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Dedication

To my Mother and my late Father, for their advice and love through the years.

Preface

SVG Essentials introduces you to the Scalable Vector Graphics XML application. SVG, a
recommendation from the World Wide Web Consortium, uses XML to describe graphics
that are made up of lines, curves, and text. Thisrather dry definition does not do justice to
the scope and power of SVG.

Y ou can add SV G graphics to an Extensible Stylesheet Language Formatting Objects
(XSL-FO) document, and convert the combined document to Adobe PDF format for
high-quality printouts. Mapmakers and meteorol ogists are using SV G to create highly
detailed graphic images in atruly portable format. All of the diagramsin this book were
originally created in SV G before being sent to the art department at O'Rellly. As you
learn and use SV G, you're sure to think of new and interesting uses for this emerging
technology.

Who Should Read This Book?
Y ou should read this book if you want to:

Create SVG filesin atext or XML editor

Create SV G files from existing vector data

Transform other XML datato SVG

Use JavaScript to manipulate the SVG document object tree
Serve SV G or SV G-source graphics over the Web

Who Should Not Read This Book?

If you simply want to view SV G files, you need only acquire a viewer program or plug-in
for the Web, download the files, and enjoy them. There's no need for you to know what's
going on behind the scenes unless you wish to satisfy your lively intellectual curiosity.

If you wish to create SV G files with a drawing program that has SV G export capability,
just read that program's documentation to learn how to use that program feature.

If You're Still Reading This...

If you've decided that you should indeed read this book, you should also be aware that
most of the people who use this book will be fairly advanced users, quite probably from a
technical background rather than a graphics design background. We didn't want to burden
them with alot of basic material up front, but we did want the book to be accessible to
people with no background in XML or programming, so we created a number of
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introductory chapters — and then put them in the back of the book as appendixes. If you
haven't used XML or stylesheets (and this could include some of the technical folks!) or
have never programmed, you might want to turn first to the appendixes. A complete list
of all the chapters and appendixes with details on what they contain is given later in this
preface.

If you're one of the technical types, you definitely need to be aware that this book will not
make you a better artist, any more than a book on word processing algorithms will make
you a better writer. This book gives the technical details of scalable vector graphics; to
create better art, you need to learn to see, and the book you should read in addition to this
oneis The New Drawing on the Right Sde of the Brain, by Dr. Betty Edwards.

This book gives you the essentials of SVG; if you want to find out all the information,
straight from the source, you should go to
http://www.w3.0rg/Graphics/SV G/Overview.htms8.

About the Examples

All the examplesin this book except for those in Chapter 11 have been tested with the
Batik SV G viewer on a system running Linux (the Mandrake distribution). The Batik
SVG viewer isan application of the software devel oped by the Apache Software
Foundation's Batik project. This cross-platform software iswritten in Javaand is
available as open source under the Apache Software License. For full details, visit
http://xml.apache.org/batik/.

Since Batik produces only static output, | could not use it for the examples in Chapter 11.
Those examples were tested with the Adobe SV G Viewer. Adobe has been deeply
involved in promoting SV G as a standard, and their viewer, which can be downloaded
from http://www.adobe.com/svg/viewer/install/, is a nearly complete implementation of
the SVG 1.0 specification. It offers JavaScript and ECMA Script support in Netscape,
Internet Explorer, and RealPlayer 8. As of thiswriting, it is available for Windows and
Macintosh OS X. An unsupported Linux version is also available at
http://www.adobe.com/svg/viewer/install/old.html.

Another SVG viewer, aso written in Java, is available from Australias Commonwealth
Scientific and Industrial Research Organization (CSIRO) Mathematical and Information
Sciences department. This viewer, which has not been updated since December of 2000,
isavailable at http://sis.cmis.csiro.au/svg/. The same group has implemented a subset of
SVG for Pocket PCs; it isavailable for license at

http://www.cmis.csiro.au/sis/'SV Gpocket.htm.

Asyou look through the illustrations in this book, you will find that they are utterly
lacking in artistic merit. There are reasons for this. First, each exampleisintended to
illustrate a particular aspect of SVG, and it should do so without additional visual
distractions. Second, the author becomes terribly depressed when he looks at other books
with impossibly beautiful examples; "I can never draw anything that looks like this," he
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thinks. In an effort to save you from similar distress, the examples are purposely as
simple (or simplistic) as possible. Asyou look at them, your immediate reaction will be:
"I can certainly use SV G to draw something that looks far better than this!" Y ou can, and
you will.

Organization of This Book

Chapter 1

This chapter gives abrief history of SVG, compares raster and vector graphics
systems, and ends with a brief tutorial introducing the main concepts of SVG.

Chapter 2

How do you determine the position of apoint in adrawing? Which way is "up?’
This chapter answers those questions, showing how to change the system by
which coordinates are measured in a graphic.

Chapter 3

This chapter shows you how to construct drawings using the basic shapes
availablein SVG: lines, rectangles, polygons, circles, and ellipses. It also
discusses how to determine the colors for the outline and interior of a shape.

Chapter 4

In a complex drawing, there are elements that are reused or repeated. This chapter
tells you how to group objects together so they may be treated as a single entity
and re-used. It also discusses use of external images, both vector and raster.

Chapter 5

If you draw a square on a sheet of stretchable material, and stretch the material
horizontally, you get arectangle. Skew the sides of the sheet, and you see a
parallelogram. Now tilt the sheet 45 degrees, and you have adiamond. In this
chapter, you will learn how to move, rotate, scale, and skew the coordinate system
to affect the shapes drawn onit.

Chapter 6

All the basic shapes are actually specific instances of the general concept of a path.
This chapter shows you how to describe a general outline for a shape by using
lines, arcs, and complex curves.

Chapter 7

Q
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This chapter adds more to the discussion of color from Chapter 3, discussing how
to create a color gradient or afill pattern.

Chapter 8

Graphics aren't just lines and shapes; text is an integral part of a poster or a
schematic diagram. This chapter shows how to add text to adrawing, both in a
straight line and following a path.

Chapter 9

This chapter shows you how to use a clipping path to display a graphic as though
it were viewed through a circular lens, keyhole, or any other arbitrary shape. It
also shows how to use a mask to alter an object's transparency so that it appears to
"fade out" at the edges.

Chapter 10

Although an SV G file describes vector graphics, the document is eventually
rendered on araster device. In this chapter, you'll learn how to apply
raster-oriented filters to a graphic to blur an image, transform its colors, or
produce lighting effects.

Chapter 11

Since SVGisan XML application, you can use Java and JavaScript to
dynamically control a graphic's attributes. This chapter also shows you how to use
SVG's built-in animation capabilities.

Chapter 12

Although you can create an SV G file from scratch, most people will have existing
vector dataor XML datathat they wish to display in graphic form. This chapter
discusses the use of programming languages such as Java, Perl, and XSLT to
create SV G from these data sources.

Chapter 13

This chapter shows a servlet that transforms XML to SVG, and then to PNG
format, for delivery to browsers that do not have SVG viewer plug-ins.

Appendix A

SVGisan application of XML, the Extensible Markup Language. If you haven't
used XML before, you should read this appendix to familiarize yourself with this
remarkably powerful and flexible format for structuring data and documents.

a
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Appendix B

Y ou can use stylesheets to apply visual properties to particular elementsin your
SV G document. These are exactly the same kind of stylesheets that can be used
with HTML documents. If you've never used stylesheets before, you'll want to
read this brief introduction to the anatomy of a stylesheet.

Appendix C
If you're a graphic designer who hasn't done much programming, you'll want to

find out what programmers are talking about when they throw around words like
"object model" and "function.”

Appendix D
To fully understand coordinate transformations and filter effectsin SVG it's
helpful, though not necessary, to understand matrix algebra, the mathematics used

to compute the coordinates and pixels. This appendix highlights the basics of
matrix algebra.

Appendix E
TrueType fonts represent glyphs (characters) in a vector form. This appendix

shows you how to take your favorite fonts and convert them to paths for usein
SV G documents.

Appendix F

Since SVG isan application of XML, it can work with other XML applications.
This appendix shows you how to put SVG into XHTML and XSL Formatting
Objects.

Conventions Used in This Book
ltalic

Is used to introduce new terms, as well as for email and URL addresses.
Constant width
Is used for code examples and fragments.

Constant width bold

Is used to highlight a section of code being discussed in the text.

in
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Constant width i1talic

Is used for replaceable elements in code examples.

o Thisisanote.

.| Thisisawarning.

This book uses callouts to denote "points of interest " in code listings. A callout is shown
as awhite number in ablack circle; the corresponding number after the listing gives an
explanation. Here's an example:

Roses are red,

Violets are blue. [1]
Some poems rhyme;
This one doesn"t. [2]

[11 violets actually have a color value of #9933cc.
[21 This poem uses the literary device known as a "surprise ending."

Request for Comments

Please address comments and questions concerning this book to the publisher:

O0"Reilly & Associates, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472

(800) 998-9938 (in the United States or Canada)
(707) 829-0515 (international/local)

(707) 829-0104 (fax)

We have aweb page for this book where we list errata, examples, or any additional
information. Y ou can access this page at:

http://www.oreilly.com/catal og/svoess

To comment or ask technical questions about this book, send email to:

bookqguestions@oreilly.com

For more information about our books, conferences, software, Resource Centers, and the
O'Reilly Network, see our web site at:
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Chapter 1. Getting Started

SVG, which stands for Scalable Vector Graphics, is an application of XML that makesit
possible to represent graphic information in a compact, portable form. Interest in SVG is
growing rapidly, and tools to create and view SV G files are already available from major
companies. This chapter begins with a description of the two major systems of computer
graphics, and describes where SV G fits into the graphics world. The chapter concludes
with abrief example that uses many of the concepts that we will explore in detail in the
following chapters.

1.1 Graphics Systems

The two major systems for representing graphic information on computers are raster and
vector graphics.

1.1.1 Raster Graphics

In raster graphics, an image is represented as a rectangular array of picture elements or
pixels (see Figure 1-1). Each pixel isrepresented either by its RGB color values or as an
index into alist of colors. This series of pixels, also caled abitmap, is often stored in a
compressed format. Since most modern display devices are also raster devices, displaying
an image requires a viewer program to do little more than uncompress the bitmap and
transfer it to the screen.

Figure 1-1. Raster graphic rectangle

1.1.2 Vector Graphics

In a vector graphic system, an image is described as a series of geometric shapes (see
Figure 1-2). Rather than receiving a finished set of pixels, avector viewing program
receives commands to draw shapes at specified sets of coordinates.

Figure 1-2. Vector graphic rectangle
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If you think of producing an image on graph paper, raster graphics work by describing
which sguares should be filled in with which colors. Vector graphics work by describing
the grid points at which lines or curves are to be drawn. Some people describe vector
graphics as a set of instructions for a drawing, while bitmap graphics (rasters) are points
of color in specific places. Vector graphics "understand” what they are — a square
"knows" it's a square and text "knows" that it's text. Because they are objects rather than a
series of pixels, vector objects can change their shape and color, whereas bitmap graphics
cannot. Also, al text is searchable because it redlly istext, no matter how it looks or how
itisrotated or transformed.

Another way to think of raster graphicsis as paint on canvas, while vector graphics are
lines and shapes made of a stretchable material which can be moved around on a
background.

1.1.3 Uses of Raster Graphics

Raster graphics are most appropriate for use with photographs, which are rarely
composed of distinct lines and curves. Scanned images are often stored as bitmaps; even
though the original may be "line art," we want to store the image as awhole and don't
care about itsindividual components. A fax machine, for example, doesn't care what
you've drawn; it simply transmits pixels from one place to another in raster form.

Toolsfor creating images in raster format are widespread and generally easier to use than
many vector-based tools. There are many different ways to compress and store a raster
image, and the internal representation of these formatsis public. Program libraries to read
and write images in compressed formats such as JPEG, GIF, and PNG are widely
available. These are some of the reasons that web browsers have, until the arrival of SVG,
supported only raster images.

1.1.4 Uses of Vector Graphics
Vector graphics are used in:

o Computer Assisted Drafting (CAD) programs, where accurate measurement and
the ability to zoom in on a drawing to see details are essential

e Programs such as Adobe Illustrator, which are used to design graphics that will be
printed on high-resolution printers

1A
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e The Adobe PostScript printing and imaging language; every character that you
print is described in terms of lines and curves

e The vector-based Macromedia Flash system for designing animations,
presentations, and web sites

Because most of these files are encoded in binary format or as tightly packed bitstreams,
itisdifficult for abrowser or other user agent to parse out embedded text, or for a server
to dynamically create vector graphic files from external data. Most of the internal
representations of vector graphics are proprietary, and code to view or create them is not
generally available.

1.2 Scalability

Although they are not as popular as raster graphics, vector graphics have one feature that
makes them invaluable in many applications — they can be scaled without loss of image
guality. As an example, here are two drawings of a cat. Figure 1-3 was made with raster
graphics; Figure 1-4 is a vector image. Both are shown as they appear on a screen that
displays 72 pixels per inch.

Figure 1-3. Raster image of cat

Cat

Figure 1-4. Vector image of cat

Cat

When adisplay program zooms in on the raster graphic, it must find some way to expand
each pixel. The smplest approach to zooming in by afactor of four isto make each pixel
four times as large. The results, shown in Figure 1-5, are not particularly pleasing.

Figure 1-5. Expanded raster image
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Although it is possible to use techniques such as edge-detection and anti-aliasing to make
the expanded image more pleasing, these techniques are time-consuming. Furthermore,
since all the pixelsin araster graphic are equally anonymous, there's no guarantee that an

algorithm can correctly detect edges of shapes. Anti-aliasing results in something like
Figure 1-6.

Figure 1-6. Expanded anti-aliased raster image

Expanding a vector image by afactor of four, on the other hand, merely requires the
display program to multiply all the coordinates of the shapes by four and redraw them at
the full resolution of the display device. Thus, Figure 1-7, which is also a screenshot from
a 72 dot per inch screen, shows crisp, clear edges on the lines with significantly less of
the stair-step effects of the expanded raster image.

Figure 1-7. Expanded vector image
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1.3 SVG's Role

In 1998, the World Wide Web Consortium formed a working group to develop a
representation of vector graphics as an XML application. Because SVG isan XML
application, the information about an image is stored as plain text, and it brings the
advantages of XML's openness, transportability, and interoperability.

CAD and graphic design programs often store drawings in a proprietary binary format.
By adding the ability to import and export drawingsin SVG format, applications gain a
common, standard format for interchanging information.

Sinceitisan XML application, SVG cooperates with other XML applications. A
mathematics textbook, for example, could use XSL Formatting Objects for explanatory
text, MathML to describe equations, and SV G to generate the graphs for the equations.

The SV G working group's specification is an official World Wide Web Consortium
Recommendation. Some applications such as Adobe Illustrator and Jasc WebDraw export
drawingsin SVG format. On the Web, SV G viewer plug-ins let users view presentations
with many of the same scripting and animation capabilities that Flash has. Since the SVG
filesare XML, text in the SVG display is available to any user agent that can parse XML.

1.4 Creating an SVG Graphic

In this section, we will write an SV G file that produces the image of the cat that we
showed earlier in the chapter. This example introduces many of the concepts that we will
explain in further detail in subsequent chapters. Thisfile will be a good example of how
to write an example file, which is not necessarily the way you should write an SVG file
that will be part of afinished project.
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1.4.1 Document Structure

We start Example 1-1 with the standard XML processing instruction and DOCTYPE
declaration. The root <svg> element defines the width and height of the finished
graphic in pixels. The <title> element's content is available to a viewing program for
usein atitle bar or as atooltip pointer, and the <desc> element lets you give afull
description of the image.

Example 1-1. Basic structure of an SVG document

<?xml version="1.0"?>

<IDOCTYPE svg PUBLIC *""-//W3C//DTD SVG 1.0//EN"
"http://www.w3.0rg/TR/2001/REC-SVG-20010904/DTD/svgl0.dtd">

<svg width=""140" height="170">

<title>Cat</title>

<desc>Stick Figure of a Cat</desc>

<!l-- the drawing will go here -—>
</svg>

1.4.2 Basic Shapes

We draw the cat's face by adding a<circle> element. The element's attributes specify
the center x-coordinate, center y-coordinate, and radius. The (0,0) point is the upper left
corner of the picture. x coordinates increase as you move horizontally to the right; y
coordinates increase as you move vertically downwards.

The circle'slocation and size are part of the drawing's structure. The color in whichitis
drawn is part of its presentation. Asis customary with XML applications, we want to
separate structure and presentation for maximum flexibility. Presentation information is
contained in the style attribute. Its value will be a series of presentation properties and
values, as described in Appendix B, in Section B.1. We'll use a stroke color of black for
the outline, and afill color of none to make the face transparent. The SVG isshown in

Example 1-2, and itsresult in Figure 1-8.

Example 1-2. Basic shapes -- circle

<?xml version="1.0"7?>
<IDOCTYPE svg PUBLIC "-//W3C//DTD SVG 1.0//EN"
"http://www.w3.0rg/TR/2001/REC-SVG-20010904/DTD/svgl0.dtd">

<svg width=""140" height="170">
<title>Cat</title>
<desc>Stick Figure of a Cat</desc>

<circle cx="70" cy="95" r="50" style="stroke: black; fill: none" />
</svg>

Figure 1-8. Stage one -- circle
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1.4.3 Specifying Styles as Attributes

Now we add two more circles for the eyesin Example 1-3. Although their fill and stroke
colors are really part of the presentation, SV G does alow you to specify them as
individual attributes. In this example we specify the fill and stroke colors as two
separate attributes rather than inside a sty le attribute. Y ou probably won't use this
method often; we'll discuss it further in Chapter 4, in Section 4.2.4. We've put it here just
to prove that it can be done. The results are shown in Figure 1-9.

The<?xml ...?>and <?DOCTYPE?> have been omitted to save space in the listing.

Example 1-3. Basic shapes -- filled circles

<svg width=""140" height="170">
<title>Cat</title>
<desc>Stick Figure of a Cat</desc>

<circle cx="70" cy="95" r="50" style="stroke: black; fill: none" />

<circle cx="55" cy="80" r="5" stroke="black"™ fill="#339933" />

<circle cx="85" cy="80" r="5" stroke="black"™ fill="#339933" />
</svg>

Figure 1-9. Stage two -- face and eyes

1.4.4 Grouping Graphic Objects

Example 1-4 adds the whiskers on the right side of the cat's face with two <line>
elements. We want to treat these whiskers as a unit (you'll see why in a moment), so we
enclose them in the <g> grouping element, and giveit an id. A lineis specified by giving
the x- and y-coordinates for its starting point (x1 and y1) and ending point (x2 and y2).
Theresult isdisplayed in Figure 1-10.

Example 1-4. Basic shapes -- lines

<svg width="140" height="170">
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<title>Cat</title>
<desc>Stick Figure of a Cat</desc>

<circle cx="70" cy="95" r="50" style="stroke: black; fill: none;" />
<circle cx="55" cy="80" r="5" stroke="black"™ fill="#339933" />
<circle cx="85" cy="80" r="5" stroke="black"™ fill="#339933" />
<g i1d="whiskers">
<line x1="75" y1="95" x2="135" y2="85" style="stroke: black;" />
<line x1="75" y1="95" x2="135" y2="105" style="'stroke: black;" />

</g>
</svg>

Figure 1-10. Stage three -- right whiskers

1.4.5 Transforming the Coordinate System

Now we will <use> the whiskers group, and transform them into the left whiskers.
Example 1-5 first flips the coordinate system by multiplying the x-coordinates by
negative one in ascale transformation. This means that the point (75, 95) is now located
at at the place which would have been (-75, 95) in the original coordinate system. In the
new scaled system, coordinates increase as you move left. This means we have to
translate (move) the coordinate system 140 pixels right, the negative direction, to get
them where we want them as shown in Figure 1-11.

Example 1-5. Transforming the coordinate system

<svg width="140" height="170">
<title>Cat</title>
<desc>Stick Figure of a Cat</desc>

<circle cx="70" cy="95" r="50" style="stroke: black; fill: none;" />
<circle cx="55" cy="80" r="5" stroke="black"™ fill="#339933" />
<circle cx="85" cy="80" r="5" stroke="black"™ fill="#339933" />

<g id="whiskers">
<line x1="75" y1="95" x2="135" y2="85" style="stroke: black;" />
<line x1="75" y1="95" x2="135" y2="105" style="'stroke: black;" />

</g>
<use xlink:href="#whiskers" transform="scale(-1 1) translate(-140 0)" />

</svg>

Figure 1-11. Stage four -- left whiskers
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The transform attribute's value lists the transformations, one after another, separated by
whitespace.

1.4.6 Other Basic Shapes

Example 1-6 constructs the ears and mouth with the <polyline> element, which takes
pairs of x- and y-coordinates as the points attribute. Y ou separate the numbers with
either blanks or commas as you please. Theresult isin Figure 1-12.

Example 1-6. Basic shapes -- polylines

<svg width=""140" height="170">
<title>Cat</title>
<desc>Stick Figure of a Cat</desc>

<circle cx="70" cy="95" r="50" style="stroke: black; fill: none;" />
<circle cx="55" cy="80" r="5" stroke="black"™ fill="#339933" />
<circle cx="85" cy="80" r="5" stroke="black"™ fill="#339933" />
<g id="whiskers">
<line x1="75" yl1="95" x2="135" y2="85" style="stroke: black;" />
<line x1="75" yl1="95" x2="135" y2="105" style="stroke: black;" />
</g>
<use xlink:href="#whiskers" transform="scale(-1 1) translate(-140 0)” />
<I- ears --—>
<polyline points="108 62, 90 10, 70 45, 50, 10, 32, 62"
style=""stroke: black; fill: none;" />
<l-- mouth -->
<polyline points="35 110, 45 120, 95 120, 105, 110"
style=""stroke: black; fill: none;" />

</svg>

Figure 1-12. Stage five -- ears and mouth

A
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1.4.7 Paths

All of the basic shapes are actually shortcuts for the more general <path> element, which
Example 1-7 usesto add the cat's nose. The result isin Figure 1-13. This element has
been designed to make specifying a path, or sequence of lines and curves, as compact as
possible. The path in Example 1-7 translates, in words, to: "Move to coordinate (75,90).
Draw aline to coordinate (65,90). Draw an elliptical arc with an x-radius of 5 and a
y-radius of 10, ending back at coordinate (75,90)."

Example 1-7. Paths

<svg width="140" height="170">
<title>Cat</title>
<desc>Stick Figure of a Cat</desc>

<circle cx="70" cy="95" r="50" style="stroke: black; fill: none;" />
<circle cx="55" cy="80" r="5" stroke="black"™ fill="#339933" />
<circle cx="85" cy="80" r="5" stroke="black"™ fill="#339933" />
<g id="whiskers">
<line x1="75" y1="95" x2="135" y2="85" style="stroke: black;" />
<line x1="75" y1="95" x2="135" y2="105" style="'stroke: black;" />
</g>
<use xlink:href="#whiskers" transform="scale(-1 1) translate(-140 0)" />

<l-- ears -->
<polyline points="108 62, 90 10, 70 45, 50, 10, 32, 62"
style=""stroke: black; fill: none;" />

<l-- mouth -->
<polyline points="35 110, 45 120, 95 120, 105, 110"
style=""stroke: black; fill: none;" />

<!-- nose -->
<path d="M 75 90 L 65 90 A 510 0 0 O 75 90"
style=""stroke: black; fill: #ffcccc" />
</svg>

Figure 1-13. Stage six -- nose

1.4.8 Text

Finally, since this picture is so crudely drawn, there's a good chance that people will not
know it isacat. Hence, Example 1-8 adds text to the picture as alabel. In the <text>
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element, the x and y attributes which specify the text's location are part of the structure.
The font family and font size are part of the presentation, and thus part of the style
attribute. Unlike the other elements we've seen, <text> isacontainer element, and its
content is the text we want to display. Figure 1-14 shows the final result.

Figure 1-14. Stage seven -- text and finished image

Cat

Example 1-8. Text

<svg width=""140" height="170">
<title>Cat</title>
<desc>Stick Figure of a Cat</desc>

<circle cx="70" cy="95" r="50" style="stroke: black; fill: none;" />
<circle cx="55" cy="80" r="5" stroke="black"™ fill="#339933" />
<circle cx="85" cy="80" r="5" stroke="black"™ fill="#339933" />
<g i1d="whiskers">
<line x1="75" y1="95" x2="135" y2="85" style="stroke: black;" />
<line x1="75" y1="95" x2="135" y2="105" style="'stroke: black; " />
</g>
<use xlink:href="#whiskers" transform="scale(-1 1) translate(-140 0)" />

<l-- ears -->
<polyline points="108 62, 90 10, 70 45, 50, 10, 32, 62"
style=""stroke: black; fill: none;" />

<!-- mouth -->
<polyline points="35 110, 45 120, 95 120, 105, 110"

style=""stroke: black; fill: none;" />

<!-- nose -->
<path d="M 75 90 L 65 90 A 510 0 0 O 75 90"
style=""stroke: black; fill: #ffcccc" />
<text x="60" y="165" style="font-family: sans-serif; font-size: 14pt;
stroke: none; Fill: black;">Cat</text>
</svg>

That concludes our brief overview of SVG; in the following chapters we'll examine these
concepts in depth.
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Chapter 2. Coordinates

Theworld of SVG isan infinite canvas. In this chapter, we'll discuss how you tell a
viewer program which part of this canvas you're interested in, what its dimensions are,
and how you locate points within that area.

2.1 The Viewport

The area of the canvas that your document intends to use is called the viewport. You
establish the size of this viewport with thewidth and height attributes on the <svg>
element. The values of these attributes can be simply a number, which is presumed to be
in pixels; thisis said to be specified in user coordinates. Y ou may also specify width and
height as anumber followed by a unit identifier, which can be one of the following:

em

The font size of the default font, usually equivalent to the height of a character
ex

The height of the letter x
pXx

Pixels
pt

Points (*/7, of an inch)
pc

Picas (/¢ of an inch)
cm

Centimeters
mm

Millimeters
in

Inches
Examples:
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<svg width="200" height="150">
<svg width=""200px" height=""200px">

Both of these specify an area 200 pixels wide and 150 pixelstall.

<svg width=""2cm" height="3cm">

Specifies an area two centimeters wide and three centimeters high.
<svg width="2cm" height="36pt">

It is possible, though unusual, to mix units; this element specifies an areatwo
centimeters wide and thirty-six points high.

If you have one <svg> element nested within another <svg> element, the nested tag may
also specify itswidth and height as a percentage, measured in terms of the enclosing
element. We will see nested <svg> elementsin Section 2.5.

2.2 Using Default User Coordinates

When you do not use unit specifiers on your <svg> element, the viewer setsup a
coordinate system where the horizontal, or x-coordinate, increases as you go to the right,
and the vertical, or y-coordinate, increases as you move vertically downward. The upper
|left corner of the viewport is defined to have an x- and y-coordinate of zero.2 This point,
written as (0, 0) is also called the origin. The coordinate system is a pure geometric
system; points have neither width nor height, and the grid lines are considered infinitely
thin. Well return to this subject in Chapter 3.

[Y'In this book, we will specify a pair of x- and y-coordinates in parentheses, with the
x-coordinate first. Thus, (10, 30) represents an x-coordinate of 10 and a y-coordinate of
30.

Example 2-1 establishes a viewport two hundred pixels wide and two hundred pixels high,
then draws a rectangle whose upper |eft corner is at coordinate (10, 10) with awidth of

50 pixels and a height of 30 pixels.!? Figure 2-1 shows the result, with rulers and agrid to
show the coordinate system.

2l To save space, we are leaving out the <?xml . . .?>and <IDOCTYPE .. .> lines.
These are set in stone, so you can take them for granite.

Example 2-1. Using default coordinates

<svg width="200" height="200">
<rect x="10" y="10" width="50" height="30"
style=""stroke: black; fill: none;" />
</svg>

Figure 2-1. Rectangle using default coordinates
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Even if you don't specify unitsin the viewport, you may still use them in some SVG
shape elements, as we do in Example 2-2. Figure 2-2 shows the result, with rulers and a
grid to show the coordinate system.

Example 2-2. Explicit use of units

<svg width=""200" height="200">
<rect x="10mm" y=""10mm" width="15mm" height=""10mm"
style=""stroke:black; fill:none;" />

</svg>

Specifying units in the <svg> element does not affect coordinates given without unitsin
other elements. Example 2-3 shows a viewport set up in millimeters, but the rectangleis
still drawn at pixel (user) coordinates, as you seein Figure 2-3.

Example 2-3. Units on the svg element

<svg width="70mm" height=""70mm">
<rect x="10" y="10" width="50" height="30"
style=""Fill: none; stroke: black;" />
</svg>

Figure 2-2. Rectangle using explicit units

px 0 20 40 &0 80 100
A

20 —

40 —

60 —

80 —
100 —

Figure 2-3. Viewport with units; rectangle without units
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2.3 Specifying User Coordinates for a Viewport

In the examples so far, numbers without units have been considered to be pixels.
Sometimes thisis not what you want. For example, you might want to set up a system
where each user coordinate represents one-sixteenth of a centimeter. (We're using this
coordinate system to prove a point, not to show a paragon of good design.) In this system,
asguare that is 40 units by 40 unitswill display as 2.5 centimeters on aside.

To accomplish this effect, you set the viewBox attribute on the <svg> element. The value
of this attribute consists of four numbers that represent the minimum x-coordinate,
minimum y-coordinate, width, and height of the user coordinate system that you want to
superimpose on the viewport.

S0, to set up the sixteen-units-per-centimeter coordinate system for afour centimeter by
five centimeter drawing, you'd use this starting tag:

<svg width="4cm" height="5cm" viewBox="0 0 64 80">

Example 2-4 lists the SVG for a picture of a house, displayed using the new coordinate
system.

Example 2-4. Using a viewBox

<svg width="4cm" height="5cm" viewBox="0 0 64 80">
<rect x="10" y=""35" width="40" height="40"
style=""stroke: black; fill: none;" />
<l-- roof -->
<polyline points="10 35, 30 7.68, 50 35"
style="'stroke:black; fill: none;" />
<I-- door -->
<polyline points="30 75, 30 55, 40 55, 40 75"
style=""stroke:black; fill: none;" />

</svg>

Figure 2-4 shows the result. The grid and darker numbers show the new user coordinate
system; the lighter numbers are positioned at one-centimeter intervals.
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Figure 2-4. New user coordinates
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The numbers you specify for the value of the viewBox attribute may be separated by
commas or whitespace. If either the width or height is zero, none of your graphic will
display. It isan error to specify anegative value for the viewBox width or height.

2.4 Preserving Aspect Ratio

In the previous example, the aspect ratio, or ratio of width to height, of the viewport and
the viewBox were identical (4/5 = 64/80). What happens, though, if the aspect ratio of the
viewport and the viewBox are not the same, as in this example, where viewBox has an
aspect ratio of one to one, but the viewport has an aspect ratio of one to three?

<svg width="45px" height=""135px" viewBox="0 0 90 90'>
There are three things that SV G can do in this situation:

o Scalethe graphic uniformly according to the smaller dimension so the graphic
will fit entirely into the viewport. In the example, the picture would become half
its original width and height. We'll show you examples of thisin Section 2.4.2.

o Scalethe graphic uniformly according to the larger dimension and cut off the
parts that lie outside the viewport. In the example, the picture would become one
and a half timesits original width and height. We'll show you examplesin Section
2.4.3.

e Stretch and squash the drawing so that it fits precisely into the new viewport.
(That is, don't preserve the aspect ratio at all.) We will cover thisin Section 2.4.4.

In the first case, since the image will be smaller than the viewport in one dimension, you
must specify where to position it. In the example, the picture will be scaled uniformly to a
width and height of 45 pixels. The width of the reduced graphic fits the width of the
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viewport perfectly, but you must now decide whether the image meets (is aligned with)
the top, middle, or bottom of the 135-pixel viewport height.

In the second case, since the image will be larger than the viewport in one dimension, you
must specify which areaisto be dliced away. In the example, the picture will be scaled
uniformly to awidth and height of 135 pixels. Now the height of the graphic fits the
viewport perfectly, but you must decide whether to slice off the right side, left side, or
both edges of the picture to fit within the 45-pixel viewport width.

2.4.1 Specifying Alignment for preserveAspectRatio

The preserveAspectRatio atribute lets you specify the alignment of the scaled image
with respect to the viewport, and whether you want it to meet the edges or be sliced off.
The model for this attributeiis:

preserveAspectRatio=""alignment [meet | slice]”

where alignment specifies the axis and location, and is one of xMinYMin, xMinYMid,
xMinYMax, xMidYMin, xMidYMid, xMidYMax, xMaxYMin, xMaxYMid, Or xMaxYMax. This
alignment specifier is formed by concatenating an x-alignment and a y-alignment as
shown in Table 2-1. The default value for preserveAspectRatio iSxMidYMid meet.

i The y-alignment begins with a capita letter, since the x- and
a5 | y-alignments are concatenated into a single word.

Table 2-1. Values for alignment portion of
preserveAspectRatio
X alighment
Value Action
xMin Align minimum x of viewBox with left corner of
viewport.
- Align midpoint x value of viewBox with
xMid D ;
midpoint x value of viewport.
Align maximum x value of viewBox with right
XMax corner of viewport.
Y alignment
Value Action
YMin Align minimum y of viewBox with top edge of
viewport.
YMid Align midpoint y value of viewBox with
midpoint y value of viewport.
YMax :Olllgn maximumy value of viewBox with bottom
ge of viewport.
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So, if you want to have the picture with aviewBox="0 0 90 90" fit entirely within a
viewport that is 45 pixelswide and 135 pixels high, aligned at the top of the viewport,
you would write:

<svg width="45px" height="135px" viewBox="0 0 90 90"
preserveAspectRatio="xMinYMin meet''>

i In this case, since the width fits precisely, the x-alignment is
a5 | irrelevant; you could equally well use xMidYmin or xMaxYMin.
"4 However, in theinterests of consistency, it's usually best to make

both specifiers the same when only one axisis affected.

Thisisall fairly abstract; here are some concrete examples that show you how the
combinations of alignment and meet and slice interact with one another.

2.4.2 Using the meet Specifier

The starting <svg> tagsin Example 2-5 al use the meet specifier.
Example 2-5. Use of meet specifier

<I-- tall viewports -->
<svg preserveAspectRatio=""xMinYMin meet"” viewBox="0 0 90 90"
width="45" height="135">

<svg preserveAspectRatio="xMidYMid meet” viewBox="0 0 90 90"
width="45" height="135">

<svg preserveAspectRatio=""xMaxYMax meet'” viewBox="0 0 90 90"
width="45" height="135">

<I-- wide viewports -->
<svg preserveAspectRatio=""xMinYMiIn meet"” viewBox="0 0 90 90"
width="135" height="45">

<svg preserveAspectRatio=""xMidYMid meet"™ viewBox="0 0O 90 90"
width=""135" height="45">

<svg preserveAspectRatio=""xMaxYMax meet'” viewBox="0 0 90 90"
width="135" height="45">

Figure 2-5 shows where the reduced image fits into the enclosing viewBox.

Figure 2-5. meet -- viewBox fits in viewport
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2.4.3 Using the slice Specifier

Figure 2-6 shows the use of the slice specifier to eliminate parts of the picture that do
not fit in the viewport. They were created with the <svg> tags in Example 2-6.

Example 2-6. Use of slice specifier

<I-- tall viewports -->
<svg preserveAspectRatio=""xMinYMin slice”™ viewBox="0 0 90 90"
width="45" height="135">

<svg preserveAspectRatio="xMidYMid slice”™ viewBox="0 0 90 90"
width="45" height="135">

<svg preserveAspectRatio=""xMaxYMax slice"™ viewBox="0 0 90 90"
width="45" height="135">

<I-- wide viewports -->
<svg preserveAspectRatio=""xMinYMin slice"™ viewBox="0 0 90 90"
width="135" height="45">

<svg preserveAspectRatio="xMidYMid slice”™ viewBox="0 0 90 90"
width="135" height="45">

<svg preserveAspectRatio=""xMaxYMax slice"™ viewBox="0 0 90 90"
width="135" height="45">

Figure 2-6. slice -- graphic fills viewport
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2.4.4 Using the none Specifier

Finally, there isthe third option for scaling a graphic when the viewBox and viewPort
don't have the same aspect ratio. If you specify preserve- AspectRatio="none", then
the graphic will be scaled non-uniformly so that its user coordinatesfit the viewport.
Figure 2-7 shows such a"fun-house mirror" effect produced with the <svg> tagsin

Example 2-7.

Example 2-7. Aspect ratio not preserved

<I-- tall viewport -->
<svg preserveAspectRatio=""none" viewBox="0 0 90 90"
width="45" height="135">

<I-- wide viewport -->
<svg preserveAspectRatio=""none" viewBox="0 0 90 90"
width=""135" height="'45">

Figure 2-7. Aspect ratio not preserved

2.5 Nested Systems of Coordinates
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Y ou can establish a new viewport and system of coordinates at any time by putting
another <svg> element into your document. The effect isto create a"mini-canvas' upon
which you can draw. We used this technique to create illustrations such as Figure 2-5.
Rather than drawing the rectangles, then rescaling and positioning the cat inside each one
(the brute force approach), we took these steps:

o Draw the blue rectangles on the main canvas

o For each rectangle, define a new <svg> element with the appropriate
preserveAspectRatio attribute

« Draw the cat into that new canvas (with <use>), and let SV G do the heavy lifting

Here's asimplified example that shows a circle on the main canvas, then inside a new
canvas that's outlined by a blue rectangle that's also on the main canvas. Figure 2-8 isthe
result we wish to achieve.

Figure 2-8. Nested viewport example

O

First, generate the SV G for the main coordinate system and the circle. Note that we've
established the user coordinates to coincide exactly with the viewport in this document.

<svg width="200px" height="200px" viewBox="0 0 200 200">
<circle cx="25" cy="25" r="25" style="stroke: black; fill: none;" />
</svg>

Theresult isin Figure 2-9.

Figure 2-9. Circle in main viewport

O

Now, draw the boundary of the box showing where we want the new viewport to be:

<svg width="200px" height="200px" viewBox="0 0 200 200">
<circle cx="25" cy="25" r="25" style="stroke: black; fill: none;" />
<rect x="100" y="5" width="30" height="80"
style="'stroke: blue; fill: none;" />

</svg>

This produces Figure 2-10.
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Figure 2-10. Circle and boundary box in main viewport

Now, add another <svg> element for the new viewport. In addition to specifying the
viewBox, width, height, and preserveAspectRatio specification, you may also
specify the x and y attributes — in terms of the enclosing <svg> element — where the
new viewport is to be established. (If you don't give valuesfor x and y, they are presumed
to be zero.)

<svgwidth=""200px" height=""200px" viewBox="0 0 200 200'>
<circle cx="25" cy="25" r="25" style="stroke: black; fill: none;"/>
<rect x="100" y="5" width="30" height="80"
style=""stroke: blue; fill: none;" />

<svg x=""100px" y="5px" width="30px" height="80px" viewBox="0 0 50 50"
preserveAspectRatio=""xMaxYMax meet">
</svg>

</svg>

Setting up the new coordinates with this nested <svg> element doesn't change the visual
display, but it does permit you to add the circle in that new system, producing the result
shown in Figure 2-8.

<svg width="200px" height="200px" viewBox="0 0 200 200">
<circle cx="25" cy="25" r="25" style="stroke: black; fill: none;"/>
<rect x="100" y="5" width="30" height="80" style="'stroke: blue;
fill: none;"/>

<svg x=""100px" y="5px" width="30px" height=""80px" viewBox="0 0 50 50"
preserveAspectRatio=""xMaxYMax meet">
<circle cx="25" cy="25" r="25" style="stroke: black;
fill: none;"/>
</svg>
</svg>
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Chapter 3. Basic Shapes

Once a coordinate system is established in the <svg> tag, you are ready to begin drawing.
In this chapter, we will show the basic shapes you can use to create the major elements of
most drawings: lines, rectangles, polygons, circles, and ellipses.

3.1 Lines

SVG lets you draw a straight line with the <Iine> element. Just specify the x- and
y-coordinates of the line's endpoints. Coordinates may be specified without units, in
which case they are considered to be user coordinates, or with units such asem, in, €tc. as
described in Chapter 2, in Section 2.1. The SVG in Example 3-1 draws severa lines; the
reference grid in Figure 3-1 is not part of the SV G that you see here.

<line xl="'start-x" yl="'start-y"
x2=""end-x"" y2=""end-y''>

Example 3-1. Basic lines

<svg width="200px" height="200px" viewBox="0 0 200 200">
<!-- horizontal line -->
<line x1="40" y1="20" x2="80" y2="20" style="stroke: black;" />

<l-- vertical line -->
<line x1="0.7cm" y1=""1cm" x2=""0.7cm" y2="2.0cm" style=""stroke: black;" />

<I-- diagonal line -->

<line x1="30" y1="30" x2="85" y2="85" style="'stroke: black;" />
</svg>

Figure 3-1. Basic lines
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3.2 Stroke Characteristics

Lines are considered to be strokes of a pen that draws on the canvas. The size, color, and
style of the pen stroke are part of the line's presentation. Thus, these characteristics will
go into the style attribute.
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3.2.1 stroke-width

As mentioned in Chapter 2, the canvas grid lines are infinitely thin. Where, then, does a
line or stroke fal in relation to the grid line? The answer is that the grid line fallsin the
center of a stroke. Example 3-2 draws some lines where the stroke width has been set to
ten user coordinates to make the effect obvious. The result, in Figure 3-2, has the grid
lines drawn in so you can see the effect clearly.

Example 3-2. Demonstration of stroke-width
<svg width="200px" height="200px" viewBox="0 0 200 200>

<!-- horizontal line -->
<line x1=""30" y1="10" x2="80" y2="10"
style="stroke-width: 10; stroke: black;" />

<I-- vertical line -->
<line x1="10" y1="30" x2="10" y2="80"
style="stroke-width: 10; stroke: black;" />

<I-- diagonal line -->
<line x1="25" yl1="25" x2=""75" y2="75"
style="stroke-width: 10; stroke: black;" />
</svg>

Figure 3-2. Demonstration of stroke-width
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3.2.2 stroke Color
Y ou can specify the stroke color in avariety of ways:

e One of the color keyword names: aqua, black, blue, fuchsia, gray, green,
lime, maroon, navy, olive, purple, red, silver, teal, white, and yel low.

o A six-digit hexadecimal specifier in the form #rrggbb, where rr isthe red
component, gg is the green component, and bb is the blue component in the range
O-Ff.

e A three-digit hexadecimal specifier in the form #rgb, where r isthe red
component, g is the green component, and b is the blue component in the range
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0-f. Thisis a shorthand form of the previous method of specifying color. To
produce the six-digit equivalent, each digit of the short form is duplicated; thus
#d6e IS the same as #dd66ee.

e Anrgb specifier inthe form rgb(red-value, green-value, blue-value),
where each value isin the range 0-255 or a percentage in the range 0% to 100%.
Example 3-3 uses all of these methods, with the colorful results of Figure 3-3.

It isaso possible to use one of the color keywords listed in section 4.2 of the SVG
specification at http://www.w3.0rg/ TR/SV G/types.html#ColorK eywords, or one of the
CSS 2 system color keywords as listed at

http://www.w3.0rg/ TR/REC-CSS2/ui.html#system-colors

Example 3-3. Demonstration of stroke color

<svg width="200px" height="200px" viewBox="0 0 200 200>
<l-- red -->
<line x1=""10" y1="10" x2="50" y2="10"
style="stroke: red; stroke-width: 5;" />

<I-- light green -->
<line x1="10" y1="20" x2="50" y2="20"
style="stroke: #9f9; stroke-width: 5;" />

<I-- light blue -->
<line x1="10" y1="30" x2="50" y2="30"
style="stroke: #9999ff; stroke-width: 5;" />

<!-- medium orange -->
<line x1="10" y1="40" x2="50" y2="40"
style="stroke: rgb(255, 128, 64); stroke-width: 5;" />

<I-- deep purple -->
<line x1="10" y1="50" x2="50" y2="50"
style="stroke: rgb(60%, 20%, 60%); stroke-width: 5;" />
</svg>

Figure 3-3. Demonstration of stroke color
[ |
| |
3.2.3 stroke-opacity

Up to this point, al the lines in the example have been solid, obscuring anything beneath
them. Y ou control the opacity (which is the opposite of transparency) of aline by giving
the stroke-opacity avauefrom 0.0 to 1.0, where zero is completely transparent and
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http://www.w3.org/TR/SVG/types.html#ColorKeywords
http://www.w3.org/TR/REC-CSS2/ui.html#system-colors

oneis completely opague. A value less than zero will be changed to zero; avalue greater
than one will be changed to one. Example 3-4 varies the opacity from 0.2 to 1 in steps of
0.2, with the result in Figure 3-4.

Example 3-4. Demonstration of stroke-opacity

<svg width="200px" height="200px" viewBox="0 0 200 200>
<line x1=""10" y1="10" x2="50" y2="10"
style="stroke-opacity: 0.2; stroke: black; stroke-width:
5;" />
<line x1=""10" y1="20" x2="50" y2="20"
style="stroke-opacity: 0.4; stroke: black; stroke-width:
5;" />
<line x1=""10" y1="30" x2="50" y2="30"
style="stroke-opacity: 0.6; stroke: black; stroke-width:
5;" />
<line x1=""10" y1="40" x2="50" y2="40"
style="stroke-opacity: 0.8; stroke: black; stroke-width:
5;" />
<line x1=""10" y1="50" x2="50" y2="50"
style="stroke-opacity: 1.0; stroke: black; stroke-width:
5;" />
</svg>

Figure 3-4. Demonstration of stroke-opacity

3.2.4 stroke-dasharray attribute

If you need dotted or dashed lines, use the stroke-dasharray attribute, whose value
consists of alist of numbers, separated by commas or white- space, specifying dash
length and gaps. The list should have an even number of entries, but if you give an odd
number of entries, SVG will repeat the list so the total number of entriesis even. (See the
last instance in Example 3-5.)

Example 3-5. Demonstration of stroke-dasharray

<svg width="200px" height="200px" viewBox="0 0 200 200">
<I-- nine-pixel dash, five-pixel gap -->
<line x1="10" y1="10" x2="100" y2="10"
style="stroke-dasharray: 9, 5;
stroke: black; stroke-width: 2;" />

<I-- five-pixel dash, three-pixel gap, nine-pixel dash,
two-pixel gap -->
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<line x1="10" y1="20" x2="100" y2=""20"
style="stroke-dasharray: 5, 3, 9, 2;
stroke: black; stroke-width: 2;' />

<I-- 0dd number of entries is duplicated; this is equivalent
to:
nine-pixel dash, three-pixel gap, Tive-pixel dash,
nine-pixel gap, three-pixel dash, five-pixel gap -->
<line x1="10" y1="30" x2="100" y2="'30"
style="'stroke-dasharray: 9, 3, 5;
stroke: black; stroke-width: 2;' />
</svg>

Figure 3-5 shows the results, zoomed in for clarity.

Figure 3-5. Demonstration of stroke-dasharray

3.3 Rectangles

Therectangleis the smplest of the basic shapes. Y ou specify the x- and y-coordinates of
the upper left corner of the rectangl e itswidth, and its height. Theinterior of the
rectangle isfilled with the Fi 1l color you specify. If you do not specify afill color, the
interior of the shape isfilled with black. Thefill color may be specified in any of the
ways described in Section 3.2.2, or it may take the value none to leave the interior
unfilled and thus transparent. Y ou may also specify a fill-opacity in the same format
asyou did in Section 3.2.3. Both fill and fil l-opacity are presentation properties,
and belong in the sty e attribute.

(4 Technically, the x value is the smaller of the x-coordinate values and the y is
the smaller of the y-coordinate values of the rectangle's sides in the current user
coordinate system. Since we are not yet using transformations, which we will
cover in Chapter 5, thisis the moral equivalent of the upper left corner.

After theinterior isfilled (if necessary), the outline of the rectangle is drawn with strokes,
whose characteristics you may specify as you did for lines. If you do not specify a stroke,
the value none is presumed, and no outline is drawn. Example 3-6 draws severa
variations of the <rect> element. Figure 3-6 shows the result, with agrid for reference.

Example 3-6. Demonstration of the rectangle element

<svg width="200px" height="200px" viewBox="0 0 200 200">
<!-- black interior, no outline -->
<rect x="10" y=""10" width="30" height="50" />
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<I-- no interior, black outline -->
<rect x="50" y="10" width="20" height="40"
style=""fill: none; stroke: black;" />

<I-- blue interior, thick semi-transparent red outline -->
<rect x="10" y="70" width="25" height="30"

style="fill: #0000ff;

stroke: red; stroke-width: 7; stroke-opacity: 0.5;" />

<I-- semi-transparent yellow interior, dashed green outline -->

<rect x="50" y="70" width="35" height="20"

style="fill: yellow; fill-opacity: 0.5;

stroke: green; stroke-width: 2; stroke-dasharray: 5 2" />
</svg>

Figure 3-6. Demonstration of the rect element
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o Since the strokes that form the outline "straddl€" the abstract grid
s | lines, the strokes will be half inside the shape and half outside the
" 4 shape. Figure 3-7, acloseup of the semi-transparent red outline

drawn in Example 3-6, shows this clearly.

Figure 3-7. Closeup of transparent border

80 —
100 —

If you do not specify a starting x or y value, it is presumed to be zero. If you specify a
width or height of zero, then the rectangle is not displayed. It is an error to provide
negative values for either width or height.
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3.3.1 Rounded Rectangles

If you wish to have rectangles with rounded corners, specify the x- and y-radius of the
corner curvature. The maximum number you may specify for rx (the x-radius) is one-half
the width of the rectangle; the maximum value of ry (the y-radius) is one-half the height
of the rectangle. If you specify only one of rx or ry, they are presumed to be equal.
Example 3-7 shows various combinations of rx and ry.

Example 3-7. Demonstration of rounded rectangles

<svg width="200px" height="200px" viewBox="0 0 200 200">
<I-- rx and ry equal, increasing -->
<rect x="10" y=""10" width="20" height="40" rx="2" ry="2"
style=""'stroke: black; fill: none;" />

<rect x="40" y="10" width="20" height="40" rx="5"
style="stroke: black; fill: none;" />

<rect x="70" y="10" width="20" height="40" ry="10"
style=""stroke: black; fill: none;" />

<I-- rx and ry unequal -->

<rect x="10" y=""60" width="20" height="40" rx="10" ry="5"
style=""stroke: black; fill: none;" />

<rect x="40" y="60" width="20" height="40" rx="5" ry="10"

style=""stroke: black; fill: none;" />
</svg>

Figure 3-8 shows the result, with a grid in the background for reference.

Figure 3-8. Demonstration of rounded rectangles
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3.4 Circles and Ellipses

To draw acircle, use the <circle> element and specify the center x-coordinate, center
y-coordinate, and radius with the cx, cy, and r attributes. As with arectangle, the default
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isto fill the circle with black and draw no outline unless you specify some other
combination of fill and stroke.

An ellipse aso needs an x-radius and a y-radius in addition to a center x- and y-coordinate.
The attributes for these radii are named rx and ry.

In both circles and ellipses, if the cx or cy is omitted, it is presumed to be zero. If the
radius is zero, no shape will be displayed; it is an error to provide a negative radius.
Example 3-8 draws some circles and ellipses which are shown in Figure 3-9.

Example 3-8. Demonstration of circles and ellipses

<svg width="200px" height="200px" viewBox="0 0 200 200">
<circle cx="30" cy="30" r="20" style="stroke: black; fill: none;" />
<circle cx="80" cy="30" r="20"
style=""stroke-width: 5; stroke: black; fill: none;" />

<ellipse cx="30" cy="80" rx="10" ry="20"
style=""stroke: black; fill: none;" />
<ellipse cx="80" cy="80" rx="20" ry=""10"
style=""stroke: black; fill: none;" />
</svg>

Figure 3-9. Demonstration of circle and ellipse elements
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3.5 The polygon Element

In addition to rectangles, circles, and ellipses, you may want to draw hexagons, octagons,
stars, or arbitrary closed shapes. The <polygon> element lets you specify a series of
points that describe a geometric areato be filled and outlined as described earlier. The
points attribute consists of a series of x- and y-coordinate pairs separated by commas or
whitespace. Y ou must give an even number of entriesin the series of numbers. Y ou don't
have to return to the starting point; the shape will automatically be closed. Example 3-9
uses the <polygon> element to draw a parallelogram, a star, and an irregular shape.

Example 3-9. Demonstration of the polygon element

<svg width="200px" height="200px" viewBox="0 0 200 200">
<!l-- parallelogram -->
<polygon points="15,10 55, 10 45, 20 5, 20"
style=""fill: red; stroke: black;" />
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<l-- star -->

<polygon

points="35,37.5 37.9,46.1 46.9,46.1 39.7,51.5
42.3,60.1 35,55 27.7,60.1 30.3,51.5
23.1,46.1 32.1,46.1"

style="Fill: #ccffcc; stroke: green;" />

<I-- weird shape -->
<polygon
points="60 60, 65 72, 80 60, 90 90, 72 80, 72 85, 50 95"
style=""Fill: yellow; fill-opacity: 0.5; stroke: black;
stroke-width: 2;" />

</svg>

Theresults, with a grid in the background for reference, are displayed in Figure 3-10.

Figure 3-10. Demonstration of the polygon element
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3.5.1 Filling Polygons That Have Intersecting Lines

For the polygons shown so far, it's been easy to fill the shape. Since none of the lines
forming the polygon cross over one another, the interior is easily distinguished from the
exterior of the shape. However, when lines cross over one another, the determination of
what isinside the polygon is not as easy. The SVG in Example 3-10 draws such a
polygon. In Figure 3-11, is the middle section of the star considered to be inside or
outside?

Example 3-10. Unfilled polygon with intersecting lines

<svg width="200px" height="200px" viewBox="0 0 200 200">

<polygon points="48,16 16,96 96,48 0,48 80,96"
style=""stroke: black; fill: none;" />
</svg>

Figure 3-11. Unfilled polygon with intersecting lines
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SVG hastwo different rules for determining whether a point is inside a polygon or
outsideit. The fill-rule (which is part of presentation) has avalue of either nonzero or
evenodd. Depending on the rule you choose, you get a different effect. Example 3-11
uses the rules to fill two diagrams of the star, as shown in Figure 3-12.

Example 3-11. Effect of different fill-rules

<svg width="200px" height="200px" viewBox="0 0 200 200">

<polygon style="fill-rule: nonzero; fill: yellow; stroke: black;"
points="48,16 16,96 96,48 0,48 80,96" />

<polygon style="fill-rule: evenodd; fill: #00Fff00; stroke: black;"
points="148,16 116,96 196,48 100,48 180,96" />

</svg>

Figure 3-12. Effect of different fill-rules

A A
<

Explanation of the Fill Rules

For the sake of completeness, we are describing how these fill-rules work,
but you don't need to know the details in order to use them. The nonzero rule
determines whether a point isinside or outside a polygon by drawing aline from
the point in question to infinity. It counts how many times that line crosses the
polygon's lines, adding one if the polygon line is going right to left, and
subtracting one if the polygon line is going left to right. If the total comes out to
zero, the point is outside the polygon. If the total is nonzero (hence the name)
the point isinside the polygon.

The evenodd rule also draws aline from the point in question to infinity, but it
simply counts how many times that line crosses your polygon's lines. If the total
number of crossingsis odd, then the point isinside; if even, then the point is
outside.
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3.6 The polyline Element

Finally, to round out our discussion of basic shapes, we'll return to straight lines.
Sometimes you want a series of lines that does not make a closed shape. Y ou can use
multiple <line> elements, but if there are many linesit might be easier to use the
<polyline> element. It has the same attributes as <polygon>, except that the shape is not
closed. Example 3-12 draws the symbol for an electrical resistor, shown in Figure 3-13.

Example 3-12. Example of the polyline element

<svg width="200px" height="200px" viewBox="0 0 200 200">
<polyline
points="5 20, 20 20, 25 10, 35 30, 45 10,
55 30, 65 10, 75 30, 80 20, 95 20"
style=""stroke: black; stroke-width: 3; fill: none;" />
</svg>

Figure 3-13. Example of the polyline element

AMA-

meee | It'sbest to set the Fi I 1 property to none when using <polyline>;
~=¥|  otherwise, the SVG viewer attemptsto fill the shape, sometimes with
startling results like those in Figure 3-14.

Figure 3-14. Example of filled polyline

A~

3.7 Line Caps and Joins

When drawing a<line> or <polyline>, you may specify the shape of the endpoints of
the lines by setting the stroke-linecap style property to one of the values butt, round,
or square. Example 3-13 shows these three values, with gray guide lines showing the
actual endpoints of the lines. Y ou can seein Figure 3-15 that round and square extend
beyond the end coordinates; butt, the default, ends exactly at the specified endpoint.

Example 3-13. Values of the stroke-linecap property

<line x1="10" yl1="15" x2="50" y2="15"
style=""stroke-linecap: butt; stroke-width: 15;"/>

<line x1="10" y1="45" x2="50" y2="45"
style="stroke-linecap: round; stroke-width: 15;"/>
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<Iine x1=""10" yl:"75" x2=""50"" y2="75u
style="stroke-linecap: square; stroke-width: 15;"/>

<I-- guide lines -->
<line x1="10" yl1="0" x2="10" y2="100" style="stroke: #999;" />
<line x1="50" yl="0" x2="50" y2="100" style="stroke: #999;" />

Figure 3-15. Values of the stroke-linecap attribute

I
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Y ou may specify the way lines connect at the corners of a shape with the
stroke-linejoin style property, which may have the values miter (pointed), round
(round -- what did you expect?), or bevel (flat). Example 3-14 produces the result shown
in Figure 3-16.

Example 3-14. Values of the stroke-linejoin attribute

<polyline
style=""stroke-linejoin: miter; stroke: black; stroke-width: 12;
fill: none;”
points="30 30, 45 15, 60 30"/>

<polyline
style=""'stroke-linejoin: round; stroke: black; stroke-width: 12;
fill: none;”
points="90 30, 105 15, 120 30"/>

<polyline
style=""stroke-linejoin: bevel; stroke-width: 12; stroke: black;

Ffill: none;"”
points="150 30, 165 15, 180 30"/>

Figure 3-16. Values of the stroke-linejoin attribute

AAA

o If your lines meet at a sharp angle and have amitered join, it's
s | possible for the pointed part to extend beyond the lines' thickness.
" 4% You may set theratio of the miter to the thickness of the lines being

joined with the stroke-miterlimit style property; its default value
is4.

3.8 Basic Shapes Reference Summary
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The following tables summarize the basic shapes and presentation stylesin SVG.

3.8.1 Shape Elements

Table 3-1 summarizes the basic shapes availablein SVG.

Table 3-1. Table of shape elements

|

Shape

Description

<line xl1l="'start-x" yl="start-y"
x2=""end-x"" y2=""end-y"'/>

Draws a line from the starting point at coordinates
(start-x, start-y) to the ending point at
coordinates (end-x, end-y).

<rect x="left-x" y="top-y"
width="width" height="height"/>

Draws a rectangle whose upper left corner is at
(left-x, top-y) with the givenwidth and
height.

<circle cx="center-x" cy="'center-y"
r="radius'/>

Draws a circle with the given radius, centered at
(center-x, center-y).

<ellipse cx="center-x" cy="center-y"
rx=""x-radius" ry="y-radius'/>

Draws an €ellipse with the given x-radius and
y-radius centered at (center-x, center-y).

<polygon
points="points-specifications'/>

Draws an arhitrary closed polygon whose outlineis
described by the points-specification. The
points are specified as pairs of x- and y-coordinates.
These are user coordinates only; you may not add a
length unit specifier.

<polyline
points="points-specifications'/>

Draws an arbitrary series of connected lines as
described by the points-specification. The
points are specified as pairs of x- and y-coordinates.
These are user coordinates only; you may not add a
length unit specifier.

In al but the last two elements of Table 3-1, you may specify the attributes as simple
numbers, in which case they will be presumed to be measured in user coordinates, or you
may add alength unit specifier such asmm, pt, etc. For example:

<line x1="1cm" y1="30" width="50" height=""10pt"/>

3.8.2 Specifying Colors

Y ou may specify the color for filling or outlining a shape in one of the following ways:

none, indicating that no outline is to be drawn or that the shape is not to be filled.
A color name, which is one of aqua, black, blue, fuchsia, gray, green, lime,

maroon, navy, olive, purple, red, silver, teal, white, Of yellow.

Six hexadecimal digits #rrggbb, each pair describing red, green, and blue values.
Three hexadecimal digits #rgb, describing the red, green, and blue values. Thisis

a shorthand for the previous method; digits are replicated so that #rgb is

equivalent to #rrggbb.

rgb(r, g, b), each value ranging from 0-255 or from 0% to 100%.
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3.8.3 Stroke and Fill Characteristics

In order to see aline or the outline of a shape, you must specify the stroke characteristics,
using the following attributes. A shape's outline is drawn after itsinterior isfilled. All of
these characteristics, summarized in Table 3-2, are presentation properties, and goin a
style atribute.

Table 3-2. Stroke characteristics

Attribute Values

stroke The stroke color, as described in Section 3.8.2.

Width of stroke; may be given as user coordinates or with alength specifier. The

stroke-width stroke width is centered along the abstract grid lines.

A number ranging from 0.0 to 1.0; 0.0 is entirely transparent, 1.0 is entirely

stroke-opacity opague

A series of numbers that tell the length of dashes and gaps with which alineisto

stroke-dasharray be drawn. These numbers arein user coordinates only.

Shape of the ends of aline; has one of the values butt (the default), round, or

stroke-linecap
square.

The shape of the corners of a polygon or series of lines; has one of the values

stroke-lTinejoin miter (pointed; the default), round, or bevel (flat).

Maximum ratio of length of the miter point to the width of the lines being drawn;

Stmke_m'terl'm'tthedefaultvalueis4.

Y ou can control the way in which the interior of a shapeisto befilled by using one of the
fill attributes shown in Table 3-3. A shapeisfilled before its outline is drawn.

Table 3-3. Fill characteristics

| Attribute | Values

fill Thefill color, as described in Section 3.8.2.

fill-opacity|A number ranging from 0.0 to 1.0; 0.0 is entirely transparent, 1.0 is entirely opague.

This attribute can have the valuesnonzero or evenodd, which apply different rules
Fill-rule for determining whether a point isinside or outside a shape. These rules generate
different effects only when a shape hasintersecting lines or "holes" init. Detailsarein
Section 3.5.1 earlier in this chapter.
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Chapter 4. Document Structure

We've casually mentioned that SV G lets you separate a document's structure from its
presentation. In this chapter, we're going to compare and contrast the two, discuss the
presentational aspects of a document in more detail, and then show some of the SVG
elements that you can use to make your document's structure clearer, more readable, and
easier to maintain.

4.1 Structure and Presentation

Aswe mentioned in Chapter 1, in Section 1.4.2, one of XML's goasis provide away to
structure data and separate this structure from its visual presentation. Consider the
drawing of the cat from that chapter; you recognize it as a cat because of its structure —
the position and size of the geometric shapes that make up the drawing. If we were to
make structural changes, such as shortening the whiskers, rounding the nose, and making
the ears longer and rounding their ends, the drawing would become one of arabbit, no
matter what the surface presentation might be. The structure, therefore, tells you what a
graphicis.

Thisisnot to say that information about visual style isn't important; had we drawn the cat
with thick purple lines and agray interior, it would have been recognizable as a cat, but
its appearance would have been far less pleasing. These differences are shown in Figure
4-1, albeit without the color differences. XML encourages you to separate structure and
presentation; unfortunately, many discussions of XML emphasize structure at the
expense of presentation. We'll right this wrong by going into detail about how you
specify presentation in SVG.

Figure 4-1. Structure versus presentation

4.2 Using Styles with SVG

SVG lets you specify presentational aspects of agraphic in four ways; with inline styles,
internal stylesheets, external stylesheets, and presentation attributes. Let's examine each
of these in turn.
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4.2.1 Inline Styles

Example 4-1 usesinline styles. Thisis exactly the way we've been using presentation
information so far; we set the value of the style attribute to a series of visual properties
and their values as described in Appendix B, in Section B.1.

Example 4-1. Use of inline styles

<circle cx="20" cy="20" r="10" style=""stroke: black; stroke-width: 1.5; fill:
blue; fill-opacity: 0.6" />

4.2.2 Internal Stylesheets

Y ou don't need to place your stylesinside each SVG element; you can create an internal
stylesheet to collect commonly-used styles that you can apply to all occurrences of a
particular element, or use as named classes to apply to individual elements. Example 4-2
sets up an internal stylesheet that will draw all circlesin ablue double-thick dashed line
with alight yellow interior. We have placed the stylesheet within a <defs> element,
which we will discuss later in this chapter.

The example then draws several circles. The circlesin the second row of Figure 4-2 have
inline styles that override the specification in the internal stylesheet.

Example 4-2. Use of internal stylesheet

<svg width="200px" height="200px" viewBox="0 0 200 200">
<defs>
<style type="text/css'"><I[CDATAL
circle {
fill: #ffc;
stroke: blue;
stroke-width: 2;
stroke-dasharray: 5 3
}
11></style>
</defs>

<circle cx="20" cy="20" r="10"/>

<circle cx="60" cy="20" r="15"/>

<circle cx="20" cy="60" r="10" style="fill: #cfc'"/>

<circle cx="60" cy="60" r="15" style="stroke-width: 1;
stroke-dasharray: none;"/>

</svg>

Figure 4-2. Internal stylesheet with SVG
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4.2.3 External Stylesheets

If you want to apply a set of stylesto multiple SVG documents, you could copy and paste
the internal stylesheet into each of them. This, of course, isimpractical for alarge volume
of documentsif you ever need to make a global change to all the documents. Instead, you
should take all the information between the beginning and ending <style> tags
(excluding the <! [CDATAL and ]]1>) and saveit in an externa file, which becomes an
external stylesheet. Example 4-3 shows an external stylesheet that has been saved in afile
named ext_style.css This stylesheet uses avariety of selectors, including *, which sets
adefault for all elements that don't have any other style, and it, together with the SVG,
produces Figure 4-3.

Example 4-3. External stylesheet

* { fill:none; stroke: black; } /* default for all elements */
rect { stroke-dasharray: 7 3; }

circle.yellow { fill: yellow; }

-thick { stroke-width: 5; }

-semiblue { fill:blue; fill-opacity: 0.5; }

Figure 4-3. External stylesheet with SVG

- @
NG =
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Example 4-4 shows a complete SVG document (including <?xml .. .?>,
<?xml-stylesheet ...?>, and the <1DOCTYPE>) that references the external stylesheet.

Example 4-4. SVG file that references an external stylesheet

<?xml version="1.0"?>

<?xml-stylesheet href="ext_style.css" type=""text/css'?>

<IDOCTYPE svg PUBLIC **-//W3C//DTD SVG 1.0//EN"
"http://www.w3.0rg/TR/2001/REC-SVG-20010904/DTD/svgl0.dtd">

<svg width="200px" height="200px" viewBox="0 0 200 200"
preserveAspectRatio="xMinYMin meet">

<line x1="10" y1="10" x2="40" y2="10"/>
<rect x="10" y=""20" width="40" height="30"/>
<circle class="yellow" cx="70" cy="20" r="10"/>
<polygon class=""thick" points="60 50, 60 80, 90 80"/>
<polygon class=""thick semiblue”

points="100 30, 150 30, 150 50, 130 50'/>
</svg>
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e Inline styles will almost always render more quickly than stylesin an
internal or external stylesheet; stylesheets and classes add rendering
time due to look up and parsing.

N .
da
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4.2.4 Presentation Attributes

Although the overwhelming majority of your SV G documents will use styles for
presentation information, SV G does permit you to specify this information in the form of
presentation attributes. Instead of saying:

<circle cx="10" cy="10" r="5"
style=""fill: red; stroke:black; stroke-width: 2;"/>

Y ou may write each of the properties as an attribute:

<circle cx="10" cy="10" r="5"
Fill="red"” stroke="black" stroke-width="2"/>

If you are thinking that this is mixing structure and presentation, you are right.
Presentation attributes do come in handy, though, when you are creating SV G documents
by converting an XML data sourceto SVG, as you will seein Chapter 12. In these cases
it can be easier to create individual attributes for each presentation property than to create
the contents of asingle style attribute. Y ou may also need to use presentation attributes
if the environment in which you will be placing your SV G cannot support stylesheets.

Presentation attributes are at the very bottom of the priority list. Any style specification
coming from aninline, internal, or external stylesheet will override a presentation
attribute. In the following SVG document, the circle will befilled in red, not green.

<svg width="200" height="200">

<defs>

<style type="text/css"><![CDATAL

circle { fill: red; }

11></style>

</defs>

<circle cx="20" cy="20" r="15" fill="green"/>
</svg>

Again, we emphasize that using style attributes or stylesheets should always be your
first choice. Stylesheets let you apply a complex series of fill and stroke characteristics to
all occurrences of certain elements within a document without having to duplicate the
information into each element, as presentation attributes would require. The power and
flexibility of stylesheets allow you to make significant changes in the look and feel of
multiple documents with a minimum of effort.

4.3 Document Structure — Grouping and Referencing Objects
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Whileit is certainly possible to define any drawing as an undifferentiated list of shapes
and lines, most non-abstract art consists of groups of shapes and lines that form
recognizable named objects. SV G has elements that let you do this sort of grouping to
make your documents more structured and understandable.

4.3.1 The g Element

The <g> element gathers all of its child elements as a group, and often has an id attribute
to give that group a unique name. Furthermore, each group may have itsown <title>
and <desc> to identify it for text-based XML applications or to aid in accessibility for
visualy-impaired users. In addition to the conceptual clarity that comes from the ability
to group and document objects, the <g> element also provides notational convenience.
Any styles you specify in the starting <g> tag will apply to al the child elementsin the
group. In Example 4-5, this saves us from having to duplicate the style="fill:none;
stroke:black;" on every e ement shown in Figure 4-4. It is also possible to nest groups
within one another, athough we won't show any examples of this until Chapter 5.

Y ou may think of the <g> element as analogous to the Group Objects function in
programs such as Adobe Illustrator. It also serves asimilar function to the concept of
layersin such programs; alayer is also a grouping of related objects.

Example 4-5. Simple use of the g element

<svg width="240px" height="240px" viewBox="0 0 240 240">
<title>CGrouped Drawing</title>
<desc>Stick-figure drawings of a house and people</desc>

<g i1d="house" style="fill: none; stroke: black;">
<desc>House with door</desc>
<rect x="6" y=""50" width="60" height="60"/>
<polyline points="6 50, 36 9, 66 50'"/>
<polyline points="36 110, 36 80, 50 80, 50 110"/>
</g>

<g id="man" style="fill: none; stroke: black;"'>
<desc>Male human</desc>
<circle cx="85" cy="56" r="10"/>
<line x1="85" yl="66" x2="85" y2="80"/>
<polyline points="76 104, 85 80, 94 104" />
<polyline points="76 70, 85 76, 94 70" />
</g>

<g id="woman" style="fill: none; stroke: black;">
<desc>Female human</desc>
<circle cx="110" cy="56" r="10"/>
<polyline points="110 66, 110 80, 100 90, 120 90, 110 80'/>
<line x1="104" y1="104" x2="108" y2="90"/>
<line x1="112" y1="90" x2="116" y2="104"/>
<polyline points="101 70, 110 76, 119 70" />
</g>
</svg>
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Figure 4-4. Grouped stick figure drawing

4.3.2 The use Element

Complex graphics often have repeated elements. For example, a product brochure may
have the company logo at the upper left and lower right of each page. If you were
drawing the brochure with a graphic design program, you'd draw the logo once, group all
its elements together, then copy and paste them to the other location. The SVG <use>
element gives you an anal ogous copy-and-paste ability with a group that you've defined
with <g>.

Once you have defined a group of graphic objects, you can display them again with the
<use> tag. To specify the group you wish to reuse, giveits URI in an xlink:href
attribute, and specify the x and y location where the group's (0, 0) point should be moved
to. (Wewill see another way to achieve this effect in Chapter 5, in Section 5.1.) So, to
create another house and set of people as shown in Figure 4-5, you'd put these lines just
before the closing </svg> tag:

<use xlink:href="#house'" x="70" y="100"/>
<use xlink:href="#woman' x='"-80" y="100"/>
<use xlink:href="#man" x="-30" y=""100"/>

Figure 4-5. Re-use of grouped stick figures

KR

Y ou may have noticed some drawbacks with the preceding example:

4.3.3 The defs Element
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e Themath for deciding where to place the re-used man and woman requires you to
know the positions of the originals and use that as your base, rather than using a
simple number like zero.

o Thefill and stroke color for the house were established by the original, and can't
be overriden by the <use>. This means you can't make arow of multi-colored
houses.

e The document draws al three groups: the woman, the man, and the house. Y ou
can't "store them away" and draw only a set of houses or only a set of people.

The <defs> element solves these problems. By putting the grouped objects between the
beginning and ending <defs> tags, you instruct SV G to define them without displaying
them. The SV G specification, in fact, recommends that you put all objects that you wish
to re-use within a<defs> element so that SV G viewers working in a streaming
environment can process data more efficiently. In Example 4-6, the house, man, and
woman are defined so that their upper left corner isat (0, 0), and the house is not given
any fill color. Since the groups will be within the <defs> element, they will not be drawn
on the screen right away, and will serve as a"template” for future use. We have also
constructed another group named couple, which, in turn, <use>s the man and woman
groups. (Note that the bottom half of Figure 4-6 can't use couple, since the woman isto
the left of the man.)

Example 4-6. Example of the defs element

<svg width="240px" height="240px" viewBox="0 0 240 240">
<title>CGrouped Drawing</title>
<desc>Stick-figure drawings of a house and people</desc>

<defs>
<g i1d="house" style="'stroke: black;">
<desc>House with door</desc>
<rect x="0" y="41" width="60" height="60" />
<polyline points="0 41, 30 0, 60 41" />
<polyline points="30 101, 30 71, 44 71, 44 101" />
</g>

<g id="man" style="fill: none; stroke: black;"'>
<desc>Male human</desc>
<circle cx="10" cy="10" r="10"/>
<line x1="10" yl1="20" x2="10" y2="44" />
<polyline points="1 58, 10 44, 19 58" />
<polyline points="1 24, 10 30, 19 24" />
</g>

<g id="woman" style="fill: none; stroke: black;">
<desc>Female human</desc>
<circle cx="10" cy="10" r="10" />
<polyline points="10 20, 10 34, 0 44, 20 44, 10 34" />
<line x1="4" yl1="58" x2="8" y2="44" />
<line x1="12" yl1="44" x2="16" y2="58" />
<polyline points="1 24, 10 30, 19 24" />

</g>
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<g id="couple'>
<desc>Male and female human</desc>
<use xlink:href="#man" x="0" y="0" />
<use xlink:href="#woman" x="25" y="0" />
</g>
</defs>

<I-- make use of the defined groups -->
<use xlink:href="#house" x="0" y="0" style="fill: #cfc;" />
<use xlink:href="#couple" x="70" y="40" />

<use xlink:href="#house" x="120" y="0" style="fill: #99f;" />
<use xlink:href="#couple'" x="190" y="40" />

<use xlink:href="#woman" x="0" y="145" />

<use xlink:href="#man" x="25" y="145" />

<use xlink:href="#house" x="65" y="105" style="fill: #c00;" />
</svg>

Figure 4-6. Result of using groups within defs

el

o

The <use> element is not restricted to using objects from the same file in which it occurs;
the x1ink:href attribute may specify any valid file or URI. This makesit possible to
collect a set of common elementsin one SV G file and use them selectively from other
files. For example, you could create afile named identity.svg that containsall of the
identity graphics that your organization uses:

<g i1d=""company_mascot''>
<I-- drawing of company mascot -->
</g>

<g i1d=""company_logo" style="stroke: none;">
<polygon points="0 20, 20 0, 40 20, 20 40"
style=""fill: #696;" />
<rect x="7" y="7" width="26" height="26"
style=""fill: #c9c;" />
</g>

<g id="partner_logo'>
<I-- drawing of company partner®s logo -->
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</g>
and then refer to it with:

<use xlink:href="identity.svg#company logo" x="200" y="200" />
4.3.4 The symbol Element

The <symbo > element provides another way of grouping elements. Unlike the <g>
element, a <symbol> is never displayed, so you don't haveto encloseit in a<defs>
specification. However, it is customary to do so, since asymbol really is something
you're defining for later use. Additionally, symbols can specify viewBox and
preserveAspectRatio attributes, so that a symbol can fit into the viewport established
by the use element. Example 4-7 shows that the width and height are ignored for a
simple group (the top two octagons), but are used when displaying a symbol. The edges
of the lower right octagon in Figure 4-7 are cut off because the preserveAspectRatio
has been set to slice.

Example 4-7. Groups versus symbols

<svg width="200px" height="200px" viewBox="0 0 200 200">
<title>Symbols vs. groups</title>
<desc>Use</desc>

<defs>
<g id="octagon" style="stroke: black;"'>
<desc>0Octagon as group</desc>
<polygon points="
36 25, 25 36, 11 36, 0 25,
0 11, 11 0, 25 0, 36 11"/>
</g>

<symbol id="sym-octagon' style="'stroke: black;"
preserveAspectRatio="xMidYMid slice" viewBox="0 0 40 40">
<desc>0Octagon as symbol</desc>
<polygon points="
36 25, 25 36, 11 36, 0 25,
0 11, 11 o, 25 0, 36 11'/>
</symbol>
</defs>

<use xlink:href="#octagon" x="40" y=""40" width="30" height=""30"
style="fill: #c00;"/>
<use xlink:href="#octagon" x="80" y="40" width="40" height="60"
style="Fill: #ccO0;"/>
<use xlink:href="#sym-octagon' x=""40" y
style="Till: #cfc;"/>
<use xlink:href="#sym-octagon" x="80" y="80" width="40" height="60"
style="Till: #699;"/>
</svg>

80" width="30" height="30"

Figure 4-7. Groups versus symbols
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4.3.5 The image Element

While <use> lets you re-use a portion of an SVG file, the <image> element includes an
entire SVG or raster file. If you are including an SVG file, the x, y, width, and height
attributes establish the viewport in which the referenced file will be drawn; if you're
including araster file, it will be scaled to fit the rectangle that the attributes specify. You
can currently include either JPEG or PNG raster files. Example 4-8 shows how to include
a JPEG image with SVG; theresult isin Figure 4-8.

Figure 4-8. JPEG image included in an SVG file

Example 4-8. Use of the image element

<svg width="310px" height="310px" viewBox="0 0 310 310">

<ellipse cx="154" cy=""154" rx="150" ry="120" style="Fill: #999999;"/> [11
<ellipse cx="152" cy="152" rx="150" ry="120" style=""fill: #cceeff;"/> [21

<image xlink:href="kwanghwamun.jpg" [21
xX="72" y="92" [41
width="160" height="120"/> [°]

</svg>

[*] Create agray ellipse to simulate a drop shadow.

[~e]
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[3'We'll see another way to create a drop shadow in Chapter 10 in Section 10.2.

[21 Create the main blue ellipse. Since it occurs after the gray ellipse, it is displayed
above that object.

[31 Specify the URI of thefileto include.
[41 Specify the upper left corner of the image.

[51 Specify the width and height to which the image should be scaled. If these aren't in
the same aspect ratio asthe original picture, it will appear stretched or squashed.

[~(e]
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Chapter 5. Transforming the Coordinate System

Up to this point, all graphics have been displayed "asis." There will be times when you
have a graphic that you would like to move to a new location, rotate, or scale. To
accomplish these tasks, you add the transform attribute to the appropriate SV G elements.
This chapter examines the details of these transformations.

5.1 The translate Transformation

In Chapter 4, you saw that you can use x and y attributes with the <use> element to place
agroup of graphic objects at a specific place. Look at the SVG in Example 5-1, which
defines a square and drawsiit at the upper left corner of the grid, then re-draws it with the
upper left corner at coordinates (50, 50). The dotted linesin Figure 5-1 aren't part of the
SVG, but serve to show the part of the canvas that we're interested in.

Example 5-1. Moving a graphic with use

<svg width="200px" height="200px" viewBox="0 0 200 200">
<g id="square'>
<rect x="0" y="0" width="20" height="20"
style=""fill: black; stroke-width: 2;"/>
</g>
<use xlink:href="#square" x="50" y="50"/>
</svg>

Figure 5-1. Result of moving with use

Asit turns out, the x and y values are really a shorthand for one form of the more genera
and more powerful transform attribute. Specifically, the x and y values are converted to
an attribute like transform="translate(x-value, y-value)", where translate isa
fancy technical term for "move." The x-value and y-value are measured in the current
user coordinate system. Let's use transform to get the same effect of making a second
square with its upper left corner at (50, 50). Example 5-2 liststhe SVG.

Example 5-2. Moving the coordinate system with translation

<svg width="200px" height="200px" viewBox="0 0 200 200">
<g id="'square'>
<rect x="0" y="0" width="20" height=""20"
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style=""fill: none; stroke:black; stroke-width: 2;"/>
</g>
<use xlink:href="#square" transform=""translate(50,50)"/>
</svg>

The resulting display will look exactly like that in Figure 5-1. Y ou might think this was
accomplished by moving the square to a different place on the grid, as shown
conceptually in Figure 5-2, but you would be wrong.

Figure 5-2. How moving appears to work (but really doesn't)

0 40 &0 B0 100
1
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What isreally going on behind the scenesis an entirely different story. Rather than
moving the square, the translate specification picks up the entire grid and movesit to a
new location on the canvas. Asfar asthe square is concerned, it's still being drawn with
its upper left corner at (O, 0), as depicted in Figure 5-3.

Figure 5-3. How moving with translate really works

A trandlation transformation never changes a graphic object's grid
= coordinates; rather, it changes the position of the grid on the canvas.

At first glance, using translate seems as ridiculous and inefficient as moving your
couch further away from the outside wall of the house by moving the entire living room,
walls and al, to a new position. Indeed, if trandation were the only transformation
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available, moving the entire coordinate system would be wasteful. However, we will
soon see other transformations, and combinations of a sequence of transformations,
which are more mathematically and conceptually convenient if they apply to the entire
coordinate system.

5.2 The scale Transformation

It is possible to make an object appear larger or smaller than the size at which it was
defined by scaling the coordinate system. Such atransformation is specified either as:

transform="scale( value)"
Multiplies all x- and y-coordinates by the given value.
transform="scale( X-value, y-value)"

Multiplies all x-coordinates by the given x-value and all y-coordinates by the
given y-value.

Example 5-3 is an example of the first kind of scaling transformation, which uniformly
doubles the scale of both axes. Once again, the dotted linesin Figure 5-4 aren't in the
SVG; they simply show the area of the canvas that we're interested in. Note that the
square's upper left corner isat (10, 10).

Example 5-3. Uniformly scaling a graphic

<svg width="200px" height="200px" viewBox="0 0 200 200">
<g id="'square'>
<rect x="10" y=""10" width=""20" height="20"
style=""fill: none; stroke: black;"/>
</g>
<use xlink:href="#square" transform="'scale(2)"/>
</svg>

Figure 5-4. Result of using scale transformation

Y ou might be thinking, "Wait a minute — | can understand why the square got larger.
But | didn't ask for a translate, SO why isthe square in adifferent place?' Everything
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becomes clear when you look at Figure 5-5 to see what has actually occurred. The grid
hasn't moved; the (0, 0) point of the coordinate system is till in the same place, but each
user coordinateis now twice as large asit used to be. Y ou can see from the grid lines that
the upper left corner of the rectangle is till at (10, 10) on the new, larger grid, since
objects never move. This also explains why the outline of the larger squareisthicker. The
stroke-width isstill one user unit, but that unit has now become twice as large, so the
stroke thickens.

Figure 5-5. How the scale transformation works
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g A scaling transformation never changes a graphic object's grid
— coordinates or its stroke width; rather, it changes the size of the
coordinate system (grid) with respect to the canvas.

It is possible to specify adifferent scale factor for the x-axis and y-axis of the coordinate
system by using the second form of the scale transformation. Example 5-4 draws the
sguare with the x-axis scaled by afactor of three and the y-axis scaled by a factor of one
and a half. Asyou can see in Figure 5-6, the one-unit stroke width is a'so non-uniformly
scaled.

Example 5-4. Non-uniform scaling of a graphic

<svg width="200px" height="200px" viewBox="0 0 200 200">
<g id="'square'>
<rect x="10" y=""10" width="20" height="20"
style=""fill: none; stroke: black;"/>
</g>
<use xlink:href="#square" transform="'scale(3, 1.5)"/>
</svg>

Figure 5-6. Result of using non-uniform scale transformation
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To this point, we have only applied the transform attribute to the <use> element. You
can apply atransformation to a series of elements by grouping them and transforming the

group:

<g id=""groupl"” transform="translate(3, 5)">
<line x1="10" y1="10" x1="30" y2="30"/>
<circle cx="20" cy="20" r="10"/>

</g>

Y ou may also apply atransformation to a single object or basic shape. For example, here
is arectangle whose coordinate system is scaled by a factor of three:

<rect x="15" y=""20" width="10" height="5"
transform="scale(3)"
style="fill: none; stroke: black;"/>

It'sfairly clear that the width and height of the scaled rectangle should be three times as
large as the unscaled rectangle. However, you may wonder if the x- and y-coordinates are
evaluated before or after the rectangle is scaled. The answer isthat SV G applies
transformations to the coordinate system before it evaluates any of the shape's
coordinates. Example 5-5 isthe SV G for the scaled rectangle, shown in Figure 5-7 with
grid lines that are drawn in the unscaled coordinate system.

Example 5-5. Transforming a single graphic

<I-- grid guide lines in non-scaled coordinate system -->

<line x1="0" y1="0" x2="100" y2="0" style="'stroke: black;"/>
<line x1="0" yl1l="0" x2="0" y2="100" style="stroke: black;"/>
<line x1="45" y1="0" x2="45" y2="100" style="'stroke: gray;'/>
<line x1="0" yl1="60" x2="100" y2="60" style="'stroke: gray;'/>

<I-- rectangle to be transformed -->
<rect x="15" y=""20" width="10" height="5"
transform="scale(3)"
style="fill: none; stroke: black;"/>

Figure 5-7. Result of transforming a single graphic

Ll
o The effect of applying atransformation to a shape isthe same as if
s | the shape were enclosed in atransformed group. In the preceding
" 4% example, the scaled rectangle is equivalent to this SVG:

<g transform="scale(3)">
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<rect x="15" y="20" width="10" height="5"
style=""fill: none; stroke: black;"/>

</g>

5.3 Sequences of Transformations

It is possible to do more than one transformation on a graphic object. Y ou just put the
transformations, separated by whitespace, in the value of the transform attribute. Hereis
arectangle that undergoes two transformations, a translation followed by a scaling. (The
axes are drawn to show that the rectangle has, indeed, moved.)

<!-- draw axes -->
<line x1="0" yl1="0" x2="0" y2="100" style="stroke: gray;"/>
<line x1="0" yl1="0" x2="100" y2="0" style="stroke: gray;"/>

<rect x="10" y="10" height=""20" width="15"
transform="translate(30, 20) scale(2)"
style="fill: gray;"/>

Thisisthe equivaent of the following sequence of nested groups, and both will produce
what you seein Figure 5-8.

<g transform="translate(30, 20)'>
<g transform="scale(2)'>
<rect x="10" y=""10" height="20" width="15"
style="fill: gray;"/>
</g>
</g>

Figure 5-8. Result of translate followed by scale

Figure 5-9 shows what is happening at each stage of the transformation.

Figure 5-9. How translate followed by scale works
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The order in which you do a sequence of transformations affects the
result. In general, transformation A followed by transformation B
will not give the same result as transformation B followed by
transformation A.
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Example 5-6 draws the same rectangle as in the previous example, only in alight gray
color. Then it draws the rectangle again, but does the scale before the translate. As
you can see from the result in Figure 5-10, the rectangles end up in very different places
on the canvas.

Example 5-6. Sequence of transformations -- scale followed by translate

<l-- draw axes -->
<line x1="0" yl1="0" x2=""0" y2="100" style="stroke: gray;"/>
<line x1="0" yl1="0" x2="100" y2="0" style="stroke: gray;"/>

<rect x="10" y="10" width="20" height="15"
transform="translate(30, 20) scale(2)" style="fill: #ccc;"/>

<rect x="10" y="10" width="20" height="15"

transform="scale(2) translate(30, 20)"
style="fill: black;"/>

Figure 5-10. Result of scale followed by translate

The reason that the black rectangle ends up farther away from the origin is that the
scaling is applied first, so that the trandlate of 20 unitsin the x-direction and 10 unitsin
the y-direction is done with units that are now twice aslarge, as shown in Figure 5-11.
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Figure 5-11. How scale followed by translate works
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5.4 Technique: Converting from Cartesian Coordinates

If you are transferring data from other systemsto SV G, you may have to dea with vector
drawings that use Cartesian coordinates (the ones you learned about in high school
algebra) to represent data. In this system, the (0, 0) point is at the lower |€eft of the canvas,
and y-coordinates increase as you move upwards. Figure 5-12 shows the coordinates of a
trapezoid drawn with Cartesian coordinates.

Figure 5-12. Trapezoid drawn with Cartesian coordinates
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Since the y-axisis "upside-down" relative to the SV G default, the coordinates have to be
recalculated. Rather than do it by hand, you can use a sequence of transformations to
have SV G do al the work for you. First, trand ate the picture into SVG, with the
coordinates exactly as shown in Example 5-7. (W€l aso include the axesasaguide.) To
nobody's surprise, the picture will come out upside-down. Note that the image in Figure
5-13isnot left-to-right reversed, since the x-axis points the same direction in both
Cartesian coordinates and the default SV G coordinate system.

Example 5-7. Direct use of Cartesian coordinates

<svg width="200px" height="200px" viewBox="0 0 200 200">
<I-- axes -->
<line x1="0" yl1="0" x2=""100" y2="0" style="'stroke: black;"/>
<line x1="0" yl1="0" x2="0" y2="100" style="stroke: black;"/>

<I-- trapezoid -->
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<polygon points="40 40, 100 40, 70 70, 40 70"
style="fill: gray; stroke: black;"/>
</svg>

Figure 5-13. Result of using original Cartesian coordinates

To finish the conversion, follow these steps:

1. Find the maximum y-coordinate in the original drawing. In this case, it turns out
to be 100, the endpoint of the y-axisin the original.

Enclose the entire drawing in a <g> element.

3. Enter atrandate that moves the coordinate system downwards by the maximum y

value.
transform="translate(0, max-y)"

The next transform will be to scale the y-axis by afactor of -1, flipping it

upside-down.
6. transform="translate(0, max-y) scale(1, -1) "

N

[SalE

Example 5-8 incorporates this transformation, producing a right-side-up trapezoid in
Figure 5-14.

Example 5-8. Transformed Cartesian coordinates

<svg width="200px" height="200px" viewBox="0 0 200 200">
<g transform="translate(0,100) scale(1,-1)">
<I-- axes -->
<line x1="0" yl1="0" x2="100" y2="0" style="stroke: black;"/>
<line x1="0" yl1="0" x2="0" y2="100" style="stroke: black;"/>

<I-- trapezoid -->
<polygon points="40 40, 100 40, 70 70, 40 70"
style="fill: gray; stroke: black;"/>
</g>
</svg>

Figure 5-14. Transformed Cartesian coordinates
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5.5 The rotate Transformation

It is also possible to rotate the coordinate system by a specified angle. In the default
coordinate system, angle measure increases as you rotate clockwise, with a horizontal
line having an angle of zero degrees, as shown in Figure 5-15.

Figure 5-15. Default measurement of angles

2708
225, 315°
180° 0°
135° 45°
90°

Unless you specify otherwise, the center of rotation (afancy term for the "pivot point") is
presumed to be (0, 0). Example 5-9 shows a square drawn in gray, then drawn againin
black after the coordinate system is rotated 45 degrees. The axes are also shown asa
guide. Figure 5-16 shows the result. If you're surprised that the square has appeared to
move, you shouldn't be. Remember, the entire coordinate system has been rotated, as
shown in Figure 5-17. 1

(3 All the figures in this chapter are static pictures. This one shows two squares; one
rotated and one unrotated. To show an animation of arotating square, use
<animateTransform>, which we will discussin Chapter 11, in Section 11.6.

Example 5-9. Rotation around the origin

<I-- axes -->
<polyline points="100 0, 0 O, O 100" style="stroke: black; fill: none;"/>

<I-- normal and rotated square -->

<rect x="70" y=""30" width="20" height="20" style="fill: gray;'/>

<rect x="70" y=""30" width="20" height="20"
transform="rotate(45)" style="fill: black;"/>

Figure 5-16. Result of rotation around the origin
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Figure 5-17. How rotation around the origin works

Most of the time, you will not want to rotate the entire coordinate system around the
origin; you'll want to rotate a single object around a point other than the origin. Y ou can
do that viathis series of transformations: translate(centerX, centerY)
rotate(angle) translate(-centerX, -centerY). SV G provides another version of
rotate to make this common task easier. In this second form of the rotate
transformation, you specify the angle and the center point around which you want to
rotate:

rotate(angle, centerX, centerY)

This has the effect of temporarily establishing a new system of coordinates with the
origin at the specified center x and y points, doing the rotation, and then re-establishing
the original coordinates. Example 5-10 shows thisform of rotate to create multiple
copies of an arrow, shown in Figure 5-18.

Example 5-10. Rotation around a center point

<I-- center of rotation -->
<circle cx="50" cy="50" r="3" style="fill: black;" />

<I-- non-rotated arrow -->
<g id="arrow" style="stroke: black;">
<line x1="60" yl="50" x2="90" y2="50" />
<polygon points="90 50, 85 45, 85 55" />
</g>

<I-- rotated around center point -->

<use xlink:href="#arrow" transform="rotate(60, 50, 50)" />
<use xlink:href="#arrow" transform="rotate(-90, 50, 50)" />
<use xlink:href="#arrow" transform="rotate(-150, 50 50)" />
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Figure 5-18. Result of rotation around a center point

1
N

5.6 Technique: Scaling Around a Center Point

Whileit's possible to rotate around a point other than the origin, there is no corresponding
capability to scale around a point. Y ou can, however, make concentric symbols with a
simple series of transformations. To scale an object by a given factor around a center
point, do this:

translate(-centerxXx*(factor-1), -centerY*(factor-1))
scale(factor)

Y ou may also want to divide the stroke-width by the scaling factor so the outline stays
the same width while the object becomes Iar[q_ler. Example 5-11 draws the set of
concentric rectangles shown in Figure 5-19. 4

[ Thisis also a static picture, a"square bullseye." If you want to show an animation of
an expanding square, you'll use <animateTransform>, which we will discussin Chapter
11, in Section 11..6.

Example 5-11. Scaling around a center point

<I-- center of scaling -->
<circle cx="50" cy="50" r="2" style="fill: black;" />

<I-- non-scaled rectangle -->

<g id="box" style="stroke: black; fill: none;'>
<rect x="35" y=""40" width="30" height="20" />

</g>

<use xlink:href="#box" transform=""translate(-50,-50) scale(2)"
style=""stroke-width: 0.5;" />

<use xlink:href="#box" transform="translate(-75,-75) scale(2.5)"
style=""stroke-width: 0.4;" />

<use xlink:href="#box" transform=""translate(-100,-100) scale(3)"
style=""stroke-width: 0.33;" />

Figure 5-19. Result of scaling around a center point

[~ ]
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5.7 The skewX and skewY Transformations

SVG aso has two other transformations. skewx and skewY, which let you skew one of the
axes. The genera form is skewX(angle) and skewY (angle) The skewx transformation
"pushes’ al x-coordinates by the specified angle, leaving y-coordinates unchanged.

skewY skews the y-coordinates, |eaving x-coordinates unchanged, as shown in Example
5-12.

Example 5-12. skewX and skewY

[11
<g style="'stroke: gray; stroke-dasharray: 4 4;">
<line x1="0" yl1="0" x2="200" y2="0"/>
<line x1="20" yl1="0" x2="20" y2="90"/>
<line x1="120" y1="0" x2="120" y2="90"/>
</g>

<g transform="translate(20, 0)"> [21
<g transform=""skewX(30)"> [31
<polyline points="50 0, 0 0, O 50" [41
style="fill: none; stroke: black; stroke-width: 2;"/>
<text x="0" y=""60">skewX</text> [51
</g>
</g>

<g transform="translate(120, 0)'> [6]
<g transform="skewY(30)">
<polyline points="50 0, 0 0, O 50"
style=""fill: none; stroke: black; stroke-width: 2;"/>
<text x="0" y="60">skewY</text>
</g>
</g>

[11 These dashed lines are drawn in the default coordinate system, before any
transformation has occurred.

[21 Thiswill move the entire skewed "package" to the desired location.

[31 Skew the x-coordinates 30 degrees. This transformation doesn't change the origin,
which will still be at (0, 0) in the new coordinate system.

[41 To make things easier, we draw the object at the origin.
[51 Text will be covered in more detail in Chapter 8.

[61 These elements are organized exactly like the preceding ones, except the
y-coordinates are skewed.
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Notice that skewX leaves the horizontal linesin Figure 5-20 horizontal, and skewY leaves
the vertical lines untouched. Go figure.

Figure 5-20. Result of skewX and skewY transformations

5.8 Transformation Reference Summary

Table 5-1 gives aquick summary of the transformations available in SVG.

Table 5-1. SVG transformations

Transformation

Description

translate(x, y)

Moves the user coordinate system by the specified x and y amounts. Note: If
you don't specify ay value, zero is assumed.

centerX, centeryY)

scale(xFactor, Multiplies al user coordinate systems by the specified xFactor and
yFactor) yFactor. The factors may be fractional or negative.
‘scal e(factor) |Same asscale(factor, factor).
Rotates the user coordinate by the specified angle. The center of rotationis
rotate(angle) the origin (0, 0). In the default coordinate system, angle measure increases as
you rotate clockwise, with a horizontal line having an angle of zero degrees.
rotate(angle, Rotates the user coordinate by the specified angle. centerX and centerY

specify the center of rotation.

skewX(angle)

Skews all x-coordinates by the specified angle. Visually, this makes vertical
lines appear at an angle.

skewY (angle)

Skews all y-coordinates by the specified angle. Visually, this makes
horizontal lines appear at an angle.
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Chapter 6. Paths

All of the basic shapes described in Chapter 3 are really shorthand forms for the more
general <path> element. Y ou are well advised to use these shortcuts; they help make
your SV G more readable and more structured. The <path> element is more general; it
draws the outline of any arbitrary shape by specifying a series of connected lines, arcs,
and curves. This outline can be filled and drawn with a stroke, just as the basic shapes are.
Additionally, these paths (as well as the shorthand basic shapes) may be used to define
the outline of aclipping area or atransparency mask, as you will seein Chapter 9.

All of the data describing an outline isin the <path> element's d attribute (the d stands
for data). The path data consists of one-letter commands, such asM for moveto or L for
lineto, followed by the coordinate information for that particular command.

6.1 moveto, lineto, and closepath

Every path must begin with a moveto command. The command |etter is a capital M
followed by an x- and y-coordinate, separated by commas or whitespace. This command
sets the current location of the "pen” that's drawing the outline.

Thisisfollowed by one or more lineto commands, denoted by a capital L, also followed
by x- and y-coordinates, and separated by commas or whitespace. Example 6-1 has three
paths. The first draws a single line, the second draws a right angle, and the third draws
two thirty-degree angles. When you "pick up” the pen with another moveto, you are
starting a new subpath. Notice that the use of commas and whitespace as separatorsis
different, but perfectly legal, in all three paths. The result is Figure 6-1.

Example 6-1. Using moveto and lineto

<g style="stroke: black; fill: none;'>
<I-- single line -->
<path d="M 10 10 L 100 10" />

<I-- a right angle -->
<path d="M 10, 20 L 100, 20 L 100,50" />

<I-- two thirty-degree angles -->
<path d="M 40 60, L 10 60, L 40 42.68,
M 60 60, L 90 60, L 60 42.68" />
</g>

Examining the last path more closely:

Value Action
M 40 60 Move pen to (40, 60)
L 10 60 Draw alineto (10, 60)
L 40 42.68 Draw alineto (40, 42.68)
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M 60 60 Start a new subpath; move pen to (60, 60) — no line is drawn
L 90 60 Draw alineto (90, 60)

L 60 42.68 Draw alineto (60, 42.69)

Figure 6-1. Result of using moveto and lineto

N

o &

Y ou may have noticed that the path data doesn't ook very much like
s | the typical valuesfor XML attributes. Because the entire path datais
" 4+ contained in one attribute rather than an individual element for each

point or line segment, a path takes up less memory when read into a
Document Object Model structure by an XML parser. Additionally,
apath’'s compact notation allows a complex graphic to be transmitted
without requiring a great deal of bandwidth.

If you want to use a <path> to draw arectangle, you can draw all four lines, or you can
draw the first three lines and then use the closepath command, denoted by a capital z, to
draw a straight line back to the beginning point of the current subpath. Example 6-2 isthe
SVG for Figure 6-2, which shows arectangle drawn the hard way, a rectangle drawn with
closepath, and a path that draws two triangles by opening and closing two subpaths.

Example 6-2. Using closepath

<g style="'stroke: black; fill: none;">
<I-- rectangle; all four lines -->
<path d="M 10 10, L 40 10, L 40 30, L 10 30, L 10 10" />

<I-- rectangle with closepath -->
<path d="M 60 10, L 90 10, L 90 30, L 60 30, Z" />

<I-- two thirty-degree triangles -->
<path d="M 40 60, L 10 60, L 40 42.68, Z
M 60 60, L 90 60, L 60 42.68, Z" />
</g>

Examining the last path more closely:

| Value | Action
M 40 60 Move pen to (40, 50)

L 10 60 Draw alineto (10, 60)

L 40 42.68 |Draw alineto (40, 42.68)
4
M

Close path by drawing a straight line to (40, 60), where this subpath began
60 60 Start a new subpath; move pen to (60, 60) — no lineis drawn
L 90 60 IDraw aline to (90, 60)
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