfigure instead consists of the entire minipage, the caption is made as wide as the
minipage. For example
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Box Box

(@) Small Box (b) Big Box
with a Long
Caption

Figure 21: Subfigures Inside Minipages

\begin{figure}

\subfigure[Small Box with a Long Caption]{
\label{fig:mini:subfig:a} %% label for first subfigure
\begin{minipage}[b]{0.5\textwidth}

\centering \includegraphics[width=1in]{box.eps}
\end{minipage}}%
\subfigure[Big Box]{
\label{fig:mini:subfig:b} %% label for second subfigure
\begin{minipage}[b]{0.5\textwidth}

\centering \includegraphics[width=1.5in}{box.eps}

\end{minipage}}

\caption{Minipages Inside Subfigures}

\label{fig:mini:subfig} %% label for entire figure
\end{figure}

produces Figure 22. Note that the caption of subfigure 22(a) is considerably wider than that of subfigure 21(a).

Box Box

(a) Small Box with a Long Caption (b) Big Box

Figure 22: Minipages Inside Subfigures

13.3.3 Changing Subfigure Numbering

The subfigure labels have two forms

1. One which appears under the subfigure as part of the caption. This is produceti@jtibsubfigure ~ command.

2. Onewhichappearswhentief commandisused. Thisis produced by concatenating the outjp@subfigure
to the outputthesubfigure

These commands use thabfigure  counter and th&thefigure command, making the subfigure label formating
be controlled by the following commands

e The commandithefigure prints the current figure number.

e The countersubfigure  counts the subfigures. The commalatph{subfigure} prints the value of the
subfigure  counterin lowercase letters. The commamodhan{subfigure} prints the value of theubfigure
counter in lowercase Roman numerals. (see [4, page 98] or [5, page 446] for a list of counter output commands).

e The commandthesubfigure by default is(\alph{subfigure}) which produces (a), (b), etc.

e The command@thesubfigure by default isthesubfigure\space which adds a space between the caption
label and the caption.

e The commandp@subfigure by default is\thefigure

These commands make the default caption labels (a), (b), etc. and the ttefaullabels 12(a), 12(b), etc. See [10] for
controlling the size and font of the subfigure labels.

Subfigure Examples
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1. To make the caption labels (i), (ii), etc. and make \fieé Ilabels 12i, 12ii, etc. enter the following commands
(preferably in theATEX file’s preamble)
\renewcommand{\thesubfigure}{\roman{subfigure}}
\makeatletter
\renewcommand{\@thesubfigure}{(\thesubfigure)\space}
\renewcommand{\p@subfigure}{\thefigure}
\makeatother

The\makeatletter and\makeatother  commands protect th@signs in thdrenewcommand statements.
2. To make the caption labels 12.1:, 12.2:, etc. and maKedhe labels 12.1, 12.2, etc. enter the following commands
\renewcommand{\thesubfigure}{\thefigure.\arabic{subfigure}}
\makeatletter
\renewcommand{\@thesubfigure}{\thesubfigure:\space}
\renewcommand{\p@subfigure}{}
\makeatother

13.3.4 Adding Subfigures to List of Figures

By default, the List of Figures generated by thstoffigures command includes only figureisot subfigures. To
add the subfigures the List of Figures, type
\setcounter{lofdepth}{2}

before thélistoffigures command.

14 Minipage Placement Option Details
The manner in whiclminipage environments are vertically aligned may be confusing. For example, one might think
the commands
\begin{figure}
\centering
\begin{minipage}[bJ{.25\textwidth}
\centering \includegraphics[width=1in]{box.eps}
\end{minipage}
\begin{minipage}[bJ{.25\textwidth}
\centering \includegraphics[width=1in,angle=-90}{box.eps}
\end{minipage}
\caption{\texttt{minipage} with \texttt{[b]} option}
\end{figure}
which use the minipagi] options would align the bottoms of the graphics. Instead they produce Figure 23.

Box

xog

Figure 23:minipage with [b] option

Similarly, one might think the commands
\begin{figure}
\centering
\begin{minipage}[t}{.25\textwidth}
\centering \includegraphics[width=1in]{box.eps}
\end{minipage}
\begin{minipage}[t}{.25\textwidth}
\centering \includegraphics[width=1in,angle=-90{box.eps}
\end{minipage}
\caption{\texttt{minipage} with \texttt{[t]} option}
\end{figure}
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which use the minipag] options would align the tops of the graphics. Instead they produce a figure wiexadty
the same as Figure 23.

The[b] and[t] options produce the same figure becausertimgpage environment’§b] option doesiotalign the

bottoms of the minipages. Rather, it aligns the baselines of the minipages’ bottom lines. Simildt]y, thption aligns

the baselines of the minipages’ top lines. Since the minipages in the above examples only have ongt]ineattufb]

use the same line for alignment. In this case, the reference point of the minipage is the reference point (original lower-left
corner) of theEPSgraphic.

14.1 Aligning the Bottoms of Minipages

One method for aligning the bottoms of minipages is to make the bottom of the minipage be the baseline of the minipage.
If a line with zero height and zero depth is added inside the minipage after the graphics tfigh tbhption makes the
bottom of the minipage be minipage’s baseline. The comnyaaidvspace{Opt} creates such a zero-height, zero-
depth line. Since the baseline of this zero-depth line is the bottom of the minipagig], traption now aligns the bottom
of the minipage. For example
\begin{figure}
\centering
\begin{minipage}[bJ{.25\textwidth}
\centering \includegraphics[width=1in]{box.eps}
\par\vspace{Opt}
\end{minipage}
\begin{minipage}[bJ{.25\textwidth}
\centering \includegraphics[width=1in,angle=-90[{box.eps}
\par\vspace{Opt}
\end{minipage}
\caption{Minipages with Bottoms Aligned}
\end{figure}

produces Figure 24.

xog

Box

Figure 24: Minipages with Bottoms Aligned

14.2 Aligning the Tops of Minipages

To align the tops of the minipages, one must add a zero-height, zero-depth line to the top of the minipage. [flhen the
option makes the top of the minipage be the baseline of the minipage. Pretiadindegraphics command by
\vspace{Opt} inserts a zero-height, zero-depth line above the graphic. Since the baseline of this zero-height line is
the top of the minipage, tHg option now aligns the top of the minipage. For example
\begin{figure}
\centering
\begin{minipage}[t}{.25\textwidth}
\vspace{Opt}
\centering \includegraphics[width=1in]{box.eps}
\end{minipage}
\begin{minipage}[t}{.25\textwidth}
\vspace{Opt}
\centering \includegraphics[width=1in,angle=-90[{box.eps}
\end{minipage}
\caption{Minipages with Tops Aligned}
\end{figure}

produces Figure 25.
This aligns the tops of the minipages with the current baseline. If it is instead desired to align the tops of the minipages

with the top of the current line of text, replabespace{Opt} with \vspace{-\baselineskip} . This topic is
mentioned in [5, pages 456-457].
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Figure 25: Minipages with Tops Aligned

15 Boxed Figures

The termBoxed Figurausually refers to one of two situations
e A box surrounds the figure’s graphic but not the figure’s caption.
e Abox surrounds the figure’s graphic and its caption.

The basic method for boxing an item is to simply place the item insidéban command, which surrounds the object
with a rectangular box. Thiancybox package provides boxes of different styles.

15.1 Box Around Graphic

Placing anifoox command around théncludegraphics command produces a box around the included graphic.
For example, the commands
\begin{figure}
\centering
\fbox{\includegraphics[totalheight=2in]{file.eps}}
\caption{Box Around Graphic, But Not Around Caption}
\label{fig:boxed_graphic}
\end{figure}
place a box around the included figure, as shown in Figure 26.

Figure 26: Box Around Graphic, But Not Around Caption

15.2 Box Around Figure and Caption

To include both the figure’s graphic and its caption, one may be tempted to mo\eafiien  command inside the
\fbox command. However, this does not work becausgption  can only be used in paragraph mode, while the
contents of anfbox command are processed in LR modé\TX uses three modes: LR mode, paragraph mode, and
math mode. See [4, pages 36,103-5] for an explanation.)

Since the contents of minipage environments\madbox commands are processed in paragraph modécapeion
command can be included in tifeox by enclosing th&fbox contents inside a minipage environment Gparbox
command. Since both minipages and parboxes require a width specification, there is no direct way to ifiade the
exactly as wide the graphic and caption.

For example, the commands
\begin{figure}
\centering
\fbox{ \begin{minipage}{4 in}
\centering
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\includegraphics[totalheight=2in}{pend.eps}
\caption{Box Around Figure Graphic and Caption}
\label{fig:boxed_figure}
\end{minipage} }
\end{figure}
place a box around the figure’s graphic and caption, as shown in Figure 27

Figure 27: Box Around Figure Graphic and Caption

The determination of a proper minipage width is usually a trial-and-error process. If the caption is wider than the graphic,
the minipage can be made as wide as the caption by estimating the caption widthseitfowidth command
\begin{figure}
\centering
\newlength{\mylength}
\settowidth{\mylength}{Figure XX: Box Around Figure Graphic and Caption}
\fbox{ \begin{minipage}{\mylength}
\centering
\includegraphics[totalheight=2in}{pend.eps}
\caption{Box Around Figure Graphic and Caption}
\label{fig:boxed_figure_length}
\end{minipage} }
\end{figure}
15.3 Customizing fbox Parameters
In Figures 26 and 27, the box is constructed of 0.4 pt thick lines with a 3 pt space between the box and the graphic. These
two dimensions can be customized by setting %X length variablesfboxrule  and\fboxsep , respectively, with
the\setlength command. For example, the commands
\begin{figure}
\centering
\setlength{\fboxrule}{3pt}
\setlength{\fboxsepH{1cm}
\fbox{\includegraphics[totalheight=2in}{pend.eps}}
\caption{Graphic with Customized Box}
\label{fig:boxed_custom}
\end{figure}
place a box with 3 pt thick lines which is separated from the graphic by 1 centimeter, as shown in Figure 28

15.4 The Fancybox Package

In Figures 26, 27, and 28, thhox command was used to place standard rectangular boxes around the figures. The
fancybox package provides four commandbadowbox ,\doublebox ,\ovalbox ,and\Ovalbox which produce

other types of boxes.

Like \foox , the separation between these boxes and their contents is controlled ByTgxeléngth \fboxsep

The length\shadowsize is set with the\setlength command, as was done fidboxrule and\fboxsep

in section 15.3. The lines fdovalbox and\Ovalbox have thicknesses corresponding to the picture environment’s
\thickline and\thinline , Which arenot lengths and thus cannot be changed with\tietlength command.

The values ofthickline and\thinline depend on the size and style of the current font. Typical values are 0.8 pt
for \thickline and 0.4 pt foithinline

For example, the commands
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Figure 28: Graphic with Customized Box

Command Parameters

\shadowbox{Example} . . .
The frame thickness Mboxrule . The shadow thickness is

Example \shadowsize (which defaults to 4 pt).

\doublebox{Example} The inner frame thickness is XBoxrule  and the outer frame

thickness is 1.8boxrule . The spacing between the frames is
Example 1.5fboxrule  + 0.5pt.
The frame thickness Mhinlines
Entering\cornersize{x} makes the diameter of the
\ovalbox{Example} cornersx times the minimum of the width and the height. The
default is\cornersize{0.5} .

Example The corner diameter can be set directiy\byrnersize*
command. For exampl&ornersize*{1cm} makes the
corner diameters 1 cm.

\Ovalbox{Example}

Ovalbox is exactly the same as/albox except that the line

Examp|e thickness is controlled byhicklines

Table 6: FancyBox Commands

\begin{figure}
\centering
\shadowbox{ \begin{minipage}{3.5 in}
\centering
\includegraphics[totalheight=2in}{pend.eps}
\caption{Shadowbox Around Entire Figure}
\label{fig:boxed_fancy}
\end{minipage} }
\end{figure}

place a shadow box around the figure’s graphic and caption, as shown in Figure 29.
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Figure 29: Shadowbox Around Entire Figure

16 Customizing Captions

16.1 Captions Next to Figures

The\caption = command places the caption under the figure or table. Minipage environments can be used to trick the
caption command into placing the caption next to the figure. For example, the commands

\begin{figure}
\centering
\begin{minipage}[c]{3in}
\centering
\caption{Caption on the Side}
\label{fig:side:caption}
\end{minipage}
\nhfill
\begin{minipage}[c]{3in}
\centering
\includegraphics[width=\textwidth]{box.eps}
\end{minipage}
\end{figure}

produces Figure 30. Likewise, the caption can be placed to the right of the figure by changing the order of the minipages.

Figure 30: Caption on the Side B OX

Since the figure environment defined by tloat package places the captidelow the body, Figure 30 cannot be
produced with theoat package’s figure environment. Other aspects of ta package can be used as long as the
\restylefloat{figure} command is not issued.

16.2 Controlling Caption Width

Since placing thécaption  command inside a minipage environment makes the caption as wide as the minipage, this
can be used to control the caption width. For example, the commands
\begin{figure}
\centering
\includegraphics[width=2in]{box.eps}
\caption{Graphic with a Very, Very, Very, Very, Very, Very Long Caption}
\end{figure}

produce the graphic in Figure 31.

Note that the caption in Figure 31 is as wide as the page text. The width of the caption can be limited by placing it inside
a minipage environment. For example, the commands
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Box

Figure 31: Graphic with a Very, Very, Very, Very, Very, Very Long Caption

\begin{figure}
\centering
\begin{minipage}{3in}
\centering
\includegraphics[width=2in]{box.eps}
\caption{Graphic with a Very, Very, Very, Very, Very, Very Long Caption}
\end{minipage}
\end{figure}

produces the graphic in Figure 32. The minipage limits the width of the caption in Figure 32 to 3 inches.

Box

Figure 32: Graphic with a Very, Very, Very, Very,
Very, Very Long Caption

A more-general approach to controlling caption width is provided bydfgtion package and is described in sec-
tion 16.3.5.

16.3 Caption Package

Since the format ofATEX figure and table captions (especially for multi-line captions) may not be exactly what users
desire, thecaption package was written by Harald Axel Sommerfeldt to add flexibility to the caption formatting. Since
the originalcaption package had some bad side-effects (particularly the requirement that it be éfttether packages)

it was totally re-written and renamedption2. Although thecaption2 is technically still a beta version, it is quite stable
and performs well.

Thecaption2 package can be used with many types of floats as it officially supportedhdongtable, andsub gure
packages and it also works with themat g, rotating, supertabular, andwrap g packages.

Reference [12] describes the commands for the originption package, while theaption2 reference [13] currently
includes only minimal documentation. Ttest2.tex test file demonstrates many of tbaption2 capabilities.

Syntax: \usepackage[options]{caption2}

Where the options are described in Table 7.
16.3.1 Caption Styles

Thecaption2 package defines the following caption styles

normal Full lines are justified (aligned with both left and right margins) with the last line being left-justified.

center All lines of the caption are centered.

flushleft All lines of the caption are left-justified, leaving the right side ragged.

flushright All lines of the caption are right-justified, leaving the left side ragged.

centerlast All the lines are justified with the last line being centered.

indent Same as “normal” style exceptthat the second and subsequentlines are indented by theslptigiindent
Since\captionindent is zero by default, a command such\sstlength{\captionindent}{1cm}
must be used to set the indentation.

hang Same as “normal” style except that the second and subsequent lines are indented by the width of the caption label
(e.g., “Figure 12:").

Usually these styles are specifiediasepackage options such as
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Caption Style normal, Selects the caption style (see section 16.3.1).
center,
flushleft,
flushright,
centerlast,
hang,
indent
Caption Fontsize scriptsize, Select the fontsize for the caption label (e.g., “Figure
footnotesize, 12:") and the caption text.
small,
normalsize,
large,
Large
Caption Label Font | up, it, sl, Makes the caption label (e.g., “Figure 12:") have up-
Shape sc right, italic, slanted, or small caps shape, respectively.
Does not affect caption text.
Caption Label Font | md, bf Makes the caption label (e.g., “Figure 12:") have a
Series medium or boldface series font, respectively. Does
not affect caption text.
Caption Label Font | rm, sf, tt Makes the caption label (e.g., “Figure 12:") have fo-
Family man, sans serif, or typewriter font, respectively. Does
not affect caption text.
One-Line Caption | oneline, Controls the formatting for one-line captions (see sec-
Formatting nooneline tion 16.3.3)

Table 7:caption2 Options

\usepackage[centerlast]{caption2}
which makes all the captions in the document heeeterlast style. Examples of the caption styles are shown in
Figures 33-39.

16.3.2 Changing the Caption Style

The \captionstyle command changes the caption style. Placing\¢hetionstyle command inside an envi-
ronment changes only those captions in that environment. For example, the commands
\begin{figure}

\captionstyle{centerlast}
\centering \includegraphics[width=3in]{box.eps}
\caption{Centerlast Caption Style. Centerlast Caption Style.}
\end{figure}
give only the current figure aenterlast style becausécaptionstyle is inside the figure environment. The
commands

\captionstyle{centerlast}
\begin{figure}
\centering \includegraphics[width=3in]{box.eps}
\caption{Centerlast Caption Style. Centerlast Caption Style.}
\end{figure}

give subsequent figurescanterlast style becauskaptionstyle is outside the figure environment.
16.3.3 One-Line Captions

If the caption is only one line, all of the above styles center the caption. To force the styles to be enforced even for one-line
captions, one must includ®oneline  option
\usepackage[nooneline,flushleft]{caption2}
This formatsall captions (including one-line captions) with theshleft style. To change theooneline
option inside the documennelinecaptionstrue centers one-line captions whil@elinecaptionsfalse
formats one-line captions. For example, the commands



110 Using EPS Graphics iRATEX2: Documents Bijlage Q

Box Box Box

Figure 35: Centerlast Caption
Style. Centerlast Caption
Style.

Figure 33: Normal Caption Figure 34: Center Caption
Style. Normal Caption Style. Style. Center Caption Style.

Box Box

Figure 37: Flushright Caption

Figure 36: Flushleft Caption Style. Flushright Caption

Style. Flushleft Caption Style.

Style.
Figure 38: Indent Caption Figure 39: Hang Caption
Style.  Indent Caption Style. Hang
Style. Caption Style.

\begin{figure}
\captionstyle{flushleft}
\onelinecaptionstrue
\centering
\begin{minipage}[c]{2.5in}
\includegraphics|[width=\textwidth]{box.eps}
\caption{First Caption}
\end{minipage}
\end{figure}
center one-line captions as shown in Figure 40.

Box

Figure 40: First Caption

The commands
\begin{figure}
\captionstyle{flushleft}
\onelinecaptionsfalse
\centering
\begin{minipage}[c]{2.5in}
\includegraphics[width=\textwidth]{box.eps}
\caption{Second Caption}
\end{minipage}
\end{figure}
format one-line captions as shown in Figure 41
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Box

Figure 41: Second Caption

Box

Figure 42: First Line of Caption
Second Line of Caption

16.3.4 Linebreaks in Captions

When the caption fits in one line, it is processed itbax , which ignores an\\ or\par . Thus one cannot
generally specify linebreaks in captions. Howevergiyetion2 package provides thenelinecaptionsfalse
command (onooneline  option) to turn off this behavior. For example, the commands
\begin{figure}[!ht]
\centering
\includegraphics[width=3in]{box.eps}
\captionstyle{center}
\onelinecaptionsfalse
\caption{First Line of Caption \protect\\ Second Line of Caption}
\label{fig:caption:linebreak}
\end{figure}

produces the caption in Figure 42 Sinteis fragile, it must be preceeded kprotect
16.3.5 Caption Widths

Section 16.2 demonstrated thatcaption =~ command appearing in outer paragraph mode can become as
wide as the page text as shown in Figure 31. Placikgpption command in a minipage limits the width

of the caption to the width of the minipage as shown in Figure 32. CHption2 package provides functions
which directly specify the captions’ width/margins.

¢ \setcaptionwidth{width} sets the width of the caption teidth , wherewidth can be in any
valid TEX units.
¢ \setcaptionmargin{mar} sets the margins tmar, making the caption width be the standard width

minus 2 timesnar.
If mar is negative, the caption is made wider than the standard width, which is useful in subfigures and
minipage environments.

For example, the commands

\begin{figure}
\setcaptionwidth{3in}
\centering
\includegraphics[width=2in]{box.eps}
\caption{Figure Caption Limited to Three Inches}
\end{figure}

make the caption 3 inches wide, as shown in Figure 43.

While the previous example directly set the width of the caption, alternatively the width can be indirectly set
by specifying the caption’s margin. For example, the commands
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Box

Figure 43: Figure Caption Limited to Three
Inches

\begin{figure}

\captionstyle{normal}

\setcaptionmargin{2in}

\centering

\includegraphics[width=2in]{box.eps}

\caption{Figure Caption With Two-Inch Margins on Each Side}
\end{figure}

indent both sides of the caption two inches from the page margins, as shown in Figure 44.

Box

Figure 44: Figure Caption With Two-Inch
Margins on Each Side

16.3.6 Caption Font and Delimiter

While thescriptsize,...,Large options fonusepackage{caption2} change the size of both the
caption label (e.g., “Figure 12:") and the caption text, tipe it, sl, sc, md, bf, rm, sf, tt
options affect only the caption label.

Users can achieve more flexibility by redefining teaptionfont and \captionlabelfont com-
mands. The caption is created by the following commands
{\captionfont%

{\captionlabelfont \captionlabel \captionlabeldelim}%

\captiontext}
where thécaptionlabel command produces “Figure 12", theaptionlabeldelim command pro-
duces “:”, and thécaptiontext command produces the caption text. Theaptionfont affects both
the caption label and caption text, whitaptionlabelfont affects only the caption label.

IATEX fonts are described by size and three type style components: shape, series, and family ([4, pages
37,115], [5, pages 170-71]). All four of these characteristics can be specified \caght@nfont and
\captionlabelfont commands. For example, the commands
\begin{figure}
\renewcommand{\captionfont}{\Large \bfseries \sffamily}
\renewcommand{\captionlabelfont}{}
\centering
\includegraphics[width=2in]{box.eps}
\caption{Test Caption}
\end{figure}
produce Figure 45. In this example, tfoaptionlabelfont command does nothing. This means that it
does not overwrite any font characteristics and al\tiaptionfont settings are carried over to the caption
label. Since no shape declaration was specified, the entire caption has the default upright shape.

The commands
\begin{figure}
\captionstyle{normal}
\renewcommand{\captionfont}{\Large \bfseries \sffamily}
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Box

Figure 45: Test Caption

\renewcommand{\captionlabelfont}{\small}
\centering
\includegraphics[width=2in]{box.eps}
\caption{Test Caption}

\end{figure}
produce Figure 46. In this example, #senall  font size in\captionlabelfont overwrites thalLarge
font size from\captionfont . However, sincécaptionlabelfont does not contain any series or

family declarations, thibfseries  and\sffamily declarations carry over to the caption label.

Box

Figure 46: Test Caption

The default colon delimiter can be changed by redefiningddyetionlabeldelim function. For example,
the commands
\begin{figure}
\captionstyle{normal}
\renewcommand{\captionlabeldelim}{.\quad}
\centering
\includegraphics[width=2in]{box.eps}
\caption{Caption with New Delimiter}
\end{figure}

change the delimiter in Figure 47 from the default colon to a period followed by a quad space.

Box

Figure 47.  Caption with New Delimiter

16.3.7 Custom Caption Styles

The caption2 package also allows users to create their own caption styles. For example, the following com-
mands
\newcaptionstyle{mystyleH{%
\usecaptionmargin\captionfont%
{{\centering\bfseries\captionlabelfont\captionlabel\par}%
\centering\captiontext\par}}

\begin{figure}
\captionstyle{mystyle}
\centering
\includegraphics[width=2in]{box.eps}
\caption{Customized Caption Style}
\end{figure}
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Box

Figure 48
Customized Caption Style

makes the caption label boldface and places it on a separate line from the caption text, as shown in Figure 48.

See thecaption?2 test file [14] for more user-defined caption style examples.
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