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Thanks for looking at my presentation.  

Each slide is annotated with one of these notes.  It might be convenient to print out the annotations and read them in paper form as you look at the slides.

To do that go to the Tools->Comments->Summarize menu item and it will make a file of all the comments.

J. King -- 2/21/2002


Al @

Adobe

The Big Picture



jking
This is a simple talk.  There are really only two topics I want to cover.  First, I want to give you a basic introduction to the make-up of a PDF file.  How it is organized and how the various components are represented.

Second I want to talk about PDF files as a "packaging" technology,
 bringing the diverse set of materials that are needed to form a complex document into one file.

Let's start by looking at the big picture of compound documents.
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Aobe  PDFs are Composite Documents

= Collecting many instances of many things

= Page contents
= Images

= Graphics

= Fonts

= Colorspaces

= Metadata

= Annotations

= Links

= Digital signatures
= etc.
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PDF documents bring together a wide variety of types of content and often many instances of each type are included in a single document.

Here we list some of the kind of things that go into making a complete compound document.  Of course, you probably already know that PDF documents are not usually made from raster images.  Rather they maintain the high-level representation of text and line art (graphics) so that they can be rendered at any resolution on any device and still look crisp and clean. Most of the things listed here maintain their individual indentity even though they become part of the PDF document. 

Raster images, on the other hand, have an inherent resolution at which the original was sampled and that either makes the raster files very large or not very good images.  When there is no other way to represent the data in a higher form, like for pictures, images are used within PDF files. Even in those cases it is only the picture that is raster and not the whole page.


Adobe Photoshop Elements

Create web photo galleries

Want to organize your images into an online gallery?
Need to put together a quick portfolio for a prospective
client to view? Learn how the Web Photo Gallery tool in
Adobe® Photoshop® Elements generates a gallery with
easy navigation for viewing your images in a browser.

1.Set up your image files.

Make sure your images are in a folder (called the source
folder). Also, create a destination folder to contain all of
the HTML and image files generated for your Web
gallery.
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2.Choose a style and set up your banner.

Choose File > Automate > Web Photo Gallery. A dialog
box opens when you launch the Web Photo Gallery. Use
the Styles pop-up menu to choose the format of your
gallery. A sample preview of each style is shown on the
right side of the dialog box.

Now choose Banner in the Options pop-up menu, and
enter the title of your Web gallery in the Site Name field.
You can also fill in the Photographer and Date fields if
desired. Use the Font and Font Size pop-up menus to
determine the text appearance in your banner. In the
Font Size pop-up, the larger the number, the bigger the
font size will be.

We chose the Vertical Frame style for our gallery and for
the Banner options, we used Helvetica/Arial at the
default size of 3.

Web Photo Gallery :

—Site

Styles: |+ Horizontal Frame

—— Options:
Tahle
Sit

e Vertical Frame
Photographer: |

Date; |2/2/01

Font: | Arial s

Font Size:| 3 - I

= e
B g aEE
@M

3. Determine how your images are displayed.

Decide whether your gallery images are displayed
with borders, resized or not, and at what level of
optimization.

Choose Gallery Images from the Options pop-up
menu. Enter the values in the fields. If you don’t want
your images resized, Resize Images should be
unselected. For your convenience, you can drag the
slider to determine the JPEG optimization based on
whether you want a small or large file.
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I looked around Adobe's website to find what might be a typical compound document that we could examine.  I found this two page article about how to create web photo galleries using Adobe Photoshop elements.  

It is pretty typical.  Lots of text and in different fonts.  Some images.  As it turns out there is one JPEG image on the left on this page and all the rest are represented in a different way as we will discuss later.  (They use Flate which is the technology used in PNG files.)


With Resize Images selected, we left all the settings at
their defaults.

Web Photo Gallery
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Styles:| Vertical Frame B
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—— Options: [ Gallery Images

Border 5ize: Dpixels
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4.Determine the look of your thumbnails.

You can specify the appearance of your gallery's thumb-
nails and the captions.

Choose Gallery Thumbnails from the Options pop-up
menu. Select Use Filename to appear as a caption under
your thumbnail. If you prefer to write a caption, select
Use File Info Caption.

5.Make your gallery colorful.

The background of your Web gallery can be the default
white or any color you wish. You can also specify the
color of the text and links. Choose Custom Colors from
the Options pop-up menu. Use the Adobe Color Picker
to make any color changes.

Web Photo Gallery

—Site

Styles: [ Yertical Frame
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— Optiuns:[ Custom Colors

Background::l

Text: _l
Link: |:|

Banner:lzl

Active Link: _|
visited Link: |:|

ADOBE PHOTOSHOP ELEMENTS |2

Create web photo galleries

6.Choose your source and destination folders.

Click the Source button under Files in the dialog box,
and choose the folder containing the images you want
to appear in your gallery. Then, click Destination, and
select the folder that you want to contain the images and
the HTML files for you Web gallery.

b Include All Subfolders

Destination... | Main:Desktop Folder: Greece:Destination:

Files
Main:Desktop Folder: Greece: Source:

7.View your gallery in a browser.

Click OK and Photoshop generates your Web gallery.
The HTML files and JPEGs for your Web gallery are
placed in the destination folder. Once the process is
finished, your browser is launched with your Web
gallery displayed.
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' “ Adobe, the Adobe logo, and Photoshop are either registered trademarks or trademarks of Adobe Systems Incorporated in the United States and/or

other countries.
Adobe 2001 Adobe Systems Incorporated. All rights reserved.
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Now that we have established a general background of what we are going to emphasize about packaging and the bringing together or varying materials to make a document, let's examine the underlying basic structure of a PDF file and how this packaging takes place.

This should help in understanding the remaining talks in this track and, with luck, will eliminate the need for each of those speakers to go over the basics.

I'll also try to introduce some of the lingo, as well.  And I do try to stay close to the exact terms used in the definitive work on PDF -- The PDF Language Reference Manual, available from Addison Wesley in paper form or available from Adobe's website in electronic form (look in the developer support area).  Look for the 3rd Edition that covers PDF 1.4.
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Looking Inside ...

= PDF files are made from “objects”

= O
= O
= O

D-A
D-
D-A

lects are numbered
jects can occur in any order in a file
|ects can refer to each other

= Cross references create a cross linked set of
objects (mathematical graph)

= Cross Reference Table maps object numbers
to locations within the PDF file
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At the highest level a PDF file has a very simple structure.  It is composed from "objects".  Each object has a number and a revision level and the objects can refer to each other by these object numbers.

These objects are stored within the PDF file in any order because there is an index, usually at the end of the file, that for any object number, indicates where that object can be found in the file.  The beginning of the object, as a byte offset from the beginning of the file, serves as the object locator.

Do to the cross referencing of one object to another, the whole set of objects can be thought of as a mathematical graph or network.  A directed cyclic graph. 

 


Hello World
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Sometimes it is easier to show something than to talk about it.  

Here is a very simple PDF page.  It just has the text to display the standard programmer's "Hello World" message.

We will look at what is in that file next.  


Al Looking Inside ...

Adobe

%D 1. 4

10 obj

<<

| Type [/ Page
[Parent 5 0 R

/| Resources 3 0 R
[Contents 2 0 R
>>

endobj

20 obj
<<

/ Length 51
>>

stream

BT

[ F1 24 Tf

1001 260 330 Tm

(Hel lo Vorl d)Tj
ET

endst r eam
endobj

| 3>0 obj
<<

/ ProcSet [ / PDF/ Text ]

/[Font <</F1 4 0 R >
>>

endobj

40 obj

<<

| Type / Font

/ Subt ype / Typel

/ Nanme / F1

/ BaseFont / Hel veti ca
>>

endobj

520 obj
<<
| Type [ Pages
/IKids [ 1 0 R]
/[ Count 1
/ Medi aBox
[ O 0 612 446 ]
>>

endobj

Cinl

160 obj
<<

| Type [/ Cat al og
/Pages 5 0 R
>>

endobj

trailer
<<

/Root 6 0 R
>>

xr ef

07

0000000000 65535
0000000009 00000
0000000103 00000
0000000204 00000
0000000275 00000
0000000361 00000
0000000452 00000
trail er

o Jen Jan Jien Jun Jlan Rl

start xref
532
ECF
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First, I better make clear to you what you are looking at.  I made a file named HelloWorld.pdf.  (You are welcome to get that file or any others from me if you wish to play with them .) 

What I did was to open the HelloWord.pdf file in Microsoft Word.  Then I made the text found in the file into 3 columns and changed the color of some of the text to red.  I also made new lines and indented in places to make it more readable.  I added the vertical lines between the columns to separate them.

After all these changes this is no longer a PDF file but a Word slide.

Now what does it show.  It shows 6 objects each beginning with "obj" and ending with "endobj".  Each has its own number and a zero.  The zero is the revision level because PDF does allow updates to the file to be made without re-writing the whole file.

There are special things at the beginning of the file and at the end.  At the beginning is the "%PDF-1.4" which provides the identification of this as a PDF file and one that adheres to the 1.4 specification.

At the end is the trailer and cross reference.  The cross reference notes that it contains 7 entries, a dummy for object zero and one for each of the 6 objects.  Object 1 is represented firsts indicating that it begins at byte 0000000009  (or just 9) in the file.  If you look at the fourth entry for object 3 it indicates that the beginning of object 3 is at byte 204 in the file.  Etc.

Note that the objects refer to each other using a notation like "4 0 R".  The "R" stands for reference and it uses the two preceding numbers to know which object and revision we wish to reference.
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This is the mathematical graph I mentioned earlier.  It shows each object as an oval node and the object cross references as arrows.  I have marked each arrow with the object number to which it points.  

I also added another /Page node to indicate what a document with more than one page might look like.

All PDF files must have a /Root node.  It must reference a /Catalog node which must reference a /Pages node.  The /Pages node further points off to all the pages in the document.  Note that a /Pages node and /Page node are different.  The /Pages (with an "s") points to a group of pages whereas the /Page nodes (without an "s") is for one single page.  

The /Page node references the page /Contents, the page /Resources, and any /Fonts.

All PDF files obey this basic object structure to represent a multi-page document.
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More  Basic Object Types

= Atomic Objects
= Integers Reals Booleans Names Strings
1445 514450 true false /dog (Hello)

= Compound Objects

= Arrays (heterogeneous)
[ 1445 514.450 true /dog ]

= Dictionaries (name/value pairs)
<< /Color (red) /size 954 /memo /home>>

= Arbitrary nesting
<< /D [22 <</fee [fie [foe [fum >>] [size <</k (king)>> >>
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We haven't really talked about the details of the notation and before we can look more closely at PDF files we should review the basics.

Most of what is shown here also applies to PostScript.  There are a few minor differences between the two notations.

First there are 5 atomic objects: integers, reals, Booleans, names and strings.  Integers and reals are distinguished in that reals contain decimal points and integers do not.  (In PostScript you can also use scientific notation like 5.22E-02.  However, in PDF you cannot.)

Names always begin with "/" and can contain letters and numbers and a few special characters.  See the PDF manual for a precise definition.  Names in PostScript are more general but in PDF they are limited to just simple names.  

Strings of bytes in PDF are denoted by being enclosed in "(" and ")".  There are, again, detailed rules for creating strings, like how to include ")" in a string, that we leave to you to discover in the PDF manual.

There are two compound objects:  arrays and dictionaries.  Arrays are a list of objects separated by white space and enclosed in "[" and "]".  Arrays are heterogeneous.

Dictionaries are a powerful part of the notation.  They are a sequence of name/value pairs.  The names must be PDF names and the values can be any PDF object.  They are separated by white space.

Dictionaries provide a great means to allow extensibility and options.  Since one looks within a dictionary for a particular key, the other material is ignored, yet maintained for other references.

And finally objects can be arbitrarily nested using the dictionary and array compounding operations.  A complex object is shown.  It is a dictionary with two entries.  The first is a key /D with an array value.  The array has two elements the number 22 and a dictionary with two entries.  The original dictionary has a second entry whose key is /size and its value is a dictionary with a single entry whose key is /k and the value is the string (king).
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Numbered Indirect Objects

= The object
/personal <</myName (Jim) /height 75>> 502 (abc) ]

= |s essentially the same as
[ /personal 61 0 R 502 (abc) ]

61 0 obj
<</myName (Jim) /height 75>>
endobj

= “61 0 R” Isareference to one object
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All of the objects that we saw on the previous slide were what we call "direct objects" since they don't have object numbers.  A PDF file is actually made up of a sequence of "indirect objects" which have object numbers.  An indirect object is made by taking one single direct object and enclosing it with the "3 0 obj" and "endobj" notation.  

Here we show that there is a choices in many case whether to put an object directly embedded within another object or to pull it out as an indirect object.  

Note that since direct objects have no object number, they are only used once at the spot where they are written.  However, since indirect objects are numbered and can be referenced by other objects, they can be shared, i.e., referenced by more than one other object. This is another important property of the PDF notation: indirect objects can be shared.
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Stream Objects

The key to pac

0D 1. 4

1 0 obj

<<

| Type [/ Page
[Parent 5 0 R

/| Resources 3 0 R
[Contents 2 0 R
>>

endobj

2 0 obj
<<
/ Length 51
>>
stream
BT
[F1 24 Tf
1001 260 330 Tm
(Hello Worl d) T,
ET
endst r eam
endobj

Kaging

3 0 obj
<<

[ ProcSet [/ PDF/ Text ]
[Font <</F1 4 0 R >>
>>

endobj

4 0 obj

<<

/ Type [/ Font

/ Subt ype / Typel

/ Name [/ F1

/ BaseFont / Hel veti ca
>>

endobj

5 0 obj
<<
/ Type [ Pages
/Kids [ 1 0 R]
/[ Count 1
/ Medi aBox
[ O 0 612 446 ]
>>

endobj

6 0 obj
<<

| Type / Cat al og
/| Pages 5 0 R
>>

endobj

trail er
<<

/Root 6 0 R
>>

xr ef

07
0000000000
0000000009
0000000103
0000000204
0000000275
0000000361
0000000452
trail er

<<

[Size 7

>>

start xref
532

BECH

65535
00000
00000
00000
00000
00000
00000

5355353353535
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OK.  Now we are almost ready to be able to read any PDF file.  There is one last very important kind of object: the stream object.  A stream object begins as if it were a dictionary object but instead of an "endobj" the word "stream" is found.  After that word may follow any number of "unspecified" bytes of data.  The end of a stream is marked by the "endstream" and "endobj" words.  

The dictionary of a stream must contain a /Length key with a value indication how many bytes are in the stream contained between the "stream" and "endstream" words.  There are some very specific rules on exactly where the stream bytes begin with respect to carriage returns and linespace characters.  We leave it to you to read the PDF specification carefully on this point. 

Streams are used in a PDF file to hold data that doesn't fit the object model well.  Page contents are actually in a different language that specifies imaging operators in a stream.  Images usually contain large amounts of pixel information and are represented as streams. Fonts and many other parts of PDF files are represented by stream objects.  Stream objects are always indirect objects.

On this slide we have highlighted the page stream in red.  It contains the text string (Hello World) as one would expect.  The text is positioned at location x= 260 and y=330 measured in the default units of 1/72 of an inch.  x is the horizontal measurement with zero on the left and y is the vertical measurement with zero at the bottom.  So the coordinate (0, 0) is the bottom left corner of the page. The whole stream is enclosed in a "BT", "ET" pair.  These mean "begin text" and "end text" and delimit groups of text commands in the page content.

The font to use for outputting the words is indicated by the line /F1 24 Tf.  The 24 means to output the text in a 24 point size and the /F1 is the local made-up name for the font.  To find out more details of the font one has to look it up in the page's /Resources dictionary.  In this case the /Resources dictionary is object 3. In the /Resource dictionary one finds a /Font key and its value is a dictionary which has the /F1 key and refers to object 4 which is the font descriptor itself.  The reasons for the indirect referencing of fonts by using a font name like /F1	 is to keep repeated font references in the page contents small and in order to share the font information between pages.  Different /Resource dictionaries for different pages can all refer to the same font object. 
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PDF Objects

= Sometimes called “COS”
= Carousel Object System
= Carousel -- an early name for Acrobat

= COS notation is case sensitive
= /Colorspace is different from /ColorSpace
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You will hear reference to "Cos" or "COS".  That stands for the "Carousel Object System". Carousel was an early name within Adobe, for what is now known as Acrobat.

Also note that all of the PDF notation is case sensitive.  Names spelled with differences in upper and lower case are considered to be different names and will not match.
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Add An Image
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Let look more at this notion of a compound document by including a JPEG image into our example.


Hello World
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This now has a JPEG image on the Hello World page.  I made this by taking the image from the Photoshop elements pages and putting it into this PDF file as an image stream object.


FA\' Image Stream (XObject)

Adobe

o%°DF- 1. 4

1 0 obj

<<

| Type / Page
[Parent 5 0 R

/| Resources 3 0 R
[Contents 2 0 R
>>

endobj

2 0 obj
<<
/ Length 80
>>
stream
BT
| F1 24 Tf
1001260 330 Tm
(Hello Worl d)T,j
ET

280 0 0 265 180 35 cm
/11 Do

endst r eam
endobj

3 0 obj
<<
/ ProcSet [ / PDF/ Text ]
/Font <</F1 4 0 R >>
| Xhject <</11 7 0 R>>
>>
endobj
4 0 obj
<<
| Type / Font
/ Subt ype / Typel
/ Nanme / F1
/ BaseFont / Hel veti ca
>>
endobj
5 0 obj
<<
| Type / Pages
/Kids [ 1 0 R]
/ Count 1
/ Medi aBox
[ O 0 612 446 ]
>>
endobj

Conl

6 0 obj
<<
/ Type / Cat al og
/| Pages 5 0 R
>>
endobj
7 0 obj

<< / Type / X(hj ect
/ Subt ype /| mage
/Wdth 374
/ Hei ght 354
/ Bi t sPer Conponent 8
/ Col or Space
/ Devi ceR@EB

/ Lengt h 26957
/R 1ter [/DCIDecode >
stream

NJPEG:26957 bytes!
endst r eam
endobj

trail er
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The image becomes part of the page contents by use of the "Do" operator.  Do refers to the preceding name, in this case a name that I made up "/I1".

As with the font example, one looks to the /Resource dictionary for this page to find the "XObject" to which the Do refers.  We find the /XObject entry in the /Resources dictionary and within that we find the /I1 entry which refers to object 7.

Object 7 is a stream object that contains the JPEG file directly.  I actually cut and pasted the JPEG file into this PDF file.  It is 26957 bytes long and I have not shown those bytes on this slide (smile!).

One very powerful and interesting feature of streams that I haven't mentioned yet is that streams can be encoded or compressed using one or more of a set of 7 different technologies shown on the next slide.  The encoding of the JPEG bytes is indicated by the /Filter key in the stream dictionary with a an array value containing the name "/DCTDecode".  DCT stands for Discrete Cosine Transform which is the technology underlying the JPEG compression standard.

I emphasize that the 26957 bytes that are found in this real PDF file are exactly the same 26957 bytes that make up the stand alone JPEG image file.

There are other entries in the image dictionary that describe the important properties of the image, like its height and width in pixels, the pixel depth, etc.  

Note also that the transformation matrix preceding the Do operator "280 0 0 265 180 35 cm" indicates that all subsequent x values should be scaled by 280, and all y values by 265.  In PDF all indirect images are assumed to be 1x1 in size.  Thus we scale it by (280, 265) to bring it to the size we want on the page. The values 180 and 35 position it on the page (in the old coordinate system).
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Compression/Decompression

= DCTDecode *JPEG

= ASCIlIHexDecode printable characters (2 for 1)

= ASCII85Decode printable characters (5 for 4)

= FlateDecode PNG also uses Flate

= RunLengthDecode Simple byte run length code

= CCITTFaxDecode Normal Fax ITU Group 3 and 4
= JBIG2Decode euses a dynamic pattern library

* lossy compression
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This lists the kinds of compression/decompression that have been defined for PDF 1.4 for stream compression.

Each is good for one or more specific situations, hence the large number of them.  For example, the DCT or JPEG compression is usually lossy so is quite good for high compression of colored images but would not work for compressing page content streams since it would lose information.

These filters can be nested by listing more than one in the /Filter array.  This is most useful when the ASCII85 filter is applied after the JPEG filter to make the bytes into printable characters which may then pass through a communication channels without errors.
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Now you really know nearly all of the notational mechanisms used within a PDF file.  So you should be able to take a PDF file and open it up in your favorite text editor (like Notepad) and look it over. 

Let us now return to the packaging ideas that I promised at the beginning of this talk to talk more about.
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Cml

PDF: a True Composite Document
Streams support embedded stuff

= Page Contents

= |[magese

= Fontse

= |CC Color Profilese

= Arithmetic Functions
= Sound Datae

= Repeating Form Data
= Transparency Groups
= [cons

= User Embedded Filese

JavaScript programse
Patterns/Shadings
Halftones

Color Index Tables
Thumbnails
Appearance Streams
Image Masks

Font Encodings

And more!

e Indicates same as a standalone file format
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I actually scanned the PDF manual for uses of the word "stream" and this slide lists the most interesting an understandable uses of streams in PDF files that I found.  

Those marked with a dot are very interesting to me.  For those, the data in the stream is exactly as the data in a stand alone file.  (Well for image that only applies to JPEG as most of the other file formats have "packaging" information of there own which must first be removed before the coded stream of bytes is found.  For JPEG there is no outside packaging of a JPEG stream.)

So streams are heavily used in PDF files and streams that are used just to include a file of some information are used quite often.  PDF files, to some extent, are like ZIP files.  They collect together a set of files of various forms that are needed to put together a compound document.

But ... .


FAV' A Collection of Things -- Plus Glue

Adobe

= Object references

= 610R
= Creates an arbitrary network of relationships

= Page Content uses Resource Dictionary as Glue
= Page Contents cannot use object references directly
= By-name connection to other objects and streams

2 0 obj 3 0 obj 7 0 obj

<< << << [ Type [/ X(bj ect
/ Length 80 / ProcSet [ / PDF/ Text ] / Subt ype /1 mage

>> /| Font <</F1 4 0 R >>

E%rean1 >LX£bJect <</T1 70 R> 5iter /DCmecodes>
. endObj stream

ET

280 0 0 265 180 35 cm endstream

/11 Do endobj

endst ream

endobj
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The view that a PDF file is a package of a set of files similar to a ZIP file is an interesting view and is one major property of a PDF file.  However, it is only part of complete document package.  There are the important relationships among the objects that are also key.  Just providing me a collection of files isn't enough.  I need to know where on the page the image is to be placed.  Is it to have a transparent background or a white background?  

Including a font is required but how does one reference it in an efficient and compact way within a page content stream? How can one font be used on many pages?

PDF includes all this "glue" information as well as the raw data.  

I also confess that there is a lot of key information in PDF files that is not just a stream of what could be in some external format.  But I personally believe that this is a reasonable direction to take PDF in the future.  Having it even more clearly composed from a set of files with the essential glue seems to have great benefit.
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This 1s Packaging

= Unique to PDF!

= One file contains everything

= A collection of files and other material but
glued together to form a complete document
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I know of no other packaging mechanism that adequately brings together the totality of files and material and especially the glue required to compose a complete compound document.  PDF has been doing this since 1993 and some other potentially competing technologies are just beginning to understand the basic idea of bringing together a set of files, let along the more complex glue issues.

This is the key strength of PDF and primary reason that it will have a very long lifetime as a compound document format.
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Unless you cheated and went right to the end, you have successfully read my transcribed oral presentation.  

Thanks for taking the time to listen to what I have to say.  Any feedback is welcomed mailto:jking@adobe.com

Jim King -- 2/22/2002




