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Foreword

Foreword

| first noticed the name Wouter Van Vugt in April of 2006, when he started answering questiomdevelopers
on the OpenXmiDeveloper.org web sité/ithin a few monthsWouterwas contributing lots of great content to
OpenXmiDeveloper, posting Open XML code sanpidss blog, and had created a handy utility for Open XML
developers (Package Explorer), which he uploaded to Codeplex as aisayree project.

| started working directly withWouterin the fall of 2006, when we delivered the first Open XML workshop
together in Paris, and each of laer delivered that same workshop many times around the world in early 2007.
Wouter's job was simply teeachthe workshops, but he couldn't restrain himself from creating more content,
including various code samples and dedocuments.l used his demos whenever | delivered the workshop, and
also posted one of them on my blog, leading him to comment "Hey Doug, you're stealing my demos!"

True, butconsiderit a compliment

Wouter@ eagerness to help developers learn aboue®XML has never wavered. Near the end of that first series
of workshops, when the CTP of the Microsoft SDK for Open XML formats was released, | was busy traveling and
had not spoken to him for some tim&wo days after the release of the CTP, | checkedMSDN support forum,

and there was Wouter, answering questions about Open XML developridénérever developers ask questions
about Open XML, Wouter seems to show up and answer them.

In this book, Wouter has distilled his deep experience in Open XMllogewent into a simple book that
developers can read and apply quickly and eadilyose who have attended his workshops will recognize his style
in every page: opinionated and enthusiastic, with a knack for making complex topics sound simple and obvious.

Open XMlis ushering in a new era @ocument formats.For the first time in the history of computing, the most
widely used documentreation software in the world- Microsoft Office-- uses an open, documented standard as

its default file format. Thismeans developers can read and write those documents from any platform, in any
language. Just as HTML, HTTP, and other standards moved online services from the proprietary past of
CompuServe, AOL, and Prodigy to the open and interoperable widlke web, the existence oKMl-based

document standards is moving business documents from a closed proprietary past to an open and interoperable
future.

The move toward this future started in late 2005, when representatives #pmie, Barclays Capital, BP, The

British Library, Essilor, Intel, Microsoft, NextPage, Novell, Statoil, Toshiba, and the United States Library of

Congres¥ 2 N¥SR 9O0YlI LYGSNYFGAZ2YLlf Qa ¢/ n.pThivgtoSplikliyefedthed / 2 YY A G
Ecma 376 standard a little over a yeatier, in December of 2006, and that standard is now the official

documentation of the Open XML standard.

This book covers only a small portion of the Ecma 376: sbespecificthings that an experienced Open XML
developer like Wouter Van Vugt considergortant for handson Open XML development. With the information
in this book, developers can start taking advantage of the new opportunities that Open XML previdesart
breaking down the historical barriers between documents, processes, and data

If you want to get a head start on Open XML development, this book is all you hsealso a great source of cool
demos to steal- thanks, Wouter!

- Doug Mahugh
Open XML Technical Evangelist, Microsoft
June 23, 2007



Introduction

Introduction

Amongst the many newethnologies implemented in the Microsoft Office 2007 platform there is one that you

cannot miss. The new Open XML markup languages for documents, spreadsheets and presentations are here to
alleviate difficulties experienced with document development angméon using older binary techniques. Open

XML provides an open and standardized environment which builds on many existing standards such as XML, ZIP
and XmiSchema. Since the use of these techniques has found its way to almost every platform in usaysywad

the document is no longer a blatlox containing formatted data. Instead, the document has become the data! It

is easy to integrate in your business processes. Open XML provides several new technologies to allow the business
data inside the documenbtbe represented outside of the main document body, enabling easy access to the
important areas of a document and allowing great document reuse.

The purpose of this book is to provide you with the building blocks required to build your own docaereric
solution. In this book you will discover the basics of WordprocessingML, SpreadsheetML and PresentationML as
well as the DrawingML supporting language. Learn about the use of custom markup to enable custom solutions
using WordprocessingML, the formulasSpreadsheetML or the great visual effects that can be applied using
DrawingML.

Who is this book for?

In this book you will be provided a detailed overview of the three major markup languages in Open XML. This book
is written for those who have a basicderstanding of XML or HTML. If you are a software architect or developer
who needs to build documertentric solutions you can learn about how to build your veddeed solutions based

on the Open XML platform. Those new to document markup languages basitkbse more experienced in

document markup but new to Open XML will benefit from this book.

Code samples

Amongst the text you will find many XML samples. These samples, and many others, are available on the
OpenXMLDeveloper website on a page dedicatethe content of this book. Any revisions will also be posted on
this page. Head over to OpenXMLDeveloper.org to fill your toolbox with Open XML samples.

http://openxmldeveloper.org/aticles/OpenXmlExplained.aspx

\Y
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ECMA Office Open XML

The Open XML standard

Moving forward from the old binary method of storing document content on the Microsoft Office platform, the

Open XML document markup standard has been introduced. This XML based fostandardized and uses open
technologies which enable solutions on many software platforms and operating systems. In this first version of the
standard there are three major markup languages. There is WordprocessingML for documents, SpreadsheetML for
spreadsheets and PresentationML for presentations. There are also many underlying markups defined such as
DrawingML which supports graphics, charts, tables and diagrams. An Open XML document is stored as a container
containing many parts. At the momentdlcontainer is a ZIP file, and the parts can be viewed as files within the ZIP
but you could also store the document parts in a database to maximize reuse. Besides providing a standard for the
document markup, the structure inside the container is alsmdtadized. This structure is known as the Open
Packaging Convention and is described in Part 2 of the five documents which make up the standard. Another
important part of the specification is the Markup Compatibility section, Part 5. It contains informaitiout the

manner in which details such as versioning should be handled, which can have a great impact on the markup.

The following image provides an overview of the various layers of the specification. ZIP, XML and Unicode are not
part of the Open XML ahdard.

Markup languages

WordprocessingML SpreadsheetML PresentationML

Vocabularies

DrawingML Custom XML Bibliography

VML Metadata Equations

Open Packaging Conventior}

Relationships Content Types Digitd Signatures

Core Technologies

ZIP XML + Unicode

Figurel Components of Open XML



Chapter 1
WordprocessingML

Learn about the structure of an Open XML document

Learn the basics of the WordprocessingML document markup, paragraphs, runs and tables
Insert images and graphics using DrawingML markup

Integrate business data into a \WprocessingML container

Finalize a document by removing comments and revisions.

=A =4 -4 -4 -9

Creating digital documents

Long before we ever thought of having digital spreadsheets and presentations we were already working with
documents. These documents have been ceeatising a variety of tools such as the now somewhat obsolete type
writer up to the automatically generated digital documents we are capable of nowadays. The use of the document
has also gone through some changes. Documents in digital form allows fortraaefits compared to the old
paperbased approach. Adding digital signatures, custom embedded content or tagging of a document to provide
business value is now commonplace. One expression that | like to use is that documents are 'a primary vehicle for
information exchange', making the way we work with documents hugely important. WordprocessingML and the
encompassing technologies enable you to implement these solutions by building on the rich festtofehe

2007 Microsoft Office System. In this chapteuywill learn about how WordprocessingML documents are

structured and how you can format a document using styles. Next we will look at how to make a document
dynamic by providing custom markup for business data in the document, greatly enhancing thigyushtiie

document as a container for information. The chapter will finish with some details on how to finalize your
document before sending it to a coworker or customer.

L~
ADVENTURE wnﬁﬁs/ﬁ =
cyclea

Stephen Jiang

Contact
Stephen Jiang
stephen0@adventure-works.com

Sales Summary
Total Sales:  $610,881.02
Sales Quota:  $0.00

Sales by Territory
Sale
$0.0

Country

Australia

Figure2 A simple report



Setting up the main structure

The picture above showsé main report which will be used for many of the markup samples in this chapter. There
are several interesting elements in this sample document. First there are the basic text elements, the primary
building blocks for your document. Next up is the tabi¢éh@ bottom of the report which will be discussed in full,
including the handy styling effects such as #oanding. Finally the image displayed in the header will be added to
finalize the report.

Various other elements of WordprocessingML will also hedhed. By moving the formatting information into

styles a higher degree of #&se is made possible. The document will be marked using custom XML tags and the
insertion of other advanced elements such as a table of contents is discussed. But beforadiladheed features

can be added, the base of the document needs to be built.

Setting up the main structure

Before going over all the elements which make up the sample documents a basic document structure needs to be
laid out. When you take a Wordprocessiviig document and use the Windows Explorer shell to renamedtiox
extension tozipyou will find many different elements, especially in larger documents. A WordprocessingML
document separates many parts of the document by using separate files inside thackiage. Besides the parts
which store markup for the document, there are also many supporting parts inside the zip container which store
information such as settings, fonts and styles. The following image depicts some of the elements common in a
documen. Most of these are not required.

_.”.uH_eady \ -,,.,,_,,F_OOTU

Themes Footnotes
~ , LY Enﬁd notD'

Styles ' ‘ -
SettingS/

Custom %

kvvebsettiny
Code o
e’ . GIOSSED _ Fonttab

Figure3 WordprocessingML dcument structure

In the root of the zip you find a part call§@ontent_Types].xmThis part stores a dictionary with content types for

all the other parts inside the package. The content type indicates to the consumer what typeteficcan be

expected in the package. There is an obvious required distinction between binary and XML data, but XML data is
split up into many different content types since most of the zip contents is made up of XML.

When browsing a bit further you miglatso have come across XML files usingrét@extension always stored in

folders called rels These relationship files tie the various parts of the document together. Instead of storing
relationships between the files inline in each file itself, the tieteship file model is used. This greatly eases the
workload of custom applications which need to browse through a package to find specific elements. This is a very
important aspect when it comes to working with Open XML packages. Never rely on a filelpaiys browse

through relationships.

Always use relationships to browse a package, never access a part directly based on a 'known' path



WordprocessingML

The minimal WordprocessingML document is required to have at least three parts. You need to have one part
which defines the main document body, usually calldocument.xmlThis part needs to store its content type in
the contenttypes part. Every package contains exactly one cortgmes part. Finally the main body parts needs
to be locatable by using a relationship parhis is the third one to go into the package.

To create the initial empty document, first create an empty directory. Inside this empty directory create a new
subdirectory called rels Don't forget the underscore, the name is important. In the empiyt directory you

store two files, the contentypes list and main document part. In theelssubfolder the third relationship part is
stored. The main document part can actually be stored in any directory of your liking, as long as the relationship
will point to it correctly. The root directory is just used for the ease of it. Microsoft Office Word 2007 usesittie
subfolder. Other applications can freely choose any other directory they see fit.

To create the first sample of any book you of course reeédello World' document. This document will be created

in the oncoming few steps. The following image and markup sample displays how this document is formed in the
main document part as well as how it might be rendered in a consumer. Don't linger otrubiige of the

markup to long as it will be discussed in detail later on in this chapter.

<w:document>
<w:body>
<w:p>
<wir>
<w:t>Hello World!</w:t>
Hello World! </w:r>
</w:p>
</w:body>
</w:document>

Figure4 A basic 'Hdb World' document

Besides this markup sample you will also need the other parts which are the cappast list and the relationship

part. You cannot just pluck this sample XML in any arbitrary ZIP container, the correct structure is very important.
Frst this 'Hello World' XML needs to be put in a special part in the package called thpastadnd next the other
elements of the package need to be created as well.

The start part, document.xml

The first step of creating any Open XML document is #faidion of the startpart. This is the place where the
consumer will start to parse the document contents. For each of the three main Open XML languages there is
always one part inside the ZIP package considered the start part. What this start pad udiffers for each

markup language. For WordprocessingML the start part is used to store the main body text, like the 'Hello World'
text of the sample above. Like most document content the start part is defined using XML markup.

There is little markp required to create an empty document. Tecumentelement is the only one that you are
required to store within this part. The document will be totally empty when you open it in an Open XML consumer
such as Microsoft Word.

<?xml version="1.0" encoding= "utf - 16" standalone="yes"?>
<w:document xmins:w="http://schemas.openxmlformats.org/wordprocessingml/2006/main">
</w:document>

Markup samplel The minimal WordprocessingML document



Setting up the main structure

Insidethe documentelement you can apply various building blocks such as tables and paragraphs to build up the
document. Most of these elements use the same XML namespace identifier. Microsoft Office 2007 uses the w
prefix. You can choose any other, but the XMinespace always needs to be the same.

Main WordprocessingML namespace
http://schemas.openxmlformats.org/wordprocessingml|/2006/main

For most other samples in the book the XML namespaces have been abbreviated to save some horizontal space.
The schemas.opénY f F2NX I GaP2NB LI NI A& NBLIX I OSR 6AGK

To move this sample from the empty document into one displaying the 'Hello World' text, you only need a few
extra elements within thelocumenttag. The following sample shows the complete markup fordtasting point.

Don't focus on the XML content too much. It is just displayed to complete the first sample. First the package needs
to be finished by adding the contetypes definition and main relationship.

<?xml version="1.0" encoding="utf - 16" standalo ne="yes"?>
<w:document xmins:w="http://schemas.openxmlformats.org/wordprocessingml/2006/main™">
<w:body>
<w:p>
<w:r>
<w:t>Hello World!</w:t>
</w:r>
</w:p>
</w:body>
</w:document>

Markup sample2 The minimal WordprocessingML document

The content types list, [Content_Types].xml

Now that the start part is defined, you need to set its contgyge so the Open XML
consumer can find out what type of markup is stored within that pahis is never
defined using 'known' filenames. Instead a list of contgmtes is maintained inside the  Mame

packageThis new contentypes part inside the package goes into the root directory, Document. xml

right next to the main document part. This location can nevemngea The name also [c.;..-.te.-.t_wpes],xm|
needs to be spelled exactly. ItfiSontent_Types].xmbDon't forget the angle brackets!

Address 1Mew Folder

Like the name implies the contetitpes part stores the contertype (a basic string) for each part inside the
package. It stores information usibgo approaches. The first is defining default contéypes based on the file
extension of parts inside the package. The second involves providing overrides based on the location of a single
part inside the package.

The start part in WordprocessingML dentified using the following contertype.

Content type for the main document
application/vnd.openxmlformatsfficedocument.wordprocessingml.document.main+xml

Besides this contertype you also need to provide the contetype for the relationship file awell as set up some
default values for parts added to the package later on.

For the minimal document the following content is normally used.

<?xml version="1.0" encoding="utf - 16" standalone="yes"?>
<Types xmlns="http://schemas.openxmlformats.org/package/2 006/content - types">
<Default Extension="rels"




WordprocessingML

ContentType="application/vnd.openxmlformats - package.relationships+xml" />
<Default Extension="xml" ContentType="application/xml" />
<Override PartName="/document.xml"
ContentType="application/vnd.ope nxmlformats - A
AT EEEAAAT AOT AT Ot xT OAPOT AAOOET ci it AT AOI AT Ot 1 A
</Types>

Markup sample3 ContentTypes part

The contenitypes part uses a specific XML namespace to identify the XML contents, again importané tthistor
correctly. Inside th@ypedist you can create two types of elemenBefaultand Override For the sample
document there is default content type for all files using thésfile extension. Later the relationship between the
package and the mainodument body will be stored in a file using this extension. The second default is for XML
parts inside the package. They will defaulgaplication/xm| since there is no good other default value to use
with so much different XML files in the package.lgaart which contains markup uses a unigue content type
different from the default, so usingpplication/xmlas the default value makes sense. There is one override you
need to create a valid package. Tdmcument.xmpart created next contains the main doment body and needs
to be identified as such. Instead of using tBetensiorattribute to identify the file extension for the contestype,
the PartNameattribute is used to point to a specific part inside the package.Pdr&\ameonly allows the usage
of an absolute path which is evaluated from the root of the package. The main document part will be named
document.xmhnd is stored in the empty root directory next to the contéppes part we are creating in the
current step.

Open XML applications mushforce content types by verifying that the contents of the part stream match the
expected content type. A document whose parts do not correspond to the content types manifest is considered
corrupt.

One common mistake when haediting an Open XML documteis adding new parts to the package but
forgetting to update the contentypes list. When you forget to add a n€@verrideentry to the contentypes list
the document will fail to open and a nalescriptive error is displayed.

The relationships part

Although a package usually contains many relationship parts, there is only one which stores relationships to the
start parts. These start parts are the places where you start working with a document. For a WordprocessingML
document this start part is thdocument.xmipart created in the previous step.

Relationships to start parts are stored in a special relationship file caledwhich is always stored inside a
specific sub directory. To create the relationship part for the sample document you firdttaexeate the right
sub-directory. The relationship file which identifies all the start parts is always stored inréh&subdirectory in
the root of the package. Inside theelsfolder the.relsfile stores relationships to the start parts. The imagethe
following page depicts this situation.

fddress \Mew Folder Sddress "Mew Folder'_rels

Mame Mame
Diocurnant. sl Jrels
[Content_Twpes].xml
) _rels

Figure5 Main relationship part

The content of the relationship part for the sample report is as follows.



Setting up the main structure

<?xml version="1.0" encoding="UTF - 16" standalone="yes"?>
<Relationships  xmIns="http://schemas.openxmlformats.org/package/2006/relationships">
<Relationship
Id="rld1"
Type="http://schemas.openxmlformats.org/officeDocument/ A
A2006/relationships/officeDocument”
Target="document.xml" />
</Relationships>

Markup sample4 The main relationship file

The relationship file stores the relationships by maintaining a list insid&éh&tionshipglement. The relationship

is formed using three pieces of information. The relationship ID uniqdehifies a single relationship. It needs to

be unigue within the specific relationship file. The relationship is of a specific type identified usifigpie

attribute. Finally the relationship points to the target of the relationship. Note that themoi source information
stored inside the relationship file. The source is implied by the relationship part itself. Since this relationship file is
called.relsand is stored in therelsfolder the source is the package. The value for the Target attriisute

evaluated based on the location of the source. Since the source of the relationship file is the package,-the root
symbol / is used to identify the source of the relationship. Combining the / symbol with the specified value for
Targetvalue ofdocumentxmlresults in the pathidocument.xm) which is the exact location of the main document
part. The main document part uses the following relationship type.

Relationship type for the main document

http://schemas.openxmlformats.org/officeDocument/2006/relatships/officeDocument

Later on in the chapter new relationships will be created as well as new relationship files. Remember that this one
is only used to identify the start parts. The other elements are related in a similar, but slightly different way.

The final zipped document

The final step in creating the simples WordprocessingML document is zipping the three parts together. It is
important that you create the ZIP from the right location. You need to selediGbatent_Types].xml
document.xmbnd_relsfolder and then choose SexithA Compressed Folder. If you do it from one level higher
and you zip the folder itself instead of the files within the folder the structure inside the package will not be
correct.

-

Create Shorbcy

Figure6 Creating adocument using the Explorer shell

The .NET 3.0 Packaging API

When doing normal Open XML development you will hopefully not be creating packages using the Windows
Explorer shell. There are various APIs available for the common development platforms dach,aBlET and
PHP. The following code sample is an excerpt of how the packaging structure created using the shell can b
created using simple code. At the time of writing the most elaborate API is available for the .NET Framewor
this is a situatiorthat is likely to change in the future as more Open and Closed Source projects hit the web.
run the following C# code you will end up with the same document as created in the previous steps.

7



WordprocessingML

static void Main()
{
using (Package package = Package.Ope  n("HelloWorld.docx"))
{
/I create the main part
PackagePart mainPart = package.CreatePart(
new Uri("/document.xml”, UriKind.Relative),
"application/vnd.openxmlformats -
officedocument.wordprocessingml.document.main+xml");

/l and the relationship

package.CreateRelationship(
mainPart.Uri, TargetMode.Internal,
"http://.../officeDocument/2006/relationships/officeDocument”);

I create the empty document XML
using (XmIWriter writer = XmIWri ter.Create(
mainPart.GetStream(FileMode.CreateNew, FileAccess.ReadWrite)))
{
writer.WriteStartElement(
"w", "document",
"http://.../wordprocessingml/2006/main");
writer.WriteEndElement();

Adding text to the document

The first thing you probably want to do inside the new and empty document is adding some text markup. Most of
the text that you will add to a document is stored in the main document part created in the previous section.
Otherplaces where text can appear such as the header and footer is stored in separate locations.

Inside the main document part you already added tleeumentroot element to start defining the document. The
document element allows a child element callealdyto store the text which makes up your document. There are
two main groups of content for the document body, bldekel content and inline content. The bletdvel content
provides the main structure. Common samples of bleslel content are paragraphs dnables. The bloclevel
content contains inline content. Among the inline elements are runs of text and images.

Paragraph Run Text

Figure7 The WordprocessingML text hierarchy

A paragraph is split up into different runs. The run element iddlest level element that can have formatting
applied. The run is split up again into various text elements. There is a text element to define printable text and
also elements to store noeprinting characters such as carriage returns or-timeaks. Onehing to be careful of

here is not to format the document using carriage returns andireaks. The paragraph is the basic unit of
layout, and by providing the right margins and tab information the document can be formatted much better,
especially when retyling the document.

Let's move beyond the sample report to show how to work with paragraphs, runs and text elements. The following
image contains a 'Lorem Ipsum' text. This is default text normally used in the typographical world to generate
default dacument content.



Adding text to the document

Lorem ipsum dolor sit amet, consectetuer adipiscing elit. Maecenas porttitor congue massa. Fusce
posuere, magna sed pulvinar ultricies, purus lectus malesuada libero, sit amet commodo magnaeros
quis urna. Nunc viverra imperdiet enim. Fusce est. Vivamus a tellus. Pellentesque habitant morbi
tristique senectus et netus et malesuada fames ac turpis egestas. Proin pharetra nonummy pede.

Mauris et orci. Aenean neclorem. In porttitor. Donec laoreet nonummy augue. Suspendisse dui purus,
scelerisque at, vulputate vitae, pretium mattis, nunc. Mauris eget neque at sem venenatis eleifend. Ut
nonummy. Fusce aliquet pede non pede.

Suspendisse dapibus lorem pellentesque magna. Integer nulla. Donec blandit feugiat ligula. Donec
hendrerit, felis et imperdiet euismod, purus ipsum pretium metus, in lacinia nulla nisl eget sapien. Donec
ut est in lectus conseguat consequat. Etiam eget dui. Aliquam erat volutpat. Sed at lorem in nunc porta
tristique.

Proin nec augue. Quisgue aliguam tempor magna. Pellentesque habitant morbi tristique senectus et
netus et malesuada fames ac turpis egestas. Nunc ac magna. Maecenas odio dolor, vulputate vel, auctor
ac, accumsan id, felis. Pellentesque cursus sagittis felis. Pellentesque porttitor, velit lacinia egestas
auctor, diam eros tempus arcu, nec vulputate augue magna vel risus. Cras non magna vel ante adipiscing
rhoncus.

Vivamus a mi. Morbi neque. Aliquam erat volutpat. Integer ultrices lobortis eros. Pellentesque habitant
morbi tristique senectus et netus et malesuada fames ac turpis egestas. Proin semper, ante vitae
sollicitudin posuere, metus quam iaculis nibh, vitae scelerisque nunc massa eget pede. Sed velit urna,
interdum vel, ultricies vel, faucibus at, quam. Donec elit est, consectetuer eget, consequat quis, tempus
quis, wisi.

In in nunc. Class aptent taciti sociosqu ad litora torquent per conubia nostra, per inceptos hymenaeos.
Donec ullamcorper fringilla eros. Fusce in sapien eu purus dapibus commodo. Cum saciis natoque
penatibus et magnis dis parturient montes, nascetur ridiculus mus. Cras faucibus condimentum odio.
Sed ac ligula. Aliqguam at eros.

Etiam at ligula et tellus ullamcorper ultrices. In fermentum, lorem non cursus porttitor, diam urna
accumsan lacus, sed interdum wisi nibh nec nisl. Ut tincidunt volutpat urna. Mauris eleifend nulla eget
mauris. Sed cursus guam id felis. Curabitur posuere quam vel nibh. Cras dapibus dapibus nisl.
Vestibulum quis dolor a felis congue vehicula.

Maecenas pede purus, tristique ac, tempus eget, egestas quis, mauris. Curabitur non eros. Nullam
hendrerit bibendum justo. Fusce iaculis, est quis lacinia pretium, pede metus molestie lacus, at gravida
wisi ante at libero. Quisgue ornare placerat risus. Ut molestie magna at mi. Integer aliguet mauris et
nibh. Ut mattis ligula posuere velit.

Figure8 A sample text

You can generate this sample page yourself by opening a new document in the Microsoft Office Word application
and typing=lorem(8,8)
The 'lorem' macro is a special function of Word itova text to be generated for demo and testing purposes. You
can also use 'rand' to generate pseudo random text

If we just look at the first two paragraphs of this sample document the following markup can be used to define the
text.

<w:document xmins:w="ht tp://schemas.openxmlformats.org/wordprocessingml/2006/main">
<w:body>
<w:p>
<w:r >
<w:t >
Lorem ipsum dolor sit amet, consectetuer adipiscing
elit. Maecenas porttitor congue massa. Fusce posuere,
magna sed pulvinar ultricies, purus lectus malesuada libero,
sit amet commodo magna eros quis urna. Nunc viverra imperdiet
enim. Fusce est. Vivamus a tellus. Pellentesque habitant
morbi tristi que senectus et netus et malesuada fames ac
turpis egestas. Proin pharetra nonummy pede.
</w:t>
</w:r>
</w:p>
<w:p>
<w:r>
<w:t>
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Mauris et orci. Aenean nec lorem. In porttitor. Donec
laoreet nonummy augue. Suspendisse dui purus, scelerisque
at, vulputate vitae, pretium mattis, nunc. Mauris eget
neque at sem venenatis eleifend. Ut nonummy. Fusce aliquet
pede non pede.
</w:t>
</w:r>
</w:p>
<!-- other paragraphs have been ommitted - >
</w:body>
</ w:document>

Markup sample5 A sample paragraph of text

One thing that you should take care of is not to have the text inside the t elements span multiple lines. The spacing

of the text in the consumer is affected by thiie text has been printed this way to allow it to be visible. When
copying this data you should make sure that the text is all on a single line.

While the overall structure of the paragraph is quite basic, there are various twists to this story whictcoamno

your document. If you take the first paragraph, you can create the exact same text in the consumer using many

different combinations of runs and text elements.

The first thing that you can do is split up the single text element into more textexitgsnThe end result would
remain exactly the same. The following markup sample shows the paragraph above, but now split into two
elements.

<w:p>
<wir>
<w:t xml:space="preserve">
Lorem ipsum dolor sit amet, consectetuer adipiscing
elit. Maecen as porttitor congue massa. Fusce posuere,
magna sed pulvinar ultricies, purus lectus malesuada libero,
</w:t>
<w:t>
sit amet commodo magna eros quis urna. Nunc viverra imperdiet
enim. Fusce est. Vivamus a tellus. Pellentesque habitant
norbi tristiqgue senectus et netus et malesuada fames ac
turpis egestas. Proin pharetra nonummy pede.
</w:t>
</w:r>
</w:p>

Markup sample6 The first paragraph split in two text elements

Since the contents of the firgext element ends in a space tixenl:spaceattribute is applied. If you forget this
attribute the trailing space will be trimmed by the consumer.

The next thing that you can do is similar to this. Instead of splitting it up into many t elements, yolscaplé it
up at the runlevel. The following markup sample shows how this could look.

<w:p>
<w:r>
<w:t xml:space="preserve">
Lorem ipsum dolor sit amet, consectetuer adipiscing
elit. Maecenas porttitor congue massa. Fusce posuere,
magna sed pulvinar ultricies, purus lectus malesuada libero,

10




Adding text to the document

</w:t>
</w:r>
<wir>
<w:t>
sit amet commodo magna eros quis urna. Nunc viverra imperdiet
enim. Fusce est. Vivamus a tellus. Pellentesque habitant
morbi tristique senectus et netus et mal esuada fames ac
turpis egestas. Proin pharetra nonummy pede.
</w:t>
</w:r>
</w:p>

Markup sample7 The paragraph split in two run elements

Both the splitting of run and text elements can be used in conjunction. €ason that this might happen is
formatting of text, something that you will learn next. Since the run is the lowest level where you can apply text
formatting, making a single word bold inside a single run text will create new run elements under the covers.
The reason for allowing runs to be split up into text elements is to allow the run to also stoferimting

characters such as a carriaggturn or tab-character.

The sample report also uses various paragraphs to define the text. The following iefziges dhe report after
adding the required paragraphs. Notice that they are still entirely unformatted. We will add formatting to the
report in the next section.

Stephen Jiang
Sales from 1/1/2003 to 12/32/2003
Contact

Stephen Jiang
stephen0@adventure-works.com

Figure9 Unformatted paragraphs

To recreate the sample report which accompanies this book, you need to add the pdragfaext to the initial

empty document. While you can practice splitting up the paragraph in runs and text elements, it is probably easier
to just use a single run and a single text element. There is one addition to the model displayed until nowt. The las
paragraph containing the name 'Stephen Jiang' and his email address uses a new etenyent,can see that the

name and email are each on a separate line in the document. While it looks like two paragraphs, this text is formed
using one paragraph, omein and two text elements with the carriage return in between. The following markup
sample shows what needs to be added to the empty document to facilitate this.

<w:document xmins:w="http://schemas.openxmlformats.org/wordprocessingml/2006/main">
<w:body>
<w:p>
<w:r>
<w:t>Stephen Jiang</w:t>
</w:r>
</w:p>
<w:p>
<w:r>
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<w:t xml:space="preserve">Sales from 1/1/2003 </w:t>
<w:t>to 12/32/2003</w:t>
</w:r>
</w:p>
<w:p>
<w:r>
<w:t>Cont</w:t>
</w:r>
<wir>
<w:t>act< /w:t>
</w:r>
</w:p>
<w:p>
<wir>
<w:t>Stephen Jiang</w:t>
<w:cr />
<w:t>stephenO0@adventure - works.com</w:t>
</w:r>
</w:p>
</w:body>
</w:document>

Markup sample8 Paragraphs for the sample report

Text formatting

The logical next step in creating the sample document is adding text formatting. The sample document shows
several different formatting options applied. To format a piece of text you can use a few methods. The simplest is
applying direct fomatting to the paragraph and run elements created in the previous

section. To allow for reise of formatting settings you can also create a style. This will be

discussed later in the chapter.

There are two levels of direct formatting which you can applthe document text, the

paragraph and the run level. There are many different settings which can be applied at b

levels. For a complete overview, the easiest is to open the Paragraph and Font dialog bo

Microsoft Office Word. Basically paragrajoinmatting encompasses details which affect the

entire paragraph, such as spacing, margins and paragraph borders. Fleveliformatting provides the ability to
change how individual characters look. You can change details such as the font or boldieutekit

The container for paragraph level formatting is also allowed to stordeuel formatting options. These will be
applied not on all the text in the paragraph, something you might be expecting, but to the parageBhinstead.

Run formatting

The finished sample report uses various fonts and sizes for the text in the report. The text formatting is performed
by setting runlevel properties on each of the formatted runs.

Stephen Jiang
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The image above depicts the title of the report. Besides using some patafprmatting that will be explained in
the next section, there is also rdavel formatting applied to change the font family and size. All of thesdauel
formatting options are stored inside a container element called theproperties element, orPr.

The same model for defining elemesmecific properties applies througiut Open XML. There is an arbitrary
elementx and the accompanying propertig®rstored as the first child within theelement.

To recreate the sample you must store a setwf properties inside all the run of the first paragraph. These run
properties must define the font family and font size for the text contained within the text elements.

To start out with the easy part of these run properties, the text is made bold plyag theb element. You could
optionally use an attribute to explicitly set bold tiwe, but that is also the default so jubtdoes the trick. Next,

the font-size is specified using tlszelement. You specify the value using an attribute which measirdalf

points. A value of 32 is therefore 16 points. The following sample shows how you can specify this. The size for the
sample is 26 points. This equals the heading text of the sample report, shown in the picture above.

<w:p>
<w:r>
<w:rPr >
<w:b />
<w:sz w:val="52" />
<w:rFonts w:ascii="Cambria" />
</w:rPr>
<w:t>Stephen Jiang</w:t>
</w:r>
</w:p>

Markup sample9 Formatting the first paragraph

The last interesting setting applied in the sample is font specification usingrtmselement. Notice how the

name indicates a plural? ItiBont. ThisrFontselement is special because it allowsu to set the fontfamily of all

text in the formatted run based on what character range the text is in. See section 2.3.2.24 of Part 4 of the ECMA
specification for more information about the available character ranges.

Now that you know how to set bassettings, there are just two more elements before you can fully recreate the
sample report. The report uses a different color than the usual black, specified usiogltinelement. There is
italic text using the element and finally the character spiag using thespacingelement.

<w:r>
<w:rPr>
<w:rFonts w:ascii="Cambria"/>
<wi />
<w:color w:val="4F81BD" />
<w:spacing w:val="15"/>
<w:sz w:val="24" />
</w:rPr>
<w:t>Sales from 1/1/2003 to
12/32/2003</w:t>
</w:r>

Markup samplel0 Formatting the report suktitle

<w:r>
<w:rPr>
<w:rFonts w:ascii="Cambria"/>

Contact

13
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<w:b />
<w:color w:val="4F81BD" />
<w:spacing w:v al="15"/>
<w:sz w:val="28" />
</w:rPr>
<w:t>Contact</w:t>
</w:r>

Markup samplell Formatting the headings

What you might have noticed by now is that applying formatting to single runs can be quite tedious.sTbfere i
course a better mechanism to deal with this. Also, if you take a look at the sample report, there are many
formatting settings that you need to copy all over the document to achieve similar looking text.

Stephen Jiang

Contact

N B

<wirPrx»
<w:rFonts wiascii="Cambria"/> Stephan liang
stephend B advenive ok com
<w:b [
<w:color wi:val="4F81BD" /> Sales Summary

<wrspacing wival="15" />
<wisz wival="28" />
<fwirPrs

Total Sabes: S610,881.02
Sale s CGuicta: SO00

Sales by Territory

I

To remedy this situation there are variousdds at which you can apply character formatting, and other formatting
such as paragraph formatting as well. This concept is called thelsgylrchy and will be covered later on in the
chapter.

Paragraph formatting

The sample document uses paragrapteldermatting to apply a border to the paragraph. The paragraph is
considered a bloclevel element. The size of this element is usually as wide as it can be on the page. Therefore the
border also runs to the end.

Stephen Jiang

The paragraph level settings are stoiiedide the paragrapiproperties element, opPr. You store the properties
node directly inside the paragraph, just as with thetewel propertiesPr. Amongst the settings available you will
find paragraph borders, indentation, justification and tab ifioss. The sample image uses a border at the bottom
of the paragraph. You can apply borders to all sides if need be.

The following markup sample shows how to declare these borders. Similar to HTML you need to specify the
bordertype, size and color. UkE the fontsize, bordersize is measured in eights of a point. The value 24 indicates
a border three points thick. The reason for this difference in measurement is to allow only whole numbers as valid
values. By design this limits the range of valid wsdtlehich is further limited in the specification. A paragraph
border for instance has a maximum width of twelve points, using the value 96.
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<w:p>
<w:pPr>
<w:pBdr>
<w:bottom w:val="single" w:sz="4" w:color="auto" />
</w:pBdr>
</w:pPr>
<w:r>
<w:t>Stephen Jiang</w:t>
</w:r>
</w:p>

Markup samplel2 Applying properties to a paragraph

Let's go over a few of the other settingghe following paragraph is indented on both ends, centered, and has the
border applied.

Indented text

There are three settings. The border has already been discussed. You center the paragraph using the justification
element, orjc. And indent it usingnd.

On the following page you find the steps to build up this formatted paragraph. First the unformatted text is
displayed. Next the underline, justification and indentation are applied.

Indented text <w:pPr>
</w:pPr>

<w:pPr>
<w:pBdr>
<w:bottom w:val="single" w:sz="12"
w:color="auto" />
</w:pPr>

Indented text

<w:pPr>
<w:pBdr>
Indented text <w:bottom w:val="single" w:sz="12"
w:color="auto" />
<w:jc w:val="center" />
</w:pPr>

<w:pPr>
<w:pBdr>
Indented text <w:bottom w:val="single" w:sz="12"
w:color="auto" />
<w:jc w:val="center" />
<w:ind w:left="2835" w:right="2835" />
</w:pPr>

Different break types

There are two places in the sample document where breaks aréegplhe sofbreak which breaks a line of text

was used to format the paragraph containing the name and email address. There is also a page break which you
can use. If you want the next sales report to be on an empty page, adar #fiement inside a runThe content

after the br element starts on a new page. By providing information fortthge attribute you can later use this
element to create a column break. Section breaks do not usétleéement. How sections are created is discussed
later in this dapter.
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Break type Markup
Line <w:r>
<w:.cr />
</w:r>
Page <W:.r>
<w:br w:type="page" />
</w:r>

Tablel Break types

Now that a basic document containing text can be camsgtd, the next step involves adding content to the
document. There are various blotkvel and inline elements which you can add to a WordprocessingML
document. Common elements are the table which uses a unique model for WordprocessingML or varioo$ types
DrawingML content such as charts or diagrams.

Tables

After the paragraph the second major building block of a document is the table. The table is-elhtda&{ement
made up of rows and cells similar to HTML tables. You create a table usitind¢leenent. The table contains
many rows defined wittr, which contain the cells usirig. The table cells are containers for bldekel content.
Common content is a paragraph.

The following sample displays a table three cells wide containing two rows, astdofine markup required to
create this table. The markup needs a little extra fine tuning before the table is actually valid. The most important
element which requires definition is the table grid.

<w:tbl >
<w:tbl Grid />
<w:tr >
<w:tc >A</w:tc>
Figure10A basic three by two tabl <witc> A<iwites>
<w:tc> A</w:tc>
</w:tr>
<w:tr>
<w:tc> A</w:tc>
<w:tc> A</w:tc>
<w:tc> A</w:tc>
</w:tr>
</w:tbl>

Markup samplel3 Structure of a table

To create a table you first need to create the grid definition. This grid definition contains settings about the
columns which make up a table. Each column is defined using an element insghidtidefinition. The sample
table is obviously made up of three columns:
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Tables

What might surprise you is what happens when you take two cells of this simple table, and shift their borders. This
will create a skewed effect in a column, where not all cellsdalamn are equally wide. In the following sample
the last two cells of the second row are slightly moved.

——

2 3 4

Instead of the three columns which you might expect, there are now four columns that you will need to define in
the grid definition. The grid defition does not conform to 'visible' columns only. To create the grid definition you
need to extend the lines of all the cell walls. Each of these lines defines the edge column, duplicates are removed.
Therefore the second sample has four columns, but shtyws three visually.

The following two markup samples show the grid definition before and after the cell was shifted. Notice how the
total width still adds up to the same amount.

<w:tbl> <w:tbl>
<w:tblGrid> <w:tblGrid>
<w:gridCol  w:w="5000" /> <w:gridCol w:w="5000" />
<w:gridCol w:w="3000" /> <w:gridCol w:w="3000" />
<w:gridCol w:w="7000" /> <w:gridCol w:w="2500" />
</w:tblGrid> <w:gridCol w:w="4500" />
<!-- more table definition to go - > </w:tblGrid>
</w:tbl> <!-- more table definition to go - >
</w:tbl>
Markup samplel4 The table grid before the move

Markup samplel5 The table grid after the move

The grid definition is added usitige tbiGridelement. Besides defining the columns for a table, the only task of the
table grid is to store the default width of the table cells in that column. Later on each cell also needs to store the
actual width individually.

In the sample documente table is two columns in size, and is agiped based on the content. The markup
sample on the next page depicts the table definition required for the basic layout.

The table width is defined within the table properties nottdPr. The width is set tauto, allowing the table to
auto-size based on the size settings of the cells defined within. The cells are also set to a certain size in the cell
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properties,tcPr. The unit of measure for the size is the 'twip', specified usingiaattribute value. hie second
row is autesize using thauto type. There are various size modes that you can apply. Conflicting settings between
the table and cell level are solved by the consumer so that the content remains visible.

<w:tbl>
Country Sales <w:tblPr>
Australia 50.00 <w:tbIW w:w="0"  w:type="auto" />
Canada 5135,342.50 </w:tblPr>
Centra 50.00 <w:tbIGrid>
France 50.00 <w:gridCol w:w="1614" />
Germany 50.00 <w:gridCol w:w="1330" />
Mortheast 50.00 </w:tblGrid>
Northwest $271,341.43 <w:tr>
Southeast 56,339.34 <w:tc>
Southwest $197,857.75 <w:tcPr >
UnitedKinzdom  0.00 <w:itcW w:w="1614" w:type="dxa" />
i —— </w:tcPr>
<w:p>
Figurell The table from the sample repo <wir>
<w:t>Country</w:t>
</w:r>
</w:p>
</w:tc>
<w:tc>
<w:tcPr>
<w:tcW w:w="0" w:type="auto" />
</w:tcPr>
<W:p>
<wir>
<w:t>Sales</w:t>
</w:r>
</w:p>
</w:tc>
</w:tr>
<w:tr>
<!l -- data rows ommitted - >
</w:tr>
</w:tbl>

Markup samplel6 Sample table markup

Cell borders and shading

When you open a document containing the sample table it is not immediately visible that it is a table. There are no
visible borders at allThese borders do not come automatically. You need to add them to either the table or cell
properties. You are allowed to define eight borders. These are the border settings for the top, bottom, left and
right borders, but also the horizontal and verticadide borders as well as the two diagonal ones. For each border
you are required to provide a border type such as 'single’ or 'double’ and you can provide further information
about the color and size of the border. The border definitions are containeddarder container. For the table

level border definition this container is thblBorderselement,tcBorderds used at the cell level. The width of the

table borders is measured in i?&)oints. Valid border width values range from 2 to 96.

The table inthe sample document defines a top and bottom border for the entire content. The first row has a
border applied as well. Since it is not possible to set borders on a row, the border for the first row is repeated
across the two cells. Place the following der definition in the table and cell properties respectively.
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<w:tblPr >
<w:tblBorders >
<w:top w:val="single" w:sz="8" w:space="0" w:color="4BACC6" />
<w:bottom w:val="single" w:sz="8" w:space="0" w:color="4BACC6&" />
</w:tbIBorders>
</w:tblPr>

<w:tcPr>
<w:tcBorders >
<w:top w:val="single" w:sz="8" w:space="0" w:color="4BACC6" />
<w:left w:val="nil" />
<w:bottom w:val="single" w:sz="8" w:space="0 " w:color="4BACC6" />
<w:right w:val="nil" />
<w:insideH w:val="nil" />
<w:insideV w:val="nil" />
</w:tcBorders>
</w:tcPr>

Markup samplel7 Table and cell borders

An interesting detail about how these borders ardided is in theicBorderslement. The table level properties
might define a border for all the cells by using theideHandinsideVelements. To override the setting the
borders of the cell are explicitly set tol. This type of overriding settingsdemmon in Open XML. You also use it
when defining the formatting using styles for instance.

The second requirement for making the table look more like the sample report is applying a banding effect. This
effect is achieved through applying shading settifaggseach odd row, not counting the header. The shading is
defined at the cellevel, using theshdelement inside the properties. To apply the shading, add the following
element to each cell properties for the odd rows only. One obvious thing to nobaithis means quite a lot of
copy / pasting. Later on this is solved with table styles, which haveibwltpport for row and column banding
effects.

<w:tcPr>
<w:shd w:val="clear" w:color="auto" w:fill="D2EAF1" />
</w:tcPr>

Markup samplel8 Table cell shading

Styling the document

The next step to create a professionally looking document is the
application of different styles. Up until now the sample report was

formatted by applying directofrmatting elements in the various Stephen ]iang
property nodesrPr, pPr, tbIPrandtcPr. Many of these formatting -
options were copied from one element to another if a certain Sales from 1/1/2003 to 12/31/2003
format needed to be reused. Using direct formatting does not

allow you to reuse and easily mifgthe formatting of a Contact

document. If you want to apply a different banding effect on the Stephen Jiang

stephend@adventure-works.com

table for instance, you need to visit ten table cells individually.

Styles are here to save you from that hassle.
Sales Summary

If you take a look at the sample report it contamany formatting Total Sales:  $510,881.02
settings which are reused. During the course of this section these Sales Quota:  50.00
styles will be recreated
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Storing the styles part

A style defines a specific set of values for formatting which can be applied as a single unit on paragraphs, runs and
tables. Within the WordprocessingML package a style is stored in a separate part, called thpatyl@be styles

part contains WordprocessingML specific XML markup and uses a specific content type. To recreate the samples
displayed in this section you ne#al store a new part in the package using the following content type.

Content type for the styles
application/vnd.openxmlformatsfficedocument.wordprocessingml.styles+xmi
First open up the package and add a new styles.xml file in any directory. Nexteaddnient type to the content

types part using an override for the XML file extension. Be careful to place the value foottentTypeattribute
on a single line.

<Override PartName="/styles.xml"
ContentType="application/vnd.openxmliformats -A
AT A£BbAukdnt.wordprocessingml.styles+xml"/>

Markup samplel9 The content types part updated
The stylegart is related by the main document part. The relationship type is also specific to theséytes

Relationship type fathe styles

http://schemas.openxmlformats.org/wordprocessingml/2006/styles

You need to create a relationship between the main document part and the new styles part. You can store
relationships which originate in a specific part using their {specific rehtionship file. This file is always stored in
a_relssubdirectory from the directory where the part is in. The relationship file has the samafie as the part
itself, using an extraelsextension. When the main document part is caltamtument.xmhbnd is stored in the root

of the package, its relationship file is stored imeld document.xml.relsSince the Microsoft Office Word

application uses the word folder for storing the main document part, the corresponding relationship file is usually
located in\word\_relddocument.xml.rels

<?xml version="1.0" encoding="UTF - 8" standalone="yes"?>
<Relationships
xmins="http://schemas.openxmlformats.org/package/2006/relationships">
<Relationship Id="rld1"
Type="http://schemas.openxmlformats.org/officeDo AOiI AT OYA
A czizz YOAT AOET 1 OEEDOYOOUI AOy 4AO0OCAO” vyOOUI AOt @
</Relationships>

Markup sample20 The document relationship file

Style types

There are three elements being stored inside the style part, styles, lstglgsand document defaults. All of

these three elements can define formatting options for document content. The styles contain formatting
information that is currently being used inside the document. Lasgyles are not used or visible in the document
and seve as a cache location for style settings, for instance those copied from the document template (Most
developers can ignore latent styles). The document defaults are the default style values for document content.
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Using styles you can provide formattimjormation for three element types, character runs, paragraphs and
tables. A paragraph style can provide formatting options for the paragraph and runspiBiagd rPrelements.
The character style is only allowed to provide run level properties uBm@able styles use table and cell
properties,tblPrandtcPr, as well as paragraph and run level properties.

<w:styles
xmins:w="http://.../wordprocessingml/2006/main">
<w:docDefaults />
<w:latentStyles />
<w:style >...</w:style>
<w:style>...</w:style>
<w:style>...</w:style>

</w:styles>

Markup sample21 Content of the styles part

There is a last important aspect to styles which needs to be discussed before going into the details of the style
hierarchy and how the sample report is styled. Some styles can be applied to either a paragraph or to a run of text.
You can try this out by @ming a new document and entering some text. If you select nothing but place only the
cursor inside the text and hover over the Title style in the quick style picker in Microsoft Office Word 2007, the
entire line is styled. You can also select a smallepidt¢he text and then select the Title style, only the selected

text is styled. Even though you experience one style that can be applied to both a paragraph and a run, under the
covers there are separate character and paragraph styles which work together.

To apply a style on an element, the property nodes are used. A paragrappStyésto indicate which style is
used. The following paragraph uses the Title style.

<w:p>
<w:pPr>
<w:pStyle w:val="Title" />
</w:pPr>
<w:r>
<w:t>Stephen Jiang</w:t>
</w:r>
</w:p>

Markup sample22 A paragraph using the 'Title' style

The style hierarchy

Since a table style can also include character and paragraph formatting options the complexity ingfgiases

Styles can also inherit other styles, forming a stjikrarchy. Each level in the hierarchy forms one part of the final
view in the document and is allowed to override settings of previous levels in the hierarchy. The following
overview provides@me insight in which order certain style settings are applied to tables, character runs,
paragraphs and numbered items. The top is applied first (document defaults), the bottom last (direct formatting).
Each item can extend and override settings founchimprevious level.
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Table Characters Paragraphs List items
|
Document @faults
!
Table
Numbering
1
Paragraph
Character
l

Direct Formatting

Table2 The style hierarchy for document content

One sample is the second column, how styles are applied to character runs. Take the following sample markup. It
does not contain valid WordprocessingML code, but is just there to illustrate how styles are applied.

<tbl style="MyTable>
<row>
<cell style="MyCell">
<paragraph style="MyParagraph">
<run style="MyRun">

Figurel2 A sampé run in a styled hierarchy

What needs to be decided by the consumer is how the run is displayed. What will happen is that it first receives
the properties defined in the defaults. Since the run is part of a styled table, the consumer lookdMgThble

style to find more rudevel properties, similar for the table cell styMyCell The run sits inside a styled paragraph.
The paragraph style can also contain+awel properties which are applied on the run. Finally the run references a
style which als@ontains runlevel properties. The direct formatting is not present in this sample, but would be
applied last.

There are two solutions for resolving conflicting settings. Any property defined at the parent level (towards the
document defaults), can be refined at the child level (towards the styled element). The child level either
redefines a property, such as a fesize, or leaves it out completely. Leaving it out indicates that the value for that
property is inherited from the parent. When the parersa doesn't define it, the hierarchy is searched upward to
the root, which is the documerdefaults for paragraphs and runs. When a setting is not defined, the consumer
uses the default application value.

Styles are also useful for moving the style frora document to another. You can copy many formatting settings
completely changing the look of the document. Think of a scenario where you update all the aged corporate
documents to a newer shinier format.
To make this easy to do, make sure to use the-buitames for styles and always use a hierarchy using the Normal
style as the root. This ensures that your other documents don't miss styles when you replace their style settings.
Custom styles should also inherit from the biilto ensure portability.
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The download page contains a sample of style swapping.

The document defaults

The first obvious thing to do is provide some default settings for the font. The styles part allows you to store two

kinds of default values, character and paragraph propertiess@&lefault values use the same property elements
as direct formatting. There @Prfor paragraph properties andPrfor character properties. They are contained in a
specific containerpPrDefaultand rPrDefault The following markup sample can be usegtovide the default font
settings for the sample report. Remember tiieontselement which stores four fonts based on the Unicode range
and the font sizeszwhich was specified in hatfoints. To fully recreate the sample document there is also some

spaéng between each paragraph. The paragraph level properties are used to store this information as the spacing

affects the entire paragraph. Thepacingelement stores the necessary information. You can provide spacing
above and below a paragraph using treforeand after attributes. The height of the empty space is measured in
twentieth of a point, known as awip.

<w:styles
xmlns:w="http://.../wordprocessingml/2006/main">
<w:.docDefaults>
<w:rPrDefault >
<w:rPr>
<w:rFonts w:ascii="Calibri" />
<w:sz w:val="22" />
</w:rPr>
</w:rPrDefault>
<w:pPrDefault >
<w:pPr>
<w:spacing w:after="120" />
</w:pPr>
</w:pPrDefault>
</w:docDefaults>
</w:styles>

Markup sampe 23 Default style settings

Creating styles

The sample report has several formatting options which are reused by copying them all over the document. To
better support the editing experience these formatting options willlbeved into specific styles. There are four
styles in use in the document, excluding the table style.

Stephen Jiang Title

es from 1/1/2003 to 12/31/2003

Contact SubTitle
Stephen Jiang
stephend@adventure-works.com

Sales Summary

Total Sales:  $610,881.02 Heading 1
Sales Quota:  5$0.00

Sales by Territory Emphasis
Country Sales

Australia .00
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There are two things that you need to do when formatting your document with styles: fill the styles part with the
styles that you want to use, arttlen refer to those types from the body of the document. Common styles are the
well-known headings like 'Heading 1', 'Heading 2', and so on. Custom styles are also allowed. A benefit of using the
built-in names for styles is that it can be used for comtgunch as the table of contents, which is based on certain

styled paragraphs in the document.

A style is defined using thetyleelement directly within the root element of the styles part. There are multiple
styles which you can store there. Each stylmagle up of three parts: common style properties, the style type and
type specific properties. The common style properties include the style name and the style which it inherits from.
Usually theNormalstyle is used as the hierarchy root.

Paragraph style s

There are three paragraph styles used in the document, one for the title, subtitle and headings. The sample report
makes use of buiin style names in order to keep a consistent Ul in the consumer and for creating the table of
contents later on.

The frst style we will create is the title style. The easiest thing to do is open up the styles part and add a global
style definition, and next move the paragraph and run level properties from the main document part into the
styles part. The title text becomesm-formatted by doing this. The obvious next step is to have the title paragraph
make use of the new title style. The following markup sample can be copied into the styles part to create the title
style.

<w:style w:type="paragraph" w:styleld="Title">
<w:name w:val="Title" />
<w:next w:val="Normal" />
<w:basedOn w:val="Normal" />
<w:qFormat />

</w:style>

Markup sample24 Basic style properties

The style is indicated to be a paragraph style. The paragraph and run pgespeil apply to all text in the entire
paragraph. Thatyleldis present for referencing the style. Thameelement identifies a usefriendly name for

the style. Paragraph styles are allowed a specific child element cadladThis indicates whichye will be used

for the paragraph inserted after a paragraph using the title style. The style is further customized by making the title
style inherit from the normal style, and adding it to the quick format display in the consumer usiq thneat

elemert.

The paragraph style is allowed to contain paragraph level properties.

<w:pPr>
<w:pBdr>
<w:bottom w:val="single" w:sz="4"
w:space="1" w:color="auto" />
</w:pBdr>
<w:spacing w:after="200" />
<w:keepNext />
<w:keepLines />
<w:spacing w :before="480" w:after="0" />
<w:outlineLvl w:val="0" />
</w:pPr>

Markup sample25 Paragraph properties in a paragraph style

Run level properties can also be defined in the paragraph style.
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<w:rPr>
<w:rFonts w:ascii=  "Cambria" />
<w:spacing w:val="5" />
<w:sz w:val="52" />

</w:rPr>

Markup sample26 Run properties in a paragraph style

The full style definition looks like the following markup sample.

<w:style w:type="paragraph" w:s tyleld="Title">
<w:name w:val="Title" />
<w:next w:val="Normal" />
<w:basedOn w:val="Normal" />
<w:qFormat />
<w:pPr>
<w:pBdr>
<w:bottom w:val="single" w:sz="4"
w:space="1" w:color="auto" />
</w:pBdr>
<w:spacing w:after="200" />
<w:.keepLines />
<w:spacing w:before="480" w:after="0" />
<w:outlineLvl w:val="0" />
</w:pPr>
<w:rPr>
<w:rFonts w:ascii="Cambria" />
<w:spacing w:val="5" />
<w:sz w:val="52" />
</w:rPr>
</w:style>

Markup sample27 Paragraph style for the title

There are three more paragraph styles to create. The normal paragraph style is defined to allow it to be used in
conjunction with thenextelement from the previous sample. The subtitle and heading 1 style can be copied from
the main document.

Character styles

The Sales Summary and the table headers of the sample report are emphasized using bold text. This can be
captured in a character style. Different from the paragraph style, a character style only contaleselin

properties. The overall setup is the same. The style type and ID are defined, as well as the name. The rest of the
content can be copied from the main document part.

<w:style w:type="character" w:styleld="Emphasis">
<w:name w:val="Emphasis" />
<w:gFormat />
<WrPr><w:b /></w:rPr>

</w:style>

Markup sample28 Character styles

To apply the character style, a similar approach is used. Inside tHevahproperties you use theStyleelement
to identify the character style used dhe run.
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Only the properties applied directly on a run using the rPr element contains text formatting settings. The run
properties inside the paragraph properties format the paragraph mark.

The following markup sample shows a paragraph with a style abfliee paragraph contains two runs of which
the first also has a style applied. Next to the sample one possible outcome to these properties is displayed.

<w:p>
<w:pPr>
<w:pStyle w:val="Normal" />
</w:pPr>
<w:r>
<w:rPr>
<w:rStyle w:val="MyCharact  erStyle" />
</w:rPr>
<w:t>Hello</w:t>
</w:r>
<w:r xml:space="preserve">
<w:t> World</w:t>
</w:r>
</w:p>

Markup sample29 Applying paragraph and character styles

Table styles

Before going into the details of pa layout, the table style requires a little further explanation. The table style is
allowed to store more information than just a single set of table and cell properties. Using WordprocessingML you
can structure the table into different sections like @t@nd bottomrow, first and last column and banded rows.
Using row banding you can apply a different style to all the evenly arel/enly numbered rows giving a banding
effect which allows the table to be read better by the user. The following tabléhimapplied.

The sample table in the report uses a separate header anebaovding effect. To create the table style the model
is mostly similar to the other style¥ou create atyleelement and set the type ttable'. Inside the table style you
are allowed to define table, cell, paragraph and run level properties.

First let's set up the table style outline. The same elements as the other styles are appliegofinatelement
allows the style to appear in the quick format menu.

<w:style w:type="table"
Price Cost w:styleld="ReportTable">
ftem 1 14,95 5,65 <w:name w:val="My Table Style" />
tem 2 1392 3.14 <w:gFormat />
item 3 1265 9,30 <!-- Moretogo here -->
Itern 4 16,00 10,00 </w:style>

Markup sample30 Table style with banding effect

Inside the table style you can start applying styled areas to the table. The sample table dispBsred! in
Reference source not foundises a different set of style settings for the firstv, the first column and each even

26



Styling the document

numbered row. The first step is to apply the default settings for the paragraphs and runs inside the tablgRusing
andrPr. The following picture depicts the result after this first step. The markup sample needsptadeel inside
the styleelement, just as the rest of the oncoming table style samples.

<w:pPr>
orice Cost <w:spacing w:after="0" />
tem 1 14,35 5,65 </w:pPr>
ltem 2 13,92 3,14 .
ltem 3 12,65 9,30 <WrPr> " "
Itern 4 16,00 10,00 <w:color w:val="31849B" />
</w:rPr>

Markup sample31 Table style with banding ééct

Next comes the table border. Since the border runs across the top and bottom of the table, you can apply the
border in the table properties nod¢blPr. You could also define this border in the togw settings created later
on.

<w:tblPr>
<w:tb |IBorders >
<w:top w:val="single" w:sz="8"

Price Cost . —n n
e 1 1005 o es w:color= 4BACC§ />
ttem 2 13,92 3,14 <w:bottom w:val="single"
ltem 3 12,65 9,30 W:SZ:"8" WZCO|OI‘:"4BACC6" />
ltem 4 16,00 10,00

</w:tblBorders>
</w:tblPr>

Markup sample32 Table style withbanding effect

The first special styled area is the top row. This row has a border applied at the bottom, and has a different
background color. The text is also bold and white. To store these settings you create a new container inside the
style definiton. This container will store the specific properties for the styled first row using the pmePrand
tcPrnodes as we have been using continuously.

<w:tbIStylePr  w:type="firstRow">

<w:rPr>

<w:b />

<w:colo r w:val="FFFFFF" />
</w:rPr>
<w:tcPr>

<w:tcBorders>

<w:bottom w:val="single"

ltem 1 14,95 5,65

Item 2 13,02 3,14 w:sz="8"
Item 3 12,65 9,30 . _uan
ltem 4 16,00 10,00 wispace= 0

w:color="4BACCG6" />
</w:tcBorders>
<w:shd w:val="clear"
w:color="auto" w:fill="D2EAF1"/>
</w:tcPr>
</w:tbIStylePr>

Markup sampe 33 Table style with banding effect
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The container element for the first column is largely the same as the one for the first row. Omypé&edtribute
on thetblStylePrelement points to another part of the table aridere are no borders to apply. They are inherited
from the whole table and the first row settings.

<w:tbIStylePr w:type="firstColumn">
<w:rPr>
<w:b />
<w:color w:val="FFFFFF" />
</w:rPr>
<w:tcPr>
<w:shd w:val="clear"
w:color="auto" w:fill="D 2EAF1"/>
</w:tcPr>
</w:tbIStylePr>

Markup sample34 First column properties

The last part of the table to have a special style applied is the banding effect of rows. You can provide different
settings for the evenlyrad unevenly numbered rows.

<w:tbIStylePr w:type="band1Horz">
<w:tcPr>
<w:shd w:val="clear" w:color="auto"
w:fill="D2EAF1"/>
</w:tcPr>
</w:tbIStylePr>

Markup sample35 Table style with banding effect

The complée table style looks like the following markup sample.

<w:style w:type="table"
w:styleld="ReportTable">
<w:name w:val="My Table Style" />
<w:.gFormat />
<w:pPr>
<w:spacing w:after="0" />
</w:pPr>
<w:rPr>
<w:color w:val="31849B" />
</w:rPr>
<w:t bIPr>
<w:tbIBorders>
<w:top w:val="single" w:sz="8" w:color="4BACC6" />
<w:bottom w:val="single" w:sz="8" w:color="4BACC6" />
</w:tbIBorders>
</w:tblPr>
<w:tbIStylePr w:type="firstRow">
<w:rPr>
<w:b />
<w:color w:val="FFFFFF" />
</w:rr Pr>
<w:tcPr>
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<w:tcBorders>
<w:bottom w:val="single" w:sz="8" w:space="0" w:color="4BACC6" />
</w:tcBorders>
<w:shd w:val="clear" w:color="auto" w:fill="D2EAF1"/>
</w:tcPr>
</w:tbIStylePr>
<w:tbIStylePr w:type="firstColumn">
<w:rPr>
<w:b />
<w:color w:val="FFFFFF" />
</w:rPr>
<w:tcPr>
<w:shd w:val="clear" w:color="auto" w:fill="D2EAF1"/>
</w:tcPr>
</w:tbIStylePr>
<w:tblStylePr w:type="band1Horz">
<w:tcPr>
<w:shd w:val="clear" w:color="auto" w:fill="D2EAF1"/>
</w:t cPr>
</w:tbIStylePr>
</w:style>

Markup sample36 The complete table style

To apply a table style on a table you use thiStyleelement, similar to

paragraph and run styling. There is one twist to the allowed settings = ¥ Header Fow First Column
There is a separation between the defined sections in the table style
and the ones actually applied on the table. The table style is free to
define any of the allowed section such as banding effects. Next the | ¥ Banded Rows [ Banded Columns
table needs to instruct the consumer whichtirgs to use. The manner Table Style Options

in which this works is through th®lLookelement. It defines a

hexadecimal bitmask with instructions on which sections to apply. The @dR@corresponds with activating the
header row and rowanding. The next page shows tharkup sample.

Total Row Last Column

<w:tbl>
<w:tblPr>
<w:tbIStyle  w:val="ReportTable" />
<w:tblLook w:val="0420" />
<w:tbIW w:w="0" w:type="auto" />
</w:tbIPr>
<!'--  Remaining table markup omitted - >
</w:tbl>

Markup sample37 Applying a table style

Adding images

There are several types of content that you can embed in a

WordprocessingML document. The document allows you to j
create pictures and other elements using eittizrawingML /ﬁ
markup, or legacy Vector Markup Language. The preferred ~ HOVENTURE WORKS

method is DrawingML. It is more powerful and does not rely o CYCIeA

Microsoft specific namespaces. You will find both in use in re¢
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world documents. The main benefit of VML for you as a deelapthe little markup required to store an image
in the document. DrawingML markup is far more elaborate and has a dedicated chapter in this book.

Before you can display an image inside the document, the image first needs to be stored inside the.package
Similar to storing the styles part, you need to create the file in the package, update the coypestlist and

create a relationship from the main document part to the image. Find a suitable place for the image and update
the contenttypes part to refect the image type. The normal MIME types are used for the content type, such as
'image/png. To display the image in the main document part, the relationship needs to be created a relationship
to the image part. The relationship type is specific to inzage

Relationship type for images

http://schemas.openxmlformats.org/officeDocument/2006/relationships/image

Inserting a DrawingML picture

When you have inserted a picture into the WordprocessingML document using a consumer such as Microsoft
Word you will noice that there are several effects which you can apply to the picture. The same can be said for
smartart (diagrams) and charts. Under the covers WordprocessingML is not the one defining this content,
DrawingML is. There is a specific WordprocessingMLagwartto allow for this type and other types of content
inside the document, the graphic frame.

WordprocessingML uses thirawingelement to create a

graphic frame. It serves as the positioning element for the /ﬁ%’}/‘\
drawing inside the document. Inside the ididrawing i
the graphicelement defines the content of the graphic Al VEN [Uﬁf W[]ﬁﬁg I

frame. Using thgraphicDatastructure the content of the cyc eh
graphic data is defined. Each Open XML language uses tt

structure to store various types of conterirror!

Reference source not foundn pageError! Bookmark

not defined. displays the valid types of content for use in

the 2007 Microsoft Office System. The attribute of the

graphicDataidentifies the type of cotent. The actual

content should of course conform to this type as not to

confuse the Open XML consumer.

*

The specifics of the picture, smaatt and charts are discussed in the chapter on DrawingML later in this book. The
following markup sample displayise minimal required markup for creating the same image as found in the
sample report.

<w:drawing >
<wp:inline  distT="0" distB="0" distL="0" distR="0">
<wp:extent cx="5943600" cy="2003354" 1>
<wp:docPr id="1" name="Picture 1" />
<a:graphic xmins:a="http://schemas.openxmlformats.org/drawingml/2006/main">
<a:graphicData uri="http://schemas.openxmlformats.org/drawingml|/2006/picture">
<pic:pic
xmins:pic="http://schemas.openxmif ormats.org/drawingml/2006/picture">
<pic:nvPicPr>
<pic:cNvPr id="0" name="Picture 1" />
<pic:cNvPicPr />
</pic:nvPicPr>
<pic:blipFill>
<a:blip r:rembed="rld2" />
<a:stretch>
<afillRect />
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</a:stretch>
</pic:blipFill>
<pic:spPr>
<a:xfrm>
<a:off x="0"y="0" />
<a:ext cx="5943600" cy="2003354" />
</a:xfrm>
<a:prstGeom prst="rect">
<a:avlst />
</a:prstGeom>
</pic:spPr>
</pic:pic>
</a:graphicDat a>
</a:graphic>
</wp:inline>
</w:drawing>

Markup sample38 The report image using DrawingML

While this may seem overly complex for inserting an image, many elements are simple and are just defaults. The
great thing abotiDrawingML is the easy with which you can greatly enhance a picture. If you take a bland picture,

AOVENTURE Wﬂﬂﬁb’/ﬁ
cyclea

you just apply two elements to make it more interesting, one for a different shape and the other for reflection.

<a:prstGeom prst="star5">
<a:avlLst />
WORKS </a:prstGeom>
<a:effectLst>
<a:reflection blurRad="6350"
StA="50000" endA="300"
endPos="55000" dir="5400000"
sy="-100000" algn="bl"
rotWithShape="0" />
</a:effectLst>

The chapter on DrawingML goes into more details of all the effectsytiatan apply.

Inserting a VML picture

All though not a part of the Open XML standard, VML pictures
are used in WordprocessingML documents as well, as can
other format that an implementer desire3his language is
now deprecated but is still someties used from inside the /ﬁ
Microsoft Word application. The feature set is similar, but ROVENTURE Wﬂﬁﬁs
DrawingML does provide a greater variety of effects. Just li cyc

DrawingML you change the shape's geometry. This geome

can then be provided with a shadow, or moved in Bce. The geometry has a lrend fill style applied. The
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sample uses a picture as the fill type, but you can also specify single colors, gradients and textures. While the
available features are not as broad as DrawingML, VML does provide one berefieqliired markup to insert a
VML shape into the document is a lot less than the equivalent DrawingML s¥lapaip sample89 shows how to
insert a shape and make it look like a normal picture in the documentistiane by setting the geometry to be a
rectangle using theectelement and provided a fill based on a picture embedded in the package. The relationship
ID points to the picture you have embedded in the document earlier.

<w:p>
<w:r>
<w:pict >
<v:rect style="width:16.56cm;height:5.36cm;"
stroked="f">
<v:fill r:id="rld2" type="frame" />
</virect>
</w:pict>
</w:r>
</w:p>

Markup sample39 The report image using VML

You can sefom the markup samples that basic VML markup is far less in size than the DrawingML equivalent.
Personally | do prefer to use the latter. It has more expressive power, and can be parsed better by applications
compared to VML. Getting to the style usinggram code in VML requires parsing a text string, DrawingML uses
pure XML based settings which is easier to do.

The sample image concludes the creation of the basic report. All the elements are now there, the text, the table
and the image. The next stepworking with page layout and adding miscellaneous content.

Page layout

Now that we have explored basic formatting of a WordprocessingML document, the next step is to create the
proper page layout. There are several settings to learn about, the firshimfvare sections and page headers.
After we have explorer these separate stories, the next item on the list is the use of fields. This will allow you to
create headers or footers containing data such as a page number. This section will wrap up witittilssidn of
several other layout related features such as laying out the text in columns.

Creating sections

Sections are the higkevel building blocks of your document. You usually create a separate section for the
document cover page, the document bodydapossible addendums. The reason for this is that a section is the unit
to which you apply page numbers or headers and footers. Other details such as the page orientation are also
specified using a section.

A section can be created at two levels, ingid@agraphs and directly inside the document body. Each time you
define a section inside the paragraph properties, that paragraph and all the prior ones before it are part of that
section, until you reach another paragraph which defines a section. Themsekdfinition inside the document

body contains the section properties for the last section in the document, and should be the last element defined
within the documentody.

The following markup sample depicts the simplest usage of two sections. Botbnsegtie the default section
settings since theectPrelements contain no children.

<w:body>
<W:p>
<wir>
<w:t>First</w:t>

32



Page layout

</w:r>
</w:p>
<W:p>
<w:pPr>
<w:sectPr />
</w:pPr>
</w:p>
<w:p>
<w:ir>
<w:t>Seco nd</w:t>
</w:r>
</w:p>
<w:sectPr />
</w:body>

Markup sample40 Two sections

There are several types of section breaks. The default type being utieglimarkup samplelO places a page

break so the next section always starts on an empty page. Besides specifying the section break type, various other
properties can be specified from the section properties element. The most common is to have a page oriented in
landscg@e where the other pages are oriented in the normal portrait layout, like in the following sample.

This+ds-a-paragraph-in-section-is
Seaction Braak {(Hext Pags)

/ Thisds-a-paragraph-in-section-2+

<sectPr /> n

(inside

paragraph) <sactPr />
(after last
paragraph)

Figurel3 A document with two sections

There are two things that you need to do to achieve this effect, if you do not count agphge sections

themselves like in the previous markup sample. The first thing to do is to specify in the second section properties
that its pages use landscape orientation. This can be achieved by using the page size piSudnist specifying

the orientation is not enough though, you also need to alter the page height and width to the right values for
landscape mode pages. The height and width is specified using the twip as the unit of measure. In the following
markup sample you will find the propertdor setting up the page for normal A4 size, portrait and landscape.

<w:sectPr> <w:sectPr>
<w:pgSz w:w="12240" <w:pgSz w:w="15840" w:h=" 12240"
w:h="15840" /> w:orient="landscape " />
</w:sectPr> </w:sectPr>
Markup sample41 Portrait page layout

Markup sample42 Landscape page layout
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Adding headers and footers

Each page within your document maintains a certain margin between the text and sidepHdbeThe top and

bottom margins are known as the header and footer of the document. In WordprocessingML you can fill this area
with normal content. This content will then be repeated in all the pages which are part of the same section.
Usually the headerand footers are used for storing the chapter title, page number or some art.

Adventure Works Internal

T

The section is used to define which header and footer to use on the pages in that section. A header or footer is
considered a separate story and is therefore contained inwvts part inside the package. To create your own

headers and footers you first need to store the XML file in the package and set up the right content type for the
new parts. Next you add a relationship from the main document part to the header or footerSiace your

document is allowed to use any number of sections, there can be many header and footer parts. It is also possible
to have sections use the same header or footer as the previous section to avoid redefining the same content for
each individuaection.

Header

To reference this header from inside the section properties, you uséd¢hderReferencandfooterReference

The following sample shows how to reference a single header and footer for a section. Using the type attribute you
can also define diffent headers or footers for odd and even numbered pages. This allows you to have header
content such as a page number appearing at the right side when printing deiddd pages.

<w:sectPr>
<w:headerReference w:t ype="default" r:id="rld3" />
<w:footerReference  w:type="default" r:id="rld4" />
</w:sectPr>

Markup sample43 Headers and footers
The part identified by the relationship ID needsuge a specific relationship type.

Relationship type for headers and footers
http://schemas.openxmlformats.org/officeDocument/2006/relationships/header

http://schemas.openxmlformats.org/officeDocument/2006/relationships/footer

The content of the header ahfooter is similar to the document body. The root element is eittror ftr
depending on what item is being defined. Inside these elements you can create normaleviglotontent such as
paragraphs and tables. Images and other shapes can be inchsdedll.

<?xml version="1.0" encoding="utf - 16" standalone="yes"?>
<w:hdr xmins:w="http://schemas.openxmlformats.org/wordprocessingml/2006/main">
<w:p>
<w:pPr>
<w:jc w:val="center" />
</w:pPr >
<w:r>
<w:t>AdventureWorks Report</w:t>
</w:r>
</w:p>
</w:hdr>
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Markup sample44 Simple content in a header

The content type for this part is listed below. The approach of adding new parts to the package anidgifidat
contenttypes list should be familiar. If not you can revisit the start of the book where the concepts of the ZIP
package are explained further.

Content type for headers and footers
application/vnd.openxmlformatsfficedocument.wordprocessingml.haer+xml

application/vnd.openxmlformatsfficedocument.wordprocessingml.footer+xmi

Custom XML in documents

If you examine the usage of document throught the years you will notice that documents are becoming a

primary vehicle for exchanging data. They modonger some rich formatted text slapped together on a few pages.

Nowadays, the documerns$the data. In order for this to happen various technologies have been introduced in

2 2NRLINEOSaaAydal ® [SiQa SEIF YAYS K2l formattedzsingyOen XMLR 2 OdzY Sy
When you examine a typical business document you can find there are two levels of information: how it looks and

what it means. The markup that we have seen up to now specifies how the text is to be displayed. But suppose

you wanted to preserve the meaning or business context of the information contained in the document. You could
FOGGSYLIG G2 aALISOATFe | F2NNIGGAYy3 O2y@SyiAiazy F2NJ RFGF St
would be awkward and errgorone. In oder to supply your document with extra semantic information which

cannot be provided by display formatting alone, you have two technologies to choose from. Each has its own

usage scenarios, benefits and downsides.

To add custom business semantics to vasielements in the markup you can do two things, use custom XML or
structured document tags. Structured document tags have been introduced in Open XML and are here to free you
of some of difficulties of working with custom XML. Besides having a lot ofibiahéeatures, structured

document tags also miss out on some features you might expect to be present. Both systems allow you mark the
document with business semantics based on a custom XML message. You can then validate the custom XML
message using arML schema to make sure the document has been created correctly by the user.

Custom XML

The first approach of adding business semantics has been around since the beginning of the XML story for
documents. The markup required to use it has been changed Iglighallow better support for XML validation,

but the same concepts are applied. To visualize how the custom XML markup can be used, take a look at the report
found on the samples website. There are many different pieces of data represented in this fEHpotieader

contains a name of the salesperson as well as the bagith enddate for the report. In the body you find the

contact information, sales totals, and the list of sales per territory. Most of these data items can be represented by
a simple vale. The sales per territory table is contains repeating items. You do not know beforehand how many
there will be. Custom XML markup allows you to work with this as well. The following image depicts the report and
the data items it contains. The data itemave been circled. There is one data item that is not circled, the entire
report. You could think of the report it is entirety as the container for the data. This will be represented as the root
node of your custom XML message being constructed in therdeot
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o~
ADVENTURE wnﬁﬁs/,\ e
cyclea

Stephen Jiang

Contact
‘ephen Jiang
stephen0@adventure-works.com

Sales Summasy
Total Salesy”  $610,881.02
Sales Quotd_  $0.00

Figurel4 Regions of data in the report

The data inside this report can be represented as a simple XML message containing only elementsOpannon
XML related namespace.

<salesReport xmlns="http://adventureworks.com/salesReport">
<name>Stephen Jiang</name>
<salesPeriod>
<startDate>1 - 1-2003</startDate>
<endDate>12- 31- 2003</endDate>
</salesPeriod>
<salesPerson>
<name>Stephen Jiang</name>
<email>stephen0@advenure - works.com</email>
</salesPerson>
<salesSummary>
<totalSales>610881.02</totalSales>
<salesQuota>0.00</ salesQuota>
</salesSummary>
<salesByTerritory>
<territory>
<name>Australia</name>
<sales>0.00</sales>
</territory>
<territory>
<name>Canada</name>
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<sales>135342.50</sales>
</territory>
<!-- other territorties omitted - >
</salesByTe rritory>
</salesReport>

Markup sample45 Custom XML data

To represent this data inside the WordprocessingML markup you intertwine the custom data and the normal
document markup. The following image depicts how this cak loside an Open XML consumer. Only the top
part of the report is displayed.

5‘,;._;‘,;5 from ( statDate | ] } +o { endDate | | |} jreportPeriodn

Figurel5 Custom XML in the Ul

The data in the document is replaced by custom placeholders. These placeholders can be filled by the user to
provide he data simply by typing text into the document. The view shown is developer oriented. There is also a
more human friendly way of displaying the same elements. These settings can be stored in the document using the
settings part.

[name]

1

Sales from [statDate] t o [endDate]

Figurel6 Placeholders

To represent this custom business data inside the document you need to modify the main document part and
apply custom markup elements to the formatted text. There is a special tag calétdmXmivhich you can use to
define a no@ of your custom business message. To identify your node name and namespace, attributes are used.
This enables the document to be validated using schema technology. Allowing true arbitrary XML surrounding the
WordprocessingML markup this validation would longer be possible. The following sample shows how the

name is surrounded with custom markup. Notice how you can still format the text using the explained techniques.

<w:customXml w:uri="http://adventureworks.com/salesR eport"”
w:element="name">
<W:p>
<w:pPr>
<w:pStyle w:val="Title" />
</w:pPr>
<w:r>
<w:t>Stephen Jiang</w:t>
</w:r>
</w:p>
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</w:customXml>

One thing that you could note about this sample is that the report name is not the root element ofishem
business message. How is this hierarchy being formed? You catuseminXmtags inside othecustomXmtags

to form the XML hierarchy of your document. One sample is to surround a table witsteamXmtag identifying

the salesByTerritorpode and each row with one identifyingterritory. There is one element that you usually
surround the entire document with, the root node of your business message. This would take the following form.

<w:document>
<w:body>
<w:customXml w:uri="http://adventure works.com/salesReport" w:element="salesReport">
<w:customXml w:uri="http://adventureworks.com/salesReport" w:element="name">
<w:p>
<w:r>
<w:t>Stephen Jiang</w:t>
</w:r>
</w:p>
</w:customXml>
</w:customXml>
</w:body>
</w:doc ument>

Markup sample46 Sample custom XML mapping

Using thecustomXmkEklement you are allowed to surround the following elements.

Paragraphs

Rows Fields
Tables Hyperlinks
Structured
Document
Tags

Figurel7 Elements capable of Custom XML markup

Working with cgtom XML on the Microsoft Office platform has one great benefit. If you add rows to the table
inside the Microsoft Word application the new rows are automatically mapped usingcastemXmtags. This
allows you to repeat the repeating content of your mess message inside the consumer. This is an application
feature, which is not available for the next model for storing business semantics, the structured document tag.
There are other great benefits to the structured document tag model though which desefe inspected a bit
more.
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Structured document tags

The second model is known under the developer name 'structured docum
tag', which is also called a 'content control' by Microsoft. This model provic ~Centoso Mailing

a two-fold use. You can mark a document usingtent control to C’“a"'”gnate e
demarcate areas in your document. These areas can be simple pieces of ' N ¢
data, but also groupings of riglext. For simple pieces of data certain Ul car 4 apilzo7 b
be shown such as the date picker shown in the sample. Besides marking . mdwdvzz
document you cathen also take the content of the content control and 1
map it to a custom business data file inside the package. This separates t ;' 1; 1‘: 13 12 11 12
data in a way not possible using custom XML. This custom XML data is st 16 17 18 19 20 21 22
as a separate part inside the package and allimv$wo-way databinding. Dans 72

When you edit the content of the SDT in the consumer the custom XML pi
is updated. When updating the custom XML part through code the docum =
will reflect this change when it is opened. You can provide a schema for tt..
data, hut you are not required to.

One of the key benefits of working with structured document tags is the option of locking down editing or deleting
the document tag. The custom XML model allowed accidental removal of the mapping. This is something you can
easly prevent using structured document tags. Using these tags you can create a document which is truly a
placeholder for content and be safe of accidental editing of layout.

Structured document tags can be used as blieslel and inline content, depending dne content being tagged.
Using a structured document tag you can create the following types of content.

: & dropdown

i Rich text content | -
[ Choose an item, &8

Multiple runs and rich content Choose a building b| General

: Simple text content I ' Most controls

£ Pick a building block | 5] -

it i““"i Mast controls offer a choice of the loak
A Sf-nglle run Of text ".’ o "rh' Py ftem 1 al airnx b o ch n:e':m :.::: miﬂ."'m o
: ftem 2 e e
Item 3 oer i, h e ke s o
Item 4 b
Plain text Rich text Listbox Buildingblock picker

i Piek a date
Click here to enter adate.| &
i A combobox

Something not in the list [& es 2007 »

dwdvzz

123456 ; inedi
Item 1 7891111213 Some text with gantrols contained in a group

Item2 141516 17 18 19 20

Ef22 232425 25 27
28 29 30 31

Item 3
Item 4

Today

Pictures Combabox Datepicker Group

Figurel8 Structured document tag types

Most of the structured tags provide simple document content. The special tags are the Group and Building Block.
The Group can be used to group content including other document tags. Normally you use it to lock down a
specific piec®f the document, preventing editing except for in the child document tags. This enables you to
create a document containing editable placeholders. The Building Block is another interesting item which allows
you to replace its content with a predefined hiiig block defined in the document template.

To create a structured document tag you use $lotelement. The structured document tag uses two distinct
sections, properties and content.

Inside the properties you define details such as the type of doctinaen The document tag is also usingadias

and atag element. The first is for user reference, the second for programmatic reference. The alias is displayed in
the Ul header. You can further customize the settings of each document tag inside the etiafinimg the type

of document tag. One sample is to store information about the date format for a date tag.
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<w:sdt >
<w:sdtPr >
<w:alias w:val="Day of birth" />
<w:tag w:val="Birthday" />
<w:showingPlcHdr />
<w:date>
<w:dateFormat w:val="d - M yyyy" />
<w:calendar w:val="gregorian" />
</w:date>
</w:sdtPr>
<w:sdtContent >
<w:p>
<w:ir>
<w:t>Click here to enter a date.</w:t>
</w:r>
</w:p>
</w:sdtContent>
</w:sdt>

Markup sample47 Date structured document tag

The content for the document tag is specified usingsdeContentelement. This element can reflect one of two
pieces of data, the plaekolder text for empty elements, or the actual data for the document tag. The
showingPIcHdflag in the properties indicates that the content is now showing placeholder data. When using data
binding, this data will not be stored in a custom business part.

Inside the sample report you can utilize text and date placeholders to create all the places of content. The table
can be mapped by surrounding rows, but you can also just tag the cell values. THerattg which will be
added next is configured per document tagth no notion of hierarchy like custom XML.

Data binding

The great enabler for document tags is the use of dataling. This technique revolves around storing the data
inside the document tag separate from the main markup. Since the data is maintépadate it is far easier to
reach it through custom applications than when it is stored inline. The-biai@ing model defined in Open XML
allows for tweway binding to occur. When you update
the document tag contents as a user through an
consumer the da will be stored in the separate
container. When you update the container as a

XML Based

ng

Custom Business
developer and open the document, the data appears <w:sdt /> (" o - Data
again inline in the document. This tweay binding ©
approach is highly valuable for creating rich enterprise c
content. E
Databinding of structured document tags involves (1]
providing eactsdtelement with an XPath expression. i’ YL Based
This expression is evaluated to retrieve data from a C Custorn Business
special custom business part inside the package. You ¢ D

Data

store multiple parts inside a package and refereaaeh
one individually. To upgrade the sample report to use
data-binding you first need to store a custom business part inside the package. The following ggpteig used

to identify the part as such. The default MIME type for XML is used. Also ersatmnd part inside the package to
hold custom properties about the business data. This will later be used to identify the specific custom data part.
The same content type is used. You probably do not need to updati€Cth@ent Types].xnlist. The defali

content type for the XML file extension is already correct.
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Content type for custom XML business data

application/xml

The second step is to relate main document body with the custom business data part and relate the custom part
with the properties partThe following two relationship types are used.

Relationship type for custom XML business data
http://schemas.openxmlformats.org/officeDocument/2006/relationships/customXml
Relationship type for custom XML properties

http://schemas.openxmiformats.org/offeaDocument/2006/relationships/customXmlProps

Because you are allowed to store multiple custom data files inside a package there can be issues identifying which
one to bind the document tag to. The data in different parts might be structured exactly the. sBgndefault the
consumer will choose the first custom XML part which maps to tRatK expression provided by the document

tag. If none are found, it will not do anything. To further identify in which part you want to store data you can

utilize thestore item ID This identifier is attached to a custom XML part using a custom XML properties part. The
properties part defines two pieces of data, the ID value of the custom XML part and the XML schemas for to the
custom XML data message.

<ds:datastoreltem
xmins:ds="http://schemas.openxmlformats.org/officedocument/2006/2/customXm|"
ds:itemID="{C65DD089 - 1234- 4A84- 8443- BCACB07DEB45}">
<ds:schemaRefs>
<ds:schemaRef ds:uri="http://adventureworks.com/sampleReport" />
</ds:schemaRefs>
</ds:datastoreltem>

Markup sample48 Custom XML properties part

Now that you can identify your custom business part using the ID value you can add content to the business part.
An important thing to notes the absence of Open XML specific namespaces. You can store any arbitrary XML and
bind to it.

<a:report xmlins:a="http://adventureworks.com/sampleReport">
<a:salesMan>Stephen Jiang</a:salesMan>
<a:contactEmail>stephenO@adventure - works.com</a:contactEma il>
<a:salesPeriod>
<a:start>1 - 1-2003</a:start>
<a:end>31- 12- 2003</a:end>
</a:salesPeriod>
<a:salesSummary>
<a:totalSales>610,881.02</a:totalSales>
<a:salesQuota>0</a:salesQuota>
</a:salesSummary>
</a:report>

Markup sample49 Custom XML part

To complete the circle the structured document tag now needs to reference data inside the custom XML part. You
apply adataBindingelement where you provide the-Rath query which maps to the data. You are alldwe use

XML namespace prefixes by applying separate prefix mappings ttathBindingelement. These are required

when you use an XML namespace prefix in yoBa¥ query. ThetoreltemIDattribute is optional. When you
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leave it out the consumer will ®mpt to bind to the first matching custom XML part as discussed earlier in this
section.

<w:sdt>
<w:sdtPr>
<w:alias w:val="Sales -man" />
<w:tag w:val="salesManName" />
<w:dataBinding
w:prefixMappings="xmins:  a="http://adventureworks.com/sampleReport
w:xpath="/a:report/a:salesMan" />
<w:text />
</w:sdtPr>
<w:sdtContent>
<w:r>
<w:t>Click here to enter text</w:t>
</w:r>
</w:sdtContent>
</w:sdt>

Markup sample50 Data bound structured document tag

The content control toolkit
To make the process of binding the structured document tags to a custom XML data file inside the pg
a bit easier you can make use of the Content Control Toolkit. This open sourcddasl yabu to generate
parts, relationships and markup to bind to custom XML.
You can download the toolkit from CodePlaitp://www.codeplex.com/Wiki/View.aspx?ProjectName=dl
m MedicalChart. docx® - Word 2007 Content Control Toolkit
File  Edt  Wew Help
H=4" ¥} @
Group By: | Location ~|| Namespace:
D Tag T Path | | [ Pt/ schemas. medohart -
MainD ocument Bind Yiew | Edit View
Aa 4085844 PlainText 0 properties[1 [/documentianagement[1]/ns2 SSN[T =
Aa 4065845 PlainText #nsltchart/ns personal/ns0:id EI=T
= 6224361 phot Picture = [ chart
Aa 3888421 Patient Na. PlainText #ns0properties{1]/documentManagement[1)/ns2 Patien B & & personal
ﬂ 3888449 MF ComboBox #nslhchart/nslpersonal/ms0:.gender
ﬁ 4065945 had DatePicker Anslichart/ns personal/ns0:dob
Aa 3888433 Patient&d . PlainText sl properties{1}/documentManagement[1}/ns2 Patien! = "
EB  3oeeds4  Ms ComboBox (= Famiyistary
Az £303340  Ocoupalion  FlanTent #nsfichant/nslpersonal/nst: occupation 5 [ hospitalidmissions
Aa £909987 Home Phe...  PlainText = [ admission
Aa 3888443 EMPLOYER  PlainText sl chart[1]/ns0 personal[1 }ns0:employei(1] =] year
Aa 3868648 ‘Word Phone  PlainText ] reason
Al 245484332 PlainText A 1) 1)ns2lnsurat [ allergies
[ 9935317 eplepsy  DropDownlist /nsChchan/nst famiyHistory/r I vacdnes
EF 9985361 thyraid DropDonnList  /ns0:chartfnst famiHistory/y ‘-: ::;;Hstw
EJ 9995377  OSTEOPOD.. DropDownlist /n: 'm0t FamilyHistorp/ :’ synopsis ¥
[E2 9995864 alcoholism  DropDownlist ‘ns(kFamilyHistory/ (S medications
Aa 415287672 RichT ext | initialPhysicalExam
ER 3335283 Item DropDownlist | progresshotes
3 9995298  relation DropDavnList (= xmins
Ed 9995340 migraine DropDownlist  /n: ] xsi
[Ed 9995367 haplever DropDiownList .
[EH 9995395 anthritis DropDawnList s FamilyHistarp/
ER 3335565 cancer DropDownlist artAnsl familyHistor/
EB 9995341 MENTALILL  DropDownlist  /ns(:chart/ns(:familyHistor/s
[Ed 9995371 ASTHMA DropDowmList  /n ‘ns0familyHistory/ #Path;
[FZ 9995402 HeamDise.. DiopDownlist /n: ‘rs 0 FamilyHistory/ Prefix Mappings:
ER 9995566 fillin DropDawnList
Aa 9395663 FillnTest  FlainTest (S
EB 9995342 glaucoma DropDownlist  AnsCichart/ns0familyHistory/ p— P———
[Ed 9995374 anemia DiopDownList  /n: sl Family History | | Soae @ nem e KL Par
=P . P ~ P P ol . il | Delete Custom XML Part
< ] >
Ready
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Finalizing the document

Finaliz ing the document

What has probably happened to some of you during the course of your career is that you have sent a document to
a prospect with the reviewing data and comments still embedded in the document. This can be quite an
embarrassment if the commes were not meant for viewing by that particular person. WordprocessingML stores
various pieces of information about changes in the document. The RSID has been discussed already in the first
section of this chapter, but there are other more powerful opsaavailable. When you turn on the reviewing

option in the document, all changes to the document will be stored by the consumer. For all the changes the
original as well as the changed value is maintained. You can also store comments inside a docuraeetfiory
purposes. All of this content can be removed from the document without too much trouble if you know the
structure in which this data is stored. To indicate to the user that you have finished the document, perhaps after
removing all reviewing datgou can apply a flag on the document signaling it is complete. The consumer is
encouraged to open the document in reatly mode.

Removing reviewing data

When you turn on revision tracking inside the settings part all changes to the document will baimadht

through specialized markup. Later on a user can choose which content to maintain by accepting the changes or
reverting back to the original. It is not uncommon to accidentally leave the reviewing data intact before sending
the document to a customer.

The reviewing markup is maintained in specialized elements. Many of these elements can be easily removed from
the document along with all the child elements defined within it. Some other elements act as a container for
current content and need to be remed with maintaining the child elements. The following overview provides a

list of all elements that you need to touch in order to clear the document from all reviewing data.

Element Contains Cleanup action
rPrChange Original run properties Remove Elenms
pPrChange Original paragraph properties Remove Element
tbIPrChange Original table properties Remove Element
trPrChange Original row properties Remove Element
tcPrChange Original cell properties Remove Element
moveFrom Container for moved content Remove Element
moveFromRangeStart  Marker for move source location Remove Element
moveFromRangeEnd Marker for move source location Remove Element
moveTo Container for moved content Remove Element
Maintain Children
moveToRangeStart Marker for move targetdcation Remove Element
moveToRangeEnd Marker for move target location Remove Element
ins Container for inserted content Remove Element
Maintain Children
del Marker for deleted elements Remove Element
Container for deleted content
delText Container fordeleted text Remove Element

Table3 List of reviewing elements

Most of the removal actions are pretty basic. All the elements marked as 'Remove Element' can be removed from
the document using simple XML editing. TheveToandinselements take an extra step. Since they contain the
current content of the tracked revision you need to maintain all the child elements defined within these
containers.
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Removing comments

A comment is an annotation tied to a specific part of the documéstally it is not so much the necessity to
create, but rather remove comments of a document as part of the finalization process. The structure needs to be
known in either case.

There are two parts to comments. The comment text is stored in the packadet & linked into the document at
some location. The comment text is stored in a separate part in the package, tying it to the main document part
using a weltknown relationship type.

Relationship type for comments
http://schemas.openxmlformats.org/atfe Document/2006/relationships/comments

Inside the part identified by this relationship you find separate comments. The root candenentswill store a
commentelement for each comment defined in the document. The individual comment is identified usiBbg an
value and stores details about who created the comment. Insidetimmentnode you are allowed to use normal
blocklevel constructs such as a paragraph or table.

<w:comments
xmins:w="http://schemas.openxmlformats.org /wordprocessingml/2006/main">
<w:comment w:id="0" w:author="Wouter van Vugt"
w:date="2007 - 04- 28T19:35:00Z" w:initials="WvV">
<w:p>
<w:r>
<w:t>A comment</w:t>
</w:r>
</w:p>
</w:comment>
</w:comments>

Markup sample51 Comment part

To reference this comment inside the document there is a simple approach. You willciiminaentReference

node at the location where you want the comment to be anchored to. By specifying the ID value of the comment
in the comments part this reference it to the comment. Since theommentReferencis only a single element,

it cannot demarcate a comment which wraps around several pieces of content. You only have a single anchor
point. To define the area that a comment is commenting about, you can ussothenentRangeStaend
commentRangeEnelements in addition to theommentReference

<w:p>
<w:commentRangeStart w:id="0"/>
<w:r>
<w:t>This text is commented on</w:t>
</w:r>
<W:.r>
<w.commentReference w:id="0"/>
</w:r>
<w:commentRangeEndw:id="0" />
</w:p>

[This text is commented on __. .- { Comment [WvV1]: A comment ]

Markup sample52 Referencing a comment

The great thing about this setup is thats remarkably easy to remove comments from the WordprocessingML
package. You will need to do two things. First remove the comments part from the package and remove the
comment nodes from the markup. Since comments can only appear in the main docuawntyiou only need to

visit one XML document. The structure of the reference nodes also allows for easy removal. Each comment node is
void of any child content, so you do not need to move any content around when removing comments.
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Marking as final

Markinga document final is a feature targeted to disable editing Ul in the consumer. While not a security feature it
is a handy addition to allow a user to known what type of document he is dealing with.

The feature of marking a document as final is not definétthin the scope of Open XML, but since it is something
you will likely be doing it is included here. Marking a document as final involves storing a custom xml part inside
the package and storing some specific Open XML markup. The markup used is theMDfanility for defining
custom properties and allow those to be consumed by the consumer.

To mark a document as final, first create a new part inside the package and get the content type correctly set up
again. Next you need to run a relationship frone tlmain relationship file. The properties are considered a start
part. You will need to add the relationship in thereld.relsfile. The following contentype and relationshigype

is used.

Content type for custom properties part:
application/vnd.openxnibrmats-officedocument.custorproperties+xml

Relationship type for custom properties part:
http://schemas.openxmlformats.org/officeDocument/2006/relationships/custproperties

Inside the new custom properties part you need to store specific XML conteliote the Microsoft Office Word
application to consider the document as being final.

<?xml version="1.0" encoding="utf - 16" standalone="yes"?>
<Properties
xmlns="http://schemas.openxmlformats.org/officeDocument/2006/custom - properties"

xmins:vt="http:/ /schemas.openxmlformats.org/officeDocument/2006/docPropsVTypes">
<property fmtid="{D5CDD505 -2E9C 101B- 9397- 08002B2CF9AE}" pid="2"
name="_MarkAsFinal">
<vt:bool>true</vt:bool>
</property>
</Properties>

Markup sample53 Properties for marking a document as final

The markup is entirely specific to the Microsoft Office Platform and shows one of the many ways in which a
consumer can enhance the document experience and tune it to its exact needs. You will find that thest of
enterprise requirements such as accessibility support do not require the use of custom properties but use pure
Open XML markup

Advanced topics

Now that the image has been inserted into the document the report looks like the sample provided witbakis b

There are several other interesting pieces of content that are not directly in use in the sample report, but are
interesting to discuss nonetheless. Common features such as merging table cells and inserting content such as lists
and fields will be ddawith.

Page background

At the document level you are allowed to set a graphic to display in the background of your document. This
background fills an entire page and can only be specified at the document level, this is a feature which is not
available &the section level. A document background is created withindbeumenttag using thebackground

element. There are two ways in which you can create your document background. A flat color can be represented
right within the background tag. More compleypes of backgrounds can be defined using VML markup. This

45



WordprocessingML

enables you to use a gradient fill or a picture as well. The following sample shows how to create a VML gradient
effect.

<w:document
xmins:w="http://.../wordprocessingml/2006/main"> *Whlte text on
<w:backgroun d w:color="9BBB59"> .
<v:background fillcolor="#9bbb59 [3206]"> gradient
<vfill color2="fill darken(118)" method="linear sigma" background
focus="100%" type="gradientRadial">
<o:fill viext="view" type="gradientCenter" />
</v fill>
</v:background> l
</w:background></w:document>

Markup sample54 Document background

One thing to know about this background is that it will not show in the default view in the consumer. To view the
backgroundppen something like the 'Fedicreen Reading' mode for Microsoft Office Word instead. There is a
setting which you can apply in the settings part to indicate that you also want to view the background in the print
view. You specify this using tdéesplayBakgroundShap@roperty.

Tables with merged cells

One commonly used feature of a table is to merge its cells either horizontally or vertically. WordprocessingML
tables are capable of this as well. For each type of merging, horizontal and vertical, theep&ate model in

place. Both rely on the properties node of a table cell. One requirement is that you always create rectangular cells,
no L shapes are allowed. In practice this means that a table cell can start a horizontal and a vertical merge at the
same time, but not start one merge and be part of another.

Each row defined witlr is required to meet the table grid definition which was defined witlGrid. You usually
do so by creatingc elements for eaclyridColelement in the table grid definitionfhere is one thing which
overrides this approach. A table cell can haxgidSparelement applied with a value higher than 1. For each
value higher than 1, the row needs to store one less table cell. So when the grid definition contairgrithGze
elements, you either have three cells, two cells with one usiggidsSparattribute valued to 2, or one cell with a
gridSparequal to 3. When a row contains two separate horizontal merges, this model is just applied twice.

The following sample displays adwy two table. The top row is merged together.

<w:tbl>
<w:tblGrid>
<w:gridCol w:w="4788" />
<w:gridCol w:w="4788" />
Figure19 Horizontally merged chs </w'tbIGrid>
<w:tr>
<w:tc>
<w:tcPr>
<w:gridSpan w:val="2" />
</w:tcPr>
<w:p />
</w:tc>
</w:tr>
<w:tr>
<w:tc>
<w:p />
</w:tc>
<w:tc>
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<w:p />
</w:tc>
</w:tr>
</w:tbl>

Markup sample55 Horizontally merged cells

Vertical merges take a different form. The horizontal mergedreslesdc element for each cell that was merged.

For vertical merges you do not remove cells. There are two values around vertical merges that you can apply to a
table cell. Inside the cell properties you can uéergeto identify the cell as taking pain a vertically merged set

of cells. By providing a value 'ofstart’' you indicate that the cell is the top cell in the vertically merged set. The

other cells which also take part in the same merge use a valloewfinue: As soon as a cell in the goin does

not have avMergeelement applied, the merging stops. So doestarting the vertical merge using thestart'
value for a second time.

<w:tbl>
<w:tblGrid>
<w:gridCol w:w="4788" />
<w:gridCol w:w="4788" />
</w:tblGrid>
Figure20 Vertically merged cel <w:tr >
<w:tc>
<w:tcPr>
<w:vMerge w:val="restart" />
</w:tcPr>
<w:p />
</w:tc>
<w:tc>
<w:p />
</w:tc>
</w:tr>
<w:tr>
<w:tc>
<w:tcPr>
<w:vMerge w:val="continue" />
</w:tcPr>
<w:p />
</w:tc >
<w:tc>
<w:p />
</w:tc>
</w:tr>
<w:tr>
<w:tc>
<w:p />
</w:tc>
<w:tc>
<w:p />
</w:tc>
</w:tr>
</w:tbl>

Markup sample56 Vertically merged cells
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There is one special thing to note about the vetticeerge. Since there are o elements being removed like in
the horizontal merge, you might end up with invisible content. The table cells marKedrttinue'are available for
storing content. However, this content cannot be seen by the-ase.

Numbered lists

WordprocessingML allows you to create two types of lists, numbered and bulleted. There is actually a third where
you create a hybrid form, one level numbered, the other bulleted. The following overview provides a sample of
each of the three numéring styles.

1 Firstitem 1. Firstitem 1) Firstitem

0 Second item a. Second item 1 Second item
1 Third item 2. Third item 2) Third item
Bulleted lists Numbered lists Hybrid lists

To create lists you use normal paragraphs. Each individual paragraph can form an item ifoadishtify the
paragraph as a list item the paragraph properixare filled with two pieces of information, the numbering ID
and the level that the paragraph is on. TiemPrelement inside the paragraph properties tells the consumer
what numberingto use on the paragraph. Theimidpoints to a numbering definition. When two paragraphs are
part of the same list they have the same value for iienldsetting. Thelvl, or indentation level, is used to specify
the level of indentation in a muHevellist. A paragraph will never be nested inside another paragraph to identify
nesting levels, the properties are used instead.

<w:p>
<w:pPr>
<w:numPr>
<w:ilvl  w:val="0"/>
<w:numld w:val="1" />
</w:numPr>
</w:pPr>
<w:r>
<w:t>First item</w:t>
</w:r>
</w:p>

Markup sample57 A numbered paragraph

The paragraph element does not provide any information about the numberingr dttan the numbering
identifier and indentation level. The bulk of the numbering information is stored outside of the main document
body in a separate numbering part. To find this part a specific relationship type is used.

Relationship type for numbering

http://schemas.openxmlformats.org/officeDocument/2006/relationships/numbering
The part identified with this relationship type is also identified using a specific content type.

Content type for numbering
application/vnd.openxmlformatsfficedocument.wordpreessingml.numbering+xml
There is at most one part that may use this relationship inside the package. The numbering part contains many
numbering definitions. To start fiddling around with numbering, first create a new part inside the

WordprocessingML packagand add the relationship between the main document part and the new numbering
part.

The numbering part consists of two pieces, abstract and real numbering definitions. Both the abstract as well as
the real numbering definition contain information abatlte type of list, bulleted, numbered or hybrid and also the
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settings to apply to each indentation level such as the fonts to use. The abstract numbering definition defines the
global settings to apply at each numbering level. Abstract numbering defiaitiomnever referenced by a

paragraph directly. Instead the paragraph always points to a real numbering definition, the real numbering
definition points to the abstract definition. The reason for this model is reuse of numbering settings. When two
lists ae exactly equal, but only differ in the font used on a certain indentation level, it would be beneficial to be
able to specify only the differences. All the global settings go into the abstract number definition. The differences
are stored inside the realumbering definition. The following markup sample shows the initial content of the
numbering part. The next step is to add abstract and real number definitions.

<w:numbering xmins:w="http://.../wordprocessingml|/2006/main" >
</w:numbering>

Markup sample58 The numbering part

What you will usually find when examining the numbering part is that the abstract numbering definition contains
the bulk of the settings. The first important setting is the ID of the abstract definition. This ID value is later used by
the real number definition. Inside thabstractNumelement themultiLevelTypelement defines what type of
numbering is being defined. The three available options identify single level lists;leweltiists and hybrid lists.

Each level of numbering isriatted using thdvl element. Themarkup samplé&9 shows the level properties to

create a single level bulleted list. The level text stores the bullet character to display, the number format identifies
that it is using a normal bullet. These settings will change for numbered lists. A list is usually indented a little bit.
This information can be stored inside the paragraph and run level property nodes. The information stored in these
nodes will later beeombined with the direct formatting on the paragraph and runs themselves to create the final
view of the list.

To create a bulleted list like this:

T Iltem1l
T Iltem2
T Item3

You need the following definition in the numbering part.

<w:abstractNum w:abstractNumId="0">
<w:multiLevelType w:val="singleLevel" />
<w:lvl  wiilvl="0">
<w:numFmt w:val="pullet" />
. xkl O1 4A@0 xkOAl " vy3zYy Y,
<w:pPr />
<w:rPr />
</w:lvl>
</w:abstractNum>
<w:nun®
<w:abstractNumld w:val="0" />
</w:num>

Markup sample59 Bulleted list

To create a numbered list a few elements need to be altered to provide for this. The number format identified by
the numFmtneeds to be changed to reflect the desired humber style. The value can be chosen from a preset list of
valid values. For basic numberidgcimal'will do. The second element which requires modification is the

numbering text. ThévITextwas previously usedtspecify the bullet character. It now needs to use a specific

format string with a placeholder for the number. The placeholder '%1)" is the placeholder for the first level

number. It will result in numbering going '1) 2) 3)..." Creating a placeholdke aecond level which looks like

'%1.%2" would result in numbering going '1.1, 1.2, 2.1, 2.2, 2.3'. By default the numbering will start at zero. To start
counting at another value you apply tiséart element inside the level definition. There are manyeatkettings

that you can apply to modify the style of numbering.
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To create a numbered list like this:

101ltem 1
102l1tem 2
103.ltem 3

You need the following markup.

<w:abstractNum w:abstractNumld="0">
<w:multiLevelType w:val="singleLevel" />
<w:Ivl w:ilvl="0">
<w:numFmt w:val="decimal" />
<w:start w:val="101" />
<w:lviText w:val="%1)" />
</w:lvl>
</w:abstractNum>

Markup sample60 Numbered list

The minimal real number definition stores a numbering ID and a reference to sieabdefinition. It is also
allowed to create overrides for all the levels defined by the abstract parent. To override settings, an entire level
needs to be recreated. The settings in the abstract definition will not be applied. An override is cresiegl tihe
IviOverrideelement. Inside it you create a level definition using the s&rhelement as is used in the abstract
definition.

<w:num w:numld="1">
<w:abstractNumld w:val="0" />
<w:lvlOverride w:ilvl="0">
<w:Ivl wiilvl="0">
<w:numFmt w:val=" bullet" />
<w:lvIText w:val=">>" [>
</w:lvl>
</w:lvlOverride>
</w:num>

Markup sample61 Overriding a number level

Bookmarks and hyperlinks

The common approach to linking to content is the hyperlink. Inside WordpsingML these hyperlinks are used
for two types of links, to external content and to locations inside the document. To link to external content you
specify the URL to link to using the Open Packaging Convention. The links to internal content make use of
bookmarks.

A hyperlink to external content is stored as a package relationship. This relationship uses a specific relationship

http:/fopenxmldeveloper.org/
Crl+Click to follow link

Open XML Developer‘l

type to allow it to be identified as a hyperlink. Since the resource that the hyperlink is pointing to is not stored
within the package, there is no package part or content type that you need to define. The following relationship
type is used.

Relationship type for external hyperlinks

http://schemas.openxmlformats.org/officeDocument/2006/relationships/hyperlink
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The relationship need® be stored in the relationship file for the main document part when the hyperlink is used
from within the main document body. Hyperlinks used in a header or footer are stored in their respective
relationship files.

<Relationships xmlns="http://.../pack age/2006/relationships'>
<Relationship
Id="rId2"
Type="http://.../officeDocument/2006/relationships/hyperlink"
Target="http://www.openxmldeveloper.org"
TargetMode="External"/>
</Relationships>

Markup sample62 External relationship for a hyperlink

The hyperlink is formed using thgperlinkelement. This element surrounds the texins that make up the
hyperlink text. The relationship ID is used to specify the hyperlink destination.

<w:p>
<w:hyperlink  r:iid="rld2">
<w:r>
<w:t>Open XML Developer</w:t>
</w:r>
</w:hyperlink>
</w:p>

Markup sample63 External hyperlink

To use a hyperlink to point to internal content, a similar model &splsince the hyperlink will point to a location
inside the document, you first need to create a marker for the hyperlink to point to. This marker is defined using a
bookmark. While the hyperlink element surrounds the text it displays, a bookmark usesepaoate elements to
indicate the start and end locatiobpokmarkStareandbookmarkEndThe reason for this model is that a

bookmark might start in one paragraph and finish in another. The start and end identifier of the bookmark are
identified using anD value. For user reference the bookmark is given a name as well.

<w:p> <w:p>
<w:bookmarkStart w:id="0" w:name="MyMark" /> <w:hyperlink w:anchor="MyMark">
<w:r> <w:r>
<w:t>Bookmarked Text</w:t> <w:t>Hyperlink Text</w:t>
</w:r> </w:r>
<w:bookmarkEnd wid="0"/> </w:hyperlink>
</w:p> </w:p>
Markup sample64 Bookmarks Markup sample65 Internal hyperlink

The bookmark can be referenced inside the document usindpytperlinkelement again. Instead of using the
relationship ID attribute to point to the content, thenchorattribute is applied. This attribute identifies the
bookmark by using the bookmarkame.

Using fields

Fields are dynamic pieces of content in a mostly static document. While most parts of a document should not
change due to changes in layout for instance, some areas need to reflect a piece of dynamic content. Think about
page numbers, othose nifty headers which display the current chapter on each page. If these would be hard
coded you would have a hard time keeping the document up to date. Fields are here to save you from that trouble.
They provide a mechanism for defining placeholdeinéch are populated with data by the consumer opening the
document.
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There are two types of fields, simple and complex. Simple fields are able to wrap a single run. The run text stores a
cached version of the field data from the last time the fields wgrdated. Complex fields can surround multiple

runs, but as the name would suspect, the model is a bit more complex. Both the simple and complex fields use
functions to define their dynamic data. The table of contents is a good example of such a congle&xtfier

examples of using a complex field include places where functions are used within functions, when using an IF
statement for instance.

Some of the common functions include:

Function Return value

PAGE The current page number

STYLEREF "Heading 1" The current heading 1 text

TITLE The document title

AUTHOR The document author

SAVEDATE@ "dddd d MMMM yyyy" The last save date in a specific format
TOC The table of contents

Table4 Common functions for fields

Simple fieldsire created using th@dSimpleelement. It is commonly nested inside a paragraph. fld&mple
element takes a single function and contains the cached value of that function inside a run in the field.

<w:p>
<w:r>
<w:t xml:space="preserve">Page </w:t>
</w:r>
<w:fldSimple  w:instr="PAGE">
<w:r>
<w:t>32</w:t>
</w:r>
</w:fldSimple>
</w:p>

Markup sample66 Simple fields

To create complex fields a more elaborate approach is folbv@mmplex fields are allowed to span multiple
paragraphs and runs. A good example is the Table of Contents. While there is one single function to create a table
of contents, the table itself is made up of many paragraphs, all part of the same compdeX fielsamples
accompanying this book contain a sample of using the complex field in the table of contents.

Table of Contents

Many documents contain a listing of their content in a table like manner, otherwise known as the table of

contents. Thisisacotiss yif & OKIy3aAy3a LI NI 2F GKS R20dzySyid FyR & &
entries. WordprocessingML provides a simple mechanism to dynamically create this table of contents. You can use

a field to define it.

<W:p>
<w:fldSimple w:instr="T ocC" />
</w:p>

Markup sample67 Poor mans table of contents

To tell the consumer that the field defines a table of contents the TOC function is used. This field can either use the
simple notation discussed earlier, or thensplex notation if required. The benefit of the complex notation is that

you can add the items which make up the Table of Contents before opening the document. Using the simple
notation the user will have to update the Table of Contents manually beforéehes will show.
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To insert the Table of Contents field you use the markup foumehikup samplé7. What the caption might have
indicated, this table of contents is rather minimal. You first need to open the docunmehtipdate the field

before any content is shown. A user will probably expect the Table of Contents to be populated when opening the
document. To facilitate this you can use the complex field notation and add the items to the Table of Contents
using plain V@rdprocessingML markup. The other approach involves telling the consumer to update all fields when
the document is opened.

To create the table of contents using the complex field construct your benefit is that the table of contents is
defined and no useinteraction is required when opening the document. The following picture displays a simple
table containing the text, page number and the dots between them.

1O aF=T o) =T g Togl 1Y Y U o] o) SO PUP PP TP 4
1O aF=T o) =T g o 1Y Y 02 | ST PP P TP PPRPPPON 9

There are three parts to the advanced table of contezdch contained in a separate paragraph or set of
paragraphs. The table is made up of the fistdrt marker, fieldcontent and fieldend marker.

<w:p> | Start of the table of
<w:r> contents complex éld
<w:fldChar w:fldCharType="begin" />
</w:r>
<w:r> The Table of Contents
<w:inst rText >TOC</w:instrText> function
</w:r>
<w:r>
<w:fldChar w:fldCharType="separate" /> Separation between the
<fw:r> function and cached
</w:p> content
<w:p>
<w:pPr>
<w:tabs > Tab position for aligning
<w:tab w:val="ri ght" the page number and
w:leader="dot" w:pos="9350" /> providing the dots
</w:tabs>
</w:pPr>
<w:r> Tab between text and
<w:t> Chapter 1 Z My Puppy</w:t> number
</w:r>
<w:r> . P
<w'tab /> Hyperlink pointing to a
</w:r> bookmark surrounding the
<w:hyperlink w:anchor="_TocHeading1"> chapter heading
<w:fldSimple w:instr="PAGEREF _TocHeadingl">
<w:r>
<wWit>4< fwit> Function for retrieving the
</w:r> page number of a
</w:fldSimple> bookmark
</w:hyperlink>
</w:p>
<w:p> End of the table of
<w:r> contents field
<w:fldChar w:fldCharType="end" />
</w:r>
</w:p>

Markup sample68 Advanced Table of Contents
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Usually the table of contents uses hyperbrtk allow a user to click on the item in the consumer. To support this
normal innerdocument hyperlink constructs are used. You surround the chapter text with the bookmark markup
displayed in the next sample.

<W:p>
<w:pPr>
<w:pStyle w:val="Headingl" />
</w:pPr>
<w:bookmarkStart w:id="0" w:name="_TocHeadingl" />
<w:r>
<w:t>Heading 1</w:t>
</w:r>
<w:bookmarkEnd w:id="0" />
</w:p>

Markup sample69 A Heading 1 paragraph

You can automate the updating of fields upmmening of the document by adding apdateField&lement to the
WordprocessingML settings part and providing a value of 'true’. When a user opens the document in the consumer
all the fields in the document will be updated. This will make the table dfecds visible. The downside to this
approach is that there is still a user action required to fill the Table of Contents.

Captions

When inserting images, tables or other special types of content you usually provide a caption to provide some
information abait what is being stored. These captions are made up of a label and a sequential number. To create
a caption, little markup is required. Again the model revolves around the usage of fields and functions inside the
document markup.

There is a special funoti which is able to count 'labels'. The function is called 'SEQ' and you provide a label name
to count. Each time you use the same label name, the count is one higher. Again the field caches the current
number for the caption. The following sample uses ldigel 'Figure'.

<W:p>
<w:r>
<w:t xml:space="preserve">Figure </w:t>
</w:r>
<w:fldSimple w:instr="SEQ Figure">
<w:ir>
<w:t>1</wit>
</w:r>
</w:fldSimple>
</w:p>

Markup sample70 Captions

WordprocessingML wrap -up

There are many features of WordprocessingML which are still not discussed. The powerful equation engine is a
good sample of this, or the use of glossary document to store building blocks. While all of these are great subjects
for discussion, there are ber Open XML languages which also want to take their turn. There are three Open XML
languages waiting for you. The first one on this list is SpreadsheetML.
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Chapter 2
SpreadsheetML

Learn about the elements of a basic spreadsheets

Learn how to work with formulas

Learn how to create tables and pivot tables

Learn how to enrich a spreadsheet with styles and conditional formatting
Learn how to display charts

=A =4 -4 -4 -9

Introduction

Similar to the WordprocessingML chapter, SpreadsheetML will use a sample report that will beiceadstiuring

the course of the chapter. The sample spreadsheet contains three mayor elements of SpreadsheetML, data, a
pivot-table and an accompanying chart. First the initial workbook will be created using a minimal amount of
markup. Next the data willdadded to the first worksheet. This data will be structured as a table to allow for
better filtering of the data. The table will then become the source of a giable, which in turn will provide data

to a chart. Since the chart is created using Drawihgivarkup, the explanation of charts can be found in the
respective chapter.

The following image displays the sample SpreadsheetML document.

A B C D
Region __ Elsslas arson [ Sales Quots @ Sales____ |

1
2 Southeast Stephen Jiang | § 250.000.000,00 | $ 720.315,00
3 |Southwest Stephen Jiang |5 250.000,00 [ & 59.212,00
4 Southwest Stephen liang | $ 250.000,00 ' § 703.998,00
5 Southeast Stephen Jiang | $ 250.000,00 $ 516.647,00
6 Central Michael Blythe |$ 250.000,00 $ 200.688,00
7 |Central Michael Blythe | $ 250.000,00 § 246.935,00
8 Central Michael Blythe $ 459.466,00
9 |Southwest Michael Blythe 5 459.466,00
10 Southwest Linda Mitchell |$ 250.000,00 S 149.776,00
11 |Southwest Linda Mitchell [$ 250.000,00 $ 329.596,00
12 Southwest Linda Mitchell |$ 250.000,00 S 487.435,00
13 Southwest Linda Mitchell [$ 250.000,00 ' § 613.838,00
14 Northeast Jillian Carson S A B c
15 |Northeast lillian Carson S 1 values
16 Southeast Jillian Carsan 5
o 2 Row Labels ~ |Sum of Sales Quota Sum of Sales
17 |Northeast Jillian Carson S
18 Canada Garrett Vargas | $ 3 |PCanada 1000000 1070895
19 |Canada Garrett Vargas | $ 4 Garrett Vargas 1000000 1070895
20 Canada Garrett Vargas | $ 5 | =Central 900000 907089
21 |Canada Garrett Vargas |$ 6 Michael Blythe 900000 907089
22 Southeast Tsvi Reiter 5 7 | ©'Northeast 750000 392153
23 |Southeast Tsvi Reiter S 8 Jillian Carson 750000 392153
32000 1450000 2461062
on 250000 241908
ang o 1236962
1200000 982192
1300000 4803321
nell 1000000 1880645
ythe 300000 455466
ang o 2463210
5400000 9634520
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Elements of a simple spreadsheet

The minimal amount of markup used to create a spreadsbist
somewhere between WordprocessingML and PresentationML in
terms of required parts in the package and the required markup
inside those parts. A SpreadsheetML document contains a central
workbook part and separate parts for each worksheet. To create a
valid SpreadsheetML package, you always need the workbgok and ?I;igure21|\/linimal spreadsheet parts
least one sheet part. The package contains 5 elements, which you n

put together similar to the initial WordprocessingML document. First you create the workbook and sheet part. You
can storethem in any directory, the sample documents using the root directory of the package. Both the workbook
and sheet use a specific content type stored in the contgpes part. The contertypes part is named
[Content_Types].xnagain, put it in the packageot. The following content types are for the workbook and sheet.

= Demo 1 - Minimal Spreadsheet, xlsx
= wiorkbook, xml
sheetl, xml

application/vnd.openxmlformatsfficedocument.spreadsheetml.sheet.main+xml

application/vnd.openxmlformatsfficedocument.spreadsheetml.worksheet+xml

The final step is creating the requireelationships between the package and the workbook, as well as the
relationship between the workbook and sheet. Since the first relationship runs from the package to the initial part,
it needs to go in a file calledéls'in the_relsfolder in the rootof the package. If you follow the sample naming

than the second relationship goes in thrkbook.xml.reldile in the_relsfolder. Use the following two

relationship types to create the knots in the package.

http://schemas.openxmlformats.org/officeDocuemt/2006/relationships/officeDocument

http://schemas.openxmlformats.org/officeDocument/2006/relationships/worksheet

The workbook part

The first and foremost task of the workbook part is keeping track of the worksheets, global settings and other
shared compnents of the workbook. The workbook part maintains a list of all the worksheets in the spreadsheet.
This list is created to be able to name all the worksheets as well as providing sequencing information for the Open
XML application. There are three piscef data stored inside the workbook part about all the worksheets. Each
sheet has a name attached for display in the consumer Ul. There is an ID value used for sorting the sheets and
finally a relationship ID to point the workbook to the part inside tlaelage where the sheet is being stored.

Other information in the workbook part concerns the views, calculations and versioning information as well as
other options.

<workbook
xmlns="http://schemas.openxmlformats.org/spreads heetml|/2006/main"
xmins:r="http:// schemas.openxmlformats.org /officeDocument/2006/relationships">
<sheets >
<sheet name="Sheetl" sheetld="1" r:id="rld1" />
</sheets>
</workbook>

Markup sample71 A minimal workbook

One thing that you might notice in the markup sample of the workbook is the lack of a XML namespace prefix for
the default SpreadsheetML namespace. You will find this thremgtSpreadsheetML. The rean for not using a

prefix is optimization again. When there are fewer letters in the markup there is less information that needs to be
parsed and loaded into memory. For the missing namespace prefix this provides a reduction of at least four
characters peXML node. The prefix itself is at least one character, the colon separating the prefix from the node
name is again one character, multiplied by two for the start and end node. The downside of this approach is a
slight decline in rea@bility, but this igeally minimal and not a real issue when dealing with a SpreadsheetML file.
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This optimization is not defined within the contours of Open XML. Instead it is an optimization used by the
Microsoft Office Excel application. Other consumers might not useahestrategy.

The worksheet part

The minimal SpreadsheetML document is required to contain at least one sheet. The type of sheet can either be a
worksheet, dialog sheet or chart sheet. Usually the spreadsheet will define at least one worksheet. The @torkshe
is what you normally associate with a spreadsheet. It contains a table like structure for defining data. To create an
empty worksheet not many elements need to be defined. As can be seen in the markup sample a data sheet uses
the worksheetelement as tle root element for defining worksheets. Inside a worksheet the data can be split up

into three distinct sections. The first section contains sheet properties. The second contains the data, using the
requiredsheetDataelement. Right aftesheetDatavarioussupporting features can be found such as sheet

protection and filter information. To define an empty worksheet you only have to make sure that you create a
worksheetandsheetDataelement. The sheet data is allowed to be empty.

<worksheet xmlns="http://s chemas.openxmlformats.org/spreadsheetm|/2006/main" >
<sheetData >
<row>
<Cc>
<v>1234</v>
</c>
</row>
</sheetData>
</worksheet>

Markup sample 72 Minimal worksheet containing the value '1234'

The entire structure

There are many more parts that you can put into a SpreadsheetML package. The following image depicts most of
the elements that you can find in amterprise spreadsheet, most of which are used for specific constructs such as
the pivottable or spreadsheet styles.

Calc Chain
les ) i Shared Strings )
e’ —
Xml Maps
Theme )
—Te —
. Workbook
Sheets /
Chart ) Pivottable
(T ) I
PivotCache/
PivotR ds )
|voi ei:gr/ s/
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Creating worksheets

The worksheet serves as the workhorse for SpreadsheetML = = = =

It contains data in a table like fashion. To create nalues 1 [Region salesPerson  SalesQuota  Sales
for the worksheet you define rows inside tsbeetData 2 Southeast Stephen Jiang 0 720315
. . . 3 | Southwest Stephen Jiang 0 1759212
element. These rows contain cells, which contain values. Tt ; southwest stephen Jiang 0 703998
manner in which you can define these rows and cells have s |southeast stephen Jiang 0 516647
. T - : . : 6 |Central Michael Blythe 300000 200683
various optimizations apphed. tq the;m. Bgfore going into the - ~ "~ Michael Blythe 200000 45035
details of thesavorksheet optimizations, first the structure s central Michael Blythe 300000 459466
of a simple sheet needs further explanation. 3 |Southwest Michael Blythe 300000 459456
10 [ Southwest linda Mitchell IEO0000 149776

Therow element defines a new row. Normally the first row in thleeetDatais the first row in the visible sheet.

There are optimizations that can alter this belayiwhich is discussed later on in the chapter. Inside the row you
create new cells using theelement.

Values for cells can be provided by storingedement inside the cell. Usually tiveelement will contain the

current value of the worksheet cello store a numeric value in the spreadsheet, all you have to do is to include its
value in thev element.

<worksheet xmIns="http://.../spreadsheetml|/2006/main" > A
<sheetData>
<row> 1 a2
<Cc>
<v>42</v>
</c>
</row>
</sheetData>
</worksheet>

Markup sample73 A simple worksheet

If you create a spreadsheet with Microsoft Excel you will notice that cell text differs from the nline strings example
you have just seen. Excel stores text using an optimized variatied chlared strings which are explained later.
As with many optimizations in Open XML, both are equally valid but there is adfadetween size, performance
and complexityTo create a cell with text you use thig' element, which stands for inlinstring. Before you are
allowed to store an inline string in a worksheet cell, first the cell needs to be identified as a container for inline
strings. You do this by setting the cell elemeattribute tod A y f A Wighin th&lid element you set the tet

itself using thet element. Text is not stored directly within this' element itself because there are other places in
the markup where text can appear as well. The salement is reused. The following markup sample shows the
second row of the sanie data. It uses two inline strings and two direct values. By providing marelements

you can build up the sample spreadsheet data. The documents provided on the samples website contain a
complete sample. The location of this website can be foundenintroduction.

<worksheet xmIns="http://schemas.openxmlformats.org/spreadsheetml|/2006/main" >
<sheetData>
<row>
<c t="inlineStr">
<is >
<t >Southeast</t>
<lis>
</c>
<c t="inlineStr">
<is>
<t>Stephen Jiang</t>
<lis>
</c>
<Cc>
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<v>0</v>

</c>

<C>
<v>720315</v>

</c>

</row>
</sheetData>
</worksheet>

Markup sample74 A simple worksheet

If you create a spreadsheet with Magoft Excel you will notice that cell text differs from the inline strings exarn
you have just seen. Excel stores text using an optimized variation called shared strings which are explainec
As with many optimizations in Open XML, both are equailid but there is a tradeff between size, performance
and complexity.

Formulas

A great deal of the power of spreadsheets derives from the use of formulas to create computational models.
Formulas allow for automatic calculation of values based da bfeside and outside the spreadsheet or the output
of other computed cells in the spreadsheet.

Formulas are stored inside each cell that uses a formula. Usirfgetement you define the formula text. Formulas
can contain mathematical expressions thatlude a wide range of predefined functions.

<c> ' A B c D
<f>(A3*B3) * (1 -C3)</f> 1
<v>3168</v> 2 Unit Price  Discount Total
</c> 3 32 110 10%@!
Markup sample75 Formulas Jfe | ={A3*B3) * (1-C3)

Thev element, which previously contained the direct value, is now usestdce the cached formula value based

on the last time the formula was calculated. This allows the consumer to postpone calculation of the formula
values when the spreadsheet is opened, which would result in longer waits when opening a worksheet. You do
not need to specify the value, and if you omit it, it is the responsibility of the Open XML reader to compute the
value based on the formula definition.

The use of functions in a highly internationalized environment such as the document workspace brirggtinge
questions. When you run Microsoft Office Excel you are allowed to express functions in the native language. The
'SUM()' function in Spanish would become 'SUMA()'. The important bit to consider is the way in which this is stored
in Open XML. The fation will be saved in its nelocalized form. When a Spanish user would use the SUMA()
function from within the consumer, the underlying markup would store the SUM() function. Only the user

interface is localized, not the markup. This saves you a gredtafi@rogram code when working with functions,

and let the developers benefit of working with wthown functions.Formulas cannot only appear inside a

worksheet cell. Other elements such as table columns are also capable of storing formulas. Theogaiie used
through-out. The formula is always stored as text.

Worksheet optimizations

There are several optimizations to the SpreadsheetML model. There is a special setting which you can apply to
rows and cells called sparse table markup. You use ibsitipn cell using only the set the cells which you require.
Shared strings and formulas are there to lower to amount of work for the consumer and reduce file size.
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Sparse table markup

Up until now the row and cell position starts from the left top of §@eadsheet and runs outward, the first cell

being cell A1. Using this model it takes quite a lot of markup if you only want to put a value in cell E5. E is the fifth
column, 5 the fifth row, that's 25 cells to just get to cell E5. That is obviously eehdist optimal thing to do with
regard to the amount of markup and parsing to do. To solve this problem, a row and cell can include a position
identifier. To for instance create a spreadsheet with a single row positioned at index 5, you adatttitaite to

the row element as seen imarkup samplg6. Cells use a similar model to identify their position. Théribute is to
identify the column and row index. Obviously the row index should be equal to the one defittesl raw level.

<worksheet xmIns="http://schemas.openxmlformats.org/spreadsheetml/2006/main">
<sheetData>
<row r="5">
<c r="E5">
<v>1234</v>
</c>
</row>
</sheetData>
</worksheet>

Markup sample76 Positioning optimizations

The sample spreadsheet does not make use of the row and cell positioning optimizations. The data runs from cell
Al outward, so it is not necessary to include this information. You are free to move the data around in the
worksheet, but itakes quite some editing. The sample document for the positioning optimizations only shows a
single positioned cell.

Positioning of rows and columns must advance from top to bottom and left to right. You cannot specify row 5
before row 4 and column E ek D. Doing so is considered an error in the spreadsheet.

Shared strings

Shared strings optimize space requirements when the spreadsheet contains multiple instances of the same string.
When you examine the sample spreadsheet you notice quite a triofys being used multiple times. This

scenario occurs frequently in modern use of spreadsheets to analyze business or analytical data. If you stored
these strings using inline string markup, the same markup would appear over and over in the workiseezare

several downsides to this approach. First of all the file will take more space on

disk because of all the redundancy of content. Moreover, loading and savir A B

will also take longer.

To optimize the use of strings in a spreadsheet Spreadsheethéks the
approach of storing a single instance of the string in a table, called the shar
strings table. The cells then reference the string by index instead of storing

Region Sales Person

Southeast Stephen Jiang
Southwest Stephen liang
Southwest Stephen Jiang

D100 |~ | (LN | M|

value inline in the cell value. Southeast Stephen Jiang
The shared strings table appears as a separateipside the package. Each Central Michael Blythe
workbook contains only one shared strings part whether the strings appear 7 Central Michael Blythe

Central Michael Blythe

multiple times in one sheet or in multiple sheets. You can revisit the steps
described in the WordprocessingML chapter on how the package structure
works.To move the sample spreadsheet from inline strings to shared strings, you first need to create a separate
part to store the shared string data. This part can again be stored anywhere in the package, like all the other
package parts can. The content typeedls to reflect the content type of the string table. You need the following
value:

I, LA TR BN R -

Content type for shared strings

application/vnd.openxmlformatsfficedocument.spreadsheetml.sharedStrings+xml
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The second step is relating the shared string table from thekiaook part. There can only be one shared string

table in the spreadsheet. Since each worksheet uses the same, it is referenced from the workbook instead of from

each individual worksheet. The following relationship type is used to create the relatidmstfipen the
workbook and string table parts.

Relationship type for shared strings

http://schemas.openxmlformats.org/officeDocument/2006/relationships/sharedStrings

Now that the package stores and references the sttadgle, it needs to be filled with da. The shared string table
is defined using thestelement. It uses two attributes to keep track of the content and usage of shared strings.
Thesielement is used to add an item to the shared string. It stands for sirémg and is the exact oppositd the
inline string elements.

<sst xmlns="http://schemas.openxmlformats.org/spreadsheetml/2006/main">
<S| >
<t>Region</t>
</si>
<si>
<t>Sales Person</t>
</si>
<si>
<t>Sales Quota</t>
</si>
...12 more items ...
</sst>

Markup sample77 The shared string table

The last step in the transition to shared strings is updating the worksheet data. The cells used the type quantifier

to identify them as inline stringontainers. Now they need to use shared strings instead.

The type needs to be set to 'shared string’, identified usingst@ue. The value of the cell is used to store the
index into the shared string table. A good example is the header row of thelsapgeadsheet. It uses the
following markup to reference the string table.

<worksheet xmlns="http://schemas.openxmlformats.org/spreadsheetm|/2006/main">
<sheetData>
<row r="1" spans="1:4">
<c r="Al"t="s">
<v>0</v>
</c>
<cr="B1" t="s">
<v>1</v>
</c>
<cr="C1l"t="s">
v>2</v>
</c>
<c r="D1" t="s">
<v>3</v>
</c>
</row>
...24 more rows...
</sheetData>
</worksheet>

Markup sample78 Referencing strings in the string table
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Shared formulas

Similar to shared strings there is also an optimization for formulas. Like string values, formulas are often repeated
over a range of cells, for instance in a calculated column of a table. They only differ in small details such as the row
index he formula uses. For the consumer it is easier to load the first formula into memory and base the repeating
formulas on that data than it is to load each formula individually.

Unlike the optimization to strings using a separate shesethg part, the sheed formula model does not rely on a
separate part inside the package. It all takes place right within the worksheet data.

A normal formula was defined by just adding the formula elenfémside the cell. The formula text was stored

within the opening ad closing tags of thEelement. For shared formulas the formula element has an extra

attribute applied to identify it as being a shared formula, similar to identifying the cell type. The first cell using the
formula stores three values. It stores the fauta text like normal and a reference to the cell range using that
formula type. The formula itself is identified using #iattribute. The next cell using that formula uses the same
value for this attribute. It does not define the formula text, only first cell has to store that information.

<row>
<c>
<v>1</v>
</c>
<c>
<f t="shared" ref="C2:C4" si="0">A2 + 1</f>
v>2</v>
</c>
</row>
<row>
<C>
y>2</v>
</c>
<C>
<f t="shared" si="0" />
<v>3</v>
</c>
</row>

Markup sample79 Shared formulas

Tables

A SpreadsheetML table is a logical construct that

specifies that a range of data belongs to a single A B C D
dataset. SpreadsheetML already uses a table like 1 Region|~ | Sales Person |~ |Sales Quota| = Sales |~
model for specifying values in rows and columns, 2 sgutheastStephen Jiang 0 720315
but you @n also label a subset of the sheetasa 3 southwes Stephen Jiang 0 1759212
tableand give it certain properties that are useful . o cicr comatbomn timen Y ——

for ad-hoc analysis. The table in SpreadsheetML allows you to work with the data in ways not possible using the
formatting we have seen up until now. Exampleshi$ is filtering, formatting and binding of data.

Like other constructs in SpreadsheetML, any table in a worksheet is stored in a separate part inside the package.
The table part does not contain any table data. That data is always maintained in thehwetlcells in exactly the
same way we have used until now. The worksheet which displays the data is mostly agnostic of the existence of
the table.

To create a table in SpreadsheetML you create a separate part inside the package. This table partheeds to
referenced from the worksheet that displays the table. The following content type and relationship type are used.
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Content type for table
application/vnd.openxmlformatsfficedocument.spreadsheetml.table+xml

Relationship type for table
http://schemas.op@xmlformats.org/officeDocument/2006/relationships/table

The table part contains the definition of a single table. When there are multiple tables on a worksheet there are
multiple table parts. The root element for this part is ttadle. In its minimal fornit only needs information about
the table columns which make up the table, but you probably also want to define an emptyilkertoHow aute
filters are defined will be explained a bit further on. Leaving out the 4ilter element disables the filtenig

buttons on the table columns in the consumer.

<table xmins="http://schemas.openxmlformats.org/spreadsheetm|/2006/main"
id="1" name="Tablel" displayName="Tablel" ref="A1:D25">
<autoFilter ref="A1:D25" />
<tableColumns count="4">
<tableColumn id="1" name="Region" />
<tableColumn id="2" name="Sales Person" />
<tableColumn id="3" name="Sales Quota" />
<tableColumn id="4" name="Sales" />
</tableColumn s>
</table>

Markup sample80 Simple table

Thetable element has several attributes applied to identify the table and the data range it covers. Thédtable
attribute needs to be unique across all table parts, the same fwebe nameanddisplayName ThedisplayName
has the further restriction that it must be unique across all defined names in the workbook. Later on we will see
that you can define names for many elements, such as cells or formulapai®yalue is usedor the object

model in Microsoft Office Excel. THesplayNames used for references in formulas. Tted attribute is used to
identify the cell range that the table covers. This includes not only the table data, but also the table header
containing colmn names.

To add columns to your table you add ntaleColumrelements to thetableColumngontainer. Similar to the
shared string table the collection keeps a count attribute identifying the number of columns.

Besides the table definition in the tableugt there is also the need to identify which tables are displayed in the
worksheet. The worksheet part has a separate elemahtePartsto store this information. Each table part is
referenced through the relationship ID and again a count of the numbttdé parts is maintained. The following
markup sample is taken from the documents accompanying this book. The sheet data element has been removed
to reduce the size of the sample. To reference the table, just addathlePartselement, of course afterdwving

created and stored the table part.

<worksheet xmlns="http://schemas.openxmlformats.org/spreadsheetm|/2006/main">

<tableParts count="1">
<tablePart r:id="rld1" />
</tableParts>

</worksheet>

Markup sample81 Referencing the table part in a worksheet
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Auto filters

When there are a large number of items in a table it might provide a better gegion(~.
view if there are only a number of rows displayed basadrarious criteria. The = sotatoz
SpreadsheetML table model uses auto filters to provide this capability. It allc setztoa
a number of different criteria to be set on the columns like filtering on values Sty Coler 2

ranges and even cell colors. 300

= 300
I >

ext Filters 200
) (Select All) 300
v|Canada 250
v Central
| Northeast 250
] Southeast 250
¥ Southwest 250

There are six types of filtetthat you can define. Each column in a table can have one of these filters applied.

Filter Element Filters by

value filters A list of cell values

color colorFilter A font or fill color of a cell

icon iconFilter An icon set and icon within
that set

top items top10 The top N percent or number
of items

dynamic dynamicFilter Some dynamic piece of data
such as 'today"

custom customFilters A range of data using
operators such as 'greater
than'

Figure22 Filter types

Auto filters are mostly defined within the table part. The table part defines the filters for each column, but there is
also a change that needs to be made to the worksheet data. First let's cover the definition of a simgiétexuto

To create auto filters yourft add theautoFiltercontainer to thetable element in the table part. This container

stores filter settings for all the columns. Each column is allowed one filter, and columns without filters do not need
to be defined. Theef attribute is used to iderify the cell range to which the filters contained in thetoFilter

element apply. Usually this defines the entire table data range, including any possible hidden cells. For each
column which has a filter applied you create fiieerColumnelement, identiying the column using theolld

attribute. The first column has an ID of 0, the next of 1 and so on. The last step is to identify which type of filter you
want to use on the column, by storing information within tfileerColumnelement.

<autoFilter ref="A1:D25"> ] (Select All)
<filterColumn colld="0"> []Canada
<filters > []central

<filter ~ val="Southeast" /> Northeast

<filter val="Northeast" /> Southeast

[ Southwest

<ffilters>
</filter Column>
</autoFilter>

Figure23 Using a valudilter
Simply providing an autblter through the table part is not enough to have a working filter. The worksheet data
needs to reflect the filter settings by explicitly hiding the rows which should be hidden due to filteringpwhe
element provides théiddenattribute to support this. This is an important factor for working with filters through
program code. When modifying the filter settings you need to recalculate which rows should be hidden.
Calculation implies the ability toavk with complex markup such as formulas.
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<row hidden="1">

</row>

Markup sample82 Hiding filtered rows

If your application generate®@pen XMIF NP Y o0dzaAy Saa RIGI a2dz2NOSa @2dzQft Y24i
worry about applying a filter and hiding rows.

The following overview provides a simple implementation of some of the filter types. All the filters are applied to
the first column of the table.

filterColumn colld="0"> The top10 rule can either display the top number or

<topl0 percent="1" percent of items. Theercentattribute is a Boolean switch
val="20" filterVal="5"/> to determine the mode. Theal attribute indicates the
<ffilterColumn> number or percentage, such dep 20%'filterval is the

value used to perform the comparison.

<filterColumn colld="0"> This represents a harcbded Ii_st_ of values to filter on. _
<filters> Qurrently only the rows containing a value of 3, 4 or 5in
<filter val="3" /> the first column are displayed.
<filter val="4" />
<filter val="5" />
<[filters>
</filterColumn>

<filterColumn colld="0"> The custom filter is used to use two operators and join

<customFilters  and="1"> them together. Theandattribute can either indicate the
<customFilter ‘and' condition’, otherwise the 'or' condition is used. The
operator="greaterThan" sample displgs all rows containing a value greater than z
val="2" /> and less than 4.

<customFilter
operator="lessThan"
val="4" />
</customFilters>
</filterColumn>

<filterColumn colld="0"> A dynamic.pigce of data s_uch as 'toda){' _is repnése in
<dynamicFilter  type="today" the dynamic filter. Théypeis set to a buikin type, and the
val="39206" maxVal="39207" /> values are used as a cache.
<[filterColumn>

Calculated columns

One feature that is in use for a table quite often is calculating the values for the column based on a formula. The
sample spreadsheebald contain an extra column in the table to calculate the sales minus the target to see who is
below or above target easily. The calculated columns are defined within the table definition, just like a normal
column for a table.

To create a column contdimg a formula, you add thealculatedColumnFormukdement inside the column
definition. The formula is provided as the text content.

<table xmIns="http://schemas.openxmlformats.org/spreadsheetml/2006/main"
id="1" name="Tablel" displayName="Tablel" ref=" Al:D25">
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<autoFilter ref="A1:D25" />

<tableColumns count="5">
<tableColumn id="1" name="Region" />
<tableColumn id="2" name="Sales Person" />
<tableColumn id="3" name="Sales Quota" />
<tableColumn id="4" name="Sales" />
<tableColumn id="5" name ="Exceeding Sales">

<calculatedColumnFormula >[Sales] - [Sales Quota]</calculatedColumnFormula>

</tableColumn>

</tableColumns>

</table>

Markup sample83 A calculated column

Pivot tables

Now that the data for the spreadsheet has been defined, the next step is to allow analysis of this data using a pivot
table. The sample document contains a simple pivot table using the region and sales person as the rows and the
sums of alkales and quotas as the column information. The pivot table is finished with the grand total row. In this
section the pivot table will be disseminated and created from scratch.

A B C

1 Values

2 Row Labels ~ | Sum of Sales Quota Sum of Sales
3 | =Canada 1000000 1070895
4 Garrett Vargas 1000000 1070895
5 = Central 900000 907089
6 Michael Blythe 900000 907089
7 ENortheast 750000 302153
8 Jillian Carson 750000 392153
9 | ='Southeast 1450000 2461062
10 Jillian Carson 250000 241308
11 Stephen Jiang 0] 1236962
12 Tsvi Reiter 1200000 982192
13 | ='Southwest 1300000 4803321
14 Linda Mitchell 1000000 1880645
15 Michael Blythe 300000 459466
16 Stephen Jiang ] 2463210
17 |Grand Total 5400000 9634520

The elements of a pivot table

The pivot table is one of the more elaboratepeés inside the SpreadsheetML package. In order to create a pivot
table you need to create three parts and relate them together. The workbook also needs an extra relationship. The
following image depicts the relationship hierarchy.

Sheet Bivot Tanie Fivot Cache Fivot Cache
Part ' e Definition Part Records Part

This hierarchy is mogasily examined starting with the pivot cache definition. This part contains the definitions of
all fields in the pivot table. When you create the pivot table based on a normal table, each column becomes a field
of the pivot cache definition. The pivoache contains the field definitions and information about the type of

content found in that field. It also maintains a reference to the source data in the cache markup so the pivot cache
can be refreshed along with the cached data in the pivot cache requad.
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The data being displayed in the pivot table is stored in two locations. The pivot cache records part maintains the
actual data for the pivot table. The table cells in the worksheet also store a cached version of the data, but that is
purely for dgéplay purposes. The pivot cache records part stores data in one of two ways. The unique values for the
data area of the pivot table are cached inline. The repeating items that you normally find on the row and column
are referenced. This shared data is adly stored in the pivot cache definition. Each record in the pivot cache

record part consists of N values where N is equal to the number of fields defined in the pivot cache definition.

The final part to tie it all together is the pivot table itself. Tist contains the information about which field is
present in which place of the pivot table. You can place a field in four areas, row, column, data and filter. The fields
are chosen from the cached fields in the pivot cache definition.

To create a realipot table that is ready when opened you also need to create the markup for the table cells. The
pivot table is displayed in the normal cells of a worksheet and hence you need to construct this as well. You can
also have the consumer update the pivot tabkdls when opening the document.

Creating the pivot table shell

There are many parts that are required to be built to create a simple pivot table. There are the three new parts
defined in the previous section as well as updates to existing parts.

The fird step is to create the basic file structure. Store three new parts inside the package, one for the three parts
described. The following list provides the content types that you need to set up the structure.

Part Content Type

Pivot application/vnd.g@enxmlformatsofficedocument.spreadsheetml.pivotTable+xml

Table

Cache application/vnd.openxmlformatefficedocument.spreadsheetml.pivotCacheDefinition+x
Definition

Cache application/vnd.openxmlformatefficedocument.spreadsheetml.pivotCacheRecordsi
Records

The next step consists of relating the various parts together, afterward the content can be provided. There are four
relationships for you to set up. You need to create the hierarchy depicted above as well as relate the workbook to
the pivot cache deition.

From To Relationship Type

Workbook Cache  http://schemas.openxmlformats.org/officeDocument/2006/...
Definiton XNBf F A2y aKALAKLIAG2G/ I OKS5STAYAGAZY
Worksheet Pivot Table http://schemas.openxmlformats.org/officeDocument/2006/relationships/pivotTab
Pivot Table Cache http://schemas.openxmlformats.org/officeDocument/2006/...
Definion XNBf I A2y aKALIAKLAG20/ | OKS5STFAYAGAZ2Y
Cache Cache http://schemas.openxmlformats.org/officeDocument/2006/...
Definition Records ...relationships/pivotCacheRecords

Thi is one of those times where a picture says more than a few words in a table. The final layout is displayed in the
following image.

= 13 - Pivot Table,xlsx
[=)- workbook, xml
sheet1.xml
[=)- sheet2 . xml
[=)- piviakTablel ,xml
[=)- pivokCacheDefinition 1, xml
pivokCacheRecords1, xml
sharedStrings.xml
skyles, xml
[=)- pivokCacheDefinition 1 xml
pivokCacheRecords1, xml
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Creating the pivot cache definition

Now that the shell has been created it is time to create a simple pivot cache. dteeneany elements that you

can create here, but to keep it simple we will just be using two. The pivot cache will define the source of the data
in the pivot table to allow it to be updated and it will define the list of fields in that data. The date#iglr

present in the sample spreadsheet. One important note is that the cache defines all fields available to the pivot
table, not the ones actually being used. That second piece of information is later defined in th&apiegpart. In

the following fewsteps the pivot cache definition will be constructed.

When you run through this pivot cache definition the first item of interest is in the-ed@mnent. The relationship
ID being used in the attributes points to the pivot cache records part.

<pivotCacheD efinition
xmins="http://schemas.openxmlformats.org/spreadsheetml/2006/main"
xmins:r="http://schemas.openxmlformats.org/officeDocument/2006/relationships"
rid="rld1">
<!-- the rest of the cache definition g oes in between these tags... - >
</pivotCacheDefinition>

Right inside the roeelement is the datasource definition. This definition references the data being displayed in

the pivot table. The pivot table also maintains that information in the caelterds part to allow the table to be
updatable when the datgonnection is not available. You cannot rely on the cells of the paloé to store that

data since the data in these cells is transient in nature, it changes when you pivot the table. Thengcare v

types of datasources, worksheets, dataase, OLAP cube and other pivot tables are amongst the available choices.
This simple pivot table will retrieve data from the first worksheet in the sample spreadsheet. The pivot table will be
stored in a sepate sheet.

<cacheSource type="worksheet">
<worksheetSource name="Table3" />
</cacheSource>

The last part of the cache definition defines the fields of the gatarce. Our table gdains four columns which
results in fourcacheFiele&tlements. TheacheFieletlement is used for two purposes. It defines the dgtpe and
formatting of the field. Secondly it is used as a cache for shared strings. Remember how the shared string table
works? The same concept applies here. The pivot values are stored in theaoh# records part. When a

recurring string is used as a value, the cardeord uses a reference into tteacheFielatollection of shared items.
Since the first and second fietde used for the rowabels there are recurring items, hence these two fields use

the sharedltemsollection. The last two fields are the quota and sales. These values are unique for each cell and
using the shared items would provide no benefit.

<cacheFie Ids count="4">
<cacheField name="Region">
<sharedltems count="5">
<s v="Southeast" />
<s v="Southwest" />
<sv="Central " />
<s v="Northeast" />
<s v="Canada" />
</sharedltems>
</cacheField>
<cacheField name="Sales Person">
<sharedltems count="6">
<s v="Stephen Jiang" />
<s v="Michael Blythe" />
<s v="Linda Mitchell" />
<s v="Jillian Carson" />
<s v="Garrett Vargas" />
<s v="Tsvi Reiter" />
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</sharedltems>
</cacheField>
<cacheField name="Sales Quota">
<sharedltems
containsSemiMixedTypes="0" containsString="0"
containsNumber="1" containsinteger="1"
minValue="0" maxValue="300000"/ >
</cacheField>
<cacheField name="Sales">
<sharedltems
containsSemiMixedTypes="0" containsString="0"
containsNumber="1" containsinteger="1"
minValue="1374" maxValue="1759212" />
</cacheField>
</cacheFields>

It is safe t 0 say that this @nly a very basic pivot tables. You can include many more settings inside the pivot cache
definition which fall outside the scope of this book.

Defining cache records

The second part of the pivot table is purely used as a-datdne. The cacheecords parts allowed to store any
number of cached records. Each record has the same number of values defined as there are fields in the cache
definition. The cache records take a simple approach. Each record is defined witbl¢neent. This record

contains vale items as chiletlements. You can provide a few 'typed' values, such as a Numeric, Boolean-or date
time, or reference into the shared items.

The first cache record uses two references into the shared items usingcthilel element and two numeric values
usingv. The values are the same as the first row in the table which serves as thealat. The rest of the pivot
cache records are filled with more of the same type of records, twemtyrecords have been stripped to save a
little space.

<pivotCache Records
xmlns="http://schemas.openxmlformats.org/spreadsheetml|/2006/main"
xmlns:r="http://schemas.openxmlformats.org/officeDocument/2006/relationships"
count="24">
<r>
<x v="0"/>
<x v="0"/>
<nv="0"/>
<n v="720315" />
<[r>
<r>
<x v="1"/>
<x v="0" />
<nv="0"/>
<nv="1759212" />
</r>
<!-- 22 more records to go - >
</pivotCacheRecords>

Markup sample84 Pivot cache records
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Referencing the cache from the wo rkbook

Before the pivot table part can be created which ties all the cached fields together, the pivot cache definition first
needs to be referenced inside the workbook part. The markup is simple. There is a relationship ID to identify the

part containingthe cache and a unique number to identify that cache. In the sample spreadsheet the pivot table is
displayed in a separate worksheet, which is also referenced from the workbook part.

<workbook
xmlns="http://schemas.openxmlformats.org/spreadsheetml|/2006/m ain”
xmins:r="http://schemas.openxmlformats.org/officeDocument/2006/relationships">
<sheets>

<sheet name="Data" sheetld="1" r:id="rld1" />
<sheet name="Pivot" sheetld="2" r:id="rld2" />
</sheets>
<pivotCaches >
<pivotCache cacheld="1" r:id="rld5" />
</pivotCaches>
</workbook>

Markup sample85 The workbook list of pivot caches

Creating the pivot table

The last step in defining the pivot table istbreation of the pivot table part. The part has been added earlier using
a specific content and relationship type, referenced from the sheet the pivot table is displayed on.

The main function of the pivot table part is storing information about whichl figldisplayed on what axis of the
pivot table and in what order. There are many other settings that can be added to the pivot table definition but to
keep it simple the basic layout is discussed. The following steps are used to build the pivot table.

Agadn the construct is not to difficult if you leave out all the optional elements. The root element is the first
element of interest. Besides naming the pivot table so it can be used as sadateze, the root references the
pivot cache using the ID addedttte workbook part and defines the caption label to display above the-deg¢a
of the pivot table. All these elements are required.

<?xml version="1.0" encoding="utf - 16" standalone="yes"?>
<pivotTableDefinition

xmlns="http://schemas.openxmlformats.org/spreadsheetml|/2006/main"

name="PivotTablel" cacheld="1" dataCaption="Values">

<!-- the rest of the pivot table definition goes in between these tags... -
</ pivotTableDefinition >

There are three main partsf the pivotTableDefinitionthe location of the table, displapformation for the cached
fields, and finally positioning information of the cached fields.

The positioning of the pivot table is a t¥Wold mechanism. The pivot table is displayed in a Bjpdocation of

some worksheet. The worksheet which displays the pivot table stores a package relationship to this pivot table
part. Thelocationis then used to identify the cell range that the pivot table occupies. You need to apply three
indexes applid to index which row counting from the top of the table starts the header information and which
row / column is the first data element. This information is required for correctly updating the pivot table.
Otherwise the consumer cannot differentiate betwettre cells of the pivot table.

<locationref="A1:C17" firstHeaderRow="1" firstDataRow="2" firstDataCol="1" />

Now that the location of the table is known it can be built using the fields in the pivot cache definitiorydeirst

need to define the collection of fields which appear on the pivot table usingithetFieldslement. Each field

serves as a cache for the data of that field in the data source. You do not need to define that cache. Instead you
can use thelefaultitem and have the consumer update the table upon opening the documentsitwAll
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attribute is used to hide certain elements for that data dimension. Take for instance a pivot table pivoting around
sales / saleperson / salesegion What if the salespersodidn't work in a certain region, should it be hidden from
view? TheshowAllattribute defines this setting.

<pivotFields  count="4">
<pivotField axis="axisRow" showAll="0">
<items count="1">
<item t="default" />
</ items>
</pivotField>
<pivotField axis="axisRow" showAll="0">
<items count="1">
<item t="default" />
</items>
</pivotField>
<pivotField dataField="1" numFmtld="164" showAll="0" />
<pivotField dataField="1" numFmtld="164" showAll="0" />
</pivotFi elds>

After defining which fields are part of the table, the fields are applied to the four areas of the pivot table.

<rowFields count="2">
<field x="0" />
<field x="1" />
</rowFields>

<colFields count="1">
<field x=" -2"/>
</colFields>

<dataFields count="2">
<dataField name="Sum of Sales Quota" fld="2" />
<dataField name="Sum of Sales" fld="3" />
</dataFields>

Summing up

A more indepth discussion ahe pivottable features needs to be moved to another time and another book.

There are a large amount of settings that you can apply to further enhance the pivot table. You can use styles, and
conditional formatting to further enhance the display of thetalaFilter and sort the data using the field definitions

and work with hierarchies of data found in sources such as OLAP cubes. The third part of the Open XML
specification is a good starting point to learn more, as well as the samples found in the Markgyage

Reference.

Adding and positioning the chart

The container part anchors the chart to the sheet and defines the location where the chart will appear as well as
how it reacts to resizing of rows and columns. There are three methods of positioniitgjdejaabsolute, oneell

and two-cell anchors. All the three methods use a value system found inside DrawingML. The positions and offsets
are measured in EMUs or English Metric Unit. How to convert between EMU and the better known units such as
inches ad centimeters is discussed in the chapter on DrawingML.

Absolute anchors are the easiest to use. The anchor allows you to specify the position of the left top of a graphical
element such as the chart. Besides the position you also specify the width agitt béthe graphic frame. Inside

the absoluteAnchoelement there is @raphicFrameslement. The graphic frame contains a reference to the

separate part with the chart data.
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<xdr:absoluteAnchor >
<xdr:pos x="2276475"  y="1552575" />
<xdr:ext cx="1238250" cy="1238250" />
<xdr:graphicFrame>

</xdr:graphicFrame>
<xdr:clientData />
</xdr:absoluteAnchor>

Markup sample86 Absolute anchors
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The second anchoring method is the sengéll anchor. Using this method you also need to specify the position,

size and content of the anchor. The position is defined using a reference to a row and column index. The index is
zero-based again. After specifying the row and column you can offeegtaphic from that row using a specific
amount from the lefttop corner of the referenced position. You next specify the size and the graphic frame

content. How the content looks is discussed after the last anchoring typecél@nchors.

<xdr:oneCellA nchor >

<xdr:from>
<xdr:col>3</xdr:col>
<xdr:colOff>457200</xdr:colOff>
<xdr:row>7</xdr:row>
<xdr:rowOff>104775</xdr:rowOff>

</xdr:from>

<xdr:ext cx="1234567" cy="1234567" />

<xdr:graphicFrame>

</xdr:gr aphicFrame>
<xdr:clientData />
</xdr:oneCellAnchor>

Markup sample87 One cell anchor

ARG

A

B (5 D 2 F G

The last anchoring method looks similar to the arel anchor. Instead of specifying the size using an absolute
measure, you spegifthe rightbottom cell to which the graphic is also attached. The graphic will be sized
according to the leftop and rightbottom cell size and position. Similar to the other models you can specify an

offset from the corner for further positioning.
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<xdr:twoCellAnchor >
<xdr:from>
<xdr:col>5</xdr:col>
<xdr:colOff>438150</xdr:colOff>

<xdr:row>11</xdr:row>

<xdr:rowOff>9525</xdr:rowOff> : o % 1
</xdr:from> 10 J
<xdr:to> >
<xdr:col>13</xdr:col> 13 | J
<xdr:colOff>133350</xdr:colOf f> 1 S—— Y
<xdr:row>25</xdr:row> 16
<xdr:rowOff>85725</xdr:rowOff>

</xdr:to>
<xdr:graphicFrame macro="">

RN AT R SRR N

</xdr:graphicFrame>
<xdr:clientData />
</xdr:twoCellAnchor>

Markup sample88 Two cell anchor

All the anchor tpes store the item that they are providing the anchor for inside the element content. The
graphicFrames similar across all the three Open XML markup languages. The bulk of the use of graphic frames is
explained in the PresentationML chapter. Here ituffise to say that you specify the obvious values, identity, size
and position. The graphic is a generic container in this case used for storing a chart. The chart element identifies
which chart to display using a specific relationship ID. The contehegfart referenced inside thgraphicFrame

is a DrawingML chart. The features supported by a chart are further discussed in that chapter.

<xdr:graphicFrame>
<xdr:nvGraphicFramePr>
<xdr:cNvPr id="2" name="Chart 1" />
<xdr:cNvGraphicFramePr />
</xdr:n vGraphicFramePr>
<xdr:xfrm>
<a:off x="0"y="0" />
<a:ext cx="0" cy="0" />
</xdr:xfrm>
<a:graphic>
<a:graphicData uri="http://.../drawingml|/2006/chart">
<c:chart xmiIns:c="http://.../drawingm|/2006/chart"
xmins:r="http://.../officeDocument/20 O6/relationships"
rid="rid1" />
</a:graphicData>
</a:graphic>
</xdr:graphicFrame>

Markup sample89 The SpreadsheetML graphic frame

Styling content

As in all the other Open XML languages you can use styles t@ o@amon formatting settings for the cells.

Unlike WordprocessingML you cannot provide direct formatting inside the worksheet markup. The formatting
information is always stored separately. Using styles you can format cells and tables.

These SpreadsheetMityles are stored in a separate part inside the package. By now, you are probably used to the
process of storing new parts inside the package. First create the XML file to hold the styling data. Update the
contenttypes part to reflect the correct conterype and finally add a relationship between the workbook and
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styles part. All the worksheets use the same style settings, there is only one styles part in the entire spreadsheet
package.
The following content type and relationship type needs to be used:
Qontent type for the styles
application/vnd.openxmlformatsfficedocument.spreadsheetml.styles+xml

Relationship type for the styles
http://schemas.openxmlformats.org/officeDocument/2006/relationships/styles

Elements of the styles part

Inside the styles pastou might be a bit overwhelmed with the different sections. The reason for the structure is to
allow maximum reuse of various style related settings. When you abbreviate all the elements and just look at the
layout, you get something like the following.

<styleSheet xmins="http://.../spreadsheetm|/2006/main">
<fonts />
<fills />
<borders />
<numFmts />
<cellStyleXfs />
<cellXfs />
<cellStyles />
<dxfs />
<tableStyles />

</styleSheet>

Markup sample90 SpreadsheetML styles part

Four elements inside the styles patyleSheetlement define actual style related settings. Thesefarg, fills,
bordersandnumFmtsand as the names might have you suspect they contain font, fill, bortttnambering
settings. Each of them is a container for those properties and may contain multiple definitions.

The top four elements are not referenced by cells and other styled content directly. Instead a various types of
formatting records are maintainedvhen you apply a style on a cell, it references an item irceéiiXfscollection.
This collection contains formatting applied directly on a cell. GiXfscollection references an item in the
cellStyleXfsollection. This second collection containg flormatting settings for global cell styles such as 'normal'.
You can think of theellStyleXfas the global definition, theellXfsas the alterations to that definition. A cell
references the alterations and through that also the globally definedraggtiBoth thecellStyleXfand cellXfs

make use of formatting records to reference items in the fonts, fills, borders and numbering collections.

Applying a cell style

Now that the styles have been created, the easiest part can be done, applying therstyddls. The only thing that
you need to do is add an extra attribute inside each cell element in the worksheet part.

<row>
<c s="1"> o Direct Formatting - Cell Style
<v>0</v> s="1 cellXfs xfld="3" cellStyleXfs
</c>
</row>

Figure24 Cell style hierarchy

When you use a consumer such as Microsoft OffieelRke user can create new styles to apply on cells. The
formatting options chosen by the user are stored in the style colleat@iStyleXfsThe naming information is
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maintained in a separate list calleellStylesThecellStylexan be seen as thestiof the styles available to the
user. The collection maintains an index into the global style colle@tiostoring the formatting optionswhen you
apply a style on a cell, it does not reference tadiStylesinstead it copies the reference to theykt into its direct
formatting record insideellXfs

Style List
cellStyles

= ind Forr(;ztting ind Cell Style
naex INEgx lIStyleX|
& cellXfs cellspileXts

Fonts
Fills
Borders

Numbering

Fonts, fills, borders and numbering

PEf GKS F2NXFAGGAY 3T NBeeodhR il referiSy formaitihgSdRfinigoAsistiired{gisilly

the styles part. The fonts, borders and fille aeferenced by index, the numbering format by ID.

There is an important note about the fonts section. Before the styles part was created the default font settings of
the application were applied. As soon as you create the fonts section in the styleshesdfitst font will be used as

the default for the entire workbook.

To format the cells of the sample spreadsheet you require two fonts. The first is used for the default settings, the
other for the white bolded text in the header and footer. There fer fills, the first empty, the three others for

the three colors which make up the table. Finally there are three border definitions. Again one empty, the second
defines the border for the header row. The last one is used as the border for the entiee tab

Border definitions

Theborderselement maintains a list of border elements. Each border is created usingptiderelement. Inside

the bordertag you can create six borders using a dedicated tag name sueft asbottom. The border has a list

of possible border types such #sn or double It is not possible to set the exact border width. The type

determines the width of the border. The color of the border is determined using an ARGB value, which consists of
a red, green, blue and alpha (transpacg) component.
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<borders >
<border>
<left style="thin">
<color rgb="FFFFFFFF" />
</left>
</border>
<! -- more borders omitted - >
</borders>

Markup sample91 Border style definition

Fonts

The fonts are defined using a model similar to WordprocessingML. Each font can set its properties using elements
such aszfor size,namefor the fontfamily andcolorto specify the text color.

<fonts >
<font>
<szval="1 1"/>
<name val="Calibri" />
<color rghb="00000000" />
</font>
<! -- more fonts omitted - >
</fonts>

Markup sample92 Font style definition

Fills

A fill consists of a backgrousmblor, foreground color and fill patter. The colors are again specified in ARGB
values. The list of available patterns is in the Open XML spec.

<fills >
<fill>
<patternFill patternType="solid">
<fgColor rgh="FF4F81BD" />
<bgColor rgb="FF1281F3" />
</patter nFill>
</fill>
<!-- more fills omitted - >
<[fills>

Markup sample93Fill style definition

Formatting records

The second step in creating a styled cell is creating the formatting records which reference the formatd defin
above. There are not many formatting records to create due to the simplicity of the sample spreadsheet. In real
life examples you will find many formatting records defined. In the sample we make use of one master formatting
record and four direct formaing records. These four are reused across all the cells of the table. The header, and
row bands use a separate formatting record, and the fourth is used as an empty default formatting record.
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To create the formatting records, the styles part netmlbe extended with two new collections. As a recap, the
cellStyleXfsollection maintains the formatting you associate with a style. ddiBXfscollection contains the
differences applied to a cell after it is styled.

Do not think that these styles camly be applied within the context of a table. The style is applied directly on a cell,
which has no knowledge it might be part of a table.

The following markup sample displays how these two collections are used. All the values are indexes in the
previousy discussed formatting collections. The direct formatting record maintained wétliXfspoints to the
cellStyleXfsollection using thefld attribute.

<cellStyleXfs count="1">

<xf fontld="0" fillld="0" borderld="0"/ >
</cellStyleXfs>
<cellXfs count="1">

<xf fontld="0" fillld="0" borderld="0" xfld="0" />

<xf fontld="1" fillld="4" borderld="1" xfld="0" />

<xf fontld="0" fillld="3" borderld="2" xfld="0" />

<xf fontld="0" fillld="2" borde rid="2" xfld="0" />
</cellXfs>

Markup sample94 Formatting records

Differential formatting records

The current setup for formatting the cells is not ideal. You need to visit each individual cell to apply the correct
style.SpreadsheetML contains a styles optimization construct called the differential formatting recdxd or

which makes styling a table more efficient. Similar to the other formatting recorddxtfis used to define a

certain format. The main differencetisat a differential record is applied in addition to the normal cell style
already applied through cell formatting. It also doesn't reference the top 4 format containers, but defines a fill,
font, number or border directly inline.

<dxfs count="1">
<dxf>
<fill />
<font />
<numFmt />
<border />
</dxf>
</dxfs>

Markup sample95 Differential formatting

To create the differential formatting records, you first need to create the aimetr element calledixfs Next you
add a separate dxf record for each of the 3 styled parts of the table. One for the header, the other two for banded
rows. Finally you need to copy the correct fonts, fills and borders, grouping them into one of thelitireeords.
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This sets up the differential records to be used by the table style. Using a table style will greatly enhance the way in
which you can style a table.

Table styles

There are two things to do to move towards a table style. First you need &beceenew style inside the styles
part, next you need to update the table part as well to reference the new style.

Creating the table styles involves similar steps to the formatting records. There is a collection ekzinebtyles
containing separat¢éableStyleelements for each table style you define. Similar to WordprocessingML you can
provide a different format for certain areas in the table such as the header and footer row, row and column
banding and corner cells. The way in which this works iaugiiiahe differential formatting records. Each area of
the table references a separate differential record to provide its formatting. The following markup displays the
table style for the sample spreadsheet.

<tableStyles  count="1">
<tableStyle name="ReportTable" pivot="0" count="5">
<tableStyleElement type="wholeTable" dxfld="0" />
<tableStyleElement type="headerRow" dxfld="1" />
<tableStyleElement type="totalRow" dxfld="2" />

<tableStyleElement type="firstRowStripe " dxfld="3" />
<tableStyleElement type="secondRowStripe" dxfld="4" />
</tableStyle>
</tableStyles>

Markup sample96 Table styles

The second step is to update the table part. The table definition needs to referencefineditable style. It does
so through the name of the style. The table part is extended withtdbée StyleInfeelement, which defines which
style to use and in what way. A table using a style does not necessarily need to use the entire definition. If it
doesn't want to use a different totalow style then it is free to do so. There are several Boolean attributes to
indicate which sections of a table need special formatting applied. The following markup sample displays the
updated table definition.

<tab le xmIns="http://.../spreadsheetm|/2006/main">
<tableColumns count="4">
<tableColumn id="1" name="Region" />
<tableColumn id="2" name="Sales Person" />
<tableColumn id="3" name="Sales Quota" />
<tableColumn id="4 " name="Sales" />
</tableColumns>
<tableStyleInfo name="My Table Style"
showFirstColumn="0" showLastColumn="0"
showRowStripes="1" showColumnStripes="0" />
</table>

Markup sample97 Applying a table style
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Conditional formatting

Cell based conditional formatting is here to help provide structure to data inside a
worksheet. It is easier to distinguish the relative height of values in a table using col k=] Eoaok1.xlsx
than it is by just showig the value. There are several formatting options you can app

to cells based on their value. You can highlight the top or bottom most items, provid )
data-bars showing a progredsar type Ul or use color scales to indicate the highs and
lows. Conditionaformatting is applicable to a cell in a worksheet directly. You do not
need it to be in a table, but that is the place where it will be common.

Take the sample ifigure25. It has a color scale format applied. Basedtwe live cell
data the lowest will be filled red, the highest value green. Everything in between is
interpolated.

All conditional formatting settings are stored at the worksheet level. The worksheet
stores oneconditionalFormattingelement for each famat applied to a series of cells. Figure25 Conditional
The collection of cells on which the format is applied is defined usinggtefattribute. formatting applied

It specifies a cell range using tfi@m:to’ notation, like 'A1:A10'. Markup
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<worksheet>
<sheetData>

</sheetData>

<conditionalFormatting sqref="A1:A5">
<cfRule type="dataBar" priority="1">
</cfRule>
<cfRule type="colorScale" priority="2">
</cfRule>

</conditionalFormatting>

</worksheet>

Markup sample98 Conditional formatting rules

Each conditional format applied to a range of cells is allowed to specify various formatting rules. You can apply a
color-scale and the dathars at the same time fdanstance. Each is represented using a sepacéRelleelement.

To specify their Ul priority you can use fority attribute. Since aonditionalFormattingelement can overlap

other formatted areas the priority is global for all the conditional forndeééined.

ThecfRulehas quite a large amount of formatting types which can be applied. Each different type of formatting
uses common elements to define its settings. The follow list are all the different formatting types available.
Conditional formatting types

aboveAverage beginsWith cellls colorScale
containsBlanks containsErrors containsText dataBar
duplicateValues endsWith iconSet notContainsBlanks

notContainsErrors notContainsText timePeriod top10
uniqueValues
Table5 Gonditional formatting types

Highlighting rules

The first conditional formatting rule is theelllsrule. There are several effects which you can achieve using this
rule, depending on the operator and provided values. The operator defines the number afl&srthat can be
used to define the range. Sample operators detween, 'greaterThan'or 'notEqual: The operator used in the
markup sample requires two formulas. These formulas can contain hard coded values, but in more advanced
scenarios you can ushé full formula syntax and reference cell values etc. The formatting which is applied to
values which fall into the defined range are formatted using a differential formatting record, indicated Hyftde
attribute. The formatting used in the sample cddhe items in the specified range red.
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<cfRule type="cellls" <dxf> [ = o
dxfld="0" priority="1" df;”b ] Book1.xlsx
operator="between"> . A

<formula>2</formula> <p2tbtgr(?(|):||cl;lr> 1 1
<formula>4</formula> N "

</CfRU|e> rgb: FFFFC?CE /> 2 2

</patternFill> 3 3
<ffil 1>
</dxf> : :

Top and bottom rules

To highlight the highest or lowest N number of cells you apphtdp&0rule. The formatting is again identified
using a differential formatting record. In the sample the bottom three items are being highlightedoftben
attribute is a Boolean switch. Thankidentifies the number of items. To highlight the top N percent of items, you
also apply thepercentBoolean attribute. Theankidentifies a percentage when this is used.

<cfRule type="top10" dxfld="0" <dxf> .- L
priorit  y="1" bottom="1" df;"b 1] Booki xlsx

rank="3" /> <patternFill> A
<bgColor 1 1
rgb="FFFFC7CE" /> 7 7
</patternFill> 3 3
<ffill> 2 2

</dxf>
5 5
Data bars

To indicate the relative height of items you can make use of-tlata. Databars take a single color and diap it

as a bar. The length of the bar indicates the relative height of the cell value-s2aless, which will be shown next,

is a similar method of showing relative heights but uses various colors instead. THeadatses a separate model
inside the wle to define its settings. ThdataBarelement stores all the relevant data. The ddtar requires three
settings, the minimum value to compare cell values to, the maximum and a color. Ttefviiretement, or

conditional format value object, definesghminimum value, the second the maximum. You can use different ways
to specify a value, like using a formula or hardcoded value. Another common option is to use the 'min’ and 'max
types. Thesefvotypes specify the minimum and maximum values found ingilérange which has the format
applied. This always provides a clean stepped gradient between the lowest and highest items.

< =" " priority="1"> .
cfRule type="dataBar" priority="1 7] Bookl xlsx

<dataBar >
<cfvo type="formula" val="$D$2" /> A
<cfvo type="n umber" val="5" /> 1 1
<color rgb="FF638EC6" /> |
</dataBar> 2 <
</cfRule> 3 | 3
a | 4
5 | 5
Color scales

The use of color scales is similar to the use of data bars. You use it to provide a feeling for the relative value
between all cell items. Like a ddbar the colorscalehas a specific child element in tkhéRulecontainer. You are
allowed to specify three values, one for the start of the scale, one for the middle, one for the end-valtveol
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approach is also possible, leaving out the middle value for the scale. athgle the color scale will run from the
minimum value in the cell range. The second point in the color gradient is identified by a percentage, fifty percent.
The end point is the maximum value of the cell range. Each point has a color attached. Tduddiiedement

applies to the firstfvo, and so on.

<cfRule type="colorScale" priority="1">
<colorScale >

A
<cfvo type="min" val="0" /> 1 -
<cfvo type="percentile" val="50" /> 2 2
<cfvo type="max" val="0" /> 3 3
<color tint=" - 0.4 99984740745262" />
<color tint=" -0.249977111117893" /> - 4
<color /> 5 5

</colorScale>
</cfRule>

Icon sets

The last formatting option is the icon set. Using this you can apply different sets of icons to the items. The icon set
uses a similar range of las to identify which set of cells to apply the formatting rule to. The éfwbidentifies

the lowest value, the second the middle point and the last the highest valuec®h8efidentifies which icons to

apply. You can choose from various haatledicons which can be observed in the Open XML specification.

<cfRule type="iconSet" priority="1"> &) Bookl xlsx
<iconSet iconSet="3Symbols">
<cfvo type="percent" val="0" /> A
<cfvo type="percent" val="33" /> 1 1
<cfvo type="percent" val="67 "> 2 | 2
</iconSet> =
</cfRule> 3\ 3
a & 4
s @ 5

Chart sheets

There are two other types of sheets besides the common worksheet. You can create dialogs using a dialog sheet
and display charts on a chart sheet. While the use of dialog sheets is outside the scope of thhhddaheets

will be discussed.

Charts make use of DrawingML markup. This enables the same charts to be used
across the Open XML spectrum. To allow each markup language to display a cha —

sheetl . xml
there are language specific containers in place. For Spreaddheéis container 5 drawing1.xml
is in a separate part inside the package and is referenced from by the chart sheet! chart1 sl

Similarly you can place a chart on a normal worksheet as well. The worksheet will

reference the container in the separate part. The chart itself is alsoseparate

DrawingML specific part inside the package. This gives a-tavethierarchy, the sheet, the container and the
chart.

The simplest bit of the hierarchy is the sheet level. The following markup sample shows a minimal chart sheet.

<chartsheet
xmlns="http://.../spreadsheetm|/2006/main"
xmins:r="http://.../officeDocument/2006/relationships">
<sheetViews >
<sheetView workbookViewld="0" />
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</sheetViews>
<drawing r:id="rld1" />
</chartsheet>

Markup sample99 The chart sheet

There are two references. The first is to the listvafrkbookViewelements in the workbook part. The value is a
zerabased index. The second a reference to the Spreadsfieebntainer for charts using a relationship ID. If you
insert a chart in a normal worksheet instead of a chart sheet then the only thing you need to do is also add the
drawingelement and reference the separate container part.

Supporting features

Defined names

When referring to elements within a spreadsheet, using a cell reference like '$D$2' doesn't really convey any useful
information. When you use this in a formula it would be better when you are able to say 'TotajSJaledCost'

instead of 'DZ; E5. To enable this type of syntax you are allowed to define names for cells and other elements.
These names can either be scoped at the workbook level or at the individual sheet level. Names defined at the
workbook level can be used from all the worksheghs, other obviously not. These names can then be used in
formulas to provide better readability.

A defined name is actually just a formula with a name attached. InsiddefieedName®lement inside the

workbook you create names and apply their settingle text content of thelefinedNameelement contains the

formula which the name refers to. You can apply settings such as the name displayed in the consumer, comments,
menutext or description. To make the defined name local to a specific sheet you thepbcalSheetldttribute,

which refers to the sheet index in the sheet list.

<definedNames>
<definedName name="Formula"
comment="A Named Formula"
localSheetld="0">SUM(1,2,3)</de finedName>
<definedName name="MyFirstCell">Sheet1!$B$1</definedName>
<definedName name="MySecondCell">Sheet1!$B$2</definedName>
</definedNames>

Markup samplel00Defining names

Workbook properties

There are several propges which you can apply at the workbook and worksheet level which have not been
discussed yet. Some of these properties surround versioning, other about the page and window size.

At the workbook level there are there common properties when saving troeieh@nt from inside the Microsoft
Office Excel application. TlieeVersionindicates the consumer which saved the spreadsheet.apipiName
indicates the application. THastEditedattribute indicates the application version used for saving the
spreadsheet ThelowestEditedndicates the earliest application version which saved the file and finglBuildis
used in conjunction with theppNameandlastEditedto indicate the build number.

TheworkbookPrcan be used to specify workbook wide settings. @ngdrtant setting is whether to use the 1900

based or 1904ased date system. SpreadsheetML allows you to use both. SpreadsheetML has been designed for
compatibility with billions of documents that have been created on personal computers. One of the early
spreadsheet programs, Lotus 123, had a well known bug that mishandled calculation of the leap year in 1900. This
led to development of two date systems in SpreadsheetML. The 1900 date system maintains compatibility with
those early spreadsheets. The #9fate system breaks compatibility but it ensures that leap years are always
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calculated accurately. There are many other settings including-iyadkformation and the ability to refresh data
when opening the spreadsheet.

<workbook>
<fileVersion appName= "xI" lastEdited="4"
lowestEdited="4" rupBuild="4505" />
<workbookPr date1904="0" refreshAllConnections="1" updateLinks="always" />
<sheets>

</sheets>
<calcPr fullCalcOnLoad="1" />
</workbook>

Markup samplel01Workbook properties

ThecalcPrelement is used to define properties about the calculation engine. One interesting setting is
fullCalcOnLoad/hich allows the entire workbook to be calculated on opening of the spreadsheet.

Wrap -up

Well over the half way mark there are two more markup languages to go. While it is not the case that
SpreadsheetML doesn't deserve any more space, but the attention needs to be spread across all the available
options of Open XML in a limited spadéere are many things yet to uncover when going through the spec and

sample documents. The use of more advanced pivot tables, business data integration using Custom XML markup

are amongst the samples not discussed
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Chapter 3
PresentationML

Learn about the elemestof a presentation

Learn about different shapes

Learn how to use placeholders and master slides to create a common look and feel
Learn how to insert pictures, tables or charts

=A =4 -4 =4

Introduction

As one should easily be able to deduce from its name, Presenkétiosthe markup language to use for creating
presentations. The model of PresentationML is formed after the Microsoft PowerPoint application and supports a
wide variety of different elements. If one examines PresentationML a bit further you will findt ttedies heavily

of the capabilities of a supporting language, DrawingML. There is actually quite a bit of confusion, the part on
DrawingML pictures in the third part of the specification mentions PresentationML namespaces audrgie

Most of the elenents referring to properties that have visual impact will use the DrawingML namespace. In itself,
DrawingML is discussed in a later chapter. The focus in this chapter will be on how to deal with the PresentationML
side of your presentations.

PresentationM L document structure

Like the other markup languages defined within the Open XML standard, PresentationML follows the Open
Packaging Convention to separate the various elements which make up a slide deck. For PresentationML this
results in an elaborate sicture. The following image depicts the structure:
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. Slide Masters LA ELS

; Fonts
\/ /7

>3 Slides
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Presentation
View Properties ). \\./
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. Notes Slides
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. Notes Masters _

Presentation
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Figure26 Elements of PresentationML
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As can be observed, the packaging structure contains several circular references and a great variety of elements.
The central presentatiopart acts as the hub of the package and is the start part to begin working with the

package. There are several master slide types and other types of content referenced by the presentation. For those
unfamiliar, a master is a generic slittemplate which isised by the slides itself. For PresentationML the hierarchy

is even a bit bigger, where a slide references a specific slide layout, which in turn goes to a slide master. Together
these three elements form the final slide on screen. There are several tfpeaster slides for several types of

content. A master type is available for slides, note pages and-bated Each individual master page or master

layout and every slide in the presentation is stored in a separate part inside the package, allowiagoessyto

the individual parts of the presentation. The notes pages follow a similar model. Each note being stored inside a
separate part referenced from the slide which it provides notes for.

The next interesting thing to note is the layout of the themésst as the other two main Open XML formats,
DrawingML theming can be used to create default values for fonts, layouts, and other branding related data and
allow it to be separated from the main body of the presentation. A theme is reusable across @pém XML

markup languages. Inside a PresentationML package various themes are in use. By default each individual master,
slide,, note- and handout masters, references a separate theme part. The presentation itself also references a
default theme to be ged in the presentation. This default theme shared with the slide masters by referencing the
same part inside the package.

The packaging structure contains two circular references, one between the slide master and slide layout parts, the
other between theslide and notesslide parts. The rest of the packaging structure is pretty obvious.

Most of the elements found in a presentation saved from PowerPoint are not required. In the next chapter the
layout of a really simple empty slide deck is discussed.i§higood basis to start building up a demo

presentation. Next the various elements which can be put on slides will be discussed such as shapes and charts.
The chapter on PresentationML finishes with details on providing animations and some detailssoipplogting

slides such as the note pages. But first, the elements of an empty presentation will be discussed, and to do that
properly first we need to know about the singieost common element of a presentation; the shape.

Shapes

There are various thgs you can define using a shape. Using
shapes you create the presentation text, the figures it

contains and the placeholders at the layout and master C| ICk to add tit|e
level. These shapes are used at all of the three levels, slide, =

layout and master. You can for instancdide a elevel 1

placeholder for text at the master level, style it at the layout

level and fill it with content at the slide level. —Level 2

There are quite a few dependencies on DrawingML in the

shape definition. The PresentationML markup of the shape

defines specific cdainers such as the shape properties,

style and textbody container. These containers are usually

filled with DrawingML properties to provide effects such as

filling the shape in a specific form, reflection or rotation and Figure27 Various shapes
allow text to be added. The diffences between a textbox and

the no-smoking sign visible irgure27 are minimal. One addition is that DrawingML effects cannot only be applied
to normal figures but also to text itself, which enable shapes to be great builtticgdfor creating professional
slides.

To create a shape you use thpelement. This element will later be defined within a shdapee. You can read
about this concept later in the chapter. Most of the containers will be further explained in the Drawin&pter
since much of the markup resides in those namespaces.
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<p:Sp >
<!-- the rest goes in here - >
</p:sp>

Markup samplel02Overview of shape elements

The first container inside the shapetl®e nonvisual shape properties. As the name implies it stores properties
which do not affect the visual appearance of the shape such as dbakg The only required elements are the
basic outline and the name and id attributes.

<p:nvSpPr >
<p:cNvPr id="1" name="TextShape" />
<p:cNvSpPr />
<p:nvPr />

</p:nvSpPr>

Markup samplel03Non-visual shape properties

The obvious followp of the nonvisual shape properties usimySpPare the properties which do affect the visual
appearance of the shape. TepPmode stores this information using DrawingML markup. You are not required
any contentwithin the spPmode. The sample does show how to set position and size.

<p:spPr >
<a:xxfrm >
<a:off x="285720"y="428604" />
<aext ¢x="1928826" cy="369332" />
</a:xfrm>
</p:spPr>

Markup samplel04 Shape properties

The last part of the shape definition is the text body of the shape. This one is optional, but many shapes define text
content so he sample displays how to define a simple run of text. It is similar to WordprocessingML.

<p:txBody >
<a:bodyPr />
<a:p>
<ar>
<a:t>Shape Text</a:t>
<la:r>
</a:;p>
</p:txBody>

Markup samplel05Shape text

If you combine all the elements you end up with the basic markup displayed on the next page. This markup can be
enhanced using custom geometries and DrawingML effects.
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<p:sp>
<p:nvSpPr>
<p:cNvPr id="1" name="TextShape" / > P -
<p:cNvSpPr /> v - T
<E:nvPrf> l Shape TEXd |:
</p:nvSpPr> == G =
<p:spPr> |
<a:xfrm>
<a:off x="285720" y="428604" />
<a:ext cx="1928826" cy="369332" />
</a:xfrm>
</p:spPr>
<p:txBody>
<a:bodyPr />
<a:p>
<ar>
<a:t>Shape Text</a:t>
</air>
</a:p>
</p :txBody>
</p:sp>

Markup samplel06 A text shape

Figure shapes

To turn a normal text shape into a figure, the addition of a few extra properties within the visual property section

of a shape is sufficient. By declarmgpecific fill type, fill color and line color, the left shape can be turned into the
right.

While this is a pretty simple style, later on you can provide 3D effects to really enhance the image.

All of the following elements need to be declared witline visual shape propertiespPr Right after the shape
size usingfrm.

First you apply a custom geometry. By default the geometry is a rectangle, but there are many presets to choose
from. Apply theprstGeonto use one of the presets. You can alseate custom geometries.

<a:prstGeom prst="smileyFace">
<a:avLst />
</a:prstGeom>

Markup samplel07 Using a different geometry on a shape

Next you need to apply a size and color for teemetry outline. There are many fills and colors to choose from.
Gradient fills for instance. The chapter on DrawingML explains the line and line fill in more detail.
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<aln >
<a:solidFill >
<a:prstClr val="green" />
</a:solidFill>
</a:ln>

Markup samplel08Outlining the geometry

And finally you apply the shape fill. The geometry can be filled with a specific color, gradient or image or texture.

<a:solidFill >
<a:srgbClr val="00BOF0" />
</a:solidFill>

Markup samplel09 Applying a fill

The following visual shape properties form the entire markup for this smiley face shape. The height of the shape
has been modified a bit asel to improve the display of the shape.

<p:sp>
<p:nvSpPr>
<p:cNvPr id="1" name="TextShape" />
<p:cNvSpPr />
<p:nvPr />
</p:nvSpPr>
<p:spPr>
<a:xfrm>
<a:off x="285720" y="428604" />
<a:ext cx="1928826" cy="1209332" />
</a:xfrm>
<a:prs tGeom prst="smileyFace">
<a:avlLst />
</a:prstGeom>
<a:solidFill>
<a:srgbClr val="00BOF0Q" />
</a:solidFill>
<a:ln>
<a:solidFill>
<a:prstClr val="green" />
</a:solidFill>
</a:ln>
</p:spPr>
<p:txBody>
<a:bodyPr />
<a:p>
<ar >
<a:t>Shape Text</a:t>
</a:r>
</a:p>
</p:txBody>
</p:sp>

Markup samplel10A basic shape
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Grouping shapes

The last shape type that will be discussed is the group shape. This concept of

grouping shapes mighte familiar to you from the Microsoft PowerPoint
application. A grouped shape contains several shapes and forms a containe
for them. You can edit the shapes as a single unit using the group. J

The grouping shape does not use the nors@a¢lement to defire itself,
insteadgrpSpis used. The rest is largely similar to the normal shape. First you define the container.

<p:grpSp >
<!--  The other elements go inside this container - >

</p:grpSp>

Markup samplel11A Group shape

Next the nonvisual properties are defined.

<p:nvGrpSpPr >
<p:cNvPr id="4" name="Group 3" />
<p:cNvGrpSpPr />
<p:nvPr />

</p:nvGrpSpPr>

Markup samplel12Nonvisual group shape properties

Right after the norvisual properties you define the visual properties. The position and size of the group shape is
specified as wikas the rectangle encompassing all the child shapes. If you do not define these elements the group
will not be displayed properly.

<p:grpSpPr >
<a:xfrm >
<a:off x="285720" y="428604" />
<aiext cx="4071966" cy="1209332" />
<a:chOff x="285720" y="428604" />
<a:chExt cx="4071966" cy="1209332" />
</a:xfrm>
</p:grpSpPr>

Markup samplel13Visual group shape properties

The last elements of the group shaaee the shapes that sit inside the group. These shapes take the exact same
form as you have seen in the first part on shapes. A group is also allowed to contain other groups, forming a tree of
shapes.

<p:grpSp>
. Pkl O OP3POO, A_ YDPKT O' OP3
. Dk COD 3 maxitn>A _

</p:grpSpPr>

<p:sp><! -- markup omitted -- ></p:sp>

<p:sp><! -- markup omitted -- ></p:sp>
</p:grpSp>

Markup samplel14A group shape (abbreviated)
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The elements of a simple presentation

Now that the main elemenof a presentation has been discussed

we can start putting shapes together to form a presentation. A = Dema 1 - Minimal Presentation, ppts

basic presentation is made up of five different parts, the main 3 presentation.xml

presentation part, a slide master and layout, a slide and a theme. =) slide1.xml

The theme is a requireelement and is referenced from both the = slideLayout 1 .xml

presentation part as well as the slide master. +- slideMaster 1, xml
|- elideMaster 1. xml

At each of the three levels of layout for a slide you create a tree of themel .l

shapes. This shape tree is formed usingdp&reeclement and is +- slideLayout 1, xmi

present at each of the slidevels. You can think of trepTree theme1 xml

element as the group that all the shapes on a slide, layout or mater

are part of.

Figure28 A simple presentation
The slide part

The leaflevel of the hierarchy is the slide. Inside a slide you create shapes using a shape tree. There are specific
typesof shapes that you are allowed to create. One example is that placeholder shapes, which will be discussed
later on, are not allowed at the slide level.

To create a slide in the PresentationML package you use the following content type and relatiopship ty

Content type for slide
application/vnd.openxmiformatsfficedocument.presentationml.slide+xml

Relationship type for slide
http://schemas.openxmlformats.org/officeDocument/2006/relationships/slide

The slide content is started with treéddelement. Thereare not that many things that you are required to store.
First you create the shape tree inside the common slide dataStt The shape tree element uses the same two
property nodes, visual and nerisual, as the group shape. The shapes inside thehage been abbreviated.

<p:sld >
<p:cSld >
<p:spTree >
<p:nvGrpSpPr >
<p:cNvPrid="1" name="" />
<p:cNvGrpSpPr />
<p:nv Pr />
</p:nvGrpSpPr>
<p:grpSpPr />
<p:sp><! -- The first shape in the slide - ></p:sp>'
<p:sp><! -- The second shape in the slide -- ></p:sp>
</p:spTree>
</p:cSld>
</p:sld>

Markup samplel15Slide

The slide layout part

Similar to the slide part the slide layout part defines a shape tree containing slide elements.-3treen result is

a combination of these elements together with those defined at the slide and master level. Since you define an
entirely newtree of shapes you cannot access the shapes at the other levels. You cannot group shapes on the slide
and layout level together for instance. There is one thing that you can do to relate shapes. You can create a
placeholder at the layout or master leveldrelate a shape at the slide level to that placeholder.
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The following markup sample depicts a simple empty slide layout. The placeholders will be discussed later on the
chapter.

Similar to the master, you can define various settings such as backgroaad etements to the shape tree.

Unlike the master slide, a layout slide is allowed to have custom placeholders to define regions of content for the
slide. How this shape tree is formed from the master placeholders down to the slide content is discubged in

next chapter.

<p:sldLayout
xmins:a="http://.../drawingml/2006/main"
xmins:r="http://.../officeDocument/2006/relationships"
xmins:p="http://.../presentationml/2006/main">
<p:cSld name=Title Slide">
<p:spTree >
<p:nvGrpSpPr>
<p:cNvPr id="1" name="" />
<p:cNvGrpSpPr />
<p:nvPr />
</p:nvGrpSpPr>
<p:grpSpPr />
</p:spTree>
</p:cSld>
</p:sldLayout>

Markup sampé 116 Slide layout

The slide master part

The slide master forms the root of the elements which make up a slide. It also
contains a shape tree. Besides the shape tree element you need to define a few  =-slide1.xmi

other pieces of contento make for a correct master. =1 slideLayaut 1 .xml
. . . +- slideMaster1,xml
The shape tree is again exactly the same as the previous shape trees. The commaun

slide data needs no other children so the content has been abbreviated to allow F'9ure29slide to master
hierarchy
focus on the other content of the master.

The first differenceés the use of thelrMap element to map colors used in the slide to colors in the theme patrt.
The values reference the names of theme colors.

The second difference is that addition of a list of slides layouts. This list is maintained in the slide oakbbsy t
the layouts to be sorted. The ID value needs to be unigue and the relationship ID points to the slide layout part.

<p:sldMaster
xmins:a="http://.../drawingml/2006/main"

xmins:r="http://.../officeDocument/2006/re lationships"
xmins:p="http://.../presentationml/2006/main">

<p:cSld ><!-- The shape tree has been omitted -- ></p:cSld>
<p:clrMap

bgl="It1" tx1="dk1" bg2="1t2" tx2="dk2" accentl="accentl"
accent2="accent2" accent3="accent3" accent4="accent4"
accent5="accent5" accent6="accent6" hlink="hlink"
folHlink="folHlink" />

<p:sldLayoutldLst >
<p:sldLayoutld id=" 2147483649" r:id="rld1" />

</p:sldLayoutldLst>

</p:sldMaster>

Markup samplell7 Slide master
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The theme part

The theme part referenced by the master slide part and the main presentation part which is discussed next. The

content of the part is further explained ichapter 4 The content displayed below is a shortened version of a
0KSYS LI NIQa O2yidSyido

<a:theme
xmins:a="http://.../drawingml /2006/main”
name="0Office Theme">
<a:themeElements>
<a.clrScheme/>
<a:fontScheme/>
<a:fmtScheme/>
</a:themeElements>
<a:objectDefaults />
<a:extraClrSchemelst />

</a:theme>

Markup samplel18Overview of treme elements

The presentation part

The final part to stitch the presentation together is the main presentation part. This part is the start part of the
document. The root element is th@resentationelement.

<?xml version="1.0" encoding="utf - 16" standalon e="yes"?>
<p:presentation
xmins:a="http://schemas.openxmlformats.org/drawingml/2006/main”
xmins:r="http://schemas.openxmlformats.org/officeDocument/2006/relationships"”
xmins:p="http://schemas.openxmlformats.org/ presentationml|/2006/main">
</p:presentation>

Markup samplel19Presentation part root element

Thepresentationelement contains two lists, one for slide masters and the other for slides which is used for sorting

these pregntation elements in the consumer.

<p:sldMasterldLst >
<p:sldMasterld  id="2147483648" r:id="rld1" />
</p:sldMasterldLst>

Markup samplel20Slide master ID list

Besides owning the masters, the presentation part is also the owner of all the slides in the presentation. A list of all

slides is maintained in the presentation part.

<p:sldidLst >
<p:sldid  id="256" r:id="rld2" />
<p:sldid id="257" r:id="rld3" />
<p:sldid id="258" r:id="rld4" />
</p:sldidLst>

VEhe finalnpart of thepresentation part is formed with the slide size. You also need to specify the size -of notes
slides The notesslides are used to provide notes for each individual slide. The size is measured in EMU, or English

Metric Unit. This unit of measure is discussed in the first annex.
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PresentationML

<p:sldSz ¢x="9144000" cy="6858000" />
<p:n otesSz ¢x="6858000" cy="9144000" />

Markup samplel22Slide sizes

The full presentation part takes the following markup.

<?xml version="1.0" encoding="utf - 16" standalone="yes"?>
<p:presentati on
xmins:a="http://schemas.openxmlformats.org/drawingml/2006/main”
xmins:r="http://schemas.openxmlformats.org/officeDocument/2006/relationships
xmins:p="http://schemas.openxmlformats.org/presentationml/2006/main">
<p:sldMasterldLst>
<p:sldM asterld id="2147483648" r:id="rld1" />
</p:sldMasterldLst>
<p:sldidLst>
<p:sldid id="256" r:id="rld2" />
<p:sldid id="257" r:id="rld3" />
<p:sldid id="258" r:id="rld4" />
</p:sldidLst>
<p:sldSz cx="9144000" cy="6858000" />
<p:notesSz cx="6858000" cy="9144000" />
</p:presentation>

Markup samplel23The presentation part

Placeholders

Up until now only a few shapes have been added to the shape tree at the slide level. While this allows you to
create a simle slidedeck, a normal deck consists of areas of content defined at the master and layout level which
is filled in at the slide level. This is achieved using placeholders, and every normal shape, sp, can be a placeholder
or provide content for one. A pt&holder is either identified by using a btiiittype such as the title placeholder,

or using a custom ID value. Using biiltypes allows the presentation elements to be portable across different
slide-decks. The table on the next page shows the platadr types and where you are allowed to use them.

A placeholder is created at either the layout or master level. A placeholder at the master level can be filled with
content at the layout level. Slides cannot access placeholders on the master direetslidenuses the

placeholders defined in the layout part. A placeholder in the layout part can be tied to a similar placeholder at the
master part. This gives a three level hierarchy for the shape definition. A placeholder can be defined without
formattingin the slide master, formatted with a border at the layout level, and filled with text at the slide level.
This would involve three shape elements, one at each level.

Master Layout Slide

Click to edit Master title style :
jick to edit Maste” title style slide Title
clic o

Place holder Slide  Notes Handout Slide Slide thes
Master Master Master Layout Slide
body X X X X X
chart X X
clipart X X
centered title X X
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Placeholders

diagram X X
date time X X X X X X
footer X X X X X X
header X X X
media X X
object X X
picture X X
slide image X X
slide number X X X X X X
subtitle X X
table X X
title X X X

To create this hierarchy you use normal shape elements with an added property. Each shape element contained
the nonvisual property section described earlier. It is depicted in the foligveiample. The shape is trimmed

down to the bare minimum to allow focus on the property section. There is nettedy or visual property

defined.

<pjsp>
<p:nvSpPr>
<p:cNvPr id="1" name="TextShape" />
<p:cNvSpPr />
<p:nvPr />
</p:nvSpPr>
<p:spPr />
</p:sp>

Markup samplel24 Shape structure

ThenvPrelement is empty, but that will change when using placeholders. Inside this element you yse the
element to identify the shape as a placeholder. The effect of applyiis element differs per level in the
hierarchy.

When you use the placeholder property on a shape at the slide level, the property identifies the placeholder shape
at the layout level that it is tied to. You cannot define new placeholders at the sligtdince it is the last level of

the hierarchy. The layout level placeholder shape is referenced by ID or type. The following markup sample shows
how to reference a placeholder in the slide level using an ID value. The type does need to be spetied so t
generichodytype is used.

Layout Slide
Click to edit Master title style slide Title
i =
<p:sp> <p:sp>
<p:nvSpPr> <p:nvSpPr>
<p:cNvPr id="1" name="MyTitleShape" /> <p:cNvPr id="1" name="MyTitleShape" />
<p:cNvSpPr /> <p:cNvSpPr />
<p:nvPr> <p:nvPr>
<p:ph type="body" idx="1" /> <p:ph type="body" idx="1" />
</p:nvPr> </p:nvPr>
</p:nvSpPr> </p:nvSpPr>
<p:spPr /> <p:spPr />
</p:sp> </p:sp>

Table6 Attaching a slide level shape to a layout level placeholder

95






