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Preface

Vigilant: alertly watchful, especially to avoid danger

Anyone browsing this book—or its predecessor, High Performance Web Sites—under-
stands the dangers of a slow web site: frustrated users, negative brand perception,
increased operating expenses, and loss of revenue. We have to constantly work to make
our web sites faster. As we make progress, we also lose ground. We have to be alert for
the impact of each bug fix, new feature, and system upgrade on our web site’s speed.
We have to be watchful, or the performance improvements made today can easily be
lost tomorrow. We have to be vigilant.

Vigil: watch kept on a festival eve

According to the Latin root of vigil, our watch ends with celebration. Web sites can
indeed be faster—dramatically so—and we can celebrate the outcome of our care and
attention. It’s true! Making web sites faster is attainable. Some of the world’s most
popular web sites have reduced their load times by 60% using the techniques described
in this book. Smaller web properties benefit as well. Ultimately, users benefit.

Vigilante: a self-appointed doer of justice

It’s up to us as developers to guard our users’ interests. At your site, evangelize per-
formance. Implement these techniques. Share this book with a coworker. Fight for a
faster user experience. If your company doesn’t have someone focused on performance,
appoint yourself to that role. Performance vigilante—I like the sound of that.

How This Book Is Organized

This book is a follow-up to my first book, High Performance Web Sites (O’Reilly). In
that book, I lay out 14 rules for better web performance:

* Rule 1: Make Fewer HTTP Requests

* Rule 2: Use a Content Delivery Network

* Rule 3: Add an Expires Header

* Rule 4: Gzip Components
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* Rule 5: Put Stylesheets at the Top

* Rule 6: Put Scripts at the Bottom

* Rule 7: Avoid CSS Expressions

* Rule 8: Make JavaScript and CSS External

* Rule 9: Reduce DNS Lookups

* Rule 10: Minify JavaScript

* Rule 11: Avoid Redirects

* Rule 12: Remove Duplicate Scripts

* Rule 13: Configure ETags

* Rule 14: Make Ajax Cacheable
[ call them “rules” because there is little ambiguity about their adoption. Consider these
statistics for the top 10 U.S. web sites” for March 2007:

* Two sites used CSS sprites.

* 26% of resources had a future Expires header.

* Five sites compressed their HTML, JavaScript, and CSS.

* Four sites minified their JavaScript.
The same statistics for April 2009 show that these rules are gaining traction:

* Nine sites use CSS sprites.
* 93% of resources have a future Expires header.
* Ten sites compress their HTML, JavaScript, and CSS.

* Nine sites minify their JavaScript.

The rules from High Performance Web Sites still apply and are where most web com-
panies should start. Progress is being made, but there’s still more work to be done on
this initial set of rules.

But the Web isn’t standing still, waiting for us to catch up. Although the 14 rules from
High Performance Web Sites still apply, the growth in web page content and Web 2.0
applications introduces a new set of performance challenges. Even Faster Web Sites
provides the best practices needed by developers to make these next-generation web
sites faster.

The chapters in this book are organized into three areas: JavaScript performance
(Chapters 1-7), network performance (Chapters 8-12), and browser performance
(Chapters 13 and 14). A roundup of the best tools for analyzing performance comes in
the Appendix.

" AOL, eBay, Facebook, Google Search, Live Search, MSN.com, MySpace, Wikipedia, Yahoo!, and YouTube,
according to Alexa.
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Six of the chapters were written by contributing authors:

* Chapter 1, Understanding Ajax Performance, by Douglas Crockford

e Chapter 2, Creating Responsive Web Applications, by Ben Galbraith and Dion
Almaer

* Chapter 7, Writing Efficient JavaScript, by Nicholas C. Zakas

* Chapter 8, Scaling with Comet, by Dylan Schiemann

* Chapter 9, Going Beyond Gzipping, by Tony Gentilcore

e Chapter 10, Optimizing Images, by Stoyan Stefanov and Nicole Sullivan

These authors are experts in each of these areas. I wanted you to hear from them
directly, in their own voices. To help identify these chapters, the name(s) of the con-
tributing author(s) are on the chapter’s opening page.

JavaScript Performance

In my work analyzing today’s web sites, I consistently see that JavaScript is the key to
better-performing web applications, so I've started the book with these chapters.

Douglas Crockford wrote Chapter 1, Understanding Ajax Performance. Doug describes
how Ajax changes the way browsers and servers interact, and how web developers need
to understand this new relationship to properly identify opportunities for improving
performance.

Chapter 2, Creating Responsive Web Applications, by Ben Galbraith and Dion Almaer,
ties JavaScript performance back to what really matters: the user experience. Today’s
web applications invoke complex functions at the click of a button and must be eval-
uated on the basis of what they’re forcing the browser to do. The web applications that
succeed will be written by developers who understand the effects of their code on
response time.

[ wrote the next four chapters. They focus on the mechanics of JavaScript—the best
way to package it and load it, and where to insert it in your pages. Chapter 3, Splitting
the Initial Payload, describes the situation facing many web applications today: a huge
JavaScript download at the beginning of the page that blocks rendering as well as further
downloads. The key is to break apart this monolithic JavaScript for more efficient
loading.

Chapters 4 and 5 go together. In today’s most popular browsers, external scripts block
everything else in the page. Chapter 4, Loading Scripts Without Blocking, explains how
to avoid these pitfalls when loading external scripts. Loading scripts asynchronously
presents a challenge when inlined code depends on them. Luckily, there are several
techniques for coupling inlined code with the asynchronous scripts on which they de-
pend. These techniques are presented in Chapter 5, Coupling Asynchronous Scripts.

Preface | xv



Chapter 6, Positioning Inline Scripts, presents performance best practices that apply to
inline scripts, especially the impact they have on blocking parallel downloads.

[ think of Chapter 7, Writing Efficient JavaScript, written by Nicholas C. Zakas, as the
complement to Doug’s chapter (Chapter 1). Whereas Doug describes the Ajax land-
scape, Nicholas zooms in on several specific techniques for speeding up JavaScript.

Network Performance

Web applications aren’t desktop applications—they have to be downloaded over the
Internet each time they are used. The adoption of Ajax has resulted in a new style of
data communication between servers and clients. Some of the biggest opportunities for
growth in the web industry are in emerging markets where Internet connectivity is a
challenge, to put it mildly. All of these factors highlight the need for improved network
performance.

In Chapter 8, Scaling with Comet, Dylan Schiemann describes an architecture that goes
beyond Ajax to provide high-volume, low-latency communication for real-time appli-
cations such as chat and document collaboration.

Chapter 9, Going Beyond Gzipping, describes how turning on compression isn’t enough
to guarantee optimal delivery of your web site’s content. Tony Gentilcore reveals a
little-known phenomenon that severely hinders the network performance of 15% of
the world’s Internet users.

Stoyan Stefanov and Nicole Sullivan team up to contribute Chapter 10, Optimizing
Images. This is a thorough treatment of the topic. This chapter reviews all popular
image formats, presents numerous image optimization techniques, and describes the
image compression tools of choice.

The remaining chapters were written by me. Chapter 11, Sharding Dominant Do-
mains, reminds us of the connection limits in the popular browsers of today, as well as
the next generation of browsers. It includes techniques for successtully splitting
resources across multiple domains.

Chapter 12, Flushing the Document Early, walks through the benefits and many gotchas
of using chunked encoding to start rendering the page even before the full HTML
document has arrived.

Browser Performance

Iframes are an easy and frequently used technique for embedding third-party content
in a web page. But they come with a cost. Chapter 13, Using Iframes Sparingly, explains
the downsides of iframes and offers a few alternatives.

Chapter 14, Simplifying CSS Selectors, presents the theories about how complex selec-
tors can impact performance, and then does an objective analysis to pinpoint the
situations that are of most concern.
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The Appendix, Performance Tools, describes the tools that I recommend for analyzing
web sites and discovering the most important performance improvements to work on.

Conventions Used in This Book

The following typographical conventions are used in this book:

Italic
Indicates new terms, URLs, email addresses, filenames, file extensions, pathnames,
and directories

Constant width
Indicates commands, options, switches, variables, attributes, keys, functions,
types, classes, namespaces, methods, modules, properties, parameters, values, ob-
jects, events, event handlers, XML tags, HTML tags, macros, the contents of files,
and the output from commands

Constant width bold
Shows commands or other text that should be typed literally by the user

Constant width italic
Shows text that should be replaced with user-supplied values

W
\
- This icon signifies a tip, suggestion, or general note.

LA
[0
TSN

This icon indicates a warning or caution.

Comments and Questions

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

O’Reilly Media, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472

800-998-9938 (in the United States or Canada)
707-829-0515 (international or local)
707-829-0104 (fax)

We have a web page for this book, where we list errata, examples, and any additional
information. You can access this page at:

http://www.oreilly.com/catalog/9780596522308
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To comment or ask technical questions about this book, send email to:
bookquestions@oreilly.com

For more information about our books, conferences, Resource Centers, and the
O’Reilly Network, see our web site at:

http://www.oreilly.com

Using Code Examples

You may use the code in this book in your programs and documentation. You do not
need to contact us for permission unless you’re reproducing a significant portion of the
code. For example, writing a program that uses several chunks of code from this book
does not require permission. Selling or distributing a CD-ROM of examples from this
book does require permission. Answering a question by citing this book and quoting
example code does not require permission. Incorporating a significant amount of ex-
ample code from this book into your product’s documentation does require permission.

We appreciate, but do not require, attribution. An attribution usually includes the title,
author, publisher, and ISBN. For example: “Even Faster Web Sites, by Steve Souders.
Copyright 2009 Steve Souders, 978-0-596-52230-8.”

If you feel your use of code examples falls outside fair use or the permission given above,
feel free to contact us at permissions@oreilly.com.

Safari® Books Online

Saf When you see a Safari® Books Online icon on the cover of your favorite
arari technology book, that means the book is available online through the
O’Reilly Network Safari Bookshelf.

Safari offers a solution that’s better than e-books. It’s a virtual library that lets you easily
search thousands of top tech books, cut and paste code samples, download chapters,
and find quick answers when you need the most accurate, current information. Try it
for free at http://my.safaribooksonline.com.
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CHAPTER 1
Understanding Ajax Performance

Douglas Crockford

Premature optimization is the root of all evil.

—Donald Knuth

Trade-offs

The design and construction of a computer program can involve thousands of deci-
sions, each representing a trade-off. In difficult decisions, each alternative has signifi-
cant positive and negative consequences. In trading off, we hope to obtain a near
optimal good while minimizing the bad. Perhaps the ultimate trade-off is:

[ want to go to heaven, but [ don’t want to die.
More practically, the Project Triangle:
Fast. Good. Cheap. Pick Two.

predicts that even under ideal circumstances, it is not possible to obtain fast, good, and
cheap. There must be a trade-off.

In computer programs, we see time versus memory trade-offs in the selection of algo-
rithms. We also see expediency or time to market traded against code quality. Such
trades can have a large impact on the effectiveness of incremental development.

Every time we touch the code, we are trading off the potential of improving the code
against the possibility of injecting a bug. When we look at the performance of programs,
we must consider all of these trade-offs.

Principles of Optimization

When looking at optimization, we want to reduce the overall cost of the program.
Typically, this cost is the perceived execution time of the program, although we could




optimize on other factors. We then should focus on the parts of the program that
contribute most significantly to its cost.

For example, suppose that by profiling we discover the cost of a program’s four
modules.

Module A B C D
Cost 54% 4% 30% 12%

If we could somehow cut the cost of Module B in half, we would reduce the total cost
by only 2%. We would get a better result by cutting the cost of Module A by 10%.
There is little benefit from optimizing components that do not contribute significantly
to the cost.

The analysis of applications is closely related to the analysis of algorithms. When look-
ing at execution time, the place where programs spend most of their time is in loops.
The return on optimization of code that is executed only once is negligible. The benefits
of optimizing inner loops can be significant.

For example, if the cost of a loop is linear with respect to the number of iterations, then
we can say it is O(n), and we can graph its performance as shown in Figure 1-1.

Slope: Time per itertion

Time
Fixed time: startup and cleanup

Figure 1-1. Performance of a loop

The execution time of each iteration is reflected in the slope of the line: the greater the
cost, the steeper the slope. The fixed overhead of the loop determines the elevation of
its starting point. There is usually little benefit in reducing the fixed overhead. Some-
times there is a benefit in increasing the fixed overhead if the cost of each increment
can be reduced. That can be a good trade-off.

In addition to the plot of execution time, there are three lines—the Axes of Error—that
our line must not intersect (see Figure 1-2). The first is the Inefficiency line. Crossing
this line reduces the user’s ability to concentrate. This can also make people irritable.
The second is the Frustration line. When this line is crossed, the user is aware that he
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is being forced to wait. This invites him to think about other things, such as the desir-
ability of competing web applications. The third is the Failure line. This is when the
user refreshes or closes the browser because the application appears to have crashed,
or the browser itself produces a dialog suggesting that the application has failed and
that the user should take action.

Failure

Frustration

Inefficiency

Time
Fixed time: startup and cleanup

Figure 1-2. The Axes of Error

There are three ways to avoid intersecting the Axes of Error: reduce the cost of each
iteration, reduce the number of iterations, or redesign the application.

When loops become nested, your options are reduced. If the cost of the loop is O(n log
n), O(n?), or worse, reducing the time per iteration is not effective (see Figure 1-3). The
only effective options are to reduce # or to replace the algorithm. Fiddling with the cost
per iteration will be effective only when # is very small.

/Failure

Frustration

@ / Inefficiency
Time
_Axed time: startup and cleanup

Figure 1-3. Performance of a nested loop

Programs must be designed to be correct. If the program isn’t right, it doesn’t matter
if it is fast. However, it is important to determine whether it has performance problems
as early as possible in the development cycle. In testing web applications, test with slow
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machines and slow networks that more closely mimic those of real users. Testing in
developer configurations is likely to mask performance problems.

Ajax
Refactoring the code can reduce its apparent complexity, making optimization and
other transformations more likely to yield benefits. For example, adopting the YSlow

rules can have a huge impact on the delivery time of web pages (see http://developer
.yahoo.com/yslow/).

Even so, it is difficult for web applications to get under the Inefficiency line because of
the size and complexity of web pages. Web pages are big, heavy, multipart things. Page
replacement comes with a significant cost. For applications where the difference
between successive pages is relatively small, use of Ajax techniques can produce a sig-
nificant improvement.

Instead of requesting a replacement page as a result of a user action, a packet of data
is sent to the server (usually encoded as JSON text) and the server responds with another
packet (also typically JSON-encoded) containing data. A JavaScript program uses that
data to update the browser’s display. The amount of data transferred is significantly
reduced, and the time between the user action and the visible feedback is
also significantly reduced. The amount of work that the server must do is reduced.
The amount of work that the browser must do is reduced. The amount of work that
the Ajax programmer must do, unfortunately, is likely to increase. That is one of the
trade-offs.

The architecture of an Ajax application is significantly different from most other sorts
of applications because it is divided between two systems. Getting the division of labor
right is essential if the Ajax approach is to have a positive impact on performance. The
packets should be as small as possible. The application should be constructed as a
conversation between the browser and the server, in which the two halves communicate
in a concise, expressive, shared language. Just-in-time data delivery allows the browser
side of the application to keep n small, which tends to keep the loops fast.

A common mistake in Ajax applications is to send all of the application’s data to the
browser. This reintroduces the latency problems that Ajax is supposed to avoid. It also
enlarges the volume of data that must be handled in the browser, increasing n and again
compromising performance.

Browser

Ajax applications are challenging to write because the browser was not designed to be
an application platform. The scripting language and the Document Object Model
(DOM) were intended to support applications composed of simple forms. Surprisingly,
the browser gets enough right that it is possible to use it to deliver sophisticated
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applications. Unfortunately, it didn’t get everything right, so the level of difficulty can
be high. This can be mitigated with the use of Ajax libraries (e.g., http://developer.yahoo
.com/yui/). An Ajax library uses the expressive power of JavaScript to raise the DOM
to a practical level, as well as repairing many of the hazards that can prevent applications
from running acceptably on the many brands of browsers.

Unfortunately, the DOM API is very inefficient and mysterious. The greatest cost in
running programs tends to be the DOM, not JavaScript. At the Velocity 2008 confer-
ence, the Microsoft Internet Explorer 8 team shared this performance data on how time
is spent in the Alexa 100 pages.”

Activity Layout  Rendering HTML  Marshaling  DOM Format  JScript ~ Other
Cost 43.16%  27.25% 281%  7.34% 505% 8.66%  3.23%  2.5%

The cost of running JavaScript is insignificant compared to the other things that the
browser spends time on. The Microsoft team also gave an example of a more aggressive
Ajax application, the opening of an email thread.

Activity  Layout Rendering HTML  Marshaling  DOM Format ~ JScript ~ Other
Cost 941%  9.21% 157%  7.85% 1247%  3897% 1443%  3.72%

The cost of the script is still less than 15%. Now CSS processing is the greatest cost.
Understanding the mysteries of the DOM and working to suppress its impact is clearly
a better strategy than attempting to speed up the script. If you could heroically make
the script run twice as fast, it would barely be noticed.

Wow!

There is a tendency among application designers to add wow features to Ajax applica-
tions. These are intended to invoke a reaction such as, “Wow, I didn’t know browsers
could do that.” When used badly, wow features can interfere with the productivity of
users by distracting them or forcing them to wait for animated sequences to play out.
Misused wow features can also cause unnecessary DOM manipulations, which can
come with a surprisingly high cost.

Wow features should be used only when they genuinely improve the experience of the
user. They should not be used to show off or to compensate for deficiencies in func-
tionality or usability.

Design for things that the browser can do well. For example, viewing a database as an
infinitely scrolling list requires that the browser hold on to and display a much larger
set than it can manage efficiently. A better alternative is to have a very effective

" http:/len.oreilly.com/velocity2008/public/schedule/detail/3290
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paginating display with no scrolling at all. This provides better performance and can
be easier to use.

JavaScript

Most JavaScript engines were optimized for quick time to market, not performance, so
it is natural to assume that JavaScript is always the bottleneck. Typically, however, the
bottleneck is not JavaScript, but the DOM, so fiddling with scripts will have little
effectiveness.

Fiddling should be avoided. Programs should be coded for correctness and clarity.
Fiddling tends to work against clarity, which can increase the susceptibility of the
program to attract bugs.

Fortunately, competitive pressure is forcing the browser makers to improve the effi-
ciency of their JavaScript engines. These improvements will enable new classes of
applications in the browser.

Avoid obscure idioms that might be faster unless you can prove that they will have a
noticeable impact on your application. In most cases, they will have no noticeable
impact except to degrade the quality of your code. Do not tune to the quirks of par-
ticular browsers. The browsers are still in development and may ultimately favor better
coding practices.

If you feel you must fiddle, measure first. Our intuitions of the true costs of a program
are usually wrong. Only by measuring can you have confidence that you are having a
positive effect on performance.

Summary

Everything is a trade-off. When optimizing for performance, do not waste time trying
to speed up code that does not consume a significant amount of the time. Measure first.
Back out of any optimization that does not provide an enjoyable benefit.

Browsers tend to spend little time running JavaScript. Most of their time is spent in the
DOM. Ask your browser maker to provide better performance measurement tools.

Code for quality. Clean, legible, well-organized code is easier to get right, easier to
maintain, and easier to optimize. Avoid tricks except when they can be proven to
substantially improve performance.

Ajax techniques, when used well, can make applications faster. The key is in estab-
lishing a balance between the browser and the server. Ajax provides an effective alter-
native to page replacement, turning the browser into a powerful application platform,
but your success is not guaranteed. The browser is a challenging platform and your
intuitions about performance are not reliable. The chapters that follow will help you
understand how to make even faster web sites.
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CHAPTER 2
Creating Responsive Web Applications

Ben Galbraith and Dion Almaer

With the rise of Ajax, web site performance is no longer just about the quick realization
of a web site. An ever-increasing number of web sites, once loaded, will use JavaScript
to dynamically change the page and load new content on the fly. Such sites have much
in common with traditional desktop client programs, and optimizing the performance
of these applications requires a different set of techniques from traditional web sites.

From a high level, user interfaces for web applications and traditional desktop appli-
cations share a common goal: respond to the user’s input as fast as possible. When it
comes to responding to a user’s request to load a web site, the browser itself handles
much of the responsiveness burden. It opens network connections to the requested
site, parses the HTML, requests the associated resources, and so forth. Based on a
careful analysis of this process, we can optimize our pages to render as fast as possible,
but the browser is ultimately in control of loading and realizing the page.

When it comes to responding to user input to the web site itself (when thatinput doesn’t
result in the browser loading a new page), we web developers are in control. We must
ensure that the JavaScript that executes as a result of such input is responsive. To better
understand just how much control we have over responsiveness, we’re going to take a
minute to explain how browser user interfaces work.

As shown in Figure 2-1, when a user interacts with a browser, the operating system
receives input from various devices attached to the computer, such as the keyboard or
mouse. It works out which application should receive these inputs, and it packages
them up as individual events and places them in a queue for that application, known
as an event queue.

It’s up to the web browser, like any GUI application, to process the individual events
placed in its queue. It does so by pulling them from the queue in first-in, first-out order
and deciding what to do about the event. Generally, the browser will do one of two
things based on these events: handle the event itself (such as display a menu, browse




the Web, show a preference screen, etc.) or execute JavaScript code in the web page
itself (e.g., JavaScript code in an onclick handler in the page), as shown in Figure 2-2.

Mouse moved

Mouse pressed

Mouse released

Key pressed

Key released

Event queue

Figure 2-1. All user input is routed via the operating system into an event queue

Mouse moved

Mouse pressed

Mouse released

Key pressed

Key released

Event queue

st | g ) | o

Browser

Figure 2-2. The browser uses a single thread to process events in the queue and execute user code

The important takeaway here is that this process is essentially single-threaded. That is,
the browser uses a single thread to pull an event from the queue and either do something
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itself (“Web browsing” in Figure 2-2) or execute JavaScript. As such, it can do only one
of these tasks at a time, and each of these tasks can prevent the other tasks from
occurring.

Any time spent by the browser executing a page’s JavaScript is time that it cannot spend
responding to other user events. It is therefore vital that any JavaScript in a page execute
as fast as possible. Otherwise, the web page and the browser itself may become sluggish
or freeze up entirely.

Note that this discussion of browser and operating system behavior with respect to
input handling and events is a broadly applicable generalization; details vary. Regard-
less of variances, all browsers execute all JavaScript code in a page on a single thread
(excepting the use of Web Workers, discussed later in this chapter), making the de-
veloper practices advocated in this chapter completely applicable.

What Is Fast Enough?

It’s fine to say that code needs to execute “as fast as possible,” but sometimes code
needs to do things that simply take time. For instance, encryption algorithms, complex
graphics rendering, and image manipulation are examples of computations that are
time-consuming to perform, regardless of how much effort a developer puts forth to
make them “as fast as possible.”

However, as Doug mentioned in Chapter 1, developers seeking to create responsive,
high-performance web sites can’t—and shouldn’t—go about achieving that goal by
optimizing every single piece of code as they write it. The opposite is true: a developer
should optimize only what isn’t fast enough.

It is therefore vital to define exactly what is “fast enough” in this context. Fortunately,
that’s already been done for us.

Jakob Nielsen is a well-known and well-regarded expert in the field of web usability;
the following quote” addresses the issue of “fast enough”:

The response time guidelines for web-based applications are the same as for all other
applications. These guidelines have been the same for 37 years now, so they are also not
likely to change with whatever implementation technology comes next.

0.1 second: Limit for users feeling that they are directly manipulating objects in the UL
For example, this is the limit from the time the user selects a column in a table until that
column should highlight or otherwise give feedback that it’s selected. Ideally, this would
also be the response time for sorting the column—if so, users would feel that they are
sorting the table.

1 second: Limit for users feeling that they are freely navigating the command space
without having to unduly wait for the computer. A delay of 0.2—1.0 seconds does mean
that users notice the delay and thus feel the computer is “working” on the command, as

" http://www.useit.com/papers/responsetime.html

What Is Fast Enough? | 9


http://www.useit.com/papers/responsetime.html

opposed to having the command be a direct effect of the users’ actions. Example: If
sorting a table according to the selected column can’t be done in 0.1 seconds, it certainly
has to be done in 1 second, or users will feel that the Ul is sluggish and will lose the sense
of “flow” in performing their task. For delays of more than 1 second, indicate to the user
that the computer is working on the problem, for example by changing the shape of the
cursor.

10 seconds: Limit for users keeping their attention on the task. Anything slower than
10 seconds needs a percent-done indicator as well as a clearly signposted way for the user
to interrupt the operation. Assume that users will need to reorient themselves when they
return to the Ul after a delay of more than 10 seconds. Delays of longer than 10 seconds
are only acceptable during natural breaks in the user’s work, for example when switching
tasks.

In other words, if your JavaScript code takes longer than 0.1 seconds to execute, your
page won'’t have that slick, snappy feel; if it takes longer than 1 second, the application
feels sluggish; longer than 10 seconds, and the user will be extremely frustrated. These
are the definitive guidelines to use for defining “fast enough.”

Measuring Latency

Now that you know the threshold for fast enough, the next step is to explore how you
can measure the speed of JavaScript execution to determine whether it falls outside the
ranges mentioned earlier (we’ll leave it to you to determine just how fast you wish your
page to be; we aim to keep all interface latency smaller than 0.1 seconds).

The easiest, most straightforward, and probably least precise way to measure latency
is via human observation; simply use the application on your target platforms and
ensure that performance is adequate. Since ensuring adequate human interface per-
formance is only about pleasing humans, this is actually a fine way to perform such
measurements (obviously, few humans will be able to quantify delays reliably in terms
of precise whole or fractional second measurements; falling back to coarser categori-
zations such as “snappy,” “sluggish,” “adequate,” and so on does the job).

However, if you desire more precise measurements, there are two options you can
choose: manual code instrumentation (logging) or automated code instrumentation

(profiling).
Manual code instrumentation is really straightforward. Let’s say you have an event
handler registered on your page, as in:

<div onclick="myJavaScriptFunction()"> ... </div>
A simple way to add manual instrumentation would be to locate the definition of
myJavaScriptFunction() and add timing to the function:

function myJavaScriptFunction() {
var start = new Date().getMilliseconds();

// some expensive code is here
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var stop = new Date().getMilliseconds();

var executionTime =

milliseconds");

}

stop - start;
alert("myJavaScriptFunction() executed in

+ executionTime +

The preceding code will produce a pop-up dialog that displays the execution time; one
millisecond represents 1/1,000 of a second, so 100 milliseconds represent the 0.1-

second “snappiness” threshold mentioned earlier.

Many browsers offer a built-in instance named console that provides a
log() function (Firefox makes this available with the popular Firebug
W plug-in); we greatly prefer console.log() to alert().

There are tools to perform an automated measurement of code execution time, but
such tools are typically used for a different purpose. Instead of being used to determine
the precise execution duration of a function, such tools—called profilers—are usually
used to determine the relative amount of time spent executing a set of functions; that
is, they are used to find the bottleneck or slowest-running chunks of code.

The popular Firebug extension for Firefox includes a JavaScript code profiler; it gen-
erates output such as that shown in Figure 2-3.

ﬁv‘ Inspect Clear Profile
Console v HTML €SS Script DOM Net
¥ Profile (1272.599ms, 93169 calls)

Function Calls | Percentr | Own Time
acs() 1548  9.59% 122.051ms
paint() 33 9.57% 121.851ms
measureText() 3226 7.88% 100.269ms
_getMarginBox() 516  6.84%  87.001ms
_abs() 516 6.56% 83.422ms
_getMarginExtents() 516 5.72% 72.855ms
FillText() 668 4.52%  57.552ms
Lle] 2166  4.01% 51.037ms
pointChildren() 375 3.86%  49.178ms
paint() 160  3.86%  49.112ms
_docScroll() 516 2.85% 36.325ms
getInsets() 26577 2.61% 33.17ms
paint() 60 2.53%  32.196ms
paintSel FQ) 80 2.27%  28.872ms
paintSelf(O 242 1.76% 22.413ms
emptyInsets() 8151 1.75% 22.299ms
styleContext() 1613  1.72%  21.86ms
request() 2 1.7% 21.679ms
paint() 92 1.43% 18.199ms
_toPixelValue() 4128 1.39% 17.655ms
Llayout() 92 1.37%  17.475ms
body() 1548 1.37%  17.406ms

P

Time
122.051ms
562.094ms
100.269ms
205.337ms
179.924ms
82.513ms
57.552ms
115.366ms
427.395ms
59.56ms
43.7ms
65.184ms
107.061ms
34.094ms
22.413ms
22.299ms
21.86ms
21.743ms
22.752ms
17.655ms
116.292ms
17.406ms

Avg
0.079ms
17.033ms
0.031ms
0.398ms
0.349ms
0.16ms
0.086ms
0.053ms
1.14ms
0.372ms
0.085ms
0.002ms
1.784ms
0.426ms
0.093ms
0.003ms
0.014ms
10.872ms
0.247ms
0.004ms
1.264ms
0.011ms

Min
0.035ms
4.454ms
0.011ms
0.187ms
0.187ms
0.07ms
0.032ms
0.025ms
Oms
0.266ms
0.045ms
0.001lms
0.731ms
0.307ms
Ooms
0.001lms
0.009ms
10.3ms
0.229ms
0.002ms
0.48ms
0.004ms

Max
0.506ms
33.065ms
2.128ms
0.951ms
0.731ms
0.538ms
1.446ms
0.294ms
27.104ms
0.671ms
0.244ms
0.104ms
3.229ms
0.951ms
0.768ms
0.1ms
0.155ms.
11.443ms
0.422ms
0.169ms
5.746ms
0.051ms

Options

js/dojo/..efhtml.js (line 386)
Js/dojo/../th/thjs (line 206)
is/dojo/..canvas.js (line 50)
Js/dojo/..e/htmljs (line 761)
js/dojo/..e/htmljs (line 1087)
js/dojo/..e/htmljs (line 711)
js/dojo/..canvas.js (line 40)
Js/dojo/..elpersjs (line 85)
js/dojo/.../th/th.js (line 377)
js/dojo/..onents js (line 222)
is/dojo/..e/htmljs (line 1019)
jsldojof../th/thjs (line 327)
Js/dojo/..onentsjs (line 719)
js/dojo/..onents.js (line 355)
js/dojo/..onents.js (line 177)
js/dojo/..elpers.js (line 103)
Jjs/dojo/..onents.js (line 548)
js/dojo/..server.js (line 58)
js/dojo/..onents.js (line 33)
js/dojo/..e/htmljs (line 397)
js/dojo/..onentsjs (line 86) | a
js/dojo/..windowjs (line 18) v

Figure 2-3. Firebug’s profiler

The “Time” column represents the total amount of time the JavaScript interpreter spent
inside a given function during the period of profiling. Often, a function invokes other
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functions; the “Own Time” column represents the amount of time spent inside a spe-
cific function and not any other functions that it may have invoked.

While you might think these and the other temporal-related columns represent a precise
measurement of function execution time, it turns out that profilers are subject to some-
thing like the observer effect in physics: the act of observing the performance of code
modifies the performance of the code.

Profilers can take two basic strategies representing a basic trade-off: either they can
intrude on the code being measured by adding special code to collect performance
statistics (basically automating the creation of code as in the previous listing), or they
can passively monitor the runtime by checking what piece of code is being executed at
a particular moment in time. Of these two approaches, the latter does less to distort
the performance of the code being profiled, but at the cost of lower-quality data.

Firebug subjects results to a further distortion because its profiler executes inside Fire-
fox’s own process, which creates the potential for it to rob the code it is measuring of
performance.

Nevertheless, the “Percent” column of Firebug’s output demonstrates the power of
measuring relative execution time: you can perform a high-level task in your page’s
interface (e.g., click the Send button) and then check Firebug’s profiler to see which
functions spent the most time executing, and focus your optimization efforts on those.

When Latency Goes Bad

It turns out that if your JavaScript code ties up the browser thread for a particularly
long time, most browsers will intervene and give the user the opportunity to interrupt
your code. There is no standard behavior governing how browsers make the
determination to give the user this opportunity. (For details on individual browser
behavior, see http://www.nczonline.net/blog/2009/01/05/what-determines-that-a-script
-is-long-running/.)

The lesson is simple: don’t introduce potentially long-running, poorly performing code
into your web page.

Threading

Once you’ve identified code that performs inadequately, of course the next step is to
go about optimizing it. However, sometimes the task to perform is simply expensive
and cannot be magically optimized to take less time. Are such scenarios fated to bring
sluggish horror to a user interface? Will no solution emerge to keep our users happy?

The traditional solution in such cases is to use threads to push such expensive code off
the thread used to interact with the user. In our scenario, this would let the browser
continue to process events from the event queue and keep the interface responsive while
the long-running code merrily executes on a different thread (and the operating system
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takes responsibility for making sure that both the browser user interface thread and the
background thread equitably share the computer’s resources).

However, JavaScript doesn’t support threads, so there’s no way for JavaScript code to
create a background thread to execute expensive code. Further, this isn’t likely to
change anytime soon.

Brendan Eich, the creator of JavaScript and Mozilla’s chief technical officer, has made
his position on this issue clear:T

You must be [as tall as an NBA player] to hack on threaded systems, and that means
most programmers should run away crying. But they don’t. Instead, as with most other
sharp tools, the temptation is to show how big one is by picking up the nearest single-
threaded code and jamming it into a multi-threaded embedding, or tempting race-
condition fate otherwise. Occasionally the results are infamous, but too often, with only
virtual fingers and limbs lost, no one learns.

Threads violate abstractions six ways to Sunday. Mainly by creating race conditions,
deadlock hazards, and pessimistic locking overhead. And still they don’t scale up to
handle the megacore teraflop future.

So my default answer to questions such as, “When will you add threads to JavaScript?”
is: “over your dead body!”

Given Brendan’s influence in the industry and on the future of JavaScript (which is
considerable), and the broad degree to which this position is shared, it is safe to say
that threads will not be coming to JavaScript anytime soon.

However, there are alternatives. The basic problem with threads is that different threads
can have access to and modify the same variables. This causes all sorts of problems
when Thread A modifies variables that Thread B is actively modifying, and so on. You
might think these sorts of issues could be kept straight by decent programmers, but it
turns out that, as Brendan said, even the best of us make pretty horrible mistakes in
this department.

Ensuring Responsiveness

What’s needed is a way to have the benefit of threads—tasks executing in parallel—
without the hazards of the threads getting into each other’s business. Google imple-
mented just such an APl in its popular Gears browser plug-in: the WorkerPool APL. It
essentially allows the main browser JavaScript thread to create background “workers”
that receive some simple “message” (i.e., standalone state, not references to shared
variables) from the browser thread when they are kicked off and return a message upon
completion.

T http://weblogs.mozillazine.org/roadmapl/archives/2007/02/threads_suck.html
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Experience with this API in Gears has led many browsers (e.g., Safari 4, Firefox 3.1) to
implement support for “workers” natively based on a common API defined in the
HTML 5 specification. This feature is known as “Web Workers.”

Web Workers

Let’s consider how to use the Web Worker API to decrypt a value. The following listing
shows how to create and kick off a worker:

// create and begin execution of the worker
var worker = new Worker("js/decrypt.js");

// register an event handler to be executed when the worker
// sends the main thread a message
worker.onmessage = function(e) {
alert("The decrypted value is
}

+ e.data);

// send a message to the worker, in this case the value to decrypt
worker.postMessage(getValueToDecrypt());

Now let’s take a look at the hypothetical contents of js/decrypt.js:

// register a handler to receive messages from the main thread
onmessage = function(e) {

// get the data passed to us

var valueToDecrypt = e.data;

// TODO: implement decryption here

// return the value to the main thread
postMessage(decryptedvalue);
}

Any potentially expensive (i.e., long-running) JavaScript operations that your page
performs should be delegated to workers, as that will keep your application running
lickety-split.

Gears

If you find yourself supporting a browser that doesn’t support the Web Worker API,
there are a few alternatives. We mentioned Google’s Gears plug-in in the preceding
section; you can use the Gears plug-in to bring something very much like Web Workers
to Internet Explorer, to older versions of Firefox, and to older versions of Safari.

The Gears worker API is similar but not identical to the Web Worker API. Here are the
previous two code listings converted to the Gears API, starting with the code executed
on the main thread to spawn a worker:
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// create a worker pool, which spawns workers
var workerPool = google.gears.factory.create('beta.workerpool');

// register the event handler that receives the message from the worker
workerPool.onmessage = function(ignorel, ignore2, e) {

alert("The decrypted value is + " e.body);
}

// create a worker
var workerId = workerPool.createWorkerFromUrl("js/decrypt.js");

// send a message to the worker
workerPool. sendMessage(getValueToDecrypt(), workerId);

And here is the Gears version of js/decrypt.js:

var workerPool = google.gears.workerPool;
workerPool.onmessage = function(ignorei, ignore2, e) {
// get the data passed to us
var valueToDecrypt = e.body;

// TODO: implement decryption here

// return the value to the main thread
workerPool.sendMessage(decryptedvalue, e.sender);

More on Gears

It is interesting to note some of the history of the Gears Worker Pool because it came
from a very practical place. The Gears plug-in was built by a team at Google that was
trying to push the browser to do more than it currently was able (this was before Google
Chrome—but even with Chrome, Google wants as many users as possible to do great
things with its web applications).

Imagine if you wanted to build Gmail Offline; what would you need? First, you’d need
a way to cache documents locally and to have an intercept so that when the browser
tries to access http://mail.google.com/, it gets the page back instead of a message stating
that you are offline. Second, it needs a way to store your email, both new and old. This
could be done in many forms, but since SQLite is well known and already in most new
browsers and bundled in many operating systems, why not use that? Here’s where the
problem lies.

We have been talking about the issues with a single-threaded browser. Now imagine
operations such as writing new messages to the database or performing long queries.
We can’t freeze the Ul while the database does its work—the latency could be enor-
mous! The Gears team needed a way to get around this. Since the Gears plug-in can do
whatever it wants, it can easily work around the lack of threads in JavaScript. But since
the need for concurrency is a general problem, why not give this ability to the outside
world? Hence the “Worker Pool” API, which led to the HTML 5 standard “Web
Workers.”
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The two APIs look subtly different, but this is because Web Workers is sort of like
version 2.0 of the pioneering Gears API; Gears should support the standard API soon.
There are already “shim” libraries that bridge the existing Gears API and the standard
Web Worker API, and these shims can be used to work even without Gears or Web
Workers (by using setTimeout(), described in this chapter).

Timers

Another approach, common before Gears and Web Workers, was simply to split up
long-running operations into separate chunks and use JavaScript timers to control the
execution. For example:

var functionState = {};

function expensiveOperation() {
var startTime = new Date().getMilliseconds();
while ((new Date().getMilliseconds() - startTime) < 100) {
// TODO: implement expensive operation in such a way
// that it performs work in iterative chunks that complete
// in less than 100 ms and shove state in "functionState"
// outside this function; good luck with that ;-)

}

if (!functionState.isFinished) {
// re-enter expensiveOperation 10 ms after exiting; experiment
// with larger values to strike the right balance between UI
// responsiveness and performance
setTimeout(expensiveOperation(), 10);

}

Splitting up the operation in the manner just illustrated will result in a responsive in-
terface, but as the comment in the listing indicates, it may not be straightforward (or
even feasible) to structure the operation in that way. See “Yielding Using
Timers” on page 103 for more details on using setTimeout() in this manner.

There’s another fundamental issue with this approach. Most modern computers have
multiple “cores,” which means that they have the ability to execute multiple threads in
a truly concurrent fashion (whereas previous computers have only emulated concur-
rency through fast task switching). Implementing task switching manually via Java-
Script as we’ve done in the listing can’t take advantage of such architectures; you are
therefore leaving processing power on the table by forcing one of the cores to do all of
the processing.

Thus, it is possible to perform long-running operations on the browser’s main thread
and maintain a responsive interface, but it’s easier and more efficient to use workers.
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XMLHttpRequest

A discussion of threading wouldn’t be complete without touching briefly on the famed
enabler of the Ajax revolution: XMLHttpRequest, or “XHR” for short. Using XHR, a web
page may send a message and receive a response entirely from the JavaScript environ-
ment, a feat that enables rich interactivity without loading new pages.

XHR has two basic execution modes: synchronous and asynchronous. In the asyn-
chronous mode, XHR is essentially a Web Worker but with a specialized API; indeed,
coupled with other features of the in-progress HTML 5 specification, you can re-create
the functionality of XHR with a worker. In the synchronous mode, XHR acts as though
it performs all of its work on the browser’s main thread and will therefore introduce
user interface latency that lasts as long as XHR takes to send its request and parse the
response from the server. Therefore, never use XHR in synchronous mode, as it can
lead to unpredictable user interface latency well outside of tolerable ranges.

Effects of Memory Use on Response Time

There’s another key aspect to creating responsive web pages: memory management.
Like many modern high-level languages that abstract away low-level memory manage-
ment, most JavaScript runtimes implement garbage collection (or “GC” for short).
Garbage collection can be a magical thing, relieving developers from tedious details
that feel more like accounting than programming.

However, automatic memory management comes with a cost. All but the most
sophisticated of GC implementations “stop the world” when they perform their col-
lections; that is, they freeze the entire runtime (including what we’ve been calling the
main browser JavaScript thread) while they walk the entire “heap” of created objects,
searching for those that are no longer being used and are therefore eligible for recycling
into unused memory.

For most applications, GC is truly transparent; the runtime is frozen for short enough
periods of time that it escapes the user’s attention entirely. However, as an application’s
memory footprint increases in size, the time required to walk through the entire heap
searching for objects that are no longer in use grows and can eventually reach levels
that a user does notice.

When this occurs, the application begins to be intermittently sluggish on somewhat
regular intervals; as the problem gets worse, the entire browser may freeze on these
intervals. Both cases lead to a frustrating user experience.

Most modern platforms provide sophisticated tools that enable you to monitor the
performance of the runtime’s GC process and to view the current set of objects on the
heap in order to diagnose GC-related problems. Unfortunately, JavaScript runtimes
don’t fall into that category. To make matters worse, no tools exist that can inform
developers when collections occur or how much time they are spending performing
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their work; such tools would be very helpful to verify that observed latency is related
to GC.

This tool gap is a serious detriment toward the development of large-scale browser-
hosted JavaScript applications. Meanwhile, developers must guess whether GC is
responsible for UI delays.

Virtual Memory

There is another danger associated with memory: paging. Operating systems have two
classes of memory they make available to applications: physical and virtual. Physical
memory is mapped to extremely fast RAM chips in the underlying computer; virtual
memory is mapped to a much slower mass storage device (e.g., hard drive) that makes
up for its relative pokiness with much larger available storage space.

If your web page’s memory requirements grow sufficiently large, you may force the
operating system to start paging, an extremely slow process whereby other processes
are forced to relinquish their real memory to make room for the browser’s increased
appetite. The term paging is used because all modern operating systems organize mem-
ory into individual pages, the term used to describe the smallest unit of memory that
is mapped to either real or virtual memory. When paging occurs, pages are transferred
from real to virtual memory (i.e., from RAM to a hard drive) or vice versa.

The performance degradation caused by paging is a bit different from GC pauses; pag-
ing results in a general, pervasive sluggishness whereas GC pauses tend to manifest
themselves as discrete, individual pauses that occur in intervals—though the lengths
of the pauses grow over time. Regardless of their differences, either one of these prob-
lems represents significant threats to your goal of creating a responsive user interface.

Troubleshooting Memory Issues

As we mentioned earlier, we know of no good memory troubleshooting tools for
browser-hosted JavaScript applications. The state of the art is to observe the memory
footprint of the browser process (see the section “Measuring Memory Use” at http://
blog.pavlov.net/2008/03/11/firefox-3-memory-usage/ for details on how to measure
process memory usage in Windows and OS X), and if it grows larger than is tolerable
during the course of your application, check whether your code has any opportunities
for memory usage optimizations.

Once you’ve determined that you have a memory problem, you should look for op-
portunities to clean up after yourself where you haven’t yet done so. You can do this
in two ways:

* Use the delete keyword to remove JavaScript objects that are no longer needed
from memory.

* Remove nodes that are no longer necessary from the web page DOM.
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The following code listing demonstrates how to perform both of these tasks:

var page = { address: "http://some/url" };

page.contents = getContents(page.address);

// later, the contents are no longer necessary
delete page.contents;

var nodeToDelete = document.getElementById("redundant");

// remove the node from the DOM (which can only be done via
// call to removeChild() from parent node) and

// simultaneously delete the node from memory

delete nodeToDelete.parent.removeChild(nodeToDelete);

Obviously, there is significant room for improvement in the area of memory usage
optimization for web pages. At Mozilla, we are currently developing tools to address
this problem. In fact, by the time you read this, you should be able to find one or more
such tools by visiting http://labs.mozilla.com.

Summary

Ajax ushered in a new era of long-running, JavaScript-centric web pages. Such web
pages are really browser-hosted applications and are subject to the same user interface
guidelines of any other application. It is vital that such applications keep the user
interface responsive by minimizing operations performed on the main application

thread.

Web Workers are a powerful new tool that can be used to offload complex operations
that threaten Ul responsiveness. The Gears plug-in and JavaScript timers can be used
when Web Workers are unavailable.

Poorly managed memory can lead to Ul performance problems. While there’s a short-
age of good tools to troubleshoot memory problems, developers can generally observe
browser memory usage and take steps to minimize their application’s memory footprint
when problems arise. The good news is that memory troubleshooting tools are in
development.
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CHAPTER 3
Splitting the Initial Payload

The growing adoption of Ajax and DHTML (Dynamic HTML) means today’s web
pages have more JavaScript and CSS than ever before. Web applications are becoming
more like desktop applications, and just like desktop applications, a large percentage
of the application code isn’t used at startup. Advanced desktop applications have a
plug-in architecture that allows for modules to be loaded dynamically, a practice that
many Web 2.0 applications could benefit from. In this chapter I show some popular
Web 2.0 applications that load too much code upfront, and I discuss approaches for
making pages load more dynamically.

Kitchen Sink

Facebook has 14 external scripts totaling 786 KB uncompressed.” Figuring out how
much of that JavaScript is necessary for the initial page to render is difficult to do, even
for a core Facebook frontend engineer. Some of those 14 external scripts are critical to
rendering the initial page, but others were included because they support Ajax and
DHTML functionality, such as the drop-down menus and the Comment and Like fea-
tures shown in Figure 3-1.

It’s critical to render a web page as quickly as possible. Doing so engages the user and
creates a responsive experience for her. Imagine if the Facebook JavaScript could be
splitinto two parts: what’s needed to render the initial page, and everything else. Rather
than bog down the user’s first impression with “everything else,” the initial JavaScript
download should include only what’s necessary for the initial rendering. The remaining
JavaScript payload can be loaded later.

" Fourteen scripts are downloaded when logged-in users visit this page. If the user is not logged in, fewer scripts
are used.
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Figure 3-1. Facebook Ajax and DHTML features

This raises several questions:

* How much does this save?

* How do you find where to split the code?

* What about race conditions?

* How do you download “everything else” later?

The first three questions are tackled in this chapter. How to load “everything else” is
the topic of Chapter 4.

Savings from Splitting

It turns out that Facebook executes only 9% of the downloaded JavaScript functions
by the time the onload event is called. This is computed by using Firebug’s JavaScript
profiler to count all the functions executed up to the onload event.T The counting stops
at the onload event because functionality needed after this point can, and should, be
downloaded after the initial page has rendered. I call this a post-onload download. (See
Chapter 4 for various lazy-loading techniques.)

Table 3-1 shows the percentage of functions downloaded that are not executed before
the onload event for 10 top U.S. web sites. On average, 75% of the functions

T Firebug is the preeminent web development tool, available at hitp://getfirebug.com/.
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downloaded are not executed during the initial rendering of the page. Thus, if down-
loading of these unexecuted functions was deferred, the size of the initial JavaScript
download would be dramatically reduced.

Admittedly, the 75% estimate might be exaggerated; some of the unexecuted functions
might be required for error handling or other special conditions. The estimate is still
useful to illustrate the point that much of the JavaScript downloaded initially could be
deferred. The average total amount of JavaScript is 252 KB uncompressed. This per-
centage is in terms of function count, not size. If we assume a constant function size,
75% represents an average 189 KB that doesn’t have to be downloaded until after the
onload event, making the initial page render more quickly.

Table 3-1. Percentage of JavaScript functions executed before onload

Web site % of functions not executed  JavaScript size uncompressed
http://www.aol.com/ 71% 115KB
http://www.ebay.com/ 56% 183 KB
http://www.facebook.com/ 91% 786 KB
http://www.google.com/search?q=flowers 56% 15KB
http://search.live.com/results.aspx’q=flowers ~ 75% 17KB
http://www.msn.com/ 69% 131KB
http://www.myspace.com/ 87% 297 KB
http://en.wikipedia.org/wiki/Flowers 79% 114 KB
http://www.yahoo.com/ 88% 321KB
http://www.youtube.com/ 84% 240 KB

Finding the Split

Firebug’s JavaScript profiler shows the names of all the functions that were executed
by the time of the onload event. This list can be used to manually split the JavaScript
code into one file loaded as part of the initial page rendering and another file to be
downloaded later. However, because some of the unused functions may still be nec-
essary for error-handling and other conditional code paths, splitting the code into an
initial download that is complete without undefined symbols is a challenge. JavaScript’s
higher-order features, including function scoping and eval, make the challenge even
more complicated.

Doloto is a system developed by Microsoft Research for automatically splitting Java-
Script into clusters. The first cluster contains the functions needed for initializing the
web page. The remaining clusters are loaded on demand the first time the missing code
needs to execute, or they are lazy-loaded after the initial flurry of JavaScript activity is
over. When applied to Gmail, Live Maps, Redfin, MySpace, and Netflix, Doloto re-
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duced the initial JavaScript download size by up to 50% and reduced the application
load time by 20% to 40%.

Doloto’s decisions about where to split the code are based on a training phase and can
resultin the JavaScript being splitinto multiple downloads. For many web applications,
it is preferable to define a single split at the onload event, after which the remaining
JavaScript is immediately downloaded using the nonblocking techniques described in
Chapter 4. Waiting to start the additional downloads on demand after the user has
pulled down a menu or clicked on a page element forces the user to wait for the addi-
tional JavaScript to arrive. This wait can be avoided if all the additional JavaScript is
downloaded after the initial page rendering. Until Doloto or other systems are publicly
available, developers need to split their code manually. The following section discusses
some of the issues to keep in mind when doing this.

Undefined Symbols and Race Conditions

The challenge in splitting your JavaScript code is to avoid undefined symbols. This
problem arises if the JavaScript being executed references a symbol that has, mistak-
enly, been relegated to a later download. In the Facebook example, for instance, I
suggest that the JavaScript for drop-down menus should be loaded later. But if the
drop-down menu is displayed before the required JavaScript is downloaded, there’s a
window in which the user can click on the drop-down menu and the required JavaScript
won’t be available. My suggestion would then have created a race condition where the
JavaScript is racing to download while the user is racing to click the menu. In most
cases, the JavaScript will win the race, but there is a definite possibility that the user
may click first and experience an undefined symbol error when the (yet to be down-
loaded) drop-down menu function is called.

In a situation where the delayed code is associated with a UI element, the problem can
be avoided by changing the element’s appearance. In this case, the menu could contain
a “Loading...” spinner, alerting the user that the functionality is not yet available.

Another option is to attach handlers to Ul elements in the lazy-loaded code. In this
example, the menu would be rendered initially as static text. Clicking on it would not
execute any JavaScript. The lazy-loaded code would both contain the menu function-
ality and would attach that behavior to the menu using attachEvent in Internet Explorer
and addEventListener in all other browsers.*

In situations where the delayed code is not associated with a UI element, the solution
to this problem is to use stub functions. A stub function is a function with the same
name as the original function but with an empty function body or temporary code in
place of the original. The previous section described Doloto’s ability to download
additional JavaScript modules on demand. Doloto implements this on-demand feature

¥ See http://www.quirksmode.orgljs/events_advanced.html for more information.
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by inserting stub functions in the initial download that, when invoked, dynamically
download additional JavaScript code. When the additional JavaScript code is down-
loaded, the original function definitions overwrite the stub functions.

A simpler approach is to include an empty stub function for each function that is ref-
erenced but relegated to the later download. If necessary, the stub function should
return a stub value, such as an empty string. If the user tries to invoke a DHTML feature
before the full function implementation is downloaded, nothing happens. A slightly
more advanced solution has each stub function record the user’s requests and invokes
those actions when the lazy-loaded JavaScript arrives.

Case Study: Google Calendar

A good example of splitting the initial payload is Google Calendar. Figure 3-2 shows
the HTTP requests that are made when Google Calendar is requested. I call these
charts HTTP waterfall charts. Each horizontal bar represents one request. The resource
type is shown on the left. The horizontal axis represents time, so the placement of the
bars shows at what point during page load each resource was requested and received.

Document [
Stylesheet [
Script 1
Image B
Image B
Image [ ]
Script e
Script I
Script I
Script ]

Figure 3-2. Google Calendar HT TP waterfall chart

Google Calendar requests five scripts totaling 330 KB uncompressed. The payload is
split into an initial script of 152 KB that is requested early (the third bar from the top).
The blocking behavior of this script is mitigated by the fact that it contains less than
half of the total JavaScript. The rest of the JavaScript payload is requested last, after
the page has been allowed to render.

By splitting their JavaScript, the Google Calendar team creates a page that renders more
quickly than it would have if all of the JavaScript were loaded in one file. Splitting a
web application’s JavaScript is not a simple task. It requires determining the functions
needed for initial rendering, finding all required code dependencies, stubbing out other
functions, and lazy-loading the remaining JavaScript. Further automation for these
tasks is needed. Microsoft’s Doloto project describes such a system, but as of this writ-
ing, it’s not available publicly. Until tools such as this are made available, developers
will have to roll up their sleeves and do the heavy lifting themselves.
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This chapter has focused on splitting JavaScript, but splitting CSS stylesheets is also
beneficial. The savings are less than those gained by splitting JavaScript because the
total size of stylesheets is typically less than JavaScript, and downloading CSS does not
have the blocking characteristics that downloading JavaScript has.§ This is another
opportunity for further research and tool development.

§ Firefox 2 is the one exception.
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CHAPTER 4
Loading Scripts Without Blocking

SCRIPT tags have a negative impact on page performance because of their blocking
behavior. While scripts are being downloaded and executed, most browsers won’t
download anything else. There are times when it’s necessary to have this blocking, but
it’s important to identify situations when JavaScript can be loaded independent of the
rest of the page.

When these opportunities arise, we want to load the JavaScript in such a way that it
does not block other downloads. Luckily, there are several techniques for doing this
that make pages load faster. This chapter explains these techniques, compares how
they affect the browser and performance, and describes the circumstances that make
one approach preferred over another.

Scripts Block

JavaScript is included in a web page as an inline script or an external script. An inline
script includes all the JavaScript in the HTML document itself using the SCRIPT tag:
<script>

function displayMessage(msg) {
alert(msg);

</script>

External scripts pull in the JavaScript from a separate file using the SCRIPT SRC attribute:

<script src="A.js'></script>

The SRC attribute specifies the URL of the external file that needs to be loaded. The
browser reads the script file from the cache, if available, or makes an HTTP request to
fetch the script.

Normally, most browsers download components in parallel, but that’s not the case for
external scripts. When the browser starts downloading an external script, it won’t start
any additional downloads until the script has been completely downloaded, parsed,
and executed. (Any downloads that were already in progress are not blocked.)
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Figure 4-1 shows the HTTP requests for the Scripts Block Downloads example.”

Scripts Block Downloads
http://stevesouders.com/cuzillion/?ex=10008&title=Scripts+Block+Downloads

This page has two scripts at the top, A.js and B.js, followed by an image, a stylesheet,
and an iframe. The scripts are each programmed to take one second to download and
one second to execute. The white gaps in the HTTP profile indicate where the scripts
are executed. This shows that while scripts are being downloaded and executed, all
other downloads are blocked. Only after the scripts have finished are the image, style-
sheet, and iframe merrily downloaded in parallel.

Document ||
Script [
Script ]
Image
Stylesheet
Iframe

Figure 4-1. Scripts block parallel downloads

The reason browsers block while downloading and executing a script is that the script
may make changes to the page or JavaScript namespace that affect whatever follows.
The typical example cited is when A.js uses document.write to alter the page. Another
example is when A.js is a prerequisite for B.js. The developer is guaranteed that scripts
are executed in the order in which they appear in the HTML document so that A.js is
downloaded and executed before B.js. Without this guarantee, race conditions could
result in JavaScript errors if B.js is downloaded and executed before A.js.

Although it’s clear that scripts must be executed sequentially, there’s no reason they
have to be downloaded sequentially. That’s where Internet Explorer 8 comes in. The
behavior shown in Figure 4-1 is true for most browsers, including Firefox 3.0 and earlier
and Internet Explorer 7 and earlier. However, Internet Explorer 8’s download profile,
shown in Figure 4-2, is different. Internet Explorer 8 is the first browser that supports
downloading scripts in parallel.

Document
Script
Script

Image

Stylesheet

.
Iframe .

Figure 4-2. Internet Explorer 8 downloads scripts without blocking

" This and other examples are generated from Cuzillion, a tool I built specifically for this chapter. See the
Appendix for more information about Cuzillion.
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The ability of Internet Explorer 8 to download scripts in parallel makes pages load
faster, but as shown in Figure 4-2, it doesn’t entirely solve the blocking problem. It is
true that A.js and B.js are downloaded in parallel, but the image and iframe are still
blocked until the scripts are downloaded and executed. Safari 4 and Chrome 2 are
similar—they download scripts in parallel, but block other resources that follow.T

What we really want is to have scripts downloaded in parallel with all the other com-
ponents in the page. And we want this in all browsers. The techniques discussed in the
next section explain how to do just that.

Making Scripts Play Nice

There are several techniques for downloading external scripts without having your page
suffer from their blocking behavior. One technique I don’t suggest doing is inlining all
of your JavaScript. In a few situations (home pages, small amounts of JavaScript),
inlining your JavaScript is acceptable, but generally it’s better to serve your JavaScript
in external files because of the page size and caching benefits derived. (For more
information about these trade-offs, see High Performance Web Sites, “Rule 8: Make
JavaScript and CSS External.”)

The techniques listed here provide the benefits of external scripts without the slow-
downs imposed from blocking:

e XHR Eval
¢ XHR Injection
e Script in Iframe
* Script DOM Element
e Script Defer
* document.write Script Tag
The following sections describe each of these techniques in more detail, followed by a

comparison of how they affect the browser and which technique is best under different
circumstances.

XHR Eval

In this technique, an XMLHttpRequest (XHR) retrieves the JavaScript from the server.
When the response is complete, the content is executed using the eval command as
shown in this example page.

T As of this writing, Firefox does not yet support parallel script downloads, but that is expected soon.
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XHR Eval

http://stevesouders.com/cuzillion/?ex=10009&title=Load+Scripts+using+XHR
+Eval

As you can see in the HTTP profile in Figure 4-3, the XMLHttpRequest doesn’t block the
other components in the page—all five resources are downloaded in parallel. The
scripts are executed after they finish downloading. (This execution time doesn’t show
up on the HTTP waterfall chart because no network activity is involved.)

Document
Script
Script

Image

Stylesheet

Iframe

Figure 4-3. Loading scripts using XHR Eval

The main drawback of this approach is that the XMLHttpRequest must be served from
the same domain as the main page. The relevant source code from the XHR Eval
example follows:+

var xhrObj = getXHRObject();
xhrObj.onreadystatechange =
function() {
if ( xhrObj.readyState == 4 &% 200 == xhrObj.status ) {
eval(xhrObj.responseText);
}

};
xhrObj.open('GET', 'A.js', true); // must be same domain as main page
xhrObj.send("");

function getXHRObject() {
var xhrObj = false;

try {
xhrObj = new XMLHttpRequest();

}
catch(e){
var progid = ['MSXML2.XMLHTTP.5.0', 'MSXML2.XMLHTTP.4.0',
'MSXML2 . XMLHTTP.3.0", "MSXML2.XMLHTTP', 'Microsoft.XMLHTTP'];
for ( var i=0; i < progid.length; ++i ) {
try {
xhrObj = new ActiveXObject(progid[i]);

}

catch(e) {
continue;

}

¥ If you're using a JavaScript library, it probably has a wrapper for XMLHttpRequest, such as jQuery.ajax or
dojo.xhrGet. Use that instead of writing your own wrapper.
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break;

}
}
finally {
return xhrObj;
}
}
XHR Injection

Like XHR Eval, the XHR Injection technique uses an XMLHttpRequest to retrieve the
JavaScript. But instead of using eval, the JavaScript is executed by creating a script
DOM element and injecting the XMLHttpRequest response into the script. Using eval is
potentially slower than using this mechanism.

XHR Injection
http://stevesouders.com/cuzillion/?ex=10015&title=XHR+Injection

The XMLHttpRequest must be served from the same domain as the main page. The rel-
evant source code from the XHR Injection example follows:
var xhrObj = getXHRObject(); // defined in the previous example
xhrObj.onreadystatechange =
function() {
if ( xhrObj.readyState == 4 ) {
var scriptElem = document.createElement('script');
document.getElementsByTagName('head')[0].appendChild(scriptElem);
scriptElem.text = xhrObj.responseText;
}
};
xhrObj.open('GET', 'A.js', true); // must be same domain as main page
xhrObj.send("");

Scriptin Iframe

Iframes are loaded in parallel with other components in the main page. Whereas iframes
are typically used to include one HTML page within another, the Script in Iframe tech-
nique leverages them to load JavaScript without blocking, as shown by the Script in
I[frame example.

Script in Iframe
http://stevesouders.com/cuzillion/?ex=10012&title=Script+in+Iframe
The implementation is done entirely in HTML:
<iframe src='A.html' width=0 height=0 frameborder=0 id=frame1></iframe>
Note that this technique uses A.htmlinstead of A.js. This is necessary because the iframe

expects an HTML document to be returned. All that is needed is to convert the external
script to an inline script within an HTML document.
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Similar to the XHR Eval and XHR Injection approaches, this technique requires that
the iframe URL be served from the same domain as the main page. (Browser cross-site
security restrictions prevent JavaScript access from an iframe to a cross-domain parent
and vice versa.) Even when the main page and iframe are served from the same domain,
it’s still necessary to modify your JavaScript to create a connection between them. One
approach is to have the parent reference JavaScript symbols in the iframe via the
frames array or document.getElementById:

// access the iframe from the main page using "frames"
window.frames[0].createNewDiv();

// access the iframe from the main page using "getElementById"
document.getElementById('frame1l').contentWindow.createNewDiv();

The iframe references its parent using the parent variable:

// access the main page from within the iframe using "parent"
function createNewDiv() {
var newDiv = parent.document.createElement('div');
parent.document.body.appendChild(newDiv);
}

Iframes also have an innate cost. In fact, they’re the most expensive DOM element by
at least an order of magnitude, as discussed in Chapter 13.

Script DOM Element

Rather than using the SCRIPT tag in HTML to download a script file, this technique uses
JavaScript to create a script DOM element and set the SRC property dynamically. This
can be done with just a few lines of JavaScript:

var scriptElem = document.createElement('script');

scriptElem.src = 'http://anydomain.com/A.js';
document.getElementsByTagName('head')[0].appendChild(scriptElem);

Creating a script this way does not block other components during download. As
opposed to the previous techniques, Script DOM Element allows you to fetch the Java-
Script from a server other than the one used to fetch the main page. The code to
implement this technique is short and simple. Your external script file can be used as
is and doesn’t need to be refactored as in the XHR Eval and Script in Iframe approaches.

Script DOM Element
http://stevesouders.com/cuzillion/?ex=10010&title=Script+Dom+Element

Script Defer

Internet Explorer supports the SCRIPT DEFER attribute as a way for developers to tell the
browser that the script does not need to be loaded immediately. This is a safe attribute
to use when a script does not contain calls to document.write and no other scripts in
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the page depend on it. When Internet Explorer downloads the deferred script, it allows
other downloads to be done in parallel.

Script Defer
http://stevesouders.com/cuzillion/?ex=10013 & title=Script+Defer

The DEFER attribute is an easy way to avoid the bad blocking behavior of scripts with
the addition of a single word:

<script defer src='A.js'></script>

Although DEFER is part of the HTML 4 specification, it is implemented only in Internet
Explorer and in some newer browsers.

document.write Script Tag
This last technique uses document.write to put the SCRIPT HTML tag into the page.

document.write Script Tag
http://stevesouders.com/cuzillion/?ex=10014&title=document.write+Script+Tag

This technique, similar to Script Defer, results in parallel script loading in Internet
Explorer only. Although it allows multiple scripts to be downloaded in parallel
(provided all the document.write lines occur in the same script block), other types of
resources remain blocked while scripts are downloading;:

document.write("<script type='"text/javascript' src='A.js'><\/script>");

Browser Busy Indicators

All of the techniques described in the preceding section improve how JavaScript is
downloaded by allowing multiple resources to be downloaded in parallel. But these
techniques differ in certain other aspects. One area of differentiation is how they affect
the user’s perception of whether the page is loaded. Browsers offer multiple browser
busy indicators that give the user clues that the page is still loading.

Figure 4-4 shows four browser busy indicators: the status bar, the progress bar, the tab
icon, and the cursor. The status bar shows the URL of the current download. The
progress bar moves across the bottom of the window as downloads complete. The logo
spins while downloads are happening. The cursor changes to an hourglass or similar
cursor to indicate that the page is busy.

The other two browser busy indicators are blocked rendering and blocked onload event.
Blocked rendering is very obtrusive to the user experience. When scripts are being
downloaded in the typical manner using SCRIPT SRC, nothing below the script is
rendered. Freezing the page before it’s fully rendered is a severe way of showing the
browser is busy.
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Figure 4-4. Busy indicators in the browser

Typically, the page’s onload event doesn’t fire until all resources have been downloaded.
This may affect the user experience if the status bar takes longer to say “Done” and
setting focus on the default input field is delayed.

Whereas most of these browser busy indicators are triggered when downloading Java-
Script in the usual SCRIPT SRC way, none of them are triggered by the XHR Eval and
XHR Injection techniques when using Internet Explorer, Firefox, and Opera. The busy
indicators that are triggered vary depending on the technique used and the browser
being tested.

Table 4-1 shows which busy indicators occur for each of the JavaScript download
techniques. XHR Eval and XHR Injection trigger the fewest busy indicators. The other
techniques have mixed behavior. Although busy indicators vary across browsers,
they’re generally consistent across different browser versions.
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Table 4-1. Browser busy indicators triggered by JavaScript downloads

Technique Status bar Progresshar  Logo Cursor Blockrender  Block onload

Normal Script ~ FF, Saf, Chr IE, FF, Saf IE, FF, Saf, Chr  FF, Chr IE, FF, Saf, Chr,  IE, FF, Saf, Chr,

Src Op Op

XHR Eval Saf, Chr Saf Saf, Chr Saf, Chr - -

XHR Injection Saf, Chr Saf Saf, Chr Saf, Chr - -

Scriptin IE, FF, Saf, Chr  FF, Saf IE, FF, Saf, Chr  FF, Chr - IE, FF, Saf, Chr,

[frame Op

Script DOM FF, Saf, Chr FF, Saf FF, Saf, Chr FF, Chr - FF, Saf, Chr

Element

Script Defer® FF, Saf, Chr FF, Saf FF, Saf, Chr FF, Chr, Op FF,Saf,Chr,0p  IE, FF, Saf, Chr,
Op

document.  FF,Saf, Chr IE, FF, Saf IE, FF, Saf, Chr  FF, Chr, Op IE, FF, Saf, Chr, IE, FF, Saf, Chr,

write Op Op

Script TagP

a Script Defer achieves parallel downloads in Firefox 3.1 and later.

b Note that document.write Script Tag achieves parallel downloads only in Internet Explorer, Safari 4, and
Chrome 2.

W

Abbreviations are as follows: (Chr) Chrome 1.0.154 and 2.0.156; (FF)
Firefox 2.0, 3.0, and 3.1; (IE) Internet Explorer 6, 7, and 8; (Op) Opera
s 9.63 and 10.00 alpha; (Saf) Safari 3.2.1 and 4.0 (developer preview).

It’s important to understand how each technique behaves with regard to the browser
busy indicators. In some cases, the busy indicators are desirable for a better user ex-
perience: they let the user know the page is working. In other situations, it would be
better not to show any busy activity, thus encouraging users to start interacting with
the page.

Ensuring (or Avoiding) Ordered Execution

In many cases, a web page contains multiple scripts that have a particular dependency
order. Using the normal SCRIPT SRC approach guarantees that the scripts are
downloaded and executed in the order in which they are listed in the page. However,
using certain of the advanced downloading techniques described previously does not
carry such a guarantee. Because the scripts are downloaded in parallel, they may get
executed in the order in which they arrive—the fastest response to arrive being executed
first—rather than the order in which they were listed. This can lead to race conditions
resulting in undefined symbol errors.

Some of the techniques do ensure ordered execution, but they vary depending on the
browser. For Internet Explorer, the Script Defer and document.write Script Tag
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approaches that guarantee scripts are executed in the order listed, regardless of which
is downloaded first. For instance, the IE Ensure Ordered Execution example contains
three scripts that are loaded using Script Defer. Even though the first script (with
sleep=3 in the URL) finishes downloading last, it is still the first to be executed.

IE Ensure Ordered Execution
http://stevesouders.com/cuzillion/?ex=10017 & title=IE+Ensure+Ordered+Execu
tion

Because the Script Defer and document.write Script Tag techniques don’t achieve par-
allel script downloads in Firefox, you need to use a different technique whenever one
script depends on another. The Script DOM Element approach guarantees that scripts
are executed in the order listed in Firefox. The FF Ensure Ordered Execution example
contains three scripts that are loaded using the Script DOM Element approach. Even
though the first script (with sleep=3 in the URL) finishes downloading last, it is still the
first to be executed.

FF Ensure Ordered Execution
http://stevesouders.com/cuzillion/?ex=10018& title=FF+Ensure+Ordered+Execu
tion

It’s not always important to ensure that scripts are executed in the order specified.
Sometimes you actually want the browser to execute whatever script happens to come
first, because that produces a page that loads faster. One example is a web page con-
taining multiple widgets (A, B, and C) with associated scripts (A.js, B.js, and C.js) that
do not have any interdependencies. Even though the page might list the widget scripts
in that order, a better user experience would result from executing whichever widget
script is received first. The XHR Eval and XHR Injection techniques achieve this. The
Avoid Ordered Execution example executes the first script downloaded, even though
it’s not the first script listed in the page.

Avoid Ordered Execution
http://stevesouders.com/cuzillion/?ex=10019&title=Avoid+Ordered+Execution

Summarizing the Results

I've presented several advanced techniques for downloading external scripts and vari-
ous trade-offs between them. Table 4-2 summarizes the results.

Table 4-2. Summary of advanced script downloading techniques

Technique Parallel Domainscan  Existing Busy Ensures Size (bytes)
downloads differ scripts indicators order

Normal Script  (IE8, Saf4)? Yes Yes IE, Saf4, (FF, IE, Saf4, (FF, ~50

St Chrb Chr, Op)©
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Technique Parallel Domainscan  Existing Busy Ensures Size (bytes)

downloads differ scripts indicators order

XHR Eval IE, FF, Saf, Chr, ~ No No Saf, Chr - ~500
Op

XHR Injection  IE, FF, Saf, Chr, ~ No Yes Saf, Chr - ~500
Op

Scriptin IE, FF, Saf, Chr,  No No IE, FF, Saf, Chr - ~50

Iframe opd

Script DOMEI-  IE, FF, Saf, Chr, ~ Yes Yes FF, Saf, Chr FF, Op ~200

ement Op

Script Defer IE, Saf4, Chr2, ~ Yes Yes IE, FF, Saf, Chr,  IE, FF, Saf, Chr,  ~50
FF3.1 Op Op

document. (IE, Saf4,Chr2, ~ Yes Yes IE, FF, Saf, Chr, IE, FF,Saf,Chr,  ~100

write Op)® Op Op

Script Tag

a Scripts are downloaded in parallel with other scripts, but other types of resources are blocked from
downloading.

b These browsers do not, however, support parallel downloads with this technique.
¢ See note a above.

d An interesting performance boost in Opera is that in addition to the script iframes being downloaded in
parallel, the code is executed in parallel, too.

¢ See note b above.

W

Abbreviations are as follows: (Chr) Chrome 1.0.154 and 2.0.156; (FF)
Firefox 2.0 and 3.1; (IE) Internet Explorer 6, 7, and 8; (Op) Opera 9.63
s and 10.00 alpha; (Saf) Safari 3.2.1 and 4.0 (developer preview).

These techniques allow scripts to be downloaded in parallel with all the other resources
in the page, something that browsers don’t do by default, even newer browsers. This
can significantly speed up your web page. This is especially important for Web 2.0
applications, where the number and size of external scripts are greater than in other
web pages.

The document.write Script Tag technique is less preferred because it parallelizes down-
loads only in a subset of browsers and blocks parallel downloads for anything other
than script resources. Script Defer also parallelizes downloads in only some browsers.

XHR Eval, XHR Injection, and Script in Iframe carry the requirement that your scripts
reside on the same hostname as the main page. To use the XHR Eval and Script in
Iframe techniques, you must refactor your scripts slightly, whereas the XHR Injection
and Script DOM Element approaches can download your existing script files without
any changes. An estimate of the number of characters added to the page to implement
each technique is shown in the “Size” column in Table 4-2.

Summarizing the Results | 37



The different effects that each technique has on the browser’s busy indicators bring in
another set of considerations. If you’re downloading scripts that are incidental to the
initial rendering of the page (i.e., “lazy-loading”), techniques that make the page appear
complete are preferred, such as XHR Eval and XHR Injection. If you want to indicate
to the user that the page is still loading while the browser downloads scripts, Script in
Iframe is better because it triggers more browser busy indicators.

The final issue of ordered execution favors some techniques over others depending on
whether load order matters. If you want scripts to be downloaded in parallel with other
resources but executed in a specific order, it’s necessary to mix techniques by browser.
If load order doesn’t matter, XHR Eval and XHR Injection can be used.

And the Winner s

My conclusion is that there is no single best solution. The preferred approach depends
on your requirements. Figure 4-5 shows the decision tree for selecting the best
technique for downloading scripts.

XHR Eval
XHR Injection
Script in Iframe
Script DOM Element
Script Defer
'—" same domain
different domains .
..... : .
Script DOM Element no order " "o, preserve order
Script Dt’e‘f_.er a e
Y XHR Injection Script DOM Element (FF)
no order " * preserve | XHR Eval Script Defer (IE)
'y worder Script in Iframe Managed XHR Injection
Script DOM Element | Y Script DOM Element (IE) Managed XHR Eval
Script DOM Element (FF)| ;% no busy
Script Defer (IE) i x
i |Managed XHR Injection| %
i |Managed XHR Eval ", show busy
i \ |
Script DOM Element (FF)
Script Defer (IE)
g : Managed XHR Injection
no busy__-': % show busy Managed XHR Eval
v v
XHR Injection Managed XHR Injection
XHR Eval Managed XHR Eval
Script DOM Element (IE) Script in Iframe

Figure 4-5. Decision tree for selecting script loading technique
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There are six possible outcomes in this decision tree:

Different Domains, No Order

XHR Eval, XHR Injection, and Scriptin Iframe can’t be used under these conditions
because the domain of the main page is different from the domain of the script.
Script Defer shouldn’t be used because it forces scripts to be loaded in order,
whereas the page loads faster if scripts are executed as soon as they arrive. For this
situation, Script DOM Element is the best alternative. In Firefox, load order is
preserved even though that’s not desired. Note that both of these techniques trigger
the busy indicators, so there’s no way to avoid that. Examples of web pages that
match this situation are pages that contain JavaScript-enabled ads and widgets.
The scripts for these ads and widgets are likely on domains that differ from the
main page, but they don’t have any interdependencies, so load order doesn’t
matter.

Different Domains, Preserve Order
As before, because the domains of the main page and scripts are different, XHR
Eval, XHR Injection, and Script in Iframe are not viable alternatives. To ensure
load order, Script Defer should be used for Internet Explorer and Script DOM
Element for Firefox. Note that both of these techniques trigger the busy indicators.
An example of a page that matches these requirements is a page pulling in multiple
JavaScript files from different servers that have interdependencies.

Same Domain, No Order, No Busy Indicators
XHR Eval and XHR Injection are the only techniques that do not trigger the busy
indicators. Of the two XHR techniques, I prefer XHR Injection because it can be
used without refactoring the existing scripts. This technique would apply to a web
page that wanted to download its own JavaScript file in the background, as
described in Chapter 3.

Same Domain, No Order, Show Busy Indicators
XHR Eval, XHR Injection, and Script in Iframe are the only techniques that do not
preserve load order across both Internet Explorer and Firefox. Script in Iframe
seems to be the best choice because it triggers the busy indicators and increases
the size of the page only slightly, but I prefer XHR Injection because it can be used
without any refactoring of the existing scripts and it’s already a choice for other
decision tree outcomes. Additional client-side JavaScript is required to activate the
busy indicators: the status bar and cursor can be activated when the XHR is sent
and then deactivated when the XHR returns. I call this “Managed XHR Injection.”

Same Domain, Preserve Order, No Busy Indicators
XHR Eval and XHR Injection are the only techniques that do not trigger the busy
indicators. Of the two XHR techniques, I prefer XHR Injection because it can be
used without refactoring the existing scripts. To preserve load order, another type
of “Managed XHR Injection” is needed. In this case, the XHR responses are queued
if necessary to handle the situation where a script that needs to be loaded later
in the order is not executed until all the preceding scripts have been downloaded

And the Winnerls | 39



and executed. An example of a page in this situation is one where multiple
interdependent scripts need to be downloaded in the background.

Same Domain, Preserve Order, Show Busy Indicators
Script Defer for Internet Explorer and Script DOM Element for Firefox are the
preferred solutions here. Managed XHR Injection and Managed XHR Eval are
other valid alternatives, but they add more code to the main page and are more
complicated to implement.

The next step is to implement this logic in code by providing a simple function that
developers can use to make sure they load scripts in the optimal way. A prototype for
such a function would look like this:

function loadScript(url, bPreserveOrder, bShowBusy);

To avoid downloading more JavaScript than necessary, a backend implementation in
a language invoked by the server, such as Perl, PHP, or Python, would be the most
useful. In their backend templates, web developers would call this function and the
appropriate technique would be inserted into the HTML document response. Provid-
ing support for these advanced best practices in development frameworks is the
appropriate next step for getting wider adoption.
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CHAPTER 5
Coupling Asynchronous Scripts

Chapter 4 explains how to load external scripts asynchronously. When scripts are loa-
ded the normal way (<script src="url"></script>), they block all other downloads in
the page, and any elements below the script are blocked from rendering. Loading scripts
asynchronously avoids this blocking behavior, resulting in a page that loads and feels
faster.

The performance benefit of loading scripts without blocking comes at a cost. Whenever
code is executed asynchronously, race conditions are possible. In the case of external
scripts, the concern is inline scripts that use symbols defined in the external script. If
the external script is loaded asynchronously without thought to the inlined code, race
conditions may result in undefined symbol errors.

When there is a code dependency between an asynchronously loaded external script
and an inline script, the two scripts have to be coupled in such a way as to guarantee
execution order. Not surprisingly, there’s no easy way to do this across all browsers.
The problem and several solutions are presented in this chapter, broken down into the
following sections:

“Code Example: menu.js” on page 42
The example used throughout this chapter is described in this section. It creates
the scenario of an inline script that depends on an external script.

“Race Conditions” on page 44
The asynchronous loading techniques from Chapter 4 are tested to show that all
of them produce undefined symbol errors when there’s an inline script with code
dependencies. This shows that techniques to couple external and inline scripts are
needed.

“Preserving Order Asynchronously” on page 45
Five techniques are described that solve the problem of coupling an inline script
with the asynchronously loaded external script on which it depends.

Ly



“Multiple External Scripts” on page 52
The problem gets harder when there are multiple external scripts that depend on
each other, followed by an inline script with code dependencies. Two solutions are
presented.

“General Solution” on page 59
With a thorough understanding of the trade-offs involved, the best alternatives are
combined to solve the coupling problem for a single script and multiple scripts
across all major browsers.

“Asynchronicity in the Real World” on page 63
Two real-world opportunities for asynchronous scripts coupled with inlined code
are explored: Google Analytics wrapped by Dojo and YUI Loader.

Code Example: menu.js

Ensuring execution order was one of the traits discussed in Chapter 4. That discussion
focused on the execution order of external scripts, but most web pages that load
external scripts also include inline scripts that use the external script’s symbols, such
as pages that use Google Analytics and popular JavaScript frameworks such as
jQuery and the Yahoo! UI Library.

Toillustrate this situation, I created the Normal Script Src example that has an external
script followed by an inline script with code dependencies. The external script,
menu.js, provides functionality to draw a drop-down menu, as shown in Figure 5-1.

Normal Script Src
http://stevesouders.com/efws/couple-normal.php

The Normal Script Src implementation, shown in the following code sample, starts by
loading menu.js in the normal way. The inline script that follows creates the menu. The
inline script defines aExamples, an array of menu items. The init function calls
EFWS.Menu.createMenu, passing in an element ID ('examplesbtn') and the array of menu
items. The 'examplesbtn' element is what the menu is attached to—in this case, the
button in the page labeled “Examples”:

<script src="menu.js" type="text/javascript"></script>

<script type="text/javascript">
var aExamples =

[
['couple-normal.php', 'Normal Script Src'],
['couple-xhr-eval.php', 'XHR Eval'],

];.

function init() {
EFWS.Menu.createMenu('examplesbtn', aExamples);
}
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init();
</script>
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Figure 5-1. menu.js example

The menu.js example is the scenario that motivates this chapter and that is encountered
in many web sites today. The page contains an external script and an inline script. The
inline script depends on the external script, so it’s critical that the execution order be
preserved—the external script must be downloaded, parsed, and executed before the
inline script.

In addition, this is a perfect opportunity for asynchronous script loading so that the
downloading of other resources in the page isn’t blocked. The “other resources” in this
example page is an image. The image is configured to take one second to download,
while menu.js takes two seconds. If the script is loaded the normal way, the image is
blocked from downloading, as shown in Figure 5-2.

Document Il
menujs
Image ]

Figure 5-2. Normal Script Src HTTP waterfall chart

If menu.js was loaded asynchronously, the image wouldn’t be blocked and the page
would load faster. Furthermore, menu.js is a good candidate for asynchronous loading
because it doesn’t render any part of the visible page. It provides functionality that is
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accessible only after the page has rendered. The question is: can we load menu.js asyn-
chronously without triggering any undefined symbol errors in the inline script?

Race Conditions

The Normal Script Src example doesn’t produce any undefined symbol errors, but
menu.js blocks the image download, making the page load more slowly. To improve
performance, it would be better to load menu.js asynchronously, but we need to de-
termine whether execution order is preserved, or whether a race condition produces
undefined symbol errors.

I converted the Normal Script Src example to use the nonblocking techniques from
Chapter 4. In each example, I programmatically answer two questions: Was the script
loaded without blocking? Was the execution order preserved?

XHR Eval
http://stevesouders.com/efws/couple-xhr-eval.php

XHR Injection
http://stevesouders.com/efws/couple-xhr-injection.php

Script in Iframe
http://stevesouders.com/efws/couple-script-iframe.php

Script DOM Element
http://stevesouders.com/efws/couple-script-dom.php

Script Defer
http://stevesouders.com/efws/couple-script-defer.php

document.write Script Tag
http://stevesouders.com/efws/couple-doc-write.php

Table 5-1 shows the results of running these examples across major browsers. None of
the techniques perform downloads in parallel while preserving execution order for a
specific browser. The one exception is the Script DOM Element approach in Firefox.

Table 5-1. Ensuring execution order for external and inline scripts

Technique Download script and image in parallel  Ensure execution order
Normal Script Src E8, Saf4, Chr2 IE, FF, Saf, Chr, Op

XHR Eval IE, FF, Saf, Chr, Op -

XHR Injection IE, FF, Saf, Chr, Op -

Script in Iframe IE, FF, Saf, Chr, Op? -

Script DOM Element IE, FF, Saf, Chr FF, 0p

Script Defer IE, (Saf4, Chr2)® FF, Saf, Chr, Op
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Technique Download script and image in parallel  Ensure execution order

document.write ScriptTag  Saf4, Chr2 IE, FF, Saf, Chr, Op

a An interesting performance boost in Opera is that in addition to the script iframes being downloaded in
parallel, the code is executed in parallel, too.

b In these newer browsers, scripts download in parallel by default. The DEFER attribute has no effect.

W

Abbreviations are as follows: (Chr) Chrome 1.0.154 and 2.0.156; (FF)
\ Firefox 2.0 and 3.1; (IE) Internet Explorer 6, 7, and 8; (Op) Opera 9.63
~ Qs and 10.00 alpha; (Saf) Safari 3.2.1 and 4.0 (developer preview).

Newer browsers show a brighter future. Internet Explorer 8, Safari 4, and Chrome 2
achieve parallelization and execution order using the normal SCRIPT tags (<script
src="url"></script>). However, scripts loaded in Internet Explorer 8 and Chrome 2
still block certain other resources from loading, such as the image in these test pages.
It’s also important, perhaps more important, to speed up pages in the mainstream
browsers that are still popular, including Internet Explorer 6 and 7. What’s needed is
a way to load scripts asynchronously and preserve execution order across browsers.
The coupling techniques described in the following section do just that.

Preserving Order Asynchronously

When external scripts are loaded the normal way, inlined code is blocked from exe-
cuting and race conditions aren’t a concern. Once we start loading scripts asynchro-
nously, one of the techniques presented in this section is needed to couple the inlined
code with the external script on which it depends. The coupling techniques are:

* Hardcoded Callback

* Window Onload

e Timer

* Script Onload

* Degrading Script Tags
Script Onload is likely to be your best choice, but I walk through some of the other
techniques first in order to highlight the issues.

The coupling examples in this section use the Script DOM Element approach as the
asynchronous loading technique, as described in Chapter 4. This approach uses Java-
Script to create a script element and set its SRC attribute to menu.js. The code shown
here is taken from the Script DOM Element example:

<script type="text/javascript">

var domscript = document.createElement('script');

domscript.src = "menu.js";
document . getElementsByTagName( 'head')[0].appendChild(domscript);
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</script>

<script type="text/javascript">
var akxamples = [['couple-normal.php', 'Normal Script Src'],...];

function init() {
EFWS.Menu.createMenu('examplesbtn', aExamples);
}

init();

</script>
This is my preferred nonblocking technique because it is lightweight and scripts can
be loaded from domains that differ from the main page. As shown in Figure 5-3, this
technique successfully downloads the external script (two seconds long) in parallel with
the image (one second). However, this approach produces undefined symbol errors in
Internet Explorer, Safari, and Chrome because the inlined code is executed before the
asynchronously loaded script has arrived. The Script DOM Element approach does not
preserve order in these three browsers, as confirmed by their absence in the “Ensure
execution order” column in Table 5-1. The coupling techniques discussed in the fol-
lowing sections solve these race condition problems.

Document Il
menujs
Image

Figure 5-3. Script DOM Element HT TP waterfall chart

Technique 1: Hardcoded Callback

A simple coupling technique is to have the external script call a function in the inlined
code. In our example, this is done by adding a call to init at the bottom of the external
script (now called menu-with-init.js). This approach is demonstrated in the Hardcoded
Callback example.

Hardcoded Callback
http://stevesouders.com/efws/hardcoded-callback.php

The inlined code has a few modifications. The call to init is removed—that’s now
being called from the external script. The definitions of aExamples and init are moved
above the insertion of menu-with-init.js, so they will be available when menu-with-
init.js finishes loading:

<script type="text/javascript">

var aExamples = [['couple-normal.php', 'Normal Script Src'],...];

function init() {
EFWS.Menu.createMenu('examplesbtn', aExamples);
}
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var domscript = document.createElement('script');

domscript.src = "menu.js";

document.getElementsByTagName( 'head')[0].appendChild(domscript);
</script>

If the web developer controls both the main page and the external script, this is a viable
technique. However, it’s not always possible to embed a callback in third-party Java-
Script modules. Also, this approach isn’t very flexible—changing the callback interface
requires coordinating a change in the external script.

Technique 2: Window Onload

This approach kicks off the execution of the inlined code by way of the window’s
onload handler. This preserves execution order as long as the external script is guar-
anteed to have been downloaded and executed before window.onload. Some, but not
all, of the asynchronous loading techniques make this guarantee:

* Script in Iframe ensures execution order in Internet Explorer, Firefox, Safari,
Chrome, and Opera.

e Script DOM Element ensures execution order in Firefox, Safari, and Chrome.

* Script Defer ensures execution order in Internet Explorer.

Using one of these script loading techniques and coupling the inline script via
window.onload achieves parallel downloading while preserving execution order, as
demonstrated in the Window Onload example.

Window Onload
http://stevesouders.com/efws/window-onload.php

This example uses the Script in Iframe approach to load the external script, since that
blocks the onload event across most browsers. Instead of loading menu.js, the code is
embedded in menu.php and loaded as an iframe. The inlined code is modified to
tie init to the window’s onload event. This is done using either addEventListener
or attachkvent, depending on the browser. This is better than simply doing
window.onload=init because it ensures that any existing onload handlers are not
affected:

<iframe src="menu.php" width=0 height=0 frameborder=0></iframe>

<script type="text/javascript">
var aExamples = [['couple-normal.php', 'Normal Script Src'],...];

function init() {

EFWS.Menu.createMenu('examplesbtn', aExamples);
}

if ( window.addEventListener ) {
window.addEventListener("load", init, false);
}
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else if ( window.attachEvent ) {
window.attachEvent("onload", init);

</script>

There are two downsides to the Window Onload coupling technique. First, you have
to make sure the script is asynchronously loaded in a way that blocks the onload event.
(That’s why I switched from my preferred Script DOM Element technique to Script in
Iframe.) Second, the inlined code might be executed later than necessary. If the page
contained more resources (images, Flash, etc.), the external script might finish well
before the onload event fired. Typically, it’s preferred to call the inlined code as soon
as the external script is finished downloading and executing. In this example, calling
the inlined code earlier would make the menu available sooner.

Technique 3: Timer

The Timer technique uses a polling approach to ensure that dependencies are loaded
before the inlined code is executed. This is done using setTimeout as shown in the Timer
example.

Timer
http://stevesouders.com/efws/timer.php

This example’s inlined code is modified to include a new function, initTimer, which
checks whether the required namespace (EFWS) exists. If so, init is called. If not,
initTimer is called again after a specified amount of time (300 milliseconds):

<script type="text/javascript">

var domscript = document.createElement('script');

domscript.src = "menu.js";
document .getElementsByTagName('head')[0].appendChild(domscript);

var aExamples = [['couple-normal.php', 'Normal Script Src'],...];

function init() {
EFWS.Menu.createMenu('examplesbtn', aExamples);
}

function initTimer() {
if ( "undefined" === typeof(EFWS) ) {
setTimeout(initTimer, 300);

else {
init();

}

initTimer();
</script>

If the timer value used in setTimeout is too small, this polling technique could add
overhead to the page. Conversely, setting it too large will cause an undesirable delay
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between when the external script is loaded and when the inlined code is called. One
edge case that this simplified code sample doesn’t address is when menu.js fails to load,
in which case the polling will continue indefinitely. Finally, this approach increases
maintenance slightly in that a specific symbol from the external script is used to deter-
mine when it’s done loading. If that symbol changes in the external script, the inlined
code would need to be updated.

Technique 4: Script Onload

The previous coupling techniques add brittleness, delays, and overhead to the page.
The Script Onload approach addresses all of these issues by attaching to the script’s
onload event.

Script Onload
http://stevesouders.com/efws/script-onload.php

The changes in this example involve the script element’s onload and
onreadystatechange handlers. Both are set to call init. We prevent init from being
called twice in Opera by adding the onloadDone flag:

<script type="text/javascript">
var aExamples = [['couple-normal.php', 'Normal Script Src'],...];

function init() {
EFWS.Menu.createMenu('examplesbtn', aExamples);
}

var domscript = document.createElement('script');

domscript.src = "menu.js";

domscript.onloadDone = false;

domscript.onload = function() {
domscript.onloadDone = true;

init();
b
domscript.onreadystatechange = function() {
if ( "loaded" === domscript.readyState 8& ! domscript.onloadDone ) {
domscript.onloadDone = true;
init();
}
}
document.getElementsByTagName('head')[0].appendChild(domscript);
</script>

Script Onload is the preferred technique for coupling asynchronously loaded external
scripts with inline scripts. It doesn’t reference any of the symbols in the external script,
so maintenance is simpler. The inlined code is executed as early as possible, immedi-
ately after the external script is done loading. Using events requires minimal processing.
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Technique 5: Degrading Script Tags

This technique is based on John Resig’s blog post, “Degrading Script Tags”. John is a
JavaScript evangelist from Mozilla and the creator of jQuery, the popular JavaScript
framework. He describes this technique as a way to couple the jQuery external script
with inlined code that accesses the jQuery symbols. This pattern uses one SCRIPT tag
to include an external script and the inlined code that uses it, like this:

<script src="jquery.js" type="text/javascript">

jQuery("p").addClass("pretty");
</script>

The idea is that the inlined code is executed after the external script successfully loads.
This pattern has several benefits:

Cleaner
There is one SCRIPT tag instead of two.

Clearer
The inlined code’s dependency on the external script is more obvious.

Safer
If the external script fails to load, the inlined code is not executed, avoiding unde-
fined symbol errors.

There’s one downside: today’s browsers don’t support such syntax! John confirms that
browsers load the external script but ignore the inlined code. However, he provides a
code sample that shows this can be made to work with a slight addition to the external
script. I've applied this technique in the Degrading Script Tags Normal example.

Degrading Script Tags Normal
http://stevesouders.com/efws/degrading-script-tag-normal.php

The inline script follows John’s pattern. It uses one SCRIPT tag to both specify the
external script and inline the dependent code:

<script src="menu-degrading.js" type="text/javascript">
var aExamples = [['couple-normal.php', 'Normal Script Src'],...];

function init() {
EFWS.Menu.createMenu('examplesbtn', aExamples);
}

init();

</script>
The addition of a few lines of JavaScript at the bottom of menu-degrading.js is needed
to make this work. This new code iterates over all the script elements in the page,
searching for the one with a src that contains “menu-degrading.js”. Basically, the ex-
ternal script is searching for itself in the DOM. When it finds the appropriate script
element, it evaluates the script’s innerHTML:

50 | Chapter5: Coupling Asynchronous Scripts


http://ejohn.org/blog/degrading-script-tags/
http://stevesouders.com/efws/degrading-script-tag-normal.php

var scripts = document.getElementsByTagName("script");
var cntr = scripts.length;
while ( cntr ) {
var curScript = scripts[entr-1];
if ( -1 != curScript.src.indexOf("menu-degrading.js") ) {
eval( curScript.innerHTML );
break;

}

cntr--;

}

The Degrading Script Tags Normal example works in all the browsers tested: Internet
Explorer 6 through 8, Firefox 2 and 3, Safari 3 and 4, Chrome 1 and 2, and Opera 9
and 10. However, the external script is not loaded asynchronously. (Notice that the
image isn’t loaded until three seconds into the page, instead of the usual one second.)
To avoid the blocking behavior of scripts, it’s necessary to combine this pattern with
one of the asynchronous script loading techniques. I've done this in the Degrading
Script Tags Async example.

Degrading Script Tags Async
http://stevesouders.com/efws/degrading-script-tag.php

This example uses the same external script, menu-degrading.js, which has the extra
code to find the script and evaluate its innerHTML. But instead of using the SCRIPT tag
to pull in the external script, the Script DOM Element nonblocking technique is used.
The inlined code is added to the script element dynamically by setting the script ele-
ment’s text property (or innerHTML in the case of Opera) to "init();":

<script type="text/javascript">
var aExamples = [['couple-normal.php', 'Normal Script Src'],...];

function init() {
EFWS.Menu.createMenu('examplesbtn', aExamples);
}

var domscript = document.createElement('script');

domscript.src = "menu-degrading.js";

if ( -1 != navigator.userAgent.indexOf("Opera") ) {
domscript.innerHTML = "init();";

else {

domscript.text = "init();";
}
document.getElementsByTagName('head')[0].appendChild(domscript);
</script>

[ like this technique for its elegance and simplicity. But this pattern is less well known
than Script Onload; it is likely to catch most developers by surprise. It has less overhead
(no event handlers are used). It provides a coupling mechanism that is both practical
and elegant even when the external script is not loaded asynchronously. The primary
drawback is that this technique requires modifying the external script, something that
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is not always possible, especially when using third-party JavaScript libraries. At least
for now, the Script Onload coupling technique is the best choice.

Multiple External Scripts

The examples so far focus on coupling a single external script with inlined code. This
is useful in many situations where the JavaScript framework being used is contained in
a single file, such as Google Analytics and jQuery. Often, however, we have multiple
external scripts and an inline script, all of which must be executed in the order specified.
None of the techniques described so far, both here and in Chapter 4, provide a means
to preserve order while loading multiple scripts asynchronously. There is no complete
solution to this problem, primarily due to browser inconsistencies.

This section describes the two best techniques for loading multiple scripts asynchro-
nously while preserving execution order across the external scripts and inline script.
The Managed XHR technique works, butitis restricted to scripts with the same domain
as the main page. The DOM Element and Doc Write technique works for scripts on a
different domain, but the code varies depending on the User Agent and this technique
doesn’t load all resource types asynchronously across all browsers.

In order to have an example that uses multiple scripts, I created menutier.js. This new
script extends the menu functionality to give a tiered or grouped menu, as shown in
Figure 5-4 (notice the shaded group headings). In addition, menutier.js depends on
menu.js, so their execution order must be preserved. A tiered menu is created in the
inlined code by calling EFWS.Menu.createTieredMenu. This sets up the situation we’re
trying to analyze: multiple external scripts and an inline script that must be executed
in order. Furthermore, menutier.js is configured to return before menu.js on which it
depends. Are we headed for trouble? Let’s look at how the Managed XHR and DOM
Element and Doc Write techniques load the external scripts in parallel while preserving
execution order.

Managed XHR

“Managed XHR” is the name used in Chapter 4 for the asynchronous loading technique
that manages XMLHttpRequest (XHR) requests and responses. The management code is
necessary to control the busy indicators and preserve execution order. I didn’t include
any code in Chapter 4, but this section presents the execution order part of the
implementation.

The XHR Injection technique does not preserve execution order in any browser, as
shown in Table 5-1. The EFWS.Script module wraps this technique with code that
queues up the XHR responses and makes sure they are executed in order. The imple-
mentation requires fewer than 100 lines of code:
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Figure 5-4. menutier.js example

<script type="text/javascript">
EFWS.Script = {
queuedScripts: new Array(),

loadScriptXhrInjection: function(url, onload, bOrder) {
var iQ = EFWS.Script.queuedScripts.length;
if ( bOrder ) {
var qScript = {response: null, onload: onload, done: false};
EFWS.Script.queuedScripts[iQ] = qScript;
}

var xhrObj = EFWS.Script.getXHRObject();
xhrObj.onreadystatechange = function() {
if ( xhrObj.readyState == 4 ) {
if ( bOrder ) {
EFWS.Script.queuedScripts[iQ].response =
xhrObj.responseText;
EFWS.Script.injectScripts();

else {
eval(xhrObj.responseText);
if ( onload ) {
onload();
}
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xhrObj.open('GET", url, true);
xhrObj.send('");

b

injectScripts: function() {
var len = EFWS.Script.queuedScripts.length;
for (var i = 0; i < len; i++ ) {
var qScript = EFWS.Script.queuedScripts[i];
if (! qgScript.done ) {
if (! gScript.response ) {
// STOP! need to wait for this response
break;
}
else {
eval(qScript.response);
if ( qScript.onload ) {
gScript.onload();

qScript.done = true;

}
b

getXHRObject: function() {
var xhrObj = false;

try {
xhrObj = new XMLHttpRequest();

}
catch(e){
var aTypes = ["Msxml2.XMLHTTP.6.0",
"Msxm12.XMLHTTP.3.0",
"Msxm12.XMLHTTP",
"Microsoft.XMLHTTP"];
var len = aTypes.length;
for ( var i=0; i < len; i++ ) {
try {
xhrObj = new ActiveXObject(aTypes[i]);

}
catch(e) {

continue;
}
break;
}
}
finally {
return xhrObj;
}
}
b
</script>
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The queuedScripts array holds scripts that are queued for execution. Each queued script
is an object with three properties:

Response
The XHR response (a JavaScript string)

Onload
A function to invoke once the script is loaded (optional)

bOrder
True if this script must be executed in order with regard to other scripts (default is
false)

Developers call EFWS.Script.loadScriptXhrInjection, passing in the URL of the exter-
nal script to load, an onload function, and a Boolean indicating whether execution order
should be preserved. If order doesn’t matter, the XHR response is injected into the page
as soon as it returns. When order does matter, the XHR response is added to the
queuedScripts array and EFWS.Script.injectScripts is called. This function iterates
over the queued scripts and injects any unexecuted responses, provided that all its
dependencies have already been loaded. The Managed XHR example demonstrates this
code.

Managed XHR
http://stevesouders.com/efws/managed-xhr.php

The modified inline script follows. The first few lines are similar to the earlier examples;
arrays of menu items and URLs are created. The init function makes the call to
EFWS.Menu.createTieredMenu. The last two lines are where Managed XHR is used:

<script type="text/javascript">
var aRaceConditions = [['couple-normal.php', 'Normal Script Src'], ...];
var aWorkarounds = [['hardcoded-callback.php', 'Hardcoded Callback'], ...];
var aMultipleScripts = [['managed-xhr.php', 'Managed XHR'], ...];
var aloadScripts = [['loadscript.php', 'loadScript'], ...];
var aSubmenus =
[
["Race Conditions", aRaceConditions],
["Workarounds", aWorkarounds],
["Multiple Scripts", aMultipleScripts],
["General Solution", aloadScripts]

5

function init() {
EFWS.Menu.createTieredMenu('examplesbtn', aSubmenus);

}

EFWS.Script.loadScriptXhrInjection("menu.js", null, true);
EFWS.Script.loadScriptXhrInjection("menutier.js", init, true);
</script>
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The first call to EFWS.Script.loadScriptXhrInjection loads menu.js with execution
order preserved. The second call causes menutier.js to be downloaded. It also is speci-
fied to be loaded in order, and init is passed in as this script’s onload function.

The HTTP waterfall chart for this example, Figure 5-5, shows a short request for the
HTML document, followed by requests for the three resources in the page: menu.js
(two-second response), menutier.js (one-second response), and the image (one-second
response). All of the resources in the page load in parallel and execution order is pre-
served (no undefined symbol errors occur).

Document I
menujs
menutierjs [
Image I

Figure 5-5. Managed XHR HTTP waterfall chart

Managed XHR solves the problem across all the major browsers. However, this tech-
nique won’t work if the external scripts are hosted on a different domain than the main
page, due to the same-origin policy for XMLHttpRequest.” The DOM Element and Doc
Write technique is the solution to use when your scripts are on a different domain than
the main page.

DOM Element and Doc Write

Managed XHR works well for loading external and inline scripts in the order specified,
while also loading scripts without blocking other resources in the page. Unfortunately,
it can be used only for scripts on the same domain as the main page. It’s not unusual
for external scripts to reside on a domain that differs from the main page, especially
when hosting your scripts on a Content Delivery Network (CDN) or using a third-party
JavaScript library. The DOM Element and Doc Write example creates this situation by
requesting menu.js and menutier.js from http://souders.org, while the main page still
resides on http://stevesouders.com.

DOM Element and Doc Write
http://stevesouders.com/efws/dom-and-docwrite.php

Three asynchronous loading techniques can be used for scripts on a different domain:
Script DOM Element, Script Defer, and document.write Script Tag. (See Chapter 4 for
a description of each technique.) These techniques behave differently depending on
the browser. Table 5-2 shows the results of measuring three traits, listed in priority
order:

" http://code.google.com/p/browsersec/wiki/Part2#Same-origin_policy_for XMLHttpRequest
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* Is the execution order of scripts preserved?
* Do scripts load in parallel with other scripts?

* Do scripts load in parallel with other resources (images, stylesheets, etc.)?

Table 5-2. Loading scripts asynchronously while preserving order

Technique Preserve order Scripts load in parallel  Other resources load in parallel
Script DOM Element FF, Op FF, Op, IE, Saf, Chr IE, FF, Saf, Chr
Script Defer IE, Saf, Chr, FF,0p  IE IE

document.write ScriptTag  IE, Saf, Chr, FF,Op  IE, Op

W8

Abbreviations are as follows: (Chr) Chrome 1.0.154 and 2.0.156; (FF)
Firefox 2.0, 3.0, and 3.1; (IE) Internet Explorer 6, 7, and 8; (Op) Opera
~ Qs 9.63 and 10.00 alpha; (Saf) Safari 3.2.1 and 4.0 (developer preview).

Script DOM Element is the preferred technique for Firefox and Opera. In all other
cases, document.write Script Tag is used. Script Defer is not used, even for Internet
Explorer, because it can produce unexpected behavior when combined with DHTML
techniques. I extended the EFWS.Script module to include these techniques:

EFWS.Script = {
loadScriptDomElement: function(url, onload) {
var domscript = document.createElement('script');
domscript.src = url;
if ( onload ) {
domscript.onloadDone = false;
domscript.onload = onload;
domscript.onreadystatechange = function() {
if ( "loaded" === domscript.readyState &&
domscript.onloadDone ) {
domscript.onloadDone = true;
domscript.onload();

}
}
document.getElementsByTagName('head')[0].appendChild(domscript);
b

loadScriptDocWrite: function(url, onload) {
document.write('<scr' + 'ipt src="' + url +
"" type="text/javascript"></scr' + 'ipt>');
if ( onload ) {
EFWS.addHandler (window, "load", onload);
}

b

queuedScripts: new Array(),
loadScriptXhrInjection: function(url, onload, bOrder) { ... },
injectScripts: function() { ... },
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getXHRObject: function() { ... }

>

EFWS.addHandler = function(elem, type, func) {
if ( elem.addEventlListener ) {
elem.addEventListener(type, func, false);

else if ( elem.attachEvent ) {
elem.attachEvent("on" + type, func);
}

};

In addition to loading scripts without blocking and preserving execution order, we also
want to couple the external script with inlined code. After all, that’s the point of this
chapter. In EFWS.Script.loadScriptDomElement, this is done by adding onload and
onreadystatechange callbacks to the external script, as described in “Technique 4:
Script Onload” on page 49. Although it’s less preferred, we use Window Onload as the
coupling technique in EFWS.Script.loadScriptDocWrite because the other techniques
aren’t possible when using document.write to insert the external script.

The inlined code in this section’s example uses these new techniques, with special
casing based on the browser:

<script type="text/javascript">

var aRaceConditions = [['couple-normal.php', 'Normal Script Src'], ...];
var aWorkarounds = [['hardcoded-callback.php', 'Hardcoded Callback'], ...];
var aMultipleScripts = [['managed-xhr.php', 'Managed XHR'], ...];

var aloadScripts = [['loadscript.php’, 'loadScript'], ...];

var aSubmenus = [["Race Conditions", aRaceConditions], ...];

function init() {
EFWS.Menu.createTieredMenu('examplesbtn', aSubmenus);

}

if ( -1 != navigator.userAgent.indexOf('Firefox') ||
-1 I= navigator.userAgent.indexOf('Opera') ) {
EFWS.Script.loadScriptDomElement("http://souders.org/efws/menu.js");
EFWS.Script.loadScriptDomElement("http://souders.org/efws/menutier.js", init);
}

else {
EFWS.Script.loadScriptDocWrite("http://souders.org/efws/menu.js");
EFWS.Script.loadScriptDocWrite("http://souders.org/efws/menutier.js", init);

}

</script>

Combining Script DOM Element and document.write Script Tag accomplishes our pri-
mary goals. Execution order of external scripts is preserved across all browsers. The
inlined code is successfully coupled with the external script on which it depends. Asyn-
chronous loading is achieved to different degrees across browsers:

* Firefox loads all resources in parallel.

* Internet Explorer and Opera load scripts in parallel with other scripts, but other
resources (images, stylesheets, etc.) are blocked.
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* The results are mixed in Safari and Chrome. Safari 3.2 and Chrome 1.0 don’t load
any resources in parallel. However, using these same techniques in Safari 4 and
Chrome 2.0 results in all resources loading in parallel.

As shown in this section, there’s no easy cross-browser solution to loading multiple
scripts asynchronously while preserving execution order. One option to consider is
combining all your scripts into a single script. This is one of the best practices from
High Performance Web Sites (“Rule 1: Make Fewer HT TP Requests”) because it reduces
download time. The additional benefit is that there’s a more robust solution for loading
single scripts asynchronously while coupling with inline code.

General Solution

This chapter presents many techniques, along with web page examples and code sam-
ples. It’s valuable to understand the trade-offs, but what’s needed is a general solution
for loading scripts asynchronously while preserving execution order and coupling with
inlined code. Building on top of the EFWS.Script functionality built so far, I add two
new functions that hide all the details: EFWS.Script.loadScript for loading a single
script, and EFWS.Script.loadScripts for loading multiple scripts.

Single Script

The best technique for loading a single script asynchronously is Script DOM Element.
It works across all browsers and is lightweight. The Script Onload pattern is the best
choice for coupling inlined code with an external script. EFWS.Script.loadScriptDomEle
ment implements both of these techniques, so the general solution for single scripts is
just a wrapper for this function:

EFWS.Script = {

loadScript: function(url, onload) {
EFWS.Script.loadScriptDomElement(url, onload);
b

loadScriptDomElement: function(url, onload) { ... },
loadScriptDocWrite: function(url, onload) { ... },
queuedScripts: new Array(),
loadScriptXhrInjection: function(url, onload, bOrder) { ... },
injectScripts: function() { ... },
getXHRObject: function() { ... }

b

This greatly simplifies the menu.js example. The inlined code becomes just a few lines—
the array of menu items, the init function, and a call to EFWS.Script.loadScript:

<script type="text/javascript">
var aExamples = [['couple-normal.php', 'Normal Script Src'],...];

function init() {
EFWS.Menu.createMenu('examplesbtn', aExamples);

General Solution | 59


http://oreilly.com/catalog/9780596529307/

}

EFWS.Script.loadScript("menu.js", init);
</script>

The loadScript example demonstrates this code.

loadScript
http://stevesouders.com/efws/loadscript.php

Multiple Scripts

The name of the general solution function for multiple scripts is EFWS.Script.load
Scripts. “Multiple External Scripts” on page 52 discusses the techniques used in this
situation. Managed XHR is the preferred solution when scripts are from the same
domain as the main page. Asynchronously loading scripts from a different domain
while preserving execution order is trickier because of fewer options and inconsisten-
cies across browsers. The approach that’s described in “DOM Element and Doc
Write” on page 56 uses the Script DOM Element and document.write Script Tag tech-
niques, depending on the browser. To show both cases, there are two examples that
use this new EFWS.Script.loadScripts function.

loadScripts Same Domain
http://stevesouders.com/efws/loadscripts-same.php

loadScripts Different Domain
http://stevesouders.com/efws/loadscripts-diff.php

The code for EFWS.Script.loadScripts follows. EFWS.Script.loadScripts accepts an
array of script URLs and a function to call after the last external script is done executing.
EFWS.Script.loadScripts starts off by iterating over the script URLs to determine
whether they’re all from the same domain as the main page. This is done because
a single technique must be used if all the external scripts are to be loaded in order.
If they are from the same domain, EFWS.Script.loadScriptXhrInjection is chosen as
the script loading function. If the scripts are served from a different domain,
then EFWS.Script.loadScriptDomElement is used for Firefox and Opera, and
EFWS.Script.loadScriptDoclrite is used for all others. (See “Multiple External
Scripts” on page 52 for an explanation of why these alternatives are chosen.)
EFWS.Script = {
loadScripts: function(aUrls, onload) {

// first pass: see if any of the scripts are on a different domain

var nUrls = aUrls.length;

var bDifferent = false;

for (var i = 0; i < nUrls; i++ ) {

if ( EFWS.Script.differentDomain(aUrls[i]) ) {

bDifferent = true;
break;
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};

// pick the best loading function
var loadFunc = EFWS.Script.loadScriptXhrInjection;
if ( bDifferent ) {
if ( -1 != navigator.userAgent.indexOf('Firefox') ||
-1 = navigator.userAgent.index0f('Opera') ) {
loadFunc = EFWS.Script.loadScriptDomElement;

}
else {

loadFunc = EFWS.Script.loadScriptDocWrite;
}

}

// second pass: load the scripts
for (var i = 0; i < nUrls; i++ ) {

loadFunc(aUrls[i], ( i+1 == nUrls ? onload : null ), true);
}

b

differentDomain: function(url) {
if ( 0 === url.indexOf('http://') || 0 === url.indexOf('https://") ) {
var mainDomain = document.location.protocol + "://" +
document.location.host + "/";
return ( 0 !== url.indexOf(mainDomain) );

}

return false;

1

loadScript: function(url, onload) { ... },
loadScriptDomElement: function(url, onload) { ... },
loadScriptDocWrite: function(url, onload) { ... },
queuedScripts: new Array(),

loadScriptXhrInjection: function(url, onload, bOrder) { ... },
injectScripts: function() { ... },

getXHRObject: function() { ... }

Once the appropriate loading function is determined, a second pass through the array
of script URLs is performed to load each script. It’s important to note that true is passed
as the third argument to the script loading function. This is critical when
EFWS.Script.loadScriptXhrInjection is the loading function so that responses are exe-
cuted in the specified order. This parameter is ignored by EFWS.Script.load
ScriptDomElement and EFWS.Script.loadScriptDocWrite, because those techniques
preserve script execution order by default—that’s why they were chosen.

The loadScripts Same Domain example uses menu.js and menutier.js, but now the script
loading code is one line:

<script type="text/javascript">

var aRaceConditions = [['couple-normal.php', 'Normal Script Src'l], ...];
var aWorkarounds = [['hardcoded-callback.php', 'Hardcoded Callback'], ...];
var aMultipleScripts = [['managed-xhr.php', 'Managed XHR'], ...];

var aloadScripts = [['loadscript.php', 'loadScript'], ...];
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var aSubmenus = [["Race Conditions", aRaceConditions], ...];

function init() {
EFWS.Menu.createTieredMenu('examplesbtn', aSubmenus);

}

EFWS.Script.loadScripts( ["menu.js", "menutier.js"], init);
</script>

The loadScripts Different Domain example uses menu.js and menutier.js served from
http://souders.org. The script loading code is still just one (wrapped) line of code:
<script type="text/javascript">
var aRaceConditions = [['couple-normal.php', 'Normal Script Src'], ...];
var aWorkarounds = [['hardcoded-callback.php', 'Hardcoded Callback'], ...];
var aMultipleScripts = [['managed-xhr.php', 'Managed XHR'], ...];

var aloadScripts = [['loadscript.php', 'loadScript'], ...];
var aSubmenus = [["Race Conditions", aRaceConditions], ...];

function init() {
EFWS.Menu.createTieredMenu('examplesbtn', aSubmenus);

}

EFWS.Script.loadScripts( ["http://souders.org/efws/menu.js",
"http://souders.org/efws/menutier.js"], init);
</script>

In these examples, EFWS. Script.loadScripts successfully loads scripts asynchronously
while preserving execution order. The asynchronous loading of other resources (the
image in this case) varies by browser, as documented earlier in Table 5-2. Firefox 2 and
3, Safari 4, and Chrome 2 load the image in parallel with the scripts, resulting in a
waterfall chart such as that shown in Figure 5-6. The image is blocked from down-
loading in Internet Explorer 6 through 8, Opera, Safari 3, and Chrome 1, resulting in
a longer load time as shown in Figure 5-7. Although the asynchronous loading of the
image has mixed results, the scripts are loaded in parallel in all browsers except Safari
3 and Chrome 1.

Document I
menujs
menutierjs [
Image I

Figure 5-6. loadScripts Different Domain HTTP waterfall chart, Firefox 3
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Document I
menujs
menutier.js ]
Image |

Figure 5-7. loadScripts Different Domain HTTP waterfall chart, Internet Explorer 7

Asynchronicity in the Real World

In this section, I review how some popular JavaScript frameworks do script loading.

Google Analytics and Dojo

I've mentioned Google Analytics in this chapter. It is a service from Google that web
developers can use to gather web site metrics. The functionality is wrapped inside http:
/www.google-analytics.com/ga.js. The Google Analytics Help Center recommends
adding this external script to a web site using document.write:T

<script type="text/javascript">

var gaJsHost = (("https:" == document.location.protocol) ? "https://ssl." :
"http://www.");

document.write(unescape("%3Cscript src="" + galsHost + "google-
analytics.com/ga.js' type='text/javascript'%3E%3C/script%3E"));

</script>

<script type="text/javascript">

var pageTracker = gat. getTracker("UA-xxxxxx-x");

pageTracker. trackPageview();

</script>

This is a great example to analyze in the context of this chapter. The external script is
a good candidate for asynchronous loading since it isn’t used for rendering the visible
page. The inline script depends on the external script, so execution order must be
preserved and they must be coupled together.

The document.write Script Tag approach in the Google Analytics recommendation has
some benefits. The URL is dynamically modified to load over HTTPS if appropriate.
The execution order of the external script and inlined code is preserved across all
browsers.

A drawback of the document .write Script Tag technique is that it blocks other resources
from being downloaded. The dojox.analytics.Urchin module addresses this issue, as
described in the first line from The Dojo Foundation’s documentation page:*

T http://www.google.com/support/analytics/bin/answer.py ?hl=enéranswer=55488

¥ hutp:/idocs.dojocampus.org/dojox/analytics/Urchin
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This class is used to delay loading of the popular Google Analytics Tracker, formerly
known as Urchin. The synchronous nature of <script> tags causes page rendering to stall
until loading of remote files has completed, and this module alleviates that.

dojox.analytics.Urchin is part of the Dojo JavaScript toolkit. As the documentation
points out, Urchin is the former name for the Google Analytics module. This explains
why the Dojo module is named Urchin.js. The key functions in this module are _loadGA,
_checkGA, and _go’cGA:§

_loadGA: function(){

// summary: load the ga.js file and begin initialization process

var gaHost = ("https:" == document.location.protocol) ? "https://ssl." :
"http://www.";

dojo.create('script’, {

src: gaHost + "google-analytics.com/ga.js"

}, dojo.doc.getElementsByTagName("head")[0]);

setTimeout(dojo.hitch(this, " checkGA"), this.loadInterval);
b

_checkGA: function(){
// summary: sniff the global gat variable Google defines and either check

again

// or fire onLoad if ready.

setTimeout(dojo.hitch(this, !window[" gat"] ? " checkGA" : " gotGA"),
this.loadInterval);
b

_gotGA: function(){
// summary: initialize the tracker
this.tracker = gat. getTracker(this.acct);
this.tracker. initData();
this.GAonLoad.apply(this, arguments);

b

The loadGA function uses the Script DOM Element asynchronous loading technique.
It calls dojo.create to create a script element, setting its src to http://www.google-ana
Iytics.com/ga.js or https://ssl.google-analytics.com/ga.js, depending on the protocol of
the main page. The script element is appended to the document’s head.

Coupling ga.js with the inlined code is done with a timer. Every loadInterval (420
milliseconds), _checkGA is called to see whether window[" _gat"] (the Google Analytics
object) is defined. If so, _gotGAis called to instantiate the Google Analytics tracker. This
coupling approach is similar to the Timer technique described in “Technique 3:
Timer” on page 48.

Comparing this implementation to EFWS.Script.loadScript, we see that both use the
Script DOM Element approach. Using this technique allows the script to be
downloaded without blocking other resources and works in all major browsers. The
coupling technique is different, though. Instead of the Timer technique,

§ http://bugs.dojotoolkit.org/browser/dojox/trunk/analytics/Urchin.js. Copyright (c) 2004-2008, The Dojo
Foundation. All rights reserved. See http://dojotoolkit.org/license for details.
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EFWS.Script.loadScript uses the Script Onload technique. The Timer technique has
disadvantages:

* If the script fails to load, the timer will continue indefinitely.

* This approach requires more maintenance. If ga.js changes and no longer defines
_gat, then checkGA would have to be updated. The Script Onload approach doesn’t
rely on any of the symbols in ga.js.

* There can be a delay of up to 420 milliseconds between when ga.js is done loading
and when _gotGA is called. That’s enough time for the user to leave the page before
the tracker can do its work. The Script Onload approach calls the inlined code as
soon as the external script is loaded.

For these reasons, Script Onload is the coupling technique chosen in EFWS.Script.load
Script.

YUI Loader Utility

Google Analytics is a good example for analyzing how to load a single script asynchro-
nously while coupling it with inlined code. The YUI Loader Utility is the example I've
chosen to examine how multiple scripts are loaded. This utility is part of the Yahoo!
UI Library and is described as follows:

The YUI Loader Utility is a client-side JavaScript component that allows you to load
specific YUI components and their dependencies into your page via script. YUI Loader
can operate as a holistic solution by loading all of your necessary YUI components, or it
can be used to add one or more components to a page on which some YUI content already
exists.

YUI Loader’s objective is to provide anytime loading and dependency calculation. It
improves page performance by pulling in only the modules that are necessary and
combining those into a single HTTP request, thanks to combo-handling.” I converted
the example that uses menu.js and menutier.js to use YUI Loader in order to see whether
scripts get loaded in parallel.

YUI Loader
http://stevesouders.com/efws/yuiloader.php

This example starts by loading the YUI Loader itself from http://yui.yahooapis.com/2.6

.0/build/yuiloader/yuiloader-min.js. An instance of YUILoader is created and addModule

is used to load menu.js and menutier.js. The init function is specified to be called after

these scripts are successfully loaded. Everything is kicked off by calling insert:
<script type="text/javascript"”

src="http://yui.yahooapis.com/2.6.0/build/yuiloader/yuiloader-min.js">
</script>

I http://developer.yahoo.com/yuilyuiloader/
# http://yuiblog.com/blog/2008/10/17/loading-yui/
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<script type="text/javascript">
var aRaceConditions = [['couple-normal.php', 'Normal Script Src'], ...];
var aWorkarounds = [['hardcoded-callback.php', 'Hardcoded Callback'], ...];
var aMultipleScripts = [['managed-xhr.php', 'Managed XHR'], ...];

var aloadScripts = [['loadscript.php', 'loadScript'], ],
var aSubmenus = [["Race Conditions", aRaceCondltlons] 1

function init() {
EFWS.Menu.createTieredMenu('examplesbtn', aSubmenus);

}

var loader = new YAHOO.util.YUILoader();

loader.addModule({ name: "menu", type: "js", fullpath: "menu.js"});
loader.addModule({ name: "menutier", type: "js", fullpath: "menutier.js"});
loader.require("menu");

loader.require("menutier");

loader.onSuccess = init;

loader.insert();

</script>

We canlook athow YUI Loader is implemented in http://yui.yahooapis.com/2.6.0/build/
yuiloader/yuiloader.js (the commented, unminified version of the code). The scripts are
inserted by the node function in a way similar to the Script DOM Element approach.
The _track function uses the Script Onload coupling technique. YUI's implementation
is extremely thorough, with special handling for browser edge cases.

The most important observation is that YUI Loader does not load the scripts in parallel,
even though Script DOM Element is used. YUI Loader explicitly loads scripts sequen-
tially, waiting for the first script to return before requesting the next one. This can be
seen in the example’s HTTP waterfall chart, shown in Figure 5-8. The scripts are the
last two requests. Comparing this to Figures 5-6 and 5-7, we see that EFWS.Script.load
Scripts loads the scripts in parallel, resulting in a faster page.

Document I
yuiloader-min.js [
Image ]
menu.js I
menutier.js I

Figure 5-8. YUI Loader HTTP waterfall chart

The sequential loading behavior of YUI Loader causes the scripts to take longer to load
than EFWS.Script.loadScripts in all browsers except Safari 3 and Chrome 1. To be fair,
YUI Loader is capable of loading scripts anytime, even after the document has loaded.
EFWS.Script.loadScripts, with its use of document.write in some browsers, can be used
only while the document is loading.
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For pages with external scripts in the main page, loading them asynchronously with
EFWS.Script.loadScripts improves performance, and this benefit is more pronounced
as the number of scripts increases. A simpler alternative is to concatenate the scripts
together, as recommended in Rule 1 from High Performance Web Sites. But that’s not
always possible. Across the top 10 U.S. web sites, the average number of external scripts
is 6.5 (see Table 11-1). Loading these scripts in parallel, while preserving execution
order and coupling inlined code, is critical to making today’s popular web sites faster
for users.
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CHAPTER 6
Positioning Inline Scripts

The previous three chapters focused on the impact of external scripts. This chapter
focuses on inline scripts (JavaScript included in the HTML document directly). Even
though inline scripts don’t introduce additional HTTP requests, they can block
resources in the page from being downloaded in parallel. They can also thwart pro-
gressive rendering. This chapter explains why the decisions of when and where to inline
JavaScript have an impact on page performance.

Inline Scripts Block

Chapter 5 describes how external scripts block parallel downloads and rendering. It’s
not surprising that inline scripts have the same behavior for the same reasons (preserv-
ing execution order and document.write dependencies). The Inline Scripts Block
example demonstrates this behavior.

Inline Scripts Block
http://stevesouders.com/cuzillion/?ex=10100&title=Inline+Scripts+Block

Figure 6-1 shows the HTTP requests issued for this page. In addition to the HTML
document, there are two image requests, each configured to take one second. An inline
script is inserted between these two images. The inline script is represented by a line
in Figure 6-1. It does not generate an HTTP request, but the impact it has is
observable.

Document [
Image ]
Inline script | |

Image I

Figure 6-1. Inline scripts block parallel downloads (six seconds)
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The inline script is configured to take five seconds to execute. This is what causes the
four seconds of whitespace between the two image requests in Figure 6-1. The inline
script starts executing in parallel with the first image request. After one second, the
image response is received, but the inline script continues to execute for another four
seconds. While the inline script is executing, all other downloads are blocked. It’s not
until the inline script finishes (five seconds into the page) that the second image finally
starts to download, resulting in an overall load time of six seconds.

In addition to blocking parallel downloads, inline scripts block rendering. When the
Inline Scripts Block page is loaded, nothing in the page is painted for at least five sec-
onds. The best way to observe this is to first set the browser location to another page
or about:blank, and then visit the Inline Scripts Block URL. Five seconds pass before
anything is rendered. This is surprising because some plain text is in the HTML docu-
ment (the “Cuzillion” header, the “Examples” and “Help” links, etc.) before the inline
script, but the browser doesn’t render this until the inline script has finished executing.

If your site uses inline scripts, it’s important to understand how they block downloads
and rendering, and to avoid this behavior if possible. Several workarounds are available:

* Move inline scripts to the bottom.
* Initiate the JavaScript execution using an asynchronous callback.
* Use the SCRIPT DEFER attribute.

Each technique is explained in the following sections.

Move Inline Scripts to the Bottom

Parallel downloading and progressive rendering are achieved by moving inline scripts
below all the resources in the page.” The benefit of moving inline scripts to the bottom
is demonstrated in the following example.

Move Inline Scripts to the Bottom
http://stevesouders.com/efws/inline-scripts-bottom.php

Figure 6-2 shows the two image requests downloading in parallel. The five-second
inline script executes in parallel as well, resulting in an overall page load time of five
seconds, one second faster than the baseline page. Although this technique avoids
blocking downloads, rendering is still blocked. If your inline scripts don’t take very
long (fewer than 300 milliseconds) to execute, this technique is an easy way to speed
up your pages. Inline scripts that take longer to execute should use one of the remaining
two techniques.

" This is similar to the advice from High Performance Web Sites, “Rule 6: Put Scripts at the Bottom.”
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Document [N
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Figure 6-2. Inline scripts block parallel downloads (five seconds)

Initiate Execution Asynchronously

You can instruct a browser to execute an inline script asynchronously so that the
browser has an opportunity to perform parallel downloads and progressive rendering.
A simple asynchronous callback technique is to use setTimeout, as shown in the fol-
lowing example:

function longCode() {

var tStart = Number(new Date());
while( (tStart + 5000) > Number(new Date()) ) {};

setTimeout(longCode, 0);

The function longCode kicks off JavaScript that takes five seconds to execute. In our
first attempt at using setTimeout, we might use a value of zero milliseconds for the
delay, as in the following example.

Inline Scripts via setTimeout (0 milliseconds)
http://stevesouders.com/efws/inline-scripts-settimeout.php?d=0

The results are similar to the Move Inline Scripts to the Bottom technique: the images
are downloaded in parallel and the page takes five seconds to load. But unlike the
previous technique, using setTimeout has the added benefit of progressive rendering in
Internet Explorer. Before the inline script starts executing, there is enough time for
Internet Explorer to render the text at the top of the page (“Cuzillion,” the “Examples”
and “Help” links, etc.).

Although setTimeout with a delay of zero milliseconds allows progressive rendering in
Internet Explorer, Firefox rendering is still blocked. We need to increase the number
of milliseconds to 250 to achieve progressive rendering in Firefox, which we do in the
next example.

Inline Scripts via setTimeout (250 milliseconds)
http://stevesouders.com/efws/inline-scripts-settimeout.php?d=250

The magic number 250 comes from the default value for nglayout.initial
paint.delay. This is the “number of milliseconds to wait before first displaying the
page.” T If longCode kicks off before 250 milliseconds, all rendering is blocked until it

T hitp://kb.mozillazine.org/Nglayout.initialpaint.delay
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finishes executing. If, however, we wait 250 milliseconds before calling longCode, Fire-
fox is able to render the text at the top of the page.

In both cases (zero milliseconds for Internet Explorer and 250 milliseconds for Firefox),
only the textis rendered quickly. The images, even though they return after one second,
are not painted until longCode finishes five seconds into the page. The paint events are
queued up at the one-second mark, but the browser isn’t able to act on those events
while longCode executes. The browser is single-threaded, while JavaScript executes all
paint events are blocked.* We get around this in the next example by increasing the
number of setTimeout milliseconds to a value slightly longer than the one-second
download time of the images—for example, 1,500 milliseconds.

Inline Scripts via setTimeout (1,500 milliseconds)
http://stevesouders.com/efws/inline-scripts-settimeout.php?d=1500

Now the images are painted as soon as they download. Because it takes only one second
to render everything in the page, the onload event fires after one second, as opposed to
five seconds. One downside of using a 1,500-millisecond delay is that longCode doesn’t
finish executing until 6,500 milliseconds into the page (1,500-millisecond delay plus
5,000-millisecond execute time). If we want to asynchronously kick off longCode with-
out blocking the browser from rendering the page, a better practice is to launch the
code using the onload event:
function longCode() {
var tStart = Number(new Date());

while( (tStart + 5000) > Number(new Date()) ) {};
}

window.onload = longCode;

As shown in the following example, using the onload event lets the text and images on
the page render as soon as they are available, and executes the inline script as early in
the page as possible without blocking downloads and rendering.

Inline Scripts via onload
http://stevesouders.com/efws/inline-scripts-onload.php

If your inline scripts are short, using setTimeout with a delay of zero milliseconds is a
good compromise between fast rendering and fast JavaScript execution. If your scripts
are long, using onload is a better choice. The best solution is to yield every 300 milli-
seconds or so using setTimeout, but this can necessitate a significant redesign of your
code to make it reentrant. See “Yielding Using Timers” on page 103 for an in-depth
discussion of this technique.

¥ See Chapter 2 for more discussion of the impact of JavaScript on browser responsiveness.
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Use Script Defer

The SCRIPT DEFER attribute for inline scripts is supported only in Internet Explorer and
Firefox 3.1. Typically, people use it in conjunction with downloading external scripts,
as described in Chapter 4. But the DEFER attribute is also applicable to inline scripts,
where it allows the browser to continue parsing and rendering the page and postpone
execution of the inline script. We can use Cuzillion to create an example of inline scripts
that use the DEFER attribute.

Inline Scripts and Defer
http://stevesouders.com/cuzillion/?ex=10101&title=Inline+Scripts+and+Defer

Using DEFER in browsers that supportit allows both images to be downloaded in parallel,
resulting in an overall page load time of five seconds (faster than the six-second base-
line). However, nothing is rendered in the page until the five-second script completes.
DEFER is an easy workaround to enable parallel downloads, but it works only on inline
scripts in Internet Explorer and Firefox 3.1, and still blocks progressive rendering.
Using setTimeout is a better alternative.

Preserving CSS and JavaScript Order

The typical way to load external scripts is with the SCRIPT SRC attribute:

<script src="A.js" type="text/javascript"></script>
<script src="B.js" type="text/javascript"></script>

When scripts are loaded this way, they block parallel downloads, as described in
Chapter 4. The main reason browsers download only one script at a time is to ensure
proper execution order. Executing B.js before A.js might result in unexpected behavior
or undefined symbols due to code dependencies.

Preserving the order of JavaScript is critical, and this is true for CSS as well. Given the
cascading nature of styles, loading them in different orders may yield undesired results.
To provide consistent behavior, browsers ensure that CSS is applied in the order speci-
fied. The Stylesheets in Order example confirms that stylesheets are applied in the order
specified, regardless of the order in which the HTTP responses are received.

Stylesheets in Order
http://stevesouders.com/efws/stylesheets-order.php

This example has two stylesheets that define a rule with the same name. The first style-
sheet is programmed to take longer to download, as shown in Figure 6-3. The first
stylesheet specifies a gray background whereas the second stylesheet specifies an orange
background. The color that wins out is orange, which means the second stylesheet was
applied last even though it finished downloading first. This shows that browsers apply
stylesheets in the order in which they are listed in the page, regardless of the order in
which they are downloaded.
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Document I

Stylesheet |
Stylesheet 1

Figure 6-3. Stylesheets applied in order in Internet Explorer

The application of CSS is preserved across stylesheets and inline styles as well. In the
CSS in Order example, the same long stylesheet from Figure 6-3 (with a gray back-
ground) is followed by an inline style (with an orange background). Again, the browser
waits for the long stylesheet to download and applies it before the inline style to ensure
that CSS is applied in the order specified in the page.

CSS in Order
http://stevesouders.com/efws/css-order.php

It’s useful to know that browsers make sure to apply CSS in the order specified in the
page. But what does this have to do with inline scripts? The next section pulls it all
together.

Danger: Stylesheet Followed by Inline Script

In the previous section, we confirmed that browsers apply CSS (stylesheets as well as
inline styles) in the order in which they appear in the HTML document. Earlier in this
chapter, we verified that inline scripts block other browser activity (downloads and
rendering). These insights are fairly well known in the web development community.
What is less well known is that browsers also apply CSS and JavaScript sequentially,
and that this behavior can significantly delay downloaded resources when a stylesheet
is followed by an inline script. This sequence causes subsequent resources to be blocked
until the stylesheet is downloaded and the inline script is executed. The following sec-
tions explain why this problem occurs.

Inline Scripts Aren’t Blocked by Most Downloads

Inline scripts can execute while images and iframes are being downloaded, as shown
in this example.

Inline Scripts After Image and Iframe
http://stevesouders.com/cuzillion/?ex=10102&title=Inline+Scripts+After

Figure 6-4 contains the HTTP profile for the Inline Scripts After Image and Iframe
example. This shows three resources that each take two seconds to download: an
image, an iframe, and another image. Between each of these is an inline script that takes
one second to execute. The key events in the page load timeline are explained in the
list that follows.
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Figure 6-4. Inline scripts after an image and an iframe (four seconds)

0 seconds
The first image starts downloading. The firstinline script starts executing in parallel
with the image download.

1 second
The first inline script finishes. This opens the door for the iframe to start down-
loading and for the second inline script to start executing. The second inline script
executes while the iframe is being downloaded.

2 seconds
The second inline script finishes executing, allowing the final image to start down-
loading.

4 seconds
The final image finishes downloading.

Because inline scripts execute while images and iframes are being downloaded, the
overall page loads in just four seconds. Their interaction with stylesheets, however,
blocks parallel downloads, as explained in the next section.

Inline Scripts Are Blocked by Stylesheets

The interaction between stylesheets and inline scripts is very different than with other
resources. This is because browsers preserve the order in which CSS and JavaScript are
parsed, as shown in this example.

Inline Scripts After Stylesheet
http://stevesouders.com/cuzillion/?ex=10103 & title=Inline+Scripts+after

The Inline Scripts After Stylesheet example is like the previous example, but the first
image and iframe are replaced with stylesheets. As before, all of the resources take two
seconds to download, and the inline scripts each take one second to execute. Fig-
ure 6-5 shows the HTTP profile. The overall load time is eight seconds, as compared
to four seconds for the previous example! The page load timeline reveals why this page
takes twice as long to load.
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Figure 6-5. Inline scripts after stylesheets (eight seconds)

0 seconds
The first stylesheet starts downloading. The first inline script is blocked from
executing until the stylesheet is downloaded and parsed.

2 seconds
The first stylesheet finishes downloading. The first inline script starts executing.

3 seconds
The firstinline script finishes executing. The second stylesheet starts downloading.

5 seconds
The second stylesheet finishes downloading. The second inline script starts
executing.

6 seconds
The second inline script finishes executing. The image starts downloading.

8 seconds
The image finishes downloading.

The way in which browsers process CSS and JavaScript sequentially causes this example
to take twice as long as the previous one. This example shows that when confronted
with a stylesheet followed by an inline script, browsers wait until the stylesheet is fully
downloaded before starting to execute the inline script. Why is this? It’s possible that
the inline script contains code that depends on the styles applied from the stylesheet.
[ have seen and written JavaScript that does this. Further evidence that such§]avaScript
exists in the real world is the addition of getElementsByClassName in HTML 5.3 Browsers
download the stylesheet and execute the inline script sequentially in order to guarantee
reproducible results.

This example also confirms that inline scripts block the download of any resources that
follow them. Although resources typically download in parallel with stylesheets, the
combination of these two constraints produces the key insight of this chapter: style-
sheets followed by an inline script block any subsequent resources from downloading.

§ http://dev.w3.org/htmlS/spec/Overview. html#dom-getelementsbyclassname
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This Does Happen

The previous examples illustrate the blocking that occurs when a stylesheet is followed
by an inline script, but they seem, at least to me, a bit contrived. Fortunately (or un-
fortunately), because this behavior has not been widely examined or publicized, it’s
easy to find examples of this problem in the real world. Among the 10 top U.S. sites,
four (eBay, MSN, MySpace, and Wikipedia) have a stylesheet followed by an inline
script. This causes resources after the stylesheet to be downloaded later than necessary,
resulting in a slower page.

Figure 6-6 shows part of eBay’s HTTP profile, where the sequence of a stylesheet fol-
lowed by an inline script causes two scripts to be blocked from downloading until the
stylesheet is finished downloading. The arrow shows where the downloading could
have started if not for this problem.

Document [N
Stylesheet ]
Stylesheet 1
Script —]
Script Emmm—

Figure 6-6. eBay stylesheet followed by inline script

Similarly, as shown in Figure 6-7, MSN has fewer parallel downloads than desired
because an image is blocked by a stylesheet. In Figure 6-8, we see a MySpace script
downloaded later because it’s blocked by an inline script that occurs after the five
stylesheets.

Document [N

Script [

Script B

Script I
Stylesheet [ |
Stylesheet [
Stylesheet ]
Stylesheet 1

Image «—

Figure 6-7. MSN stylesheet followed by inline script
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Figure 6-8. MySpace stylesheet followed by inline script

Wikipedia is shown in Figure 6-9. The script at the end of the HTTP profile is blocked
from downloading because of a preceding stylesheet followed by an inline script. As a
side note, this HTTP waterfall chart was produced using Internet Explorer 7, which
supports two connections per hostname. And yet, this chart shows four connections
working in parallel. That’s because Wikipedia downgrades its traffic to HTTP/1.0,
which increases the number of connections to four per hostname. (See “Downgrading
to HTTP/1.0” on page 165.) However, the benefit of increased parallel downloads is
forfeited when the script is downloaded due to the preceding stylesheet being followed
by an inline script.

Document [—

Stylesheet
Stylesheet
Stylesheet
Stylesheet
Stylesheet
Stylesheet
Stylesheet
Stylesheet
Stylesheet

Stylesheet | ]
Script Rmm—

Figure 6-9. Wikipedia stylesheet followed by inline script

All of these problems are easily fixed. The solution is to place inline scripts so that they
do not appear between a stylesheet and any other resource. The inline script should be
placed either above the stylesheet or below the other resource. If the other resource is
a script, there might be a code dependency between the inline script and the external
script. For that reason, my general recommendation is to move the inline script above
the stylesheet. This will avoid any code dependency issues. If you’re certain there are
no code dependencies, moving the inline script below the visible resources allows these
resources to load sooner, resulting in better progressive rendering.
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CHAPTER 7
Writing Efficient JavaScript

Nicholas C. Zakas

Today’s web applications are powered by a large amount of JavaScript code. Whereas
early web sites used JavaScript to perform simple tasks, the language is now used to
run the entire user interface in many places. The result can be thousands of lines of
JavaScript code to execute every time a user interaction takes place. Performance,
therefore, is not just about how long it takes for the page to load, but also about how
it responds as it’s being used. The best way to ensure a fast, enjoyable user interface is
to write JavaScript as efficiently as possible for all browsers.”

This chapter covers some of the hidden performance issues in JavaScript and how to
address them. Some changes concern small code structure issues while others may
require revisiting your algorithm. The important thing to remember is that there is no
silver bullet when trying to improve performance; no one thing will work in 100% of
the cases. Only when various techniques are combined can you realize the largest
performance improvement.

Managing Scope

When JavaScript code is being executed, an execution context is created. The execution
context (also sometimes called the scope) defines the environment in which code is to
be executed. A global execution context is created upon page load, and additional
execution contexts are created as functions are executed, ultimately creating an exe-
cution context stack where the topmost context is the active one.

Each execution context has a scope chain associated with it, which is used for identifier
resolution. The scope chain contains one or more variable objects that define in-scope
identifiers for the execution context. The global execution context has only one variable

" All of the research in this chapter is based on experiments run on Firefox versions 3.0 and 3.1 beta 2, Google
Chrome 1.0, Internet Explorer versions 7 and 8 beta 2, Safari versions 3.0-3.2, and Opera version 9.62. When
the version numbers aren’t mentioned, all tested versions of the browser are relevant.
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object in its scope chain, and this object defines all of the global variables and functions
available in JavaScript. When a function is created (but not executed), its internal
[[Scope]] property is assigned to contain the scope chain of the execution context in
which it was created (internal properties cannot be accessed through JavaScript, so you
cannot access this property directly). Later, when execution flows into a function, an
activation object is created and initialized with values for this, arguments, named
arguments, and any variables local to the function. The activation object appears first
in the execution context’s scope chain and is followed by the objects contained in the
function’s [[Scope]] property.

During code execution, identifiers such as variable and function names are resolved by
searching the scope chain of the execution context. Identifier resolution begins at the
front of the scope chain and proceeds toward the back. Consider the following code:

function add(numi, num2){
return numl + num2;
}

var result = add(5, 10);

When this code is executed, the add function has a [[Scope]] property that contains
only the global variable object. As execution flows into the add function, a new execu-
tion context is created, and an activation object containing this, arguments, num1, and
num2 is placed into the scope chain. Figure 7-1 illustrates the behind-the-scenes object
relationships that occur while the add function is being executed.

>[ Activation object

this (global)

Execution context Scope chain arguments | [5,10]
Scopechain‘ ._j 0 » num’ 5
1 . numz2 10
>| Global object

this (global)

add function

result undefined
num2 10

Figure 7-1. Relationship of execution context and scope chain
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Inside the add function, the identifiers num1 and num2 need to be resolved when the
function is executing. This resolution is performed by inspecting each object in the
scope chain until the specific identifier is found. The search begins at the first object in
the scope chain, which is the activation object containing the local variables for the
function. If the identifierisn’t found there, the next objectin the scope chain is inspected
for the identifier. When the identifier is found, the search stops. In the case of this
example, the identifiers numl and num2 exist in the local activation object and so the
search never goes on to the global object.

Understanding scopes and scope chain management in JavaScript is important because
identifier resolution performance is directly related to the number of objects to search
in the scope chain. The farther up the scope chain an identifier exists, the longer the
search goes on and the longer it takes to access that variable; if scopes aren’t managed
properly, they can negatively affect the execution time of your script.

Use Local Variables

Local variables are, by far, the fastest identifiers both to read from and write to in
JavaScript. Because they exist in the activation object of the executing function, iden-
tifier resolution involves inspecting a single object in the scope chain. The amount of
time necessary to read the value of a variable increases with each step along the scope
chain, so the greater the identifier depth, the slower the access is going to be. This effect
can be seen in every browser except Google Chrome using v8 and Safari 4+ using the
Nitro JavaScript engine, both of which are so fast that the identifier depth has little
effect on access speed.

To determine the exact performance impact of identifier depth, I ran an experiment
involving 200,000 variable operations. I alternated between reads and writes, accessing
the variables from different identifier depths. The page I used for this experiment
is located at http://www.nczonline.net/experiments/javascript/performancel/identifier
-depth/.

Figure 7-2 illustrates the amount of time it takes to write to a variable based on scope
chain depth, and Figure 7-3 illustrates the amount of time it takes to read from an
identifier based on its scope chain depth (a depth of 1 signifies a local identifier).
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Figure 7-3. Variable write time compared to identifier depth
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As these figures clearly indicate, identifiers are accessed significantly faster when they

are higher in the scope chain. You can take advantage of this knowledge by using local

variables whenever possible. A good rule of thumb is to store any out-of-scope variables

in a local variable whenever it’s used more than once within the function. For example:
function createChildFor(elementId){

var element = document.getElementById(elementId),
newElement = document.createElement("div");

element.appendChild(newElement);
}

This function has two references to the global variable document. Since document is being
used more than once, it should be stored in a local variable for faster reference, such
as here:
function createChildFor(elementId){
var doc = document, //store in a local variable

element = doc.getElementById(elementId),
newkElement = doc.createElement("div");

element.appendChild(newElement);
}

The rewritten version of the function stores document in a local variable called doc. Since
doc exists in the first part of the scope chain, it can be resolved faster than document.
Keep in mind that the global variable object is always the last object in the scope chain,
and so global identifier resolution is always the most expensive.

A very common mistake that leads to performance issues is to omit the
var keyword when assigning a variable’s value for the first time. As-
Wls: signment to an undeclared variable automatically results in a global
" variable being created.

Scope Chain Augmentation

The scope chain for a given execution context typically remains unchanged during code
execution. There are, however, two statements that temporarily augment the scope
chain of an execution context. The first is the with statement, which is designed to allow
easy access to object properties by making them appear as local variables. For example:
var person = {
name: "Nicholas",
age: 30
5
function displayInfo(){
var count = 5;
with(person){

alert(name + " is
alert("Count is "

+ age);
+ count);
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}
displayInfo();

In this code, the person object is passed into a with block. This allows you to access the
name and age properties as though they were locally defined. What actually happens,
though, is that a new variable object is pushed to the front of the execution context’s
scope chain. This variable object contains all of the properties of the specified object
(in this case, person) so that they can be accessed without using dot notation. Fig-
ure 7-4 shows how the scope chain for displayInfo is augmented while the with state-
ment is being executed.

>| Activation object

name ‘Nicholas’

age 30

k4

Activation object

Execution context ﬁ Scope chain this (global)
Scopechain‘ — 0 . arguments [1

1 - count 5
2 °
> Global object
this (global)
person (object)

displayinfo |(function)

numz2 10

Figure 7-4. Scope chain augmentation using the with statement

Though it seems very convenient when an object’s properties are being used repeatedly,
this extra object in the scope chain hurts local identifier resolution. While code within
a with statement is being executed, the local function variables now exist in the
second object in the scope chain instead of the first, automatically slowing down iden-
tifier access. In the previous example, the count variable now takes longer to access
because it’s not in the first object of the scope chain. Once the with statement finishes
executing, the scope chain is restored to its previous state. Due to this major downside,
it’s recommended to avoid using the with statement.
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The second statement that augments the scope chain is the catch clause of a try-
catch block. The catch clause behaves in a manner similar to the with statement where
it adds a variable object to the front of the scope chain while it executes the code in the
block. That variable object contains an entry for the named exception object specified
by catch. However, the catch clause is executed only when an error occurs during
execution of the try clause, making it somewhat less problematic than the with state-
ment, though you should take care not to execute too much code within the catch
clause to minimize the performance impact.

Minding scope chain depth is an easy way to get performance improvements with a
small amount of work. Avoid unnecessarily augmenting the scope chain and inadver-
tently slowing down execution.

Efficient Data Access

Where data is stored in a script contributes directly to the amount of time it takes to
execute. In general, there are four places from which data can be accessed in a script:

* Literal value

* Variable

¢ Array item

* Object property

Reading data always incurs a performance cost, and that cost depends on which of
these four locations the data is stored in.

In most browsers, the cost of reading a value from a literal versus a local variable is so
small as to be negligible; you should feel free to mix and match literals and local vari-
ables without worrying about a performance penalty. The real difference comes when
you move to reading data from an array or object. Accessing values from one of these
data structures requires a lookup of the location in which the data is stored, either by
index (for array) or by property name (for objects).

To test the data access times based on data location, I created an experiment that reads
values from each of these locations 200,000 times. You can find the experiment online
at http://'www.nczonline.net/experiments/javascript/performance/data-access/. The re-
sult of running this experiment on multiple browsers is that there is almost an even
split across browsers as to which is faster: Internet Explorer, Opera, and Firefox 3 all
access array items faster than object properties; Chrome, Safari, Firefox 2, and Firefox
3.1+ access object properties faster than array items (see Figure 7-5).
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Figure 7-5. Data access time across browsers

The important lesson to take from this information is to always store frequently
accessed values in a local variable. Consider the following code:
function process(data){
if (data.count > 0){
for (var i=0; i < data.count; i++){
processData(data.item[i]);

}

This snippet accesses the value of data.count multiple times. At first glance, it looks
like this value is used twice: once in the if statement and once in the for loop. In reality,
though, data.count is accessed data.count plus 1 times in this function, since the con-
trol statement (i < data.count) is executed each time through the loop. The function
will run faster if this value is stored in a local variable and then accessed from there:
function process(data){
var count = data.count;
if (count > 0){
for (var i=0; i < count; i++){
processData(data.item[i]);
}
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The rewritten version of this function accesses data.count only once, at the beginning
in order to store it in a local variable. The local variable count is used in its place
elsewhere in the function, limiting the number of times an object property must be
accessed to retrieve this value. This function will run faster than the previous function
because the number of object property lookups has been reduced.

The effect of data access is exaggerated as the value’s data structure depth increases.
For example, data.count is faster to access than data.item.count, which is faster to
access than data.item.subitem.count. When dealing with properties, the number of
times a dot is used (for property lookup) directly relates to the amount of time it takes
to access that value. Figure 7-6 shows the relative data access times by property depth
across browsers. The tests for this research are part of the data access experiment
located at http://lwww.nczonline.net/experiments/javascript/performance/data-access/.
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Figure 7-6. Access times for object properties by depth

A good approach to take when dealing with data access is to store in a local variable
any object property or array item that is used more than once in a function.

For most browsers, there is virtually no difference between using dot
notation for object property access (data.count) and bracket notation
s (data["count"]). The one exception is Safari, where bracket notation is
" significantly slower than dot notation. This holds true even for Safari 4
and later using the Nitro JavaScript engine.
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Using local variables is especially important when dealing with HTMLCollection objects
(those returned from DOM methods such as getElementsByTagName and properties such
as element.childNodes). Each HTMLCollection object is actually a live query being run
against the DOM document every time a property is accessed. For example:
var divs = document.getElementsByTagName("div");
for (var i=0; i < divs.length; i++){ //Avoid!
var div = divs[i];
process(div);

The first line of this code creates a query that returns every <div> element on the page
and stores that query in divs. Each time divs has a property accessed either by name
or by index, the DOM actually reexecutes that query against the entire page; in this
code, it occurs each time divs.length or divs[i] is accessed. These property lookups
take longer than the average non-DOM object property or array item lookup. It’s
therefore important to store such values in local variables whenever possible to avoid
the requerying penalty associated with HTMLCollection objects. For example:
var divs = document.getElementsByTagName("div");
for (var i=0, len=divs.length; i < len; i++){ //Better
var div = divs[i];
process(div);

This example stores the length of the divs HTMLCollection in a local variable, limiting
the number of times the object is accessed directly. In the previous version of this code,
divs was accessed twice per iteration: once to retrieve the object in the given position,
and once to check the length. This new version eliminates direct length-checking with
each iteration.

Generally speaking, interacting with DOM objects is always more ex-
pensive than interacting with non-DOM objects. Due to DOM behav-
W ior, property lookups typically take longer than non-DOM property
" lookups. The HTMLCollection object is the worst-performing object in
the DOM. If you need to repeatedly access members of an
HTMLCollection, it is more efficient to copy them into an array first.

Flow Control

Next to data access, flow control is perhaps the most important aspect of JavaScript
relating to performance. JavaScript, as with most programming languages, has a num-
ber of flow control statements that determine which part of the code should be executed
next. There’s a series of conditional and loop statements that enable developers to
precisely control how execution flows from one part of the code to another. Choosing
the right option at each point can dramatically affect how fast your script runs.
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Fast Conditionals

The classic question of whether to use a switch statement or a series of if and else
statements is not unique to JavaScript and has spurred discussions in nearly every pro-
gramming language that has these constructs. The real issue is not between individual
statements, of course, but rather relates to the speed with which each is able to handle
arange of conditional statements. The details of this section are based on tests that you
can run at http://www.nczonline.net/experiments/javascript/performance/conditional
-branching/.

The if statement

Discussions usually begin surrounding complex if statements such as this:

if (value == 0){
return resulto;

} else if (value == 1){
return resulti;

} else if (value == 2){
return result2;

} else if (value == 3){
return results;

} else if (value == 4){
return results4;

} else if (value == 5){
return results;

} else if (value == 6){
return resulté;

} else if (value == 7){
return result7;

} else if (value == 8){
return result8;

} else if (value == 9){
return result9;

} else {
return resulti10;

}

Typically, this type of construct is frowned upon. The major problem is that the deeper
into the statement the execution flows, the more conditions have to be evaluated. It
will take longer to complete the execution when value is 9 than if value is O because
every other condition must be evaluated beforehand. As the overall number of condi-
tions increases, so does the performance hit for going deep into the conditions. While
having a large number of if conditions isn’t advisable, there are steps you can take to
increase the overall performance.

The first step is to arrange the conditions in decreasing order of frequency. Since exiting
after the first condition is the fastest operation, you want to make sure that happens as
often as possible. Suppose the most common case in the previous example is that
value will equal 5 and the second most common is that value will equal 9. In that case,
you know five conditions will be evaluated before getting to the most common case
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and nine before getting to the second most common case; this is incredibly inefficient.
Even though the increasing numeric order of the conditions makes it easier to read, it
should actually be rewritten as follows:
if (value == 5){
return results;
} else if (value == 9){
return result9;
} else if (value == 0){
return resulto;
} else if (value == 1){
return resulti;
} else if (value == 2){
return result2;
} else if (value == 3){
return results;
} else if (value == 4){
return result4;
} else if (value == 6){
return resulté;
} else if (value == 7){
return result7;
} else if (value == 8){
return results;
} else {
return result10;
}

Now the two most common conditions appear at the top of the if statement, ensuring
optimal performance for these cases.

Another way to optimize if statements is to organize the conditions into a series of
branches, following a binary search algorithm to find the valid condition. This is ad-
visable in the case where a large number of conditions are possible and no one or two
will occur with a high enough rate to simply order according to frequency. The goal is
to minimize the number of conditions to be evaluated for as many of the conditions as
possible. Ifall of the conditions for value in the example will occur with the same relative
frequency, the if statements can be rewritten as follows:

if (value < 6){

if (value < 3){
if (value == 0){
return resulto;
} else if (value == 1){
return resulti;
} else {
return result2;

}
} else {
if (value == 3){
return results;
} else if (value == 4){
return result4;
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} else {
return results;
}

}
} else {

if (value < 8){
if (value == 6){
return resulté;
} else {
return result7;

}
} else {

if (value == 8){
return result8;

} else if (value == 9){
return result9;

} else {
return result10;

}

}

This code ensures that there will never be any more than four conditions evaluated.
Instead of evaluating each condition to find the right value, the conditions are separated
first into a series of ranges before identifying the actual value. The overall performance
of this example is improved because the cases where eight and nine conditions need to
be evaluated have been removed. The maximum number of condition evaluations is
now four, creating an average savings of about 30% off the execution time of the pre-
vious version. Keep in mind, also, that an else statement has no condition to evaluate.
However, the problem remains that each additional condition ends up taking more
time to execute, affecting not only the performance but also the maintainability of this
code. This is where the switch statement comes in.

The switch statement

The switch statement simplifies both the appearance and the performance of multiple
conditions. You can rewrite the previous example using a switch statement as follows:

switch(value){

case 0:

return resulto;
case 1:

return resulti;
case 2:

return result2;
case 3:

return results;
case 4:

return result4;
case 5:
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return results;
case 6:

return result6;
case 7:

return result7;
case 8:

return results8;
case 9:

return resultg;
default:

return result10;

}

This code clearly indicates the conditions as well as the return values in an arguably
more readable form. The switch statement has the added benefit of allowing fall-
through conditions, which allow you to specify the same result for a number of different
values without creating complex nested conditions. The switch statement is often cited
in other programming languages as the hands-down better option for evaluating mul-
tiple conditions. This isn’t because of the nature of the switch statement, but rather
because of how compilers are able to optimize switch statements for faster evaluation.
Since most JavaScript engines don’t have such optimizations, performance of the
switch statement is mixed.

Firefox handles switch statements very well, with each condition’s evaluation executing
in roughly the same amount of time regardless of the order in which they are defined.
That means the case of value equal to 0 will take roughly the same amount of time to
execute as when value is 9. Other browsers, however, aren’t nearly as good. Internet
Explorer, Opera, Safari, and Chrome all show noticeable increases in the execution
time as you get deeper into the switch statement. Those increases, however, are smaller
than the increases experienced with each additional condition of an if statement. You
can therefore improve the performance of switch statements by ordering the conditions
in decreasing rate of frequency (the same as if statement optimization).

In JavaScript, if statements are generally faster than switch statements when there are
just one or two conditions to be evaluated. When there are more than two conditions,
and the conditions are simple (not ranges), the switch statement tends to be faster. This
is because the amount of time it takes to execute a single condition in a switch statement
is often less than it takes to execute a single condition in an if statement, making the
switch statement optimal only when there are a larger number of conditions.

Another option: Array lookup

There are more than two solutions for dealing with conditionals in JavaScript. Along-
side the if statement and the switch statement is a third approach: looking up values
in arrays. The example for this section maps a given number to a specific result, which
is exactly what arrays are for. Instead of writing a large if statement or switch statement,
you can use the following code:
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//define the array of results
var results = [resulto, resulti, result2, result3, result4, result5, resulté,
result7,

result8, result9, resulti0]

//return the correct result
return results[value];

Instead of using conditional statements, all of the results are stored in an array whose
index maps to the value variable. Retrieving the appropriate result is simply a matter
of array value lookup. Although array lookup times also increase the deeper into the
array you go, the incremental increase is so small that it is irrelevant relative to the
increases in each condition evaluation for if and switch statements. This makes array
lookup ideal whenever there are a large number of conditions to be met, and the con-
ditions can be represented by discrete values such as numbers or strings (for strings,
you can use an Object to store the results rather than an Array).

It’s not practical to use array lookup for small numbers of results because array lookup
is often slower than evaluating a small number of conditions. Array lookups can be
very helpful when there are a large number of ranges because they eliminate the need
to test both upper and lower bounds; you can simply fill in that range of indexes in the
array with the appropriate value and do a straight array lookup.

The fastest conditionals
The three techniques presented here—the if statement, the switch statement, and array
lookup—each have their uses in optimizing code execution:
e Use the if statement when:
— There are no more than two discrete values for which to test.
— There are a large number of values that can be easily separated into ranges.
¢ Use the switch statement when:
— There are more than two but fewer than 10 discrete values for which to test.
— There are no ranges for conditions because the values are nonlinear.
* Use array lookup when:
— There are more than 10 values for which to test.

— The results of the conditions are single values rather than a number of actions
to be taken.

Fast Loops

As mentioned in Chapter 1, loops are a frequent source of performance issues in Java-
Script, and the way you write loops drastically changes its execution time. Once again,
JavaScript developers don’t get to rely on compiler optimizations that make loops faster
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regardless of the initial code, so it’s important to understand the various ways to write
loops and how they affect performance.

Simple loop performance boosts

There are four different types of loops in JavaScript. In this section, we will discuss
three of them: the for loop, the do-while loop, and the while loop. (The fourth type is
a for-in loop that is used to iterate over object properties, but I won’t cover it here
because its purpose is very unique.) The various loop types are coded as follows:

//unoptimized code
var values = [1,2,3,4,5];

//for loop

for (var i=0; i < values.length; i++){
process(values[i]);

}

//do-while loop
var j=0;
do {
process(values[j++]);
} while (j < values.length);

//while loop

var k=0;

while (k < values.length){
process(values[k++]);

Each of the loops in this example achieves the same result: all items in the values array
are passed into the process function. These are the most common constructs used for
iterating over a number of values in an array. Each of these loops runs in about the
same amount of time because they’re doing roughly the same amount of work. There
are, however, ways to improve the performance.

Perhaps the most glaring issue in each loop is the constant comparison of the iterator
variable against the array length. As mentioned earlier in this chapter, property lookup
is a much more expensive operation than local variable access. This code is retrieving
the value of values.length every time the loop executes to see whether the terminal
condition has been reached. This is incredibly inefficient given that the length of the
array won’t change while the loop is being executed. Using a local variable instead of
a property lookup can speed up the loops:

var values = [1,2,3,4,5];
var length = values.length;

//for loop
for (var i=0; i < length; i++){
process(values[i]);
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//do-while loop

var j=0;

do {
process(values[j++]);

} while (j < length);

//while loop

var k=0;

while (k < length){
process(values[k++]);

Each loop now uses the local variable length as its comparison point instead of
values.length, eliminating a property lookup each time through the loop. This tech-
nique is especially important when dealing with HTMLCollection objects because, as
mentioned previously, every property access on such an object is actually a query
against the DOM for all nodes matching some criteria. That makes a property lookup
on an HTMLCollection very expensive and, when included in the terminal condition of
a loop, adds significant execution time to the overall loop.

Another simple way to improve the performance of a loop is to decrement the iterator
toward O rather than incrementing toward the total length. Making this simple change
can result in savings of up to 50% off the original execution time, depending on the
complexity of each iteration. For example:

var values = [1,2,3,4,5];
var length = values.length;

//for loop

for (var i=length; i--;){
process(values[i]);

}

//do-while loop

var j=length;

do {
process(values[--j1);

} while (3);

//while loop

var k=length;

while (k--){
process(values[k]);

}

Each of these loops is now even faster by virtue of changing the terminal condition to
a comparison against 0 (note that the terminal condition evaluates to true once the
iterator variable equals 0). The performance of each type of loop is comparable, so you
needn’t worry about choosing among the three variations for speed purposes.
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Be careful when using the native index0f method for arrays. This
method can take significantly longer to iterate over each array item than
W using a regular loop. If speed is your primary concern, use one of the
" three loop types mentioned in this section.

Avoid the for-in loop

Another variation of the for loop is the for-in loop, whose purpose is to iterate over
the enumerable properties of a JavaScript object. Typical usage is as follows:
for (var prop in object){
if (object.hasOwnProperty(prop)){ //to filter out prototype properties
process(object[prop]);

}

This code iterates over the properties in a given object, using the hasOwnProperty
method to ensure that only instance properties are processed.

Because the for-in loop has a specific purpose, there is little you can do to change its
performance. The terminal condition cannot be altered, and the order of the properties
to iterate over cannot be changed. Further, a for-in loop is typically much slower than
any of the other loops because it requires resolving every enumerable property on a
particular object. That, in turn, means the object’s prototype and entire prototype chain
must be examined to extract these properties. Traversing the prototype chain, just like
traversing the scope chain, takes time and slows down the performance of the entire
loop.

If you know the specific properties you’re interested in, it’s much faster to create a
standard loop (for, do-while, or while) and iterate over an array of names, such as:

//known properties to iterate over

var props = ["name", "age", "title"];

//while loop

var i=props.length;

while (i--){
process(object[props[i]]);

}

This loop runs much faster than the for-in loop, and not simply because of the small
number of properties in the props array. Even increasing the number of properties over
which to iterate would yield significantly better performance than the for-in loop. The
loop in this example takes advantage of all the normal loop performance enhancements
and still allows iteration over a known set of object properties.

Naturally, this approach works only when you know the object properties to iterate
over; when dealing with unknown properties, as with JSON objects, a for-in loop may
still be necessary.
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Unrolling loops

It is a common practice in several programming languages to unroll small loops to
improve performance. The basis of this practice is that limiting the number of iterations
can mitigate the performance overhead of a loop. The implementation of such a
solution is typically called unrolling the loop, which means making each iteration do
the work of multiple iterations. Consider the following loop:

var i=values.length;

while (i--){

process(values[i]);
}

If there are only five items in the values array, it is actually faster to remove the loop
and do the work on each value individually:

//unrolled loop

process(values[0]);

process(values[1]);

process(values[2]);

process(values[3]);

process(values[4]);

Of course, this approach is arguably less maintainable, as it takes more code to write
and any change to the number of items in the values array requires changes to the code.
Further, the performance gains for such a small number of statements aren’t worth the
maintenance overhead. This technique can be quite useful, however, when you’re
dealing with a large number of values and a potentially large number of iterations.

Tom Dulff, a computer programmer working for Lucasfilm at the time, first proposed
a construct for unrolling loops in the C programming language. This pattern became
known as Duff’s Device and was later converted to JavaScript by Jeff Greenberg, who
also published one of the first comprehensive studies on JavaScript performance
optimization (which is still available at http://home.earthlink.net/~kendrasg/infoljs
_opt/). Greenberg’s Duff’s Device implementation is as follows:

var iterations = Math.ceil(values.length / 8);
var startAt = values.length % 8;

var i = 0;
do {
switch(startAt){
case 0: process(values[i++]);
case 7: process(values[i++]);
case 6: process(values[i++]);
case 5: process(values[i++]);
case 4: process(values[i++]);
case 3: process(values[i++]);
case 2: process(values[i++]);
case 1: process(values[i++]);
startAt = 0;

} while (--iterations > 0);
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The idea behind Duff’s Device is that each trip through the loop does the work of
between one and eight iterations of a normal loop. This is done by first determining
the number of iterations by dividing the total number of array values by eight. Duff
found that eight was an optimal number to use for this processing (it’s not arbitrary).
Since not all array lengths will be equally divisible by eight, you must also calculate
how many items won’t be processed by using the modulus operator. The startAt var-
iable, therefore, contains the number of additional items to be processed. This variable
is used only the first time through the loop, to do the extra work, and then is set back
to zero so that each subsequent trip through the loop results in a full eight items being
processed. Duff’s Device runs faster than a normal loop over a large number of itera-
tions, but it can be made even faster.

The book Speed Up Your Site (New Riders) introduced a version of Duff’s Device in
JavaScript that moves the processing of the extra array items outside the main loop,
allowing the switch statement to be removed and resulting in an even faster way of
processing a large number of items:

var iterations = Math.floor(values.length / 8);
var leftover = values.length % 8;
var i = 0;

if (leftover > 0){
do {
process(values[i++]);
} while (--leftover > 0);
}

do {
process(values
process(values
process(values
process(values
process(values
process(values
process(values[i++]);
process(values[i++]);

} while (--iterations > 0);

i++]);
i++]);
i++]);
i++]);
i++]);
i++]);

— e e e

This code executes faster over a large number of array items primarily due to the
removal of the switch statement from the main loop. As discussed earlier in this chapter,
conditionals do have performance overhead; removing that overhead from the algo-
rithm speeds up the processing. The separation of processing into two discrete loops
allows this augmentation.

Duff’s Device, and the modified version presented here, is useful primarily with large
arrays. For small arrays, the performance gain is minimal compared to standard loops.
Therefore, you should attempt to use Duff’s Device only if you notice a performance
bottleneck relating to a loop that must process a large number of items.
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String Optimization

String manipulation is a very common occurrence in JavaScript. There are multiple
ways to deal with string processing, depending on the particular task, and each task
brings with it specific performance considerations. There are a number of different ways
to manipulate strings, whether it be using built-in string methods and operators or
intermixing the use of regular expressions and arrays. The exact technique to use for
optimal performance is tied directly to the type of manipulation being performed.

String Concatenation

Traditionally, string concatenation has been one of the poorest-performing aspects of
JavaScript. Typically, string concatenation is done using the plus operator (+), such as
in the following:

var text = "Hello";

text += " "
text += "World!";

Early browsers had no optimization for such operations. Since strings are immutable,
that meant creating intermediate strings to contain the concatenation result. This
constant creation and destruction of strings behind the scenes led to very poor string
concatenation performance.

Having discovered this, developers turned to the JavaScript Array object for help. One
of the Array object’s methods is join, which concatenates all items in the array and
inserts a given string between the items. Instead of using the plus operator, each string
is added to an array and the join method is called when all items have been added. For
example:

var buffer = [],

i=0;
buffer[i++] = "Hello";
buffer[i++] = " ";
buffer[i++] = "World!";

var text = buffer.join("");

In this code, each string is added into the buffer array. The join method is called after
all strings are in the array, returning the concatenated string and storing it in the variable
text. Adding the items directly into the appropriate index is slightly faster than calling
push for each value. This technique proved to be much faster in early browsers than
using the plus operator because no intermediate strings are being created and de-
stroyed. However, browser string optimizations have changed the string concatenation
picture.

Firefox was the first browser to optimize string concatenation. Beginning with version
1.0, the array technique is actually slower than using the plus operator in all cases.
Other browsers have also optimized string concatenation, so Safari, Opera, Chrome,
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and Internet Explorer 8 also show better performance using the plus operator. Internet
Explorer prior to version 8 didn’t have such an optimization, and so the array technique
is always faster than the plus operator.

This doesn’t necessarily mean browser detection should be used whenever string con-
catenation is necessary. There are two factors to consider when determining the most
appropriate way to concatenate strings: the size of the strings being concatenated and
the number of concatenations.

All browsers can comfortably complete the task in less than one millisecond using the
plus operator when the size of the strings is relatively small (20 characters or less) and
the number of concatenations is also relatively small (1,000 concatenations or less).
There is no reason to consider anything other than using the plus operator if this is your
situation.

Asyou increase the number of concatenations for small strings, or the size of the strings
with a small number of concatenations, the performance gets significantly worse in
Internet Explorer through version 7. Also, as the size of the strings increases, the per-
formance difference between using the plus operator and the array technique decreases
in Firefox. As the number of concatenations increases, the difference between the two
techniques decreases in Safari as well. The only browsers where the plus operator re-
mains consistently and significantly faster with varying string size and concatenation
numbers are Chrome and Opera.

With all of the performance variance across browsers, the technique to use is heavily
dependent on the use case as well as on the browsers you’re targeting. If your users
largely use Internet Explorer 6 or 7, it may be worth using the array technique all the
time because that will affect the largest number of people. The performance decrease
of the array technique in other browsers is typically much less than the performance
increase gained in Internet Explorer, so try to balance your users’ experience based on
their browsers rather than trying to target specific situations and browser versions. In
most common cases, however, using the plus operator is preferred.

Trimming Strings

One of the most glaring omissions of JavaScript strings is the lack of a native trim
method used to remove leading and trailing whitespace. The most common imple-
mentation of a trim function is as follows:

function trim(text){
return text.replace(/*\s+|\s+$/g, "");
}

This implementation uses a regular expression that matches one or more whitespace
characters at the beginning or end of the string. The string’s replace method is used to
replace any matches with an empty string. This implementation, however, has a per-
formance issue based in the regular expression.
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The performance impact comes from two aspects of the regular expression: the pipe
operator, indicating that there are two patterns to match, and the g flag, indicating that
the pattern should be applied globally. Taking this into mind, you can rewrite the
function to be a bit faster by breaking up the regular expression into two and getting
rid of the g flag:

function trim(text){
return text.replace(/*\s+/, "").replace(/\s+$/, "");
}

Breaking the single replace method into two calls allows each regular expression to
become much simpler and, therefore, faster. This method is faster than the original,
but you can optimize it even further.

Steven Levithan, after performing research on the fastest way to execute string trimming
in JavaScript, arrived at the following function:
function trim(text){
text = text.replace(/"\s+/, "");
for (var i = text.length - 1; i >= 0; i--) {
if (/\S/.test(text.charAt(i))) {
text = text.substring(o, i + 1);
break;
}
}
return text;

}

This trim function consistently performs better than other variations. The source of
the speed is keeping the regular expressions as simple as possible. The first line removes
leading whitespace and then the for loop is used to strip trailing whitespace. The loop
uses a very simple, single-character regular expression that matches nonwhitespace
characters. This information is used to either remove a character from the string or
break the loop. The resulting function performs faster than the previous versions across
all browsers. For Levithan’s complete analysis, see his post at http://blog.stevenlevithan
.com/archives/faster-trim-javascript.

As with string concatenation, the speed of string trimming matters only if it is performed
with enough frequency during execution. The second trim function in this section per-
forms fine for smaller strings over the course of a few calls; the third trim function is
significantly faster when used on longer strings.

The next version of the ECMAScript specification, code-named
ECMAScript 3.1, defines a native trim method for strings; it is likely that
%se this native version will be faster than any of the functions in this section.
When available, the native function should be used.
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Avoid Long-Running Scripts

One of the critical performance issues with JavaScript is that code execution freezes a
web page. Because JavaScript is a single-threaded language, only one script can be run
at a time per window or tab. This means that all user interaction is necessarily halted
while JavaScript code is being executed. This is an important feature of browsers since
JavaScript may change the underlying page structure during its execution, with the
possibility of nullifying or altering the response to user interaction.

If JavaScript code isn’t carefully crafted, it’s possible to freeze the web page for an
extended period of time and ultimately cause the browser to stop responding. Most
browsers will detect long-running scripts and notify the user of a problem with a dialog
box asking whether the script should be allowed to proceed.

Exactly what causes the browser to display the long-running script dialog varies
depending on the vendor:

* Internet Explorer monitors the number of statements that have been executed by
a script. When a maximum number of statements have been executed, 5 million
by default, the long-running script dialog is displayed (as shown in Figure 7-7).

* Firefox monitors the amount of time a script is taking to execute. When a script
takes longer than a preset amount of time, 10 seconds by default, the long-running
script dialog is displayed.

* Safari also uses the execution time to determine whether a script is long-running.
The default timeout is set to five seconds, after which the long-running script dialog
is displayed.

* Chrome as of version 1.0 has no set limit on how long JavaScript is allowed to run.
The process will crash when it has run out of memory.

* Opera is the only browser that doesn’t protect against long-running scripts. Scripts
are allowed to continue until execution is complete.

Windows Internet Explorer

"i Stop running this script?
L]

A script on this page is causing Internet Explorer ta run slowly.
If it continues to run, your computer may became
unresponsive,

Figure 7-7. Internet Explorer 7 long-running script dialog
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If you ever see the long-running script dialog, it’s an indication that the JavaScript code
needs to be refactored. Generally speaking, no single continuous script execution
should take longer than 100 milliseconds; anything longer than that and the web page
will almost certainly appear to be running slowly to the user. Brendan Eich, the creator
of JavaScript, is also quoted as saying, “[JavaScript] that executes in whole seconds is
probably doing something wrong....”

The most common reasons why a script takes too long to execute include:

Too much DOM interaction
DOM manipulation is more expensive than any other JavaScript process. Mini-
mizing DOM interactions significantly cuts the JavaScript runtime. Most browsers
update the DOM only after the entire script has finished executing, which slows
the perceived responsiveness of the web page to the user.

Loops that do too much
Any loop that either runs too many times or performs too many operations with
each iteration can cause long-running script issues. It helps separate out function-
ality whenever possible. The effect is worsened when loops are used to perform
DOM manipulations, sometimes causing the browser to completely freeze without
ever showing the long-running script dialog.

Too much recursion
JavaScript engines put a limit on the amount of recursion that scripts can use.
Rewriting the code to avoid recursion helps ameliorate the issue.

Sometimes simple code refactoring, keeping these issues in mind, can prevent runaway
scripts. There may, however, be times when complex processes must necessarily be
executed for the web application to function correctly. In that case, the code must be
restructured to yield periodically, as explained in the next section.

Yielding Using Timers

The single-threaded nature of JavaScript means that only one script can be executed in
awindow or tab at any given pointin time. No user interactions can be processed during
this time and so it’s necessary to introduce breaks in long-executing JavaScript code.
On simple web pages, the breaks occur naturally as the user interacts with the page. In
complex web applications, it’s often necessary to insert the breaks yourself. The easiest
way to do this is to use a timer.

Timers are created using the setTimeout function, passing in the function to execute as
well as a delay (in milliseconds) before the function should be executed. When the
delay has passed, the code to execute is placed into a queue. The JavaScript engine uses
this queue to determine what to do next. When a script finishes executing, the Java-
Script engine yields to allow other browser tasks to catch up. The web page display is
typically updated during this time in relation to changes made via the script. Once the
display has been updated, the JavaScript engine checks for more scripts to run on the
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queue. If another script is waiting, it is executed and the process repeats; if there are
no more scripts to execute, the JavaScript engine remains idle until another script
appears in the queue.

When you create a timer, you’re actually scheduling some code to be inserted into the
JavaScript engine’s queue to be executed later. That insertion happens after the amount
of time specified when calling setTimeout. In essence, timers push code execution off
into the future, where all long-running script limits are reset. Consider the following
code:

window.onload = function(){
//Page Load

//create first timer
setTimeout (function(){

//Delayed Script 1
setTimeout (function(){
//Delayed Script 2
}, 100);
//Delayed Script 1, continued
}, 100);

};

In this example, a script is run when the page loads. That script calls setTimeout to
create the first timer. When that timer executes, it calls setTimeout again to create a
second timer. The second delayed script cannot start running, however, until the first
has finished executing and the browser has updated the display. Figure 7-8 shows the
timeline for this code execution, indicating that no two scripts are run at the same time.

Timers are the de facto standard for splitting up JavaScript code execution in browsers.
Whenever a script is taking too long to complete, look to delay parts of the execution
until later.

Note that very small timer delays can also cause the browser to become unresponsive.
It’s recommended to never use a delay of zero milliseconds, as this isn’t enough time
for all browsers to properly update their display. In general, delays between 50 and 100
milliseconds are appropriate and allow browsers enough idle time to perform necessary
display updates.
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Figure 7-8. JavaScript code execution with timers

Timer Patterns for Yielding

Array processing is one of the most frequent causes of long-running scripts. Typically,
this is because processing must be done on each member of the array, and so the exe-
cution time increases directly in proportion to the number of items in the array. If the
array processing doesn’t have to be executed synchronously, it is a good candidate for
splitting up using timers.

In my book, Professional JavaScript for Web Developers, Second Edition (Wrox), I de-
scribe a simple function that can be used to split up the processing of arrays using
timers:
function chunk(array, process, context){
setTimeout (function(){

var item = array.shift();
process.call(context, item);

if (array.length > 0){
setTimeout (arguments.callee, 100);

}, 100);
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The chunk function accepts three arguments: an array of data to process, a function
with which to process each item, and an optional context argument in which the pro-
cessing function should be executed (by default, all functions passed into setTimeout
are run in the global context, so this is equal to window). Processing of the items is done
using timers, and so the code execution yields after each item has been processed. The
next item to process is always at the front of the array and is removed before being
processed. Afterward, a check is made to determine whether there are any further values
left to process. If so, a new timer is created and the function is called again via
arguments.callee. Note that the chunk function uses the passed-in array as a “to do”
list of items to process and so is altered once execution is complete. You can use the
function as follows:

var names = ["Nicholas", "Steve", "Doug", "Bill", "Ben", "Dion"],
todo = names.concat(); //clone the array

chunk(todo, function(item){
console.log(item);

1)

The code in this simple example outputs each name in the names array to the console
(available in Firefox with Firebug installed, Internet Explorer 8+, Safari 2+, and all
versions of Chrome). The processing function is very short but could easily be replaced
with something more complex. The chunk function is best used with long arrays where
each item requires significant processing.

Another popular pattern is to perform small, sequential parts of a larger operation using
timers. Julien Lecomte presented this pattern in his blog post, “Running CPU Intensive
JavaScript Computations in a Web Browser”, in which he showed how sorting of a
large data set could be achieved using an inefficient algorithm (bubble sort) without
incurring a long-running scriptissue. The following is an adaptation of Lecomte’s code:

function sort(array, onComplete){
var pos = 0;
(function(){
var j, value;
for (j=array.length; j > pos; j--){
if (array[j] < array[j-1]){
value = data[j];
data[j] = data[j-1];
data[j-1] = value;
}

pos++;

if (pos < array.length){
setTimeout (arguments.callee,10);
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} else {
onComplete();

IOk
}

The sort function splits up each traversal through the array for sorting, allowing the
browser to continue functioning while this processing occurs. The inner anonymous
function is called immediately to do the first traversal and then is called subsequently
via a timer by passing arguments.callee into setTimeout. When the array is finally
sorted, the onComplete function is called to notify the developer that the data is ready
to be used. The function can be used as follows:

sort(values, function(){
alert("Done!");

1)

When sorting an array with a large number of items, the difference in browser respon-
siveness is immediately apparent.

Summary

The speed with which JavaScript executes is very dependent on how it is written. In
this chapter, you learned several ways to speed up JavaScript code execution:

* Managing your scope is important, since out-of-scope variables take longer to ac-
cess than local variables. Try to avoid constructs that artificially augment the scope
chain, such as the with statement and the catch clause of a try-catch statement. If
an out-of-scope value is being used more than once, store it in a local variable to
minimize the performance penalty.

* The way you store and access data can greatly impact the performance of your
script. Literal values and local variables are always the fastest; you incur a per-
formance penalty for accessing array items and object properties. If an array item
or object property is used more than once, store it in a local variable to speed up
access to the value.

* Flow control is also an important determinant of script execution speed. There are
three ways to handle conditionals: the if statement, the switch statement, and
array lookup. The if statement is best used with a small number of discrete values
or a range of values; the switch statement is best used when there are between 3
and 10 discrete values to test for; array lookup is most efficient for a larger number
of discrete values.

* Loops are frequently found to be bottlenecks in JavaScript. To make a loop the
most efficient, reverse the order in which you process the items so that the control
condition compares the iterator to zero. This is far faster than comparing a value
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to a nonzero number and significantly speeds up array processing. If there are a
large number of required iterations, you may also want to consider using Duff’s
Device to speed up execution.

* Be careful when using HTMLCollection objects. Each time a property is accessed on
one of these objects, it requires a query of the DOM for matching nodes. This is
an expensive operation that can be avoided by accessing HTMLCollection properties
only when necessary and storing frequently used values (such as the length prop-
erty) in local variables.

* Common string operations may have unintended performance implications. String
concatenation is much slower in Internet Explorer than in other browsers, but it’s
not worth worrying about unless you’re dealing with more than 1,000 concatena-
tions. You can optimize string concatenation in Internet Explorer by using an array
to store the individual strings and then calling join() to merge them together.
Trimming strings may also be expensive, depending on the size of the string. Make
sure to use the most optimal algorithm if trimming is a large part of your script.

* Browsers have limits on how long JavaScript can run, capping either the number
of statements or the amount of time the JavaScript engine is allowed to run. You
can circumvent these limits, and prevent the browser from displaying a warning
about the long-running script, by using timers to split up the amount of work.
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CHAPTER 8
Scaling with Comet

Dylan Schiemann

Sometimes Ajax just isn’t fast enough.

When data needs to be asynchronously sent from the server to the client, Ajax alone is
often inadequate. Comet is a catchall term describing the collection of techniques,
protocols, and implementations that address making low-latency data transit to the
browser both viable and scalable. Comet is not an acronym, but a humorous play on
the term Ajax coined by Alex Russell.’

Goals of Comet include delivering data from the server to the client at any time, im-
proving speed and scalability over traditional Ajax, and developing event-driven web
applications.

Ajax and the introduction of background HT TP requests are clearly the defining tech-
nology that enables the performance possible in today’s web applications. However,
browsers and the traditional request/response pattern used in HTTP are ill-equipped
to scale to the needs of more demanding real-time applications such as chat, financial
information, and document collaboration. All of these applications require low-latency
data transit to deliver on user experience expectations.

In this chapter, I'll briefly cover how Comet works, and I'll discuss the techniques that
are common today and the performance pros and cons of each. I'll conclude with sol-
utions to cross-domain Comet and to other web application implementation issues
when using Comet techniques.

How Comet Works

Comet works by taking advantage of less commonly used features of the HTTP spec-
ification. Through the more intelligent management of longer-lived connections, and
by reducing the server-side resources per connection, Comet can easily provide more

" Both Ajax and Comet live under the kitchen sink.
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simultaneous connections than a traditional web server, and faster data transit between
the client and the server.

Large-scale applications must use asynchronous connection handling because tradi-
tional server architectures require the use of one thread per connection. For high-
concurrency applications, Comet servers generally leverage event libraries such as
libevent,T epoll,* and kqueue,§ depending on the operating system. Operating systems
handle asynchronous I/O in various ways, the traditional method being select or
poll. Your application can use these constructs to ask the operating system which
sockets are ready to be written to or read from, to avoid ever incurring a blocking read
or write.

What if the scale of your application is not large, but you want the benefits of Comet?
Even a site of 50,000 visits per day with a typical connection time of three minutes
averages only 92 open connections. Although you may need to raise the max thread
count on your server, 92 threads is not a terrible approach for smaller but high-
performance web sites.

The use of one thread per connection for high-performance Comet-based sites is prob-
lematic, so most Comet servers either significantly reduce the resource overhead per
thread, or make use of microthreads or processes. For example, ErlyCometll is written
in Erlang, which is a virtual machine and microthreads-based functional language.
Because a connection is represented by a process, and Erlang’s event-driven approach
makes it easy for processes to communicate with each other via message passing, Erlang
makes it very easy to scale the number of connections, even on different servers.

By contrast, PHP makes for a very poor choice as a Comet server language because of
its threading model, so most PHP web applications that wish to use Comet make use
of an off-board approach.# To make this work, a Comet client is written in PHP that
communicates with the Comet server written in another language. While programming
languages for Comet servers in general do not matter (there is no shortage of attempts
at PHP Comet servers), languages such as C, Erlang, and Python are better suited for
creating a Comet server, and there are a number of great Comet servers written in Java
as well. The term on-board is used when your web server is the same as your Comet
server.

While on-board Comet provides the benefits of simplicity and often lives on the same
domain, off-board Comet is much more common for larger-scale web sites, or for sites
where the primary development language is not well suited to Comet performance. For

T http://monkey.org/~provos/libevent/

* http://linux.die.net/man/4/epoll

§ http://people.freebsd.org/~jlemon/papers/kqueue.pdf

I http://code.google.com/plerlycomet/

# http://cometdaily.com/2008/05/22/on-board-vs-off-board-comet/
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example, a site such as Facebook would probably use an off-board solution for its chat
application, whereas a site such as Meebo uses an on-board solution since virtually all
of its site traffic uses Comet techniques.

On the client side, the common techniques include polling, long polling, forever frame
(iframe), XHR streaming, and soon, WebSocket. In conjunction with these techniques
for establishing a Comet connection, a number of protocols exist for sending messages
between the client and the server. A toolkit such as the Dojo Toolkit, or a library such
as js.io, can handle many of these complexities for you automatically, but understand-
ing how these techniques work without a toolkit is essential to understanding how to
evaluate and optimize Comet performance.

Transport Techniques

I’'m now going to walk you through four different approaches to implementing the low-
latency data communications that are the foundation of Comet: polling, long polling,
forever frame, and XHR streaming.

Polling

Communication can easily become blocked or deadlocked in many browsers because
of the limit on the maximum number of simultaneous connections allowed per server
(see Chapter 11). The naive approach that developers first take to solve the limit of
connections is simple polling, where a web site or application makes a request every
x milliseconds to check whether there are new updates to display in the user interface.
A very simple polling example might look something like this:"

setTimeout (function(){xhrRequest({"foo":"bar"})}, 2000);

function xhrRequest(data){

var xhr = new XMLHttpRequest();
// handle the data to send it as parameters on the request
xhr.open("get", "http://localhost/foo.php", true);
xhr.onreadystatechange = function(){

if(xhr.readyState == 4){

// handle update from server

}

};

xhr.send(null);
}

Simple polling is the least optimized but simplest Comet technique.

" For simplicity, we are ignoring extra handling for legacy browsers and error handling, but most JavaScript
libraries provide an Ajax/XHR request function, so your working code may be different.
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Long Polling

Polling is workable when messages are generated server side at known intervals. For
instance, in a stock tracking application when new price updates are available on the
server every five seconds, the polling interval on the browser can be matched to ensure
that there is always one request per data element. Otherwise, HT TP requests are wasted
and consume valuable CPU time and bandwidth. But polling can cause serious issues,
even in cases when the data interval is known but the server is overloaded. Consider
the case when the server hasn’t yet responded to the previous request for data; now, a
second or even third request is sent, bombarding the server with useless additional
requests. Of course, you can change the polling interval to poll five seconds after each
successful request, but there are much better Comet techniques than polling.

A far more adaptive method is long polling, where the browser makes a request to the
server, and the server responds only when it has new data available. To support long
polling, the server ends up holding on to a large collection of unanswered requests and
their corresponding connections. The server “holds on” to the request’s connection by
returning a Transfer-Encoding: chunked or Connection: close response. When data is
ready for a particular client or set of clients, those connections are identified and a
response containing the payload is sent back to the browser. The browser immediately
makes a request back to the server. If the connection drops, the client will attempt to
reestablish a connection with the server. Although the request/response cycle is client-
initiated, as with polling, all data flow occurs on the server’s schedule rather than on
the client’s, allowing a more perfect approximation of the server—client data flow. Ad-
ditionally, server oversaturation isn’t as large a concern because the client won’t make
additional requests until after the server actually responds. Long polling became a
mainstream technique with the introduction of the web-based chat client Meebo.

A typical implementation of the long-polling Comet technique involves the use of a
Comet client, typically but not always written in JavaScript, and a Comet server, with
versions available in almost every language. So, how do you create a Comet client? Let’s
examine a plain-vanilla long-polling example:

function longPoll(url, callback) {
var xhr = new XMLHttpRequest();
xhr.onreadystatechange = function() {
if (xhr.readyState == 4) {
// send another request to reconnect to the server
callback(xhr.responseText);
xhr.open('GET', url, true);
xhr.send(null);
}

// connect to the server to open a request
xhr.open('POST', url, true);
xhr.send(null);

112 | Chapter8: Scaling with Comet


http://www.meebo.com/

In the longPoll method, after creating an XMLHttpRequest with the given URL, we define
what to do when the readyState of the XHR is 4 and data is returned. In this case, we
open a new connection and send the response to a callback function listening for new
data to be returned.

This approach solves the most common use case from the browser perspective: con-
serving available requests. It also gets rid of a large number of useless requests, and
feels more instantaneous to the user.T

However, both polling and long polling introduce a new problem for traditional web
servers that are not optimized to handle large numbers of long-held or long-lived con-
nections, but rather are optimized to open and close connections as quickly as possible.
Apache, for example, is designed to handle approximately 10,000 simultaneous con-
nections per server, whereas a good Comet server should be able to handle more than
50,000 long-held connections to be cost-effective in delivering real-time applications.
Fortunately, a number of viable commercial and open source servers exist today to
address this problem. The Comet Maturity Guide compares the quality of a number of
options on the market today.

There are other approaches to optimizing polling and long polling. For example, Meebo
implements a hybrid of long polling and polling, with a contracted maximum
duration of a connection that both the client and the server adhere to, making it easier
to reestablish failed connections. Others have implemented a technique called smart
polling, which is polling that has a decrease in the frequency of a request when data is
not received. For example, you might poll every second when data is being returned,
but for each request that receives an empty response, you may delay each subsequent
request by a factor of 1.5 (e.g., 1s, 1.5s, 2.25s, etc.). Finally, if you have a long-polling
connection open and you need to make an XHR, you can always abort the long-polling
XHR to free a connection, and then restart the long-polling connection once the
non-Comet XHR is complete.

It’s important to choose the right alternative if you run into limitations in the number
of connections available in the browser, or if you experience excessive load on your
Comet server.

Forever Frame

While long polling is the most common technique in use today, Comet originally
spawned from the forever-frame technique, where a hidden iframe is opened and the
request is made for a document that relies on HTTP 1.1’s chunked encoding. Chunked
encoding was designed for the incremental loading of very large documents, so you can
think of the forever-frame technique as a very large document that is incrementally
written to. A very simple example of forever frame is as follows:

T http://cometdaily.com/2007/11/06/comet-is-always-better-than-polling/
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function foreverFrame(url, callback) {
var iframe = body.appendChild(document.createElement("iframe"));
iframe.style.display = "none";
iframe.src = url + "?callback=parent.foreverFrame.callback";
this.callback = callback;

}

And a series of messages from the server might look like this:

<script>
parent.foreverFrame.callback("the first message");
</script>
<script>
parent.foreverFrame.callback("the second message");
</script>

Various browser hacks are necessary to invoke incremental rendering, such as adding
a<br /> element or a few kilobytes of whitespace after each script block is sent with
data wrapped in a function call to the parent Comet client. (See Chapter 12 for more
information about chunked encoding and browser exceptions.) To keep the iframe
document from becoming very large in terms of file size, one optimization is to remove
nodes from the iframe document after they are parsed.

The forever-frame technique was initially doomed within Internet Explorer because of
a rather annoying user experience: the constant clicking sound of a page load com-
pleting. Internet Explorer treats each chunked encoding event as a page load. Gmail
Talk popularized the essential workaround for this problem through the use of the
htmlfile ActiveX object (hitp://msdn2.microsoft.com/en-us/library/Aa752574.aspx),
making the forever-frame technique a viable solution. Here’s a fragment on a solution
for Internet Explorer:

function foreverFrame(url, callback){

// http://cometdaily.com/2007/11/18/ie-activexhtmlfile-transport-part-ii/

// note, do not use 'var tunnel...'

htmlfile = new ActiveXObject("htmlfile");

htmlfile.open();

htmlfile.write(
"<html><script>" +
"document.domain="
"</script></html>");

htmlfile.close();

var ifrDiv = tunnel.createElement("div");

htmlfile.body.appendChild(ifrDiv);

ifrDiv.innerHTML = "<iframe src=""

foreverFrame.callback = callback;

n nin

+ document.domain + +

+url + "'></iframe>";

}

foreverFrame creates, opens, and writes an HTML document into an htmlfile object,
and sets the document.domain variable, which is essential for cross-subdomain Comet,
or the more common case of the Comet server running on a different port than your
normal web server. An iframe is then created inside the htmlfile’s body, and this iframe
document is then used for your Comet connection. Using this technique, Internet
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Explorer no longer plays a click event and its accompanying sound. Garbage collection

may prevent the cleanup and removal of the connection, so an onunload function is

necessary to remove the reference to htmlfile and explicitly call the garbage collector:
function foreverFrameClose() {

htmlfile = null;
CollectGarbage();

XHR Streaming

The cleanest API for communication with the server is through an XMLHttpRequest, since
it provides direct access to the response text and headers, and this is normally the
transport mechanism used for polling and long polling. Several browsers provide
support for streaming through XHR, including Firefox, Safari, Chrome, and Internet
Explorer 8. Like the forever-frame technique, XHR streaming allows successive mes-
sages to be sent from the server without requiring a new HTTP request after each
response.

While the lack of support for streaming in Internet Explorer versions 7 and earlier
precludes complete reliance on a streaming-based protocol, we can certainly leverage
streaming when itis available to improve performance. When available, XHR streaming
is currently the best-performing Comet transport in the browser since it does not require
the overhead of an iframe or script tags (as the forever-frame technique does), and can
continuously utilize a single HTTP response (which long polling doesn’t do). While it
is unfortunate that Internet Explorer does not support it, XHR streaming is still a val-
uable progressive enhancement. Users can upgrade browsers and instantly enjoy the
benefit of improved performance.

XHR streaming is achieved with a standard XMLHttpRequest, but you can listen for
onreadystatechange events with a readyState of 3 to access data that has been sent from
the server (prior to the response being finished; that is, a readyState of 4), which allows
you to handle data as it is received, without waiting for the connection to close:

function xhrStreaming(url, callback){
xhr = new XMLHttpRequest();
xhr.open('POST', url, true);
var lastSize;
xhr.onreadystatechange = function(){
var newTextReceived;
if(xhr.readyState > 2){
// get the newest text
newTextReceived =
xhr.responseText.substring(lastSize);
lastSize = xhr.responseText.length;
callback(newTextReceived);

}

if(xhr.readyState == 4){
// create a new request if the response is finished
xhrStreaming(url, callback);

Transport Techniques | 115



}

}
xhr.send(null);
}

While XHR streaming certainly opens the door to more efficient network utilization
and reduced resource consumption for both client and server, you should be aware that
in certain situations, streaming can actually negatively impact server efficiency. Some
servers, when used in long-polling situations, defer the allocation of socket buffers until
aresponse is ready and can almost immediately dispose of the buffer since the response
will be finished as soon as it is sent. With streaming, these buffers are created and must
be maintained for the life of the connection. Of course, this is a matter of how the server
is optimized, and different servers perform differently.

On the client side, XHR streaming can potentially cause performance issues. If a
streaming response is continued for too long, the browser suffers from excess memory
usage. Several thousand successive messages on a single response can bring Firefox to
its knees. You can easily correct this issue by simply finishing the response after each
100 messages (or after a byte limit, such as 50 KB), and creating a fresh new request
(as long polling does for each message) for subsequent messages.

One of the added responsibilities when using XHR streaming is message partitioning.
The browser receives a stream of text from the server, but must pull out the individual
messages. Firefox supports a special content type, multipart/x-mixed-replace, which
you can use to separate messages within the stream.¥ However, this is not widely sup-
ported, and as it turns out, you can write a JavaScript parser that pulls out individual
messages and is actually faster than Firefox’s multipart handler.

Future Transports

Work is currently being done in the HTML 5 working group on WebSocket,$ which
would provide a web-safe TCP socket to greatly simplify the approach to tunneling from
the client to the server. WebSocket would likely replace all forms of Comet connection
techniques if it becomes widely adopted by browser vendors in a performant manner.

If WebSocket is adopted across the major browsers and has the expected performance
metrics, it would quickly replace the other transport techniques described in this
section.

Cross-Domain

It is worth noting that long polling does not support cross-domain requests if the
browser does not support cross-domain XHR, but the forever-frame technique does at

¥ http://cometdaily.com/2008/01/17/proposal-for-native-comet-support-for-browsers/
§ http://cometdaily.com/2008/07/04/html5-websocket/
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least support cross-subdomain. We can also get cross-subdomain XHR with various
workarounds such as the one by Abe Fettig,!l or in modern browsers that support cross-
domain XHR, or with HTML 5’s postMessage.#

XHR traditionally has a more restrictive security model than iframes or script tags that
are included or inserted into a document. Thus, another option exists under the mon-
iker callback polling or JSONP polling, which allows cross-domain polling through the
insertion of script tags for each new request rather than relying on the XHR. This tech-
nique relies on the JSONP" technique for establishing implicit trust across domains.
JSONP simply wraps the response from the server into a user-provided function, which
then gets called with the return data. JSONP is not the be-all and end-all of security,
but it establishes the same level of trust you would get from adding a script reference
to a third-party domain.

JSONP works by returning data in a script that is evaluated, and the name of the func-
tion is specified in the request made to the server using <script> blocks instead of XHR.
Support for cross-domain Comet is important for several reasons: requests to different
domains don’t count against the two-connection limit,T connections can be made to
retrieve data from third-party services, and your Comet server can run on a separate
server from your HTTP server, allowing for separate Comet-optimized servers and tra-
ditional HTTP-optimized servers (traditional servers are often suboptimal for Comet
and vice versa).

The following example shows usage of this technique, which allows you to return data
from another domain back to your current domain, by using the implicit trust of this
technique:

function callbackPolling(url, callback){
// create a script element that will load the response from the server
var script = document.createElement("script");
script.type = "text/javascript";
script.src = url + "callback=callbackPolling.callback";
callbackPolling.callback = function(data){
// send a new request to wait for the next server-sent message
callbackPolling(url, callback);
// call the callback
callback(data);
};
// add the element to initiate loading
document.getElementsByTagName("head")[0].appendChild(script);

I http:/fwww.fettig.net/weblog/2005/11/30/xmlhttprequest-subdomain-update/
# http://www.whatwg.org/specs/web-apps/current-work/#crossDocumentMessages
" http:/lajaxian.com/archives/jsonp-json-with-padding

T This is primarily an issue for Internet Explorer 6 and 7. Browser connection limits are explained in Chapter 11.
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It is important to note that in Firefox, successive script additions are always evaluated
in order for any given page. Consequently, if you are using this technique to wait for a
response from the server and in the meantime you wish to make another JSONP request
in the same frame/page, you won’t receive a response until the first script is evaluated,
which could take an indefinite amount of time since it is waiting for a message from
the server. To overcome this issue, you can create separate iframes to encompass each
JSONP request. With each request in a separate frame, the responses can be evaluated
in parallel as soon as they are received.

Effects of Implementation on Applications

Our goals with client-side Comet performance are to reduce latency of data transit,
conserve and manage HTTP connections, route messages, and handle cross-domain
issues. On the server side, performance optimizations are made by conserving and
sharing the number of HTTP connections, and by minimizing the memory, CPU, /O,
and bandwidth requirements for each connection.

Managing Connections

Servers will keep an HTTP connection open indefinitely for each user, resulting in many
open connections even if data is minimal. There are two constraints with connections:
memory and CPU. No matter what, each connection is going to incur some memory
overhead from the OS and our language. If we use one thread (or process) per connec-
tion, we incur an entire execution stack memory overhead, typically 2 MB, though this
can be lowered until it is almost reasonable. Additionally, as our thread count increases
past our processor count, we will end up with thrashing, where our operating system
spends more cycles switching threads on to processors than it spends executing our
actual code. For this reason, we need to opt for an asynchronous network architecture.

The problem with select or poll is that these methods cause the operating system to
examine each and every socket you have open to determine which ones are ready. This
means that a call to select, even one that reveals that no sockets are ready to be read
from, is cheap when there are few sockets, but takes an increasing amount of CPU time
as the number of sockets increases. We can avoid this problem by using alternative
techniques that avoid this O(n) examination of sockets, such as kqueue on FreeBSD/
OS X, epoll on Linux, and completion ports on Windows. There are network libraries
in most major languages that wrap these details into coherent, cross-platform APIs,
such as libevent in C, java.nio, and Twisted Python.

Performance optimization techniques vary widely based on usage scenarios. For ex-
ample, consider chat, which typically has many users connected but only a few of them
receiving data at any given time. In this case, being able to manage a large number of
idle connections through server-side sharing of connections is useful. The web sites
Orbited and Willow Chat are highly optimized for this usage scenario.
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In other examples, such as a real-time stock quote monitoring application, many con-
nections are updated constantly and few idle connections exist. Jetty, Lightstreamer,
and Liberator are optimized for this case.

Measuring Performance

Measuring Comet performance has been discussed in numerous places and alluded to
throughout this chapter. Tests have been done, for example, to figure out how many
resources are needed to create a one-million-user Comet server.¥ The key requirements
to achieving this scale are straightforward in principle: utilize as few system resources
as possible per connection, and write solid testsS to measure performance.

Servers must minimize the use of resources, while also optimizing the number of long-
held connections based on the frequency and payload size of the amount of data to
send to each client. Larger payloads and more frequent sending of data increase the
latency and reduce the number of maximum possible connections of a Comet server.

Because Comet is really just a performance optimization of HTTP and connection
management, performance measurement techniques are actually quite similar to those
for measuring any large-scale web application.

Protocols

A Comet connection differs from the communication semantics applied over the con-
nection. Comet connections allow either server—client communication only, or
bidirectional communication. Various protocols are then layered on top of the con-
nection to provide more functionality and better semantics than simply “read” and
“write,” such as Bayeux’s Publish-Subscribe (PubSub) model.

Bayeux,llis a protocol for transporting asynchronous messages (primarily over HTTP),
with low latency between a web server, created as part of the cometD# project at the
Dojo Foundation. Having a simple, extensible protocol is extremely beneficial for in-
teroperability between various Comet servers and clients.

The PubSub paradigm is one approach commonly used with protocols such as Bayeux,
with other protocols such as XMPP more common for chat applications.

The Dojo Toolkit provides all of the transport level handling of long polling and call-
back polling (including multiple frames for parallel JSONP requests) in its cometD
module, and it also handles Bayeux service negotiation and communication. Conse-

* http://www.metabrew.com/article/a-million-user-comet-application-with-mochiweb-part-3/
§ http://aleccolocco.blogspot.com/2008/10/gazillion-user-comet-server-with.html

I Bayeuxis also the name of the tapestry showing the events leading up to the 1066 Norman invasion of England
that includes Halley’s Comet, which was believed to be a sign of impending doom.

#The D stands for daemon, much like the d in httpd.
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quently, you can use Dojo with a Bayeux-compatible server simply by instantiating the
cometD module and letting it handle the transport details:
dojox.cometd.init("/cometd");

dojox.cometd.subscribe("/some/topic", function(message){
// callback function

1

Summary

Unlike Ajax, Comet is a complex set of performance optimization techniques that im-
pact the client side, the server side, and communication between the two. It’s still very
early in the process of finding the right set of solutions for solving the Comet problem,
but with the emergence of WebSocket, and solutions for handling millions of users,
the complexity will decrease over time.
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CHAPTER 9

Going Beyond Gzipping

Tony Gentilcore

Besides proper configuration of HTTP caching headers, enabling gzip compression is
typically the most important technique for speeding up your web page. A chapter was
devoted to compression in Steve Souders’ first book, High Performance Web Sites. Now
that all browsers support gzip and all responsible web developers have enabled
gzipping, that chapter is closed, right? Not quite.

Even if you have enabled gzipping, there is a good chance that a small but significant
portion of visitors to your site are not receiving compressed responses. The exact per-
centage varies greatly across different demographics and geographies, but a large web
site in the United States should expect that roughly 15% of visitors don’t indicate gzip
compression support. This chapter explains why the percentage is higher than expec-
ted, how that affects performance, and what developers can do about it.

Why Does This Matter?

With such a small percentage, you might ask, “What’s the big deal?” Let’s take a look
at what happens to 10 popular web sites when gzipping is disabled.

In this experiment, the page load time” for 10 popular web sites was measured by load-
ing each web site 100 times in Internet Explorer 7.0 on Windows XP Pro. The cache
remained primed between iterations to better represent the typical experience. All re-
quests traveled through a proxy (Eric Lawrence’s FiddlerT) on the same machine. In
the control group the proxy did nothing, but in the experimental group it stripped the
request’s Accept-Encoding HTTP header so that compression was suppressed. Ta-
ble 9-1 shows the absolute and percent increase when compression was disabled.

" Page load time was taken to be the time between the OnBeforeNavigate2 and OnDocumentComplete events.

T http://www.fiddlertool.com/
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Table 9-1. Page load time increase with compression disabled

Web site Total download size increase Page load time increase Page load time increase
(on first load) (1000/384 Kbps DSL) (56 Kbps modem)
http://www.google.com 10.3 KB (44%) 0.12s (12%) 1.35(25%)
http://www.yahoo.com 331KB (126%) 1.25 (64%) 9.45 (137%)
http://www.myspace.com 441 KB (143%) 8.75 (243%) 425 (326%)
http://www.youtube.com 236 KB (151%) 3.35(56%) 215 (87%)
http://www.facebook.com 348 KB (175%) 9.4s (414%) 63s (524%)
http://www.live.com 41.9KB (41%) 0.83s (53%) 9.25 (99%)
http://www.msn.com 195 KB (77%) 1.65 (32%) 135 (85%)
http://www.ebay.com 245 KB (92%) 1.75 (59%) 3.55 (67%)
http://en.wikipedia.org 125KB (51%) 5.0s (146%) 215 (214%)
http://www.aol.com 715KB (111%) 7.4s (47%) 325 (60%)
Average 269 KB (109%) 3.95(91%) 225 (140%)

With compression disabled, in an empty cache state on the first load, the total size of
all resources that had to be downloaded more than doubled. Note that this number
does not indicate the gzip compression ratio because the total download size is taken
to be the sum of all resources downloaded, including images and Flash. Gzip com-
pression is generally applied only to textual resources such as HTML, CSS, and Java-
Script files.

For DSL users, the average page load time increased from 4.3 to 8.3 seconds, a 91%
increase. Dial-up users have it much worse, with an average page load time increase of
from 15 to 37 seconds, a 140% increase.

With this data in hand, we can get back to the original question: “Should I care about
the users who miss out on compression?” A naive attempt at answering this question
would be to calculate the average benefit across all requests: 15% of users times a 91%
slowdown equals a 14% slowdown averaged over all requests. If your mean page load
time is four seconds, that means on average it is slowing your users by only 560ms. You
may not think anyone is going to leave your web site in that half of a second, so why care?

This is a case where looking at the averaged benefit does not tell the real story. In
actuality, 85% of users are unaffected, but the 15% of users who are affected are affected
in a big way. An additional four seconds is enough to cause users to abandon your web
site. It is important to understand why content may not be compressed and whether
there is anything developers can do.
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What Causes This?

Now that you realize this is a real problem affecting real users, the next logical step is
to figure out what is going on so that you might stand a chance of fixing it.

Quick Review

Let’s start with a review of how compression works. All modern browsers (since the
4.x generation, circa 1998) support gzip compression and indicate that to web servers
by supplying the Accept-Encoding HTTP header:

Accept-Encoding: gzip, deflate

When this header is present in the request and gzip compression is enabled on your
web server, in compliance with RFC 2616 section 14.3% it responds with a compressed
response marked by the Content-Encoding header:

Content-Encoding: gzip

The Culprit

If all modern browsers send the Accept-Encoding header, why are 15% of responses
being served uncompressed? Surely, 15% of people aren’t using browsers that are more
than 10 years old. An analysis of a large sample of web server logs gave a clue to the
culprit. Some requests arrived with mangled Accept-Encoding headers:

Accept-EncodXng: gzip, deflate

X-cept-Encoding: gzip, deflate

XXXXXXXXXXXXXXX s XXXXXXXXXXXXX

But these mangled headers did not account for the full number of requests that are
served without compression. Many more requests identified as real users in modern
browsers (not bots) were simply missing the Accept-Encoding header altogether. Why
would anyone or anything intentionally slow down users’ web browsing experience by
disabling compression? The culprits fall into two main categories: web proxies and PC
security software.

What do these have in common? They both need to observe (or, if you prefer, spy on)
the responses sent by the web server. Observing a response is cheaper in terms of CPU
usage if the response does not have to be decompressed first. This, unfortunately,
ignores the fact that, from the end user’s perspective, the increased network time usually
far outweighs the CPU time that would be necessary for the observing program to unzip
the response.§ For this reason, I like to refer to the technique of stripping the

 http:/fwww.w3.org/Protocols/rfc2616/rfc2616-sec14.html#sec14.3

§ Especially considering that unzipping is typically three to four times faster than zipping.
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Accept-Encoding header for the purpose of observing the responses as turtle tapping.
Turtle tapping is the way a turtle might perform wire tapping: very slowly.

Examples of Popular Turtle Tappers

Table 9-2 shows several popular client software programs and web proxies along with
how they modify the client’s Accept-Encoding request header.!l This list is by no means
comprehensive. For instance, there are many add-ons for the popular Squid web proxy
that strip or mangle the header to filter or observe web content.

Table 9-2. Software modifications to the Accept-Encoding header

Software Accept-Encoding modification

Ad Muncher Stripped

CA Internet Security Suite Accept-EncodXng: gzip, deflate
CEQURUX Stripped

Citrix Application Firewall Stripped

ISA 2006 Stripped

McAfee Internet Security 6.0 XXXXXXXXXXXXXXX: ++++ttttttttt
Norton Internet Security 2005 ~ --------------- R L

Novell iChain 2.3 Stripped
Novell Client Firewall Stripped
WebWasher Stripped
ZoneAlarm Pro 5.5 XXXXXXXXXXXXXXXK s XXXXXXXXXXXXX

[tis also interesting to examine how the percentage of turtle tapping victims varies with
geography. The majority of requests coming from some Middle Eastern countries don’t
have a valid Accept-Encoding header. It is possible this could be due to a national fire-
wall. Upward of 20% of users in the United States and Russia suffer from this problem.
The European Union and Asian nations seem to have the best handle on this problem
with fewer than 10% of users affected.

How to Help These Users?

Now that you have a good understanding of the problem’s cause and effect, let’s move
on to the real work: helping these users get the fast experience they deserve (not to
mention helping you get the benefit that happy users provide to your web site). Of
course, the correct solution to this problem is to appeal to the vendors of software that
strips or mangles the Accept-Encoding header. In fact, the problem is fixed in some

I Older or newer versions may not behave the same way, and it may be possible to change the program’s
behavior depending on the configuration.
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newer versions. For instance, Norton Internet Security 2009 no longer causes this
problem.

However, it will be some time before all existing users of these programs have switched
or upgraded. Until then, this chapter discusses three approaches to mitigating this
problem, each increasing in aggressiveness.

Design to Minimize Uncompressed Size

This may seem too obvious to bear repeating, but it cannot be stressed enough: sending
smaller responses makes pages faster. This is why compressing responses is such an
effective technique despite its CPU cost on both the client and the server. Good web
developers know to do everything in their power to make HTML, CSS, and JavaScript
as compact as possible. However, we have all been taught to think of long repeated
strings as practically free because gzip compression makes them essentially disappear.
As aresult, we don’t do much to optimize them. This assumption is completely invalid
when considering users that cannot receive compressed responses.

Finding repetitive content that can be factored out is a bit of an art that varies highly
across unique web sites. These are a few generally applicable techniques that can reduce
your page’s uncompressed size without increasing the compressed size.

Use event delegation

Often, several elements on a page require a similar event handler. Common examples
that appear in most of the top 10 web sites are drop-down boxes, click-tracking links,
and hover animations. The cost of specifying each handler in terms of page size adds
up very quickly.#

For example, at the time of this writing, http://facebook.com includes a drop-down box
with roughly 50 language options. Each language anchor in the drop-down requires an
extra 133 uncompressed bytes to attach the onclick handler:

<a href="http://es-1la.facebook.com/" onclick="return wait for load(this, event,

function() { intl_set cookie locale("", "es LA"); return false;
}); ">Espafiol</a>

Multiplying that waste times 50 links means about 6.7 KB of waste is being transferred
to users that don’t support compression. The distinct information repeated for each
anchor is the URL, locale code, and language name.

Event delegation is the name commonly given to the technique of attaching a single
event handler to a parent element that contains all of the elements that need to respond
to the event. When the event is triggered on the child element, it bubbles up to the
parent where it is handled. That single handler can distinguish which child element is

# For interactive pages, reducing the number of event handlers can have an even more significant performance
benefit in terms of JavaScript execution time.
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the target of the event and receive additional parameters via some attribute on that
element.

For example, to improve our facebook.com example, the links could be coded as
follows:

<div class="menu_content" onclick="return intl set cookie locale(event)">
<a href="http://es-1la.facebook.com/" class="es LA">Espafiol</a>
</div>
The new event delegation handler gets the locale, which was previously passed as a
parameter, from the target element’s class:
<script>
function intl set cookie locale(e) {
e = e || window.event; // Get event object.

var targetElement = e.target || e.srcElement; // Get target element.
var newLocale = targetElement.class; // Get the new locale.

// Use newlLocale to set the cookie.
return false; // Cancel the anchor's href action.
</script>

The small amount of additional code to make the delegation work is insignificant be-
cause it can be placed in an external, cacheable JavaScript file instead of in the root
document, which has to be downloaded every time the user visits the page.

Use relative URLs

We are all familiar with path-relative URLs (e.g., /index.html instead of http://www.ex-
ample.com/index.html). But as described by RFC 1808, there are several lesser-known
ways to make URLSs relative that are supported by nearly all browsers going back to
circa 1995. For example, with the notable exception of slashdot.org, almost no major
web site employs protocol relative links (e.g., /www.example.com instead of http://
www.example.com). Given the number of URLs on typical pages, the bloat of all those
nonrelative URLs can quickly add up to a significant portion of the page size. Given a
base URL of http://www.example.com/path/page.html, the relative URLs shown in Ta-
ble 9-3 may be used.

Table 9-3. Relative equivalents of http://www.example.com/path/page.html

Fully specified destination URL Relative equivalent
http://subdomain.example.com/ //subdomain.example.com
http://www.example.com/path/page2.htm/ page2.html

" http://lwww.w3.0rg/Addressing/rfc1808.txt
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Fully specified destination URL Relative equivalent
http://www.example.com/index.html /index.htm/
http://www.example.com/path2/page.html ../path2/page.html
http://www.example.com/path/page.html#f=bar  #f=bar
http://www.example.com/path/page.html?qg=foo  2q=foo

For dynamically generated URLs, it is trivial to write a function that will make each
URL as relative as possible given the base URL of the page it includes.

Strip whitespace

Your users don’t care how readable your code is, but they do care how fast your site
is. Line breaks and proper indentation are invaluable to developers, but they should
always be stripped by an automated process before being served to users. As discussed
in High Performance Web Sites, many tools are available to do this for JavaScript. Some
of the most popular are YUI Compressor, ShrinkSafe, and JSMin. For CSS, YUI Com-
pressor does the best job. In HTML, the problem is a bit trickier because whitespace
can be significant in many contexts. However, if you are willing to indicate the places
where significant whitespace is needed, most major template languages have an option
to strip leading and trailing whitespace as well as line breaks.

Strip attribute quotes

Before discussing stripping quotes around HTML attributes, two disclaimers need to
be mentioned. First, if your web page is written in XHTML, attributes must be quoted.
Second, HTML attributes should always be written with double quotes in place to avoid
accidentally introducing bugs when attribute values change from a value that doesn’t
require quotes to one that does. However, according to the HTML 4.01 specification
section 3.2.2,T it is valid to omit quotes around attributes that contain only letters,
numbers, hyphens, periods, underscores, and colons (matching the regular expression
[a-zA-Z0-9\-. :]).

Toimprove download time, it is beneficial to strip unnecessary quotes via an automated
process before serving to the user.

Avoid inline styling

Another way in which the uncompressed page size is often unnecessarily inflated is by
repeatedly styling content inline instead of relying on CSS. For example, at the time of
this writing, wikipedia.org contains 4 KB of repeated inline style attributes throughout
the main HTML document. This will gzip away quite efficiently, but it adds up to a
significant amount of extra data to download when compression has been suppressed.

T http:/fwww.w3.org/TR/html4/intro/sgmltut. html#h-3.2.2
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Alias JavaScript names

Several commonly used DOM methods were given unfortunately long names in Java-
Script. Compression usually makes repeating these names practically free. However,
in the uncompressed case they can be quite expensive. Fortunately, JavaScript also
allows us to overcome this problem by creating references (or aliases) to these long
names.

The first place to look for aliasing opportunities is functions that are used frequently
throughout your script. For instance, some popular JavaScript libraries alias
document.getElementById as the variable $:

var $ = document.getElementById;

Throughout your script, you can then simply write $("foo") instead of writing
document.getElementById("foo"). This saves 22 uncompressed bytes per use. It is usu-
ally wise to alias any method used more than three times.

The second place where aliases are beneficial is when accessing chained properties of
an object.* This is best illustrated with an example:

// Wasteful

var foo = $("foo");
foo.style.left = "0";
foo.style.right = "0";
foo.style.height = "10px";
foo.style.width = "10px";

// Better

var foo = $("foo").style;
foo.left = "0";

foo.right = "0";
foo.height = "10px";
foo.width = "10px";

Real-world savings

How well do these techniques work? Table 9-4 shows the size reduction of the un-
compressed root document achieved by applying each technique on the same set of
popular web pages.§

Table 9-4. Size reduction achieved on popular web pages

Web site Event delegation  Relative URLs  Stripspace  Strip quotes  Use(SS  Total
http://www.google.com 1.8% 3.4% - - 0.4% 5.6%
http://www.yahoo.com - 0.8% 3.3% 0.6% 0.5% 5.2%
http://www.myspace.com  4.0% 2.2% 9.0% 1.5% 1.8% 18.5%

¥ Aliasing in tight loops can also significantly improve JavaScript execution performance.

§ JavaScript aliasing was not feasible to test.
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Web site Eventdelegation  Relative URLs  Stripspace  Strip quotes  Use(SS  Total

http://www.youtube.com  8.3% 0.6% 7.1% 2.3% 1.2% 19.5%
http://www.facebook.com ~ 12.9% 1.7% 1.1% 2.6% 0.3% 18.6%
http://www.live.com 8.5% 0.9% 0.2% 0.9% 0.3% 10.8%
http://www.msn.com - 3.0% 0.1% 1.7% - 4.8%

http://www.ebay.com 0.2% 1.7% 1.2% 1.6% 1.2% 5.9%

http://en.wikipedia.org - 1.6% 2.1% 1.8% 5.2% 10.7%
http://www.aol.com 10.4% 2.4% 1.4% 1.8% 0.5% 16.5%
Average 4.6% 2.8% 2.6% 1.5% 1.1% 11.6%

Applying all of these techniques trimmed the uncompressed size by anywhere from 5%
to 20% (with an average of 11.6%). These optimizations are certainly worthwhile given
that relative URLs, stripping whitespace, and stripping attribute quotes can be per-
formed via an automated process. Furthermore, event delegation, JavaScript aliasing,
and avoiding inline styles lead to more maintainable code that is also faster in the
browser.

However, an 11.6% reduction simply pales in comparison to applying gzip, which
reduces the same root documents by an average of 72.1%. Going back to the original
timing tests, if applying gzip reduces page size by 72.1% and 3.9 seconds, we might
expect that a reduction of 11.6% would lead to a speed gain of about 630ms.

To beat this problem, we are going to have to look beyond such workarounds and
toward a method of reducing the number of responses that are served without
compression.

Educate Users

Once your page’s uncompressed size is as small as possible, another potential solution
to help the victims of turtle tapping is to inform them of the problem. There is ample
precedence for this type of helpful message on the Web. For users of the Firebug Firefox
extension, Gmail displays a bright red dialog at the top of the page that reads, “Firebug
is known to make Gmail slow unless it is configured correctly.” Surf the Web for a
while with Internet Explorer 6.0 and you’ll notice messages prompting you to upgrade
your browser.

This technique can be applied if the request does not contain a valid Accept-Encoding

header. Displaying a brief, informative message such as the following could help your
user correct the problem:

Your Internet connection is slowed because it does not allow compression.
Fix this Hide
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The “Fix this” link points to a page that explains the types of software that cause this
and how to disable or upgrade them. The “Hide” link sets a cookie so that the message
is never displayed again.

Unfortunately, this too is not an adequate solution. Users behind a proxy that is pre-
venting compression are powerless to change anything beyond perhaps complaining
to an administrator. There is one more strategy, described next, that can be used to
help these users.

Direct Detection of Gzip Support

After all else has failed, if uncompressed responses are still causing pain for your site,
there is one guerrilla tactic that may be considered: to directly test for compression
support rather than relying on the Accept-Encoding header. This may sound dangerous
initially, but if properly tested, it can be safe. It is important to get this right because
you don’t want to risk a single false positive. Expect that direct detection will allow you
to compress roughly half of the requests that are missing compression.

Performing the test

If the Accept-Encoding header is missing from the request, conditionally output a hidden
iframe as the last element of the page <body>:

<iframe src="/test gzip.html" style="display:none"></iframe>
This will load a test_gzip.html document, which you set up as follows:

1. Disable caching so that the current connection is always tested.

2. Compress the contents, regardless of the request headers.

3. Use JavaScript to set a session-only cookie indicating that the browser supports
gzip.

If the client supports compression, a cookie indicating that fact will be sent with sub-
sequent requests. If the client truly does not support compression, the hidden iframe
will just load garbled text that won’t be seen and won’t set the supports_gzip cookie.

There are many ways to accomplish this. Here is an example written in PHP:

<?php

function flush_gzip() {
$contents = ob_get contents();
ob_end_clean();
header('Content-Type: text/html');
header('Content-Encoding: gzip');
header ('Cache-Control: no-cache');
header('Expires: -1');
print("\x1f\x8b\x08\x00\x00\x00\x00\x00");
$size = strlen($contents);
$contents = gzcompress($contents, 9);
$contents = substr($contents, 0, $size);
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print($contents);

ob_start();
ob_implicit_flush(0);
>

<html>
<body>
<script>
document.cookie="supports_gzip=1";
</script>
</body>
</html>

<?php
flush_gzip();
>

Using the result

Now your subsequent web pages of the same Content-Type can be compressed if the
supports_gzip cookie exists. When forcing compression based on the presence of the
cookie, make sure that the response is not publicly cacheable, and don’t bother to
output the test_gzip iframe again.

Again, the implementation will vary based on your environment. Here is a PHP example
that uses the same flush_gzip method defined previously:

<?php
// flush _gzip() definition omitted for brevity.

ob_start();
ob_implicit flush(0);
?>

<html>
<!-- Your page goes here. -->
</html>

<?php
if (isset($_COOKIE["supports gzip"])) {
flush_gzip();
} else {
flush();

}

>

Measuring the effectiveness

Always keep track of two important statistics when considering or using direct detec-
tion of gzip support. The first is the percentage of requests that don’t indicate com-
pression support via the Accept-Encoding header. If that percentage is too low, the
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technique of directly detecting compression support is not worth the hassle. The second
is the percentage of requests that are missing the Accept-Encoding header but are found
to support compression. This can be measured only after direct detection. Direct
detection should continue to be employed only if this percentage remains high.
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CHAPTER 10
Optimizing Images

Stoyan Stefanov and Nicole Sullivan

The single most important thing you can do to improve performance is put your site
on a diet—take off (and keep off) all the bytes you put on under the stress of chasing
the next killer feature. Optimizing images is one way to do just that. Historically, the
question of which features to include was considered a business rather than an engi-
neering decision, so page weight has rarely been discussed in performance circles, and
yet it is extremely important to overall response time.

Response time for web pages is almost exactly correlated to page weight, and images
tend to account for half of the size of typical web pages (see Figure 10-1). Most impor-
tantly, images are an easy place to improve performance without removing features.
Often, we can make substantial improvements in the size of an image with little to no
reduction in quality.

Images as a percentage of Page Weight for the Alexa Top 10 Global Websites
100.00%

75.00%

50.00%

25.00%

0%

Yahoo! Google YouTube Live MSN MySpace \Wikipedia Facebook  Blogger Yahoe! Japan

Mverage image weight

Figure 10-1. Images as a percentage of page weight for the Alexa top 10 global web sites
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In this chapter, we focus on nonlossy optimizations, which result in a smaller overall
file size with no loss in quality. Pixel for pixel, the visual quality of the original and final
images is the same. The reduction in size often results from removing metadata, better
compression of color or pixel information, or (in the case of PNG) removing chunks
that are not necessary for the Web.

If you don’t optimize images, you send extra data over the wire that adds nothing to
the user experience. It seems like a no-brainer to follow the practices we’ll recommend
in this chapter, but image optimization falls in the blurry space between engineering
and design, and has historically been a neglected part of the performance puzzle.

In this chapter, we’ll cover:

* Characteristics of different image formats for the Web (GIF, JPEG, and PNG)
* Automating lossless optimization

* The AlphaImageLoader filter

* Optimizing sprites

* Other image optimizations

Two Steps to Simplify Image Optimization

Image optimization is simpler when it is broken down into two steps, each of which is
owned by a different stakeholder in the creation of a web site:

1. Optimizing images begins with a qualitative decision about the number of colors,
resolution, or accuracy required for a given image. These changes are lossy
optimizations that result in an overall loss of quality. The image might have fewer
colors, or in the case of the JPEG format, less detailed encoding. Although 60% to
70% quality is the accepted standard for JPEG, some images or contexts may re-
quire more or less quality. For instance, glossy images of celebrities may require a
larger file size than autogenerated charts or tiny thumbnails. These decisions are
creative decisions and should be made by the designer, using tools such as the Save
for the Web feature in Photoshop. The designer may also choose to do “spatial”
or “zonal” compression—for example, choosing 80% quality for Brangelina’s face
and only 30% quality for the night background.

2. Once the quality choice has been made, use nonlossy compression to squeak the
last bytes out of the image. Unlike the preceding step, this one begs for an
engineering solution. Doing the same work by hand would be much more
time-consuming. In fact, fantastic open source tools exist for optimizing images.
You can write a script that goes over all of your image files, determines the type of
each, and runs a utility to optimize the file.
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Image Formats

The first step in producing optimal images is to understand the features of each of the
three formats used on the Web today—]JPEG, PNG, and GIF—and choosing the right
one for each specific case. Let’s start the discussion of the different formats with just a
few bits of background information.

Background

This section discusses the traits of images that affect how you use them on the Web
and that factor into your choice of a format.

Graphics versus photos

Both the image format you use and the ways to optimize it depend on which of the
following categories the image falls into:

Graphics
Examples of graphics are logos, diagrams, graphs, most cartoons, and icons. These
images usually contain continuous lines or other sharp transitions in color. The
number of distinct colors in a graphic is relatively small.

Photos
Photos usually have millions of colors and contain smooth color transitions and
gradients. Imagine, for example, a picture of a sunset you take with your camera.
An image of a painting (such as the Mona Lisa) is also closer to a photo than a
graphic.

In terms of formats, GIFs are often used for graphics, whereas JPEG is the preferred
format for photos. PNG comes in two kinds, of which palette PNG is even better suited
for graphics than GIF.

Pixels and RGB

Images consist of pixels, where a pixel is the smallest piece of image information. Dif-
ferent color models can be used to describe a pixel, but the RGB color model is the one
usually used for computer graphics.

In the RGB color model, a pixel is described based on the amount of red (R), green (G),
and blue (B) it contains. R, G, and B are called components (a.k.a. channels), and the
intensity of each component has a value from 0 to 255. The hexadecimal representation
of the channel values, often used in HTML and CSS, ranges from 00 to FF. Mixing
different intensities of the three channels gives you different colors. For example:

* Redis rgh(255, 0, 0) or hex #FF0000.
* Blueis rgh(0, 0, 255) or hex #0000FF.

Image Formats | 135



* A shade of gray will likely have equal parts of each color; for example, rgh(238,
238, 238) or hex #EEEEEE.

Truecolor versus palette image formats

Using the RGB color model, how many distinct colors can you represent in a graphic?
The answer is more than 16 million: 255 * 255 * 255 (or 22%) gives you 16,777,216
combinations. Image formats that can represent this many colors are called truecolor
image formats; examples are JPEG and the truecolor type of PNG.

To save space when storing the image information in a file, one technique is to create
a list of all the unique colors found in the image. The list of colors is called a palette
(also called an index). Having the list of colors, you can represent the image by keeping
track of which palette entry corresponds to each pixel.

The palette can contain any RGB value, but the most common palette image formats—
GIF and PNG8—Iimit the number of palette entries to 256. This doesn’t mean you can
pick from only 256 predefined colors. On the contrary, any of the 16+ million colors
are up for grabs, but you can only have up to 256 of them in a single image.

Transparency and alpha channel (RGBA)

RGBA is not a distinct color model, but more of an extension to RGB. The extra com-
ponent A represents alpha transparency and also has values from 0 to 255, although
different programs and libraries define it as a percentage from 0% to 100% or values
from 0 to 127. The alpha channel describes how much you can see through the image
pixel.

Let’s say you have a web page that has a background pattern and a blue image on top
of it. If a pixel in the image has zero alpha transparency, the background behind the
image will not be visible. If the alpha transparency value is the maximum 100%, the
pixel will not be visible at all and the background will “shine through.” A medium value
of, say, 50% will let you see both the background and the pixel. Figure 10-2 shows
some examples.

Interlacing

When a large image downloads over a slow Internet connection, it is drawn as it arrives,
one row at a time from top to bottom, so it grows down slowly. To improve the user
experience, some image formats support interlacing, in which successive samples of the
image are shown. Interlacing lets the user see a rough version of the image while waiting
for the details, giving the psychological effect of eliminating the feeling that the page is
delayed.
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alpha = 30 alpha =80 alpha=110

Figure 10-2. Examples of images with variable transparency produced using PHP with the GD
library, which declares alpha values from 0 to 127

Characteristics of the Different Formats
With this background under our belts, let’s see how GIF, JPEG, and PNG differ.

GIF

GIF, an abbreviation for Graphics Interchange Format, is a palette image format. Here
are some of its features:

Transparency
GIF allows for a binary (yes/no) type of transparency—a pixel is either fully trans-
parent (not containing a color) or fully opaque (containing a solid color). This
means that alpha (variable) transparency is not supported; instead, one of the col-
ors in the palette is marked to represent transparency, and transparent pixels are
assigned that color. So, if your GIF has transparent pixels, this will “cost” you one
palette entry.

Animation

The GIF format supports animation. An animated image consists of a number of
frames; it’s like having several images contained in the same file. GIF animations
are generally perceived as annoying because of their abuse in the early years of the
Web, when they were used for blinking text, rotating @ signs, and so on. They still
have some application today; for example, for ad banners (although this is mainly
a Flash domain now) or little “Loading...” indicators in Rich Internet
Applications (RIAs).

Nonlossy
The GIF format is nonlossy, which means you can open a GIF, do some editing,
and save it without losing quality.

Horizontal scanning
When writing a GIF file, a compression algorithm (called LZW) is used to reduce
the file size. When compressing the GIF, the pixels are scanned horizontally, top
to bottom. This results in a better compression when you have areas of horizontally
repeating colors. For example, a 500 x 10-pixel image (width: 500px; height: 10px)
containing stripes—meaning horizontal lines of the same color—will have a
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smaller file size than the same image rotated to 90 degrees (width: 10px; height:
500px) when the stripes become vertical.

Interlacing
GIF supports optional interlacing.

The 256-color limit for GIFs makes them unsuitable for photos, which usually require
a much greater number of colors. GIFs are better suited for graphics (icons, logos,
diagrams), but as you’ll see later in this chapter, PNG8 is a superior format for graphics.
Therefore, you should usually use GIFs only for animation.

There used to be a patent issue with LZW, the lossless data compression algorithm
used by the GIF format, but the patents expired in 2004, so GIF can be used freely now.

JPEG

JPEG stands for Joint Photographic Experts Group, the organization that developed
the standard. JPEG is the de facto standard for storing photos. This format reduces the
information required to show a picture through techniques that take into account the
human eye’s perception of color and light intensities, so it can store high-resolution
images in greatly compressed files. Here are some of its features:

Lossy
JPEG is a lossy format that accepts a user-specified quality setting, which deter-
mines how much image information is lost. The quality values range from 0 to 100,
but even a value of 100 will result in some quality loss.

When you do multiple edits of the same image, it’s best to use a nonlossy format
to store the intermediate results and then save as JPEG once you’re done with the
changes. Otherwise, you’ll lose some quality every time you save.

A few operations can be performed losslessly, such as:

* Rotation (only to 90, 180, or 270 degrees)

* Cropping

* Flipping (horizontal or vertical)

* Switching from baseline to progressive and vice versa
* Editing image metadata

The last of these operations is particularly valuable for our purposes. We’ll exploit
it later to automate the optimization of JPEGs.

Transparency and animation
JPEG doesn’t support transparency or animation.

Interlacing
In addition to the default baseline JPEG, there’s also a progressive JPEG, which
supports interlacing. Internet Explorer doesn’t render the progressive JPEG in
stages, but it successfully displays the whole image once it arrives.
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JPEG is the best format for photographic images on the Web and is also widely used
in digital cameras. It is not suitable for graphics, however, because of the artifacts of
the lossy compression around lines or other sharp transitions of color.

PNG

PNG (Portable Network Graphics) was created to address shortcomings of the GIF
format and its patent complications. In fact, the joke goes that PNG is a recursive
acronym that stands for “PNG is Not GIF.” Here are some of its features:

Truecolor and palette PNGs
The PNG format has several subtypes, but they can roughly be divided into two:
palette PNGs and truecolor PNGs. You can use palette PNGs as replacements for
GIFs, and you can use truecolor PNGs instead of JPEGs.

Transparency
PNG supports full alpha transparency, although there are two quirks in Internet
Explorer version 6 that we’ll describe later.

Animation
Although experiments and actual implementations exist, currently there’s no
cross-browser support for animated PNGs.

Nonlossy
Unlike JPEG, PNG is a nonlossy format: multiple edits do not degrade quality.
This makes the truecolor PNG a suitable format for storing intermediate stages of
editing a JPEG.

Horizontal scanning
Like GIFs, PNGs that have areas of horizontally repeating colors will compress
better than those with vertically repeating colors.

Interlacing
PNG supports interlacing and uses an algorithm that is superior to GIF; it allows
for a better “preview” of the actual image, but interlaced PNGs have bigger file
sizes.

More About PNG

Let’s take a look at a few more details that will give you a better understanding of the
PNG format.

PNG8, PNG24, and PNG32
You might come across the names PNG8, PNG24, or PNG32. Let’s clarify their

meaning:

PNGS8
Another name for palette PNG

Image Formats | 139



PNG24
Another name for truecolor PNG that has no alpha channel

PNG32
Another name for truecolor PNG with alpha channel

There are other variations, such as grayscale PNGs with and without alpha, but they
are used much more rarely.

Comparing PNG to the other formats

It’s clear that GIFs are designed for graphics, JPEGs for photographs, and various types
of PNGs for both. This section compares PNG to the other formats and offers some
extra details about PNG.

Comparison to GIF

Except for animation support, palette PNGs have all the features of GIFs. In addition,
they support alpha transparency and generally compress better, resulting in smaller file
sizes. So, whenever possible, you should use PNGS8 rather than GIF.

One exception is that very small images with very few colors might compress better as
GIFs. But such small imagery should be part of a CSS sprite, because the “price” of an
HTTP request will greatly outweigh the saving of a few bits. Chances are the sprite
image will compress better as a PNG.

Comparison to JPEG

When you have an image with more than 256 colors, you need a truecolor image
format—a truecolor PNG or a JPEG. JPEGs compress better and, in general, JPEG is
the format for photos. But since JPEGs are lossy and there are artifacts around sharp
transitions of color, there are cases when a PNG is better:

* When the image has slightly more than 256 colors, you might be able to convert
the image to PNG8 without any visible quality loss. It’s quite surprising how
sometimes you can strip out more than 1,000 colors and still not notice the
difference.

* When artifacts are unacceptable—for example, a color-rich graphic or a screenshot
of a software menu—a PNG is the preferred choice.

PNG transparency quirks

Two quirks in Internet Explorer 6 are related to PNG and transparency:
* Any semitransparent pixels in a palette PNG appear as fully transparent in Internet
Explorer 6.

* Alpha transparent pixels in a truecolor PNG appear as a background color (most
often gray).
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The first issue means PNG8 behaves like GIF in Internet Explorer 6. This is not so bad
and still allows you to select PNG instead of GIF for all your graphical images. PNG8,
therefore, offers “progressively enhanced” semitransparent images that look great in
all modern browsers and degrade to GIF-like transparency in Internet Explorer 6.

The second issue is a little more serious and there are various workarounds that boil
down to the use of the proprietary CSS property AlphaImagelLoader or the use of VML.
Asyou’ll see later in this chapter, AlphaImageLoader comes at a cost in performance and
user experience and you should avoid it when possible. The VML workaround has the
drawback of adding extra markup and code. In conclusion, always try to achieve the
design using PNGS.

PNG8 and image editing software

Unfortunately, most image-editing programs, including Photoshop, can only save
PNG8 with binary transparency. One notable exception is Adobe Fireworks, which has
excellent alpha transparency support. There are also command-line tools such as
pngquant and pngnq that allow you to convert truecolor PNGs to palette PNGs.

Here’s an example of a pngquant command, where the number 256 specifies the max-
imum number of colors in the palette:

pngquant 256 source.png

Automated Lossless Image Optimization

Now that you know about the different image formats, let’s see how you can optimize
your images. The beauty of the process you’re about to see is that:
* It’s automated and doesn’t require human interaction.

* All operations are lossless, so you don’t have to worry that the image quality will
degrade.

* Tt uses freely available command-line tools.

Each image type requires different handling, but it’s usually predictable and easy to
automate in a script. This section discusses the following tasks:

* Crushing PNGs
* Stripping JPEG metadata
* Converting single-image (nonanimated) GIFs to PNGs

* Optimizing GIF animations

Crushing PNGs

PNGs store image information in “chunks.” This makes the format extensible because
you can add more functionality to it using custom chunks, and programs that do not
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understand your new extensions can safely ignore them. But most of the chunks are
not needed for web display, and you can safely remove them. An additional benefit is
that stripping the so-called gamma chunk actually improves the cross-browser visual
results, because each browser treats gamma corrections slightly differently.

Pngcrush

Our favorite tool for PNG optimization is pngcrush. You can run it like this:

pngcrush -rem alla -brute -reduce src.png dest.png
Let’s take a look at the options:

-rem alla
Removes all chunks except the one controlling transparency (alpha).

-brute
Tries more than 100 different methods for optimization in addition to the default
10. It’s slower and most of the time doesn’t improve much. But if you’re doing this
process offline, you can afford the one or two more seconds this option takes, in
case it finds a way to cut the image size further. Remove this option in performance-
sensitive scenarios.

-reduce

Tries to reduce the number of colors in the palette, if possible.
src.png

The source image.

dest.png
The destination (result) image.

Other PNG optimization tools

Pngcrush hits a pretty good middle ground that balances execution speed against
optimization results. But if you want to achieve the best possible results and you’re
prepared to spend a little more time on optimization, you can try some of the other
tools. Results vary, depending on the image. You can even run all the tools in
succession.

Notable tools include:
PNGOUT
Binary-only, Windows, closed source
OptiPNG
Cross-platform, open source, command-line interface
PngOptimizer
Windows, open source, GUI and command-line interfaces
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One “heavy-duty” tool is also available: PNGslim. It’s a batch file for Windows that
runs a number of other tools. Its main activity is to run PNGOUT hundreds of times
with different options. PNGOUT is the slowest of all the tools we’ve tried, so you should
be prepared to allow PNGslim plenty of time to run—sometimes hours to optimize a
single file.

Stripping JPEG Metadata
JPEG files contain metadata such as the following;:

¢ Comments

* Application-specific (e.g., Photoshop) internal information

* EXIF information such as camera make and model, the date the photo was taken,
the geolocation of the photo, thumbnails, or even audio

This metadata is not used for image display and can safely be removed. Metadata han-
dling, luckily, is one of the lossless JPEG operations mentioned earlier in this chapter,
so you can remove the unneeded parts of the file without losing visual quality.

A tool called jpegtran does the transformation on the command line:
jpegtran -copy none -optimize src.jpg > dest.jpg

The options in this example are:

-copy none
Instructs that no meta information should be carried over

-optimize
Causes jpegtran to optimize the Huffman tables used for compression

src.jpg
Your image before optimization

dest.jpg
The optimized file

The command writes to standard output, so to create the final file, this example just
redirects output to a file named dest.jpg.

Strip meta information only from images you own. By stripping meta-
data from someone else’s JPEG, you might also strip any copyright or

authorship data, which is illegal.

Jpegtran takes an all-or-nothing approach to handling metadata. For more fine-grained
metadata editing, use ExifTool.
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Converting GIF to PNG

As we discussed, the PNG8 format supports everything that GIF does, so converting a
GIF to PNGS8 should result in no visible changes. You can use ImageMagick to do the
conversion from the command line as simply as:

convert source.gif destination.png

You can also force the PNG8 format by using:

convert source.gif PNG8:destination.png

This is probably not necessary, since GIFs are likely to be converted to PNG8 anyway.
ImageMagick picks the appropriate format based on the number of colors.

Once you’ve converted the GIF to PNG, don’t forget to crush the PNG result (as shown
earlier in this chapter).

You can also use ImageMagick’s identify utility to programmatically determine whether
the GIF file contains an animation. For example:

identify -format %m my.gif

This command will simply return “GIF” for nonanimated GIFs. For GIF animations it
will return a string such as “GIFGIFGIF...” repeating “GIF” once for every frame. If
you’re running a script to convert files, checking for the presence of “GIFGIF” in the
first six-character substring of the output will let you know you’re dealing with an
animated file. In that case, you can skip to the next step.

Optimizing GIF Animations

Now that all your single-image GIFs are PNGs, your PNGs are crushed, and your JPEGs
are optimized, the last things left to optimize are the GIF animations. One tool that can
help you is Gifsicle. Since the animations consist of frames and some parts of the image
don’t change from one frame to another, Gifsicle optimizes animations by removing
the duplicate pixel information from successive frames. The way to run it is:

gifsicle -02 src.gif > dest.gif

Smush.it

Smush.itis an online tool for image optimization, created by the authors of this chapter.
It does what we just described in the previous four sections, applying lossless image
compression to a variety of file types. Smush.it has a convenient Firefox extension
companion that allows you to visit any page and optimize all the images on that page
in one shot. You can always check how much you can save by following these steps.

Do note that Smush.it underperforms with JPEGs because it doesn’t strip the JPEG
metadata, since we don’t want to involuntarily strip copyright information and
“orphan” a JPEG. If you roll out your own “smushing” tool using the techniques and
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tools described earlier and you’re sure it’s appropriate to remove the metadata, do so
using jpegtran’s —copy none option.

Progressive JPEGs for Large Images

When reviewing the different file formats, we mentioned that there are progressive
JPEGs thatrender progressively in the browser, allowing the user to see a low-resolution
version of the image while the file is still being transferred. The question is whether
progressive JPEGs are smaller or bigger than nonprogressive equivalents.

After experimenting with more than 10,000 images chosen at random from the Web
using the Yahoo! image search API, we’ve reached the conclusion that you cannot tell
for sure. In fact, results can be all over the map. But a trend did emerge: images bigger
than 10 KB usually compress better as progressive JPEGs. Smaller images are better as
nonprogressive, baseline JPEGs. Figure 10-3 summarizes our findings, charting the
original file size against the difference caused by optimization. The graphic ends at 30
KB, but the trend remains flat, meaning that the benefit of progressive encoding in-
creases with file size.
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Figure 10-3. Relationship between file size (X) and the benefit of progressive JPEGs. The y-axis shows
the difference between the file size of the baseline image and the progressive image; the greater the Y
value, the better it is to use progressive encoding
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Alpha Transparency: Avoid Alphalmageloader

Much sought after in the world of web design, cross-browser alpha transparency is
harder to achieve than you might expect. The PNG specification was written more than
a decade ago, but lousy browser implementation means we’re still looking for the one
perfect solution. Support for truecolor PNG has evolved very slowly. Internet Explorer
6 still has significant market share, but it suffers from serious technical limitations in
handling PNG alpha transparency.

In this section, we’ll take a closer look at alpha filters, which force support for alpha
transparency in older versions of Internet Explorer. In particular, Internet Explorer
offers a filter called AlphaImageLoader that has become quite popular. Drawing on ex-
perimentation and practice at Yahoo!, and backed up by hard data, we’ve concluded
that you should not use AlphaImagelLoader to fix Internet Explorer 6 transparency
problems. We’ll explain why this is so and show practical examples of progressively
enhanced PNG8 to work around these limitations.

Effects of Alpha Transparency

As you saw earlier, transparency comes in two flavors. The first is a kind of binary
transparency: each pixel is either fully transparent or fully opaque. The second is alpha
transparency, which allows you to have variable levels of opacity.

The lack of support for true alpha transparency in Internet Explorer 6 has been a chal-
lenge for web developers who wanted to have smooth transitions and drop shadows.
Forinstance, the lefthand side of Figure 10-4 shows an effect we’d like to achieve (partial
transparency that allows some of the background to show through); the righthand side
shows the inclusion of the background color (in this case, white), which we have to live
with when only binary transparency is supported. Solid-color backgrounds work
equally well for both image formats, as they allow the binary transparent image to
perfectly mimic the effect of full alpha transparency. However, the same icon could not
be reused if the background color was not identical.
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Figure 10-4. Alpha and binary transparency in My Yahoo! weather icons; the squares are a typical
pattern used in image editing programs to denote transparency

Typically, alpha transparency is used in cases where the background is variable, as in
a photograph, graphic, or gradient. In these cases, it is harder to fall back on simulating
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transparency because it is impossible to be certain which colors will be behind a given
portion of the image.

Perfect alpha transparency allows the image of the cloud to be put over any background
and it will display beautifully. Binary transparency (on the right side of Figure 10-4)
requires a slightly more creative approach: the designer is forced to approximate trans-
parency by including a small portion of the background color around the graphic.

Gradient backgrounds (see Figure 10-5) require more careful attention to the edges of
the cloud overlay. If too much of the fluffy edge or drop shadow is left around the image,
it will look too dark in some areas and too light in others. It helps to leave as little
background color as possible. In Figure 10-6, it’s obvious that too much color was kept
around the graphic. The mid-tone is too light at the top of the image and too dark at
the bottom.

Figure 10-5. Gradients and transparency

Weather Forecast

Compact | Classic | Full

51°F

Mostly Cloudy

Figure 10-6. A real-world example that shows the weather icon above a variable background on the
My Yahoo! page; the design has all of the challenges discussed: gradients, solid colors, and patterns

Mountaintop corners

Another example is the ubiquitous rounded corner module. It is important to avoid
including the background color of the module and the contour in one image because
combining them will drastically increase HTTP requests. Rather than having one image
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for the contour that can be combined with multiple backgrounds, you will have many
images representing all the possible combinations.

Separating contour and page background colors from the block background color or
image allows for scalable CSS. However, it is interesting to note that separating the two
requires a very careful selection of pixels and reliance on the eye’s tendency to smooth
transitions. Dan Cederholm first wrote about this in his article “Mountaintop Cor
ners” for A List Apart.

The difference between the two dark blocks in the module in Figure 10-7 may seem
subtle, but when there is a high contrast between module, background, and foreground
colors, the edge can seem “chewed off” rather than completely smooth. To achieve a
uniform look and feel across browsers, developers began to use the AlphaImageloader
filter for Internet Explorer.

Binary transparency:
Careful selection of pixels and the human eye’s tendency
to smooth small differences creats a rounded corner

Full alpha transparency:
Smoother, but keep in mind,
most users will not zoom

in to 300%

Figure 10-7. Binary and alpha transparency in rounded corner modules

AlphalmageLoader

Internet Explorer does not natively support alpha transparency. Proprietary filters are
used to fill the gap; however, the performance costs of this choice are significant. To
understand the drawbacks of the method, let’s look at what not to do (see Exam-
ple 10-1).
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Example 10-1. Using AlphalmageLoader to add rounded corners to PNGs

.myModule .corner{
background-image: url(corner.png);
_background-image: none;
_filter:progid:DXImageTransform.Microsoft.AlphaImageLoader(
src="'corner.png',
sizingMethod="scale’
)s
}

In Example 10-1, the initial underscores are a hack that causes the attributes to be
applied only to versions of Internet Explorer older than version 7:

* The background-image attribute removes the original background, corner.png.
* The filter attribute reloads the same image wusing Microsoft’s

AlphaImageloader filter.

Only Internet Explorer 6 (or earlier) requires this hack. Internet Explorer 7 and later
support alpha transparency natively, as do Firefox, Safari, and Opera. All these brows-
ers ignore the rules with initial underscores, because the properties simply aren’t
recognized.

If you forget to use the underscore hack, Internet Explorer 7 will use the
: filter despite having native support for alpha transparency.

Problems with AlphalmageLoader

There are both maintenance costs and direct performance costs associated with using
alpha filters:

Code forking
Even the minimal amount of code forking in the prior example is dangerous from
a maintenance point of view. When we write exceptions to CSS rules, the files tend
to grow over time. Also, assuming we were using a CSS sprite to reduce HTTP
requests, as recommended in High Performance Web Sites, background-position
would not be supported when the alpha filter is used. In this case, the clip property
is often used to simulate background image positioning in Internet Explorer.

Freezing the browser
When an alpha filter is applied, the page does not render progressively. The user
will see a blank page until all the necessary components are downloaded. Page
elements can still be downloaded in parallel, but the display will be blocked because
Internet Explorer will not render anything until every last bit of CSS comes down
the wire, and the CSS has a dependency on a filtered image. (For more information
about rendering, see http://www.phpied.com/rendering-styles.) If you have several
AlphaImageloader filters on the page, they are processed serially, multiplying the
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problem. If you have five images, each delayed 2 seconds on the server, the browser
freezes for a total of 10 seconds.

Increased memory consumption
Another negative effect of using AlphaImageLoader is the increase in memory that
is required to process and apply the filters. These days we might be tempted to
think our visitors’ computers have a virtually inexhaustible supply of memory, but
that might not be the case for older computers, which are the ones more likely to
run Internet Explorer 6 and earlier.

All this overhead applies to the image every time it appears on the page because the
filter doesn’t change the image, but rather the HTML element to which the style is
applied. If a sprite is used on 20 HTML elements on the page, there isn’t one
performance penalty, but 20! Furthermore, each element is processed synchronously
in a single UI thread. Often, this filter is used for “play” buttons that overlay video (see
Figure 10-8). In this case, any performance penalty will be assessed for each video on
the page.

Hips Don't Lie

www.youtube.com/watch?v=0yHiYgDZ15I - 72k - Cached

Y Play Video

Figure 10-8. Video player at Yahoo! Search that had the alpha transparency from the “play” button
removed, to improve performance

In the wild: A Yahoo! Search case study

Lab tests are an excellent way to estimate the performance impact of code changes, but
there’s nothing like testing an idea in the wild, with millions of requests coming from
real users and their myriad browser configurations, geographic locations, connection
speeds, hardware, and operating systems.

Based on lab tests, we estimated the performance “price” of the AlphaImageLoader filter
to be approximately eight milliseconds per HTML element on which the filter is ap-
plied. Previously, the search team used a truecolor PNG and filter for their main sprite,
which appeared 12 times in the page. Therefore, we expected approximately a 96-
millisecond improvement, but we were eager to see whether a real user test would
replicate our results.

The experiment compared two identical search results pages, one with the
AlphaImageloader filter and the other without. The results set comprised two distinct
populations, which showed a 50- to 100-millisecond improvement. The response time
for users of Internet Explorer 6 showed a 100-millisecond improvement, whereas the
response time for users of Internet Explorer 5 showed a 50-millisecond improvement.
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A 100-millisecond improvement (one-tenth of a second) seems small, but Amazon ex-
perimental data showed that a 100-millisecond increase in response time correlated to
a 1% drop in sales. Understanding the direct link between revenue and performance
can help justify the minimal investment required to switch from truecolor PNG to
PNGS.

Based on this experiment, we recommend that you avoid AlphaImageLoader whenever
possible. How can you avoid it? In the next section, we’ll show some techniques to
avoid using a filter altogether.

Progressively Enhanced PNG8 Alpha Transparency

If you’ve decided you just have to have alpha transparency, but you don’t want the
performance penalty associated with Microsoft’s proprietary alpha filters, you can
apply progressive enhancement to PNGS8. This creates an image that uses alpha
transparency where it’s available, but doesn’t rely on it. Follow these steps to achieve
the best result:

1. Create a binary transparency image that uses only fully opaque or fully transparent
pixels.

2. Write the CSS necessary to use the image.
3. Verify that the image works well without alpha transparency.

4. Add in the partially transparent pixels that will be displayed by better browsers.
You can do this by layering the two image formats in Photoshop or your tool of
choice, and saving the output as a separate file. To save the final image as PNG8
with alpha transparency you will need to use Fireworks or a command-line tool
such as pngng. We don’t suggest allowing the software to autoconvert from true-
color PNG to PNGS, as the binary-transparent version is unlikely to be of accept-
able quality.

To learn more about progressively enhanced PNGS8, read Alex Walker’s SitePoint
article, “PNG8—The Clear Winner”.

You can use PNG8 to progressively enhance images for which there is
= a clear binary transparent fallback. An image that has no fully opaque

pixels would be rendered completely transparent by Internet Explorer 6.

For example, PNG8 progressive enhancement could be used on modules that overlay
avariable background, such as the drop shadow popover above the Yahoo! Travel map
shown in Figures 10-9 and 10-10.
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Figure 10-9. Internet Explorer getting a simplified version with a clean 3-pixel border
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Figure 10-10. Better browsers such as Internet Explorer 7 and 8, Firefox, Safari, and Opera also get
a drop shadow

The human eye is very sensitive to variations in silhouette because
humans identify objects, especially people, based on shape. Pay close
%s" attention to the edges of graphics. Mistakes are more noticeable when
they affect the outline of an icon or image.

Optimizing Sprites

Dave Shea coined the term CSS sprites to refer to a process of combining multiple
background images into one larger image and using background position to show or
hide only a portion of that image in an HTML element (http://www.alistapart.com/
articles/sprites/). The technique was later used by Yahoo! to improve performance by
reducing the number of HT TP requests for the tiny icons on Yahoo!’s home page. There
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are two approaches to optimizing sprites: the “everything and the kitchen sink” ap-
proach and the modular object-oriented approach. To figure out which is best for your
site, ask the following questions:

* How many pages does your site have?

* Is your site modular? (Hint: it should be!)

* How much time can your team spend on site maintenance?
The answers can help you make the traditional trade-offs between the number of

sprite(s), the maintenance cost, and the total number of unique pages. You can have
any two, but not all three (see Figure 10-11).

Pages

Maintenence Optimization

Figure 10-11. The sprite dilemma: choose any two

Uber-Sprite Versus Modular Sprite

If a site has very few pages, it is best to sprite everything in the site into one tiber-sprite
that includes all the images used on the site. Google uses an {iber-sprite for its search
results page, as shown in Figure 10-12.
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Figure 10-12. Google Search has only two pages; thus, it can have an iiber-sprite without significant
maintenance costs

On the other hand, if your site has more pages, you need a different sprite strategy or
the maintenance costs will be very expensive. The goal is to make it easy to remove
stale modules from your site; otherwise, a once-performant site will become clunky.
You can achieve this by spriting together images that belong to the same object. For
example:

* All four corners from one rounded corner box

* The left and right sliding doors of your module headers

* The two to four images that make up a button

e Tab states such as current, hover, and normal

In a modular approach, these sprites would not be combined with other sprites.

Highly Optimized CSS Sprites
Sometimes optimizing sprites is more complex than optimizing images. Diverse re-
sources combined in one sprite may be harder to compress well. Following these best
practices will make your sprite as small as possible:

* Combine like colors; for example, sprite icons with a similar color palette.

* Avoid unnecessary whitespace, making images easier to process on mobile devices.

* Arrange elements horizontally instead of vertically. The sprite will be slightly
smaller.

* Limit colors to stay within the 256-color limit of PNG8.

* Optimize individual images, and then the sprite. Color reduction will be easier with
a limited palette.

* Reduce anti-aliased pixels via size and alignment. If an icon is slightly off-square,
you can often reduce the anti-aliased pixels by aligning the image horizontally or
vertically.

* Avoid diagonal gradients, which cannot be tiled.

* Avoid alpha transparency in Internet Explorer 6 or quarantine images that require
true alpha transparency in a separate sprite.
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* Change the gradient color every two to three pixels, rather than every pixel.

* Be careful with logos. They are very recognizable, so even small changes are likely
to be noticed.

Other Image Optimizations

The remainder of this chapter discusses some additional image-related optimizations
that can help your pages load faster. These concern how you use the image files rather
than the images themselves.

Avoid Scaling Images

Unnecessary download overhead occurs when a 500 x 500-pixel image is scaled down
in the HTML, like so:

<img src="image.jpg" width="100" height="100" alt="my image" />

This way, you cause the browser to scale down the image and show a smaller 100 x
100-pixel version of it. But the browser still needs to download the big image. You can
achieve significant savings if you resize the image on the server side and serve the smaller
version. As an additional selling point, be aware that some browsers don’t do as good
a job at scaling down as, for example, ImageMagick does, so the result of forcing the
browser to do the scaling is degraded image quality and bigger downloads.

Crush Generated Images

If you’re building a reporting application or module, chances are you’ll need to generate
different graphs or charts on the fly. When you generate those types of images, keep in
mind the following two points:

* It is advisable to choose PNG over GIF, PNG8 being most preferred.

* Don’t forget to crush the result before serving it.

An image found in the Google Chart API documentation makes a good example (see
Figure 10-13). If you’re not familiar with it, Chart is an excellent API that allows you
to generate graphs by passing arguments in the URL. Let’s take a look at how this service
can be improved to generate images that are smaller.
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Figure 10-13. An example generated graph image

Figure 10-13 contains 1,704 colors, and the file size is 17,027 bytes. Two simple opti-
mizations reduce the file size by more than half:

* Running this image through pngcrush results in an image that is 12,882 bytes, a
savings of 24% with no loss in quality.

* Going one step further to convert the image to PNG8 using pngquant removes
about 1,500 colors that the viewer doesn’t notice. The new file size is 7,710 bytes,
a savings of 55% from the original.

An additional benefit from writing the generated images to disk and crushing them is
that when a second request for the same image arrives, you don’t need to regenerate
the image; you can serve the one that has already been cached and optimized.

Here is a simple piece of code that implements this advice using PHP with the GD image
library:

<?php
header ('Content-type: image/png');

// name of the image file
$cachedir = "myimagecache/';
$file = $cachedir . "myimage.png';

// if in the cache, serve

if (file exists($file)) {
echo file get contents($file);
die();

// new GD image

$im = @imagecreatetruecolor (200, 200);

// ... the rest of the image generation ...
imagepng($im, $file); // save
imagedestroy($im); // cleanup

// crush the image
$cmd = array();
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$cmd[] = "pngcrush -rem alla $file.png $file";
$cmd[] = "rm -f $file.png";
exec(implode(';", $cmd));

// spit out the new image
echo file get contents($file);
>

Another option, instead of reading the file with file get contents, is to use a redirect
to point the browser to the new location. Add an Expires: header for browsers that
support redirect caching, because they’ll reuse the image instead of downloading it on
subsequent visits.

Favicons

Favicons are those small images named /favicon.ico that sit in the web root and are
displayed next to the URL in the browser’s address bar (see Figure 10-14).

* W hup://wikipedia.org/

Figure 10-14. Wikipedia favicon

This page component is often ignored because it’s small and supposedly cached. But
caching is not as universal as we often think. This is true for any type of component,
and favicons are no exception. Yahoo! Search noticed that it serves its favicon to 9%
of all page views.

There are several points regarding favicons that significantly improve performance:

* Make sure to create a favicon. Since the browser will request this file anyway,
there’s no reason to return a 404 Page Not Found error, especially if your 404
handler consumes a database connection or other expensive resources.

* Consider adding an Expires: header when serving favicons. You cannot afford to
cache “forever” if you serve the file from /favicon.ico because you cannot rename
the file if you decide to change it. But you can still cache for several months or even
ayear. Check the last modification date of your favicon file for an idea of how often
you usually change it. And, if an emergency should arise, you can change the file
name using a <link> tag, as explained next.

* You have an option to include the favicon using a <1ink> tag in the head. This way,
you control the URL requested by the browser, as opposed to the
predefined /favicon.ico:

<link rel="shortcut icon" href="http://CDN/myicon.ico" />
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This is great, because you can serve the favicon from a CDN and cache it “forever,”
sharing the same file among all your sites.

Be aware of one trade-off, though: if you do it this way, Firefox will request the
favicon early in the waterfall, as opposed to at the very end after all other compo-
nents are downloaded. On the other hand, if you serve the file from /favicon.ico,
there’s no reason to add the <1link> tag.

* Make the icon small. The ICO format can contain several images of different di-
mensions; for example, 16 x 16, 32 x 32, and so on. This will increase the file size
of your icon, so it’s best to use only one 16 x 16 image. This generally results in a
file size of about 1 KB. As a rule of thumb, if your icon is bigger than 1 KB, you
have room for improvement.

* Optimize the file with the free Windows utility called Pixelformer, experimenting
with different palette sizes.

Apple Touch Icon

Similar to favicons are so-called Apple touch icon files used by iPhone/iPod devices.
An Apple touch icon is just a PNG file in the root of your web server, 57 x 57 pixels in
size, called apple-touch-icon.png. Again, if you want to serve this icon from a CDN and
add a far-future Expires: header to it, you can use a <link> tag, like so:

<link rel="apple-touch-icon" href="http://CDN/any-name.png" />

Desktop browsers request this file much less often than they request favicons; the
iPhone client will ask for it only when the user adds your page to his home screen.

Summary

In this chapter, you familiarized yourself with quite a few topics related to images, and
you’re now better prepared to ace your next image optimization project. Let’s rehash
some of the highlights:

* Start by choosing the appropriate format: JPEG for photos, GIF for animations,
and PNG for everything else. Strive for PNG8 whenever possible.

* Crush PNGs, optimize GIF animations, and strip JPEG metadata from the images
you own. Use progressive JPEG encoding for JPEGs more than 10 KB in file size.

* Avoid AlphaImageloader.

* Use and optimize CSS sprites.

* Create modular sprites if your site has more than two to three pages.
* Don’t scale images in HTML.

* Generated images should be crushed, too. Once generated, they should be cached
for as long as possible. Convert images to PNG8 and determine whether 256 colors
is acceptable.
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* Don’t forget favicons and Apple touch icons. Even if you don’t refer to them in
your HTML markup, they are still page components and should be small and
cacheable.
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CHAPTER 11
Sharding Dominant Domains

Some web pages have all their HTTP requests served from one domain. Other sites
spread their resources across multiple domains. Rule 9 from High Performance Web
Sites says to reduce DNS lookups, but sometimes increasing the number of domains is
better for performance, even at the cost of adding more DNS lookups. The key is to
find the web page’s critical path. If the critical path results from too many resources
being served from one domain, splitting them across multiple domains—what I call
domain sharding—may make the page load more quickly.

Critical Path

Figure 11-1 shows the HTTP profile for eBay. The horizontal axis represents response
time. A steep slope, as shown on the righthand side of the chart, reflects a lot of down-
loads in a short period of time. This is a sign of a fast page. In contrast, a flat slope such
as the one shown in the first five HTTP requests means the browser is bogged down
with a slow response or long-executing JavaScript. In this case, eBay’s critical path is
blocked by the HTML document in the first request, by JavaScript downloads in the
fourth and fifth requests, and by JavaScript execution as indicated by the whitespace
following the fourth and fifth requests.

Yahoo!’s HTTP profile, shown in Figure 11-2, has a different critical path. The majority
of the time loading this page is spent downloading images two at a time.” All of the
resources in the page are downloaded from a single domain: Lyimg.com. Some brows-
ers, including Internet Explorer 6 and 7, limit the number of parallel downloads to two
per server. (Internet Explorer 8 and Firefox 3 increase this to six per server, as discussed
in “Newer Browsers” on page 169.) The impact of this two-per-server limit is evident
in Figure 11-2—no more than two resources are downloaded in parallel at any given
time. As a result, the HT TP profile forms a stair-step pattern that increases the time to
load the page.

" This profile was produced using Internet Explorer 7.
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Figure 11-1. Critical path for http://www.ebay.com/
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Figure 11-2. Critical path for http://www.yahoo.com/
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When downloading resources from a single domain is the bottleneck, splitting resour-
ces across multiple domains speeds up the page by increasing the number of parallel
downloads. This is demonstrated by the following examples.

One Domain
http://stevesouders.com/efws/domains1.php

Two Domains
http://stevesouders.com/efws/domains2.php

Each of these examples contains the 22 images from Yahoo!’s page. The One Domain
example downloads all of the images from [.yimg.com, whereas the Two Domains ex-
ample splits the images across two domains: l.yimg.com and d.yimg.com.T The Two
Domains example loads 27% faster than the One Domain example (654 milliseconds
versus 892 milliseconds over a 7,000 Kbps connection).

Figure 11-3 shows the HTTP profile for the One Domain and Two Domains examples.
The waterfall at the top, in which only one domain is used, shows that only two re-
sources are downloaded at any given time. In the waterfall at the bottom, on the other
hand, we see four resources being downloaded simultaneously, which results in a faster-
loading page.

Who's Sharding?

Table 11-1 shows which of the top web sites split resources across multiple domains.
The total number of images, scripts, and stylesheets for each site is also shown.

Table 11-1. Use of multiple domains among top web sites

Web site Images  Scripts  Stylesheets  Number of domains
http://www.aol.com/ 59 6 2 3
http://www.ebay.com/ 33 5 2 3
http://www.facebook.com/ 9% 14 14 10
http://www.google.com/search?q=flowers 3 1 0 N/A
http://search.live.com/results.aspx’q=flowers 6 1 4 5
http://www.msn.com/ 45 7 3 3
http://www.myspace.com/ 16 14 2 3
http://en.wikipedia.org/wiki/Flowers 33 6 9 2
http://www.yahoo.com/ 28 4 1 1
http://www.youtube.com/ 23 7 1 5

T I discovered that d.yimg.com was used by http://news.yahoo.com for downloading images.
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Figure 11-3. One domain versus two domains

Most of these sites shard their resources across multiple domains. It’s especially clear
that this is intentional for sites such as YouTube, where the domain names form a
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sequence: il.ytimg.com, i2.ytimg.com, i3.ytimg.com, and i4.ytimg.com. Many of these
top sites have similar sequences in their sharded domains:

AOL
o.aolcdn.com, portal.aolcdn.com, www.aolcdn.com

eBay
include.ebaystatic.com, pics.ebaystatic.com, rtm.ebaystatic.com

Facebook
b.static.ak.fbcdn.net, external.ak.fbcdn.net, photos-[b,d.f,g,h].ak.fbcdn.net, plat-
form.ak.fbcdn.net, profile.ak.facebook.com, static.ak.fbcdn.net

Live Search
search.live.com, ts[1,2,3,4].images.live.com

MSN.com
tk2.st[b,c,j].s-msn.com
MySpace
cms.myspacecdn.com, rma.myspacecdn.com, x.myspacecdn.com, creative.my-
space.com, largeassets.myspacecdn.com, x.myspace.com
Wikipedia
en.wikipedia.org, upload.wikimedia.org
YouTube
i[1,2,3,4].ytimg.com, s.ytimg.com

Google’s main page contains only two resources. They can be downloaded in parallel
on one domain, so splitting across domains is not applicable. Yahoo! downloads most
of its resources on one domain. It would benefit from splitting these across multiple
domains. AOL and Wikipedia are an interesting story. They use just a few domains for
a relatively large number of resources. One reason for this might be because they
downgrade some of their responses from HTTP/1.1 to HTTP/1.0. The pros and cons
of this are discussed in the following section.

Downgrading to HTTP/1.0

AOL and Wikipedia shard their resources across a relatively small number of domains.
Even so, they achieve a high level of parallel downloads. Figure 11-4 shows the initial
HTTP profile for Wikipedia when loaded in Internet Explorer 7. All of these resources
are served from one domain: en.wikipedia.org. Internet Explorer 7 normally uses only
two connections to a single server, but in this case we see that four connections are
being used. This happens because Wikipedia downgrades its responses to HTTP/1.0.

HTTP/1.1 is used by most web clients and servers today, but HTTP/1.0 is still sup-
ported. When HTTP/1.1 is used, many browsers follow the limit of two connections
per server as recommended in the HTTP/1.1 RFC. However, Internet Explorer 6 and
7 open more connections when HTTP/1.0 is used. The normal limit of two connections
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per server is increased to four when HTTP/1.0 is used. Similarly, Firefox 2 uses two
connections for HTTP/1.1, but increases that to eight connections in the presence of
HTTP/1.0.
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Figure 11-4. Wikipedia parallel downloads

A lower number of connections per server are recommended for HTTP/1.1 because
of persistent connections. By default, HTTP/1.0 closes the TCP connection after each
response. Establishing a new TCP connection for every request takes time. To reduce
this overhead, HTTP/1.1 uses persistent connections and performs multiple requests
and responses using a single connection. Persistent connections are typically held open
longer and thus impose a greater burden on servers that have a finite number of con-
nections available. Hence, the recommended number of connections per server is
reduced to two for HTTP/1.1.

By downgrading to HTTP/1.0, AOL and Wikipedia achieve a higher level of parallel
downloads, but this benefit is gained at the cost of losing persistent connections. Or is
it? As an alternative to persistent connections, HTTP/1.0 supports the Keep-Alive op-
tion to reuse existing connections. There are differences between HTTP/1.0 Keep-Alive
and HTTP/1.1 persistent connections, but they are subtle:

* Persistent connections are the default in HTTP/1.1. Once the HTTP version is
specified as “HTTP/1.1,” no additional header is necessary to declare support for
persistent connections. But Keep-Alive is not the default for HTTP/1.0. Clients and
servers must send the Connection: Keep-Alive header.

* There are risks involved in using HTTP/1.0 Keep-Alive connections through a
proxy. A proxy that doesn’t understand the Connection: Keep-Alive header and
just blindly forwards it to the origin server might establish a hung connection while
it waits for the origin server to close the connection. The origin server won’t close
the connection because it’s establishing a Keep-Alive connection. Therefore, clients
must be sure not to send Connection: Keep-Alive when talking to a proxy, which
in fact all major browsers do.
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* HTTP/1.0 Keep-Alive responses must use the Content-Length header to indicate
the ending boundary between separate responses on a single connection. This
means that dynamic content, where the total size is not known when the response
is started, cannot take advantage of HTTP/1.0 Keep-Alive.

* Chunked transfer-encoding, introduced in HTTP/1.1, cannot be used with HT TP/
1.0. Chunked encoding allows the server to send back data in chunks. This is most
applicable for large responses generated dynamically, where the total size is not
known but the server wants to start transferring the response as the content be-
comes available. (See Chapter 12 for more discussion about chunked encoding.)

These differences don’t present any significant drawbacks to downgrading to HTTP/
1.0 for static content. Popular browsers already send the Connection: Keep-Alive
header and remove it when using a proxy. The size of static content is known when the
request begins, so a Content-Length header can always be sent and there isn’t a need
for chunked encoding. It’s possible that using chunked encoding for large resources,
such as a 500 KB script, could result in faster downloading and parsing, but in practice
none of the top sites use chunked encoding with their static content.

Users who access AOL and Wikipedia using Internet Explorer 6 and 7 benefit from the
decision to downgrade to HTTP/1.0. They get resources downloaded four at a time
and still benefit from reusing TCP connections thanks to Keep-Alive. Most other
browsers, however, don’t increase the connections per server based on HTTP version,
as shown in Table 11-2.

Table 11-2. Connections per server

Browser HTTP/1.1  HTTP/1.0
IE6,7 2
IE8 6
Firefox 2 2
Firefox 3 6
Safari3, 4 4
Chrome1,2 6
Opera9,10 4

S~ o B O 0 O B

If you have a large number of Internet Explorer 6 and 7 users, you might want to
consider downgrading to HTTP/1.0. Doing so increases parallel downloads (for Inter-
net Explorer 6 and 7) without the cost of an extra DNS lookup. But if you want all of
your users to benefit from increased parallelization, domain sharding is the preferred

solution.
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Rolling Out Sharding

Several operational questions typically arise when considering splitting resources across
multiple domains.

IP Address or Hostname

Browsers enforce the “maximum connections per server” constraint based on the host-
name in the URL, not the IP address to which it resolves, as shown in the Different
Hostnames, Same IP example.

Different Hostnames, Same IP
http://stevesouders.com/efws/hostnames.php

This example has four images: two from stevesouders.com and two from
www.stevesouders.com. These hostnames have the same IP address. When loaded in
Internet Explorer 6 and 7, all four images are downloaded in parallel. The browser has
treated each hostname as a separate server, and consequently opened two connections
for each one, even though these two hostnames resolve to the same IP address.

This is good news for people who want to split their content across multiple domains.
It’s not necessary to deploy additional servers. Instead, a CNAME record for the new
domain can be used. A CNAME is just an alias from one domain name to another. Even
though the domain names point to the same servers, the browser still opens the max-
imum number of connections for each unique hostname.

How Many Domains

In “Critical Path” on page 161, you saw that splitting content across two domains is
better than splitting across one. Would three domains be better than two? How about
10? Research published by Yahoo! shows that increasing the number of domains from
one to two improves performance, but increasing it above two has a negative effect on
load times. The final answer depends on the number and size of resources, but sharding
across two domains is a good rule of thumb.

How to Split Resources

Given a specific resource, what’s the best algorithm for assigning it to one of multiple
possible domains? A key feature of any splitting algorithm is that a specific resource
always be assigned to the same domain. This ensures that, if the resource has already
been cached, the URL for subsequent requests matches the URL in the cache.
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One way to do this is to use a hashing function that converts the resource’s filename
into an integer that determines the chosen domain. Another alternative is to assign
resources to domains based on the resource type. For example, stylesheets and images
might be assigned to domain 1, while every other type of resource is assigned to domain
2. This might result in a lopsided distribution of resources across domains, but might
actually be beneficial in that images could start downloading from domain 2 in parallel
with stylesheets and scripts on domain 1.

Newer Browsers

Internet Explorer 8 and Firefox 3 both increase the number of connections per server
from two to six. Striving to increase the number of parallel downloads for older brows-
ers could result in too many parallel downloads for these next-generation browsers. If
the browser opens too many connections, it could overload the server as well as degrade
download efficiency on the client.

Sites that use several domains, such as Facebook and YouTube, may need to alter their
splitting algorithm based on browser type. If you choose to split your static resources
across multiple domains, follow the guideline of splitting across just two domains. This
strikes a balance of improving performance for today’s browsers as well as tomorrow’s.
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CHAPTER 12
Flushing the Document Early

The Performance Golden Rule reminds us to focus our performance improvements on
the frontend—that’s where most of the time is spent loading web pages.” Occasionally,
there are exceptions to this rule where the backend takes a long time to generate the
HTML document. Such a page might require intensive database queries or responses
from other web services before the HTML content is returned.

Unfortunately, while the backend chugs away, everything on the user’s end is on hold.
Rather than letting the browser sit idle and leaving the user waiting for feedback, this
chapter explains how to start the page loading even before the HTML document is
completed.

Flush the Head

In most cases, the browser waits for the HTML document to arrive before it starts
rendering the page and downloading the page’s resources. This is shown by the Simple
Page example.

Simple Page
http://stevesouders.com/efws/simple.php

This example page contains two images and a script. The HTML document and its
three resources are all programmed to take two seconds to return. The HTTP waterfall
chart for Simple Page is shown in Figure 12-1. As expected, the HTML document is
downloaded first. Once it arrives, the browser parses the HTML, renders the first few
lines of text, and starts downloading the page’s resources.

" See Rule 1 from High Performance Web Sites.

m
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Document I—
Image
Image
Script

Figure 12-1. Simple Page HTTP waterfall chart

The two images, served from 1.cuzillion.com, are downloaded in parallel. The script is
also downloaded in parallel, because it comes after the images and is hosted on a dif-
ferent hostname, 2.cuzillion.com. The overall page load time is four seconds.

Figure 12-2 shows the same page, but in this case the images and script start down-
loading before the HTML document has fully arrived. The result is a page that takes
only two seconds to load—half the time of the original example.

Document I—
Image I
Image I
Script ——

Figure 12-2. Flush HTTP waterfall chart

This speedup was achieved by adding a call to PHP’s flush function. Running the Flush
example makes it clear that this is a much faster page.

Flush
http://stevesouders.com/efws/flush-nogzip.php

To understand how flush works, and the complications that ensue, we need to un-
derstand how HTML documents are generated.T As the server parses the PHP page, all
output is written to STDOUT. Rather than being sent immediately, one character,
word, or line at a time, the output is queued up and sent to the browser in larger chunks.
This is more efficient because it results in fewer packets being sent from the server to
the browser. Each packet sent incurs some network latency, so it’s usually better to
send a small number of large packets, rather than a large number of small packets.

Calling flush() causes anything queued up in STDOUT to be sent immediately. How-
ever, simply flushing STDOUT isn’t enough to achieve the type of speedup experienced
in the preceding example. The call to flush has to be made in the right place. Let’s look
at the PHP source code for the Flush example:

T Although this discussion focuses on PHP, these concepts are applicable to other templating frameworks as
well.
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<html>
<body>

<p>
This is the Flush example.
</p>

<img src="http://1.cuzillion.com/...">
<img src="http://1.cuzillion.com/...">
<script src="http://2.cuzillion.com/..." type="text/javascript"></script>

<?php

flush();

long slow_function();
>

<p>
This sentence is after the long, slow function.
</p>

</body>

</html>
Remember, the motivation for this chapter is those occasions when you have an HTML
document that takes a long time to generate. That is represented in our PHP code by
the call to long_slow function (in this case a two-second sleep). The call to flush() is
made right before this long backend delay.

Whether this speeds up the page depends on what you include in the HTML before
the call to flush(). In this example, there is a line of text (“This is the Flush example”)
and three resources (two images and one script). This is exactly what’s needed to com-
bat the two shortcomings of a slow HTML document: blocked rendering and blocked
downloads. By including the line of text in the flushed HTML, the user is given visual
feedback that the page is loading. By including the three resources in the flushed output,
the browser starts downloading resources even while it waits for the rest of the HTML
document. This is the key performance insight from this chapter; getting resources
downloading early is the primary benefit that flushing provides.

This seems pretty simple, yet reading the comments on the flush documentation
page reveals that it’s not as simple as it looks.

Output Buffering

Perhaps the biggest confusion around getting flushing to work in PHP involves output
buffering. As explained earlier, PHP output is written to STDOUT. Output buffering
adds another layer where output is queued before it goes to STDOUT.
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The first step is to determine whether output buffering is turned on in your PHP con-
figuration, and how big the buffer is. This is controlled by the output_buffering direc-
tive in php.ini.¥ Part of the confusion stems from the fact that the default value changed
in PHP 4.3.5. Before that, output buffering was enabled by default with a buffer size of
4,096 bytes, equivalent to this line in your php.ini:

output_buffering = 4096
With PHP 4.3.5, the default changed to output buffering being disabled:
output_buffering = 0

You can use this PHP code to find out the value of output_buffering and what version
of PHP is running on your server:

<?php

echo "<br>output_buffering = " . ini_get('output_buffering');
echo "<br>PHP version = " . phpversion();

>

If output buffering is on for your server, in addition to using flush, you’ll also have to
useob_flushanditsrelated functions, as shown by the Flush Output Buffering example.

Flush Output Buffering
http://stevesouders.com/efws/ob/flush-nogzip-ob.php

The PHP code, with the added lines in bold, is shown in the sample that follows. The
most intuitive new function calls are ob_start and ob_flush; ob_start opens a new
output buffer while ob_flush flushes the contents of this output buffer to STDOUT.
Once the output buffer is flushed, we still need the call to flush() in order to flush
STDOUT:

<?php
while (ob_get_level() > 0) {
ob_end_flush();

ob_start();
>

<html>
<body>

<p>
This is the Flush Output Buffering example.
</p>

<img src="http://1.cuzillion.com/...">
<img src="http://1.cuzillion.com/...">
<script src="http://2.cuzillion.com/..." type="text/javascript"></script>

<?php

ob_flush();
flush();

* http://www.php.net/manual/en/outcontrol.configuration.php#ini.output-buffering
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long_slow_function();
>

<p>
This sentence is after the long, slow function.
</p>

</body>
</html>

The while loop calls ob_end flush as long as ob_get level() is greater than zero. For-
getting this step is where many developers go wrong. This loop ensures that any output
buffers that are already open are flushed and removed. Without doing this, the call to
ob_start might not be the only output buffer opened. Output buffers in PHP are
stacked. If our call to ob_start opened a second output buffer, the subsequent call to
ob_flush would flush this second output buffer into the first output buffer, but not to
STDOUT. Consequently, the call to flush would have no effect, since STDOUT would
be empty. Confirming whether output buffering is enabled and, if so, using the ob_
functions solves these issues.

Chunked Encoding

The flush examples won’t be faster when using web servers or clients that support only
HTTP/1.0. That’s because they don’t support chunked encoding.

HTTP/1.0 responses are returned as one block of data, the size of which is communi-
cated in the Content-Length header. The browser needs to know the size of the data in
order to know when the response ends. Because the HTML document is sent as one
block, the browser can’t start rendering the page and downloading resources until the
whole response arrives.$

HTTP/1.1 introduced the Transfer-Encoding: chunked response header.l With
chunked encoding, the HTML document can be returned in multiple blocks of data.
Each chunk of the response starts with its own size indicator. This allows the browser
to parse each chunk as soon as it arrives, resulting in a page that loads faster.

Chunked encoding fosters faster pages in two other ways, both related to dynamic
pages. Without chunked encoding, responses must contain a Content-Length header.
This means the server can’t start sending the response until it finishes stitching the
entire response together and measuring its size. With chunked encoding, the server can
start transmitting the response sooner, because it only needs to know the size of each
chunk being sent.

Sa possible alternative if Content-Length is not known is for the server to close the connection, but this defeats
the benefits of persistent connections.

I http://www.w3.0rg/Protocols/rfc2616/rfc2616-secl4.html#sec14.41

Chunked Encoding | 175


http://www.w3.org/Protocols/rfc2616/rfc2616-sec14.html#sec14.41

The second performance opportunity made possible by chunked encoding comes by
use of the Trailer header.# In some situations, it’s not possible to know whether a
header is needed or what its value should be until the HTML document has been
created. For example, during generation of the HTML content, results from a database
query or web service request might determine the value for a Cookie or ETag response

header.

Normally, these headers must be sent in the beginning of the response, which means
the server can’t start sending the response until these time-consuming database queries
or web service calls have completed. Alternatively, when chunked encoding is used,
these headers can be sent later. The first chunk is sent immediately and uses the
Trailer header to list the headers that will come later:

Trailer: Cookie
Trailer: ETag

The Cookie and ETag headers can then be included at the end of the HTML response.”

Chunked encoding makes it possible to start sending parts of the HTML document
immediately, even before the total size and other headers are known. To gain the ben-
efits of flushing the document early, you’ll need to make sure chunked encoding is
working. Fortunately, Apache and other web servers take care of this for you. If you’re
trying to get flushing to work, make sure to confirm the presence of Transfer-Encoding:
chunked in the HTML document’s response headers.

Flushing and Gzip

In the previous example, the HTML document was not gzipped. Gzipping the HTML
document is critical for all web sites, but it adds another level of complexity in getting
flushing to work. If the earlier flush examples are gzipped, the flushing doesn’t work,
as the Flush Gzip No Padding example shows.

Flush Gzip No Padding
http://stevesouders.com/efws/flush-gzip-no-padding.php

In this case, flushing is thwarted because of how Apache buffers output when com-
pression is enabled. Apache 2.x uses mod_deflate for compression.T This module has
a buffer that is 8,096 bytes by default. You can reduce the size of this buffer using the
DeflateBufferSize directive. If that’s not an option, you can make flushing work if you
add more than 8 KB of padding (after compression) to the HTML document, as shown
by the Flush Gzip Padding example.

# http://www.w3.0rg/Protocols/rfc2616/rfc2616-sec14.html#sec14.40

" As of this writing, browser support for trailers is mixed. More research and evangelism are needed to ensure
cross-browser support.

T http://httpd.apache.org/docs/2.0/mod/mod_deflate.html
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Flush Gzip Padding
http://stevesouders.com/efws/flush-gzip-padding.php

Adding the padding causes the deflate buffer to fill up and get flushed to the browser.
The padding is tricky. Normally, you could use PHP’s str_pad function:

echo str_pad('"', 20000);

Thatwon’twork in this situation; compression is enabled, so the padding is compressed
to less than the necessary 8 KB. The Flush Gzip Padding example has a 20 KB comment
of nonrepeating strings, so even when compressed it exceeds the 8,096-byte size of the
deflate buffer, allowing the flush to proceed.

Adding 20 KB to your pages is a high price to pay. Luckily, Apache 2.2.8 and later fix
this issue and don’t require this padding trick. At the time of this writing, the company
hosting my web site is still running Apache 2.0. I tested this on servers using Apache
2.2.8 and confirmed that the page is compressed and flushing works, even without the
padding.

Other Intermediaries

Proxies and antivirus software are two intermediaries that have the potential to obstruct
the performance benefits of flushing. If these intermediaries are used to filter content,
rather than forwarding the flushed blocks of data, they may wait until the entire re-
sponse is received and scanned before forwarding on to the web client.

Anotherissue involves proxies that downgrade all responses to HTTP/1.0; since HT TP/
1.0 doesn’t support chunked encoding, flushing doesn’t work with these proxies. One
example is the Squid proxy. Its Wiki states that HTTP/1.1 is not yet supported, and
one of the major reasons is “Chunked encoding [is] missing”.%

I've seen developers spend hours debugging why flushing wasn’t working, only to
realize they were connected to the Internet through a company proxy that breaks flush-
ing. To determine whether you’re behind a proxy, you can check your browser’s net-
work connection settings. Sometimes it’s hard to tell whether you’re set up to use a
proxy, especially with configuration options such as “Automatically detect settings”
(Internet Explorer) and “Auto-detect proxy settings for this network” (Firefox 3.0).
In addition to checking my browser settings, I look for headers such as
Proxy-Connection, X-Forwarded-For, and Via or a status containing “HTTP/1.0” in the
HTML document response. If any of these are present, you’re probably going through
a proxy that may prevent flushing from working.

¥ http://wiki.squid-cache.org/FeaturessHTTP11
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Domain Blocking During Flushing

Mainstream browsers, such as Internet Explorer 6 and 7 and Firefox 2, support only
two connections per server. This limits the number of parallel downloads that can be
performed on any single domain. There are ways to work around this limitation, as
described in Chapter 11. Most of the issues with domain blocking arise in the context
of resources in the page. With flushing, however, we also need to keep in mind that
the HTML document request can affect parallel downloads.

In the examples so far, I've been careful to put the two images on a different domain
(1.cuzillion.com) than the main page (stevesouders.com). Why is this important? There
are only two images, so even in Internet Explorer 7 (with only two connections per
server) there shouldn’t be any blocking behavior.

This sounds right, but as soon as we see the results we understand that because we’re
using chunked encoding, the HTML document response is still using one connection—
this leaves only one other connection for other resources that are on the same domain.
The Flush Domain Blocking example creates this situation—in it the two images are
served from stevesouders.com.

Flush Domain Blocking
http://stevesouders.com/efws/flush-domain-blocking-nogzip.php

Loading this in Internet Explorer 7 results in the HTTP waterfall chart shown in Fig-
ure 12-3. Comparing this to Figure 12-2, we see that this page is almost twice as slow,
even though flushing is working. The reason it’s slow is that the second image is blocked
until the HTML document returns. The HTML document and the first image have used
up the two connections to stevesouders.com, so the second image has to wait.

Document [—
Image I
Image I
Script I——

Figure 12-3. Flush Domain Blocking HT TP waterfall chart

If you leverage flushing’s greatest benefit of downloading resources early, it’s easy to
exceed the two connections allowed to a single server. Keep this in mind as you might
need to fetch the initial resources from a domain that’s not blocked by the HTML
document.

Browsers: The Last Hurdle

As if getting flushing to work wasn’t hard enough, you’ll get thrown off track if you’re
using Safari or Chrome with these examples. Even though both support chunked
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encoding, they won’t start rendering the page until they’ve received a minimum thresh-
old of data: Safari is around 1 KB, Chrome is around 2 KB.§

The Flush example has only ~600 bytes in the first chunk, and as a result, the benefits
of flushing aren’t seen in Safari and Chrome. To get flushing to work in Safari, the Flush
1K example includes an additional 1 KB of HTML in the initial chunk. Similarly, the
Flush 2K example includes an extra 2 KB of HTML and works in Chrome.

Flush 1K
http://stevesouders.com/efws/flush-nogzip-1k.php

Flush 2K
http://stevesouders.com/efws/flush-nogzip-2k.php

This is an issue in my examples because the HTML is minimal. In real-world pages,
with inline style and script blocks and more page markup, it’s likely that the flushed
HTML exceeds 2 KB. If you want flushing to work across all browsers, make sure you
flush after the 2 KB mark.

Flushing Beyond PHP

This chapter, as well as most wikis and forums related to flushing, focuses on PHP. If
you use a different HTML templating framework, don’t fear; there’s probably a way to
get the performance gains from chunked encoding, and it’s probably done with a func-
tion named “flush.”

Experienced Perl programmers at some point have written scripts where the printed
output needed to be flushed from STDOUT immediately. These aficionados know that
setting $| to a nonzero value is the way to accomplish this. Lesser known is the tech-
nique for doing this with the FileHandle autoflush method.l The Flush Perl example
uses this technique.

Flush Perl
http://stevesouders.com/efws/flush-nogzip.cgi
The call to autoflush is at the top of the script:

use FileHandle;
STDOUT->autoflush(1);

Python file objects# and Ruby’s 10 class” have a flush function. It’s likely that no matter
what language you’re using on the backend, there’s a way to flush STDOUT.

§ Internet Explorer has a similar minimum threshold, but it’s only 255 bytes, so it’s unlikely to trip you up.
I http://perldoc.perl.org/FileHandle. html

# http://www.python.org/doc/2.5.2/lib/bltin-file-objects. html

" http://lwww.ruby-doc.org/core/classes/1O. html#M002303
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The Flush Checklist

Getting flushing to work isn’t always easy. If you’re trying to flush your PHP page, but
are having trouble getting it to work, here’s the checklist to walk through:

* Is output buffering on? If so, you have to use the ob_ functions.

* Do you see the Transfer-Encoding: chunked response header? Chunked encoding
is typically required for flushing to work.

* Is the response gzipped? If so, and you’re running a version of Apache earlier than
2.2.8, you have to add padding to your page.

* Areyou behind a proxy or using antivirus software? These might buffer the chunks
before sending them through to the browser.

* Are any of the resources referenced in the flushed chunk being blocked because
they’re fetched from the same domain as the HTML document?

* Are you testing only in Safari or Chrome? The flushed HTML must be more than
2 KB to see the benefits in these browsers.

There are many variables to sort out—it’s almost like trying to get the stars to align—
but the results are worth it. In our set of top 10 web sites, 5 use chunked encoding:
AOL, Facebook, Google Search, MySpace, and Yahoo!. Keep in mind that even though
these sites support chunked encoding, it’s not necessarily the case that they are flushing
the document early. The HTTP profile for Google Search, in Figure 12-4, most clearly
shows the benefits of flushing.

Document [—

Image 1
Image [ |
Script 1
Image |
204 [

Figure 12-4. Google Search HI TP waterfall chart

By flushing the document early, Google pages start downloading resources and ren-
dering content more quickly. This is a benefit that all users will appreciate, especially
those with slow Internet connections and high latency.
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CHAPTER 13
Using Iframes Sparingly

Iframes, also called inline frames, allow for one HTML document to be embedded
inside another.” Iframes are best used for integrating HTML content, such as an ad,
that’s from a web site different from that serving the main page.

A benefit of using iframes for this purpose is that their document is entirely independent
from the parent document. Relative URLs inside the iframe are resolved relative to the
iframe’s base URI, not the parent’s. User agents can give the iframe focus for printing,
bookmarking, saving, and so forth. Perhaps most important, JavaScript included in the
iframe has limited access to the parent. For example, an iframe from a different domain
can’t access the parent’s cookies. This is an important consideration when web devel-
opers must allow third-party content, such as ads, in their pages but they don’t have
control over this content.

What’s the downside? You guessed it—slower performance. Chapter 4 describes how
iframes are used to improve performance in terms of loading scripts asynchronously.
It is true that iframes can make pages load faster, if used properly. Unfortunately,
iframes are often used in a way that hurts performance. It’s important to know the
performance penalties inflicted by iframes and how to avoid them.

The Most Expensive DOM Element

The Cost of Elements test page measures how long it takes to create different types of
DOM elements.

Cost of Elements
http://stevesouders.com/efws/costofelements.php

Using this page, I tested how long it takes to load 100 elements of the following
types: A, DIV, SCRIPT, STYLE, and IFRAME. [ ran each test 10 times in Chrome (1.0, 2.0),
Firefox (2.0, 3.0, 3.1beta2), Internet Explorer (6, 7, 8beta2), Opera (9.63, 10.00alpha),

" http://www.w3.0rg/TR/html4/present/frames.html#edef-IFRAME
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and Safari (3.2, 4.0 developer preview). Figure 13-1 shows the median time to create
100 elements of each type.

1,200

1,000 =

800 —

600 -

Milliseconds

400 —

200 —

A DIV SCRIPT ~ STYLE  IFRAME

Figure 13-1. Time to load 100 elements of various types

Figure 13-1 shows that iframes are one to two orders of magnitude more expensive to
create than other types of DOM elements. In these tests, the DOM elements are empty.
It’s possible that a large script or style block could take longer to load than certain types
of iframes, but this test compares the baseline cost. Given the much larger cost of
iframes, they should be used in small numbers with caution.

Iframes Block Onload

We want the onload event to fire as quickly as possible. There are several reasons for this:

* Whenonload fires, the browser’s busy indicators stop and the user is given feedback
that the page is ready. For example, “Done” is displayed in the status bar. Thus, if
onload fires quickly, there’s a greater chance that the user perceives the page to be
fast.

* Developers frequently initiate Ul actions with the onload event; for example, setting
focus to a login field. As users become trained to wait for this action, it’s important
for onload to fire as soon as possible so that the user’s wait is short.

182 | Chapter13: Using Iframes Sparingly



* Developers sometimes associate important actions with the window’s unload
event; for example, JavaScript code to reduce memory leaks.T Unfortunately, in
some browsers, onunload will not fire unless the onload event has fired.* If onload
takes too long and the user quickly leaves the page, then the onunload code never
executes.S

It makes sense that the onload event shouldn’t fire until all critical content on the page
has loaded, but often an iframe contains content that is not critical to the user’s en-
gagement with the page. A good example of this is iframes that contain ads. Ads may
be critical to the web site’s business, but the user experience should not be degraded
waiting for ads to load. When used in the typical fashion, iframes block the onload
event. It’s important, therefore, to investigate whether there’s a way to load iframes
without delaying the main page’s onload event.

The Iframe Blocking Onload example shows that iframes block the parent window’s
onload event.

Iframe Blocking Onload
http://stevesouders.com/efws/iframe-onload-blocking.php

In this example, the iframe is used in the typical way, setting the iframe’s URL with the
HTML SRC attribute, like so:

<iframe src="url"></iframe>
There are four variations of this example, accessible through the links in the page:

Empty iframe
The iframe takes four seconds to return but doesn’t contain any resources.
Iframe with image
The iframe returns immediately but contains an image that takes four seconds to
return.

Iframe with script
The iframe returns immediately but contains an external script that takes four
seconds to return.

Iframe with stylesheet
The iframe returns immediately but contains a stylesheet that takes four seconds
to return.

The parent window’s onload time is shown at the top of the page. Since the parent
window contains only one resource (the iframe), we know the iframe has blocked the

T “Understanding and Solving Internet Explorer Leak Patterns,” http://msdn.microsoft.com/en-us/library/
bb250448.aspx.

¥ This is true in Internet Explorer 6 through 8, Safari 3 and 4, and Chrome 1 and 2.

§ There are workarounds to this problem—for example, http://blog.moxiecode.com/2008/04/08/unload-event
-never-fires-in-ie/—but there will continue to be developers, unaware of the issue, who use the unload event.
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onload event if the onload time is greater than four seconds. The result is the same
across all major browsers: iframes block the parent window’s onload event when used in
the typical way.

There’s an easy workaround to this blocking behavior, but it works only in Safari and
Chrome. Instead of setting the iframe’s URL with the HTML SRC attribute, we set it
dynamically with JavaScript:

<iframe id=iframe1 src=""></iframe>

<script type="text/javascript">

document.getElementById("'iframe1').src = "url";
</script>

This technique is used in the Iframe Not Blocking Onload example.

Iframe Not Blocking Onload
http://stevesouders.com/efws/iframe-onload-nonblocking.php

In Safari and Chrome, the onload time is a few hundred milliseconds. Since this is much
less than four seconds, we know that the iframe and its components are not blocking
the parent window’s onload event. Unfortunately, this technique doesn’t work in
Internet Explorer, Firefox, and Opera. For a majority of users, the blocking behavior
of iframes prolongs the time before the page is “Done.”

Parallel Downloads with Iframes

This section explores the download behavior of iframes and the main page. In general,
resources in an iframe are downloaded in parallel with resources in the main page. In
some cases, however, the main page can cause resources in the iframe to be blocked
from downloading.

Script Before Iframe

External scripts in the main page that are loaded in the typical way (<script
src="url"></script>) block all resources that follow. Therefore, an iframe and its re-
sources are blocked from downloading if they are preceded by an external script. This
is demonstrated in the Script Before Iframe example.

Script Before Iframe
http://stevesouders.com/efws/script-before-iframe.php

In this example, the script takes four seconds to return. The iframe has no delay, but
it contains an image, a stylesheet, and a script that are each configured to take four
seconds to return. Figure 13-2 shows the HTTP waterfall charts for this example in
Internet Explorer, Firefox, Safari, Chrome, and Opera. (Safari, Chrome, and Opera
perform similarly and so are grouped together.) As expected, we see that the script in
the main page blocks the iframe request; this causes the iframe’s resources to be de-
layed. The way scripts block iframes is similar across all browsers, but in the next two
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sections we’ll see that Internet Explorer and Firefox diverge from the behavior shown
here, while Safari, Chrome, and Opera all perform the same.

Internet Explorer
Main page I
Script I—
Iframe |
Image
Stylesheet
Script

Firefox
Main page B
Script I
Iframe 1
Image
Stylesheet
Script

Safari, Chrome, Opera
Main page Il
Script I
Iframe 1
Image
Stylesheet
Script

Figure 13-2. Script before iframe

Stylesheet Before Iframe

Chapter 7 discusses the blocking behavior inflicted on pages that contain a stylesheet
followed by an inline script. Stylesheets also have an unexpected blocking interaction
with iframes in Internet Explorer and Firefox. The Stylesheet Before Iframe example
shows what happens.

Stylesheet Before Iframe
http://stevesouders.com/efws/stylesheet-before-iframe.php

Normally, stylesheets don’t block other resources, and in Figure 13-3 we see that this
is true for Safari, Chrome, and Opera. However, in Internet Explorer and Firefox, the
stylesheet blocks requests associated with the iframe. In Internet Explorer, the iframe
request is blocked. In Firefox, the stylesheet and iframe download in parallel, but the
iframe’s resources are blocked by the stylesheet.

Il Performance in Firefox 2 is worse because stylesheets block all downloads. This was fixed in Firefox 3.0.

Parallel Downloads with Iframes | 185


http://stevesouders.com/efws/stylesheet-before-iframe.php

Internet Explorer
Main page §
Script I
Iframe |
Image
Stylesheet
Script

Firefox
Main page B
Script  I——
Iframe [ |
Image
Stylesheet
Script

Safari, Chrome, Opera
Main page I
Script ——
Iframe |
Image
Stylesheet
Script

Figure 13-3. Stylesheet before iframe

Stylesheet After Iframe

Moving the stylesheet below the iframe would presumably avoid this blocking behav-
ior. This is true in Internet Explorer, but not in Firefox, as shown by the Stylesheet
After Iframe example.

Stylesheet After Iframe
http://stevesouders.com/efws/stylesheet-after-iframe.php

Firefox’s waterfall chart, as shown in Figure 13-4, takes eight seconds to load. The other
major browsers are all down to four seconds. Although it’s not worthwhile to move
stylesheets lower in the page—any gains from not blocking iframes are lost because
rendering is delayed—it is worth noting that if the iframe’s resources were in the main
page itself, the blocking wouldn’t happen. When deciding whether iframes are an ap-
propriate solution, this blocking behavior is an important consideration.
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Internet Explorer
Main page B
Stylesheet

Iframe
Image
Stylesheet
Script

Firefox
Main page I
Iframe 1
Stylesheet
Image
Stylesheet
Script

Safari, Chrome, Opera
Main page I
Iframe
Stylesheet
Image
Stylesheet
Script

Figure 13-4. Stylesheet after iframe

Connections per Hostname

Browsers have a limit on the number of connections they open to a single hostname.
The number of connections determines how many resources can be downloaded in
parallel. Internet Explorer 6 and 7 and Firefox 2 open only two connections per server.
Newer browsers open a higher number—between four and eight connections per
server. (See Table 11-2 for a full breakout by browser.) The following sections explore
how these browsers enforce these limits across iframes, tabs, and windows.

Connection Sharing in [frames

One might hope that because an iframe is “entirely independent of the document in
which it is embedded,”# resources downloaded as part of the iframe would use a con-
nection pool that is separate from the main page. The Iframe Connections example
tests whether this is true.

# http://www.w3.0rg/TR/html4/struct/objects. html#h-13.5
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Iframe Connections
http://stevesouders.com/efws/parent-connections.php

The Iframe Connections example downloads five images in the parent document and
another five images as part of the iframe. All 10 images are from the same server
(1.cuzillion.com) and are configured to take two seconds to respond. Figure 13-5 shows
the HTTP waterfall chart for this example loaded in Internet Explorer 7.

Main page B
Iframe |

Parentimage 1 [
Parentimage 2 I
Parentimage 3 | E—
Parentimage 4 [ E—
Parentimage 5  —
Iframe image 1 | —
Iframe image 2 [ ]
Iframe image 3 [ ]
Iframe image 4 ]
Iframe image 5 |

Figure 13-5. Iframe Connections HT TP waterfall chart for Internet Explorer 7

The first two requests are for the parent HTML document and iframe, respectively.
The remaining requests are for the 10 images served from 1.cuzillion.com. Internet
Explorer 7 opens two connections per hostname. We see in Figure 13-5 that this limited
pool of only two connections is shared by all the requests in the parent document as
well as the iframe. This is the case for all major browsers.

Using an iframe does not increase the number of parallel downloads for a given
hostname.

Connection Sharing Across Tabs and Windows

It’s both surprising and disappointing that the connection limits apply across an iframe
and its parent. This raises the question: is the connection pool similarly limited across
multiple browser tabs and windows?

To answer this question, I created two URLs:
http://stevesouders.com/efws/connections1.php
http://stevesouders.com/efws/connections2.php

Similar to the previous example, each of these pages contains 5 images served from
1.cuzillion.com, for a total of 10 images. The test involves opening two tabs in a browser
and loading the URLs simultaneously. If the connection pool is shared, the 10 images
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will take longer to download. If each browser tab has its own connection pool, the
images will download in parallel and the overall load time will be faster. The same test
is done using two instances of the same browser loading the URLs in separate windows.

I ran these tests on Internet Explorer 8.0 beta 2, Firefox 3.1b2, Safari 4 developer pre-
view, Chrome 2.0, and Opera 10.0 alpha. The results are that the connection pool is
shared across tabs and windows for all these browsers. Figure 13-6 shows the HTTP
waterfall chart for Internet Explorer 8.0 beta 2.

connection1.php M
connection2.php B
Window 1image 1
Parent image 2
Window 1image 3
Window 1 image 4
Window 1image 5
Window 2 image 1
Window 2 image 2 e —
Window 2 image 3 |
|
|

Window 2 image 4
Window 2 image 5

Figure 13-6. Connections shared across windows in Internet Explorer 8

The two test URLs are the first two short requests. The longer requests are the images.
Internet Explorer 8 opens a maximum of six connections per server. This pool of six
connections is used to download the five images in connections1.php and the first image
in connections2.php. At that point, the remaining images in connections2.php are
blocked, even though they’re being fetched in a separate window.

This section is a digression from the main topic of iframes, but it’s worth noting this
behavior of connection limits being applied across tabs and windows. For companies
that host multiple properties on a single domain, this could have a negative impact on
performance if users open multiple web applications simultaneously. For example,
several Google applications are hosted from http://www.google.com:

* Google Calendar

* Google Finance

* Google Reader

* Google Search

* iGoogle
Most of the resources used by these web sites also come from http://www.google.com.
If a user opened two or more simultaneously, he would compete for the open connec-

tions, resulting in slower load times. Although this doesn’t happen frequently, it does
happen. For example, I have a script that opens Google Calendar, Google Reader, and
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iGoogle every morning when I start my browser. These web sites are impacted because
they must share connections even though they are loaded in separate tabs.

Summarizing the Cost of Iframes

Even blank iframes are expensive. They are one to two orders of magnitude more
expensive than other DOM elements.

When used in the typical way (<iframe src="url"></iframe>), iframes block the
onload event. This prolongs the browser’s busy indicators, resulting in a page that is
perceived to be slower. Setting the iframe’s SRC dynamically avoids this problem in
Safari and Chrome. For other browsers, setting the SRC after the onload event avoids
the problem.

Although iframes don’t directly block resource downloads in the main page, there are
ways that the main page can block the iframe’s downloads. In addition to the expected
behavior of scripts, stylesheet downloads in the main page block the iframe’s down-
loads in both Internet Explorer and Firefox.

The browser’s limited connections per server are shared across the main page and
iframes, even though an iframe is an entirely independent document. Web sites that
host most of their resources on a single domain should keep this in mind.

With all of these costs, it’s often best to avoid the use of iframes, and yet a quick survey
shows that they are still used frequently. Five of the top 10 U.S. web sites use iframes:
AQL, Facebook, MSN.com, MySpace, and YouTube. These sites use iframes primarily
for serving ads. This is to be expected, given that iframes are an easy way to include
content from a third-party site, especially dynamic content such as a rotating ad.

An alternative way to insert ads with better performance would be for the main page
to create a DIV to hold the contents of the ad. When the main page requests the ad’s
external script (using an asynchronous technique as described in Chapter 4), the ID of
this DIV could be included in the script’s URL. The ad’s JavaScript would then insert
the ad in the page by setting the innerHTML of the DIV. This approach is also more
compatible with “expando” ads—those ads that take over a large part of the window
and thus cannot be constrained by an iframe. The use of iframes is declining as these
other techniques for inserting ads become more prevalent, much to the benefit of web
page performance.
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CHAPTER 14

Simplifying CSS Selectors

Much of this book focuses on JavaScript performance. What about CSS? Most pub-
lished information about CSS understandably focuses on layout, design, and the rela-
tionship between content, markup, and code.” There are a few best practices focused
on CSS performance:

* Place stylesheets in the HEAD of the document to promote progressive rendering.
(See High Performance Web Sites, Chapter 5.)

* Don’tuse CSS expressions in Internet Explorer, as they may be executed thousands
of times, resulting in a sluggish page. (See High Performance Web Sites, Chapter 7.)

* Avoid too much inline styling as it increases download size. (See Chapter 9 of this

book.)

Another topic that has garnered attention is the cost of inefficient CSS selectors. A
selector is the initial list of arguments that indicates the elements of the page to which
a CSS rule applies. This chapter explains the issues with regard to CSS selectors. There
are some surprises. Although following the guidelines for optimal CSS selectors can
make a difference in web site speed, it’s more important that web developers avoid a
few common, yet costly, CSS selector patterns. All of this is revealed in the sections
that follow.

Types of Selectors
This section defines the terminology around CSS selectors. Consider this example:
#toc > LI { font-weight: bold; }

This is a style rule or simply rule. The CSS selector is #toc > LI. This selector contains
two simple selectors (#toc and LI) that are joined with the > combinator. The CSS selector
determines which elements in the page, also called subjects, receive the specified styling.

" See Nicole Sullivan’s “Object Oriented CSS” and Nate Koechley’s “Semantic Markup—Create, Support and
Extract”.
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The browser tries to match the CSS selectors with elements in the document. It’s this
matching that is the cause for concern. The amount of matching the browser must
perform depends on how the CSS selectors are written. Some types of CSS selectors
cause more matching attempts and are thus more expensive than simpler selectors.

The various types of CSS selectors are presented in the following sections. They’re listed
in approximate order from simplest (least costly) to most complex (most expensive).
For more information, consult the section in the CSS2 specification on selectors.

The example rules from this section are used in the CSS Selectors example. The use
case for this example is styling for a table of contents. The page is shown in Fig-
ure 14-1 with some of the applicable rules indicating where they have an effect.

CSS Selectors
http://stevesouders.com/efws/selectors.php

Table of Contents

}<—|H1 + #toc { margin-top: 4opx; }

2.The Problem A { text-decoration: none; }
3.The Solution #toc A { color: #444; }

4. Issues for Further Research
5. Conclusion

6. Index
D '\l[hreﬁ"windex“] { font-stye: italic; }

|#‘toc { margin-left: 20px; }‘

1.|ntroduction£ .chapter { font-weight: bold; }

Figure 14-1. CSS Selectors example with rules

ID Selectors
Example: #toc { margin-left: 20px; }

Simple and efficient, this type of selector matches the unique element in the page with
the specified ID. The example just shown matches the element whose ID attribute is
toc. In the Table of Contents example, this rule matches an ordered list element:
<ol id=toc>. This rule indents the list by 20 pixels on the left.
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Class Selectors
Example: .chapter { font-weight: bold; }

Rules based on a class are specified with a dot (.) followed by the class name. Class
selectors match all elements with a class attribute containing that name. This rule
matches the list item elements in our Table of Contents example, making the font bold:
<li class=chapter>.

Type Selectors
Example: A { text-decoration: none; }

Type selectors apply to all elements of the specified element type. This rule removes
the underline from all anchors in the page, such as: <a href="#introduction">
Introduction</a>. This is a lightweight way to add styling to all elements of a specified
type, without having to add any extra characters (such as ID, class, or style) to each
element.

Adjacent Sibling Selectors
Example: H1 + #toc { margin-top: 40px; }

Adjacent sibling selectors are created by chaining two simple selectors (in this case,
H1 and #toc) with the + combinator. In our CSS Selectors page, this rule matches the
toc element because its previous sibling is an H1 element. As a result, the Table of
Contents example is given an extra 40 pixels of margin at the top.

Child Selectors
Example: #toc > LI { font-weight: bold; }

Child selectors are formed by combining two or more simple selectors with the > com-
binator. This rule matches all list items whose parent is the toc element. This rule
achieves the same results as the class selector example, but the LI elements don’t need
to specify a class, thus reducing the size of the resultant page.

Descendant Selectors
Example: #toc A { color: #444; }

The previous two selector types use the + and > combinators. Descendant selectors
simply use a space (“ ”) as a combinator. Descendant rules are matched whenever the
second selector subject is found to be a descendant (child, grandchild, etc.) of the first
selector subject. In our page, all anchor (A) elements within the Table of Contents
(toc) element are given a font color of “#444.” Notice that I've used shorthand to
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specity the color. Normally this color would be specified as “#444444,” but “#444”
means the same thing and saves three bytes.

Universal Selectors
Example: * { font-family: Arial; }

Universal selectors, written using *, match every element in the document. This rule
assigns the Arial font to all elements in the CSS Selectors example page.

Attribute Selectors
Example: [href="#index"] { font-style: italic; }

Attribute selectors match based on the existence or value of an element’s attributes.
This rule causes the anchor element with href equal to "#index" to be drawn in italics.
Attributes can be matched in four ways:

* Equality, using = as this rule does.
* Existence of the attribute, regardless of value: [href].

* Equality with one value in a space-separated list of values: [title~="Index"]
matches <a title="the Index">.

* Equality with the first value in a hyphen-separated list of values: [LANG|=en]
matches <p lang="en"> as well as <p lang="en-US">.

Class selectors are a specialized case of attribute selectors, where the attribute is
class. The dot notation for class selectors (e.g., .chapter) is shorthand to avoid the
lengthier attribute syntax ([class="chapter"]).

Pseudo-Classes and Pseudo-Elements
Example: A:hover { text-decoration: underline; }

The types of selectors presented so far have been based on information from the DOM.
Some desired styling is not represented in the DOM. Pseudo-classes and pseudo-
elements were created to address these situations. This rule draws an underline when-
ever the user hovers over an anchor; :hover is a pseudo-class. Other pseudo-classes
include :first-child, :link, :visited, :active, :focus, and :lang. The pseudo-
elements include :first-line, :first-letter, :before, and :after.

The Key to Efficient CSS Selectors

The impact of CSS selectors on performance derives from the amount of time it takes
the browser to match the selectors against the elements in the document. Developers
have some control over how long this matching takes by writing their selectors to be
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more efficient. The path to efficient selectors starts by understanding how selector
matching works.

Rightmost First

Consider the following rule:
#toc > LI { font-weight: bold; }

Most of us, especially those who read left to right, might assume that the browser
matches this rule by moving from left to right, and thus, this rule doesn’t seem too
expensive. In our minds, we imagine the browser working like this: find the unique
toc element and apply this styling to its immediate children who are LI elements. We
know that there is only one toc element, and it has only a few LI children, so this CSS
selector should be pretty efficient.

In reality, CSS selectors are matched by moving from right to left! With this knowledge,
our rule that at first seemed efficient is revealed to be fairly expensive. The browser
must iterate over every LI element in the page and determine whether its parent is toc.

Our descendant selector example is even worse:

#toc A { color: #444; }

Instead of just checking for anchor elements inside toc, as would happen if it was read
left to right, the browser has to check every anchor in the entire document. And instead
of just checking each anchor’s parent, the browser has to climb the document tree
looking for an ancestor with the ID toc. If the anchor being evaluated isn’t a descendant
of toc, the browser has to walk the tree of ancestors until it reaches the document root.

David Hyatt, Safari and WebKit architect, reveals this information in one of the most-
referenced articles on CSS selector performance, “Writing Efficient CSS for use in the
Mozilla UI”:

The style system matches a rule by starting with the rightmost selector and moving to
the left through the rule’s selectors. As long as your little subtree continues to check out,
the style system will continue moving to the left until it either matches the rule or bails
out because of a mismatch.

Writing Efficient (SS Selectors

Armed with the insight that selectors are matched right to left, we can take another
look at our CSS selectors and tune them to be more efficient. Before we start, it would
be nice to have some additional information, such as which CSS selectors are the most
expensive, and some patterns for making it easier to fix them. Fortunately, David
Hyatt’s article provides guidelines for writing efficient selectors:
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Avoid universal rules
In addition to the traditional definition of universal selectors, Hyatt lumps adjacent
sibling selectors, child selectors, descendant selectors, and attribute selectors into
this category of “universal rules.” He recommends using ID, class, and tag selectors
exclusively.

Don’t qualify ID selectors
Because there is only one element in the page with a given ID, there’s no need to
add additional qualifiers. For example, DIV #toc is unnecessary and should be
simplified to #toc.

Don’t qualify class selectors
Instead of qualifying class selectors for specific tags, extend the class name to be
specific to the use case. For example, change LI .chapter to .1i-chapter, or better
yet, .list-chapter.

Make rules as specific as possible
Don’t be tempted to build long selectors, such as OL LI A. It’s better to create a
class, such as .list-anchor, and add it to the appropriate elements.

Avoid descendant selectors
Descendant selectors are typically the most expensive to process. Child selectors
are often what’s intended and can be more efficient. It’s even better to follow the
next guideline to avoid child selectors as well.

Avoid tag-child selectors
If you have a child selector that is based on a tag, such as #toc > LI > A, use a class
associated with each of those tag elements, such as .toc-anchor.

Question all usages of the child selector
This is another reminder to review all places where child selectors are used, and
replace them with specific classes when possible.

Rely on inheritance
Learn which properties are inherited, and avoid rules that specify these inherited
styles. For example, specify list-style-image on the list element instead of on each
list item element. Consult the list of inherited properties to know which properties
are inherited for which elements.

It’s interesting to note that David Hyatt’s article was first published in April 2000. I
wonder—why is there renewed interest in this topic nine years later? David’s article,
as the title states, was addressed to developers working on the Mozilla Ul. Perhaps it’s
taken this long for web pages to reach a similar level of performance loss with regard
to CSS selectors.

Another factor is that today’s Web 2.0 applications have a longer session length—it’s
not the load-clear-load Web 1.0 scenario. In this sense, Web 2.0 applications are more
similar to the Mozilla U, and the impact of inefficient CSS selectors may be more
pronounced as huge portions of the DOM tree are created and removed, and DHTML
code changes class names and style attributes. The findings in the next section support
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this view that the complexity and dynamic nature of web pages are what have brought
focus to this area of performance analysis.

(5SS Selector Performance

The veil has been lifted. We now see the inefficiencies in our CSS selectors. The reve-
lation of selectors being read from right to left motivates many of us to rewrite our rules.
With Doug Crockford’s guidance (see Chapter 1), we know that before we start fixing
this possible performance issue, it’s important to first measure the impact of the issue
so that we are sure to focus on the right problem.

Complex Selectors Impact Performance (Sometimes)

The results of an experiment to measure the performance of CSS selectors were pub-
lished in three blog posts from Jon Sykes. Each post is a refinement on the previous
one, so part 3 is the most informative.T His test comprises five pages. All the pages
contain 20,000 anchor elements, each with an ancestor tree of P, DIV, DIV, DIV, and
BODY. Each page has different types of CSS:
* “No Style” has no CSS.
* “Tag” has one rule:
A { background-color: red; }
* “Class” has 20,000 class selectors, one for each anchor; for example:
class11 { background-color: red; }
* “Descender” has 20,000 descendant selectors, one for each anchor; for example:
div div div p a.class11 { background-color: red; }
* “Child” has 20,000 child selectors, one for each anchor; for example:
div > div > div > p > a.class11 { background-color: red; }
The results indeed show that “No Style” is faster than “Descender” and “Child.” In
Internet Explorer and Safari, the load times of the slower pages are a multiple of the

simple page. It’s clear that inefficient CSS selectors in numbers this large adversely affect
performance.

What if the number of selectors is reduced to levels comparable to today’s web sites—
do they still have an impact? Table 14-1 shows the number of CSS rules and DOM
elements, as well as average DOM depth, for the top 10 U.S. web sites. The total number
of rules ranges from 92 to 2,882, with an average of 1,033.

T The original blog post, http://blog.archive.jpsykes.com/153/more-css-performance-testing-pt-3/, is no longer
available.
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Table 14-1. CSS rules and DOM elements in the top 10 U.S. web sites

Web site Number of rules  Number of DOM elements  Average depth

AOL 2,289 1,628 13
eBay 305 588 14
Facebook 2,882 1,966 17
Google 92 552 8

Live Search 376 449 12
MSN.com 1,038 886 N
MySpace 932 444 9

Wikipedia 795 1,333 10
Yahoo! 800 564 13
YouTube 821 817 9

Average 1,033 923 12

Based on this information, I created a set of tests similar to Sykes’ experiments, but
instead of 20,000 rules they contain only 1,000 rules. Also, to make the page size more
consistent, I gave the baseline page and tag selector page 1,000 rules just like all the
other pages; these are simple class rules that aren’t used by any elements. The pages
themselves are part of the CSS Selectors Test example.

CSS Selectors Test
http://stevesouders.com/efws/css-selectors/tests.php

The focus of this experiment is to gauge the cost of complex selectors versus simple
selectors. Figure 14-2 shows the difference in load times of the slowest test page (child
or descendant selectors) and the simple baseline page. The average slowdown is just
30 milliseconds.¥

These tests show a much smaller savings from optimizing CSS selectors than what was
found in Sykes’ tests. This is primarily due to the reduced number of rules coupled with
the fact that the impact of CSS selectors increases at a nonlinear rate as the number of
rules and DOM elements grows. Figure 14-3 shows the page load time in Internet
Explorer 7 as the number of rules increases from 1,000 to 20,000 for the more expensive
child and descendant selector tests. This data reveals that Internet Explorer 7 hits a cliff
ataround 18,000 rules. The tests with 20,000 rules are on the extreme end of this hockey
stick.

¥ The results for Opera 9.63 were inconsistent and so are omitted.
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These results indicate that more complex CSS selectors, such as child and descendant
selectors, don’t always affect page performance. This doesn’t mean we shouldn’t
optimize our CSS selectors. Even at real-world levels, certain types of selectors have a
noticeable impact on performance.

(5SS Selectors to Avoid

The tests from the previous section show that in some situations, even complex CSS
selectors have little impact on performance, but that’s not always the case. Let’s look
at a sample descendant selector from the earlier tests:

DIV DIV DIV P A.class0007 { ... }

At first glance, this seems likely to be an expensive selector to match. It’s a descendant
selector, with five levels of ancestors to match. However, recalling that selectors are
matched right to left, we realize why this descendant selector performs at about the
same speed as a much simpler class selector. The amount of work performed by the
browser is heavily affected by the rightmost argument, also called the key selector. In
this case, the key selector is A.class0007. Only one element in the page matches this
key selector, so the amount of time needed to match this selector is minimal.

In contrast, consider this rule:
A.classoo07 * { ... }

In this rule, the key selector is *. Since this matches all elements, the browser has to
check every element to see whether it is a descendant of an anchor with the class name
class0007. The Universal Selector example has 1,000 rules of this type.

Universal Selector
http://stevesouders.com/efws/css-selectors/universal.php

Figure 14-4 shows the difference in load times of the Universal Selector page and the
Descendant Selector page. This is a significant change from Figure 14-2, where the
average delta was just 30 milliseconds. The average slowdown here is more than two
seconds!

When deciding where to optimize, remember to focus on CSS selectors where the key
selector is likely to match a large number of elements in the page. It’s not just the
universal selector that is troublesome. Here are some other examples that take signif-
icant time to load:
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Figure 14-4. Load time difference for universal selector

A.classo0007 DIV { ... }
http://stevesouders.com/efws/css-selectors/csscreate.php?sel=A.class+DIV
#idooo7 > A { ... }
http://stevesouders.com/efws/css-selectors/csscreate.php?sel=%23id+>+A
.class0007 [href] { ... }
http://stevesouders.com/efws/css-selectors/csscreate.php?sel=.class+ [href]
DIV:first-child { ... }
http://stevesouders.com/efws/css-selectors/csscreate.php ?’sel=DIV%3 Afirst-child

These examples are all created by the CSS Test Creator page. “0007” is used to indicate
a counter that is incremented from 1 to the maximum number of rules (1,000 in this
case). The CSS Test Creator makes it easy to try different types of selectors and measure
the impact on load times, as well as reflow time, as discussed in the next section.

Reflow Time

All the examples so far have measured the impact of CSS selectors on load time. For
Web 2.0 applications, a more important consideration is the time it takes the browser
to apply styles and lay out elements while the user interacts with the page. This is called
the reflow time. A reflow is triggered when certain properties of a DOM element’s style
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are modified using JavaScript. Given a DOM element called elem, each of the following
lines of code triggers a reflow in most browsers:

elem.className = "newclass"”;
elem.style.cssText = "color: red";
elem.style.padding = "8px";
elem.style.display = "";

This is just a subset; the list of reflow triggers is much longer. Given their dynamic
nature, Web 2.0 applications can easily trigger a reflow. A reflow doesn’t necessarily
involve every element in the page. Browsers are optimized to re-layout only the elements
that are affected (“dirty”). In the preceding examples, however, if elem is the document
body or some other element with many descendants, the reflow can be costly.

A reflow requires that CSS rules be reapplied, which means the browser must once
again match all the CSS selectors. If the CSS selectors are inefficient, the reflow may
take a long time—long enough that users notice. All of the CSS selector test exam
ples have a Measure Reflow button. When clicked, the body’s display property is tog-
gled, as shown in the last line of the preceding code. The time it takes for the reflow to
finish is displayed next to the button. The examples of expensive CSS selectors from
the previous section have reflow times ranging from hundreds of milliseconds to sec-
onds.

It’s important, therefore, to be wary of the impact of inefficient CSS selectors not only
on page load time, but also on how your Web 2.0 application behaves while the user
interacts with it. If your JavaScript manipulates style properties and your page starts to
feel sluggish, inefficient CSS selectors might be the cause.

Measuring CSS Selectors in the Real World

This chapter presents the results from multiple experiments, but all of these test pages
are contrived examples. It’s difficult to translate the time savings shown by these tests
into savings for real-world web sites. An ideal experiment would be to optimize the
CSS selectors in the top 10 web sites and measure the effect on load time, but that’s
not feasible.

To estimate the performance improvement that might be gained by optimizing CSS
selectors, we can measure the reflow time. This is easy to do on existing web pages
using Lindsey Simon’s Reflow Timer. This is a bookmarklet that runs in all major
browsers. When launched, it toggles the body’s display property and displays the aver-
age reflow time. (I got the idea to add reflow time measurements to my test pages based
on this tool.) Figure 14-5 shows the results of measuring reflow time. Reflow time
ranges from 16 milliseconds (Google Search) to 391 milliseconds (Facebook).§

§ Measured using Internet Explorer 7.
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Figure 14-5. Top 10 sites reflow time, total rules, and extreme selectors

In addition to reflow time, Figure 14-5 also shows the number of rules and the number
of extremely inefficient rules (rules with key selectors that match a large number of
elements). The correlation coefficient between reflow time and the number of rules is
0.86. The correlation coefficient between reflow time and the number of extremely
inefficient rules is 0.9. Both of these are high correlations, suggesting that the time it
takes for a browser to apply styles is affected by both the number as well as the efficiency
of CSS selectors.

If, like AOL and Facebook, your site use a large number of rules, many of which are
extremely inefficient, optimizing your CSS selectors may make your page faster. You’d
likely also benefit from reducing the number of rules. Having said that, keep in mind
that there’s a cost associated with following David Hyatt’s guidelines for writing effi-
cient CSS selectors: replacing expensive descendant selectors with class assignments
for each affected element adds weight to your page and reduces the flexibility of your
styles. The most important selectors to fix are those with a key selector (rightmost
selector) that matches a large number of elements. Although the benefit of this per-
formance improvement varies, web developers should be aware that certain types of
CSS selectors can torpedo their page’s performance.
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APPENDIX
Performance Tools

Like all good engineers, web developers need to build up a set of tools to do a high-
quality job. This appendix describes the tools I recommend for analyzing and improv-
ing web site performance. The tools are grouped into the following sections:

“Packet Sniffers” on page 205
When I sit down to analyze a web site, I start by looking at the HTTP requests for
the web page in question. This makes it possible to identify the slow parts of the
page. A packet sniffer that is handy and easy to use is the first tool to add to your
kit. The tools included in this category are HttpWatch, Firebug Net Panel, AOL
Pagetest, VRTA, IBM Page Detailer, Web Inspector Resources Panel, Fiddler,
Charles, and Wireshark.

“Web Development Tools” on page 209
Page performance isn’t just about load time—]JavaScript, CSS, and DOM structure
play a significant role, especially for Web 2.0 applications. Web development tools
provide inspectors, profilers, and debuggers for analyzing web page behavior. This
section includes Firebug, Web Inspector, and IE Developer Toolbar.

“Performance Analyzers” on page 211
Performance analyzers evaluate a given web page against a set of performance best
practices. As I will explain, they vary a great deal in what they measure. This section
describes YSlow, AOL Pagetest, VRTA, and neXpert.

“Miscellaneous” on page 216
This section includes a grab bag of tools I use regularly: Hammerhead, Smush.it,
Cuzillion, and UA Profiler.

Packet Sniffers

Every web developer working on performance needs to look at how his web pages load,
including all the resources within the page. This is done using a packet sniffer. The
packet sniffers listed in this section range from tools that give a higher-level view of
network traffic, such as HttpWatch, to lower-level tools that expose each packet sent
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over the network, such as Wireshark. In most of my web performance analysis, I use
the higher-level network monitors; they are typically easier to configure and have a user
interface that is more visual. In some situations, such as debugging chunked encoding,
[ drop down into one of the lower-level packet sniffers in order to see the contents and
timing of each packet sent over the wire.

HttpWatch

HttpWatch is my preferred packet sniffer. HttpWatch depicts network traffic in a
graphical way, as shown in Figure A-1. Most of the HTTP waterfall charts in this book
were captured using HttpWatch. This graphical display makes it easy to spot perform-
ance delays.

HttpWatch is built by Simtec. You can try out the free download, but it’s limited to
work on only a few major sites, such as Google and Yahoo!. You have to pay for the
full-featured version, but it’s money well spent. HttpWatch runs on Microsoft Win-
dows with Internet Explorer and Firefox.
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Figure A-1. HttpWatch
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Firebug Net Panel

Firebug has many features critical to any web developer and is described more thor-
oughly in “Web Development Tools” on page 209. The Firebug Net Panel, however,
deserves mention here. Net Panel displays HTTP waterfall charts, making it an easy
alternative for developers who already have Firebug installed. I especially like Net
Panel’s use of vertical lines to mark the DOMContentLoaded and onload events in the page
load timeline, as shown in Figure A-2. This is a feature that other packet sniffers should
adopt.

%" Inspect Clear |[Al HTML CS5 5 XHR Images Fiash @, (R
Console HTML €55 Script DOM | Net~ Options
+ GET Main_Page 2 en,wikipedia.org 16 KB 517ms

+ GET 130px-Rongoro
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+# GET 100px-Najib_Tu
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+# GET 350px-Typhoid_
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+ GET Wikinews-logo-
+ GET Wiktionary-logc

upload. wikimedia.org  4KB
upload. wikimedia.org  2KB
upload. wikimedia.org 6 KB
upload. wikimedia.org 4 KB
upload. wikimedia.org 13 KB
upload.wikimedia.org 2 KB
upload.wikimedia.org 3 KB
upload. wikimedia.org 473 B

148ms
151ms
153ms

45ms

158ms

183ms
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+ GET Wikiquote-logo- upload. wikimedia.org 2 KB 131ms

+ GET Wikibooks-logo upload. wikimedia.org 2 KB 133ms

* GET Wikisource-logc upload. wikimedia.org 3 KB 30ms

* GET Wikispecies-log upload. wikimedia.org 4 KB S0ms

* GET Wikiversity-logi upload. wikimedia.org  2KB 89ms

* GET Meta-logo-35p> upload. wikimedia.org  2KB 90ms

15 requests 59 KB B860ms
‘ Done ,7 # 4

Figure A-2. Firebug Net Panel

One drawback of Net Panel is that the timing information can be affected by the web
page itself. This is due to the fact that Firebug is implemented in JavaScript and there-
fore executes in the same Firefox process as the current web page. Because of this, if
network events happen while JavaScript is executing in the main page, Net Panel is
blocked from recording the correct timing information for those requests. Net Panel’s
accuracy is sufficient in most situations, and its ease of use makes it a good choice. If
you require more precise time measurements or have a page with long-running blocks
of JavaScript, you should consider using one of the other packet sniffers mentioned in
this section.

An additional constraint is that Firebug is a Firefox add-on, so it isn’t available in other
browsers.

AOL Pagetest

AOL Pagetest is an Internet Explorer plug-in that produces HTTP waterfall charts. It
also identifies areas for improving performance, as discussed in “Performance Ana-
lyzers” on page 211.
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VRTA

VRTA from Microsoft focuses on improving network performance. Its HTTP waterfall
chart is more detailed than other network monitors, putting an emphasis on reusing
existing TCP connections. See “Performance Analyzers” on page 211 for more infor-
mation about VRTA.

IBM Page Detailer

IBM Page Detailer used to be my preferred packet sniffer, but IBM stopped selling the
professional version. The basic version is still available, but it lacks many features that
I consider mandatory, such as support for analyzing HTTPS requests and the ability to
export data. IBM Page Detailer runs on Microsoft Windows.

I use IBM Page Detailer when analyzing browsers other than Internet Explorer and
Firefox, such as Opera and Safari (since these browsers aren’t supported by
HttpWatch). IBM Page Detailer can monitor network traffic for any process that uses
HTTP. This is enabled by editing the wd_WS2s.ini file and adding the process’s name
to the Executable line, like so:

Executable=(FIREFOX.EXE), (OPERA.EXE), (SAFARI.EXE)

There’s an interesting twist that prevents IBM Page Detailer from analyzing Chrome:
Chrome has a separate process for the browser Ul plus one for each tab. IBM Page
Detailer attaches to the browser Ul process, and so it doesn’t see any of the HTTP traffic
for the actual web pages being loaded. Nevertheless, if support for HTTPS and export-
ing data isn’t required, IBM Page Detailer is a useful alternative.

Web Inspector Resources Panel

Safari’s Web Inspector, similar to Firebug, is a web development tool that includes a
network monitor. See “Web Development Tools” on page 209 for more information.

Fiddler

The main distinguishing feature of Fiddler, built by Eric Lawrence from the Microsoft
Internet Explorer team, is that it supports a scripting capability that allows for setting
breakpoints and manipulating HTTP traffic. One downside is that it acts as a proxy,
and so it may alter the behavior of the browser (e.g., the number of open connections
per server). If you need a scripting capability and are mindful of any side effects of using
a proxy, I highly recommend Fiddler. It runs on Microsoft Windows.
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Charles

Charles is an HTTP proxy, similar to Fiddler. It has many of the same features as Fid-
dler, including the ability to analyze both HTTP and HTTPS traffic, and bandwidth
throttling. Charles supports Microsoft Windows, Mac OS X, and Linux.

Wireshark

Wireshark evolved from Ethereal. It analyzes HT TP requests at the packet level. Its Ul
is not as graphical as other network monitors. It also doesn’t have the concept of a “web
page,” so it’s up to you to discern where the web page’s packets start and end. If you
have to look at traffic at the packet level, such as to analyze chunked encoding, Wire-
shark is the best choice. It’s available on many platforms, including Microsoft Win-
dows, Mac OS X, and Linux.

Web Development Tools

Packet sniffers show the network activity while a page is loading, but there’s more to
a web page’s performance than just HTTP requests. Chapters 1 and 2 discuss how
JavaScript and modifications to the DOM can slow a page down. The web development
tools presented in this section—Firebug, Web Inspector, and IE Developer Toolbar—
include features such as DOM inspectors, JavaScript debuggers and profilers, CSS ed-
itors, and network monitors.

These tools are the tip of the iceberg. More extensive tools are needed to give developers
visibility into memory consumption, CPU load, JavaScript execution, CSS application,
and HTML parsing and rendering over the entire page load timeline. And this analysis
is needed without altering normal browser behavior.

Firebug

Firebug is the most popular web development tool, with more than 14 million (yes,
million!) downloads. It was created by Joe Hewitt in January 2006. It includes inspec-
tors for HTML, CSS, DOM, and layout. Firebug’s Net Panel, discussed in “Packet
Sniffers” on page 205, provides an HTTP waterfall chart of network activity. Firebug
also has a JavaScript command line and console, as well as a JavaScript debugger and
profiler. The debugger and profiler are Firebug’s strongest features.

Firebug is an add-on to Firefox. Although porting the JavaScript debugging and profil-
ing functionality to other browsers would be a tremendous undertaking, many of Fire-
bug’s other features are available across browsers by virtue of Firebug Lite. Firebug Lite
is a bookmarklet, and therefore it works in all the major browsers. It had a major
upgrade by Azer Kogulu and now includes inspectors for HTML, DOM, and CSS, as
well as a JavaScript command line and console. Providing a common UI across all
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browsers and a fairly complete set of features, Firebug Lite is the perfect recipe for
solving nasty browser incompatibility bugs.

Developers love Firebug because of their ability to extend it. This open extension model
makes it possible to add on to Firebug’s features in a way that also allows for that new
functionality to be shared with other developers. You can find useful Firebug extensions
at http://getfirebug.com/extensions/index.html.

Web Inspector

Safari’s Web Inspector had a significant upgrade at the end of 2008. The Resources
Panel, mentioned previously, is shown in Figure A-3. Web Inspector’s functionality is
similar to Firebug. It has a console with autocompletion, a DOM and CSS inspector,
and a JavaScript debugger and profiler.
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Figure A-3. Safari Web Inspector
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IE Developer Toolbar

The Internet Explorer Developer Toolbar has a feature set similar to Firebug Lite. It
doesn’t have JavaScript debugging or profiling, but it does support validating HTML
and CSS, DOM inspection, and pixel layout tools. The IE Developer Toolbar is targeted
at Internet Explorer 6 and 7. The functionality has been built into Internet Explorer 8
under the Developer Tools menu item.

Performance Analyzers

YSlow was the first widely used performance “lint” tool. AOL Pagetest, VRTA, and
neXpert were released subsequently. Each of these tools has its own set of performance
best practices. I've aggregated all of these best practices in Table A-1, with an indication
of which rules are evaluated by each particular tool. I've grouped the best practices into
three categories:

* The rules included in High Performance Web Sites
* The best practices described in this book

* Other rules that I haven’t addressed but that are incorporated in at least one of
these tools

Looking at Table A-1, it’s clear that there is little overlap in the best practices espoused
by each tool. In one sense, this is good—bringing in different perspectives on the per-
formance problem leads to the discovery of new best practices. But this diversity has a
more important and unfavorable impact: confusion and fragmentation in the web de-
velopment community. It’s unclear which set of best practices is best. The choice of
tool might be dictated by development environment rather than by the content of the
performance analysis.

Across the developers of these tools, there is more agreement on performance best
practices than is reflected in Table A-1. The inconsistencies arise for several reasons.
There’s a desire to introduce new best practices and to focus less on covering what has
already been covered somewhere else. Development time is always an issue; developers
may decide to skip the implementation of well-known best practices. Don’t
underestimate the impact of personal interests; for instance, it’s clear that the devel-
opers of VRTA have more interest and familiarity with networking issues than I do.
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Table A-1. Performance best practices

Best practice YSlow Pagetest VRTA  neXpert
High Performance Web Sites
Combine JavaScript and (SS

Use CSS sprites

Usea (DN

Set Expires in the future

Gzip text responses

Put CSS at the top

Put JavaScript at the bottom
Avoid CSS expressions

Make JavaScript and CSS external
Reduce DNS lookups

Minify JavaScript

Avoid redirects

Remove dupe scripts

>< X X X X X X >xX >xX X >x >x >x x

Remove ETags

Even Faster Web Sites
Don't block the Ul thread
Split JavaScript payload
Load scripts asynchronously X

Inline scripts before stylesheet

Write efficient JavaScript

Minimize uncompressed size

Optimize images X

Shard domains X

Flush the document early

Avoid iframes

Simplify CSS selectors X

Other

Use persistent connections X X X
Reduce cookies X X
Avoid network congestion X

Increase MTU, TCP window X

Avoid server congestion X
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Moving forward, web developers would be well served if it became possible for these
and other tools to share a common set of performance best practices. I fully expect this
will happen. These tools were created in the spirit of evangelizing a faster web experi-
ence for all users and to help developers easily identify where they can make the greatest
improvement to their site’s speed. In that spirit, it makes sense to give developers tools
that are more consistent regardless of their platform and tool of choice.

That’s the future. For now, the following sections provide descriptions of YSlow, AOL
Pagetest, VRTA, and neXpert, as they exist today.

YSlow

I created YSlow while working at Yahoo!. It existed first as a bookmarklet, and then as
a Greasemonkey script. Joe Hewitt was kind enough to explain how to port YSlow to
be a Firebug extension. Swapnil Shinde did a lot of the coding to get it to work with
Firebug. The motivation I gave Swapnil was that I was certain YSlow would be used
by as many as 10,000 people. YSlow was released in July 2007 and crossed the 1 million
download mark a year and a half later. The name is a play on the question “whY is this
page Slow?”

YSlow contains the following rules which are echoed as chapters in High Performance
Web Sites. When YSlow was released, I also posted summaries of each rule at hitp:/
developer.yahoo.com/performance/rules.html. That page has subsequently been upda-
ted by the folks at Yahoo! to include 34 rules! Here are the original 13 rules that are
still the basis for YSlow’s performance analysis:

* Rule 1: Make Fewer HTTP Requests

* Rule 2: Use a Content Delivery Network

* Rule 3: Add an Expires Header

* Rule 4: Gzip Components

* Rule 5: Put Stylesheets at the Top

* Rule 6: Put Scripts at the Bottom

* Rule 7: Avoid CSS Expressions

* Rule 8: Make JavaScript and CSS External

* Rule 9: Reduce DNS Lookups

* Rule 10: Minify JavaScript

* Rule 11: Avoid Redirects

* Rule 12: Remove Duplicate Scripts

* Rule 13: Configure ETags
YSlow, as an extension to Firebug, is available only within Firefox. It generates a score

for each rule and an overall score based on a weighted average of the individual rule
scores. It also displays a list of all the resources used in the page as well as overall
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statistics (number of requests, total page weight, etc.). It has other useful tools, includ-
ing integration with JSLint and output of all the CSS and JavaScript into a single browser
window for easy searching.

AOL Pagetest

AOL Pagetest and its web-based counterpart, WebPagetest, analyze web pages using
these best practices:

* Enable browser caching of static assets

* Use one CDN for all static assets

* Combine static CSS and JavaScript files
* Gzip-encode all appropriate text assets

* Compress images

¢ Use persistent connections

* Proper cookie usage

* Minify JavaScript

* No ETag headers

AOL Pagetest is a plug-in for Internet Explorer. WebPagetest is accessible through any
browser; it runs Internet Explorer on the backend server. In addition to performance
analysis, both provide an HTTP waterfall chart, screenshots, page load times, and
summary statistics.

The deployment of this functionality via the WebPagetest web site is intriguing. Web-
Pagetest is fairly popular, but it hasn’t gotten the wide adoption it deserves. It lets you
analyze any web site from any browser, without the hassle of downloading, installing,
and configuring an application or plug-in. It does this by running AOL Pagetest in
Internet Explorer on the WebPagetest site’s backend servers. WebPagetest users, from
any browser, simply enter the URL of the site they want to analyze into the web-based
form, and the results are presented a minute or so later. Figure A-4 shows the results
for http://www.aol.com/.

Making WebPagetest available through a web page form makes it easy to use for
everyone, including nondevelopers, but it does have some limitations. It’s important
to remember that the results are always generated using Internet Explorer running in
WebPagetest’s remote location. This can be confusing. Notice in Figure A-4 that 'm
using Firefox; remembering that these results were produced using Internet Explorer
is a challenge. Similarly, the results do not necessarily reflect your local conditions. If
you're trying to debug a problem with your current Internet connection, or you're
loading a page that depends on your current cookies, that can’t be captured by Web-
Pagetest. AOL Pagetest (the downloaded, locally installed Internet Explorer plug-in)
or the other packet sniffers mentioned in the previous section are the choice for ana-
lyzing your current browsing experience.
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Figure A-4. WebPagetest

VRTA

VRTA from Microsoft is short for Visual Round Trip Analyzer. It displays HTTP wa-
terfall charts, but these are more detailed than those found in other tools. VRTA focuses
on network optimization. One key aspect of this is reusing existing TCP connections.
In most HTTP waterfall charts, each HTTP request is a separate horizontal bar. Instead,
VRTA represents each TCP connection as a horizontal bar. This makes it easy to see
how well TCP connections are being utilized. VRTA also shows a bit rate histogram,
to show how well the available bandwidth is utilized.

In addition to its sophisticated network charts, VRTA evaluates the page download
information against the following set of performance best practices:
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* Open enough ports

* Limit the number of small files to be downloaded

* Load JavaScript files outside of the JavaScript engine
e Turn on keepalives

* Identify network congestion

¢ Increase network maximum transmission unit (MTU) or TCP window size
* Identify server congestion

* Check for unnecessary round trips

* Set expiration dates

* Think before you redirect

¢ Use compression

» Edit your CSS

neXpert

neXpert is also from Microsoft. It’s an add-on to Fiddler (see “Packet Sniff-
ers” on page 205 for more information about Fiddler). It uses Fiddler to gather infor-
mation about the resources downloaded for a web page. neXpert analyzes this infor-
mation against a set of performance best practices and produces a report of suggested
improvements. neXpert goes further than other performance analyzers in that it pre-
dicts the impact these improvements might have on the web page’s load time. The list
of performance best practices analyzed by neXpert includes the following:

e HTTP response codes

* Compression

* ETags

* Cache headers

* Connection header

¢ Cookies

Miscellaneous

The tools in this section address specific web performance areas not covered in the
previous sections. I use all of these tools on a regular, if not daily, basis.

Hammerhead

Improving web performance requires measuring page load times. Although this sounds
simple, in reality it’s extremely difficult to gather load time measurements in an accurate
and statistically sound way that is representative of real-world users. There’s no single
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solution. Instead, multiple techniques are required, including measuring real-world
traffic, bucket testing, and scripted or synthetic testing. The problem is that all of these
techniques are costly, in terms of both dollars and calendar time.

I created Hammerhead to make it easier for developers to measure load times early in
the development process. Hammerhead is an extension to Firebug. To test, or “ham-
mer,” a set of web pages, enter the URLs into Hammerhead, along with the number of
measurements desired. Figure A-5 shows an example.

#° Inspect | Cache &Time | Hammer  Setup \ (N
Console HTML (S5 Script DOM  Net | Hammerhead | Options =
Step | Reset Done ExportDatz | @ =

# of loads: 9
Empty Cache Primed Cache o
Count Latest Median Avg Count Latest Median Avg
9 B266 5876 6174 9 5376 5376 5377 3 |hnp [fwww msnbec.msn.com/
9 3063 2500 2581 9 2234 2234 2227 4 [nttp:/inews yahoo com/
9 1053 1360 1472 9 828 937 977 |http J/inews.google.com/
Add URL I 3
| Done [0 [Qnmm

Figure A-5. Hammerhead

Hammerhead loads each URL the specified number of times and records each meas-
urement, as well as the average and median load times. The pages are loaded with both
an empty and a primed cache (Hammerhead manages the cache for you). Although
Hammerhead measurements are gathered under just one set of test conditions (your
development environment), they provide a quick and easy way to compare two or more
web page alternatives.

Smush.it

Smush.it is a service for analyzing and optimizing images in your web page. It was
created by Stoyan Stefanov and Nicole Sullivan, the authors of Chapter 10. Smush.it
tells you how many bytes you can save by optimizing your images, as shown in Fig-
ure A-6. It even produces the optimized images for you as a single ZIP file for easy
download. There is also a Smush.it bookmarklet and Firefox extension, so you can get
similar functionality inside the browser.
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Smushed or

size of your image(s). How did we do it? See
the table below for more details.

Smushed images

Image
start_your_free_trial.gif.png
how_it_works.gif.png
browse_selection.gif.png
free_trial_info.gif.png

bg_home_split.gif
home_ram_free_trial.jpg
5.gif.png

Performance just got a little bit easier.
Optimizing images by hand is time
consuming and painful. Smush it does it
for you.

DOWNLOAD
from the SMUSHED IMAGES
zip file

Result size Savings % Savings
4.58 KB 1.67 KB 26.72%

4.14 KB 1.72 KB 20.37%

4.46 KB 1.73KB 27.93%
4.33KB 1.84 KB 20.85%

No savings

43.34 KB 1.20 KB 2.69%
701 bytes 44 bytes 5.91%

Figure A-6. Smush.it

Cuzillion

Almost every day I wonder about or am
external scripts load in parallel if there’s

asked about a performance edge case. Do
an inline script in between them? What if

there’s an inline script and a stylesheet in between them? Is the behavior the same on

Firefox 3.1 and Chrome 2.0?

Instead of writing a new HTML page for each edge case that comes up, I use Cuzil
lion, shown in Figure A-7. It has a graphical web page “avatar” onto which you can
drag-and-drop different types of resources (external scripts, inline scripts, stylesheets,
inline style blocks, images, and iframes). Clicking on a resource exposes a variety of
configuration settings such as the domain used for loading the resource and how long

it takes to respond.
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image

I</HEAD>

I</BODY>
I</HTML>

Figure A-7. Cuzillion

I created Cuzillion while I was working on Chapter 4. I needed to test hundreds of test
cases. Creating a test framework made this possible in a fraction of the time. The name
comes from the tag line: “‘cuz there are a zillion pages to check.”

UA Profiler

When Google released Chrome, Dion Almaer (coauthor of Chapter 2) asked whether
[ was going to review it from a performance perspective. Rather than put Chrome
through the paces manually, I created a set of HTML pages, each of which contains a
specific test: are scripts loaded in parallel, do prefetch links work, and so forth. I then
chained those pages together so that the tests would all run automatically.

UA Profiler, shown in Figure A-8, is this set of browser performance tests. In addition
to providing a performance test suite for browsers, UA Profiler is also a repository for
gathering test results to share with the larger web community. Anyone can point any
web client (as long as it supports JavaScript) at UA Profiler and contribute another data
point to the results database. By allowing the community to execute the tests, I avoid
the cost of running a regression test lab, and also get results under a wider variety of
test conditions.
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Figure A-8. UA Profiler

For web developers, UA Profiler is useful for confirming how a given browser will
perform during a specific optimization. For example, if you’re adding future caching
headers to a redirect but it still doesn’t seem to be cached, you can check UA Profiler
to make sure you’re using a browser that supports redirect caching.
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+ (plus) operator, 99, 100
:active pseudo-class, 194

:after pseudo-element, 194
:before pseudo-element, 194
first-child pseudo-class, 194
first-letter pseudo-element, 194
first-line pseudo-element, 194
:focus pseudo-class, 194
:hover pseudo-class, 194

:lang pseudo-class, 194

link pseudo-class, 194
:visited pseudo-class, 194

_ (underscore hack), 149

A

A element, 181

Accept-Encoding HTTP header, 121, 123-124

Adobe Fireworks, 141, 151

Ajax applications
architectural considerations, 4
browser challenges, 4
Facebook example, 21
latency problems, 4
performance considerations, 4
wow features, 5
XHR request function, 111
YSlow analyzer and, 4

Ajax library, 5

Alexa web site, 5

aliases
domain names, 168
JavaScript, 128
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alpha transparency
Adobe Fireworks, 141
AlphalmageLoader filter and, 146, 148—
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effects of, 146-148
PNG format, 139
RGBA extension and, 136
AlphalmageLoader filter, 146, 148-151
animation
GIF format, 137, 144
JPEG format, 138
PNG format, 139
antivirus software, 177
AOL
domain sharding, 165-167
Pagetest plug-in, 207, 214
Apple touch icon, 158
Array object (JavaScript), 99
arrays
Duff’s Device and, 98
indexOf method, 95
join method, 99
long-running scripts and, 105
looking up values, 92, 93
asynchronous script loading
document.write Script Tag technique, 33
menu.js code example, 42—44
multiple external scripts, 52-59, 60—62
preserving order, 45-52
race conditions and, 41, 44
Script Defer technique, 32
Script DOM Element technique, 32
Script in Iframe technique, 31
single scripts, 59
undefined symbols and, 41
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XHR Eval technique, 29

XHR Injection technique, 31
attribute selectors, 194
automated code instrumentation, 10-12
Axes of Error

avoiding intersecting, 3

defined, 2

Failure line, 3

Frustration line, 2

Inefficiency line, 2, 4
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Bayeux PubSub model, 119

browsers
Ajax challenges, 4
alpha transparency, 149
applying stylesheets, 74
busy indicators, 33-35
chunked encoding, 171-180
conditional logic, 92
costs of reading data, 85
design recommendations, 5
identifier resolution, 81
latency problems, 4
loading elements, 181
loading external scripts, 27-29
long-running scripts and, 102
measuring latency, 10-12
observing memory footprint, 18
ordered script execution, 35, 45
parallel script downloads, 29
response time considerations, 9
responsiveness burden, 7
script coupling limitations, 50
SCRIPT DEFER attribute, 33, 73
server connections, 165, 169, 187-190
string concatenation, 99
threading considerations, 8, 12
XHR streaming, 115
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C language, 110, 118
callback polling, 117
Cederholm, Dan, 148
Charles proxy, 209
child selectors, 193, 196
Chrome browser

chunked encoding and, 179

conditional logic, 92
efficient data access, 85
identifier resolution, 81
loading elements, 181
long-running scripts and, 102
ordered script execution, 45
parallel script downloads, 29
string concatenation, 99
XHR streaming, 115
chunked encoding
defined, 113, 167
performance considerations, 171-180
class selectors, 193, 196
client-server architecture
Comet connections, 119
HTTP support, 165
CNAME record, 168
Comet
background, 109
cross-domain considerations, 116
forever frame, 113
functionality, 109-111
implementation effects, 118-120
incremental rendering, 114
long polling, 112
measuring performance, 119
polling, 111
transport techniques, 111-116
XHR streaming, 115
Comet Maturity Guide, 113
cometD, 119
concatenation, string, 99
conditional logic
array lookup, 92, 93
if statement, 89-91, 92, 93
switch statement, 91, 93, 98
Connection: Keep-Alive header, 166
Content-Encoding header, 123
Content-Length header, 167, 175
Cookie header, 176
coupling scripts
loading multiple scripts, 60-62
loading single scripts, 59
menu.js code example, 42—44
multiple external scripts, 52—59
preserving order asynchronously, 45-52
race conditions, 44
critical path, domain sharding, 161-163
Crockford, Douglas, xi, 1-6, 9, 197
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CSS selectors
adjacent sibling selectors, 193
attribute selectors, 194
child selectors, 193, 196
class selectors, 193, 196
defined, 191
descendant selectors, 193, 196
1D selectors, 192, 196
key selectors, 200
measuring, 202
performance considerations, 194-202
pseudo-classes, 194
pseudo-elements, 194
reflow time, 201
selectors to avoid, 200-201
type selectors, 193
types supported, 191-194
universal selectors, 194

CSS sprites, 152-155

CSS stylesheets
AlphalmageLoader property, 141
gzip compression, 122
iframes and, 185, 186
inline script cautions, 74-78
preserving inline script order, 73
processing costs, 5
splitting, 26
stripping whitespace, 127

CSS2 specification, 192

Cuzillion tool, 28, 218
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data storage, 85-88

DeflateBufferSize directive, 176

Degrading Script Tags technique, 50

descendant selectors, 193, 196

DIV element, 88, 181

do-while loop, 94-95

Document Object Model (see DOM)

document.getElementByld method, 32, 128

document.getElementsByClassName method,
76

document.getElementsByTagName method,
88

document.write Script Tag technique, 33, 37,
63

Dojo Foundation, 119

Dojo Toolkit, 111, 119

dojox.analytics.Urchin module, 63

Doloto system, 23, 24
DOM (Document Object Model)
APL 5
browser challenges, 4
cost of elements, 181
efficient data access, 88
long-running scripts and, 103
performance bottlenecks, 6
DOM Element and Doc Write technique, 56—
59
domain sharding
critical path considerations, 161-163
defined, 161
flushing and, 178
HTTP support, 165-167
rolling out, 168
web site examples, 163-165
domains
download bottlenecks, 163
iframes and, 181
splitting resources, 168
downloading scripts (see loading scripts)
Duff, Tom, 97
Duff’s Device, 97

E

eBay, 77
ECMAScript specification, 101
Eich, Brendan, 13, 103
encoding, chunked (see chunked encoding)
epoll technique, 118
Erlang language, 110
ErlyComet, 110
ETag header, 176
eval command, 29-30
event delegation, 125
event queues, 7
execution context
defined, 79
managing, 79-85
scope chain and, 79
ExifTool, 143
Expires: header, 157, 158
external scripts
browser download process, 27-29
defined, 27
SCRIPT SRC attribute and, 73
splitting initial payload, 21-26
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Facebook web site
domain sharding, 169
off-board approach, 111
splitting initial payload, 21-23
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Fiddler proxy, 208

Firebug tool, 207, 209

Firefox browser
alpha transparency, 149
browser busy indicators, 34
conditional logic, 92
efficient data access, 85
favicon support, 158
Firebug add-on, 209
Gears plug-in, 14

JavaScript code profiler, 11, 22, 23

loading elements, 181
long-running scripts and, 102
ordered script execution, 36
parallel script downloads, 29
script coupling techniques, 57
SCRIPT DEFER attribute, 73
server connections, 166, 169
Smush.it tool support, 144
string concatenation, 99
XHR streaming, 115, 118
flow control, 88
flush function, 172-173, 179
flushing
alternative support, 179
antivirus software and, 177
checklist for, 180
chunked encoding and, 175
domain blocking during, 178
gzip compression and, 176
output buffering and, 173-175
proxies and, 177
Simple Page example, 171-173
for loop, 94-95
for-in loop, 94, 96
forever-frame technique, 113-115
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global variables, 80, 83
Gmail Talk, 114
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Google Calendar, 25
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RGB color model, 136
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gzip compression
direct detection, 130-132
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Hammerhead tool, 216
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horizontal scanning
GIF format, 137
PNG format, 139
hostname
browser connections, 187-190
domain sharding, 168
HTML
avoiding inline styling, 127
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chunked encoding, 175

gzip compression, 122

iframe support, 181
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stripping attribute quotes, 127

stripping whitespace, 127
HTMLCollection object, 88, 95
HTTP specification

chunked encoding, 113, 167, 171-180

Comet support, 109, 119

cross-domain considerations, 117
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if statement, 89-91, 92, 93
IFRAME element, 181
iframes
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blocking onload event, 182-184
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cost considerations, 32, 190
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functionality, 181
loading elements, 181
parallel downloads, 184-186
stylesheets and, 185, 186
image formats
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graphics versus photos, 135
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RGB color model, 135
RGBA extension, 136
transparency, 136
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Apple touch icon, 158
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inline scripts
blocking parallel downloads, 69-73
coupling, 41
defined, 27
loading multiple scripts, 60—-62
loading single scripts, 59
menu.js code example, 42—44
multiple external scripts and, 52-59
ordered execution, 44
preserving CSS/JavaScript order, 73
preserving order asynchronously, 45-52
race conditions, 44
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Internet Explorer browser
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browser busy indicators, 34
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long-running scripts and, 102
ordered script execution, 35, 45
parallel script downloads, 29, 33
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XHR streaming, 115
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Ajax library support, 5
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code profiler support, 11, 22, 23
creating responsive applications, 7-9
Doloto support, 23, 24
efficient data access, 85-88
Facebook example, 21-23
flow control, 88-98
garbage collection considerations, 17
gzip compression, 122
long-running scripts, 102-107
managing scope, 79-85
measuring latency, 10-12
performance considerations, 79, 107
preserving inline script order, 73
response time considerations, 10
script download techniques, 29-40
SCRIPT tag support, 27
splitting initial payload, 21-26
string manipulation, 99-101
threading limitations, 13, 102
timer support, 16
Web Worker API, 14
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JPEG format
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PNG comparison, 140
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typical uses, 135
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browser busy indicators, 33-35
loading multiple scripts, 52-59, 60-62
loading single scripts, 59
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race conditions, 44
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Meebo web site
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Negasphare

Nr. 2484

Horst Hoffmann

KOLTOROCS
Atem

Kontaktwald im Abseits —

eine Kartanin trifft die String-Legaten

Die Lage fiir Perry Rhodan und die Menschheit ist verzweifelt: Eine gigantische Raumflotte, die
Terminale Kolonne TRAITOR, hat die Milchstrafle besetzt. Sie wirkt im Auftrag der Chaotarchen, und
ihr Ziel ist kompromisslose Ausbeutung.

Die Milchstrafe mit all ihren Sonnen und Planeten soll als Ressource genutzt werden, um die Exis-
tenz einer Negasphare abzusichern. Dieses kosmische Gebilde entsteht in der nahen Galaxis
Hangay — ein Ort, an dem gewéhnliche Lebewesen nicht existieren konnen und herkémmliche Na-
turgesetze enden.

Mit verzweifelten Aktionen gelingt es den Menschen auf Terra und den Planeten des Sonnensys-
tems, dem Zugriff der Terminalen Kolonne standzuhalten. Sie verschanzen sich hinter dem TERRA-
NOVA-Schirm und versuchen, die Terminale Kolonne zu stdren. Hinzu kommen erste Erfolge im An-
griff: die Zerstérung von CRULT etwa oder das Vordringen nach Hangay.

Im Herzen der Galaxis residiert der Chaopressor, der oberste Befehlshaber der Terminalen Kolonne
hinsichtlich dieses Feldzuges. Es ist eine negative Superintelligenz, und jeder, der in ihre Nahe
gelangt, versplirt KOLTOROCS ATEM ...
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Wir waren naiv. Wie hatten ge-
glaubt, vor KOLTOROCS Augen tre-
ten zu konnen, seinen Atem zu spii-
ren. Dort, wo der Wald seinen Namen
fliistert. Wo alles seine furchtbare
Prédsenz atmet. Ich war iiberzeugt ge-
wesen, in KOLTOROCS Angesicht
bestehen zu konnen, weil es mir mit
Atlan schon einmal gelungen war;
diesmal zu wissen, wie wir mit thm

Dorthin, wo sie einmal das Sagen ge-
habt hatte. Wo alle anderen mit ihren
Bitten und Noéten zu ihr gekommen
waren.

Ein Schritt nur, und sie ware frei.
Konnte gehen. Dann hatte sie es im-
merhin noch einmal versucht.

»Es geht nicht um mich, verdammt!«
Sie wandte sich zurtick, den Blick fest
auf Kerk’radian geheftet. Sie kon-

umzugehen hatten. frontierte ihn auf

Nichts  wussten seinem ureigensten

wir! Territorium. »Und

Die Hauptpersonen des Romans: schon gar nicht will

Beth Astromo — Der Hauri misstraut den ei- ich dir etwas Weg_

1. genen Leuten und firchtet den Sieg des nehmen, Don! Diese

20. Oktober Chaos. Zelle ist dein Schiff,
Dao-Lin-H’ay — Die Kartanin entwickelt einen : = :

1347 NGZ selbstmérderischen Plan. und ICh' wére die

Wln'Alpha Git-Ka-N’ida — Die Hangay-Kartanin weif3, LetZte7 die daran et-

. Is j .
»Neine, sagte er. als jeder andere

»Es tut mirleid, aber
das kann ich nicht
unterstiitzen.«

dass sie weiter von ihrem Volk entfernt ist

KOLTOROC — Der Chaopressor beweist sei-
ne Macht und entdeckt Fremde.

was dndern oder dir
in deine Arbeit hin-
einreden wollte. Ich
habe mehr als genug
mit der Leitung des

Sie starrte ihn an,
eine Sekunde lang,
zwei. Ihre Blicke mafBlen sich, als seien
sie scharfe Waffen. Dann stand die
Kartanin auf und drehte sich zur
Tir.

Don Kerk'radian betitigte fiir sie
den Offner. Dao-Lin-H’ay hérte den
Laut der auffahrenden Sperre, die sie
und diese Kabine vom Rest des
Schiffes trennte. Damit wurde sie
hinausgewiesen aus der kiinstlichen
Abgeschiedenheit abseits vom Bord-
betrieb, von jenem Ort, auf dem ihre
letzten Hoffnungen geruht hatten.

Thre Augen waren geschlossen. Sie
wusste, dass sie jetzt nur einen Schritt
zu machen brauchte, und ihre Demi-
tigung wére vorbei. Sie hatte sich er-
niedrigt, war als Bittstellerin zuriick
an Bord der SOL-Zelle-1 gekommen.

Stiitzpunkts zu tun
und ...«

»Hast du das, ja?«, unterbrach er
sie.

Sie war auf halbem Weg zu ihm ste-
hen geblieben, in katzenhaft geduck-
ter Haltung, bis nur noch ein letzter
kurzer Sprung sie trennte. Ihre
schlanken Hinde waren erhoben, wie
um im nichsten Moment die Krallen
auszufahren und ihm ins Gesicht zu
schlagen.

Don Kerk’radian war ein Hiine und
ein Haudegen, wie er im Buche stand.
Der energische, immer entschlossene
Oberst, ein Vorbild in Aktion und
Kampf und ...

... trotz alledem tief drinnen ein
kleiner Junge. Sie kannte ihn, er
konnte ihr ldngst nichts mehr vorma-
chen.
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Aber umgekehrt sie ihm auch
nicht.

Dao gab einen Seufzer von sich und
setzte sich wieder ihm gegentiber hin.
»Du kennst die Situation. Win-
Alpha dient zwar als Standort der
RICHARD BURTON, des Hangay-
Geschwaders und der SOL-Zellen,
wovon jedoch nur die beiden Zellen
fiir Fernerkundung geeignet sind. Al-
le anderen Schiffe des Geschwaders
sind ebenso wie die BURTON an die-
sen Ort gefesselt, weil sie in Hangay
keine Zielflige unternehmen kénnen.
Das ist reine Ressourcenvergeudung,
Don!«

»Ich widerspreche dir nicht«, erwi-
derte der Oberst. »Die Situation ist
fir uns - insbesondere fiir dich - in
hochstem MaBe unbefriedigend. Den-
noch muss ich dein Ersuchen ableh-
nen, dir die SZ-1 zur Verfigung zu
stellen. Und zwar aus 6konomischen
wie strategischen Griinden. Ich bin
sicher, du kennst sie selbst gut genug.
Wiirdest du als Verantwortliche die
Hailfte deiner einsatzfahigen Schiffe
von einem sehr verletzlichen Haupt-
quartier inmitten von Feindgebiet
abziehen?«

Dao leckte sich die Lippen. »Nein,
natiirlich nicht ...« Sie verstummte
und erinnerte sich daran, wie sie vor
einer Zeit, die wie eine Ewigkeit
schien, als Kommandantin der Pin-
wheel-Kartanin auf die weit tiberle-
genen Schiffe der Galaktiker getrof-
fen war ... Hatte sie damals ebenso
gezogert? Und dann wusste sie es.

»Doch! Genau das wirde ich tun —
wir missen in Bewegung bleiben,
bluffen, verunsichern und vor allem
Informationen sammeln.«

Kerk’radian seufzte.

»Wir sprechen hier nicht tiber ir-

gendwelche Abenteuerfliige. Wir sind
das letzte Aufgebot der Milchstrafle!
Wir durfen uns keine kaprizitsen
Verrenkungen leisten!«

»Das sind keine Abenteuer!«, fauch-
te sie. »Und hor bitte auf, so melodra-
matisch daherzureden, das verfangt
bei mir nicht.«

»Na schon!« Der Oberst zogerte
kurz. »Aber du musst auch verstehen,
dass dein Plan unsere Position
schwicht. Divide et impera, das hat
die Kolonne schon in der Milchstra3e
als wichtigstes Instrument einge-
setzt.«

Sie schwiegen, sahen einander an
und wussten, dass dies kein Poker-
spiel war. Kerk’radian war aufrichtig.
Es ging weder um personliche Eitel-
keiten noch um léngst klar verteilte
Pfriinde.

»Und jetzt bitte zum Kern der Sa-
che.« Der Oberst verschriankte die
Arme tber der breiten Brust. »Dao-
Lin, wieso bist du wirklich zu uns zu-
riickgekommen?«

»Wir missen etwas tun«, sagte sie
leise, beinahe beschworend. »Wir
konnen nicht darauf warten, dass an-
derswo Entscheidungen fallen. Es
geht ins Finale, das weil} jeder von
uns. Die Ereignisse sind im Fluss. In
absehbarer Zeit wird sich entschei-
den, ob dieser Teil des Universums
dem Chaos anheimfillt oder nicht.
Ob das Leben siegt oder die Finster-
nis. Wenn wir nicht alles, wirklich
alles, versuchen, um unseren Teil zu
unserem Sieg beizutragen, haben wir
versagt, Don!«

»Komm jetzt nicht du mir mit Me-
lodramatik!« Er nickte. »Uberzeug
mich, indem du mir endlich sagst,
was du wirklich willst.«

»Na gut!« Die Kartanin tat, als
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miisse sie sich strecken. Dabei wirkte
sie fir den Terraner mehr denn je wie
eine nur zuféllig in Menschengestalt
gefangene Raubkatze. »Ich brauche
die SZ-1, um Kontakt mit der Neuen
Kansahariyya aufzunehmen. Es kann
nicht angehen, dass wir, die Besucher
aus der Nachbargalaxis, nach Hangay
gekommen sind, um fiir deren wider-
standsbereite Bewohner den Kampf
zu fihren. Die NK Hangay ist eben-
falls bereit dazu. Sie ist nicht der
starke Verbiindete, den wir uns er-
hofft haben, aber wir diirfen sie nicht
ignorieren. Am Ende zahlen alle
Krafte gegen TRAITOR. Wir miissen
wieder ins Gesprach kommen und ge-
meinsam Plédne machen.«

»Mehr steckt nicht dahinter? Dao-
Lin H’ay ... wir beide kennen einan-
der doch wohl besser ...«

»Und wir miissen zu den Kon-
taktwéldern. Sie sind ebenfalls ein
Pfeiler im Kampf. Wir haben uns viel
zu lange nicht mehr um sie gekiim-
mert.«

»Ich weill«, sagte Kerk’radian.
»Deshalb wolltest du nach Vatucym.
Der Segmentplanet der NK Hangay
ist gleichzeitig der Standort eines
Kontaktwalds.«

»Des am néchsten am Kernwall ge-
legenen Waldes, Don!« Die Unsterb-
liche fixierte ihn. »Vatucym ist nur
rund 3000 Lichtjahre von dem Wall
entfernt, der nach wie vor undurch-
dringlich fiir uns ist. Der Planet ist
daher nicht nur ideal, um tiber diesen
Umweg wieder Kontakt mir der Kan-
sahariyya zu halten - sondern um
uber den dortigen Wald ein zweites
Mal in die Kernzone vorzustoffen —
und zu KOLTOROC!«

k

Sie nickte. »Du hast richtig gehort,
Don. Atlan und ich haben es bereits
erlebt, als wir den Kontaktwald auf
Kosichi besuchten. Jeder Wald ist in
der Lage, mithilfe der sogenannten
Distanzlosen Interaktion seine Besu-
cher raumlich weit zu versetzen, und
zwar an jeden anderen Kontaktwald
in Hangay. Die Entfernung spielt da-
bei keine Rolle, und wie sich gezeigt
hat, stellt dabei auch der Kernwall
kein Hindernis dar.«

»Ich weill«, rdumte der Oberst ein.
»Atlan und du habt mehrere Verset-
zungen erlebt, bis ihr schlieBlich ...«

»Wir waren im Kern, Don! Es kann
kein Zweifel daran bestehen, dass wir
mitten in den Machtbereich KOLTO-
ROCS versetzt wurden. KOLTOROC
durchdrang alles. Seine Priasenz war
bei uns, tiber uns, in uns ... Milliarden
von gleiBenden Sternen am Himmel,
und der Chaopressor lag tiber allem
wie ein schwarzer Nebel ...«

»Ihr seid damals nur durch ein
Wunder wieder zuriickgekommenc,
gab Kerk’radian zu bedenken. »Und
doch willst du wieder dorthin? In den
einzigen Wald der Kernzone Hangay?
Wo KOLTOROC herrscht?«

»Wir miissen!«, rief sie. »Es ist die
womoglich einzige Chance fiir uns,
falls es keinen anderen Weg hinein
gibt.«

»Und genau das ist der Punkt: falls.
Wir haben langst nicht alle Moglich-
keiten ausgeschopft — das Mittelstiick
der SOL ist schlieBlich bereits drin-
nen, ebenso wie ESCHER und der
Weltweise von Azdun.«

Dao winkte ab. »Auf die Paraposi-
tronik und das von Todessehnsucht
strotzende Fast-Geistwesen willst du
dich verlassen? Das kann nicht dein
Ernst sein!«
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»Und du wiirdest stattdessen lieber
dein Leben opfern?«, fragte er lau-
ernd. »Und das mit hoher Wahr-
scheinlichkeit sogar sinnlos? «

»Du hast gar keine Datenbasis fiir
Wahrscheinlichkeitsberechnungen,
mein Bester! Ich folge nur der Tradi-
tion meines Volkes. Wir Kartanin ret-
ten gerne Galaxien, wie du weif3t.«

Er lachte. »Bei der letzten habt ihr
euch gut 50.000 Jahre Zeit gelassen.
Gedulde dich nur ein Zehntausends-
tel dieser Zeit, wie ware das?«

»An dir ist ein Komiker verloren
gegangenc, gab sie zuriick. »Aber es
andert nichts: Ich bin bereit, fiir das
Leben einzustehen! Mit meinem Le-
ben. Damit dieser Teil des Univer-
sums eine Chance und eine Zukunft
hat!«

Sie setzte sich wieder und diesmal
zu ihm auf seine Liege. Er wollte fur
sie zur Seite riicken, doch sie hielt ihn
fest. »Wir waren unvorbereitet, Atlan
und ich. Wenn ich jetzt wieder in die
Kernzone gehe, weil} ich, was mich
erwartet. KOLTORC. Der Chao-
pressor. Derjenige, der den Feldzug
der Chaosméchte gegen uns anfiihrt.
Der, bei dem alle Faden zusammen-
laufen.«

»Uberschitzt du dich da nicht?«,
fragte er. " KOLTOROC ist eine nega-
tive Superintelligenz. Ein Wesen, das
wir gar nicht erfassen kénnen, ge-
schweige denn begreifen und ein-
schitzen.«

»Gerade deshalb will ich ja hin!,
sagte sie heftig. »Wir brauchen mehr
Infos, Don, alles, was wir tiber ihn be-
schaffen konnen. Wie gesagt, der ers-
te Vorstol war ungewollt, aber wer
sagt denn, dass ein zweiter Versuch,
diesmal bewusst, nicht erfolgreicher
fir uns verlauft?«

»Erist eine Superintelligenz, Dao!«,
wiederholte der Oberst eindringlich.
»KOLTOROC kann euren unfreiwil-
ligen Besuch nicht vergessen haben,
er ist ja erst wenige Monate her. Er
wird auf einen zweiten Besuch gera-
dezu warten.«

»Du hast wahrscheinlich recht,
rdumte die Kartanin ein. »Ganz si-
cher ist es so, aber das Risiko miissen
wir eingehen. Was ist, wenn Atlan in
Schwierigkeiten steckt? Was, wenn
ESCHER keinen Erfolg hat? Was ist,
wenn der Weg tiber Kontaktwald
Nummer 126 langst frei ist — und wir
mangels Mut und Zutrauen nur nichts
davon merken?«

Sie nahm seine Hand und driickte
sie. »Don, dies sind keine normalen
Zeiten, da wir es uns hitten aussu-
chen konnen. Es ist Krieg, und wenn
wir nicht alles tun und jede Moglich-
keit versuchen, werden wir ihn ver-
lieren! Dann ist es nur eine Frage der
Zeit, bis auch die Milchstrafle unrett-
bar verloren ist!«

Er starrte sie wortlos an.

»Mochtest du mit dem Gedanken
leben, Dong, fragte sie leise, »leben
miissen, nach dem Sieg des Chaos
nicht alles getan zu haben, um das
Leben in Hangay zu retten?«

2.
Vatucym

Der Flug iiber exakt 4925 Licht-
jahre hatte knapp 36 Stunden gedau-
ert, eine Leistung, die in Hangay nur
noch mit dem Hypertakt-Triebwerk
der SOL-Zellen méglich war.

Vatucym galt Terranern als para-
diesische — weil erddhnliche — Welt,
Dao-Lin war sie deutlich zu warm.
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Die Durchschnittstemperatur Vatu-
cyms lag mit 38 Grad Celsius weit
uber dem terranischen Mittel, und die
Luft war zwar atembar fiir Menschen
und Kartanin, aber unverhéltnismé-
Big stickig. Der hohe Gehalt an Sau-
erstoff und die groBteils geschlossene
Wolkendecke erzeugten eine gewitt-
rige Treibhausatmosphére.

Der vierte Planet der orangefar-
benen Sonne Vat schimmerte wie eine
blauweifle Perle, gesprenkelt mit
mehreren hundert ockerfarbenen bis
griinen Inseln unterschiedlicher Gro-
Be, vom winzigen Atoll bis zum Kklei-
nen Kontinent. Eine groBe zusam-
menhingende Landmasse gab es
hingegen nicht. Die Tastung erbrach-
te eine Zahl von 620 fiir die Landtei-
le Vatucyms, der groBte lag in der
Nihe des Stidpols, trug den Namen
Pheoge, entsprach in der Ausdehnung
in etwa dem irdischen Kontinent
Australien und beherbergte die Zen-
tralstadt Pheogitta.

Der Planet wies eine reichhaltige
Vegetation auf, allerdings keinerlei
Laubb&dume, sondern vorwiegend
GrofBfarne und einige wenige Nadel-
geholze. Eine einzige Ausnahme gab
es allerdings: den Kontaktwald, der
34 Kilometer von Pheogitta entfernt
im Norden lag.

Dao-Lin-H’ay hatte sich seine Lage
gut eingepragt. Mit einem geeigneten
Gleiter wiirde sie ihn blind finden.

Die SZ-1 identifizierte sich und
wurde zum Landefeld der Hauptstadt
geleitet, wo die Galaktiker eine Uber-
raschung erlebten.

Es geschah nicht oft, dass sich Dao-
Lin-H’ay ad hoc eine Meinung iiber
einen anderen bildete. Sie war schon
gentligend seltsamen Wesen begegnet,
um zu wissen, dass sich hinter einer

unangenehmen Fassade oft ein ach-
tenswerter Kern verbarg.

Beth Astromo war allerdings eine
Ausnahme. Sie wusste auf den ersten
Blick, dass es mit dem haurischen
Kommandeur des Segmentplaneten
Probleme geben wiirde. Daran &n-
derte auch das BegriBungsbuffet
nichts, das der hagere, lederhiutige
Mann mit dem zwingenden Blick ih-
nen zu Ehren hatte auftischen las-
sen.

»Wir mochten uns nicht in eure An-
gelegenheiten einmischen, Bethg,
sagte die Kartanin, nachdem der
Form Gentige getan war und sie eini-
ge Happen zu sich genommen hatte.
»Aber wir miissen offen zueinander
sein. Und es kommt uns merkwiirdig
vor, dass auf dem Landefeld des
Raumhafens 102 moderne Schlacht-
schiff-Trimarane zu sehen sind. Vatu-
cym liegt nicht eben an den Haupt-
verkehrsrouten dieser Galaxis. Wir
fragen uns, ob die Schiffe vielleicht
schon hier standen, bevor die Termi-
nale Kolonne Hangay mit ihrer Cha-
os-Physik tiberzog und jede konven-
tionelle Raumfahrt fast unmoglich
machte.«

»Falls dem nicht so wire«, liber-
nahm Don Kerk’radian, »wiirde uns
der verdammt gute Grund interessie-
ren, wie es 102 Trimarane geschafft
haben kénnen, einen Planeten zu er-
reichen, der so nahe an der kosmo-
nautisch schwierigen Zentrumsregi-
on von Hangay liegt.«

Er sprach sehr ruhig, jedenfalls fiir
seine Verhiltnisse. Der Oberst scheu-
te selten vor direkter Ansprache zu-
rick, mochte diese dem Gegentiber
auch noch so verletzend erscheinen.
Bisher hielt er sich zuriick.

Astromo lieB3 sich mit der Antwort
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Zeit. Er war selbst fiir einen Hauri
ungewohnlich still, seine Lederhaut
wirkte dunkler und, wenn das ging,
lederner als die anderer seines Volkes.
Wenn er redete, klang es wie ein
schlecht programmierter Roboter. Le-
diglich das Funkeln in seinen schwar-
zen, tief unter den knochigen Wiilsten
gelegenen Augen verriet ein wenig
von dem, was hinter seiner Stirn vor-
gehen mochte.

»Ich weil}. Euer Interes. se zu schitz.
en«, sagte er in bedachtigem Tonfall,
wobei er seine Besucher nicht ansah,
sondern genau zwischen ihnen durch.
»Eure Ini. tiati. ve, den Kontakt und.
eine bessere Ver. netzung mit der Neu-
en. Kansahariyya Hangay herzu. stel-
len, ist uns will. kommen. Im Kampf
gegen die Terminale Kolonne TRAI-
TOR brauchen wir je. de Unterstiit-
zung ...«

»Was soll das, Astromo?«, fragte
Kerk’radian.

Dao machte eine beschwichtigende
Geste, doch der Oberst winkte ab.
»Wir haben dir eine klare Frage ge-
stellt. Es sind viele Schlachtschiffe
auf Vatucym - wieso? Wie sind sie
hierhergekommen? Es ist wichtig fur
uns, das zu erfahren. Also ant-
worte.«

»Ich werde mir. nicht von euch dro.
hen lassen«, erwiderte der Komman-
deur. »Was sind. das fiir. T6ne un. ter
Verbiindeten?«

»Niemand hat dir gedroht oder tut
es«, ibernahm die Kartanin. Sie ver-
suchte ruhig zu sprechen, aber ihr
Nackenfell war leicht gestraubt. Sie
zeigte auf den Datenkristall vor ihm
auf dem Tisch. »Wir haben dir diesen
Kristall mitgebracht, auf dem sich
groe Mengen aktuell gewonnener
Daten tiber die Terminale Kolonne

und ihre Aktivitdten in Hangay befin-
den. Wir bringen dir unser Vertrauen
entgegen — und was tust du? Gibt es
einen Grund, es nicht zu erwidern?«

»Das hat mit. Vertrauen. nichts. zu
tun!«, fuhr Beth Astromo auf und
schien noch im gleichen Moment tiber
sich selbst zu erschrecken. Er lief3
sich in seinen Sitz zuriicksinken und
setzte ein Licheln auf, das zu schnell
kam, um wirklich ehrlich zu wirken.

Dao bekam einmal mehr einen
Hauch seines Parfums ab, das ihn wie
eine Duftwolke umgab. Sie mochte es
genauso wenig wie den Hauri selbst.

»Es ist keine Sache. des Vertrauens.
Wie ich schon sagte, ehrt uns. eure In-
itiative, doch um. dies weiter zu be-
treiben, dirftet. ihr nicht den rich-
tigen. Ort. gewéahlt. haben. Es wére
besser fiir euch. und euer Anliegen,
dies auf einem. Segmentplaneten wie
Quamoto. oder Kosichi. zu tun, mit
direktem. Kontakt zum. Regierenden
Sternenrat.«

»Beth Astromoc, sagte die Kartanin
nach einer kurzen Pause, »wir wissen,
dass du die Befugnis hast, in gewissem
Umfang fiir den Sternenrat zu spre-
chen. Wir sind nicht ganz unvorberei-
tet gekommen. Auch von Vatucym
aus ist eine direkte Kommunikation
moglich. Und wir haben gewiss nicht
die Absicht, uns auf eine Irrfahrt
durch die halbe Galaxis Hangay zu
begeben.«

Der Kommandant hob die schmalen
Schultern. »Ich kann euch. nur einen
Rat. geben. Auf Vatucym ist ...«

»Etwas faull«, sagte ihm Don
Kerk’radian auf den Kopf zu. »Wenn
wir uns tduschen, dann korrigiere
uns. Antworte auf unsere Frage.«

Der Kopf des Hauri ruckte zu ihm
herum. Die dunklen Augen verengten
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sich, die Stimme war plétzlich kalt
und schneidend. »Ich lasse. mir. nicht
von euch. drohen! Ich ...«

»Es hat keinen Sinn, Don.« Dao-
Lin-H’ay erhob sich. »Beth Astromo,
haben wir deine Genehmigung, den
hiesigen Kontaktwald aufzusu-
chen?«

»Wozu?«, fragte er. »Was versprecht
ihr. euch davon?«

»Verdammt!« Kerk’radian knurrte.
»Mein guter Freund, das weit du
ganz genau, weil wir es dir vor nicht
einmal zehn Minuten bereits gesagt
haben! Dao-Lin-H’ay war bereits
einmal in einem Wald und hat mit
ihm kommuniziert. Die Walder sind
Verbilindete im Kampf gegen TRAI-
TOR. Wir mochten den Kontakt mit
ihnen ebenso auffrischen und vertie-
fen wie mit der Neuen Kansahariyya.
Wir sind gekommen, um deine Ge-
nehmigung dazu einzuholen, aber es
geht zur Not auch ohne.«

»Wenn ich es euch. verbiete, kommt
ihr. nicht in den. Wald!« Der Kom-
mandant wirkte erbost. »Wir sind.
sehr gut bewaffnet. Wir haben ...«

»Was?«, fragte die Kartanin. »Was
wolltest du sagen?«

»Ich ...« Beth Astromo war eben-
falls aufgestanden. Er schien verwirrt
zu sein, erschrocken tiber die eigenen
Worte. Dann schloss er die Augen.
»Geht. Ihr habt meine. Genehmigung.
Ihr durft den. Kontaktwald betreten,
aber nicht vor. morgen.«

»Wieso?«, wollte Kerk’radian wis-
sen. »Geht dort vielleicht etwas vor,
von dem wir nichts mitbekommen
sollen?«

»Donk, sagte Dao leise. »Bitte ...«

Sie sah den Hauri an. Fest. Ihr Blick
war eine einzige Aufforderung. Wenn
er nichts zu verbergen hatte, sollte er

ihnen jetzt die Genehmigung geben.
Sie hatte nicht unbedingt schon an
diesem Tag zum Kontaktwald ge-
wollt, doch jetzt ging es um etwas an-
deres.

Sie waren mit einem gewaltigen
Vertrauensvorschuss nach Vatucym
gekommen und hatten im Gegenzug
nur Ablehnung und offenkundige
Heuchelei geerntet.

»Morgen!«, sagte Beth Astromo.
»Ihr konnt morgen zum. Kontakt-
wald, das muss euch. reichen.«

Das waren die letzten Worte, die die
terranischen Besucher von ihm
horten. Als sie gingen, gab es keinen
AbschiedsgruB.

Als sie das Ratsgebaude verlief3en,
flisterte Don Kerk’radian so leise,
dass nur Dao-Lin es horen konnte:
»Gehen wir sofort zu dem Wald?«

Sie bleckte die Z&hne. Endlich
stand der Oberst vollkommen auf ih-
rer Seite.

»Heute Nacht«, antwortete sie, als
sie den Gleiter starteten. »Im Schutz
der Dunkelheit.«

Don Kerk’radian nickte grimmig.

3.
Der Wald

Der Kontaktwald von Vatucym un-
terschied sich kaum von denjenigen,
die Dao bereits kennengelernt hatte.
Aus der Luft stellte er sich als ein
blaugriines, undurchdringlich schei-
nendes Dickicht dar, in dem fast alle
Arten der Flora vertreten waren. Je-
der solche Wald war kreisrund, durch-
mal 15 Kilometer und war als Fremd-
koérper inmitten der heimischen
Vegetation zu erkennen. Und genau
so war es: Die Kontaktwailder bestan-
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den nicht nur aus der Vegetation, son-
dern auch aus einem Teil der plane-
taren Kruste, ausgestattet mit eigenen
Antrieben, wodurch sie sich von der
Oberflache eines Wirtsplaneten 16sen
und in den Weltraum starten konn-
ten.

Dao und Atlan hatten ihre Ge-
schichte auf Kosichi erfahren. Auf
mentalem Weg waren sie Zeuge des
inneren Kampfes des Walds Alo-
mendris geworden, quasi des Stamm-
vaters aller heute existierenden 126
Wéilder. Sie waren hineingezogen
worden in die dramatische Geschich-
te der Entstehung der Wilder aus
einem einzigen, urspriinglichen
Schossling des Pflanzenvaters Arys-
tes auf dem in der Galaxis Segafren-
do gelegenen Planeten Orllyndie.

Um der Vernichtung durch robo-
tische Aggressoren zu entgehen, hatte
Arystes den Schossling abgegeben
und auf die Reise ins Universum ge-
schickt, wo der junge Wald sich ver-
breitete und gegen die Erish Vikhtold
bestehen musste, jene Roboterzivili-
sation, die ihre Weifen Herren verlo-
ren hatte und einen Ersatz fiir sie
suchte. Jemand, dem sie dienen durf-
ten, um ihrer Existenz einen neuen
Sinn zu geben.

Alomendris hatte versucht, diese
Rolle zu tibernehmen, und geriet da-
durch mehr und mehr in Abhéngig-
keit. Erst als er begriff, dass die Erish
Vikhtold in seinem Namen eine Viel-
zahl von Galaxien mit Krieg tiberzo-
gen, als er Kontakt zu einer anderen
Wesenheit erhielt und durch die Ver-
schmelzung wuchs, fand er die Kraft
zur Flucht. Er war missbraucht wor-
den und wollte das nie wieder erleben
missen. Er hatte sich langst in die
126 Kernwélder geteilt, die seither

durch das All zogen und von Refugi-
um zu Refugium flohen, immer in der
Angst, von den Robotern wiederge-
funden und abermals vereinnahmt zu
werden.

Irgendwann erreichten die Walder
die Galaxis Hangay und siedelten
sich auf verschiedenen Planeten an.
Der lang ersehnte Friede stellte sich
aber nicht ein, denn irgendwann um-
schloss ein Wall den Kern der Gala-
xis, durch den kein Durchkommen
und kein Kontakt mehr moglich war.
Im Innern von Hangay hatte sich eine
fremde, finstere Macht niedergelas-
sen, die flir Chaos und Untergang
stand.

Einer der Kernwilder, Nummer
126, befand sich dort, im Zentrum der
Macht von KOLTOROC - so lautete
der Name der Superintelligenz. Die
noch freien Walder wihlten, um ei-
nen neuen Verrat zu verhindern, die
Isolierung dieses einen und unterban-
den die Fahigkeit der Distanzlosen
Interaktion nach 126. Von da an war
es nicht mehr moglich, Materie oder
auch Botschaften mit ihm auszutau-
schen.

Erst als Alomendris durch ein Er-
eignis, das in ihm alle alten Angste
und das uralte Trauma wieder weckte,
vollkommen aus der Balance geriet,
16ste sich ungewollt diese Blockade.
Ein Austausch mit Nummer 126 war
plotzlich wieder moglich — und das ge-
schah ausgerechnet, als sich Atlan und
Dao-Lin-H’ay in ihm aufhielten. Sie
wurden in die Kernzone Hangay ge-
schleudert und erlebten das Grauen,
das einen Namen trug ...

KOLTOROC!

Als sie schon nicht mehr an eine
Rettung glauben konnten, wurden sie
von Alomendris zurtickgeholt und er-
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fuhren, dass der Grund fiir seine Pa-
nik das Erscheinen der beiden Ava-
tare von ESCHER war, Pal Astuin
und Merlin Myhr, von ESCHER ge-
schickt, um Kontakt aufzunehmen.
Der Wald hatte sich erinnert, wie
schon einmal auf sehr dhnliche Weise
Boten in ihn eingedrungen waren, um
ihn zurtickzuholen - Gesandte der
Erish Vikhtold!

Er hatte geglaubt, sie seien wieder
da, bis Atlan ihn vom Gegenteil tiber-
zeugen konnte.

Seither hatte es keinen Kontakt
mehr zu den Waldern gegeben — bis zu
diesem Tag.

Dao-Lin-H’ay ging all das wieder
durch den Kopf, als sie und ihre fiinf
Begleiter den Wald unter sich leuch-
ten sahen. Er schilte sich wie ein von
innen heraus gespenstisch illumi-
niertes Wunder aus der Kruste des
Planeten heraus, aus der er ragte wie
das Werk eines begnadeten Land-
schaftsarchitekten. Dort unten war
Leben, war mehr als der chemische
Stoffwechsel zwischen Aberbilliar-
den pflanzlichen Zellen, mehr als das
Neben- und Beieinander von Baumen
und Gewichsen aus der unerschopf-
lichen Retorte und Fantasie der Na-
tur.

Sie kamen in SERUNS, unsichtbar
und nicht zu orten. Sie kamen lautlos,
so, wie sie die SOL-Zelle verlassen
hatten. Niemand folgte ihnen. Die
Gleiter der Sicherheitskrafte standen
uberall in der Luft, rings um den
Kontaktwald verteilt. Dao war sicher,
dass ihre Besatzungen Order hatten,
auf sie zu schieBlen, falls sie sie ent-
deckten.

Sie taten es nicht. Das kleine Kom-
mando der SZ-1 landete an einem
unbewachten Punkt am Rand des

Walds, in einer Lichtung, von der aus
sich die Kartanin Zugang in das Di-
ckicht versprach. Es war ein Gliicks-
spiel. Wege im Kontaktwald erwiesen
sich nie als bestéandig, der Wald ge-
staltete sie nach seinen Wiinschen,
um Lebewesen einzulassen oder aus-
zusperren. In der Regel erhielten nur
die Kontaktwaldsprecher Zutritt,
und nur sie wussten, welche Wege
wann geoffnet waren.

Dao-Lin-H’ay war zwar keine sol-
che Sprecherin, aber sie hatte gelernt,
wie man mit einem Kontaktwald zu
»reden« hatte.

Sie standen auf der Lichtung auf
dem Streifen Niemandsland zwischen
heimischer und fremder Flora, wei-
terhin fiir Menschenaugen unsichtbar
im Schutz ihrer Anziige.

Dao konzentrierte sich, dachte ihre
Botschaft, knapp und prizise. Sie
verzichtete auf jede Ausschmiickung
und Floskel, dachte ihr Anliegen, bat
um Einlass.

Nach nicht einmal einer Viertel-
stunde antwortete ihnen der Wald,
indem sich das Dickicht vor ihnen
teilte.

Es war eine vollig andere Welt als
auf Kosichi.

Alle 126 Kontaktwéalder waren als
»Geschwister« aus dem Schossling
Alomendris entstanden. Sie besaflen
die gleiche Ursubstanz, die gleichen
Gene, doch jeder konnte eine andere
Geschichte erzdhlen. Jeder von ihnen
hatte sich auf einem anderen Planeten
niedergelassen, mit spezifischen Um-
weltverhiltnissen und Klimabedin-
gungen, einer bestimmten Umwelt,
Bedrohungen und Gefahren, auf die
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sie durch mehr oder weniger Anpas-
sung hatten reagieren miissen.

»Mein Gott«, sagte Darna Argyn-
Solano, kaum mehr als ein Fliistern
und voller Andacht. »Ich hatte ver-
sucht, es mir vorzustellen. Aber das
ist ... Ich habe keine Worte dafiir ...«

»Du hast noch gar nichts gesehen,
erwiderte Dao. »Es fangt ja erst an.«

Darna Argyn-Solano entstammte
einer Verbindung zwischen einem
Terraner und einer Biirgerin von
Olymp. Die Gene des Vaters hatten
sich durchgesetzt, man hétte die Kos-
mo-Botanikerin fiir eine reinrassige
Stidamerikanerin halten kénnen. Sie
war Kklein und zierlich, ihr ewig ge-
brauntes Gesicht unter den pech-
schwarzen Haaren wirkte oft desin-
teressiert, doch Dao tauschte das
nicht. Darnas Blicke waren tiiberall,
und ihre Reiselust fiihrte sie an immer
neue Orte. Mit ihren 56 Jahren war sie
eine Koryphée auf ihrem Gebiet und
konnte vielleicht wertvolle Schliisse
ziehen, auch wenn sich ein Wald wie
dieser, ein Lebewesen wie dieses, si-
cherlich jeder Klassifizierung entzog.

Sie waren vielleicht einen Kilome-
ter tief eingedrungen. Der Pfad, dem
sie folgten, wand und schléangelte
sich, selten mehr als einen Meter
breit. Meist fiihrte er wie eine Bresche
durch tiefes Dickicht, dann wieder
offneten sich kleine Lichtungen fir
sie, mit hohen Grasern und jungen
Samlingen. Nur an solchen Plitzen
hatten sie offenen Himmel tiber sich.
Uberall, wo der Wald sich schloss,
schloss sich auch das Geést tiber ih-
ren Kopfen wie zu einem von innen
heraus illuminierten Baldachin, in
dem die nachtoffenen Bliiten funkel-
ten wie helle Sterne, aber unendlich
viel néher als solche.

Augen, dachte die Kartanin, sie
sind wie die Augen des Waldes ...

Schon am Tag war es ein unglaub-
liches Erlebnis, in einen Kontaktwald
einzudringen. Nein, das war das
falsche Wort. Nicht sie drangen ein,
sondern er empfing sie. Sie wurden
ein Stiick von ihm, teilten seine faszi-
nierende Identitit, ohne je wirklichen
Zugang zu ihm gefunden zu haben.

Manchmal schien der Weg zu Ende
zu sein, doch dann 6ffnete sich ein
neuer Weg. Blische, Straucher, selbst
Baume bogen und zogen sich vor ih-
nen zur Seite. Manche Gewachsbar-
rieren schienen auch einfach zu ver-
schwinden, verblassten und waren
auf einmal wie nicht mehr da.

Seltsam. Erst jetzt bemerkte sie: Es
gibt keine Tiere, keine Vigel, keine
Nager, keine Insekten. Es gibt nur
Pflanzen ...

Der Boden war weich und meistens
von dichtem, knéchelhohem Moos be-
deckt. Selbst das schien sich vor ihren
Schritten zu ducken. Immer noch
hatte die Kartanin das Gefiihl, diesen
Boden und diesen Wald mit jeder Be-
wegung zu verletzen.

Doch sie wusste, dass er sich dann
wehren wiirde. Er wiirde protestieren
und ihnen wahrscheinlich den Wei-
termarsch untersagen. Sie wiirden in
einer Sackgasse enden und umkehren
miissen — oder auch nicht. Es waren
nicht nur Gertichte, die von Besu-
chern wissen wollten, die man nie
mehr gesehen hatte.

»Da war etwasx, zischte Mizza Tay-
lor. »Ich habe etwas gesehen. Dort,
hinter den Zweigen.«

»Was?«, wollte Hatan Al’'Bodo wis-
sen, der Mann, den eigentlich nichts
anderes auszeichnete als seine Gabe,
alles und jedes »schnell zu erfassen.
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Er war ein ordentlicher Raumsoldat,
in kaum einer Hinsicht herausragend,
aber er erkannte Dinge und Zusam-
menhange schneller als die meisten,
Perry Rhodan vielleicht ausgenom-
men. »Kannst du es beschreiben?«

»Es war wie ein Schatten.« Mizza
Taylor war waschechte Terranerin,
brinett, die Haare halblang bis auf
die Schultern und stufig. Sie hétte in
einem Computerspiel des frithen vir-
tuellen Zeitalters eine Lara Croft ab-
geben konnen, war sehnig und gro8,
jede Bewegung geschmeidig und
kraftvoll. Eine Draufgingerin, wenn
es neben Dao-Lin-H’ay einer bedurft
hiatte. Allerdings wirkte sie eher wie
im letzten denn wie im ersten Lebens-
drittel stehend, obwohl sie erst Ende
dreiflig war. Ein Leben am Limit hat-
te seine Spuren in ihr herbes Gesicht
gebrannt. »Ja, Schatten, aber nicht
grau oder diister ... sondern farbig
und hell. Leuchtend wie von innen
heraus illuminiert.«

»Wie der Wald an sich, stellte Ha-
tan fest. Seine Herkunft war unbe-
kannt. Nie hatte sich etwas tiber ihn
ermitteln lassen. Nicht sein Geburts-
planet, nicht wessen Kind er war oder
mit wem er zusammen gewesen war,
bevor er auf die SOL kam. Dao war
es egal. Der dirre Mann, Anfang
funfzig, mit dem zerknautschten,
hellwachen Gesicht konnte wichtig
sein. Sie hatte ihre kleine Truppe gut
ausgesucht. »Es konnte der Wald so-
gar sein ...«

»Was meinst du?«, fragte Irven Do,
ebenfalls ein »Mischling«, allerdings
aus der Verbindung einer Terranerin
mit einem Ferronen hervorgegangen.
Seine Haut war von blauen Schlieren
durchzogen, er mafl kaum einen Me-
ter dreiBlig und hatte ein steifes Bein,

dessen Nerven sich selbst mit den
Mitteln der modernen Medizin nicht
reparieren lieBen. Er hatte beschlos-
sen, auf jedes Implantat und jede ro-
botische Ergdnzung zu verzichten,
schlieBlich sei es sein Kérper und die-
ser mache ihn zu dem, was er war. Er
hatte gelernt, sich fast flinker und ge-
schmeidiger zu bewegen als ein an-
geblich Gesunder, und war sogar stolz
darauf.

Dao-Lin-H’ay hatte ihn wegen sei-
nes analytischen Verstandes mitge-
nommen. Er war ein ruhiger Mann,
laut biologischen Tests 248 Jahre alt,
aber sah aus wie ein sechzigjahriger
Halbterraner. Mit seinem steifen Bein
und seinem humpelnden Gang liebten
ihn alle Menschen, die mit ihm néher
zu tun hatten, einen gedrungenen
Mann mit Bauch und Schnauzbart.
Vielleicht lag es ja auch an seiner Vor-
liebe, seine Freunde zu bekochen.

»Der Wald beobachtet uns, ja? Er
lasst uns bewachen und begleiten,
durch Projektionen seiner selbst ...«

»Du hast soeben ein neues Koch-
geschirr gewonnen«, grinste der
Schnellerfasser.

Dao-Lin-H’ay enthielt sich eines
Kommentars. Es war wichtig, dass
ihre Begleiter miteinander redeten,
tiber ihre Eindriicke, uber ihre Ge-
danken und Folgerungen. Das erst
machte ein Team aus, das mehr dar-
stellte als eine bunte Staffage.

Sie befanden sich in einer anderen
Welt mit anderen Gesetzen. Sie waren
langst nicht am Ende ihres Weges. Je-
der Kontaktwald verfiigte tiber eine
zentral gelegene Lichtung, illuminiert
durch das Licht des Waldes selbst —
fluoreszierendes Efeu des Bodens, ak-
tivleuchtende Flechten, schimmernde
Bliiten ...
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Bliten in allen Farben des Regen-
bogens sdumten den Weg. Der Wald
machte sich selbst seine Jahreszeiten,
die eigentlich wie eine einzige war:
ewiger Friihling und Sommer.

Die Bliiten drehten sich mit ihnen
wie Antennen, die auf sie gerichtet
waren und sie verfolgten. Und sie
wisperten, raunten ihnen Worte zu,
die sie nicht verstanden. Aber sie wa-
ren nicht akustisch, sondern direkt in
ihrem Kopf, mitten in ihrer Seele. Sie
bertihrten sie wie geheimnisvolle,
scheinbar sinnlose Botschaften.

Das Wispern war allgegenwaértig,
so wie die Schatten hinter den Bau-
men und tief im Dickicht. Sie waren
nicht allein, keine Sekunde. Der Wald
begleitete sie durch sich selbst hin-
durch und lief3 es sie wissen.

Der Kontaktwald, die schatten-
haften Gestalten, das Wispern der
Bliten ...

Dao-Lin-H’ay ertappte sich dabei,
wie sie dem Wald dafir dankte, ihn
betreten haben zu diirfen.

Sie riss sich endgtiltig zusammen.
Wenn sie nicht aufpassten, bestand
durchaus die Gefahr, sich in dieser
Welt zu verirren — und das nicht nur
im rdumlichen Sinn.

k

Die Lichtung unterschied sich vom
restlichen Wald und entsprach doch
dessen Essenz. Sie war sein Zentrum,
sein Allerinnerstes, sein Herz. An die-
sem Ort spatestens endete der Weg fiir
jeden Besucher, so, wie alle Unter-
schiede zwischen den einzelnen Kon-
taktwédldern ihr Ende fanden. Die
Lichtungen waren alle identisch, un-
endliche Spiegelungen der urspring-
lichen Lichtung.

Uber diese Schnittstelle standen
alle Kontaktwilder miteinander in
Verbindung. Jede Lichtung griff auf
jede andere zu, befand sich im Aus-
tausch, bewegte die Schalthebel der
gemeinsamen Identitat durch ihre in-
dividuellen Bediirfnisse und Erkennt-
nisse. Fir ein von Tieren abstammen-
des Lebewesen war es schwierig oder
gar unmoglich, diese Art der Intelli-
genz zu begreifen.

»Hier«, sagte Dao leise zu Darna
Argyn-Solano, die ihr von den Beglei-
tern am nichsten stand, »ist Alo-
mendris ...«

Mehr nicht. Selbst diese wenigen
Worte, kaum horbar gesprochen,
schienen bereits zu viel zu sein.

Der beherrschende Eindruck dieses
Ortes war die Stille. Ein heiliger Ort,
wie eine Kathedrale der Flora. Fur
einen Moment fragte sich Dao-Lin,
wie der Ewige Géartner die Kontakt-
walder erleben wiirde; aber der Gart-
ner hatte diesen Teil des Universums
langst verlassen ... er gehorte einer
anderen Zeit und einem anderen Ort
an, der ehemalige Hiiter des Domes
Rogan ...

Bdume, Bische, Kletterpflanzen
und Ranken sdumten die Lichtung so
dicht, dass kein Weg mehr fort von ihr
fiuhrte. Alles war mit- und ineinander
verwoben, sogar lber ihren Kopfen,
wo sich die Pflanzen zu einer gemein-
samen Kuppel schlossen, durch die
aber immer noch einzelne Sterne hin-
durchschimmerten. Dennoch konnten
sie es an Glanz nicht mit den Bliiten
aufnehmen, die auf die Besucher her-
abschauten. Kleine Sterne und ge-
waltige Kelche, Blumen in allen Far-
ben des Regenbogens und dartiber
hinaus.

Die Bliiten raunten, wisperten mit-
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einander und vielleicht auch mit ih-
nen, allerdings ohne jeden Laut. Dao
konnte es trotzdem horen. Es war
nicht zu unterscheiden, ob an einem
Ort wie diesem etwas mental oder mit
den normalen Sinnen empfunden
wurde. Es war einfach da, eine heili-
ge, allméchtige Stille voller geheim-
nisvoller Laute.

»Bleibt zurilick«, fliisterte die Kar-
tanin Darna zu, die sie mittlerweile
als eine Art »rechte Hand« betrachte-
te. »Ruhrt euch nicht von der Stelle,
egal was passiert. Ich weil} nicht, wie
lange es dauern wird und ob ...«

Sie liel den Rest unausgesprochen.
Passieren? Was sollte schon gesche-
hen, ohne dass sie es wollten. Es be-
stand kein Grund zu der Befiirchtung,
dass der Wald etwas gegen ihren Wil-
len tun konnte.

Sie holte ein letztes Mal tief Luft,
dann trat sie vor, bis sie die Mitte der
Lichtung erreicht hatte.

Sie schloss die Augen, konzen-
trierte sich ganz auf das, was sie zu
sagen hatte und wie sie es tun musste.
Die Kommunikation mit einem Kon-
taktwald beschriankte sich auf die
reine Botschaft, die pure Information
ohne jeden Nebensatz und jedwede
Ausschmiickung.

Kurze Satze, kurze Begriffe ...

Du kennst mich, Alomendris, dach-
te sie. Du hast mit Atlan gesprochen.
Es ist immer noch Krieg. Wir wollen
die Terminale Kolonne TRAITOR be-
zwingen und vertreiben. Dazu brau-
chen wir deine Hilfe.

Das war es, alles Weitere konnte
folgen. Entweder antwortete ihr der
Wald, oder ihre Mission scheiterte.

Nichts.

Endlose, beklemmende Atemziige
lang geschah gar nichts.

Aber Dao-Lin H’ay gab nicht auf.

Es ist immer noch Krieg, wieder-
holte sie ihre Botschaft. Wir brauchen
deine Hilfe!

Es war ein mentaler Schrei. Je 6f-
ter sie ihre Botschaft wiederholte,
desto verzweifelter wurde sie. Die
Kontaktwilder konnten sich als
Schlissel zur Kernzone und zu KOL-
TOROC erweisen, wenn alles andere
versagte.

Sie drehte den Kopf und sah die
Gefahrten am Rand der Lichtung ste-
hen, ins unheimliche Leuchten des
Ortes getaucht wie Blaupausen. Sie
verhielten sich ruhig, ganz wie sie es
ihnen befohlen hatte, aber ihre Ge-
sichter verrieten Betroffenheit und
Bestiirzung.

Es ist Krieg!, sendete die Kartanin.
Wir haben immer noch Krieg gegen
TRAITOR und ...

Sprich!, hallte es in ihrem Bewusst-
sein. Sprich weiter, Dao-Lin-H’ay!

*

Als Dao-Lin-H’ay endlich, nach
mehr als einer halben Stunde, zu ih-
ren Begleitern zuriickkehrte, wirkte
sie erschopft und ermattet, aber zu-
frieden.

»Der Wald ist einverstanden.« Die
Worte hitten keinen groferen Effekt
haben konnen, wiren sie Erdbeben
gewesen.

»Ich glaube, es ist ihm nicht leicht-
gefallen, aber er wird versuchen, uns
per Distanzlose Interaktion zum Kon-
taktwald Nummer 126 zu senden, ins
Innere Hangays hinein. Und sollte es
moglich sein, wird er uns auch wieder
von dort zuriickholen.«

»Das verstehe ich nicht«, meinte
Mizza Taylor. »Warum gehen wir
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dann wieder? Weshalb sind wir nicht
schon langst in der Kernzone?«

»Du wirst es erwarten konnen«, be-
ruhigte sie die Kartanin. »Der Wald
wire dazu bereit gewesen, aber ich
nicht. Eine Aktion wie die, die wir
vorhaben, ist zu umfangreich, um sie
an Beth Astromo vorbei auszufiih-
ren.«

»Du willst mit ihm sprechen?«,
wunderte sich die Frau. »Noch einmal
mit diesem ignoranten Hauri reden?
Was erwartest du dir davon? Er wird
die die kalte Schulter zeigen wie bis-
her auch.«

»Niemand weill, ob wir zurtick-
kommen werden, sagte Donisetti.

»Was willst du uns sagen?«, drgerte
sich Irven Do. »Dass wir besser gleich
daheimbleiben sollen?«

»Wir werden vermutlich KOLTO-
ROC gegentiberstehen!«, ereiferte
sich der Exo-Biologe. »Wir sechs ...
Nichtse gegen den, der fiir diese gan-
ze Schweinerei verantwortlich ist!«

»Uberdramatisiere das nicht«, warf
Hatan Al’'Bodo ein. »Gegen KOLTO-
ROC sind wir so winzig, dass er uns
wahrscheinlich gar nicht bemerken
wird.«

»3S0ll er doch«, sagte Mizza Taylor
kiihl, »wir zeigen ihm, was es bedeu-
tet, sich mit uns anzulegen!«

Dao-Lin-H’ay sagte nichts dazu.
Keiner von den anderen hatte je mit
Superintelligenzen zu tun gehabt, sie
wussten nicht, was es bedeutete.

Und selbst die Unsterbliche ver-
mochte es nicht zu sagen - keine Su-
perintelligenz glich der anderen, so
viel hatte sie in ihrem langen Leben
bereits erfahren miissen. Die Terraner
hatten eine Redewendung dafiir:
Nicht alle iiber den gleichen Kamm
scheren, sagten sie.

Und daher versuchte sie sich fiir
alle Eventualitdten zu wappnen.

Sie ging wieder an der Spitze ihres
Einsatztrupps und folgte dem Weg,
den der Kontaktwald fiir sie freigab.

Sie dachte nicht nur voller Unbe-
hagen daran, dass sie abermals Beth
Astromo aufsuchen musste, was ihr
fast korperlich fithlbares Unwohlsein
bereitete, sondern auch daran, dass
sie etwas vermisst hatte, als sie mit
dem Wald kommunizierte.

Nein, dachte sie, das war falsch.

Sie hatte es vermisst, wenn auch
noch unbewusst, dass sie eine ganz
bestimmte Stimme im Wispern des
Waldes horte. Eine, auf die sie einmal
viele Hoffnungen gesetzt hatte.

*

Afa-Hem-F’ur.

Die ehemalige Kontaktwaldspre-
cherin auf dem Segmentplaneten
Quamoto, Dao-Lins Nachfolgerin in
diesem Amt. Als alle Welt sie schon
abgeschrieben hatte, Ar-Dus-Taar,
verschollen und gefallen im Kampf
gegen die Terminale Kolonne, hatte
sie an sie geglaubt — und es waren
nicht nur rein freundschaftliche Ge-
fiihle oder Verehrung gewesen, die ihr
die andere Kartanin entgegenbrach-
te.

Afa-Hem war in ihrem Amt aufge-
gangen. Sie hatte sich eigentlich nie
so recht wohlgefiihlt in ihrer materi-
ellen Umgebung, und als der Wald
schlieBlich von Quamoto fliehen
musste, blieb sie in ihm und ging in
ihm auf.

Seither lebte sie in und mit den
Waldern. Sie war nicht mehr an einen
einzigen gebunden, sondern in ihnen
allen prasent als eine Stimme, die
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Dao - als jene mit Atlan im Kontakt-
wald verirrt war — wie ein fast allge-
genwirtiges Wispern in dem mentalen
Druck wahrgenommen hatte, der in
jedem Wald vorhanden war. Afa-
Hem-F’ur wollte ein Bindeglied zwi-
schen den Waldern und den Menschen
und Kartanin sein, fiir sie sprechen,
sie unterstiitzen.

Daraus schienen sich fantastische,
neue Perspektiven zu ergeben — doch
wo war Afa-Hem? Warum schwieg
sie? Weshalb konnte sie sie nicht ho-
ren oder spiiren?

Vielleicht ist sie gar nicht mehr da,
dachte Dao beunruhigt. Vielleicht ist
sie erloschen, gestorben, gescheitert
—was auch immer ...

»Da sind sie wieder«, drang Mizzas
Stimme an ihre Ohren. »Die Schat-
ten.«

»Ich habe nichts gesehen«, wun-
derte sich Hatan. »Bist du sicher,
dass ...«

Etwas lie Dao hellhérig werden.
Sie wusste nicht, was es war, aber als
sie der ausgestreckten Hand der Ter-
ranerin folgte, sah sie sie ebenfalls.
Die Schatten ...

Eine Bewegung im Dickicht, von
den jungen Stimmen und Ranken in
diesem Abschnitt des Wegs halb ver-
sperrt. Noch einmal. Es waren min-
destens zwei. Sie waren Schatten in
den Schatten, bewegten sich langsam
so wie jene, die sie fast den ganzen
Weg bis zur Lichtung begleitet hat-
ten.

Und doch war etwas anders.

»Das stimmt nicht«, flisterte die
Fihrerin der Gruppe und blieb ste-
hen. »Irgendetwas ist anders ...«

»Als was?«, fragte Darna. »Anders
als was? Es sind die Schatten, die uns
seit ...«

»Ich weil} es nicht«, sagte die Kar-
tanin. »Etwas ist anders — stimmt
nicht. Die Gerdusche ...«

»Welche Geriausche?«, wollte Irven
wissen. »Welche denn? Sie bewegen
sich lautlos. Sie sind ...«

»Ich kann es nicht anders sagen!«,
schnitt Dao ihm die Worte ab. »Alles
ist falsch. Einfach falsch!«

»Was tust du?« Donisettis Stimme
klang entsetzt und selbst fiir ihn um
eine Spur zu schrill. »Bleib hier, du
darfst nicht allein in den Wald! Du
kannst nicht einfach ... den Weg ver-
lassen ...!«

Aber es war schon zu spit. Dao-
Lin-H’ay begriff erst, was sie zu tun
im Begriff war, als sie bereits mitten
in einer Landschaft war, in der ihr die
Sinne endgiiltig den Dienst ver-
sagten.

4.
Im Abseits

Sie wusste, dass niemand die Wege
verlassen durfte.

Aber sie tat es.

Es geschah, ohne lange zu tiberle-
gen, denn von einem Moment auf den
anderen spiirte sie mit absoluter Ge-
wissheit, wie etwas im Wald geschah,
was nicht sein durfte.

Dao konnte es nicht genauer erken-
nen, aber was es auch sein mochte, es
gehorte nicht zum Kontaktwald. Al-
les in ihr schrie: Gefahr!

Anders als mit Atlan verliel3 sie den
Weg diesmal aus dem Verlangen her-
aus, dies zu tun. Aber es geschah kei-
neswegs planvoll und bei klarem Ver-
stand, sondern wie in einem dicken
Umschlag aus Emotionen, blind und
unbeherrscht.
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Dann stand sie still, atmete den
Dschungel ringsum und begriff, dass
sie im wirklichen Kontaktwald stand.
Einer Umwelt, die fiir nicht pflanz-
liche Lebewesen keine Heimat und
keine Sicherheit bot. Ja und nicht
einmal Schonheit.

Der Kontaktwald griff sie nicht et-
wa an, jedenfalls nicht bewusst. Dao-
Lin-H’ay fuhlte sich mitten hineinge-
worfen in eine Welt aus Eindriicken
und Bildern, die sie nicht bewéaltigen
konnte, an denen ihre Sinne vielleicht
sogar verbrannten.

Horte sie das Echo ferner Stimmen?
Wisperte Afa-Hem-F’ur ihren Na-
men, oder unterlag sie einer Tau-
schung? Wie konnte es sein, dass die
Farben der Bliiten urplotzlich so grell
und falsch wirkten wie in einem
schlecht kolorierten Cartoon?

Dao-Lin-H’ay war begabt und
psionisch geschult. Sie war mental-
stabilisiert. Dies schloss eigentlich
jede geistige Beeinflussung aus. Und
dennoch geschah es.

Sie glaubte zu schwimmen, die
Lungen pumpten stérker, die Arme
bewegten sich merkwiirdig ruckhaft,
in den Beinen spiirte sie ein taubes
Gefiihl ... Wenn sie sich umdrehte,
drehte der Wald sich schneller. Ihr
schwindelte. Von den fiinf anderen
sah sie ldngst nichts mehr. Sie rief
nach ihnen, aber der Wald atmete ihre
Stimme fort und saugte sie ins Moos.

Ich muss klar bleiben!, dachte sie
verzweifelt. Es ist der gleiche Wald,
unser Verbiindeter — unser Freund —,
nur sehe ich ihn jetzt so, wie er in
Wirklichkeit ist, und nicht, wie er uns
thn sehen ldsst!

Alles lebte, alles floss, alles strahlte
in einem Licht, das ihr den Atem
nahm. Sie war sicher, sagte ihr der

Verstand. Sie war verloren, sagte ihr
die Panik.

Es riss sie, zerrte an ihr, versuchte
sie einzuverleiben. Diese unglaub-
liche, farbige, pulsierende, schwan-
kende, sich drehende und von innen
nach auflen kehrende Welt zog an ihr
wie ein Magnet. Ihr war schwindlig,
sie fiihlte sich von den Fiilen gehoben
und sich auflosen, vielleicht aufge-
hen, absorbiert werden wie ...

Wie Afa-Hem-F’ur?

Stimmen ... das, was nicht passte.
Nicht hierher, nicht in diese andere
Welt.

Die Stimmen, deren Wispern sie
vom Weg aus gehort hatte. Dao ver-
suchte, es zu fokussieren, sich nur
noch auf sie zu konzentrieren. Nach
ihnen zu greifen wie nach einem Hal-
teseil in stiirmischer See.

Sie passten nicht, gehorten nicht in
den Wald. Ebenso wie die Schatten,
die Bewegungen, die sie nur ganz va-
ge erhascht hatte.

Jetzt waren sie da, nah und fast greif-
bar. Sie entspannte sich, lauschte ...

... fand ihre Richtung. Konnte sie
fassen. Sie zog sich an ihnen aus dem
Schwindel heraus, der um sie gewe-
sen war, fand den Weg, setzte einen
Schritt vor den anderen, stolperte an-
fangs, wurde sicherer ...

... kam niher ...

Und dann sah sie sie vor sich. Plotz-
lich war wieder alles fast klar. Sie sah
den Wald, so, wie sie ihn gekannt hat-
te, und wusste, dass das so bleiben
wirde, solange sie etwas hatte, was
ebenso wenig hierher gehorte wie
sie.

Kartanin!, durchfuhr es sie. Es sind
Kartanin!
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Eine kleine Lichtung, die sich hin-
ter dichtem Gestriipp und jungen
Baumen 6ffnete. Eine Kalmenzone im
Kontaktwald, nicht halb so gro} wie
die zentrale Lichtung, aber vom hel-
len, ungestort einfallenden Licht der
Sterne in fast seidenen Glanz ge-
taucht. Eine Lichtung und zwei Kar-
tanin.

Dao-Lin-H’ay schlich sich nahezu
lautlos an, bis sie im Schutz eines
doppelt mannsdicken Koniferen-
stamms verharrte. Sie schmiegte sich
ganz dicht an das Gewé&chs und beob-
achtete.

Zwei Kartanin, beides Frauen.

Trotz des Sternenlichts hatte Dao-
Lin-H’ay ohne den Restlichtverstar-
ker ihres SERUNS nicht alle Einzel-
heiten erkennen kénnen. So aber sah
sie, dass die beiden Kartanin blass-
gelbe Uniformen mit seltsamen, ihr
unbekannten Emblemen trugen, die
hauteng anlagen und schlanke, ge-
schmeidige Korper zeigten. Sie waren
verhaltnisméfBig groB und trugen au-
Ber ihren Anziigen keinerlei als solche
erkennbare technische Ausriistung
bei sich.

Und sie tuschelten ...

Aus direkter Néhe klang es kaum
lauter oder deutlicher hertiber als ein
normales Gespriach aus der Entfer-
nung.

Der Kontaktwald ...

Und plotzlich war da noch eine
dritte Kartanin, ebenfalls gro3 und
ebenfalls gelb uniformiert.

Dao war hundertprozentig sicher,
dass diese dritte Frau keinesfalls auf
konventionellem Weg gekommen sein
konnte — das hitte sie bemerkt. Nein,
sie musste entweder einen Deflektor
benutzt haben, den sie erst hier des-
aktivierte, oder sie war ...

Teleportiert!, dachte die Aktiva-
tortragerin.

Es war beinahe unglaublich.
Psi-Fahigkeiten waren bei den
Hangay-Kartanin nie stark ausge-
pragt gewesen, und selbst unter den
Pinwheel-Kartanin zur Zeit des Pa-
rataus nicht eben weit verbreitet,
schon gar nicht im Bereich der Tele-
portation.

Als dann die vierte Gelbgekleidete
wie aus dem Nichts materialisierte,
horte sie diesmal deutlich das dump-
fe Gerausch von verdrangter Luft,
das typisch war fiir eine Teleportati-
on.
Unglaublich!

Dao-Lin-H’ay wurde spéatestens
jetzt klar, dass sie Zeuge von etwas
Bedeutsamem und vielleicht Unge-
heuerlichem wurde. Kartanin-Tele-
porter, wahrscheinlich alle vier. Das
war auch eine Erkliarung dafiir, dass
sie tiberhaupt in den Wald hatten ein-
dringen kénnen — es sei denn, sie hat-
ten dessen Erlaubnis gehabt.

Handelte es sich am Ende gar nicht
um Gegner, wie sie vermutet hatte?

Sie steigerte ihre Konzentration,
atmete ganz ruhig und versuchte, et-
was von dem aufzufangen, was da
geflistert wurde. Ihr Anzug zeichnete
es auf, vielleicht ergab eine spitere
Auswertung etwas — aber sie wollte es
jetzt wissen. Was ging da vor ihren
Augen vor? Wer waren die Frauen,
und was taten sie an diesem Ort?

Sie redeten jetzt heftiger, und ihre
Bewegungen lieBen ahnen, dass sie
uber etwas stritten. Und zwar seit-
dem die beiden Neuen dazugekom-
men waren.
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Was mochte der Grund fiir den
Zwist sein? Sie trugen schlieflich die
gleichen Uniformen. Und vor allem:
Was hatten sie im Kontaktwald zu
schaffen, und wie waren sie hineinge-
langt? Zumindest Letzteres liee sich
durch die Teleporter erkliren ...

Plotzlich war da noch etwas ande-
res. Daos Aufmerksamkeit war noch
immer auf die Frauen und ihr Wis-
pern gerichtet, als etwas nach ihr
griff. Nach ihrem Kopf und ihrem Be-
wusstsein.

Es legte sich wie eine Klammer um
sie. Die Kartanin stohnte unwillkiir-
lich auf und hoffte, dass die Frauen es
nicht gehort hatten. Sie zog sich ganz
hinter ihren Stamm zurtick und sah
sich gehetzt um. Etwas griff sie an.
Vielleicht der Wald, weil sie den Weg
verlassen hatte. Sie suchte das Dickicht
um sich herum ab, aber sie konnte
nichts entdecken, und nachdem sie
einmal die Frauen aus ihrem Blick
verloren hatte, verschwamm auch
wieder alles zu einem surrealen
Traum.

Eine Klammer um ihr Bewusstsein,
ein ungeheuerlicher Druck. Vielleicht
war es der Wald, aber sie spiirte, dass
es so nicht war. Der Wald war anders.
Spétestens seit ihrem Kontakt auf der
zentralen Lichtung glaubte sie, ihn
und seine mentalen Emanationen si-
cher zu kennen.

Dies war er nicht, da war sie sicher.
Aber wenn nicht er, wer dann?

Die Frauen?

Dao-Lin-H’ay drehte sich wieder
um und streckte erneut den Kopf so
weit vor, dass sie sie sehen konnte.
Auf der Stelle klirte sich auch ihr
Blick von Neuem.

Sie waren auf die Lichtung telepor-
tiert, daran konnte kein Zweifel be-

stehen. Und nun sah es so aus, als
schlossen sie sich zu einem mentalen
Block zusammen.

Vier Kartanin auf einem Platz, die
uber Psi-Fahigkeiten verfiigten — seit
der Vernichtung des Parataus hatte
sie so etwas nicht mehr erlebt ...

Was, so tiberlegte die Unsterbliche,
wenn es mehr als nur diese vier Esper
gabe? Sie verharrte in ihren Begriff-
lichkeiten noch immer in jener Zeit,
ehe sie einen Zellaktivator bekom-
men hatte, bei der Terminologie der
Kartanin. Terraner — Tek auch — hat-
ten die vier Kartanin Mutanten ge-
nannt, politisch korrekte Wissen-
schaftler sie als Psionten bezeichnet,
aber flir Dao-Lin blieben sie Esper.

Interessant war zudem, dass die
vier Kartanin von dem Kontaktwald
nicht blof3 geduldet wurden, sondern
auch verborgen. Was anders bedeute-
te sonst der Umstand, dass er Dao-
Lin nicht dartiber informiert hatte
und auch offensichtlich nichts gegen
die Eindringlinge unternahm?

Was geht hier vor?, dachte Dao-
Lin-H’ay. Hdangt es mit diesem ver-
schlagenen Hauri zusammen? Oder
mit den 102 Trimaranen? Oder bin ich
zu blind, um zu erkennen, was genau
vor meiner Nase ablduft?

Sie dachte daran, dass Beth Astro-
mo ihr den Besuch des Walds am heu-
tigen Tag untersagt hatte. Wenn es
kein Zufall war ... Sie ging jede Wette
des Universums darauf ein, dass der
Hauri tber die Vorgédnge im Wald
bestens Bescheid wusste und genau
deshalb von ihr verlangt hatte, mit
ihrem Besuch bis zum nichsten Tag
zu warten.

Die Unsterbliche beobachtete wei-
ter, lief die Aufzeichner des SERUNS
laufen und wartete, immer in der
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Hoffnung, doch noch etwas aufzu-
schnappen, bis sich die Frauen von-
einander mit einem leisen Nicken
verabschiedeten und eine nach der
anderen entmaterialisierten.

Nachdem die Letzte verschwunden
war, lag die Lichtung in volliger Stil-
le, und sofort begann die Umgebung
fur Dao wieder zu verschwimmen.
Allerdings wusste sie jetzt, wie sie ih-
ren Weg sicher zurtickfand — in der
Hoffnung, dass ihre Leute noch da
warteten, wo sie sich von ihnen ge-
trennt hatte.

Sie hatten gewartet. Dao-Lin-H’ay
informierte sie in wenigen Worten
uber das Erlebte, und gemeinsam
verlieen sie den Kontaktwald wie-
der.

Unentdeckt gelangten sie zuriick in
die SZ-1 und tibergaben Daos Auf-
zeichnungen sofort der Biopositronik
des Schiffs.

Danach salen Dao-Lin und ihr
kleiner Trupp zusammen mit Don
Kerk’radian und einigen anderen Of-
fizieren am groBen Rundtisch eines
Konferenzraums und warteten mit
Geduld und reichlich aufputschenden
Getrianken, bis endlich die Auswer-
tung vorgetragen wurde.

Die akustischen Aufzeichnungen
wurden vom Bordrechner so lange
verfeinert und hochgerechnet, bis
sich zumindest eine Passage des Ge-
sprachs verstehen lie3 — bei allem an-
deren musste die hochgeziichtete
Technologie vor dem Wirken eines
Waldes kapitulieren:

»... soll Git-Ka-N’ida entschei-
den.«

»Ein kartanischer Name«, knurrte

Kerk’radian. »Der Name von einer
Person, die tiber etwas zu entscheiden
hat.«

»Wortiber sich die vier Teleporte-
rinnen gestritten haben«, erginzte
Irven Do. »Daslegt den Schluss nahe,
dass es sich, sollten wir es tatsiachlich
mit einer Gruppe oder Truppe zu tun
haben, um deren Chefin handeln
muss.«

»Richtig, Irven!«, stimmte Darna
Argyn-Solano zu. »Aber welche Trup-
pe?«

»Mutanten«, meinte Donisetti. »Das
liegt doch auf der Hand, oder
nicht?«

Dao-Lin-H’ay tigerte durch den
Raum, sah immer wieder in die far-
bigen Holos, die sich nach ihr aus-
richteten, damit sie jede einzelne Zei-
le sehen konnte. SchlieBlich nickte
sie.

»Wir werden es herausfinden. Es
dirfte ja klar sein, dass wir nicht eher
zum Kontaktwald 126 aufbrechen
konnen, bis wir tiber das Geheimnis
der Kartanin-Mutanten genauestens
Bescheid wissen. Sie waren im Wald
und haben sich dort besprochen. Er
hat nichts dagegen unternommen, al-
so ist er, wie auch immer, mit ihnen im
Bunde oder wenigstens einverstan-
den. Wir kéonnen nicht nach 126 ge-
hen, ohne den Riicken frei zu haben.
Und solange wir keine Klarheit ha-
ben, kann das nicht der Fall sein.«

»Du verdéichtigst Beth Astromo, in
dieses Geheimnis eingeweiht zu sein
und uns daran hindern zu wollen, es
zu entdecken, stellte der Komman-
dant klar. »Aber um die Wahrheit zu
erfahren, gibt es momentan nur einen
Weg.«

»Ich weill!«, fauchte Dao. »Ent-
schuldige, Don. Du hast recht, und
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ich werde es mir antun miissen. Ich
werde ihn aufsuchen und zur Rede
stellen. Er muss mir sagen, was hinter
unserem Riicken gespielt wird.«

»Warte«, bat Kerk’radian. »Wah-
rend ihr fort wart, habe ich mir ge-
stattet, so viel Funkverkehr wie mog-
lich aus der Stadt Pheogitta und den
Raumschiffen vor Ort mitschneiden
zu lassen. Die Biopositronik hat es
bereits durchforstet, allerdings kenne
ich das Ergebnis selbst noch nicht.
Vielleicht ergibt sich ein Hinweis fiir
uns.«

»Lass sie nach dem Namen suchen,
Dong, sagte Dao. »Git-Ka-N’ida.«

*

Es schien, als sollte Dao-Lin-H’ay
der Besuch bei Beth Astromo vorerst
erspart bleiben, denn die Auswertung
lieferte Ergebnisse, die sie in einen
eigenen, neuen Handlungszwang ver-
setzten.

Im belauschten Funkverkehr aus
der Stadt und vom Raumhafen war
der Name »Git-Ka-N’ida« gleich
mehrfach genannt worden, in jedem
einzelnen Fall ohne Nennung von
Funktion oder Einzelheiten, ohne
Holo und in mehreren Fallen offen-
sichtlich mit ausgefilterten Anhén-
gen, die darauf hindeuteten, dass die
Personalie Git-Ka-N’ida auf dem
Planeten der strengen Geheimhal-
tung unterlag.

Die meisten Absender, in denen der
Name erwahnt wurde, befanden sich
jedoch in einem wenig auffialligen
Gebdude am Rand von Pheogitta —
und zwar an der dem Kontaktwald
direkt zugewandten Seite.

Dao-Lin-H’ay lie3 weitere Auswer-
tungen anstellen, und nach wenigen

Minuten besal3 sie mehr Einzelheiten.
Die ersten Analysen ergaben, dass es
sich bei dem fraglichen Gebdude um
ein Ausbildungszentrum handelte,
ohne dass jedoch die geringste Infor-
mation zu gewinnen war, was fir eine
Art Ausbildung da stattfand, wer
ausgebildet wurde und wer als Aus-
bilder fungierte.

Dao beauftragte die Datenspezia-
listen der SZ-1, sich ins Datennetz
des Gebaudes einzuhacken. Sie selbst
zog sich fur eine Weile zum Schlafen
in ihre Kabine zuriick. Wenn sie er-
wachte, wiinschte sie prazise Infor-
mationen und einen giiltigen Zu-
gangskode vorzufinden.

Sie hatte zwar Riicksprache mit
Don Kerk’radian gehalten, dennoch
klangen ihre Worte schon fast wieder
so befehlsgewohnt wie die »alte«
Dao-Lin-H’ay, als sie noch das Kom-
mando fithrte und bevor sie die SOL
verlieB3.

Oberst Kerk’radian sagte nichts.
Alles, was auf seine Gefiihle schlielen
lassen mochte, war ein langer Blick,
den er mit ihr tauschte.

Dann befahl er den Spezialisten,
die ihn fragend ansahen, auf der Stel-
le mit der Arbeit zu beginnen und zu
tun, was sie ihnen aufgetragen hatte.

5.
Die Staffel

Als sie, wieder mit ihrem kleinen
»Kommando«, in ihrem SERUN die
SOL-Zelle verlieB, war Dao-Lin-H’ay
im Besitz der neuesten Informationen
uber das Ausbildungszentrum am
Rand der Stadt und des an diesem
Tag guiltigen Passworts.

Das Zentrum, so viel war nun be-





KOLTOROCS Atem

M 2

kannt, bildete insgesamt 27 weibliche
Kartanin aus, die zu einer sogenann-
ten Vibra-Staffel gehorten.

Die Anfiihrerin dieser Gruppe trug
den Namen Git-Ka-N’ida.

Dao zogerte nicht lange. Sie wuss-
te, dass sie nur dann mehr erfuhr,
wenn sie die Initiative ergriff und sich
vor Ort umsah. Ihre finf Begleiter
waren zwar urspringlich fir das Be-
treten des Kontaktwalds ausgewahlt
worden, doch sie hatten sich als gutes
Team erwiesen, dem es Dao zutraute,
sie auch bei dieser Mission unterstiit-
zen zu konnen.

Mizza Taylor war ohnehin gesetzt,
und Irven Dos analytischer Verstand
konnte nur von Nutzen sein. Doniset-
ti mit seiner manchmal gewagten
Fantasie konnte womdéglich die An-
stoBBe liefern, die sie dann weiter-
brachten, wenn alle kiihle Logik in
einer Sackgasse endete. Ahnlich ver-
hielt es sich mit Hatan Al’'Bodo, der
schneller als jeder andere eine Situa-
tion spontan erkennen und entspre-
chend reagieren konnte.

Und Darna Argyn-Solano als ex-
zellente Exo-Botanikerin mochte von
grofBem Wert sein, wenn es woméglich
wieder in den Kontaktwald oder um
diesen ging — beziehungsweise die
Verbindung zwischen der Vibra-Staf-
fel und ihm. Dass es eine solche gab,
war nach dem von Dao beobachteten
Treffen der vier Frauen auf der Wald-
lichtung keine Frage mehr.

Sie verlieBen ihr Schiff diesmal bei
vollem Tageslicht.

Der 23. Oktober war erst neun
Stunden alt, und tiber der Stadt flu-
tete der morgendliche Verkehr. Den-
noch konnte keine Entdeckungsge-
fahr bestehen, als sich die sechs
Galaktiker in geringer Hohe dem Ge-

baude ndherten, das als riesiger, stark
gepanzerter Kuppelbau den Stadt-
rand beherrschte. Es wirkte auf Dao
wie eine alte Trutzburg, eine Bastion
und Festung. Es sprengte die Optik
der Stadt dermaBen, dass sie sich
fragte, warum es ihnen nicht bereits
bei der Landung aufgefallen war.

Sie landeten in einem kleinen Park,
der den Bau in Form eines Hufeisens
zur Hialfte umschloss.

»Ihr habt mich verstanden«, sagte
die Kartanin zu ihren terranischen
Begleitern. »Ihr bleibt als Riickende-
ckung hier zuriick, es gibt gentligend
Versteckmoglichkeiten. Bleibt auf
Empfang, aber tut nichts, was eine
Ortung ermoglichen konnte. Ich wer-
de allein hineingehen und mich um-
schauen.«

»Nimm wenigstens mich mit«, ver-
langte Mizza Taylor. »Vier Augen se-
hen mehr als zwei, und zu zweit kann
man sich besser Deckung geben. Du
kannst dich umschauen, und ich de-
cke dir an Ort und Stelle den Rii-
cken.«

»AuBerdem riskierst du ...«, begann
Donisetti.

Sie schnitt ihm das Wort ab. »Ich
war der Meinung, wir hitten das ge-
ntigend diskutiert. Ich wage nichts,
was man nicht zu zweit doppelt ris-
kieren miisste. Aulerdem bin ich im
Besitz des Passworts, das mir alle Tii-
ren Offnen wird.«

»Ich wollte dir nicht reinreden,
okay?«, wehrte er mit erhobenen Han-
den ab. »Es ist nur ... Ich meine, es
war schlimm genug, als du uns auf
dem Pfad so lange hast warten lassen.
WeilBit du eigentlich, was fiir Sorgen
wir uns um dich gemacht haben?«

Sie lachelte, trat auf ihn zu und
strich ihm tiber die feiste, in zartes-
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tem Rosa glithende Wange. »Ich dich
auch, mein Freund, ich dich doch
auch. Aber jetzt geht in Deckung und
seht zu, dass ich nicht von anderer
Seite gestort werden.«

»Beth Astromo«, knurrte Hatan.
»Der Rat ...«

»Musste dieser Name sein?«, drger-
te sich Irven Do. »Jetzt hat sie wirk-
lich einen Grund zu gehen.«

Dao grinste wie eine Verschwore-
rin, dann wandte sie sich mit einem
Ruck um und verschwand im Di-
ckicht des Parks.

Der Durchmesser der Kuppel be-
trug, nach Messung des Pikosyns
ihres SERUNS, exakt 146,9 Meter,
womit sie selbst die gro3ten Ratsge-
biude an Volumen tibertraf. Es schien
nicht zu passen. Wenn etwas im Ge-
heimen zu geschehen hatte, warum
prasentierte man sich dermafen auf-
fallig?

Dao-Lin-H’ay fand den erwartet
leichten Zugang. Der Haupteingang
war deutlich gekennzeichnet. Sie
konnte nur hoffen, dass das Passwort
alleine genfigte und nicht durch op-
tische oder akustische Identifizie-
rungen erginzt werden musste. Aber
dieses Risiko wiirde sie eingehen, zu-
mal die Erfahrung gezeigt hatte, dass
auf den Planeten der Neuen Kansa-
hariyya im Normalfall das giltige
Kodewort ausreichte. Es war fiir die
Spezialisten nicht einfach gewesen,
es in Erfahrung zu bringen. Sie hat-
ten, wie Don Kerk’radian sagte, »Blut
und Wasser geschwitzt«, bevor sie ins
Schwarze trafen.

Um allerdings etwaige Aufzeich-
nungsgerate zu tauschen, projizierte

sie an der Kontrollschranke ein virtu-
elles Bild Beth Astromos und lief3 ihre
Stimme so verzerren, dass sie der sei-
nen hinreichend dhnelte.

Die hohe Glastiir 6ffnete sich fir
die Kartanin, gleichzeitig fielen die
vom SERUN angemessenen Energie-
schranken zusammen, um sich un-
mittelbar nach ihrem Eintritt wieder
aufzubauen.

Dao-Lin-H’ay wusste, dass ihr da-
durch der Fluchtweg abgeschnitten
war.

Sie loschte die Hauri-Projektion
und bewegte sich im Schutz des De-
flektors behutsam vorwirts. Kein
Alarm gellte auf. Niemand erschien
vor ihr und stellte sich in den Weg.

Das Innere des Geb&dudes glich dem
Interieur eines Raumschiffs. Es gab
lange Korridore, Verteilerpunkte und
Lifte, die sie tiberall hinbrachten, wo-
hin sie gewollt hitte, ohne offensicht-
liche Kontrolle. Dao war so vorsichtig
wie eben moglich. Vor den Aufziigen
wartete sie, bis ein Hauri oder ein
Vennok sie anforderte, und stieg un-
sichtbar mit ihnen in die Kabine. Vor
allem solche waren es, denen sie be-
gegnete. Es herrschte so gut wie kein
Verkehr auf den langen, hohen Géan-
gen, Uber denen sich eine bogenfotr-
mige Decke wolbte. Kartanin waren
die Ausnahme - und vor allem sah sie
keine Frauen in blassgelber Uni-
form.

Die Unsterbliche hatte ihre Schritte
nicht gezahlt, aber sie musste schon
nahe am Zentrum des Geb&iudes sein,
als sie endlich vor einem grof3en,
ebenfalls gldsernen Portal stand, hin-
ter dem sie einen Park erkannte, ver-
mutlich eine Art Innenhof, der von
einem transparenten Dach {iber-
spannt wurde, durch welches in noch
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schrigem Winkel bereits das erste
Licht der Sonne Vat schien.

Sie hatte etwas anderes erwartet.
Ausbildung ... Staffel ... das klang
nach Drill und Training. Sie hatte
sich eher Hallen vorgestellt, in denen
die 27 Kartanin der Vibra-Staffel ge-
schult wurden, oder Lehrséle, Biblio-
theken, Seminare ... irgendetwas in
dieser Art. Vibra-Staffel — das klang
nach einer militdarischen oder para-
militarischen Einheit, einer Elite-
truppe, die auf den harten Einsatz im
Kampf vorbereitet werden musste.

Der Anblick des Innenhofs lief3 sie
alle solchen Gedanken allerdings jah
vergessen, denn die Ahnlichkeit
raubte ihr fast den Atem.

Der Innenhof war kein Park im
herkémmlichen Sinn, keine Statte
der Erholung fiir durch eine harte
Ausbildung gestresste Schiiler.

Er glich eher einer Lichtung — und
zwar fast bis auf das Gewichs, das
Dickicht ringsum und selbst das Licht
genau jener Lichtung im hiesigen
Kontaktwald, auf der sich die vier
jungen Frauen in gelber Uniform ge-
troffen und gestritten hatten.

*

Dao-Lin-H’ay wartete wieder, bis
ein Hauri kam und durch das Portal
schritt. Bevor es sich hinter ihm wie-
der schlieBen konnte, war sie mit ihm
hinaus, so nahe, dass er ihren Atem
hétte spliren kénnen.

Der Hauri betrat den »Park« aller-
dings nicht, sondern schlenderte bei-
nahe provozierend langsam an der
Innenwandung des Hofes entlang und
verschwand in einer gegentiberlie-
genden Tir. Die Kartanin hatte sein
Gesicht nicht erkannt, weil er den

Kragen hochgeschlagen trug wie bei
stiirmischem Wetter — oder wie einer,
der seine Ziige zu verbergen hatte. Sie
hatte unwillkiirlich geschnuppert, ob
er nicht tibertrieben parfiimiert roch.
Aber es war nicht Beth Astromo.

Sie wartete, bis er verschwunden
war und auch kein anderer sichtbar
wurde. Dann erst betrat sie die Lich-
tung. Sie war sicher vor optischer
Entdeckung, aber es gab ihr ein bes-
seres Gefiihl, sich allein fiihlen zu
konnen.

Sie betrat eine fast perfekte Kopie
des Kontaktwaldes. Ein Gedanke
schoss der Kartanin durch den Sinn:
Konnte es sein, dass dieser Innenhof
mit echten Ablegern, Simlingen oder
Schosslingen, des echten Kontakt-
walds angelegt worden war?

Dass er ihnen das erlaubt und ge-
stattet hatte?

Sie konnte es sich fast nicht vor-
stellen, es wére zu unglaublich. Aber
auch ausgeschlossen? War es denkbar,
dass der Kontaktwald mit dieser Vi-
bra-Staffel und jenen, die sie ausbil-
deten, langst im Bunde war?

Sie schlich, kletterte, wand sich
weiter, bis sie sich auf der Lichtung
wiederfand, deren Durchmesser rund
zwanzig Meter betragen mochte. Der
umschlieBende Giirtel aus Dickicht
und Biumen war etwa zehn Meter
breit, wodurch der gesamte Innenhof,
inklusive des Rundgangs, auf etwa
funfzig Meter Durchmesser kam.

Uber ihm spannte sich der transpa-
rente Baldachin der Kuppel, deren
Vorhandensein nur durch einige Re-
flexionen des Lichts zu erkennen war,
das die langsam hoher steigende Son-
ne schickte.

Dao hatte sich vorsichtig bis etwa
zur Mitte der Lichtung bewegt, sich
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immer wieder umgesehen, die Umge-
bung abgesucht und nichts gefunden.
Sie war eine getlibte Jagerin und hit-
te es gewusst, wenn sie nicht allein
gewesen ware.

Noch als sie sich dies wieder klar-
machte, horte sie das Gerédusch, das
sie aus all ihren selbstsicheren Trau-
men riss.

Schlagartig verdriangte Luft ... ein-
mal, zweimal, viermal ... und immer
noch weiter ...

Dao-Lin-H’ay musste sich nicht
einmal umdrehen. Sie waren tiberall,
auch direkt vor ihr.

*

Es waren zwolf, und sie trugen
blassgelbe, eng anliegende Uniformen
mit vielen Taschen, Aufsdtzen — und
dem Emblem, mit dem sie noch im-
mer nichts anfangen konnte. Viel-
leicht sollte man in den wirren Mus-
tern ein Auge sehen. Es irritierte die
Sinne.

Sie waren allesamt weibliche Kar-
tanin — und ausnahmslos bis an die
Zihne bewaffnet. Jede von ihnen hielt
einen Strahler auf sie gerichtet. Ihre
Mienen waren gespannt, verkniffen
und vor allem entschlossen.

Das ist unmoglich!, durchfuhr es
die Unsterbliche. Sie kénnen mich
nicht sehen!

Das Deflektorfeld war aktiv, daran
bestand kein Zweifel. Selbst der Or-
tungsschutz war intakt. Es gab kei-
nen Fehler in den Systemen ihres
SERUNS.

Aber sie standen vor, neben und
hinter ihr, fixierten ihre Augen und
zielten auf ihre Stirn oder Brust.

»Du kannst dich sichtbar machen,
horte sie. Die Stimme kam von hin-

ten, sodass sie sich nun doch umwen-
den musste. »Es wiirde die Unterhal-
tung erleichtern.«

Die Kartanin unterschied sich in
der duBerlichen Erscheinung kaum
von den anderen. Auch an der Uni-
form befanden sich keine Symbole,
die etwa auf einen besonderen Rang
hatten schlieflen lassen konnen.

Nur ihre Augen waren anders. In-
tensiver, eine Spur stechender. Nein,
das war der falsche Ausdruck. Sie
strahlten mehr, besallen mehr Glanz
und verrieten eine besondere Person-
lichkeit.

»Du bist Git-Ka-N’ida«, sagte Dao,
eine Sekunde nachdem sie die Tar-
nung aufgab und normaloptisch fur
die Frauen sichtbar wurde. Es war
keineswegs eine Frage, sondern eine
sichere Feststellung. »Die Anfiihrerin
der Vibra-Staffel.«

»Du bist informiert.« Aus dem Ton-
fall wurde nicht ersichtlich, ob es
ernst oder spottisch gemeint war.
»Wie weit, werden wir sehen.«

Sie musterte sie von oben bis unten,
ohne die auf sie gerichtete Waffe zu
senken. »Dein Schutzanzug zeigt,
dass du nicht zu den Truppen von Va-
tucym gehorst, nicht einmal zur Neu-
en Kansahariyya Hangay.«

»Das ist richtig«, bestitigte Dao.
Sie vergab sich nichts mit der Ant-
wort. »Ich ...«

»Du gehorst zu dem riesigen Kugel-
raumer, der nahe Pheogitta gelandet
ist«, schnitt die Kartanin ihr das Wort
ab. »Und wenn das so ist, kannst du
nur eine sein ...«

Dao wartete. Sie wusste, was fol-
gen wiirde, aber noch immer zielte
Git-Ka-N’ida auf ihre Stirn.

»Dao-Lin-H’ay, die ehemalige Ho-
he Frau ...«
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Allein die Erwahnung des Namens
schlug wie ein Blitz in die Kartanin
der Staffel ein. Sie starrten sie an, un-
glaubige Blicke, verwirrt und voller
plotzlicher Achtung.

Dann sanken die Waffen.

Git-Ka-N’ida nahm den Strahler
als Letzte zurtuck. Sie machte einen
Schritt auf die Unsterbliche zu, schien
bereits die Hand zu ihr ausstrecken
zu wollen — als der Alarm durch den
Innenhof gellte.

Dao-Lin-H’ay schrak nur kurz zu-
sammen. Dass der Alarm erst jetzt
kam, war kein Kompliment fur die
Betreiber des Ausbildungszentrums.
Indem sie ihren Deflektor- und Or-
tungsschutz aufgegeben hatte, war
die Kartanin anmessbar geworden.
Wer auch immer an den Kontrollen
der Uberwachungssysteme lag, muss-
te einen gesunden Tagesschlaf ha-
ben.

»Mach dir keine Sorgen«, sagte Git-
Ka-N’ida schnell, als die ersten Lauf-
schritte und Rufe zu hoéren waren.
»Bleib ganz ruhig, ja?«

Mehr als ein Dutzend Hauri und
Kartanin in den offiziellen Uniformen
der NK Hangay und mit aktivierten
Schutzschirmen kamen auf die Lich-
tung gestiirmt, ohne viel Riicksicht
auf die Gewichse zu nehmen - ob sie
nun tatsdchlich vom Kontaktwald
selbst stammten oder nicht. Sie um-
stellten mit flimmernden Waffenmiin-
dungen die gesamte Gruppe, bis auf
der Lichtung kein Platz mehr war.

»Keine Bewegung!«, herrschte der
kommandierende Offizier, ein junger
und unglaublich diirrer Hauri, sie an,
was unzweifelhaft auch die Frauen in

den blassgelben Monturen anging.
»Wer von euch sich rihrt, wird er-
schossen. Wir spaflen nicht!«

»Was soll das?«, raunte Dao der An-
fihrerin der Mutantinnen zu. »Sie
bedrohen auch ... euch?«

»Mach dir keine Gedanken«, wie-
derholte Git-Ka. »Ich habe es im
Griff .«

Danach sah es allerdings nicht aus.
Der Offizier begann wild und unver-
stdndlich zu schreien, offensichtlich
einem Nervenzusammenbruch nahe.
Er machte einen Satz auf Git-Ka zu
und stieB ihr den Lauf seines Strah-
lers in die Rippen.

»Was habt ihr zu tuscheln? Ihr ver-
dammten Kreaturen glaubt, ihr seid
etwas Besonderes? Euch kann nichts
passieren?«

Undnoch ein Sto3. Git-Ka krimmte
sich vor Schmerz, tat ihm aber nicht
den Gefallen zu jammern.

»Es wird Zeit, dass jemand euch
zeigt, was ihr in Wirklichkeit seid -
nichts!«

»Ich konnte ihn toten«, fauchte die
Anfihrerin der Gelbgekleideten Dao
zu — und steckte den nichsten Stof3
ein.

Der Offizier geriet noch mehr in
Rage und schien sich nicht mehr un-
ter Kontrolle zu haben. Als er wieder
zum Stol ausholte, war Dao-Lin-
H’ay bei ihm und rammte ihm mit
einer blitzschnellen Bewegung Mit-
tel- und Zeigefinger der rechten Hand
in die Augen.

»Du wirst davon nicht sterbenc,
zischte die Unsterbliche ihm zu.
»Diesmal!«

»Zum Kommandeur!«, bellte der
Offizier. »Los, bewegt euch! Beth As-
tromo will euch sehen! Und ich hoffe,
ihr Kreaturen bekommt endlich, was
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ihr verdient!« Er winkte seinen Leu-
ten. »Los, schlagt die Fremde in Fes-
seln!«

Git-Ka-N’ida léchelte mitleidig,
als sie Daos fragenden Blick bemerk-
te. »So wie er denken hier viele,
seufzte sie. »Und ... danke, Schwes-
ter.«

Dann gab sie ihrer Truppe das Zei-
chen, mit den Soldaten zu gehen.

6.
Kinder des Chaos

Beth Astromo erwartete sie in sei-
nem Biiro, einem beschiitzten Kom-
plex iiber den Dachern von Pheogitta.
Er sah verhdrmter aus als bei ihrer
ersten Begegnung - was fir einen
Hauri erstaunlich war —, der Duft, der
ihn umwolkte, war dagegen noch in-
tensiver und ... auf geradezu auf-
dringliche Weise vielschichtiger. Dao
kannte Diifte dieser Art nicht einmal
aus den Spielhollen, die sie einst ge-
meinsam mit Ronald Tekener ausge-
hoben hatte.

Tek hatte dabei stets einen Mords-
spalBl gehabt — vielleicht war es auch
nur eine Reminiszenz an frithere Tage
gewesen.

Dao-Lin-H’ay stand, von Fessel-
feldern eingezwingt, wie eine Delin-
quentin im Mittelpunkt sowohl des
Raumes als auch des Interesses.

Git-Ka und ihre Frauen standen
ein wenig abseits dabei und sahen zu,
warteten ohne erkennbare Regung
auf das, was folgen wiirde.

Dao fragte sich, ob es richtig gewe-
sen war, Git-Ka zu vertrauen. Sie
hatte versichert, dass sie die Lage »im
Griff« habe. Aber war das so? Konnte
es sein? Sie steckte gewaltig in der

Klemme. Kein Schutzschirm wiirde
ihr helfen und sie retten, sollte der
Hauri seinen Leuten jetzt befehlen,
sie zu erschieBen. Und sie hatte schon
mehr als einen Hauri erlebt, die eins-
tige GeiBlel Hangays unter der Knute
des Hexameron.

Dieser Hauri allerdings sollte ei-
gentlich ihr Verbiindeter sein, er re-
prasentierte die hiesige NK Hangay:.
Und als ihr oberster Vertreter wiirde
keine seiner Entscheidungen so rasch
angefochten werden.

Dao-Lins Verschulden lag offen
zutage: Sie war unerlaubt in das
Ausbildungszentrum eingedrungen
und hatte einen Offizier der Neuen
Kansahariyya angegriffen und ver-
letzt.

Sie bezweifelte, dass sie sich selbst,
wére sie Kommandantin gewesen,
mildernde Umstande zugebilligt hat-
te.

»Darf ich sprechen?«, fragte sie, ehe
der Kommandeur loslegen konnte.

»Wo. zu?« Der Hauri sah sie bose
an. »Bettelst du etwa schon? Ich. hat-
te dich fir stolzer ge. halten.«

»Ich mochte erklaren, weshalb wir
hier sind. Es existiert scheinbar ein
Missverstiandnis ...«

»Verkauf mich nicht. fir dumm!,
fuhr er sie an. »Ich habe Informatio-
nen. liber euch eingezogen. Ich. weil3
Bescheid, was ihr. wollt. Ich ...«

»HOr mir zu«, sagte sie fest. »Es
geht schlieBlich auch um Git-Ka-
N’ida und ihre Frauen von der Vibra-
Staffel.«

Er starrte finster, sein Blick
schweifte fur einen Moment zu den
anderen Kartanin. Und Dao sah bei-
nahe Entsetzen in seinen Augen.

Dann schaute er zu ihr zurtick.

»Was wisst ihr von. der. Staffel?«,





KOLTOROCS Atem

M o

schnappte er. »Wie viel? Seit wann?«

»Bis auf ihre Existenz, ihren Na-
men und ihre Angehorigen? Nichts,
aber ich hoffe auf Erklarungen. Wir
sind eure Verblindeten im Kampf ge-
gen die Negasphire, und ich habe
meinerseits gewiss Informationen von
Wert fir euch.«

»Lass sie sprechen«, kam es von
Git-Ka, als der Hauri schon abwin-
ken wollte.

»Misch. dich. nicht ein, Kreatur«,
flisterte er heiser. »Und du ... du hast
unsere Gesetze. gebrochen. Dafir
wirst du vom. Regierenden Sternen-
rat verurteilt. werden. Bis dahin. stel-
le ich dein Schiff. unter Quarantiane
und ...«

»Das wirst du nicht tun.« Git-Ka-
N’ida trat vor, bis sie neben Dao-Lin-
Hay stand. »Als Kommando-Offi-
zierin der Vibra-Staffel bin ich vom
Regierenden Sternenrat mit besonde-
ren Vollmachten ausgestattet worden,
und als solche untersage ich dir jegli-
che weitere Feindseligkeit gegen die
Hohe Frau und ihr Raumschiff. Du
wirst sie jetzt anhoren. Wir werden es
tun.«

»Von. einer wie dir brauche ich.
keine Anweisungen entgegenzuneh-
men!«, erklédrte er und erhob sich in
seiner durren, disteren Autoritat.
»Geh auf. deinen Platz zuriick!«

Aber Git-Ka tat nichts dergleichen.
Gelassen holte sie ein irisierendes
Siegel aus einer der vielen Uniform-
taschen und hielt es ihm vor die Na-
se.

Der Hauri erstarrte.

»Das wird ein. Nachspiel haben -
fur alle wie dich. Ihr gehort. nicht zu.
uns, das hast du. soeben wieder unter
Beweis gestellt.« Er drehte den Kopf
zur Seite. »Aber es sei. Lasst sie frei,

sie darf sprechen!«, befahl er seinen
Soldaten.

Aber Dao-Lin-H’ay wusste nicht,
ob sie durch diesen Sieg nicht viel-
leicht verloren hatte ...

*

Sie waren zuriick im Ausbildungs-
zentrum am Rand der Stadt. Sieben-
undzwanzig Kartanin in Blassgelb
hockten im Kreis um Dao-Lin-H’ay
und Git-Ka-N’ida.

Zuerst sprach die Kartanin aus der
MilchstraB3e, und alle horten ihr auf-
merksam zu. Denn alle wussten ge-
nau, wer die Fremde in ihrer Runde
war: Eine Legende, die untrennbar
mit der Rettung Hangays vor rund
tausend Jahren verkniipft war und
ebenso mit der jlingeren Vergangen-
heit. Sie erzdhlte von ihrem Vorhaben
und weshalb sie misstrauisch gegen
den Hauri und gegeniiber den blass-
gelb Uniformierten geworden war.
Die Kartanin lauschten und lachelten
unbehaglich. Aber sie verstanden ih-
re Beweggriinde.

Danach sprach Git-Ka und weihte
Dao-Lin in das Geheimnis der Vibra-
Staffel ein. Alle Angehorigen dieser
Staffel, alles Kartanin, alle weiblich,
wurden fiir den Kampf ausgebildet —
aber langst nicht allein mit herkémm-
lichen Waffen.

»Wie du bereits erkannt hast, sind
wir im Besitz von konventionellen
paranormalen Gaben - Telepathie,
Telekinese, Teleportation, um die
klassischen zu nennen —, aber nicht
nur das. Jede von uns ist zudem in der
Lage, moderne Raumschiffe als Pilo-
tin durch die Proto-Negasphire zu
fiihren.«

»Ihr konnt in ihr navigieren?«,
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staunte die Kartanin. »Du willst mir
sagen, dass ihr tiber die Sinne ver-
figt, unter den neuen Bedingungen
Schiffe durch Hangay zu steuern? Ihr
konnt die Wege im Chaos erspiiren?«

»Als ob sie klar vor unseren Augen
lagen — ja, bestatigte die Komman-
dantin der Staffel. »Wir gehoren einer
neuen Generation von Kartanin an.
Unsere Wissenschaftler vermuten, es
handele sich um eine grofBflachige
spontane Mutation, hervorgerufen
durch den Einfluss des Vibra-Psi. Es
ist, als wiichse eine ganz neue Art von
Kartanin heran. Uberall in Hangay.
Noch sind wir in der Minderzahl, aber
nicht mehr lange, denke ich. Und so-
sehr ich es mir wiinsche, normal zu
sein, so sehr fiirchte ich den Tag, an
dem dies der Fall sein wird. Denn dann
hat das Chaos gewonnen und unsere
Heimat wird eine Negasphére sein.«

»Das ... ist unglaublich«, sagte Dao.
»Und ihr seid bereit, uns im Kampf
um die Retroversion Hangays beizu-
stehen?«

»30 ist es! Obwohl die Proto-Ne-
gasphire uns geboren hat, werden
wir sie bekdmpfen bis zu ihrem Ende.
Oder unserem.«

Dao-Lin zeigte sich begeistert.
»Damit tun sich ganz neue Wege und
Perspektiven fiir unseren Kampf auf.
Unbeschriankte Bewegungsfreiheit
uberall da, wo bisher kein Durch-
kommen mehr fiir uns war.«

Die Mutantin lachte. »Unsere erste
Loyalitat gilt der NK Hangay, aber
ansonsten - ja, so ist es.«

»Wie stark seid ihr in deren Kon-
zept eingebunden? Nicht alle schei-
nen euch zu mogen.«

Git-Kas Lachen erstarb. »Sie brau-
chen uns nicht zu mogen, aber sie
miissen uns respektieren. Leider gibt

es genug, die uns fiirchten. Uns und
das, aus dem wir entstanden sind.«
Sie knurrte dunkel. »Trotzdem stehen
wir an ihrer Seite. Die NK Hangay
legt dank unserer Hilfe unter der
Hand verteilt entlang der gesamten
Kernzone verdeckte Stiitzpunkte an.
Du siehst, wir sind nicht so passiv
und unentschlossen, wie du bisher
gemeint hast.«

»Ich gestehe, ich bin beeindruckt.«
Die Kartanin nickte. »Aber warum
werdet ihr auf Vatucym stationiert
und ausgebildet? Der Einfluss des Vi-
bra-Psi ist hier doch nicht besonders
grof3. Wire ein anderer Ort nicht bes-
ser?«

»Vatucym ist ein spezielles Ausbil-
dungslager mit dem Schwerpunkt
Teleportation«, warf eine der Frauen
ein. »Es gibt auf anderen Planeten
ebensolche Zentren fiir Telepathie,
Telekinese ...«

»Wir werden gebraucht«, unter-
brach Git-Ka plotzlich, ein wenig zu
hastig.

»Aber geht es euch dabei gut?«,
fragte Dao-Lin-H’ay. Sie suchte nach
den richtigen Worten, um nicht ver-
letzend zu klingen. »Ich meine, ihr
seid Kinder normaler Kartanin, durch
eure Gaben von ihnen getrennt. Was
richtet das in euren Seelen an? In
meiner Heimat war es anfangs schwie-
rig —um wie viel schwerer muss es fir
euch und euer Volk sein? Wenn ich
euch helfen kann ...«

Git-Ka-N’idas Miene gefror zu ei-
ner Maske. »Unser Volk. Unser Pro-
blem.«

»Ich wollte euch nicht zu nahe tre-
ten!«, beeilte sich Dao zu versi-
chern.

»Was du willst, ist nicht von Be-
lang! Was du tust und wie man dich
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sieht, entscheidet dein Schicksalg,
fauchte Git-Ka mit einer plétzlichen
Kalte in der Stimme, die Dao frosteln
lieB3.

Beth Astromo puderte sich feinen
Duftsand tiber die Haut, rieb ihn ein
und schiittelte ihn wieder ab. Wah-
rend die Duftstoffe sich festsetzten,
16ste der Sand die kleinen abgestor-
benen Hautfetzen und jeden Schmutz,
der sich in den letzten Stunden ange-
sammelt hatte.

Der Hauri war schlank, aber nicht
diirr. Dank taglichen Trainings konn-
te er einige durchaus sehenswerte
Muskelpartien aufweisen, was fir
sein Volk eher ungewdthnlich war, ihm
aber durchaus anerkennende Blicke
eintrug. Allerdings hatte er gerade
keinen Sinn fiir derlei Gedanken.

Er bestrich seinen Schidel mit
einem schweren Ol, ehe er sich in sei-
nen Sessel sinken lieB. Das Feuer im
virtuellen Kamin loderte.

»Ich. hasse diese. Missgeburten!,
blaffte er sein Haustier an, das ihn
lange genug umschlichen hatte, um
nun Mut zu fassen und mit weitem
Satz auf seinen Schof3 zu springen.
Der Hauri packte das Tier, das ent-
fernte Ahnlichkeit mit einem terra-
nischen Frettchen besal3, und schleu-
derte es in die kalten, substanzlosen
Flammen. »Ich hasse sie!«

Sie hatten sie ihm aufs Auge ge-
drickt. Es gab tausend andere Pla-
neten, auf die man sie hitte bringen
koénnen. Warum musste es ausgerech-
net Vatucym sein?

Nicht einmal protestieren hatte er
durfen. Es wire nicht nur sinnlos ge-
wesen, sondern auch kontraproduk-

tiv. Der Sternenrat forderte die Krea-
turen. Er setzte Hoffnungen in sie. Er
wollte eine Waffe im Kampf gegen die
Terminale Kolonne — wenn er das
schon horte!

»Ihr seid. Verrédter. Und ich werde
es. beweisen!«

Er wusste allerdings nicht, wie.
Denn die Missgeburten waren raffi-
niert. Sie lasen seine Gedanken. Er
war nicht mehr frei auf seiner eigenen
Welt. Die widerlichen Esper konnten
jeden ausspionieren auf dem Weg zu
ihrer Machtergreifung.

Sie wussten, dass die Zeit fir sie
arbeitete.

Sie wurden immer mehr, und der
Tag wirde kommen, an dem keine
normalen Kartanin mehr geboren
wurden, sondern nur noch Esper.

Das Vibra-Psi sorgte dafiir.

Und es wiirde gewinnen, denn der
Kampf gegen TRAITOR war lang. Er
wurde nicht in Monaten oder Jahren
gemessen, vielleicht nicht einmal in
Jahrzehnten. Es war eine zu gewal-
tige Zeitspanne fiir sterbliche Wesen.
Obwohl er es nicht wollte, wiirden sie
letztlich verlieren.

Und indem man diese Missgeburten
unterstiitzte, sorgte man im Grunde
nur dafiir, dass man schneller verlor.
Man konnte Wasser nicht durch Was-
ser entgiften.

Leider sahen das nicht viele so klar
wie er.

Und dann kam auch noch diese
furchtbare Kartanin aus der Fremd-
galaxis. Diese lebende Legende. Und
versuchte, seinen Leuten Sandflohe
ins Gehirn zu pusten. Als ob es eine
reelle Chance gegen TRAITOR gébe!
Statt auf Zeit zu spielen, schien diese
Verriickte den Untergang geradezu
beschleunigen zu wollen!
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Ohne mich! dachte er. Ich werde
euch alle Steine in den Weg legen, die
ich finden kann! Ihr werdet uns nicht
vernichten!

Er bellte einen Befehl in die Wohn-
landschaft seines riesigen Apparte-
ments, fir das er viel Geld bezahlte.
Holos und Akustikfelder bauten sich
vor ihm auf, die ihn auf den neuesten
Stand der Entwicklung brachten.

Schon, dachte er. Im Moment habe
ich keine andere Wahl, als gute Miene
zum bosen Spiel zu machen. Aber
freut euch nicht zu friih — die letzte
Faust wird die meine sein!

Wobei diese Faust auch ein Strah-
ler sein konnte ...

»Verstehst du jetzt, Dao-Lin%,
fragte Git-Ka-N’ida. »Es ist nicht nur
der Hass, der uns hier und auch auf
vielen anderen Planeten entgegen-
schlégt, weil die Normalen in uns eine
Gefahr sehen. Es sind wir selbst und
das, was mit uns geschieht. Und es
kann jederzeit jeden treffen.«

»Oder unsere Kinder«, warf eine
der Frauen ein, eine wunderschone
junge Kartanin. »Was ist, wenn wir
einmal Kinder haben wollen? Werden
sie so sein wie wir, wie unsere Eltern
oder noch ganz anders?«

»Werden sie schon im Mutterleib
sterben, wie so viele von uns es tun?«

»Die zentrumsnahen Planetenc,
murmelte Dao mitfiihlend. »Es ge-
schieht genau dort, sagt ihr ...«

»Es passiert tiberall, wohin es uns
verschlagt«, sagte Git-Ka. »Auch hier
sind drei von uns unter Qualen ge-
storben. Manche erleben nicht einmal
das.«

»Den Tod?«

»Oft kam es schon vor, dass sich Be-
gabte in einer Pararealitit verloren,
die plotzlich tiber sie kam. Dann, so
wird berichtet, verlieren sie jeden Be-
zug zu ihrer realen Umgebung und
gleiten durch Spalten in der Welt hin-
liber in eine andere, in der die Gesetze
des Chaos gelten. Viele von ihnen sind
nie zurlickgekommen, und die, die es
schafften ...«

»Du brauchst nicht weiterzureden,
Git-Ka«, sagte Dao und griff sanft
nach ihrer schlanken Hand.

»Die, die einfach nur sterbenc,
sagte die Kommandantin der Staffel,
»sind wohl die Gliicklichsten. Und
dazu kommt der Hass. Du hast es er-
lebt. Auch Beth Astromo hasst uns,
weil er uns fiirchtet.«

»Habt ihr euch nie dartiber unter-
halten?«, wunderte sich die Unsterb-
liche.

Git-Ka lachte trocken. »Mit ihm?
Mit diesem ...«

»Unsere Kinder«, kam es wieder
von der zart gebauten Kartanin.
»Werden wir tiberhaupt je Kinder ha-
ben ... durfen ...«

Dao musterte sie eingehender. »Wie
ist dein Name?«

»Min-Da-N’or«, flisterte sie. Ihr
feuchter Blick war in eine andere
Welt gerichtet.

Dao nickte nur und konzentrierte
sich wieder auf Git-Ka-N’ida.

»Die von euch, die ihre Kindheit
und Jugend tiiberleben, werden also
auf Planeten gebracht, auf denen die
NK Hangay besondere Ausbildungs-
zentren errichtet hat, speziell fir sie.
Also wie dieses hier.« Sie erinnerte
sich dunkel daran, dass frither von
bestimmten Zentren gesprochen wor-
den war, aber von den Hintergriinden
hatte sie nie etwas gehort.
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»Ja«, bestatigte die Kommandan-
tin. »Der beste Weg, mit unserer neu-
en Begabung umzugehen, ist, sie zu
trainieren und zu schulen. Dartiber
hinaus werden wir von Psychologen
und Medikern betreut, die versuchen,
uns auch mental zu starken. Unsere
einzige Chance ist, unser Sein zu ak-
zeptieren und das Beste daraus zu
machen.«

»Zu glauben, dass unser Dasein ei-
nen Sinn hat«, ergénzte eine der an-
deren. »Dass wir wichtig sind und es
seinen Grund hat, dass es uns gibt.«

Dao nickte bedéchtig. »Und was ist
mit dem Kontaktwald?«

»Wir sind nicht seinetwegen hier-
her gebracht worden«, sagte Git-Ka,
»falls du das angenommen hast. Es
war ein Zufall, dass wir feststellten,
dass wir in seinem Innern ...«, sie
suchte nach den passenden Worten,
»... dass wir in ihm geschiitzter sind.
Hier auBerhalb sind wir nie sicher da-
vor, zu erkranken, zu sterben oder uns
zu verlieren. Das passiert oft genau
dann, wenn wir unsere Gaben einset-
zen, also auch im Training. Im Wald
aber ist so etwas noch nie vorgekom-
men. In ihm fiihlen wir uns frei.«

»In ihm ist so viel psionisches Po-
tenzial«, warf eine andere ein, »dass
wir uns ... ja, wie geborgen fiihlen.«

»Und er ldsst es zuk, folgerte Dao.
»Er wehrt euch nicht ab, sondern ge-
stattet, dass ihr euch in ihm aufhal-
tet.«

»Wir dirfen uns jederzeit dort auf-
halten, bestétigte die Kommandan-
tin. »Egal, wo, es entstehen stets
Lichtungen. Wir sind Freunde - tiefer
und bestidndiger, als wir Freundschaft
zu unserem eigenen Volk oder zu den
anderen Volkern Hangays unterhal-
ten kénnen.«

»Ich mochte euch um etwas bittenc,
sagte Dao-Lin-H’ay. »Ich werde Kon-
taktwald 126 aufsuchen, wie ich es
von Anfang an vorhatte. Aber meine
Mission wird viel groBere Chancen
haben, wenn einige von euch mit-
kommen.«

Git-Ka-N’ida und sie sahen einan-
der an.

»Ja«, sagte die Kommandantin
schlieBlich. »Ja, Dao-Lin, ich denke,
so wird es sein. Du willst mehr tiber
KOLTOROC in Erfahrung bringen
und ob tiber die Walder ein Weg in die
Kernzone hineinfiihren kann. Wir
werden dich dabei gerne unterstiit-
Zen.«

»Und noch etwas aulBer unserer
Verbundenheit mit den Kontaktwal-
dern und unserer Teleporterfahigkeit
kommt hinzu«, sagte eine andere Kar-
tanin, die sich als Tar-Ja-T’ur vor-
stellte.

»Namlich?«

»Wir konnen uns und dich mental
vor KOLTOROC verbergen. Jeden-
falls eine Zeit langx, sagte die fillige
Kartanin.

7.
23. Oktober 1347 NGZ
Transit ins Chaos

Der Kontaktwald war von Truppen
der NK Hangay umstellt. Uber dem
Gelédnde kreisten dreiflig der 102 Tri-
marane im Schutz ihrer starksten
Schirme.

»Es muss verdammt bitter fiir ihn
sein«, sagte Git-Ka-N’ida, als sie aus
dem Gleiter stiegen, der sie hierher
gebracht hatte.

Drei Mitglieder der Vibra-Staffel
hatten noch in der Nacht den Wald
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aufgesucht und ihm ihr Kommen an-
gekiindigt. Er hatte keine Einwéande
erhoben und ihnen genau gesagt,
wann er wo eine Schneise fiir sie bil-
den wiirde.

Dao-Lin-H’ay sah sie im Dickicht
klaffen, eine fast kreisrunde Liicke,
die aussah wie ein mit schweren Des-
integratoren in den Wald getriebener
Rohrentunnel.

Es war bereits Mittag, die Sonne
Vat stand als orangeroter Ball hoch
am Himmel und schien auf eine Sze-
nerie herab, die fiir den Kommandeur
erniedrigend sein musste.

»Du warst, gelinde gesagt, recht
brutal ihm gegentiber«, wagte Dao zu
bemerken. »Er hat sich mit Hinden
und FiBen gestraubt. Was fiir eine
Demiitigung muss es fiir ihn gewesen
sein, uns nicht nur den Zutritt zum
Wald zu erlauben, sondern dariiber
hinaus unsere Absicherung zu tiber-
nehmen. Du hast ihm keine Chance
gelassen, Git-Ka. Mit keiner einzigen
deiner Forderungen kann er einver-
standen gewesen sein.«

»Er muss lernen, uns zu akzeptie-
ren und zu respektieren!«, sagte die
Staffelchefin gelassen. »Und er
scheint mir einer von denen zu sein,
die dazu einen gewissen Druck brau-
chen.«

»Und jetzt hat er drei Stunden Zeit,
sich wieder als Herr der Lage zu fiih-
len«, murmelte Dao-Lin-H’ay, die
Git-Ka in diesem Punkt nicht zu-
stimmte. Im Gegenteil: Sie hatte das
Gefiihl, dass der Hauri irgendwann
reagieren wiirde — und dann ganz und
gar nicht so, wie sie sich das erhoff-
ten.

Drei Stunden ...

Das war die Zeit, die sie sich einge-
raumt hatten. Dao-Lin-H’ay hatte es

Oberst Don Kerk’radian eingeschérft
und befohlen: Sollten sie und die
sechs Mitglieder der Vibra-Staffel
nach Ablauf von drei Stunden - ge-
rechnet von ihrem Transport nach
Nummer 126 an — nicht zuriick sein,
war der Stiitzpunkt Win-Alpha un-
verziiglich an einen neuen Ort zu ver-
legen. An welchen, musste er ent-
scheiden, ohne ihr Wissen und ohne
ihre Zustimmung. Denn wenn sie in
KOLTOROCS Hinde fiel, wiirde er
alles Wissen aus ihr herausholen, oh-
ne dass sie etwas dagegen tun konnte.
Sie war kein echter Gegner fiir eine
Superintelligenz.

Drei Stunden mussten reichen fiir
das, was sie sich vorgenommen hat-
ten. Sie wirden KOLTOROC nahe
sein, wenn auch hoffentlich nicht zu
nahe. Wenn alles optimal lief, wéire es
nah genug, um Informationen zu
sammeln, und weit genug entfernt,
um nicht in Gefahr zu geraten. Oder
versteckt genug. Aber wann lief schon
einmal etwas optimal?

Dao sah die Polhalbkugel der SZ-1
am Horizont aufragen. Sie dominierte
ihn. Das Riesenschiff mit seinen 2,5
Kilometern Durchmesser war an kei-
ner Stelle zu libersehen. Hier aller-
dings stand es da wie ein Monument,
ein Mahnmal fiir jene, die unvorsich-
tig gewesen waren.

Der Gedanke, es vielleicht nie wie-
der betreten zu dirfen, geschweige
denn die Menschen an Bord nicht
mehr zu sehen, machte der Kartanin
Angst. Jeder Einsatz war mit einem
gewissen Risiko behaftet. Dieser aber
bestand tormlich aus Risiko. SchlieB3-
lich ging es darum, dem Bosen hinter
der Bedrohung durch die Terminale
Kolonne TRAITOR quasi vors Auge
zu springen in der Hoffnung, dass sie
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ausgerechnet in einem »blinden
Fleck« landen wiirden. Dass sie viel-
leicht zu nahe waren, um entdeckt zu
werden. Dass er seine Aufmerksam-
keit fiir ganz andere Dinge als sie
brauchte.

Sie hatten ihre Vorkehrungen ge-
troffen, auch wenn diese einem ange-
kiindigten Selbstmord gleichen muss-
ten.

KOLTOROC durfte auf keinen Fall
Informationen tiber die SOL und alle
anderen Schiffe der Milchstralle er-
halten. Und schon gar nicht durfte er
die Chance bekommen, sie »umzudre-
hen«und als seine Agenten zuritickzu-
schicken.

Auf der zentralen Lichtung, eine
Minute bevor der Wald den Transport
bewirkte, wiirden die sechs Frauen
der Vibra-Staffel, die mit ihr nach
Nummer 126 »gingen«, eine Giftkap-
sel schlucken, die sich nach Ablauf
von drei Stunden in ihrem Korper
aufloste und zum sofortigen Tod fiihr-
te. KOLTOROC wtrde es nicht ver-
hindern und sie auch nicht wieder zu
neuem Leben erwachen lassen kon-
nen. Sie wiirden tot sein — und damit
die Geheimnisse, die sie in ihrem
Kopf gespeichert trugen, bewahren.

Wenn sie vor Ablauf der Frist zu-
rick waren, wiirde eine der Zurtick-
gebliebenen auf der Lichtung mit
dem Gegengift auf sie warten, das das
Gift auf der Stelle neutralisierte.
Dann durften sie weiterleben.

Bei Dao schied diese Moglichkeit
aus, weil ihr Zellaktivator alle Gifte
neutralisieren wiirde. Stattdessen lief3
sie sich kurz vor dem Transport von
Gar-Tan-L'ay eine Sdurekapsel in den
Brustkorb injizieren, die sich eben-
falls nach drei Stunden aufloste. Gar-
Tan wartete ebenfalls auf sie und

wirde die Kapsel entfernen. Dao-
Lin-H’ay wiirde leben.

Dao glaubte, alles bedacht zu ha-
ben, jede Eventualitiat und jedes Risi-
ko. Sollten sie KOLTOROC oder sei-
nen Truppen in die Hinde fallen,
wiirden sie nach drei Stunden zuver-
lassig sterben, ohne jedes Wenn und
Aber. Sie wiirden es versucht haben
und gescheitert sein. Flir den Kampf
gegen TRAITOR fielen sie flach, aber
sie wiirden ihre Sache und ihre
Freunde nicht verraten konnen.

»Seid ihr bereit?«, fragte Git-Ka-
N’ida. »Dao-Lin?«

»Wir konnen gehen«, sagte sie.
»Verabschiedet euch von Beth Astro-
mo. Er sitzt irgendwo da oben in
einem der Trimarane und beobachtet
uns. Jeden einzelnen Schritt.«

»Wenn es ihm Spall macht«, kon-
terte die Staffelfihrerin. »Er muss
endlich begreifen, dass ich mehr
Machtbefugnisse besitze als er. Er ist
eine kleine Nummer, ein Winzling —
mehr nicht.«

»Geht es dir nur darum?«, fragte
Dao.

Git-Ka-N’ida schiittelte ernst den
Kopf. »Nein, Dao-Lin. Aber ich
wiinschte, es wire so einfach.«

*

Sie drangen in den Kontaktwald
ein, alle 27 Mitglieder der Staffel, und
erreichten nach knapp einer Stunde
ohne Zwischenfall die zentrale Lich-
tung. Der Wald schien stiller zu sein
als sonst. Auch wenn sie streng den
Wegen folgten, die er ihnen zur Ver-
fligung stellte, fiihlte sich Dao fremd,
anders als sonst. Es war nicht nur ru-
higer. Der Wald schien zu schlafen
oder ... Es lieB} sich nicht in Worte ei-
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ner Sprache kleiden, die ihr geldufig
war. Es war seltsam, aber vielleicht
spielte ihr nur die eigene liberreizte
Fantasie dumme Streiche.

Die Kartanin sprachen nicht. Dao
ging gleichauf mit Git-Ka. Manch-
mal, wenn der Blick nach oben frei
war, sahen sie die Gleiter und Schiffe
der NK Hangay tiber sich am Him-
mel, in unterschiedlichen Héhen, und
Dao meinte, die Blicke auf ihrem SE-
RUN fiihlen zu kénnen, mit denen sie
Beth Astromo von da oben verfolgte.

»Die Schatten sind nicht dac, fliis-
terte Git-Ka, als sie in der Mitte der
Lichtung standen. »Oder hast du auf
dem Weg welche gesehen?«

»Nein«, gab Dao zu. »Weifit du et-
was Uber sie? Sind es ... Wesen? Stoff-
lich oder nur Projektionen?«

»Das wissen wir nicht«, bedauerte
die Staffelchefin. »Wirklich nicht.«

»Ich glaube es dir ja. Haltet euch
bereit, ich spreche mit dem Wald.«

Damit trat sie zwei Schritte vor
und schloss die Augen.

Es war nicht viel zu sagen. Der
Kontaktwald wusste, worum es ging,
und hatte ihr sein Einverstiand-
nis langst gegeben. Dass sie sich
noch einmal an ihn wandte, war
kaum mehr als eine Formsache, eine
Geste der Hoflichkeit und Wert-
schatzung.

Der Wald antwortete ihr. Dao war
sicher — wenn er eine »Stimme«
gehabt hitte, so hatte sie bedriickt
geklungen, gehemmt und dennoch
voller Unruhe oder gespannter Er-
wartung. Vielleicht auch Furcht.

Noch einmal machte sie sich Klar,
was fir den Wald — und alle anderen
Kontaktwilder auBlerhalb der Kern-
zone Hangays — auf dem Spiel stand.
Sie hatten die Verbindung zu 126 un-

terbrochen, als klar wurde, dass er
sich im Bannkreis von KOLTOROC
befand. Sie hatten es getan, um KOL-
TOROC daran zu hindern, von Num-
mer 126 aus eine Briicke zu schlagen
und sich Uber sie zu verbreiten.

Allein diese Trennung hatte bisher
die Sicherheit der Walder garantieren
koénnen. Und nun waren sie im Be-
griff, sie aufzugeben.

Durfte sie das von ihnen verlangen?
War es fair ihnen gegentiber?

Dao schalt sich eine Narrin. Wenn
das Chaos in Hangay siegte, war es
auch um die Kontaktwéalder gesche-
hen. Sie wiirden bestenfalls wieder
fliehen und abermals auf eine lange
Odyssee gehen miissen. Ihr Elend
wiirde von Neuem beginnen. Es war
mehr als fraglich, ob sie dies noch
einmal tiberstehen wiirden. Das zen-
trale Trauma ihrer Existenz.

Der Kontaktwald beendete ihre
Griubelei, als er ihnen den unmittel-
bar bevorstehenden Transit ankiin-
digte. Dao-Lin-H’ay bat um einen
Aufschub von fiinf Minuten.

Die sechs Mitglieder der Vibra-
Staffel, die mit ihr gingen, schluckten
ihre Giftkapsel. Dao wurde von Gar-
Tan-L'ay beiseitegenommen und er-
hielt ebenfalls ihre Kapsel. Sie sah
nicht, wie die Kartanin es machte,
spirte nur einen kurzen Einstich.
Dann war es auch schon vorbei.

»Drei Stundenc, sagte sie zu ihren
Begleiterinnen. »Wir schaffen es.«

Von dieser Sekunde an lief ihre
Uhr.

Sie merkten es eigentlich nur dar-
an, dass es anders roch — wenn man
davon absah, dass es dunkel war.
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Dao-Lin-H’ay hatte nicht das Ge-
ringste gemerkt. Lediglich die Ziffern
ihres Chronos verrieten, dass drei Mi-
nuten vergangen waren, seitdem der
Kontaktwald von Vatucym angekiin-
digt hatte, dass sie jetzt zu Nummer
126 geschickt wiirden.

Drei Minuten, an die sie keinerlei
bewusste Erinnerung besall. Sie
musste bewusstlos gewesen sein. Fir
einen Moment quélte sie der schlim-
me Gedanke, der Transit in die Kern-
zone von Hangay konnte gescheitert
sein.

Dann roch sie es. Der Geruch war
anders als auf Vatucym, aber nicht
unvertraut. Sie hatte ihn schon ein-
mal wahrgenommen — mit Atlan, als
sie von Alomendris in wilden Spriin-
gen versetzt worden waren. Dabei
hatte der Wald in seiner Verwirrung
unwillentlich die Barriere wieder ge-
offnet, die er selbst errichtet hatte,
um sich und seine Briider zu schiit-
zen.
»Wir sind da, oder?« Git-Ka-N’idas
leise Stimme. »Es hat funktioniert,
wir befinden uns nicht mehr auf Va-
tucym.«

»Ich habe nichts gemerkt«, kam es
staunend von Min-Da-N’or. »Nicht
das Geringste. Ich habe keine Schmer-
zen, keinen Schwindel ... absolut
nichts ...«

Dao-Lin-H’ay drehte den Kopf zu
ihr. Sie merkte es und erwiderte den
Blick, etwas scheu, gleichzeitig etwas
vertraut, so als wiirden sie sich schon
langer kennen. Auch Dao empfand
das so.

Die junge Esper war schwanger. Sie
wiirde ein Kind bekommen, und egal
ob der Vater ebenfalls psibegabt war
oder nicht, sie hatte grassliche Angst,
dass es nicht normal zur Welt kam.

Vielleicht befiirchtete sie ein Monster.
Dao hatte noch keine Gelegenheit ge-
habt, mit ihr unter vier Augen zu re-
den, aber sie war sicher. Dieses Mad-
chen war tapfer. Sie versuchte es
nicht zu zeigen, doch sie litt Hollen-
qualen.

Die restlichen vier ...

Bel-Gin-D’es war eine sehr stille
Natur mit durchschnittlichem Aus-
sehen. An ihr war nichts Auffallendes.
Wenn sich die anderen unterhielten,
horte sie schweigend zu und zeigte
nur durch ihr gelegentliches Nicken,
dass sie der Unterhaltung konzen-
triert folgte.

Tan-Tel-L'ur besal ein pech-
schwarzes, unglaublich dichtes Fell,
das wie Seide glanzte und in der Dun-
kelheit irisierend schillerte. AuBer
der Teleportation sollte sie die Tele-
pathie beherrschen, obwohl sie den
Beweis bis jetzt noch nicht angetreten
hatte.

Don-No-V’an fiel dadurch auf, dass
sie schrig ging. Das linke Bein war
fiinf Zentimeter kiirzer als das rechte.
Sie straubte sich gegen eine Korrek-
tur, weil sie davon ausging, dass Arzte
und Wissenschaftler, hitten sie sie
erst einmal in ihren Klauen, alles
Mogliche mit ihr anstellen konnten.
Sie wurde von allen 27 Mitgliedern
der Vibra-Staffel am schlechtesten
mit ihrem Anderssein fertig.

AuBerdem war sie eine schreckli-
che Rechthaberin und Norglerin. Git-
Ka hatte sie dennoch ausgewihlt,
weil sie die Gabe besal3, in prekiren
Situationen plotzlich zwei oder drei
Sekunden in die Zukunft zu sehen. Es
musste nicht passieren, konnte aber.

SchlieBlich Arc-Tan-K’os. Sie war
die Alteste in der Truppe und wahr-
scheinlich eine der &ltesten Mutan-
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tinnen in Hangay tiberhaupt. Nie-
mand wusste, auf welchem Planeten
sie geboren war. Um ihre Fahigkeiten
rankten sich bereits Legenden. An-
geblich war sie eine hochbegabte Te-
lekinetin.

Das war die Mannschaft. Dies wa-
ren die sechs Kartanin, die mit Dao-
Lin-H’ay zusammen hierher ausgezo-
gen waren, um KOLTOROC ins
Gesicht zu spucken.

»Nein«, sagte Dao. »Du hast nichts
merken konnen, Min-Da, weil es
nichts festzustellen gibt. Als Atlan
und ich die ersten Male raumlich ver-
setzt wurden, dachten wir, sterben zu
mussen. Ich denke inzwischen, das
war allein unsere Psyche, die nicht
darauf eingestellt war. Der Transport
selbst ist schmerzlos.«

Vielleicht war wirklich nichts so,
wie es sein sollte. Die Kontaktwalder
waren nicht das, was sie den Besu-
cher von sich sehen lieen. Sie waren
unsagbar fremdes Leben und prasen-
tierten sich ihren Gésten in einer »be-
sucherfreundlichen« Maske, damit
die, die kommen durften, ihren Weg
nicht verloren.

Dao-Lin-H’ay wollte den Gedan-
ken lieber nicht weiterverfolgen —
denn alles wiirde in dem einen Schluss
enden, dass es allein dem Wald an-
heimgestellt war, sie zu dulden und
leben zu lassen — oder sie abzustofen
fiir ein Ende im Wahnsinn.

*

Er ist unser natturlicher und lo-
gischer Verbiindeter!, himmerte sich
die Unsterbliche in einer Art Auto-
suggestion ein, mit fast jedem Schritt
und jedem Atemzug. Er hat den glei-
chen Feind wie wir!

Es war Nacht. Am Himmel tiber der
zentralen Lichtung gleifiten und fun-
kelten Millionen von Sternen wie ein
dicht gesprenkelter Teppich von un-
glaublich kleinen und hellen Lich-
tern. Auch das hitte ihnen nicht un-
bedingt sagen miissen, dass es hier
grundséatzlich anders war als auf Va-
tucym. Die Schwerkraft — fast iden-
tisch. Die Atembarkeit der Luft — fast
identisch. Die Temperatur - fast
gleich.

Es war der Geruch dieses Waldes,
der ihn von allen anderen abhob. Und
noch etwas musste da sein. Dao wuss-
te es, obwohl sie es trotz allen Lau-
schens noch nicht vernommen hatte.

»Wir befinden uns in der Kernzone,
oder?«, sagte Git-Ka-N’ida. »Solch
einen Himmel kann es nur geben, wo
die Sterne so dicht stehen, dass man
fast einen Stein zum Nachbarn wer-
fen kann.«

»Wir sind da, wohin wir wollten,
ja«, bestatigte Dao. »Eigentlich fehlt
nur noch eins, damit es wieder so ist
wie damals, als ich zum ersten Mal
hier war.«

»Was meinst du, Dao-Lin?«, wollte
die Staffelfiihrerin wissen. »Das Fliis-
tern?«

Dao-Lin-H’ay nickte. »Die Baume,
die Straucher und die Bliiten ... der
ganze Wald wispert den Namen ...
KOLTOROC ...«

»Vielleicht nicht stdndig«, bemerk-
te Arc-Tan-K’os, »und schon gar
nicht, weil wir es jetzt so wollen.«

Git-Kas schlanke Gestalt straffte
sich. Die Teleporterin gab zu verste-
hen, dass die Phase des Staunens vor-
uber war. »Wir gehen vor, wie es be-
sprochen wurde. Wir versuchen, aus
dem Wald herauszukommen, um In-
formationen dariiber zu gewinnen,
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wie es jenseits seiner Grenzen aus-
sieht. Und was KOLTOROC betrifft,
so warten wir darauf, dass er sich
zeigt. Es wére sinnlos, nach ihm zu
suchen. Wir wiirden ihn nicht fin-
den.«

»Er ist tiberall«, murmelte Dao.
»Jetzt ... in diesem Augenblick ... ist
er hier.«

»Dann sieht er uns!«, rief Min-Da-
N’or erschrocken.

»Bildet den Block, Min-Dal«, be-
fahl Dao-Lin-H’ay etwas harscher als
beabsichtigt. »Der Kontaktwald weil3,
dass jemand angekommen ist, aber
ich bin mir sicher, dass KOLTOROC
deswegen nicht sofort unsere Identi-
tdt und unseren Standort herausbe-
kommen kann.«

»Kommt!«, forderte Git-Ka-N’ida
ihre Truppe auf. »Gebt mir eure Han-
de ...«

Dao sah, wie die anderen Kartanin
aufeinander zutraten und einander
bertihrten, wobei sie sie in die Mitte
nahmen. Wahrscheinlich war es nur
eine demonstrative Geste, denn fir
den Block brauchte es keinen Kor-
perkontakt. Sie wollten es auch nicht
thr beweisen, sondern sich selbst —
dass sie nicht allein waren und mit-
einander stark.

Egal, wer eventuell nach ihnen
suchte — er wiirde ins Leere greifen,
wenn der Block einmal stand. Dann
war Nahe auch nicht mehr noétig, er
wirde auf jeden Fall fiir eine Zeit
lang bestehen bleiben.

»Es geht nicht«, sagte Tan-Tel-L'ur,
als sie sich bereits bertihrten. »Ich ha-
be es versucht, ich kann keine von
euren Gedanken empfangen.«

»Warte ...« Arc-Tan-K’os schloss
die Augen. Nach zwei Sekunden
schiittelte sie den Kopf. »Ich kann

keine Telekinese ausiiben. Ich fiirchte,
all unsere Fihigkeiten sind hier auf
Nummer 126 unmoéglich geworden.«
»Zumindest der Block steht. Wir
sind getarnt«, flisterte Min-Da-N’or.
Im néchsten Moment spiirten sie es
alle.
Die Angehorigen der Vibra-Staffel
warfen entsetzte Blicke um sich.
»Ja«, sagte Dao-Lin-H’ay leise.
»Das ist es, worauf ich gewartet habe.
KOLTOROC ... der Wald singt seinen
Namen ...«

8.
Warten auf KOLTOROC

Es war nicht nur der Wald. Die
Luft, der plotzlich vorhandene Wind,
der Duft der Bliiten, die Sterne am
Himmel - sie alle schienen es zu wis-
pern und zu singen:

»KOLTOROC ...«

»Jetzt kommt es darauf an, einen
klaren Kopf zu behalten«, sagte Dao-
Lin-H’ay zu ihren Begleiterinnen.

Der Block war errichtet und wiirde
auch ohne den engen Kontakt vorhal-
ten.

»Wichtig ist, dass wir uns in der
Kernzone Hangays befinden — und
damit wahrscheinlich schon mehr ge-
schafft haben als alle anderen. Wir
haben unser erstes und wichtigstes
Ziel damit erreicht. Wir werden vor-
erst auf eure Paragaben verzichten
miissen und sollten davon ausgehen,
dass dieser Zustand auch anhalten
wird. Aber jede von uns ist ausgebil-
det, um auch ohne sein Fahigkeiten
kampfen zu konnen.«

»Und der Block steht und wird
auch bestehen bleiben«, sagte Git-
Ka-N’ida. »Er wird uns verbergen, so
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gut es unter den gegebenen Umstan-
den moglich ist. Mehr kénnen wir
momentan nicht tun.«

»KOLTOROC ist da«, flisterte Bel-
Gin-D’es. »In der Luft, in den Zwei-
gen, in den Bliiten. Ich fiihle ihn auch
in mir. Er durchdringt alles ...«

»Es war zu erwarten!«, sagte die
Unsterbliche, etwas heftiger als be-
absichtigt. »Wenn es nicht so wére,
waren wir schon jetzt gescheitert. Wir
sind hier, um mehr tiber ihn zu erfah-
ren, vergesst das nicht.«

»Er weil, dass jemand gekommen
ist ...«, wisperte Bel-Gin. »Er ...«

»Natlrlich weil} er es!«, kam es von
Min-Da-N’or. »Hor endlich auf zu
jammern! Er weil} es, aber er kann
nicht wissen, wer wir sind. Und wir
wissen, dass er es weill. Unsere Chan-
cen, diese drei Stunden zu tiberleben,
sind mehr als gering — auch das haben
wir alle gewusst! Aber wir kdmpfen
nicht gegen einen kalkulierbaren, uns
ebenbiirtigen Gegner, sondern gegen
eine Superintelligenz! Gegen die Ne-
gasphéire! Und fiir Hangay, fiir unsere
Heimat!«

Alle starrten sie an. Dao gab sich
keine Miihe, ihr Erstaunen zu verber-
gen — aber auch nicht ihre Hochach-
tung vor der jungen Mutantin, fiir die
sie bisher nur fast mitterliche Ge-
fihle empfunden hatte.

Ausgerechnet diejenige, die sie fur
das schwéchste Glied in ihrer Kette
gehalten hatte, zeigte sich plotzlich
als kampferisches Vorbild.

»Ich danke dir, Min-Dax, sagte sie
mit dem Bemiihen, ihre Stimme fest
und frei von Sentimentalitdten klin-
gen zu lassen. »Und nun lasst uns
endlich gehen. Jede Minute zihlt fur
uns, und wir haben schon viel zu viel
davon vergeudet.«

Immerhin, dachte sie, als sie sich
einen Weg von der Lichtung in den
eigentlichen Wald suchten, wussten
sie nun, woran sie waren.

*

Drei Stunden, dachte Dao-Lin-
H’ay, das ist viel zu knapp. Als ... als
teleportiere man von der Wega in den
Yellowstone Park, um sich tiber das
Geschehen in Terrania zu informie-
ren.

Aber eine andere Moglichkeit gab
es nicht. Drei Stunden konnten deut-
lich zu lang sein, wenn es schlecht
lief. Ausreichend, wenn alles glatt
ging. Und nicht ausreichend, wenn
man Zeit verlor. Durch Reden. Durch
Sichorientieren. Durch ... eigentlich
alles.

Sie hatten die Lichtung verlassen,
ohne dass sich Wege fiir sie gedffnet
héatten.

Dieser Kontaktwald war anders. Er
lag nicht nur im Einflussgebiet von
KOLTOROC, er war auch bis in die
allerletzte Faser von diesem durch-
drungen, durch dessen schier allge-
genwairtig erscheinende, erdriickende
Prasenz.

Der Wald wusste, dass sie in ihm
waren. Dao hatte bereits auf der
Lichtung versucht, mit ihm in Ver-
bindung zu treten — ohne Erfolg. Er
wusste, dass sie von einem seiner
»Brider« gekommen waren. Aber
mehr ...

Erist ein potenzieller Verbiindeter!,
h&mmerte sich die Unsterbliche ein.
Er ist nicht unser Feind!

Und doch war er ihnen keine Hil-
fe.

Der Wald war gangbar. Es gab kei-
ne Wege, die breit genug fiir sie gewe-
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sen wiren, sondern allenfalls Pfade,
durch die sie sich zwangen mussten.
Thre Anzilige waren stabil genug, jede
andere Kleidung hétten sie sich be-
reits langst aufgerissen und das Fell
noch dazu. Sie kidmpften und arbei-
teten sich teilweise Hunderte von Me-
tern durch Dickicht und Urwald, bis
sich dann doch ein Weg fiir sie 6ffne-
te, als habe der Wald es sich anders
uberlegt. Dann kamen sie fiir eine
Weile voran, bis das Dickicht wieder
wie eine Tir vor ihnen zuschlug.

Aber sie waren wieder etwas weiter
gekommen.

Was wiirden sie auBBerhalb der 126
finden? Dao antwortete, immer wenn
sie von ihren Begleiterinnen gefragt
wurde:

»Mehr von KOLTOROC - mehr
uber ihn ...«

Vielleicht ihn selbst. Vielleicht er-
wartete er sie personlich jenseits des
Waldes, in einer Welt, die sie sich
nicht vorstellen konnten — ebenso we-
nig wie »ihn« selbst.

Es gab bisher keinerlei Beschrei-
bung des Chaopressors. Man konnte
ihn spiiren, seine unglaubliche, fins-
tere Prasenz, aber es gab absolut kei-
ne Vorstellung, wie er aussah und ob
er Uiberhaupt so etwas wie ein Aus-
sehen besal3. Vielleicht war er kor-
perlich, vielleicht nicht, moglicher-
weise halb und halb. Denkbar war
alles.

Aber um ihn zu treffen und schla-
gen zu kdnnen, mussten sie es wissen.
Deshalb waren sie hier. Dass sie auch
gleich eine empfindliche Stelle, eine
Art Achillessehne, an ihm entdecken
konnten, war unrealistisch.

»Halt mich fest, Dao-Lin.« Sie er-
schrak, als sie die andere Hand fiihl-
te. Im diisterbunten Schein des Waldes

entstand wie hingezaubert das Ge-
sicht von Min-Da-N’or. »Ich will nicht
geholt werden.«

»Wer will dich holen?«, fragte Dao
und umfasste die zierliche Hand der
Gefahrtin.

»Der Wald ... KOLTOROC. Spiirst
du es denn nicht?«

Nattuirlich tat sie es, aber es war
kein Spiiren von etwas, das da wére,
sondern von etwas, das sie nicht mehr
hatten — Halt.

»Es ist alles der Wald«, sagte sie so
ruhig wie moglich. »Er versucht, uns
seinen Halt zu geben, Min-Da. So,
wie die anderen es tun, indem er uns
ihn so sehen lisst, dass wir ihn be-
greifen konnen. Aber er kann es nicht
immer. Ich glaube, dass er mit sich
selber kadmpft.«

»Er leidet, Dao-Lin«, fliisterte die
Jingere. »Ist es das? Er ... der Wald
muss entsetzlich leiden Unter
KOLTOROC ...«

»Ja«, bestiatigte Dao. Genau das
empfand sie auch.

Der Kontaktwald litt und war
krank. Auf der Lichtung hatte er sich
ihnen so prasentiert, wie sie es ge-
wohnt waren. Dann aber, als sie in
ihn eintauchten, hatte er mehr und
mehr seine Miihe damit gehabt.

Sie arbeiteten sich durch eine dhn-
lich surreale Landschaft vor wie auf
Vatucym, als sie auf die »falschen
Schatten« aufmerksam geworden
war. Manchmal stabilisierten sich die
Formen und Farben um sie, sodass sie
wieder einige wertvolle Meter weiter-
kamen, ohne um Orientierung kimp-
fen zu missen.

Dann wurde der Wald wieder an-
ders. Es lieB3 sich nicht vorhersagen.
Die Veréanderung erfolgte schlagartig
wie in einem Universum, in dem kei-
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ne Naturgesetze galten, in dem sich
nichts planen oder logisch-konse-
quent durchziehen lieB.

»Komme«, machte sie der Jiingeren
Mut. »Die anderen warten.«

Sie gingen an der Spitze. Dao wech-
selte sich in der Fiihrung mit Git-Ka-
N’ida ab.

Sie hatten die Hilfte des Wegs aus
dem Wald heraus geschafft, schitzte
Dao. Auch das konnte tduschen, aber
sie brauchten wenigstens ihr eigenes
Empfinden, um etwas zu haben, an
dem sie sich orientieren und halten
konnten — wenn schon nicht die be-
reits verstrichenen und die ihnen
noch bleibenden Minuten.

KOLTOROC - sie waren gekom-
men, um ihn auszuspionieren. Daten
tber ihn zu sammeln und ihr gewon-
nenes Wissen nach Hause zu bringen,
wo es ausgewertet und in eine Waffe
gegen ihn verwandelt werden konnte.
Egal was sie herausfanden, es musste
nach Vatucym, damit es ihnen im
Kampf gegen die Negasphire zur
Verfiigung stand.

Sollte sich daraus dann auch nur
der geringste Anhaltspunkt ergeben,
wie man via Nummer 126 gegen KOL-
TOROC vorgehen konnte, wiirden sie
auf dem schnellsten Weg hierher zu-
riickkehren - vielleicht schon mit
einem schlagkraftigen Kampfkom-
mando.

Dao-Lin-H’ay fauchte grimmig. Ja,
sie wiirden etwas finden, und sie wiir-
den esnach Hause bringen. Weder der
Kontaktwald noch KOLTOROC
konnten sie daran hindern.

Hab Geduld, glaubte sie in den
Bdumen und Biischen zu horen, ge-
mischt in das allgegenwirtige Sum-
men und Wispern und Singen des Na-
mens dessen, was hier allgegenwartig

war. Ihr seid nicht allein, oder hast du
das schon vergessen?

»Afa-Hem?«, flog es ihr von den
Lippen, ohne dass sie es wollte. »Bist
du das? Hast du zu mir gesprochen?

»Dao-Lin?«, fragte Min-Da-N’or
erschrocken. »Mit wem sprichst du?
Du machst mir Angst.«

»Die, die ich meine, muss dir keine
Angst machen«, erwiderte die Un-
sterbliche. »Falls sie es war.«

Die Schwangere stolperte und fiel
ihr in die Arme. Dao stiitzte sie und
driickte sie an sich — oder sich an sie.

Es war egal. Sie brauchten es alle,
um nicht den Verstand zu verlieren.

Und weiter!

Sie kamen voran, nicht mehr und
nicht weniger. Eine zeitliche Orien-
tierung war fiir ihre eigenen natiir-
lichen Sinne fast noch unmoéglicher
als die rdaumliche, doch sie besafllen
ihre Hilfssinne — die Instrumente der
Anziige, allen voran Dao-Lins SE-
RUN.

Als sie die Lichtung erreichten,
sagten ihnen diese, dass sie bisher
insgesamt, mit allen nétigen Umwe-
gen um nicht anders zu tiberwindende
Hindernisse, 7,38 Kilometer gegan-
gen waren. Wére es eine gerade Stre-
cke gewesen, hitten sie sich unmittel-
bar vor dem Ende des Waldes
befunden. So aber wiirden sie noch
ein kleines Stiick vor sich haben. Das
Ende des beschwerlichen und strapa-
zierenden Marschs war allerdings ab-
sehbar.

Nur, ob es auch in der Zeit funkti-
onierte, die sie zur Verfiigung hatten
— das war bereits mehr als nur frag-
lich.
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»Wir ruhen uns aus«, sagte Dao-
Lin-H’ay zu den Teleporterinnen, de-
ren Gabe stillgelegt worden war — wo-
durch auch immer. Immer wieder
hatten sie es versucht — es ging nicht.
Keine einzelne Psi-Fahigkeit lie3 sich
anwenden. Lediglich der Block, der
im Kollektiv erzeugt worden war,
hatte funktioniert.

»Der Marsch und die fremde Um-
gebung kosten uns mehr an Kraft, als
ich gedacht hatte. Drei Minuten. Wir
wirden mehr verlieren, wenn wir
hinterher schlappmachen wiirden, al-
so auf unserem Riickweg.«

»Ich bin firs Weitergehen«, be-
harrte Git-Ka-N’ida. »Die Zeit 1duft
uns davon.«

»Die Hohe Frau ist sehr viel erfah-
rener als wir alle zusammen«, wider-
sprach Min-Da-N’or. »Wir sollten auf
sie horen.«

Tan-Tel-Liur stiefl sie kumpelhaft
mit der Rechten an. »Du hast dich in
sie verguckt, Kleine. Du bewunderst
sie. Werd lieber erst selbst gro und
stark.«

»Dann hast du irgendwann deine
eigenen Anhinger«, frotzelte Don-
No-V’an.

»Lasst sie doch — bitte«, bat Dao.
»Ihr wisst alle tiber ihren Zustand Be-
scheid, dann respektiert das doch bit-
te. Min-Da ist eine sehr tapfere Frau,
ich ware stolz auf sie.«

»Wenn du ihre Mutter warst«, erriet
Git-Ka.

»Auch dann!«, sagte Dao und wun-
derte sich liber ihre eigene, heftige
Reaktion.

Aber sie brauchten das Lachen und
den Spott, der nicht bose gemeint
war. Sie brauchten alles, was sie auf
andere Gedanken brachte und fiir ei-
nen Moment das vergessen lief3, was

um sie herum war und wie unendlich
weit sie von zu Hause getrennt waren
— wo immer das sein mochte. Es war
genauso wichtig wie die Minuten, in
denen der Korper sich zurtickfahren
konnte, um neue Energien zu sam-
meln und aufzubauen.

Dao-Lin-H’ay hatte sich ins dicke
Moos zurticksinken lassen, das den
Boden bedeckte. Es war lauwarm, der
Boden schien zu dampfen, der Wald
zu atmen. Die kleine Lichtung strahl-
te Ruhe aus und lud zum Verweilen
ein.

Dao spiirte, wie eine gewisse Mii-
digkeit von ihr Besitz ergreifen woll-
te. In ihr war der Wunsch, sich zu
entspannen und einfach fallen zu las-
sen. Die Lichtung lockte, eine Kulisse
der Ruhe im Gleiflen der Sterne an
einem Himmel, der wie gezaubert
schien fir die Magie des Schlafs.

»Warum sagt ihr nichts mehr?«,
horte sie von Don-No-V’an. »Es ist
schon, findet ihr nicht? Warum ant-
wortet ihr mir denn nicht?«

Dao war mit einem Satz in der Ho-
he, als sie meinte, {iber sich eine Be-
wegung wahrgenommen zu haben.
Sie schnellte sich an den Rand der
Lichtung, ging in Deckung und starrte
zum Himmel.

Es waren keine gefliigelten oder
sonstigen Angreifer. Niemand war
hier auBler ihnen - soweit es die Lich-
tung betraf.

Aber tiber ihnen ...

»Git-Kal«, zischte sie. »Don-No,
Bel-Gin ... Min-Da! Weg von der
Lichtung, kommt hierher zu mir!«

Die Staffelfiihrerin sprang herbei
wie ein Phantom, eine Kontur im
Licht der Sterne. Die anderen folgten
und verteilten sich am Rand der frei-
en Fléache, wo sie wie Schatten in das
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Dickicht einsickerten und damit ver-
schmolzen.

»Da am Himmel!«, zischte ihnen
die Unsterbliche zu.

»Ich habe es gesehen!«, fauchte
Git-Ka zurtlick. »Was ist das? Es sieht
aus wie ... ein Nebel? Eine Wolken-
formation?«

»Wolken in einem Sturm sehen so
aus«, flisterte Min-Da. Dao zuckte
nicht einmal zusammen, als sie die
Stimme so nah horte, als spreche die
Elfengleiche in ihr Ohr. Viel fehlte
daran nicht, sie driickte sich fast an
Dao. »Eine Formation am Himmel,
fast wie ... zerfasert.«

»Sie muss dreidimensional sein,
horte Dao von Arc-Tan. Unter ande-
ren Umstanden hétte sie wohl kaum
Probleme gehabt, das Etwas genauer
zu erfassen.

»KOLTOROC?«, fragte Git-Ka.
»Nein, das glaube ich nicht. Es ist re-
al und dreidimensional. Es ist viel-
leicht eine phantastische Form von
Raumschiff. Oder sogar mehrere ...7%«

»Eine Art Konglomerat«, wisperte
Min-Da fast andéchtig. »Aus ... drei,
ja drei Einzelteilen, die miteinander
verkeilt sind.«

»Es sieht aus wie Nadelbdume!x,
zischte Git-Ka. »Ja, drei groBe, flie-
gende Koniferen, die mit ihren Asten
ineinander verkeilt sind. Hat einer
von euch so was schon mal gesehen?
Dao?«

»Nein«, antwortete die Unsterb-
liche. »Noch nie, auch nichts Ahn-
liches.«

»Wie grol mag es sein?«, fragte
Min-Da leise. »Vielleicht ist es eine
Station am Himmel, die gerade iiber
uns hinwegzieht. Vielleicht ... beob-
achtet sie uns ...«

»Dann konnte es aber doch KOL-

TOROC seing, rief Tan-Tel von ihrem
Versteck aus. Dao sah nur ihre Augen
funkeln. »Vielleicht selbst oder in
einem Vehikel? Vielleicht ist es seine
Heimstatt? Aberes ... er... sucht nach
uns, oder?«

»Wir miissen warten, bis es wieder
verschwunden ist!«, befahl Git-Ka.
»Vorher konnen wir unmoéglich wei-
ter.«

Dao konnte nicht widersprechen.
Sie warteten in den Deflektorfeldern
unsichtbar, auBlerdem bestand der
Block der Esper weiter. Aber das
reichte nicht. Sie wusste es einfach.
Wenn das dort oben am Himmel
KOLTOROC war, sah er sie, egal
wie.

»Hort ihr es?«, fragte Min-Da. Thre
Stimme klang panisch. Unwillkiirlich
musste Dao nach ihr greifen und zog
sie beschiitzend an sich. Wie zart sie
war, wie zerbrechlich.

»Nein, ich meinte, wir horen es
nicht mehr. Das Wispern in der Luft
und im Wald. KOLTOROC ... Es ist
nicht mehr da.«

»Es wird wiederkommen, Min-Dax,
versicherte Git-Ka. »KOLTOROC ist
hier, er ist diese Welt. Er kann nicht
einfach verschwinden.«

»Ich hore etwas!«, zischte Bel-Gin.
»Seid ganz still ...«

Dao schluckte hinunter, was sie
eben sagen wollte, spitzte die Ohren
und lauschte.

Und die Gefdhrtin hatte recht. Da
war etwas, und es kam niher.

Ein Rascheln wie von vorsichtigen
Schritten in trockenem Laub oder
auch nur auf Moos, das gestreift wur-
de.

Irgendetwas war da und kam néa-
her, aus dem Wald auf die Lichtung
ZU.
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»Zieht euch noch weiter ins Di-
ckicht zuriick!«, fauchte Git-Ka.
»Lasst euch nicht sehen und keinen
Mucks! Es wird ernst.«

9.
Die String-Legaten

Es war noch gar nicht lange her,
dass sie ebenfalls etwas Verdachtiges
in einem Kontaktwald bemerkt hatte
und auf Fremde gestoen war — ihre
jetzigen Verbiindeten.

Ein leises, verhaltenes Schlurfen
néherte sich. Dann hielt es inne. Und
wieder weiter. Es kam néher und na-
her. Gleich wiirden sie auf der Lich-
tung sein. Die Bewohner des Waldes?
Vielleicht endlich jene, die Dao schon
mit Atlan als geheimnisvolle Sche-
men und Schatten tiberall tief im Ge-
holz gesehen hatte — oder vielmehr
erahnt? Zeigten sie sich ihnen nun
endlich?

Es passte nicht!

Welchen Grund héatten sie gehabt?
Warum jetzt und nicht frither? Was
hatte sich denn geandert?

Thr seid nicht allein, Dao-Lin!,
horte sie es zwischen dem Schlurfen
und Rascheln der Schritte. Es war
wie eine zweite Stimme oder eine zu-
sétzliche Tonspur, allerdings aus dem
Nichts heraus.

Afa-Hem-F’ur. Sie lebte noch im-
mer im Kontaktwald, und das bedeu-
tete: in allen Kontaktwildern! Sie
war auf dem Segmentplaneten Qua-
moto in den Wald eingegangen und
seither irgendwie mit ihm verbunden.
Mit dem Kontaktwald an sich, Alo-
mendris, der iibergreifenden origi-
nalen Personlichkeit. Ihre Prisenz
strahlte in jeden der 126 Kernwéilder

aus, selbst bis in die dunkle Kernzone
Hangays.

Wer ist das, Afa-Hem?, dachte die
Unsterbliche intensiv, ohne in ihrer
Aufmerksamkeit nachzulassen. Sind
es Freunde ... oder Gegner?

Hiite dich vor den String-Legaten
KOLTOROCS!, wisperte es in den
Blattern und Bliiten vor und neben
ihrem Gesicht. Im Moment kann ich
nichts fiir euch tun, aber ich bin bei
euch. Ihr seid nicht allein!

Afa-Hem!, rief Dao in Gedanken.
Wer sind diese String-Legaten? Was
bedeutet ihr Name?

Die ehemalige Kontaktwaldspre-
cherin antwortete nicht mehr. Dao
hatte das Gefiihl, dass sie es ver-
suchte, aber es war entweder schon
zu spéat, oder ihre Krafte hatten sich
bereits wieder erschopft.

Dafiir antworteten die Fremden
selbst.

»GroBe Galaxis!«, hauchte Don-
No-V’an mit Entsetzen in der Stim-
me. »Sie sind furchtbar!«

Die Kartanin war nicht einmal in
der Nihe, sodass Dao es hitte sicher
bestimmen konnen, aber nur sie
konnte es sein. Nur sie sprach in die-
ser Art und Weise, und nur sie konn-
te, wenn es ihr gegeben war, einen
winzigen, kurzen Blick in die Zu-
kunft werfen.

Auch wenn dies hier tberhaupt
nicht mehr méoglich sein sollte?

Alle Gedanken, Fragen und Zwei-
fel erstarrten, als die fremden Wesen
die Lichtung betraten.

%
Sie standen wie hingezaubert von

einem Moment auf den anderen im
Funkeln der Sterne, gleichsam in de-
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ren Klares, kaltes Licht getaucht, das
sie zu reflektieren schienen.

Irgendwie hatte sie plétzlich das
Gefiihl, das alles schon einmal erlebt
zu haben. Sie hatte Wesen von solcher
Art noch nie im Leben gesehen, ge-
schweige von ihnen gehort. Aber sie
kannte sie. Wusste, was geschehen
wiirde — und konnte nichts dagegen
tun.

»Ich habe Angst, Dao-Lin, fliister-
te es bange in ihr Ohr. Min-Da-N’or
dréngte sich Schutz suchend an sie,
immer fester, so wie ein Kind an seine
Mutter.

Ich habe Angst ... Das sagte nicht
irgendein verweichlichtes Geschopf,
sondern eine Kdmpferin, die weder
Tod noch Teufel fiirchtete. Andern-
falls ware sie niemals in die Vibra-
Staffel aufgenommen worden.

Die drei Fremden waren grof3, Dao
schéatzte ihre Korperhche auf gute
vier Meter. Der erste Eindruck war
der von aufrecht gehenden Riesenin-
sekten, mit je zwei Gelenk-Einschnii-
rungen an den zwei Armen und Bei-
nen. Entsprechend beweglich waren
sie. Dao hatte sie zwar nicht bewusst
kommen sehen, aber sie drehten sich
suchend und verrieten dabei eine un-
glaubliche Leichtigkeit und Beweg-
lichkeit. Anmut, Eleganz — und ge-
schmeidige Kraft.

Thre Korper waren, bei aller An-
dersartigkeit und hertiberwehender
Drohung, anmutig und grazios — de-
monstrierten auf der anderen Seite
allerdings auch wieder Zerbrechlich-
keit. Ein Windhauch schien gentigen
zu konnen, um diese Geschopfe zu
brechen.

Das Auffalligste an ihnen waren al-
lerdings ihre Facettenaugen.

Dao sah drei, je nachdem, in wel-

chem Winkel sie ihr den Kopf zu-
drehten, schwarz bis violett strah-
lende, fingerdicke Balken, die sich
iibereinander angeordnet tiber die ge-
samte Front des Schédels bis zu den
»Schléafen« zogen.

Noch nie in ihrem Leben hatte sie
solche Augen und solche Gesichter
gesehen, da war sie vollkommen si-
cher — und doch war ihr der Anblick
vertraut. Diese drei Fremden waren
fiir sie neu und dennoch so, als habe
es sie schon immer gegeben.

»Was passiert mit mir? Dao-Lin,
ich ... habe Angst ...!«

Jetzt standen sie starr.

Dao hielt den Atem an und driickte
Min-Da-N’or fester an sich. Sie hatte
etwas gefliistert, fast leise geschrien,
aber es war zu weit weg. Was jetzt
ganz allein zdhlte, waren sie. Die drei,
die wegen ihnen gekommen waren.

Diese Wesen waren nicht zufillig
an diesem Ort. Sie hatten die Lich-
tung betreten und abgesucht. Sie wa-
ren Jager.

Die String-Legaten KOLTOROCS ...

Wo war Afa-Hem-F’ur? Warum
stand sie ihnen nicht bei? Weshalb
sagte sie nicht, was passieren wiirde?
Oder war sie es, die ihr das eingab,
was sie auf verriickte Art und Weise
bereits zu kennen glaubte?

Sie hitten auf der Stelle fliehen
missen! Noch war vielleicht Zeit da-
zu!

Es war nicht so, und Dao-Lin-H’ay
wusste es.

Die Insektoiden standen starr.
Nichts riihrte sich jetzt mehr bei ih-
nen, aber das wiirde jeden Moment
kommen. Was immer nun geschehen
wiirde, es hatte bereits begonnen.

Keine Regung zeigte, dass noch Le-
ben unter den in allen dunklen Far-
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ben schillernden Chitinpanzern
steckte. Die drei fragilen Gestalten
waren Stein geworden im Licht der
Sterne, die sie beschienen, und der
immer noch am Himmel vorhande-
nen, nebelhaften Struktur, die mit
ihnen zu korrespondieren schien.

Und genau in dem Augenblick, da
Dao das Gefiihl hatte, sie zum ersten
Mal so zu sehen, wie sie waren,
morphten sie sich.

Die drei Gestalten zerflossen vor
ihren Augen und denen ihrer Gefahr-
tinnen und flossen wie rinnendes
Quecksilber in eine neue Form, wuch-
sen und streckten sich in Breite und
Hohe, als strebe das fliissige Silber zu
den Sternen — bis es in etwa fiinf Me-
tern Hohe seine grofte Ausdehnung
erreicht hatte und sich die neue Form
auch zu den Seiten fand und stabili-
sierte.

Dao-Lin-H’ay horte kein Wort
mehr, nicht von den anderen Frauen
und nicht von Min-Da-N’or an ihrer
Seite. Es schien sie tiberhaupt nicht
mehr zu geben, sie schienen nie rich-
tig da gewesen zu sein. Es gab nur
noch ...

Sie und die Spiegel!

Dort, wo die Insektoiden eben noch
gestanden hatten, blickte sie auf drei
im Sternenlicht glitzernde Spiegel
von ovaler Form, finf Meter hoch
und halb so breit, und sie sah in ih-
nen nicht nur das Funkeln des Him-
mels. Ein anderes Bild formte sich in
ihnen ...

Ihr eigenes!

Dao wollte aufschreien, doch sie
konnte es nicht. Sie wollte aus ihrem
Versteck springen und rennen, auf
und davon, nur fort von hier, denn
hier war sie verloren und nicht nur
das. Hier war alles zu Ende, fur sie

und ihr Kommando — und fir das,
weshalb sie gekommen waren.

Sie konnte es nicht. Sie vermochte
nicht einmal einen Finger zu heben.
Der Schrei, der nach drauBlen dréngte,
blieb in ihrer Brust kleben. Sie war
gelahmt wie durch einen Paralysator-
schuss.

Und auch ihr Blick klebte — an den
drei Spiegeln und deshalb an ihr
selbst.

Sie sah sich und wusste, dass es in
diesem Moment allen ihren Gefihr-
tinnen ebenso erging. Jede von ihnen
sah sich selbst, war gefangen in den
insektoiden Spiegeln, und das mehr
als wortlich.

Die Spiegel hatten sie eingefangen.
Sie waren ihnen ausgeliefert und
dem, was mit ihren Bildern geschehen
wiirde.

Nein, dachte sie — erstaunt dariiber,
dass wenigstens ihre Gedanken noch
stromten. Wir hdtten nie eine Chance
gehabt. Wir waren so dumm/!

Und als hitte sie es beschworen,
erstarben nun auch ihre Gedanken.
Aber sie waren nicht fort und nicht
ausgeloscht — sondern nur von etwas
viel Starkerem tiiberlagert, das alles
in ihr erfiillte, allen Raum, in dem
sich ihr Geist befinden sollte, ihre
ganze Welt und ihr gesamtes Denken
und bewusstes Empfinden.

Es kam von den Spiegeln. Es war
eine Botschaft, so deutlich und krass,
dass sie glaubte, von ihr verbrannt
werden zu miissen. Sie schrillte in ih-
rem Kopf und in jeder Faser des eige-
nen Seins.

Deine String-Legaten erwarten
dich mit ithren Gefangenen, Herr!

KOLTOROC!
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Sie konnte denken, aber das war
alles. Sie lag bewegungsunfihig auf
der Lichtung, den drei Fremden zu
FiiBen, die sich noch nicht zurtickge-
morpht hatten. Immer noch standen
sie als fiinf Meter grof3e Spiegel in der
Mitte der freien Stelle im Wald, be-
schienen und gleiflend im Licht der
Milliarden Zentrumssterne, und spie-
gelten sie wider, hatten sie eingefan-
gen und lieBen sie nicht mehr los.

Dao-Lin-H’ay hatte sich nicht von
der Stelle geriihrt. Sie hatte ihre De-
ckung nicht verlassen, um sich nun
auf der Lichtung wiederzufinden -
nicht sie hatte sich bewegt, sondern
der Kontaktwald.

Das Gebtisch und die jungen Stam-
me, hinter denen sie Schutz gesucht
hatte, waren gewichen. Sie hatten
sich von ihr zurlickgezogen und sie
freigegeben. Ebenso war es ihren Ge-
fahrtinnen ergangen, die nun aus-
nahmslos alle auf der um das Doppel-
te vergroBerten Lichtung lagen, im
tiefen Moos und in zeitloser Starre,
wie fiir die Ewigkeit préapariert.

Aber es war nicht die Ewigkeit, die
sie erwartete. Es war weit mehr oder
weniger, auf jeden Fall aber die
schlimmste Version von allen denk-
baren.

Wer oder was sie erwartete, trug
den Namen KOLTOROC. Die String-
Legaten hatten ihn eindeutig gerufen,
um ihm ihre Gefangenen vorzufiih-
ren. KOLTOROC wiirde also kom-
men, und sie konnten sich nicht weh-
ren. Erwiirde da sein und sie studieren,
sezieren, durchleuchten und alles das
aus ihnen herauslesen, was sie waren,
wussten, dachten und je hier vorge-
habt hatten.

Was immer dies gewesen war, es
war vorbei und vortiber. Umsonst ge-

wesen oder noch schlimmer. Sie wiir-
den ihm alles verraten, was er keines-
falls wissen sollte. Jedes Geheimnis
ihres Kampfs und jede Hoffnung,
diese von Chaos und Dunkelheit be-
drohte Galaxis zu retten.

Dao-Lin-H’ay gab nicht auf. Sie
war erfahren genug, um zu wissen,
dass sich die Tiur zur Rettung oft auch
dann noch o6ffnete, wenn es keine
Chance mehr zu geben schien.

Afa-Hem, konzentrierte sie sich
verzweifelt. Bist du noch da? Horst
du mich? Antworte mir! Der Wald hat
uns frei gegeben und ausgeliefert! Ist
er auf KOLTOROCS Seite?

Sie wusste nicht, ob es Sinn hatte,
die Antwort zu bekommen. Egal ob so
oder so - KOLTOROC wiirde kommen
und alles ersticken. Sie aussaugen.
Alles wissen — alles!

Nichts geschah!

Die drei String-Legaten warteten
auf ihren Herrn. Dao-Lin konnte ih-
ren Kopf nicht heben, um in die Hohe
zu schauen. Sie fragte sich, ob die
Struktur am Himmel noch da war,
oder schon ... viel tiefer, fast bei ih-
nen.

Sie glaubte, ihre Nahe zu spiliren —
KOLTOROCS Néihe. Sie meinte, sei-
nen Atem zu fiihlen, auf ihrer Haut,
in ihrem Kopf. Ja, er war da. Alles in
ihr stréaubte sich dagegen.

Die Lichtung lag in Ewigkeit er-
starrt. Die Zeit selbst schien eingefro-
ren, die drei Spiegel verzerrte, krasse
Erwartung. Aber es war nicht so. Die
Zeit lief weiter und mehr und mehr
gegen sie, gnadenlos wiitend, in sata-
nischer Geduld.

Afa-Hem!

Dao fragte sich verzweifelt, wie es
den anderen ging. Dachten und fiihl-
ten sie das Gleiche? Hatte vielleicht
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eine von ihnen eine Idee, einen retten-
den Einfall, den sie nicht an sie wei-
tergeben konnte?

Was war mit Min-Da-N’or? Sie hat-
te etwas gesagt oder gefliistert. Es
ging ihr nicht gut. Etwas ... geschah
mit ihr?

Dao hoffte, dass es nicht das war,
was sie jetzt dachte. Obwohl auch das
keine Bedeutung mehr besitzen durf-
te.

Sie versuchte, ihr Denken abzu-
stellen, aber immer wieder rief sie
nach Afa-Hem-F’ur. Sie war die Ein-
zige, die sie — vielleicht — noch zu er-
reichen vermochte. Wenn Afa-Hem
auf irgendeine unglaubliche Weise
noch da war; wenn sie immer noch
mit dem Kontaktwald verbunden
war — dann konnte sie vielleicht auch
mit ihm reden. Wenn ihnen der Wald
half, war noch nicht alles verloren.
Auch die String-Legaten konnten
hier nur existieren, wenn er sie dul-
dete.

Sie vielleicht, aber das galt nicht
fur KOLTOROC.

Dao hatte nicht erst jetzt versucht,
sich seine Priasenz vorzustellen. Wie

es wiare, wenn er sich ihr offenbarte,
wenn er sie beruhrte und sie ihn
»Sah«.

Es war anders. Schlimmer. Keine
Phantasie des Universums hitte sich
das vorstellen konnen, was sich in
diesem Moment auf die Lichtung im
Kontaktwald Nummer 126 und sie

herabsenkte.
KOLTOROC!
10.
KOLTOROCS Atem

Es war da. ER war da. Er war es
und fillte alles aus bis auf die letzte
Ecke einer wie auch immer gearteten
Zeit- und Raumlichkeit.

KOLTOROC ...!

ER war da. ER erdriickte die Welt
und das Universum. Dao-Lin-H’ays
Augen waren weit offen, aber es gab
kein Licht mehr, das anders gewesen
wiére als KOLTOROC!

Dao wusste, dass sie nicht fliehen
konnte und ihm ausgeliefert war. Was
immer KOLTOROC tun wirde, sie
vermochte sich nicht dagegen zu
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wehren. Keine von ihnen konnte
das.

Selbst wenn die Frauen der Vibra-
Staffel immer noch »klar« genug ge-
wesen wiren, um ihren Block zu er-
neuern, hitten sie keine Chance
besessen. Was da plétzlich préasent
war, zwischen ihnen und um sie und
alliiberall, war tiberméchtig.

Es gab keine Worte, um KOLTO-
ROCS Gegenwart zu beschreiben. ER
erfiillte alles und drohte ihr den Kopf
zu sprengen. ER war in ihr. Wenn ER
jetzt beschloss, dass sie nicht mehr
leben sollte, konnte nichts und nie-
mand es dndern. Dann war es vorbei
— und das wire vielleicht noch das
gnidigere Los.

KOLTOROC!

Es war der Name der Welt. Es gab
nichts anderes, musste immer so ge-
wesen sein.

KOLTOROC!, echote der Gesang
des Waldes in ihr, hallte in alles ver-
zehrender Glut zuriick von den Wan-
den ihres Bewusstseins.

Er weif alles!, kam es dennoch von
irgendwoher. Er ist ich und ich bin er.
Er weifs und sieht alles, was je in mir
war, was ich jemals in meinem Leben
getan, gesagt und gewusst habe. Jede
Hoffnung, jede Angst!

Du bist nicht allein ...

Doch, sie war es. Sie allein und
KOLTOROC, anderes existierte nicht
mehr in diesem Universum.

Nein, du irrst dich! Du bist nicht
allein, Dao-Lin! Wir sind da, aber
noch hilflos. Du musst durchhalten,
horst du? Halte durch, du bist niemals
allein!

Afa-Hem?

Mehr, Dao-Lin!

Sie wurde verrickt. Sie horte Stim-
men. Ihr Kopf spielte ihr {ible Strei-

che, etwas in ihr klammerte sich im-
mer noch an eine ganz und gar
irrationale Rest-Hoffnung. Wahr-
scheinlich produzierte es auch die
Stimme, und es gab diese gar nicht.
Nicht fir sie.

Kdampfe, Dao-Lin-H’ay! Du hast
mir gezeigt, dass man es kann und es
sich lohnt! Gib euch nicht auf! Auch
KOLTOROC ist nicht allmdchtig!

Was soll ich denn tun?, schrie es in
der Kartanin. Natiirlich wollte sie
kampfen, wenn es irgendeinen Sinn
hatte.

Aber KOLTOROC ...!

Er war in ihr. Sie existierte nur
noch in ihm und durch ihn.

Aber ...

Es stimmte nicht!

Wenn es so wire, konnte sie die
Stimme nicht horen und nicht das
denken, was sie grade tat. Es gab sie
noch!

Ich denke, also bin ich!

Und wenn sie das Echo ihrer Ge-
danken wahrnahm, konnte sie auch
kampfen. Solange sie zu denken ver-
mochte, war sie nicht tot und nicht
hilflos!

Ich bin es doch!, durchfuhr es sie.
Was auch immer ich tun will - KOL-
TOROC weifs es im gleichen Mo-
ment!

Plotzlich war es, als brodele noch
etwas anderes in ihr als nur KOLTO-
ROC. Es stieg auf. Ihre Gedanken
gossen das Benzin auf den letzten
winzigen Funken von Widerstand,
der in ihr nicht erloschen war. Der
Funke quoll und brach aus, explo-
dierte in ihre Welt hinein und spreng-
te die Fesseln ihres geknechteten
Geistes. Sie riss die inneren Augen
auf und sprang mit einem gewaltigen
Satz in sich selbst zuriick, bereit zu
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kampfen. Wie und wogegen, das
spielte jetzt keine Rolle — sie musste
es nur tun!

Sie durfte die Hoffnung nicht auf-
geben — nie. Und wenn es auch noch
so aussichtslos schien — sie war nicht
allein!

Vielleicht war es das, was den Um-
schwung brachte. Hinterher wusste sie,
dass dem nicht so war. In diesen Se-
kunden, Minuten und Ewigkeiten aber
war es das, woran sie sich klammern
konnte, um nicht ganz in KOLTOROC
zu versinken und zu ersticken.

Tatsache war, dass die drei String-
Legaten plotzlich zu schreien began-
nen, grell und schrill. Es war ein men-
taler Ausbruch, voller Panik und
Wut.

GLOIN TRAITOR!

k

Der Schrei war kein Schrei, son-
dern erklang auf der Ebene des Geis-
tes. Er erfiillte die Lichtung, brachte
die Luft zum Erzittern, liel} selbst die
grausame Gegenwart der negativen
Superintelligenz verblassen.

GLOIN TRAITOR!

Und immer wieder:

GLOIN TRAITOR! GLOIN TRAI-
TOR!

Andere Schreie mischten sich hin-
ein, diese jedoch auf akustischer Ebe-
ne. Es waren die sechs Kartanin, die
wie Dao-Lin-H’ay aus ihrer todes-
dhnlichen Starre gerissen worden
waren. Sie waren zurlick im Leben,
aber es hatte sie nicht freudig und
freundlich empfangen, sondern mit
Horror und Qualen.

Dao sah sie, wie sie tiber die Lich-
tung rannten, wie besessen und in
sinnloser Panik. Sie selbst kdmpfte

noch dagegen an. Versuchte zu ver-
stehen, was sich vor ihr tat. Versuchte,
im Bild zu bleiben und nicht wieder
in Lahmung und Starre zu versin-
ken.

Sie wusste nur eines: dass blinde
Panik das Schlimmste war, was ihnen
passieren konnte. Git-Ka-N’ida und
die anderen waren auB3er sich. Sie be-
saBBen keine Kontrolle mehr tiber sich
— sechs ausgebildete Kampferinnen,
die jedes klare Denken verloren hat-
ten.

Nein - es waren nicht sechs, son-
dern nur fiinf. Eine von ihnen fehlte
— Min-Da-N’or ...

GLOIN TRAITOR!

Die String-Legaten waren mindes-
tens ebenso auller sich vor Furcht und
Entsetzen wie die Kartanin. Dao
spiirte es. Es schlug auf sie tiber wie
die Brandung eines urweltlichen Oze-
ans. Etwas war geschehen, dass sie so
auBler sich geraten konnten - sie, die
bisher die Situation so souverin kon-
trolliert hatten.

GLOIN TRAITOR!

Wo war KOLTOROC? Dao sammel-
te und konzentrierte sich. Sie emp-
fand nichts mehr von dem Chaopres-
sor. Die negative Superintelligenz,
verantwortlich fiir alles Leid, das die
Terminale Kolonne bisher schon tiber
diese und andere Galaxien gebracht
hatte, war fort. Definitiv. Da war
nichts mehr.

GLOIN TRAITOR!

Die »Nadel des Todes« ...

Was war damit? Dao versuchte,
klar zu denken. Die Schreie machten
es fast unmoglich. Sie marterten ihr
Gehirn und fanden ihr Echo in jeder
Zelle ihres Gehirns.

GLOIN TRAITOR! GLOIN ...

Was ist jetzt?, durchzuckte es die
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Unsterbliche, als die Schreie er-
starben, ebenso plotzlich, wie sie auf-
geklungen waren. Fiir einen Moment
fiihlte sich Dao in ein mentales Vaku-
um geworfen, doch sie kam nicht da-
zu, sich dariiber Gedanken zu ma-
chen.

Es ging viel zu schnell.

Die Mitglieder der Vibra-Staffel
verharrten mitten im Lauf und wand-
ten sich wie Marionetten zu den drei
Spiegeln um, die bereits keine solchen
mehr waren.

Was ist das?, dachte Dao-Lin-H’ay.
Afa-Hem, horst du mich? Was ge-
schieht da?

Die String-Legaten erloschen, ei-
ner nach dem anderen. Es geschah
vollkommen lautlos und undrama-
tisch. Sie zerstoben wie Nebelfelder
unter einem frischen Wind, flossen
verblassend auseinander — und waren
verschwunden.

Auf einmal herrschte Stille.

Es gab keinen mentalen Druck
mehr und kein Singen des Waldes.
Keine drei Spiegel, die sie fiir KOL-
TOROC einfingen, und keine Super-
intelligenz, deren alleinige Présenz
die Welt erstickte.

»Wir haben versagt, Dao-Ling,
sagte Git-Ka-N’ida bitter. Keine Fra-
ge nach dem, was auf der Lichtung
passiert war. Kein Wort der Erleich-
terung und des Trostes. »Wir haben
jammerlich versagt, schon bei der
ersten Bewadhrungsprobe.«

»Min-Dal« Dao-Lin-H’ay lief auf
die Kartanin zu, die reglos am Rand
der Lichtung lag, ein Stlick weiter als
die Stelle, wo sie mit ihr im gemein-
samen Versteck gelegen hatte. »Sie

muss sich fortgeschleppt haben. Ich
... habe nichts gemerkt!«

Git-Ka-N’ida rannte mit ihr. Auch
die anderen vier kamen und umstan-
den sie wortlos, als Dao vor der Reg-
losen kniete und ihren Kopf in die
Hinde nahm.

»Ihr Puls schliagt!«, rief sie. »Gott
sei Dank. Sie lebt!«

»Ihr ... Kind?, flisterte Bel-Gin.
»Heilige Galaxis, sie hat das alles er-
tragen missen ...«

»Macht euch bereit!«, befahl Dao,
die keinesfalls vergessen hatte, in
welcher Lage sie sich befanden. »Aus
irgendeinem Grund sind die String-
Legaten verschwunden und der KOL.-
TOROC-Druck auch.«

Sie sah zum Himmel hinauf. »Er
kommt bestimmt wieder. Wie viel Zeit
bleibt uns?«

»Du glaubst, wir kénnten es schaf-
fen?« Don-Nos Stimme klang unglau-
big. »Wir haben ...«

»Es sind noch 27 Minuten«, wurde
sie von Git-Ka unterbrochen. »Es
konnte klappen, wenn wir ohne Hin-
dernisse durchkommen. Dann miisste
der Wald aber mithelfen. Uns Wege
offnen, uns leiten.«

»Das wird er!«, sagte die Unsterb-
liche. »Schnell, lauft schon vor, ihr
kennt die Richtung! Wartet auf der
Lichtung auf mich — bis euch noch
maximal drei Minuten bleiben, um
nach Vatucym zurlickzugehen und
das Gegengift zu bekommen. Sollte
ich ... sollten wir dann nicht da sein,
geht ohne uns!«

»Du bist verriickt!«, schnappte Git-
Ka. »Das kommt tiberhaupt nicht in-
frage! AuBerdem ... vielleicht ist das
jetzt unsere Chance, ungestort weiter
vorzuriicken. Jetzt mehr tiber KOL-
TOROC zu erfahren. Er ist angeschla-
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gen, oder? Da muss etwas geschehen
sein, was wichtiger ist als wir. Und es
hat mit GLOIN TRAITOR zu tun —der
Nadel des Chaos.«

Die Nadel des Chaos ...

Es war eine ihrer Hoffnungen, ein
mogliches Angriffsziel. Die materiel-
le Seele des in Hangay wiitenden
Chaos, die Schaltstelle und Steuer-
einheit, der Punkt, von dem aus der
Weltraum und die bisher geltenden
Gesetze manipuliert und pervertiert
wurden.

Sie hatte den Gedanken ja auch
selbst gehabt, wenn auch nur ganz
kurz. Denn egal was sie vielleicht
noch fanden - sie hitten definitiv kei-
ne Chance mehr gehabt, ihr Wissen
weiterzugeben. Und dann wiirde nie-
mand rechtzeitig von den String-Le-
gaten erfahren.

»Nein!«, sagte Dao-Lin entschie-
den. »Es hat keinen Sinn. Es wére
Selbstmord aus falschem Heldentum
und wiirde keinem niitzen, unserer
Sache am allerwenigsten. AuBlerdem
miissen wir wissen, was mit GLOIN
TRAITOR ist — und dazu werden wir
hier keine Gelegenheit bekommen.«

»Aber ...«

»Schluss jetzt!«, befahl Dao-Lin-
H’ay. »Lauft zur Lichtung, der Wald
wird euch helfen.«

»Wie kannst du so sicher sein?«,
fragte die Staffelfiihrerin. »Er hat uns
bis jetzt ...«

»Geht jetzt!« Dao verlor die Ge-
duld. »Wihrend wir debattieren, ver-
rinnen weitere unersetzliche Minu-
ten! Verschwindet endlich, ich komme
nach — mit Min-Da-N’or! Und wenn
uns der Wald jetzt nicht hilft, wird er
uns auch nicht zurtick nach Vatucym
schicken. Glaubt an den Erfolg — wir
sind nicht allein!«

Git-Ka-N’ida holte Luft, als wolle
sie etwas entgegnen. Dann nickte sie
widerstrebend und winkte ihren Ge-
fahrtinnen.

Es dauerte unendlich kostbare zwei
Minuten, bis die junge Kartanin lang-
sam die Augen aufschlug. Fiir einen
Moment wirkte sie orientierungslos,
dann flackerte jahes Begreifen in ih-
ren Augen.

»Ist es vorbei, Dao? Sind wir ... frei?
Sicher?«

»Das werden wir erst sein, wenn
wir zuriick auf Vatucym sind, Min-
Da. Kannst du aufstehen? Wir haben
nicht mehr viel Zeit. Die anderen sind
schon vorausgelaufen.«

»Ich ... Mir geht es ...« Die Jiingere
schrie auf und kriimmte sich, als Dao
ihr auf die Beine half. »Oh nein ...«

»Dein Kind«, erriet die Unsterb-
liche. »Es ist ...«

»Ich habe kein Kind mehr, Dao-
Lin«, sagte Min-Da. »Ich habe nie
eins gehabt.«

»Was soll das?« Dao schiittelte un-
glaubig den Kopf. Die Zeit! »Min-Da,
wir wissen beide, dass du ...«
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»Ich habe nie ein Kind getragen!«,
fauchte die Teleporterin sie an.
»Reicht das? Hor endlich auf zu fra-
gen! Ich denke, wir miissen uns beei-
len?«

Dao-Lin-H’ay sah sie an - ein-
dringlich, fragend, nach Verstehen
suchend. Sie fand nichts auller der
schroffen Kruste, mit der sich die an-
dere umgeben hatte.

»Warum quélst du mich so?«, fragte
Min-Da. »Bitte ... lass uns gehen ...«

Sie liefen los.

Von der zentralen Lichtung bis
hierher hatten sie eine Stunde ge-
braucht. Fur den Riickweg blieben
maximal zwanzig Minuten. Es war
fast unmoglich.

Aber der Kontaktwald half. Vor ih-
nen wich das Griin und Braun ausein-
ander wie die Wasser eines Meeres,
das sich fir sie teilte. Dao nahm es
einfach an. Sie glaubte zu wissen, wer
ihnen half, auch wenn sie sich noch
nicht wieder gemeldet hatte. Aber sie
waren nicht allein!

Ein Terraner hétte es mit Sicher-
heit nicht geschafft. Die beiden Kar-
tanin flogen geradezu dahin, husch-
ten unter Geédst hinweg, das sich
nicht rechtzeitig vor ihnen zurtick-
zog, sprangen in weiten Sé&tzen,
kraftvoll und voller Eleganz, tiber
Hecken und Biische hinweg und nah-
men auch die eine oder andere »Ab-
kiirzung«. Der Kontaktwald wies
ihnen den Weg, doch manchmal war
er zu langsam, und sie folgten in ra-
sendem Lauf ihrem Orientierungs-
sinn.

Die zentrale Lichtung zog sie an
wie ein Magnet. Dao wusste immen
wo die anderen waren. Ob dies in ei-
ner Umgebung moglich war, wo es
keine psionische Orientierung geben

durfte, spielte im Augenblick keine
Rolle.

Beeilt euch!

Sie hatte es gewusst. Afa-Hem-F’ur
kampfte mit ihnen. Sie war da und
machte all ihren »Einfluss« auf den
Wald geltend, um ihnen die Flucht zu
ermoglichen.

Allerdings konnte auch sie nicht
verhindern, dass Min-Da-N’or kurz
vor dem Ziel mehr und mehr zurtick-
blieb. Immer hiufiger musste sie ste-
hen bleiben und Luft holen. Sie zit-
terte, es ging rapide bergab mit ihr
und ihren Kraften.

»Komm!«, sagte Dao, als sie ihr
zum wiederholten Mal aufhalf. »Es
ist jetzt wirklich nicht mehr weit. Wir
schaffen es.«

»Nein, Dao-Lin!« Die junge Frau
wich vor ihr zurtick und wehrte sie
ab. »Geh du allein. Lauf weiter! Es
sind nur noch ... sieben Minuten, bis
die drei Stunden um sind. Vier Minu-
ten, bis die anderen gehen! Das ... ist
unmoglich! Ich bin nicht wichtig -
geh du. Du musst zuriickkehren und
berichten!«

»Nicht ohne dich!«, sagte die Un-
sterbliche entschieden. »Hor endlich
auf zu jammern, wir werden beide
den Himmel von Vatucym wiederse-
hen und ...«

»Was glaubst du denn, wer du bist,
Dao-Lin-H’ay!«, fauchte Min-Da sie
an und begann, nach ihren ausge-
streckten Armen zu schlagen. »Du
bist nicht meine Mutter und hast mir
auch nichts zu sagen, nur weil du eine
Legende bist! Ich bin eine freie Kar-
tanin und werde ...«

Dao-Lin-H’ay streckte sie mit
einem einzigen Hieb nieder, lud sie
sich Uiber die Schulter und lief mit ihr
weiter.
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Am Ende zweifelte sie selbst. Min-
Da-N’or wurde mit jedem Schritt
schwerer. Immer h&ufiger blieb Dao
stehen und brach in die Knie.

Lauf weiter! Du schaffst es noch!
Die anderen warten auf dich
euch!

»Ich héatte sie nicht ...«

Du hast alles richtig gemacht! Noch
eine Minute. Renn! Spring!

Sie tat es. Sie gab noch einmal al-
les, mehr, als der trainierteste Korper
unter normalen Umstidnden leisten
konnte. Aber die Umstidnde waren
nicht »normal«. Sie flog mit der ande-
ren uber der Schulter dahin, brach
ein, fiel und kam wieder hoch. Eine
halbe Minute, eine viertel ...

Als Dao-Lin-H’ay in dem Moment,
als sie die Lichtung erreicht hatte,
endgiiltig zusammenbrach, waren
Git-Ka-N’ida und Bel-Gin-D’es da
und fingen sie auf. Arc-Tan-K’os
tbernahm die Bewusstlose.

»Sag dem Wald, dass wir bereit
sind!«, forderte Git-Ka. »Schnell, es
ist fast schon zu spéat!«

Sie tat es. Mit allerletzter Kraft
dachte sie den Befehl an den Kon-
taktwald, sie zurtickzuversetzen nach
Vatucym, von wo sie zu ihm gekom-
men waren.

Afa-Hem?, dachte sie so intensiy,
wie sie nur konnte, als sich nichts tat.
Horst du mich? Wieso passiert nichts?

Sie erhielt keine Antwort mehr von
der ehemaligen Sprecherin.

Dafir fiihlte sie sich von einem fer-
nen Punkt angezogen, registrierte ei-
ne Gegenstation, einen Gegenpol, der
auf sie ansprach ...

... und sah die Umgebung um sich
herum erloschen, die letzten Bilder
von Kontaktwald 126 und des glei-
Benden Sternenhimmels, sah im Geis-

te die restlichen Sekunden ihrer Frist
herunterzihlen —in dem fast sicheren
Wissen, dass es am Ende doch zu spit
war.

11.

Sie schafften es. Sie fanden sich,
nach einem zeitlosen Augenblick des
Nichtseins, auf der Lichtung wieder,
auf der ihr Abenteuer begonnen hatte
—vor genau zwei Stunden und 59 Mi-
nuten.

Sie waren in allerletzter Sekunde
zurliickgekommen.

Daolagim hohen Moos der Zentra-
len Lichtung des Kontaktwalds von
Vatucym und sah, wie ihre Begleite-
rinnen ihr Gegengift nahmen. Es
wirkte unverziiglich und neutrali-
sierte innerhalb von Sekunden das
Gift in ihren Korpern.

Git-Ka-N’ida, Bel-Gin-D’es, Tan-
Tel-L'ur, Don-No-V’an, Arc-Tan-K’os
—ja selbst die junge Min-Da-N’or wa-
ren bereits mit dem Mittel versorgt
und gerettet.

Gar-Tan-L'ay hingegen starrte Dao
mit schreckgeweiteten Augen an.

»Warum habt ihr so lange gewartet?
Ich kann dir nicht in ein paar Sekun-
den die Kapsel herausoperieren!«

»Versuch es!«, herrschte Git-Ka sie
an. »Fang endlich an, sonst ist sie in
fiinf Sekunden tot!«

»Bist du wahnsinnig?«, fauchte die
Kartanin zuriick. »Sterben wird sie
sowieso — aber nicht von meiner
Hand!«

»Na schon.« Git-Ka-N’ida riss ih-
ren Strahler von der Hiifte und
schoss.

Dao-Lin-H’ay konnte nicht einmal
mehr aufschreien, als sich der miinz-
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dick gebtindelte Schuss in ihren
Brustkorb fral.

Beth Astromo empfing die Frauen
mit eisiger Miene. Er gab sich keine
Miihe, seine Abneigung zu verbergen,
und Git-Ka-N’ida sah ebenfalls kei-
nen Grund dazu.

Sie waren komplett gekommen und
vor dem Kommandeur angetreten —
die Heldinnen, die KOLTOROC tiber-
lebt hatten. Alle aufler Dao-Lin-
H’ay.

»Ich bedaure es, mehr. kann ich
dazu nicht sagen«, zwang sich der
Hauri. »Aber Dao-Lin-H’ay hat das
Risiko gekannt und auf. eigene
Faust gehandelt — gegen. meinen
Willen.«

»Schade, dass du nicht mehr zu sa-
gen hast«, befand die Staffelfiihrerin
reserviert. »Dao-Lin-H’ay hat ihr un-
sterbliches Leben fiir unseren Kampf
geopfert. In einem Augenblick, in
dem jede von uns anderen blind war
vor Panik und Entsetzen, als wir nur
daran denken konnten, unsere Infor-
mationen nach Hause zu bringen, hat
sie uns bewiesen, wofiir wir unseren
Kampf fihren: fiir das, was denkende
und fiihlende Wesen ausmacht. Lie-
be.«

»Es mag. besser so sein. Ihre Ge-
danken waren. merkwiirdig«, spottete
Beth Astromo. Der Hauri zog seine
Uniformkombination straff. »Euer
Bericht liegt mir vor, ich habe ihn stu-
diert und. werde ihn an die zustandi-
gen. Stellen im Sternenrat weiterlei-
ten. Die Terraner auf. dem groBen
Schiff haben ihn. ebenfalls bekom-
men und werden, sehr zu meinem Be-
dauern, hoffentlich bald abfliegen.

Gibt es. noch etwas, das. ihr mir zu
sagen hittet, bevor ihr euch wieder.
eurer eigentlichen Ausbildung wid-
met?«

»Dein Hochmut wird dir noch ver-
gehen, Beth Astromo, zischte Git-
Ka-N’ida.

»Hoch. mut? Unsinn! Ich bin. Rea-
list.« Der Kommandeur winkte sie
fort. »Ihr hingegen seid ...«

»Wir sind erschienen, um dir un-
seren Bericht abzuliefern. Hore: Kon-
taktwald Nummer 126 wird von
KOLTOROC oder seinen Dienern,
den String-Legaten, tatsachlich per-
manent tiberwacht. Eine Moglichkeit,
dort unbemerkt einzudringen, exis-
tiert nicht einmal dann, wenn para-
normale Abschirmung existiert. In
dieser Hinsicht war unsere Mission
ein Fehlschlag und eine Enttdu-
schung.«

»Ihr habt unsere. Sicherheit ge-
fahrdet«, sagte Beth Astromo und lief3
keinen Zweifel daran, dass in diesem
Satz das Wort absichtlich nur aus
Hoflichkeit fehlte.

Git-Ka-N‘ida lieB3 sich nicht beir-
ren. »Wir brauchen Informationen
uber die Lage rund um GLOIN TRAI-
TOR. Irgendetwas ist dort geschehen,
was KOLTOROC oder zumindest sei-
ne Diener in hochsten Aufruhr ver-
setzt hat.«

»Interessant. Wirklich. Und ich
nehme. an, dass ihr. es sein wollt, die
zu. GLOIN TRAITOR fliegen? Um
euch. anzuschlieBen?« Der Hauri
machte sich keine Miihe, sein Miss-
trauen zu verbergen..

»Du hast recht«, sagte die Staffel-
fiihrerin kalt. »So, wie die Dinge sich
fir uns darstellen, missen wir so
schnell wie moglich zum Kernwall
Hangay vorstoBen, um herauszufin-
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den, ob dort neue Ereignisse zu ver-
melden sind. Wir brauchen Klarheit
fur unseren gemeinsamen Kampf mit
den Bewohnern der Milchstrafe.«

»Das. durft ihr nicht. machen,
sagte Beth Astromo. »Ihr untersteht.
meinem. Befehl. Thr durft euch nicht
dem. Feind anschlieBen.«

»Das haben wir auch nicht vor,
Kommandeur. Aber wir werden die
Terraner begleiten. Das sind wir Dao-
Lin-H’ay schuldig. Gemeinsam wer-
den wir Hangay befreien.«

»Dao-Lin ist. tot!«, sagte der Kom-
mandeur. »Genau wie eure. Trau-
me.«

»Die Gertlichte tiber meinen Todx,
kam es vom Eingang des Biiros, »halte
ich gegenwartig fur tibertrieben.«

*

Beth Astromo trainierte im Fitness-
raum seines Wohnturms.

Er lieB dabei seiner Wut freien
Lauf.

Naturlich wollte er die Missge-
burten loswerden, aber nicht so. Sie
wurden sich mit KOLTOROC zusam-
mentun — vielleicht nicht sofort, aber
bald. Sie wiirden die NK Hangay ver-
lassen und einer wichtigen Waffe be-
rauben.

Begleiten wollten sie das fremde
Schiff! Es waren zwar nicht alle, aber
beinahe die Hialfte der Vibra-Staffel
— was fir ein Verlust an Prestige fiir
den Kommandeur!

SchlieBllich beendete er sein Trai-
ning und zog sich wieder an.

Gerade rechtzeitig.

»Sie kommen, horte er vom Kom-
mandierenden Offizier seiner Elite-
kampfeinheit. »Vom Kontaktwald.
Wir werden vor ihnen da sein.«

»Sind die Schiffe in Position?«,
fragte Astromo harsch.

»Die Trimarane sind gestartet und
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bereit, Kommandeur. Sie werden feu-
ern, wenn du es befiehlst.«

Ja, dachte er, das wiirden sie.

Niemand wiirde Gelegenheit erhal-
ten, die NK Hangay zu verraten. Der
Sieg des Chaos wiirde erst viele Jahr-
hunderte nach Astromos Tod stattfin-
den.

Er sah sie. Die Gleiter mit Dao-
Lin-H’ay, die noch der Pflege bedurf-
te, und den Staffel-Mitgliedern ka-
men in seine Sichtweite und schickten
sich an, bei der SZ-1 zu landen.

Aber da waren schon er und seine
Elitesoldaten.

Eine Stunde zuvor
im Kontaktwald

»Was versprichst du dir davon,
Dao-Lin?, fragte Git-Ka-N’ida.

Sie standen am Rand jener Lich-
tung, auf der sie zum ersten Mal die
Teleporterinnen gesehen hatte. »Du
quélst sie, das weilit du.«

Die Unsterbliche nickte ernst. »Ja,
vielleicht, aber Min-Da-N’or weil3,
dass wir das Experiment jederzeit
abbrechen konnen. Sie tut es mir zu
Gefallen. Ich bewundere sie und wer-
de nicht bose sein, wenn sie es nicht
mehr will.«

»Es kann nur aus ihrem Bauch her-
aus teleportiert sein«, seufzte die
Staffelfiihrerin, als sie die finf Frau-
en weiter beobachteten, die im Licht
der Sonne Vat in der Mitte der Lich-
tung standen und zu schweigen schie-
nen. Das tauschte jedoch, denn in
Wirklichkeit redeten Bel-Ga-D’es,
Arc-Tan-K’os, Don-No-V’an und
Tan-Tel-L'ur pausenlos leise auf die
Jiingere ein, die in ihrer Mitte stand,

den Kopf zum Boden gesenkt und mit
héngenden Schultern.

»Es ist das Kind einer Teleporterin
und eines Kartanin, der ebenfalls lan-
ge dem Vibra-Psi ausgesetzt gewesen
ist, auf einer der zentrumsnahen
Welten. Es tragt die Gene des Vibra-
Psi in sich und wird die Krafte der
Mutter noch tibertreffen.«

»Und als das im Mutterleib heran-
wachsende Kind die Gefahr spiirte, in
der wir uns befanden, ist es — geflo-
hen, meinst du? Einfach in Sicherheit
teleportiert?«

»Geflohen«, bestatigte die Esper.
»Vor KOLTOROC, als seine Mutter
an dessen Prasenz zu verderben
drohte.«

»Dann muss es irgendwo sein, Git-
Ka. Nur deshalb sind wir noch einmal
hier. Nur darum habe ich unsere Zeit
geopfert, auch wenn Don Kerk’radian
mir dafir den Kopf abreiflen wird.«

»Auch das tiberlebst du«, erwiderte
die Staffelfiihrerin, aber das Lachen
klang gezwungen.

Dao-Lin-H’ay trug einen Medo-
Panzer um den Oberkorper, der ihre
Wunde mit allem versorgte, was sie
zur weiteren Heilung benétigte. Es
war ein Wunder, dass sie tiberhaupt
schon allein und ohne Hilfe gehen
konnte, ebenso wie es ein Wunder
sein musste, dass sie Git-Kas Schuss
uberlebt hatte.

Die Anfiihrerin der Vibra-Staffel
hatte richtig gehandelt. Kein Arzt der
Welt und kein noch so schneller und
geschickter Roboter hétte ihr recht-
zeitig die Saurekapsel aus der Brust
operieren konnen, so, wie es geplant
gewesen war.

Git-Ka hatte das als Erste begriffen
und wie eine wirkliche Freundin ge-
handelt, rasch und verzweifelt. Sie
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hatte alles auf eine Karte gesetzt und
die Kapsel mit der Sdure durch einen
gezielten, gebiindelten Desintegra-
torschuss eliminiert. Nicht einmal ein
Tropfen der todlichen Siure hatte
Daos Korper angreifen kénnen.

Die Chancen, dass die Aktivator-
trégerin die Schussverletzung tiber-
lebte, stellten sich auch im Nachhin-
ein nicht als sehr gut dar. Thr Tod
ware viel wahrscheinlicher gewesen,
aber sie war schon immer zdh und
hart im Nehmen gewesen, und zwei-
tens konnten auch alle Spekulationen
nichts daran dndern, dass sie auch
diesen Kampf gewonnen hatten.

»Sie kommt«, sagte die Teleporte-
rin leise.

Min-Da-N’or wirkte gefasst, als sie
vor die beiden Frauen trat. Dao hass-
te sich fur das, was sie ihr antat, viel-
leicht antun musste. Sie héatte sie
nicht gequalt, wenn sie es nicht fiir
wirklich wichtig gehalten hétte.

»Wir hatten gehofft, du wiirdest
dich erinnern, wenn du in einer 4hn-
lichen Umgebung bist«, sagte sie so
sanft wie moglich. »Oder dass ... et-
was geschehen wiirde - irgendet-
was.«

»Nichts, Dao-Lin.« Sie schiittelte
traurig den Kopf. »Auch ich hatte auf
etwas Ahnliches gehofft. Das Kind,
das ich in meinem Leib trug, ist vor
KOLTOROC geflohen, indem es vor
der Zeit aus mir herausteleportierte.
Ich hoffe, dass es sich retten konnte
und leben kann - in der Kernzone.«

»Es ist unmoglich, dass es mit uns
zuriickgekommen ist?«, fragte Bel-
Gin. »Vielleicht haben wir es ja nur
nicht bemerkt. Moglicherweise kon-
nen wir es gar nicht sehen.«

»Aber wenn es vor KOLTOROC ge-
flohen ist«, meinte Git-Ka-N’ida

nachdenklich, »kann es kein Kind des
Chaos sein ...«

»Das ist es, worum es mir geht!«,
sagte die Unsterbliche leidenschaft-
lich. »Ihr verdankt eure Gaben dem
Vibra-Psi, sozusagen dem Atem des
Chaos. Ihr gehort aber weiterhin zu
uns, obwohl Beth Astromo und ande-
re Ewiggestrige das nicht so sehen
wollen. Fiir sie seid ihr Geschopfe des
Chaos und der neuen Physik in
Hangay.«

»Wir verdanken unsere Paragaben
zweifellos der neuen Physik«, gab
Git-Ka zu, »aber wir benutzen und
lenken sie mit unserem Geist, der zur
alten Ordnung gehort. Min-Das Kind
aber ist ...«

»... ein Kind zweier Welten!«, sagte
Dao. »Eine vo6llig neue Generation
mit ungleich mehr chaotischem Erb-
gut, als jede von euch besitzt. Ihr ver-
mogt die Strome des Chaos zu erfiih-
len und Schiffe zu steuern. Eure
Kinder werden sich vielleicht direkt
im Chaos bewegen konnen! Sie sind
die wirklichen Kinder zweier Welten,
konnen hier wie da existieren.«

»Dann sind sie dem Chaos ver-
pflichtet!«, sagte Don-No-V’an.
»Dann sind sie vielleicht unsere
Feinde und ...«

»Unsinn!«, fuhr Git-Ka sie an. »Das
Kind ist vor KOLTOROCS Ausstrah-
lung geflohen - hast du das verges-
sen?«

»Hort auf«, flehte Min-Da-N’or,
»bitte! Was immer es ist, es ist ein Teil
von mir und wird es immer blei-
ben ...«

Dao-Lin-H’ay nahm sie in den Arm
und trostete sie, als die Tranen aus ihr
herausbrachen und sie sich in Kramp-
fen schiittelte.

Kinder zweier Welten, dachte sie
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aber dabei. Eine vollig neue Schop-
fung. Auf den Planeten, die vom Cha-
os geschluckt wurden, wdchst eine
neue Natur heran, durch und durch
chaotisch und unberechenbar. Min-
Da-N’ors Kind aber ... wdre etwas
von hier gewesen und auch etwas von
dort ...

Eine kosmische Schimaire ...

Sie wartete noch ab, bis die junge
Kartanin sich gefasst hatte. Dann gab
sie das Zeichen zum Aufbruch. Nichts
hielt sie jetzt mehr auf Vatucym. Mit
Git-Ka-N’ida und ihren zwolf Beglei-
terinnen auf der SZ-1 wiirden sie
ESCHER finden ... und vermutlich
auch GLOIN TRAITOR - die Nadel
des Chaos.

Git-Ka-N’ida war nicht nur zum
Gefallen der Terraner und Dao-Lin-
H’ays bereit gewesen, das Ausbil-
dungszentrum mit einigen ihrer bes-
ten Frauen hinter sich zu lassen und
mit ihnen zu fliegen.

Sie waren Feuer und Flamme fir
die Aussicht, an Bord der SZ-1 als Pi-
lotinnen zu arbeiten.

An der Seite der Galaktiker sahen
sie weit mehr Sinn im Kampf gegen
TRAITOR, als dies bei der NK Hangay
momentan der Fall hitte sein kon-
nen.

Aber es blieb bei dem Wunsch.

Als die Gleiter sich dem Raumha-
fen anniherten, sahen sie bereits die
Kampffahrzeuge der Kansahariyya.
Beth Astromo!

Er stellte ein Ultimatum fur den
Abflug der SOL-Zelle-1. Und zwar
ohne die dreizehn Kartanin aus der
Vibra-Staffel.

Sollten Git-Ka-N’ida und ihre Ge-

fahrtinnen dennoch versuchen, sich
etwa durch Teleportation an Bord zu
begeben, wiirden die Waffen spre-
chen.

Notigenfalls, so drohte der Kom-
mandeur, wiirde er die restlichen ...
paranormal Begabten erschielen las-
sen, alle zehn Minuten eine. Er recht-
fertigte das durch eine Verschworung
der Staffel gegen die Neue Kansaha-
riyya.

»Er wiirde damit durchkommenc,
sagte die Unsterbliche, als sie sich
von den dreizehn Kartanin trennte.
»Geht zurlick, wohin ihr gehort. Es
wire gut gewesen, euch an Bord zu
haben, aber der Hauri blufft nicht. Er
wird euch niemals gehen lassen, wenn
er es nicht selbst befiehlt.«

Den Frauen blieb nichts anderes
ubrig. Sie bissen die Zahne zusam-
men, verabschiedeten sich personlich
und mit Handedruck von Dao und
wiinschten ihr und sich selbst, dass
sie GLOIN TRAITOR fanden und den
Kernwall Hangay endlich ausschal-
ten konnten.

Zuletzt nahm Dao von Min-Da-
N’or Abschied. Sie sahen einander
lange an, dann sagte die Jiingere: »Ich
werde oft an dich denken, Dao-Lin.
Was du fiir mich warst und fiir mich
getan hast. Und vielleicht ...«

»Ja?«, fragte die Unsterbliche.
»Was, Min-Da? Du redest von deinem
Kind. Hattest du schon einen Na-
men?«

»Tran-To-K’or!« anwortete Min-Da
wie aus der Pistole geschossen. »Das
hétte bedeutet — unerschrockener Ver-
steher. Ich wirde jetzt allerdings ei-
nen anderen Namen nehmen.«

»Und? Verratst du mir auch den?«

»Fah-Ban-S’oto —das heil}t ... Kind
zweier Welten ...«
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Dao packte sie noch einmal und »Du musst jetzt gehenc, flisterte
driickte sie ganz fest an sich. Min-Da. »Dein Freund wird schon
»Dein Kind lebt, Min-Da, ich weil ungeduldig.«
es genau. Ich spiire es. Es wird seine »Mein Freund?« Dao drehte sich um

Mutter suchen und finden. Glaub und sah Don Kerk’radian vor dem
daran, dann ist es schon halb Schiff stehen.
wahr.« Es gab Arbeit.

ENDE

Wie Dao-Lin-H’ay erfahren musste, sind die Auswirkungen des Vibra-Psi auf
Hangay nicht zu unterschdtzen. Genauso wenig wie KOLTOROC, der fiir den
Negasphdren-Feldzug Hangay verantwortliche Chaopressor der Terminalen
Kolonne.

Mit Band 2485 bleiben wir in Hangay, wechseln aber die Handlungstrdger: Im
Zentrum des Romans stehen Perry Rhodan und sein Sohn Kantiran, die end-
lich den Wall um Hangay durchbrechen wollen. Mehr dazu im Roman der
kommenden Woche, der von Arndt Ellmer geschrieben wurde und unter fol-
gendem Titel in den Zeitschriftenhandel kommt:
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TRAFITRON (1)

Der Begriff Trafitron ist keineswegs neu — erstmals
begegnete er uns im Zusammenhang mit den als
Lichtzelle umschriebenen Schiffen der Ritter der Tiefe:
»... du wirst in absehbarer Zeit die ZYFFO verlassen
und an Bord einer raumschiffséhnlichen Konstrukti-
on aus fiinfdimensional orientierter Formenergie ge-
hen. Dieser Flugkdrper tridgt den Namen PYE und
wurde bereits von deinem Vorgénger benutzt ...« [...]
»Nun gut«, meinte Zorg unzufrieden. »Berichte mir
alles, was du Gber die PYE weif3t.« — »Sje bezieht ihre
Energien mithilfe eines Hyperraumanzapfers«, er-
kldrte Donnermann. »An Bord werden die ankom-
menden Krdfte mithilfe eines Trafitron-Wandlers nutz-
bar gemacht. Du allein entscheidest, welche Grifle
und Form die PYE jeweils haben wird. Das richtet sich
allein nach der Art des Einsatzes.« (PR 885)

Canjot war mit der LEGUE, einer raumschiffsdhnlichen
Konstruktion aus fiinfdimensional orientierter Form-
energie, auf einem Trimmerbrocken gelandet und
wartete auf das Eintreffen des Ritters. Die LEGUE be-
zog ihre Energien mithilfe eines Hyperraumzapfers,
der die an Bord ankommenden Krdfte mithilfe eines
Trafitron-Wandlers nutzbar machte. Auf diese Weise
konnte Canjot bis zu einem gewissen Umfang dar-
ber entscheiden, welche Gréfle und Form die LEGUE
bei den jeweiligen Einsdtzen haben sollte. (PR 952)
Im Fall der JULES VERNE haben die Metalaufer nun
insgesamt 144 »sonderbare Kugeln« installiert — je
48 in den Kugelzellen und im Mittelteil. Perfekt ge-
formte, halb transparente Gebilde von jeweils exakt
8,56 Metern Durchmesser, die allesamt schwerelos in
unregelmafiger Verteilung in diversen Hallen schwe-
ben und deren graue Oberflache an »gebirstetes
Aluminium« erinnert, cbwohl es sich bei dem Material
vermutlich um stabile Materieprojektionen handelt.
Die von den Hyperzapfern gelieferte UHF- und SHF-
Energie wird in diesen Trafitron-Wandlern als Psi-Ma-
terie gespeichert und kann auf zweifache Weise ge-
nutzt werden—mit Werten, die unter den Bedingungen
der erhdhten Hyperimpedanz fiir terranische Aggre-
gate unerreichbar sind:

Erstens: beim Trafitron-Sublicht-Antrieb (kurz: TS-An-
trieb, auch: TS-Beschleunigung), der als Standard-Be-
schleunigung 1230 Kilometer pro Sekundenquadrat
ermoglicht, dessen Maximalwert aber (noch) unbe-
kanntist.

Zweitens: beim Trafitron-Uberlicht-Antrieb — umschrie-
ben als Trafitron-Modus —, fir den eine Mindestein-

trittsgeschwindigkeit von nur 25 Prozent der Lichtge-
schwindigkeit oder rund ?5.000 Kilometern pro
Sekunde ausreicht. Die Versuche mit »gelfster«
Handbremse (wenngleich keineswegs mit Maxi-
mum!) ergaben bereits einen erreichbaren Uberlicht-
faktor von 250 Millionen — gleichbedeutend mit einer
Geschwindigkeit von 7,92 Lichtjahren pro Sekunde
oder 28.518,5 Lichtjahren pro Stunde. Wie viel »Luft
nach oben« bis zum tatsachlichen Maximum offen
ist, wird sich erst noch herausstellen missen.
Vorlaufig haben Wissenschaftler und Ingenieure oh-
nehin genligend damitzu tun, hinter die Geheimnisse
des Antriebsprinzips zu kommen. Ein erster Erkla-
rungsansatz flr die TS-Beschleunigung geht davon
aus, dass die Basis eine unsichtbare »hyperphysika-
lische Sphare« von passiver Natur ist, »in deren Hil-
le« auf Hyperraumniveau der »Antriebsfokus« proji-
ziert wird, welcher die Sphare punktuell aufreifit. Im
zweiten Schritt emittiert sie durch das »Loch« ihren
hyperenergetischen Inhalt — verbunden mit einem
»hyperphysikalischen Riickstofleffekt«, der die
JULES VERNE beschleunigt (genau wie ein sich lee-
render Luftballon]. Um diesen Schub tber langere
Zeit aufrechtzuerhalten, ist es notwendig, dass die
Sphére permanent mit Hyperenergie »aufgepumpt«
wird.
Das Prinzip gleicht somit durchaus den Marasan-Hy-
perdim-Triebwerken von Phasrike-Erigon in der AR-
CHETIM-Vergangenheit. In Verbindung mit Messwerten
kénnen also die in NEMO gespeicherten Informati-
onen aus der Vergangenheit zum grundlegenden Ver-
standnis beitragen. Firr den Betrieb reicht sogar eine
minimale Fillung der Trafitron-Wandler beziehungs-
weise der bei Dauerzapfung aus dem Psionischen
Netz gewonnene Anteil flir nahezu »beliebig haufige«
Beschleunigungen und Abbremsungen. Einschran-
kendes Manko ist der mit dem hohen Energiedurch-
satz verbundene Verschleifl und gegebenenfalls eine
Hyperkristall-Auslaugung — wobei davon ausgegan-
gen wird, dass die Metalaufer in den Trafitron-Wand-
lern die »Evolux-Aquivalente« von Howalkrit und
Salkrit verwendet haben.
Da es letztlich keinen »Verschleif3 null« gibt, hat so-
gar der Trafitron-Sublicht-Antrieb eine maximale Be-
triebsdauer. Diese wird zwar so schnell nicht erreicht
werden, aber irgendwann ist dennoch Schluss —und
eine Reparatur mit eigenen Mitteln nicht méglich!
Rainer Castor
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L ESERKONTAKTSEITE

Liebe Perry Rhodan-Freunde,

jedes Mal, wenn ich mich mit dem aktuellen Thema in
oder um Hangay befasse, kommt mir die 5. Auflage
unserer Serie in den Sinn, die derzeit mit dem Tarkan-
Zyklus an den Kiosken liegt. Darin schildern wir den
Kampf vieler Volker Hangays gegen den Herrn
Heptamer und seine Firsten, aber auch die Verset-
zung Hangays aus Tarkan in unser Universum. Perry
Rhodan und seine Gefahrten erfahren Wichtiges tiber
Kosmonukleotide wie DORIFER und Gber Superintelli-
genzen wie ESTARTU. Und sie machen Bekanntschaft
mit dem Hexameron, insbesondere mit Afu-Metem,
dem Firsten des Feuers. In diesen Romanen haben
wir ebenso wie im Chronofossilienzyklus die Grund-
steine fur die aktuelle Auseinandersetzung mit den
Chaosmachten gelegt.

Mehr will ich an dieser Stelle nicht verraten. Seht
selbst, wie das ist, wenn Perry oder ATLAN plotzlich
das Kosmonukleotid DORIFER von innen erlebt oder
wenn sie herausfinden, was es mit den Benguel und
Juatafu auf sich hat.

Eines kannich allerdings schon verraten, namlich wie
man zum wichtigsten Con des Jahres kommt:

Vom 17. bis 19. Juli 2009 findet im Biirgerhaus in Gar-
ching bei Miinchen der GarchingCon 8 statt. Erwird im
Rahmen der 15. Garchinger Weltraumtage veranstal-
tet, die vom Archiv der Astronomie- und Raumfahrt-
Philatelie e.V. ausgerichtet werden. Organisiert wird
der GarchingCon 8 vom Perry Rhodan-Stammtisch
»Ernst Ellert« Minchen und dem Perry Rhodan On-
line Club e.V.

Wie auch bei den letzten GarchingCons werden wieder
viele Autoren, Kiinstler und Redakteure der deutschen
SF-Szene und natirlich viele Fans im Biirgerhaus er-
wartet. Das interessante Con-Programm wird ein
breites Spektrum zu PERRY RHODAN, ATLAN und wei-
teren Serien und Einzelausgaben bieten.

Beim GarchingCon 2009 wird der zeitgleich erschei-
nende PERRY RHODAN-Jubildumsband Nr. 2500 im
Mittelpunkt stehen.

Ausfihrliche Informationen findet ihr auf der Home-
page der Veranstalter: www.garching-con.net

Autoren Geburtstag im April

9. April: Frank Borsch (43)

Riickblicke

Gerrit Schirrmeister, apostel?5@web.de
Nach flinf Jahren ist es wieder so weit. Ich lese PERRY

RHODAN. Dass ich wieder anfing, da kénnt ihr euch bei
meinem Vater und meinem Bruder bedanken, die
nicht mide wurden, mir von der derzeitigen Handlung
vorzuschwarmen.

Ich hatte damals einfach die Lust verloren und mich
auf andere Biicher gestiirzt. Tad Williams war ein wil-
liges Opfer, und ich konnte den meiner Meinung nach
besten Mittelalterroman Gberhaupt lesen: »Die Saulen
der Erde<« von Ken Follett. Sehr empfehlenswert. Den
»Herr der Ringe« habe ich dreimal durchgeackert,
trotzdem komme ich nicht von euch los.

Spekulieren brauche ich nicht, was die derzeitige
Handlung betrifft, da ich bei Band 2200 wieder ange-
fangen habe und derzeit bei 2220 bin.

Auf eurer Homepage musste ich dann eine schwer
verdauliche Nachricht lesen. Ernst ist verstorben. Ich
will keine alte oder immer noch offene Wunde aufrei-
3en, aber es ist mir ein Bedurfnis, seiner Familie und
auch euch mein tiefst empfundenes Beileid auszu-
sprechen. Lange war er dabei, und viel, sehrviel hat er
fir die Serie getan. Er wird mir fehlen, ich habe ihn
immer sehr gern gelesen.

Wie gesagt, ich bin wieder dabei. Band 2500 steht in
diesem Jahr vor der Tir, und man darf gespannt sein,
was noch kommt.

Bald wird Perry 50, und es keimt in mir die leise Hoff-
nung auf einen Weltcon zum 50. Gibt es da etwas zu
vermelden? Ich denke, dass ich dann dorthin kom-
men werde wie damals nach Mainz zum Erscheinen
von Band 2000.

Willkommen zuriick an Bord! Ich darf ohne zu (ber-
treiben sagen: Alle Leser, die zwischendurch ausge-
stiegen und in letzter Zeit wieder zur Serie gestofien
sind, haben freimiitig bekannt, dass die Pause ein
Fehler war. Aber mit dem Lesen ist es wie mit vielen
anderen Dingen. Wenn es 365 Tage im Jahr zu Mittag
Kartoffeln mit Spinat und Spiegelei gibt, tapeziert
man irgendwann die Wénde damit. Ubersdttigung
nennt sich das.

Du bist gerade rechtzeitig zurtickgekehrt. Im Juli fin-
detin Garching bei Miinchen der Con zum Band 2500
statt, siehe auch das Vorwort dieser LKS. Und fiir das
Fiinfzigjéhrige in zwei Jahren bereiten wir einen Welt-
con vor.

Griif3e Vater und Bruder von mir. Sie haben gut daran
getan, nicht lockerzulassen.

Deine Beleidsbekundung zu Ernsts Tod haben wir an
die Witwe und die Séhne von Ernst weitergeleitet.
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Dominic Stingl, stingl@zedat.fu-berlin.de

Nach einiger Zeit kommen wieder mal ein paar kurze
Zeilen von mir. Anlass ist die Tatsache, dass ich gerade
am Umraumen bin und mir die Hefte um »Karthagos
Fall«in die Hande geraten sind. Dabei fiel mir auf, dass
ich die Arkoniden-Invasion eigentlich sehr gelungen
fand. Ein technisch und zivilisatorisch ungefahr
gleichwertiger Gegner bedroht Terra und nimmt dieses
schliefilich durch List und Intrige ein.

Anschlieflend bekommen wir eine sehrinnovative Form
des Widerstandes geschildert: den zivilen Ungehorsam.
Die Terraner liefern sich ein Psycho-Duell mit den arko-
nidischen Besatzern und planen im Untergrund.

Alles sehr schén und vor allem ohne héhere Machte
im Hintergrund, ohne Magiewaffen oder Bemerkungen
Uber den Korpergeruch von Arkoniden. Ein Duell auf
Augenhdhe.

Fir mich ist das wesentlich spannender als zehnmal
MATERIA, Inquisition der Vernunft, Mundgeruch-Kybb
oder aktuell 5,6 Milliarden Traitanks. Auch SEELEN-
QUELL hielt sichin dieser Handlungsebene angenehm
zurlick.

Wie ware es denn fiir einen der ndchsten Zyklen mit
einem in der Milchstrafle auftauchenden Volk, das aus
seiner Galaxie vor der Terminalen Kolonne fliehen
musste und nun in der MilchstraBe strandet? Nat{r-
lich kommt es zu Konflikten mit Terranern, Arkoniden
usw. um Ressourcen und Territorien.

Bostich hat dann halt mal schlechte Laune, und schon
kommt es zum Konflikt.

Die Idee mit einem fremden Volk, das vor TRAITOR flie-
hen musste, ist nicht schlecht. Allerdings gebe ich
Folgendes zu bedenken: Wie weit ist die nédchste Ne-
gasphdren-Baustelle entfernt? Die erhéhte Hyperim-
pedanz fiihrt ja dazu, dass Reisen (ber weite Entfer-
nungen ziemlich lange dauern. £s wére schon ein
extrem zufdlliger Zufall, wenn ausgerechnet dann
solcher Besuch hier eintrifft, als auch die Terminale
Kolonne ihre Aufwartung macht.

Aktuelles und Paradiesisches

Adrian Kuhnke, adrian.kuhnke@iserv-gis.de

Hallo, Freunde! Zuallererst was zu meiner Person. Ich
bin Schiiler, deswegen habe ich nur wenig Zeit zum
Lesen. Die freie Zeit verbringe ich aber gern mit dem
neuesten PR. Ich verfolge die PR-Romane erst seit
Nummer 2465, bin also noch ein ziemlicher Neuling
im Perryversum.

Nach dem ersten Roman, den ich gelesen habe, war
ich total begeistert. Nun ist es an der Zeit, ein Lob in
der Grofle des Solsystems auszusprechen, denn ich
lese auch viele andere Romane im Bereich SF. Jeder
zweite ist meistens nicht nach meinem Geschmack,
aber bei PR ist das nicht so, da ist (fast] jeder Roman
sehr gelungen.

Die Cover sind bisher immer atemberaubend, die In-
nenillustration von Nummer 2465 ist wirklich super.
Blof3 manchmal wirken die lllustrationen etwas zu
dunkel.

Die Person des Pan Greystat ist mir sehr ans Herz ge-
wachsen, deswegen betrauere ich seinen Tod sehr.
Die Romane 2465, 2466 und 2468 sind die besten.
Grof3es Lob von mir an Hubert Haensel, Michael Mar-
cus Thurner und Uwe Anton.

Gibt es von Perry Rhodan eigentlich einen Newslet-
ter?

Prima, dass du zu uns gestofen bist und dir die Ro-
mane gefallen.

&s gibt einen Newsletter bei PR, der kommt monatlich
und nennt sich Info-Transmitter. Den kannst du unter
www.infotransmitter.de bestellen. Schau auch auf
der Hauptseite unserer Homepage in die Sparte News
rein, da stehen immer die brandheifien und aktuellen
Sachen.

Jan Schletter, thundercat?5@web.de

Schone Gruf3e aus New Zealand. Jetzt bin ich schon
sieben Wochen auf PR-Entzug und freue mich darauf,
das Verpasste nachzuholen.

Der Grund, warum ich mich melde, ist mein Verdacht,
dass das Ende der Terminalen Kolonne durch Verrat
aus den eigenen Reihen eingeleitet wird. Da Traitor ja
das englische Wort fiir Verrater ist, liege ich nicht mal
so falsch, wie ich gerade in der Liste meiner verpass-
ten Hefte sehe (»Verrat auf Crult«).

Na ja, wie auch immer, alles Gute vom Nordlicht in der
Ferne. Der Sternenhimmel hier im Stden ist einfach
fantastisch.

Du Gliicklicher hast in Neuseeland Sommer, wihrend
wir hier schon wieder am Schneeschippen sind.

Die Terminale Kolonne ist fast unendlich grof3. Neue
Abschnitte tauchen unerwartet aus anderen Teilen
des Universums oder gar aus anderen Universen auf.
Mit anderen Worten, es kann kein Ende der Terminalen
Kolonne geben. Was das fiir die Lokale Gruppe bedeu-
tet, bleibt abzuwarten.

Fiirldngere Auslandsaufenthalte empfehle ich dir, die
aktuellen Romane als €-Book zu besorgen. Setz dich
doch mal mit Anbietern wie www.readersplanet.de in
Verbindung, ob sie auch Kurzabos fir ein, zwei Mo-
nate anbieten.

Auch die Zeilen unseres nédchsten Lesers befassen
sich mit dem Paradies. Allerdings auf andere Art und
Weise.

Christian Spies, christian.spies@t-online.de

Noch ein knappes halbes Jahr bis zum Jubilaum, aber
bei mirwill sich keine Vorfreude einstellen. Ich fiirchte
die Vertreibung aus meinem Leseparadies und glau-
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be, vom Zyklus ab Band 2500 ahnlich gelangweilt und
genervt zu werden wie von der ersten Halfte des
»Sternenozeans«.

Ich lese PERRY RHODAN, weil dort das ganz grof3e kos-
mische Rad gedreht wird. Ich bin ein Fan der Serie
wegen des kosmologischen Uberbaus und der Gala-
xien Ubergreifenden Handlung. Beide Vorlieben wer-
den in der laufenden Handlung bestens bedient. (Das
Fehlen dieser Elemente ist auch der Grund, warum ich
aus PR-Action ausgestiegen bin.)

So, wie ich die Vorschau auf den nachsten Zyklus in-
terpretiere, liegt mindestens ein Schwerpunkt auf den
Abenteuern einer argerlichen Gruppe von Verpissern,
die ihre nahere kosmische Umgebung erkunden. We-
der kann ich mich mit der Geisteshaltung der neuen
Menschheit in den Fernen Statten anfreunden, noch
interessieren mich die Geheimnisse eines Kugelstern-
haufens, wenn es auf der anderen Seite die durch
TRAITOR verwistete Lokale Gruppe wieder aufzubau-
en gilt.

Ich wiirde mich freuen, wenn in naher Zukunft eine Vor-
schau auch auf die (hoffentlich vorhandenen) anderen
Schauplatze des nachsten Zyklus eingeht und mir wie-
der Hoffnung und Vorfreude auf Band 2500 macht. Gibt
es noch Hoffnung auf gute Unterhaltung flr den tech-
nokratischen Gigantomanen unter den Lesern?

Mein Rat: Lass dir durch schwarzseherische Progno-
sen (ber die Zukunft — selbst wenn sie von dir selbst
stammen — nicht den Genuss der letzten 25 Romane
dieses Zyklus verderben.

Entsprechend der aktuellen Heftnummer wird es
noch eine Weile dauern, bis wir die Ausblicke und An-
kindigungen fiir den neuen Zyklus publizieren. Da-
zwischen liegt die Autorenkonferenz Anfang April,
und dort haben wir ziemlich viel Arbeit vor uns.

Dir wiinschen wir viel Spaf3 mit den aktuellen Roma-
nen und Geschick beim Daumendriicken, was die
Handlung nach 2500 angeht.

Michael Wicha, michael.wicha@visum-express.de
Nehmt mir blof3 Roi Danton nicht weg! Gerade wird er
mal wieder richtig gut.

Den Zusammenhang von Ahandaba, Stardust und den
anderen Niederlassungen méchte ich auf alle Falle
noch erfahren.

Seit 1971 und dem Paramag-Zyklus bin ich dabei. Der
Sense of Wonder sollte im Rahmen bewahrt werden.
Werdet nicht Gbermiitig, manches geht mittlerweile
zu schnell.

Spekulationen

Bernd Janik, 30a@berndjanik.de

Normalerweise melde ich mich ja meist zum Zyklus-
ende zu Wort. Diesmal eher, weil ich mich auch malan
einer Spekulation beteiligen méchte.

Der TERRANOVA-Negaspharen-Zyklus ist fiir mich bis-
lang der Hohepunkt der PR-Serie. Zwar fehlen etwas
die absoluten Highlights unter den einzelnen Roma-
nen, dafiir sind aber eine sehr hohe Anzahl guter Ro-
mane dabei.

Dieser Zyklus verlangt nach einem voéllig anderen En-
de als bisher. lhr wiirdet mich extrem enttauschen,
wenn es ein Ende nach dem Motto gabe: Retroversion
gegliickt, TRAITOR zieht frustriert ab, alles wieder in
Butter.

Ab 2500 soll es ja gewissermaflen einen Neustart der
Serie geben, der laufende Zyklus sollte so beendet
werden, als wenn die PR-Serie abgeschlossen wiirde.
Hier meine, zugegeben, ziemlich radikale Version.
Hangay:

Atlan und Co. gelingt es mit Unterstiitzung von CHEOS-
TAl, eine Bresche in den Grenzwall zu schlagen. Der
Nukleus dringt bis zu KOLTOROC vor. Er ist aber nur der
Psi-Anker fir den Transfer von ARCHETIMS Leichnam.
Die gigantische Masse von ARCHETIMS Psi-Materie
wird zur Explosion gebracht und vernichtet neben
KOLTOROC sowohl den Nukleus als auch ESCHER.
Damit nicht genug. Das Schwarze Loch im Zentrum
von Hangay kollabiert. Die gravitationalen Strukturen
von Hangay beginnen sich aufzuldsen. Die Negaspha-
re wurde zwar verhindert, aber Hangay ist auch verlo-
ren. Die SOL und die JULES VERNE kénnen aufgrund
einer rechtzeitigen Warnung des Nukleus entkom-
men.

Die SOL bleibt mit Tekener in der sterbenden Galaxis
Hangay zurlick und dient fiir die Zukunft bis auf Wei-
teres als Fahre, um so viele Bewohner wie méglich
nach Andromeda zu evakuieren.

PR und Atlan kehren mit der JULESVERNE in die Milch-
strafle zurlick.

Milchstrafle:

Kirmizz hat das Kommando tiber die Streitkrafte TRAI-
TORS ibernommen und kennt nur ein Ziel: die Vollen-
dung VULTAPHERS. Mithilfe des bereits teilweise fer-
tiggestellten Chaotenders gelingt es Kirmizz, in der
Nahe des galaktischen Zentrums ein ratselhaftes Ob-
jekt zu lokalisieren —den von den Kosmokraten deak-
tivierten, aber nie abgezogenen Galaxienztinder.
Kirmizz will dieses Objekt unschadlich machen, denn
dessen Ziindung konnte die Fertigstellung VULTA-
PHERS erschweren. Roi Danton gelingt es, mit der
DARK GHOUL die Spur VULTAPHERS zu verfolgen, und
er findet so ebenfalls das ratselhafte Objekt, das Ge-
genstand des Interesses von Kirmizz ist. Er erkennt
jedoch nicht dessen wahre Natur.

Wahrend Kirmizz versucht, den Galaxienztnder un-
schadlich zu machen, dringt Danton in dessen Kom-
mandobereich vor. Gerade als Danton erkennt, um
was fiir ein Objekt es sich handelt, schlagt Kirmizz mit
VULTAPHER zu. Dabei wird Danton getdtet, nicht je-
doch der Galaxienzlinder zerstort. Die Schockwelle,
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die beim Verwehen von Dantons Zellaktivator ent-
steht, I6st die Sperre des Ziinders.

Danton wird damit endgdiltig zum tragischen Helden.
Vorprogrammierte Routinen laufen an und erkennen
den Chaotender, leiten daraufhin den Ziindvorgang
ein. In der Art eines Hyperinmestrons werden umlie-
gende Sonnen zu Antisonnen umgepolt, ein sich
selbstin einer Kettenreaktion mit Uberlichtgeschwin-
digkeit fortsetzender, nicht zu stoppender Prozess.
VULTAPHER kann sich absetzen, wahrend aus dem
Zentrum der Galaxis die ansteckende Welle der Son-
nenexplosionen ihren Anfang nimmt. Zentrumsnahe
Zivilisationen haben keine Chance, den Sonnensyste-
menin den Spiralarmen bleibt jedoch eine Gnadenfrist
von ein paar Jahren. Ausgewahlte Planeten stellt Kir-
mizz vor die Wahl: Einstellung ihres Widerstandes
gegen die Umwandlung in Kabinette, und damit Uber-
leben in VULTAPHER unter seiner Herrschaft, oder der
unaufhaltsame Untergang.

Keine Frage, wie bei dieser Alternative die Entschei-
dung ausfallt. Ironie des Schicksals: Ein Instrument
der Kosmokraten vernichtet die Zukunft der Galakti-
ker, wahrend der Chaotender zu einer galaktischen
Arche Noah wird.

Kirmizz hat es damit gar nicht nétig, mit VULTAPHER
den TERRANOVA-Schirm zu knacken. Das Solsystem
wirde trotz des TERRANOVA-Schirms das galaktische
Inferno nicht Gberstehen, zumal kein weiterer Salkrit-
nachschub mehr zur Verfligung steht.

Die Mehrheit der Menschen im Solsystem will von den
Unsterblichen um Perry Rhodan nichts mehr wissen.
Perry, seelisch schwer gezeichnet, weil sein gesamtes
Lebenswerk vernichtet wurde, verlasst mit der JULES
VERNE —dem einzigen terranischen Schiff mit nahezu

unbegrenzter Reichweite — das Solsystem und geht
auf die Suche nach dem Stardust-System.

Reginald Bull geht in den Untergrund und macht die
Kabinettisierung von Erde und Mond mit.

Atlan und Tifflor mit der terranischen Flotte, Monkey
mit der TRAJAN sowie Bostich mit der arkonidischen
Flotte entziehen sich dem Zugriff von Kirmizz. Mitun-
zahligen galaktischen Fliichtlingen an Bord wagen sie
den Sprung durch die Sonnentransmitter Richtung
Andromeda, bevor die Sonnen durch die Galaxienzin-
dung vergehen.

Perspektive: Unter Atlans Flihrung versuchen sich die
Galaktiker in Andromeda friedlich zu integrieren. At-
lans Vision: Die Nachfahren der lemurischen Men-
schenstamme verschmelzen in Andromeda im Laufe
der Jahrhunderte zu einer neuen Menschheit in fried-
licher Koexistenz.

Und Bostich? Sein Ziel ist es, im Laufe von Jahrhun-
derten die Herrschaft Giber Andromeda zu erlangen,
als neuer Meister der Insel.

Musst du immer alles im Voraus verraten? Na gut,
vielleicht besteht ja noch Hoffnung. Denn: Wie soll
Perry das Universum erben, wenn du es vorher ka-
puttmachst?

Mit Band 22 erschien der erste PR-Action-Roman aus
der Feder von Hermann Ritter, den ihr als Betreuer der
PR-Clubnachrichten kennt, die alle vier Wochen in den
PR-Heften erscheinen. PERRY RHODAN-Kommunikator
Bjorn Berenz fiihrte ein Interview mit dem Autor, das
ausgesprochen lesenswertist. lhrfindet es auf unserer
Homepage unter den News vom 9. Februar 2009.

Zu den Sternen! e Euer Arndt Ellmer ¢ VPM e Postfach 2352 ¢ 76413 Rastatt ® mail@Perry-Rhodan.net

Diese Woche in der 5. Auflage: PERRY RHODAN, Heft 1382/1383,

mit den Titeln:

Band 1382 — K. H. Scheer
Das Siegeszeugnis
Brickenkopf auf Zerenghaa — ein Robotheer wird umprogrammiert

Band 1383 — H. G. Ewers
Todeskommando Paghal
lhr Leben ist nichts wert — der Wei3e Planet entpuppt sich als Falle

verdffentlicht.
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_ TPerryRhodan

Ewiger Gartner

Der etwa zwei Meter grofie, humanoide Orrien Alar dh-
nelt einem Golem aus Lehm mit Kristallaugen und der
Gabe, gewissermaflen mit der Natur zu verschmelzen.
Er war der Ewige Gartner des Doms Rogan auf dem Pla-
neten Tan-Jamondi Il, verlief3 diesen aber gemeinsam
mit der Ahandaba-Karawane der Schutzherrin Carya
Andaxi.

Der»Ewige Gartner« existiert »schon immer<«und wird
wohl tatsachlich ewig leben, da er aus seiner sterbenden
Kérperhiille jeweils wieder neu herauswachst und dabei
das angesammelte Wissen Gibernimmt.

Seine Loyalitat gilt den Schildwachen und Schutzherren,
wobei er seine Aufgabe — die Pflege der Griinanlagen des
Domes Rogan — mit liebvoller Hingabe und Zuriickhal-
tung versieht. Diese wurde schwieriger, als die Kybb den
Dom und dessen wichtigen Bestandteil Uralt Trumm-
stam in der Blutnacht von Barinx vernichteten. Alar be-
gab sichin den benachbarten Wald und beobachtete von
dort aus das Geschehen Uber Jahrtausende, bis Perry
Rhodan auf Tan-Jamondi Il landete, um nach dem Ver-
bleib des Paragonkreuzes zu forschen.

Hexameron

Das Hexameron war eine wichtige Organisation im Uni-
versum Tarkan und arbeitete auf den Warmetod dieses
Universums hin, um spater nach dem zwangslaufig fol-
genden neuen Urknall als erste und starkste Macht das
neue Tarkan zu beherrschen. Es bestand aus einem An-
flhrer, dem Herrn Heptamer, dessen sechs Firsten und
einigen Hilfsvélkern, von denen die Hauri das in Hangay
verbreitetste waren. Hangay gehdrte damals zur Méach-
tigkeitsballung Aysel und lag im Einflussbereich des
Kosmonukleotids DORIFER.

Hinter dem Herrn Heptamer verbarg sich Ahoani Sirixim,
der friihere Herrscher der Nachbargalaxis Shera Naar,
der durch die Macht des Chaotarchen Xpomul iber den
ganzen Galaxienhaufen Eshraa Maghaasu (Zwanzig-
statten) herrschte.

Von seinen Firsten gab es jeweils drei Firsten der Star-
ke und drei Fiirsten des Glaubens: Die Firsten der Star-
ke waren Afu-Metem (Fiirst des Feuers, Herrscher
Hangays), Nirvan-Metem (Frst der Weltenflut, Herr-
scher einer Galaxis auf3erhalb der Machtigkeitsballung
Aysel) und Singhal-Metem (First des Sturmes, Herr-
scher der Galaxie Evaduur in der Méachtigkeitsballung
Aysel). Zu den Fiirsten des Glaubens zéhlten Assu-Letel
(Fiirst der Reinheit; friiherer Herrscher Hangays vor Afu-
Metem, nach dem Machtwechsel Herrscher einer Gala-
xis aufBerhalb der Machtigkeitsballung Aysel), Oltan-Le-
tel (Fiirst der Anbetung, Herrscher der Galaxis Ralpad
Singh in der Machtigkeitsballung Aysel] und Kashgal-
Letel (First des Dogmas, Herrscher der Galaxie Verdan
in der Machtigkeitsballung Aysel).

Das Hexameron ging vor 12 Millionen Jahren aus einem
Verbund von Sieben Machtigen in Tarkan hervor. Diese
Machtigen schlossen sich nach der Erkenntnis der Sinn-
losigkeit ihres Tuns angesichts des fiir unsterbliche
Wesen nahe bevorstehenden Kollapses von Tarkan dem
Chaotarchen Xpomulan. In dessen Dienst taten sie alles,
um den Warmetod Tarkans zu forcieren, den sie in die
Religion der Sechs Tage kleideten. Vor mehr als 50.000
Jahren erreichte jedoch ein interuniverseller Hilferuf der
Bewohner Hangays die Superintelligenz ESTARTU im
Standarduniversum, woraufhin diese sich auf den Weg
nach Tarkan machte, um den Bedrohten zu helfen. Doch
ESTARTU unterlag im Kampf gegen das Hexameron und
galt so lange als tot, bis Atlan und Perry Rhodan als
Katalysatoren dann ihre Wiedergeburt herbeifiihrten
(448 NGZ).

Afu-Metem fand kurz zuvor durch Perry Rhodan den Tod,
als er versuchte, der Tarkanflotte der Galaktiker eine
Falle zu stellen. Assu-Letel hatte sich schon zuvor ins
Standarduniversum begeben, um von dort aus gegen
den Galaxientransfer von Hangay zu agieren. Nachdem
dieser Plan misslungen und er in einem fir ihn fremden
Universum gestrandet war, schloss er zunachst ein
Zweckbiindnis mit dem Kosmokraten Taurec; er starb
1170 NGZ auf Gropnor, dem vierten Planeten der Sonne
Noschosch. Die restlichen vier Flrsten starben durch
den Herrn Heptamer, und dieser fand den Tod durch Xpo-
mul selbst, nachdem er vergeblich den Verlust Hangays
auszugleichen versucht hatte.

Paratau

Paratau (oder poetischer: Trdnen N'jalas) wurden die —
psionisch aufgeladenen — Ausscheidungen der Noctur-
nen von Fornax genannt, die im Weltraum zu kleinen
Kigelchen kondensierten. Die Nocturnen schieden auf
diese Weise »unverdauliche« ultrafrequente Anteile an
Hyperstrahlung, ihrer Hauptnahrung, aus. Paratau be-
stand aus halb stofflicher, farbloser, leuchtender Psi-Ma-
terie und wurde von den Kartanin als Psichogon zur
Aktivierung ihrer Psi-Fahigkeiten eingesetzt.

Der Paratau kam ausschliefilich zwischen 50.027 v. Chr.
und 447 NGZ im Einflussbereich des Kosmonukleotids
DORIFER vor, weil das Kosmonukleotid die Psi-Konstante
in diesem Zeitraum erhoht hatte. Ausgeldst wurde die
Anhebung u. a. durch den interuniversellen Transport
der NARGA SANT; 447 NGZ nahm DORIFER diese Anhe-
bung wieder zurtick, nachdem Hangay aus dem Univer-
sum Tarkan doch ins Standarduniversum geholt wurde.
Die Gefahr des Parataus bestand darin, dass er unter
bestimmten Umsténden, vor allem ab einer gewissen
Masse-Konzentration, zur spontanen Deflagration
neigte, die ihrerseits gewaltige Psi-Stirme hervorrufen
konnte. Lebewesen wurden dadurch in den Wahnsinn
getrieben.









