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What is a pipeline?

For the purposesof this paper,a pipeline is a metaphor for a seriesof tasksor operationsthat run in sequenceln
their most abstractform, pipelinesaremadeup of pipes.Thesepipescanbe tasks,processesactions,etc. Eachpipe
hasaninput, amiddle, and an output. The middle definition really dependson the context in which the pipeline
exists.

Figure 1. What is a pipe and what is a pipeline?

For the moment, pretendthe pipe is arealwater pipe. This pipe might simply let water flow from one sideto the
other. Alternatively, the pipe could havea largefunnel systemat the input that actually collectsfallen rain water,
andon the output sidethere could be abucket. Rain waterwould roll down the pipe anddrip out of the other end
into the bucket for collection. We would then define this pipe with a name and possiblya description; the name
could berain water pipe andour descriptiona pipe that collects rainwater and drops it in a bucket. This is
the most basicpipe-- somethingwith an input and an output that hassomethingflowing through it. The middle

always exists, but may not have a function.
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Figure 2. Rain water pipe

We could add a heatedmiddle sectionto this rain water pipe, soasthe rainwaterrolls down the pipe it is gently
heated.The addition of this feature makesit a different pipe, so we should renameit and changeits description.
With multiple pipes, it is possibleto put them togetherin a preferred sequenceto createnew combinations. A
seriesor sequencenf pipesshould alsobe namedand described.Smallpipesaremadeinto smallpipelines,which in
turn can become part of larger and more complex pipelines.

There are a few rules that make pipelines work:

¥ Pipes must have an input and an output

¥ Pipes can not loop on to themselves

¥ Pipes should always be as simple as possible

¥ The middle of a pipe can have multiple parts if necessary

¥ Pipes can have conditions

¥ The input, middle and output of a pipe can have parameters

So what has all this got to do with the future of the web?
If we changethe context of our pipeline to avirtual pipeline (bearingin mind a pipeline is simply a sequenceof
tasks) we end up with a easily definable tasks that work like building blocks.

Where did pipelines come from?

Unix pipelines
The history of pipelines goesback to a systemcalled the PDP-11, but wasfully exploited in UNIX operating
systems in 1972,

The conceptwasbrought to Unix by DouglasMcllroy who usedasimilar physicalpipeline analogyto bring the
conceptto Unix. In Unix, eachprocesshasasetof inputs andoutputs known asstdin and stdout. Theseareknown
asstandard streamthat connect the input to the output.

The introduction of standardstreamsrepresenteda major changein Unix---abstraction from devices.Before
standard streams,the different links between low level devices, such as accessinghe hard drive, had to be
programmed explicitly. The abstraction allowed programmers to avoid writing low level C code.

From the Wikipedia entry on Unix Pipeline,
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curl  "http://fen.wikipedia.org/wiki/Pipeline_(Unix)" | \
sed 's/[fa-zA-Z]//g'|\

tr 'A-Z''a-zZ\n' |\

grep ‘a-z]' |\

sort  -u |\

comm -23 - /usr/dict/words

¥ First, curl obtains theHTML contents of a web page.

¥ Second,sed removesall characteravhich arenot space®r lettersfrom the web page'sontent, replacingthem
with spaces.

¥ Third, tr changesall of the uppercasdettersinto lowercaseand convertsthe spacesn the lines of text to

newlines (each 'word' is now on a separate line).

Fourth, grep removes lines ofvhitespace

Fifth, sort sorts the list of 'words' into alphabetical order, and removes duplicates.

¥ Finally, comm finds which of the words in the list are not in the given dictionary file (in this case/usr/dict/
words).

K K

It is key to rememberthat eachone of theselinesor pipesis functional and usefulby itself. For example,curl takesa
url asaninput, grabsthe HTML pagein the middle, then makesit availableasa output. This output is then passed
on to the next pipe. It would be possible to change the pipe for example to something like this:

curl  "http://en.wikipedia.org/wiki/Pipeline_(Unix)" >wikipedia.html

This outputs the resultsto afile calledwikipedia.html. It might be more usefulto havethe output to file asanother
pipe, so this function could be used separately and dropped into other pipeline combinations.

Unix pipelinesaregenerallyeasyto follow, but arenot particularly self-explanatory However , there is another
huge advantagdo usinga Unix Pipeline syntaxover muddling it into a monolithic program. The implementation
of Unix pipelinesis highly efficient andhasbuilt in buffering, error control, and queuing. For the user,it is quick to
write, simple to run, and fairly easy to debug.

From its pastin Unix, pipelineshavebeenbuilt into operatingsystemsuchasBeOS, Dos, Windows NT, and
Apple.

Visual Pipelines

Up until recently, pipelineshavebeenin the domain of Unix and Applescripthackers,mainly asa commandline
operation. However, graphical user interfaces have also benefited from pipelines.

ROX Desktop provided a icon that could be draggedand dropped to the file systeminsteadof showing the
usera Osave@ialoguebox. The sameicon could alsobe draggedon to anotherapplication. In pipeline terms, the
input was the raw unsaveddata, the middle was a mover or copier, and the output loaded into the second
application.

Adobe have alsodone a similar thing in their seriesof applicationsover the years.In Adobe Photoshop 4,
Adobe introduced Actions, which were more like macros.They alsointroduced an application link with other
Adobe applications.In practice,this meantone could be working on somethingin Photoshopandwith aclick of
the button, switch to After Effectswith the exactsamepieceof work. Savingwasunnecessarpecausall of the data
wastransferredto the new application. Adobe haverecentlyimproved upon this applicationlinking with a product
calledAdobe Production Studio, which is ahigher level controller applicationfor Photoshop,After effects,Encore,
and Premiere. The interchangeof datawithout savingis not truly a pipeline; it is more like automation and macro
behaviour.
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Macro automation

The worlds of pipelines and macrosoverlap quite a bit, and to distinguish them we must define what Omacro©O
means.In this case,amacrois an abstractionthat defineshow a simple input is recordedasa sequenceof actions,
which canbe replayedagain.They tend to work in one application, hencethe name OapplicatiormacroO.Someof
the most popular applications using macros are in the Microsoft Office suite.

Using the Macro recorderapplicationin earlierversionsof Word and Excel storedthe macroin asublanguage
calledVisual Basicfor Applications (VBA). This meantuserscould graspthe languageby studyingthe resultsof the
macro recorderand modifying the results.The power usersstartedto build up alist of useful VBA macros,which
they would sharewith friends and colleaguesUnfortunately, VBA waspretty powerful and had the ability to do
most operatingsystemfunctions. Couple that with automatic execution of macrosin Word and Excel files andthe
whole platform spawnedalist of macroviruses,which insuredsystemadministratorsturned off VBA supportin the
next Office installation.

There arecertainthings that separatehe worlds of macrosand pipelines.The partsof amacrodo not function
on their own, while a small pipe from a pipeline is still functional. Furthermore, macrostend not to have
conditions. Macros are actions with no inputs or outputs. Pipelines are made up of smaller pipes and are definable.

Macros vs. pipelines is best illustrated with an example. A long time ago | usedto work asa Photoshop
retouching artist, and Photoshop 4 launched with actions (or macros). This meant the usual repetitive task of
opening the images,opening the levels,changingthe curves,andlooking at the levelsagainbefore savingcould be
savedasa macro. In actualfact, it did not help at all and turned out worst picturesimaginable.The original image
would haveto be reopenedand the taskstartedagainmanually. What wasneededwasa pipeline setup,where the
valuescould be changed,and thosevalueswould affectother pipesdown the line. In this example,the first taskof
opening the levels would inform what would happen in the curves in the next pipe.
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Figure 3. Macros vs Pipelines

Before throwing out the idea of macros, there are some things that can be learned from them:

¥ The ability to record and modify afterwards is useful for those who just want to automate.
¥ The ability to share a file is important for adoption.

Apple Script and Automator

While not adirect ancestorof pipelines, Apple Script and Automator arelike a distantcousinto pipelines,in that
they embody the concept of OflowO.Apple Script grew out of the hugely popular Hypercard project in the late
1980s,and is basicallya scripting languagefor Mac OS X, in the sameway that Visual Basicis a scripting language
for Windows.

Apple Scriptis written with aNatural Languagemetaphorand generategext filesthat canbe sharedaroundlike
Word macros. What makes Apple script interesting is 3 things:

¥ Itis highly integrated with OS X, which means literally anything can be done with a good script.
¥ There is an extraordinary number ddcripts and resources online.
¥ Automator software makes it possible to create Apple Script without learning the language.

From Wikipedia:
Automator is an application developedby Apple for Mac OS X that implements point-and-click (or

drag-and-drop)creation of workflows for automating repetitive tasks.Automator enableghe repetition
of tasksacrossa wide variety of programs,including the Finder, the Safariweb browser,iCal, Address


http://macscripter.net/books/
http://en.wikipedia.org/wiki/Automator_(software)
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Book and others. It can alsowork with third-party applicationssuch as Microsoft Office or Adobe
Photoshop.

Although Automator usesAppleScript andfor Cocoa, it requiresno expertisein theselanguages
whatsoeverHowever, the conceptwould be familiar to thoseusedto Unix pipelines:the output of the
lastaction becomesthe input of the next (though the usercanoptionally choosefor an action to ignore
the input from the previous action). Unlike Unix pipelines, however, Automator workflows are
sequential: each action is completed before the next action in the workflow begins.

Figure 4. Screenshot of Apple Automator

Cocoatron, the suite of Automator Actions for Mac OS X, brings drag-and-drop simplicity to creation
and automation of complex XML ProcessingPipelines. It is easyto understandwhy Automator is so

powerful.
There are Windows alternatives to Automator:

6
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¥ Script Aheadis aimed at the systemadministrator. It turns all its scriptsinto real Visual BasicScript, which is

useful, but not cross-platform.
¥ Automise, like Script Ahead, hasthe problem of being directed at the systemadministrator. It alsolacksreal

internet type processesit cangraban http file, but hasno https, proxy, xpath, or xpointer capabilities.One
advantage Automise has over Script Ahead is the ability to play WL files.
¥ Automate6, alsois too focusedon systemadministrators.lt doeshave HTTP(s) get and post, but cannot do

anything useful with XML files or streams.

XML pipelines
Traditionally, pipelineshavebeenusedin the XML world to dealwith the complexity of transformations XSL 1.0
was only made to do one to one transformations. For example:

Figure 5. simple xsl transformation

If one wanted to create three different formats from that same XML:
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Figure 6. multiple output xsl transformation

The aboveexampleis possible,but would increasethe load of the XSL and add another level of logic to identify
which output format was needed. XSL can still just handle this using an XSL import and XSL includes.
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Figure 7. multiple output xsl transformation using imported xsl

For complex document generation,there needsto be an overallframework that manageshe whole processthis is
where pipelines fit perfectly.
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Figure 8. multiple output xsl transformation using a pipeline

Dr Jeni Tennison at Xtech 2005 wrote a fantasticpaperabout the need for pipelinesin XML processing.Her
sectionon reasondo useXML Pipelineshasbeenusefulin the pastto help explainwhy pipelinesaresoimportant
to complex processing.

If you try to carry out complex document-generation such as that describedabove using a single
transformation step, you quickly run into problems. Programsthat carry out complex transformations
areunwieldy, hardto understandandthereforehardto debugand maintain, simply becausehey needto
do so much.

In situationswhere the sameXML getstransformedto a range of output formats, using separate
programsfor eachtransformationleadsto more problems.You get repetition of code: whether a bank
statementis renderedin HTML, XSL-FO or plain text, the content still hasto be filtered and grouped
in the sameway. You getversion-control problems:if the filtering or grouping of the datain the display
needs to change, then every program needs to be updated to match.

Pipelining is a technique that helps you break up transformationsin a way that maximizestheir
simplicity (so that they're easyto write and maintain) and reusability (so that the samecode is used
wheneverthe sameoperation needsto take place).In apipeline, acomplex transformationis broken up
into severalsimple component transformations,with the output of earlier componentsbecoming the
input to later components.Not only are the individual transformationseasierto write, but creatinga
pipeline helpsyou to debugthe processasawhole by testingthe input/output of individual components
in the pipeline. What's more, at run-time, the output from one stepin the pipeline can be cachedand
reused, which saves processing time.

10
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Dr Tennison mentions a few of the frameworksthat centre around pipelines, Cocoon being the framework most
familiar to myself. She alsotalks about severalexperimental pipeline definition languageghat do not yet havea
framework:

¥
¥
¥
¥

XML Pipeline Definition Language (XPDL)

SXPipe

XPipe

A Streaming Transforamtions and Glue framewoSTnG)

The mostinterestingof thesewasXPDL, which wasbeing passedroundthe W3C. Currently it isaworking draft
calledXproc.

Web (user-generated) Pipelines

On the surface,Web pipelines are exactly the sameas XML pipelines but appliedto a different context. The
context is the whole web and the user's desktop and network.

Tom Coates in his presentation B Native to a web of data, talked about the future web looking something like

Figure 8. A web of data sources, services for exploring and manipulating data, and ways that users can connect them:

User generated pipelines is the last part of the puzzle, connecting services together in an automation way

11


http://idealliance.org/proceedings/xtech05/papers/04-03-01/#ref-cocoon
http://idealliance.org/proceedings/xtech05/papers/04-03-01/#ref-cocoon
http://www.w3.org/TR/xml-pipeline/
http://norman.walsh.name/2004/projects/sxpipe
http://xpipe.sourceforge.net/
http://www.mulberrytech.com/Extreme/Proceedings/html/2003/Krupnikov01/EML2003Krupnikov01.html
http://www.w3.org/TR/xproc/

Pipelines: Plumbing for the next web

The Cloud (Internet)
The web is still far from machinesby themselvesunderstandingand making reasonablechoicesbasedon what is
online. However, there aremany community projectstrying to standardiseéheir own pool of data.They areusing

simple conceptslike tags,permalinks, microformats, guessableirls, xml/rssrepresentation and restful apisto build
a much more semantic web.

Figure 9. Parallel data representations allow machines to access what humans access

Tom Coatescallsthis Paralleldatarepresentationln the end this meansthe web is becomingmuch more machine
and pipeline addressable.

Your Space (Desktop)

Locked awayon your desktopand network sharess someof the most valuabledatato you. Everything from your
media collections to emails and contacts. These data pools are very rich and very unigque to yourself.
There have traditionally been three ways to get at this rich data:

¥ Learn C or Java, then hope the developer wrote a good API for the application in question
¥ Export the data out of the holder program or hope it is stored in XML
¥ Make the content web accessible

Now there areapplicationsthat areturning your spaceon the desktopand network into arich storeof addressable
data, just like the cloud.

12
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The first categoryis desktop searchenginessuch as Google Desktop, and the secondis a new category of
interface layers between the file system/applications and the desktop. One example of the latter isR@8BeBus

RSSBushasawhole host of featuresbut the most interestingone is its ability to exposecore windows services
and applicationdatato the world asaaddressablical feed.lt is like aglobaldesktoprestful api, the samekind you

can find online for

Figure 10. The global desktop api

Flow (Cloud and Space)
OFlowQis the project name for a theoretical, user-centric, user-generatedpipeline framework. It combines the
media, feeds,APIs, and datafrom the web with the dataand mediaon your desktopto give automationacrossoth

worlds.

13
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Figure 11. Flow, when the desktop and cloud combine

The object of the pipeline framework is to deliver auserexperiencelike the Apple Automator applicationwith the
core principles of web pipelines at the heart.

14
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Figure 12. Using Widgets for the display into pipelines

In Figure 15, | have split apartthe desktop api, pipeline application and widget front end. This isn't necessarily
ideal,| havebeenusingRSSBus,Cocoon and Google Widgetsto mock up how OflowOwould work. In Figure 20,
| draw up how Yahoo! could build a OflowO set-up using a different set of components.

In Figure 16, | recommendusing widgetsto control the actualpipeline application. The reasoningis to make
pipelinesa solid part of the desktop experience.Windows Vista and Apple OS X now come with somekind of
widget enginebuilt in, by placingthe pipeline control atthe widget level. Userscanexecuteand changeparameters
without knowing anything about the pipelines structure. This for most people, will be their experienceof user

generated pipelines.

15
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Figure 13. Mock up of Pipeline tasks as widgets in OSX Dashboard

This works in the sameway asthe Yahoo! Pipesservice.At first look the userwill neverknow aboutthe pipeline
system underneath. However with time and a little experimentation it will be useful and allow
| expect there to be many OFlowO-like applications coming to the market in 2008.

Core User-Generated Pipeline Principles

Graphical and Shareable

The problem with pipelinesup until recently is the lack of a graphicalinterface.Once a pipe or small pipeline is
built, it makessenseo graphicallyrepresentthis for easeof manipulation and to avoid burdening the architect of
the pipeline. While some may prefer not to use graphicalrepresentation,it should at leastbe possibleusing the
pipeline language.

Conversely,the graphicalinterfacemust be ableto produce standardpipeline languageXML, which allowsthe
user to modify it with a text editor, post it on the web, and send it around in instant messages or emails.

In addition, anotherlayershould be included which is more detailsabout the actualtask. This would naturally
be described in XML using thep:doc element .

16
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Figure 14. Levels of Abstraction from the XML

Definable and Standard

XPROC hasnearly everything neededto make a good standardfor XML pipelinesand web pipelines. A W3C
recommendation by Winter 2007 is possible if all goes well.

Open and Non-proprietary

User-Generatedpipelinesshould usean open standardlike XML for its core structure. This alsomeansit will be
naturally cross-platform. Web pipelines should be clear about their function, and not rely on name spaced
extensions.

17
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Pipeline/flow examples

Figure 15. Making the Azureus log viewable online

Optional Components

One areaof not much discussionin the Xproc specificationis Optional Components. The componentsexamples
in the specificationinclude an XSL formatter, http grabber,Relax NG and XML Schemavalidators,etc. Theseare
fine for a XML pipeline environment, but the samemarkup could be usedto define how to interact with web
services, online services, applications, etc.

Once you have a good store of these optional components, they would just show up in the graphicaluser
interface as another option.

18
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Figure 16. Blip.tv a online video sharing site, exposes all its sharing options as an optional component

Looking at Figure 16, we canseeit will accept3 different inputs and with the correct output parameter,sendthe
results on to another service.

19
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Figure 17. Example of passing content around different services via a pipeline.

Figure 17 looks like a complex pipeline but only becauseat showsall the different possibilities.For the end user,
using there video pipe widget. The options would just be alistedtick box of where the mediawould end up. This
is alsonot new. Flickr.com for yearshasallowed the transferring of photos and datato different servicesand
applications.Its comprehensiveAPl meansdevelopersof applicationscan use flickr.com asnothing more that a
storagecontainer if the userhaspaid hisher monthly fee. Amazon asyouwill seelater are doing the exactly the
same.This makespassingdataand media from one serviceto another simpleif you canwrite the code. However

using a well written optional component and the right parameters,t will be easyfor usersto tie the services
together for their own gain.

20
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Figure 18.a. Flickr.com allows sharing to other applications and services via its comprehensive API.

21
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Tasks
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Moo.com/flickr H"“‘-m‘
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Tasks \/

On gour Compuiler
1. Launch Browser

Lot

Everything in here should
be definable. Except user
interactions

From the moment you put in your

memory card and select the pipeline,
the rest should be done on your behalf.
You may only be interested in the current status

Figure 18.b. My abstract shown using Preloader's example and extending it with Moo.

First with the flow?

In the previoussectionit waseasyto seehow using XPROC we could define pipelinesoutside of the scopeof a
xml pipeline. But this is only half of the battle. Someone needs to build the framework to support this pipelines.

Yahoo! Pipes

One of the biggestinnovationsin pipeline technology recently hasbeen Yahoo! Pipes Yahoo Pipesis an online
service by Yahoo!. It was launched in early 2007 as a beta project.

On the surface,Yahoo! Pipesseemdo havedone everything correctly, but in actualfact what they havebuilt
thus far is a very sexyinterfaceto web datamixing tool. This is not too far removedfrom what Feedburner,RSS
mix, Feedcombine,and others have been doing for a while. Yahoo! Pipes, while deservingcredit for pushing

pipelinesinto the mainstream,is very limited due to its lack of accesgso the desktop spaceand its proprietary
nature.

22
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Figure 19. Why Yahoo! Pipes is very limited in its relevance to the user

Yahoo! Desktop Pipes?

While looking for the perfect OFlowQapplication, | discoveredthat Yahoo! Widgets would make a greatplatform
for the desktop space.The widget engine alreadyhasaccesgo nearly everything on the desktopand it hasan
authenticatedpath backto the main servervia the Yahoo! system.It alsohasmany deepAPI hooks into different
desktopapplications(suchasOutlook, iTunes, Winamp) and the operatingsystem.Due to the authenticatedpath
back to Yahoo!, it would be simple to combine Yahoo! Pipes with Yahoo! Widgets to create a OFlowO application.

23
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Figure 20. How Yahoo! Pipes and Yahoo! Widgets could work together to provide a OflowO type application

Unfortunately, even if Yahoo! combined Pipes and Widgets in this way, it would remain proprietary and
non-standard,at leastin the shortto medium term. This meansthat only Yahoo! Developerscould build on these
two core platforms. XPROC support seemsto be a long way away, as Yahoo have createdtheir own pipeline
definition. At present,this potential applicationcomesclosesto my vision of OflowObut is still lackingin termsof
the core principles of user-generated pipelines.

The ecosystem of pipelines

Amazon.com recently launcheda seriesof web servicesheyond their catalogueof shoppinggoods.No one could
quite understandwhy Amazon would get involved in web servicesthat have nothing to do with their core
e-commercebusinessJeffBezo CEO at Amazon, hasreceivedalot of attention for his plansto run other people's
businesses

The new services Amazon launched are:

¥ Amazon Simple Storage Service b S3

¥ Amazon S3is storagefor the Internet. It is designedto make web-scalecomputing easierfor developers.
Amazon S3 providesa simple web servicesnterfacethat can be usedto store and retrieve any amount of
data, at any time, from anywhereon the web. It givesany developeraccesgo the samehighly scalable,
reliable,fast,inexpensivedatastorageinfrastructurethat Amazon useso run its own globalnetwork of web
sites.

24
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¥ Amazon Elastic Compute Cloud - EC2

¥ Amazon ElasticCompute Cloud (Amazon EC2) is aweb servicethat providesresizeableeompute capacity
in the cloud. It is designedto make web-scalecomputing easierfor developers.Justas Amazon Simple
StorageService(Amazon S3) enablesstoragein the cloud, Amazon EC2 enables'compute”in the cloud.
Amazon EC2's simple web serviceinterface allows you to obtain and configure capacitywith minimal
friction. It providesyou with complete control of your computing resourcesand letsyou run on Amazon's
proven computing environment. Amazon EC2 reducesthe time required to obtain and boot new server
instancesto minutes, allowing you to quickly scalecapacity, both up and down, asyour computing
requirementschange.Amazon EC2 changeghe economicsof computing by allowing you to pay only for
capacity that you actually use.

¥ Amazon Mechanical Turk (Beta) b Turk

¥ Today, humansstill significantly outperform the most powerful computersat completing suchsimple tasks
as identifying objects in photographs- something children can do even before they learn to speak.
However, when we think of interfacesbetweenhuman beingsand computers,we usuallyassumehat the
human being is the one requestingthat a taskbe completed, and the computer is completing the taskand
providing the results.What if this processwvere reversedand a computer program could aska human being
to perform ataskandreturn the resultsWhat if it could coordinatemany human beingsto perform atask?
Amazon Mechanical Turk doesthis, providing a web servicesAPI for computersto integrate Artificial
Artificial Intelligence directly into their processing.

¥ Amazon Simple Queue Service - SQS

¥ Amazon Simple Queue Service(Amazon SQS) offers a reliable, highly scalablehosted queue for storing
messagess they travel between computers. By using Amazon SQS, developerscan simply move data
between distributed application components performing different tasks, without losing messagesor
requiring each component to be always available.

How do theseservicegelateto Pipelines7Pipelinesbuilt by userscangive the userschoicesaboutwhich serviceso
use, depending on circumstance.

25
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Figure 21. User Choice of Service.
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storage space

In the exampleabovethere are different choicesabout how to encodefootageand store it. Most people would
chooseto encodeit on their local machinewith anapplicationlike Media Cleaner.However, if the personis using
alaptop and doesnot havethe raw processingpower or time to sparethey needanotherway to get their footage
out on to the internet. There arefree servicedike heylwatchthat will encodefootageto almostany format, but it
cantake more than 24 hours. Soonthere will be companieswho will useEC2 to build aencodingservice,which
will meanavery quick turnaround andan SLA (for aprice). Storagewould work the sameway, in that there will be
choices between less reliable free services and more reliable pay services.

In relation to pipelines,the execution of a choice is assimple asusing one pipe or another. In the encoding
example, the choice comes down to wanting it now or wanting it later.
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Figure 22. GigaVox media

Amazon'sapproachis alsoattracting otherswho seethe power of being ableto swapbits in and out such Gigavox
mediawho run the award-winning IT conversations.comMore web servicedike this will come on to the market.
Those who choose not to allow API access to everything the service does will find themselves unable to compete.

In Conclusion

The trend is moving towardssomemore control at the userend, on-line servicesare allow more control via their

fat APIs while they sit backand chargeusersfor use.On the desktop,applicationarealsofinding pilesof userdata
which have been locked away in large proprietary stores.Everything from Word documentsto Email is now

becomingaddressablanddiscoverableEventhosechunks of datawhich refuseto be addressablarebeing revealed
by applications like RSS Bus.

Once all theseAPIs and feedsare availableto the user,its a matter of time before servicesand applicationare
tied together for the benefit of the userinsteadof the serviceinvolved. In Figure 18, flickr actively allow there
servicedo be chainedtogethervia their API becauseghey maketheir revenuefrom peoplestoring photoson their
serversOthers like Blip.tv aredoing the samebut why doesthe userhaveto wait for the serviceto openup like the
onesmentioned before. Speciallynow there areservicedike Masheryand Yahoo Pipeswhich canconsumeon-line
services on behalf of the user.

The final part of the puzzleis the pipeline. Learningfrom XML Pipelinesand other pipelinesbeforethem. It is
easy to imagine a future where pipelines are shared like Grease-monkey scripts today.

| haveoutlined one way this could all fit together, OFlowO There is alot to be worked out still like Identity
management,Single Sign-on, Micro-payments and Licences.However I'm expecting most of thesethings will fit
togetherin the nearfuture. As for usergeneratedpipelines,they will existin one form or another. Pipelineshave
been so useful before and will continue to be useful in the future.
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