
Pipelines: Plumbing for the next web
Ian Forrester, BBC Backstage, pipelines@cubicgarden.com, http://www.cubicgarden.com/blojsom/blog/pipelines/

What is a pipeline?
For thepurposesof this paper,a pipelineis a metaphorfor a seriesof tasksor operationsthat run in sequence.In their
mostabstractform, pipelinesaremadeup of pipes.Thesepipescanbe tasks,processes,actions,etc.Eachpipehasan
input, a middle, and an output. The middle definition really depends on the context in which the pipeline exists.

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

For themoment,pretendthepipeis a realwaterpipe.This pipemight simply let waterflow from onesideto theother.
Alternatively, the pipe could havea largefunnel systemat the input that actuallycollectsfallen rain water,andon the
outputsidetherecouldbea bucket.Rainwaterwould roll down thepipeanddrip out of theotherendinto thebucket
for collection.We would thendefinethis pipe with a nameandpossiblya description;the namecould be rain water
pipe and our descriptiona pipe that collects rainwater and drops it in a bucket. This is the most basic pipe--
somethingwith an input andan output that hassomethingflowing throughit. The middle alwaysexists,but may not
have a function.

Figure 2. Rain water pipe

We could add a heatedmiddle sectionto this rain water pipe, so as the rainwaterrolls down the pipe it is gently
heated.The additionof this featuremakesit a different pipe,so we shouldrenameit andchangeits description.With
multiple pipes, it is possibleto put them togetherin a preferredsequenceto createnew combinations.A seriesor
sequenceof pipesshouldalsobe namedanddescribed.Small pipesaremadeinto small pipelines,which in turn can
become part of larger and more complex pipelines.

There are a few rules that make pipelines work:
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¥ 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 contextof our pipeline to a virtual 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
Thehistoryof pipelinesgoesbackto a systemcalledthePDP-11,but wasfully exploitedin UNIX operatingsystemsin
1972.

The conceptwasbroughtto Unix by DouglasMcIlroy who useda similar physicalpipelineanalogyto bring the
conceptto Unix. In Unix, eachprocesshasa setof inputsandoutputsknown asstdin andstdout.Theseareknown as
standard streamsthat connect the input to the output.

The introduction of standardstreamsrepresenteda major changein Unix---abstractionfrom devices.Before
standardstreams,thedifferent links betweenlow level devices,suchasaccessingtheharddrive,hadto beprogrammed
explicitly. The abstraction allowed programmers to avoid writing low level C code.

From theWikipedia entry on Unix Pipeline,

curl "http://en.wikipedia.org/wiki/Pipeline_(Unix)" | \
sed 's/[^a-zA-Z ]/ /g' | \
tr 'A-Z ' 'a-z\n' | \
grep '[a-z]' | \
sort -u | \
comm -23 - /usr/dict/words

¥ First,curl obtains theHTML contents of a web page.
¥ Second,sedremovesall characterswhich arenot spacesor lettersfrom thewebpageÕscontent,replacingthemwith

spaces.
¥ Third, tr changesall of theuppercaselettersinto lowercaseandconvertsthespacesin the linesof text to newlines

(each ÕwordÕ is now on a separate line).
¥ Fourth,grep removes lines ofwhitespace.
¥ Fifth, sort sorts the list of ÕwordsÕ into alphabetical order, and removes duplicates.
¥ Finally, commfinds which of the words in the list are not in the given dictionary file (in this case, /usr/dict/words).

It is key to rememberthateachoneof theselinesor pipesis functionalandusefulby itself. For example,curl takesa url
asaninput,grabstheHTML pagein themiddle,thenmakesit availableasa output.This outputis thenpassedon 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 outputstheresultsto a file calledwikipedia.html.It might bemoreusefulto havetheoutputto file asanotherpipe,
so this function could be used separately and dropped into other pipeline combinations.

Unix pipelinesare generallyeasyto follow, but are not particularly self-explanatory.However, thereis another
hugeadvantageto usinga Unix Pipelinesyntaxover muddling it into a monolithic program.The implementationof
Unix pipelinesis highly efficient andhasbuilt in buffering,errorcontrol,andqueuing.For theuser,it is quick to write,
simple to run, and fairly easy to debug.

Pipelines: Plumbing for the next web

2

http://en.wikipedia.org/wiki/Douglas_McIlroy
http://en.wikipedia.org/wiki/Stdout
http://en.wikipedia.org/wiki/Pipeline_(Unix)
http://en.wikipedia.org/wiki/CURL
http://en.wikipedia.org/wiki/Sed
http://en.wikipedia.org/wiki/Tr_(program)
http://en.wikipedia.org/wiki/Grep
http://en.wikipedia.org/wiki/Sort_(Unix)
http://en.wikipedia.org/wiki/Comm_(Unix)
http://en.wikipedia.org/wiki/HTML
http://en.wikipedia.org/wiki/Whitespace
http://en.wikipedia.org/wiki/CURL


From its past in Unix, pipelineshavebeenbuilt into operatingsystemssuchas BeOS,Dos, Windows NT, and
Apple.

Visual Pipelines
Up until recently,pipelineshavebeenin the domain of Unix and Applescript hackers,mainly as a commandline
operation. However, graphical user interfaces have also benefited from pipelines.

ROX Desktopprovideda icon that could be draggedanddroppedto the file systeminsteadof showingthe usera
ÒsaveÓdialoguebox. The sameicon could alsobe draggedon to anotherapplication.In pipelineterms,the input was
the raw unsaved data, the middle was a mover or copier, and the output loaded into the second application.

Adobehavealsodonea similar thing in their seriesof applicationsover the years.In AdobePhotoshop4, Adobe
introduced Actions, which were more like macros.They also introduced an application link with other Adobe
applications.In practice,this meantonecould be working on somethingin Photoshopandwith a click of the button,
switch to After Effects with the exact samepiece of work. Saving was unnecessarybecauseall of the data was
transferredto the new application.Adobehaverecentlyimproveduponthis applicationlinking with a productcalled
Adobe ProductionStudio, which is a higher level controller applicationfor Photoshop,After effects,Encore,and
Premiere.The interchangeof data without saving is not truly a pipeline; it is more like automationand macro
behaviour.

Macro automation
Theworldsof pipelinesandmacrosoverlapquitea bit, andto distinguishthemwe mustdefinewhatÒmacroÓmeans.In
this case,a macrois an abstractionthatdefineshow a simpleinput is recordedasa sequenceof actions,which canbe
replayedagain.They tendto work in oneapplication,hencethe nameÒapplicationmacroÓ.Someof the mostpopular
applications using macros are in the Microsoft Office suite.

Using the Macro recorderapplicationin earlier versionsof Word and Excel storedthe macroin a sub language
calledVisual Basicfor Applications(VBA). This meantuserscould graspthe languageby studyingthe resultsof the
macrorecorderandmodifying theresults.Thepowerusersstartedto build up a list of usefulVBA macros,which they
would sharewith friends and colleagues.Unfortunately,VBA was pretty powerful and had the ability to do most
operatingsystemfunctions.Couplethat with automaticexecutionof macrosin Word and Excel files and the whole
platform spawneda list of macroviruses,which insuredsystemadministratorsturnedoff VBA supportin the next
Office installation.

Therearecertainthingsthat separatethe worlds of macrosandpipelines.The partsof a macrodo not function on
their own, while a small pipe from a pipeline is still functional. Furthermore,macrostend not to haveconditions.
Macros are actions with no inputs or outputs. Pipelines are made up of smaller pipes and are definable.

Macrosvs. pipelinesis bestillustratedwith anexample.A long time agoI usedto work asa Photoshopretouching
artist,andPhotoshop4 launchedwith actions(or macros).This meantthe usualrepetitivetaskof openingthe images,
openingthe levels,changingthe curves,and looking at the levelsagainbeforesavingcould be savedasa macro.In
actualfact, it did nothelpatall andturnedoutworstpicturesimaginable.Theoriginal imagewouldhaveto bereopened
andthe taskstartedagainmanually.What wasneededwasa pipelinesetup,wherethe valuescould be changed,and
thosevalueswould affect otherpipesdown the line. In this example,the first taskof openingthe levelswould inform
what would happen in the curves in the next pipe.

Pipelines: Plumbing for the next web

3



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 a directancestorof pipelines,Apple ScriptandAutomatorarelike a distantcousinto pipelines,in that they
embodytheconceptof ÒflowÓ.Apple Scriptgrewout of thehugelypopularHypercardprojectin the late1980s,andis
basically a scripting language for Mac OS X, in the same way that Visual Basic is a scripting language for Windows.

Apple Script is written with a NaturalLanguagemetaphorandgeneratestext files that canbe sharedaroundlike
Word macros. What makes Apple script interesting is 3 things:

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

FromWikipedia:

Automator is an application developedby Apple for Mac OS X that implementspoint-and-click (or
drag-and-drop)creationof workflows for automatingrepetitivetasks.Automatorenablesthe repetitionof
tasksacrossa wide variety of programs,including the Finder,the Safariweb browser,iCal, AddressBook
and others. It can also work with third-party applications such as Microsoft Office or Adobe Photoshop.

Although Automator uses AppleScript and/or Cocoa, it requires no expertise in these languages
whatsoever.However,the conceptwould be familiar to thoseusedto Unix pipelines:the outputof the last
actionbecomestheinput of thenext (thoughtheusercanoptionallychoosefor anactionto ignorethe input
from thepreviousaction).Unlike Unix pipelines,however,Automatorworkflows aresequential:eachaction
is completed before the next action in the workflow begins.
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Figure 4. Screenshot of Apple Automator

Cocoatron, the suiteof AutomatorActions for Mac OS X, bringsdrag-and-dropsimplicity to creationand
automation of complex XML Processing Pipelines. It is easy to understand why Automator is so powerful.

There are Windows alternatives to Automator:

¥ Script Aheadis aimedat the systemadministrator.It turns all its scripts into real Visual Basic Script, which is
useful, but not cross-platform.

¥ Automise, like Script Ahead,has the problem of being directedat the systemadministrator.It also lacks real
internet type processes;it can grab an http file, but has no https, proxy, xpath, or xpointer capabilities.One
advantage Automise has over Script Ahead is the ability to play withXML files.

¥ Automate6, alsois too focusedon systemadministrators.It doeshaveHTTP(s)getandpost,but cannotdo anything
useful with XML files or streams.

XML pipelines
Traditionally,pipelineshavebeenusedin theXML world to dealwith thecomplexityof transformations.XSL 1.0was
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

Theaboveexampleis possible,but would increasetheloadof theXSL andaddanotherlevel of logic to identify which
output format was needed. XSL can still just handle this using an XSL import and XSL includes.

Figure 7. multiple output xsl transformation using imported xsl

For complexdocumentgeneration,thereneedsto be an overall framework that managesthe whole process;this is
where pipelines fit perfectly.
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Figure 8. multiple output xsl transformation using a pipeline

Dr JeniTennisonat Xtech2005wrotea fantasticpaperabouttheneedfor pipelinesin XML processing.Her sectionon
reasonsto useXML Pipelineshasbeenuseful in the pastto help explainwhy pipelinesareso importantto complex
processing.

If you try to carry out complex document-generationsuch as that describedabove using a single
transformationstep,you quickly run into problems.Programsthat carry out complextransformationsare
unwieldy,hardto understandandthereforehardto debugandmaintain,simply becausethey needto do so
much.

In situationswhere the sameXML gets transformedto a range of output formats, using separate
programsfor eachtransformationleadsto more problems.You get repetition of code: whethera bank
statementis renderedin HTML, XSL-FO or plain text, thecontentstill hasto befiltered andgroupedin the
sameway. You get version-controlproblems:if the filtering or groupingof thedatain thedisplayneedsto
change, then every program needs to be updated to match.

Pipelining is a techniquethat helps you break up transformationsin a way that maximizes their
simplicity (so that theyÕreeasy to write and maintain) and reusability (so that the samecode is used
wheneverthesameoperationneedsto takeplace).In a pipeline,a complextransformationis brokenup into
severalsimplecomponenttransformations,with theoutputof earliercomponentsbecomingtheinput to later
components.Not only arethe individual transformationseasierto write, but creatinga pipelinehelpsyou to
debugthe processasa whole by testingthe input/outputof individual componentsin the pipeline.WhatÕs
more,at run-time,theoutputfrom onestepin thepipelinecanbecachedandreused,which savesprocessing
time.

Dr Tennisonmentionsa few of theframeworksthatcentrearoundpipelines,Cocoonbeingtheframeworkmostfamiliar
to myself.She also talks about several experimental pipeline definition languages that do not yet have a framework:

¥ XML Pipeline Definition Language(XPDL)
¥ SXPipe
¥ XPipe
¥ A Streaming Transforamtions and Glue framework(STnG)

The most interestingof thesewas XPDL, which was being passedaroundthe W3C. Currently it is a working draft
calledXproc.
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Web (user-generated) Pipelines
On thesurface,WebpipelinesareexactlythesameasXML pipelinesbut appliedto a differentcontext.Thecontextis
the whole web and the userÕs desktop and network.

Tom Coates in his presentation Ð 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 together

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

The Cloud (Internet)
Thewebis still far from machinesby themselvesunderstandingandmakingreasonablechoicesbasedonwhatis online.
However, there are many community projectstrying to standardisetheir own pool of data.They are using simple
conceptslike tags,permalinks,microformats,guessableurls, xml/rss representation,and restful apis to build a much
more semantic web.

Figure 9. Parallel data representations allow machines to access what humans access
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Tom Coatescalls this Paralleldatarepresentation.In theendthis meanstheweb is becomingmuchmoremachineand
pipeline addressable.

Your Space (Desktop)
Locked away on your desktopand network sharesis someof the most valuabledatato you. Everythingfrom your
media collections to emails and contacts. These data pools are very rich and very unique 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 thereareapplicationsthatareturningyour spaceon thedesktopandnetworkinto a rich storeof addressabledata,
just like the cloud.

Thefirst categoryis desktopsearchenginessuchasGoogleDesktop,andthesecondis a newcategoryof interface
layers between the file system/applications and the desktop. One example of the latter is calledRSS Bus.

RSSBushasa wholehostof featuresbut themostinterestingoneis its ability to exposecorewindowsservicesand
applicationdatato the world asa addressablelocal feed.It is like a global desktoprestful api, the samekind you can
find online for

Figure 10. The global desktop api

Flow (Cloud and Space)
ÒFlowÓis the projectnamefor a theoretical,user-centric,user-generatedpipeline framework.It combinesthe media,
feeds, APIs, and data from the web with the data and media on your desktop to give automation across both worlds.
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Figure 11. Flow, when the desktop and cloud combine

Theobjectof thepipelineframeworkis to delivera userexperiencelike theApple Automatorapplicationwith thecore
principles of web pipelines at the heart.

Figure 12. Using Widgets for the display into pipelines

In Figure15, I havesplit apartthedesktopapi, pipelineapplicationandwidget front end.This isnÕtnecessarilyideal, I
havebeenusingRSSBus,CocoonandGoogleWidgetsto mock up how ÒflowÓwould work. In Figure20, I draw up
how Yahoo! could build a ÒflowÓ set-up using a different set of components.

In Figure 16, I recommendusing widgets to control the actual pipeline application.The reasoningis to make
pipelinesa solid partof thedesktopexperience.WindowsVista andApple OSX now comewith somekind of widget
enginebuilt in, by placingthe pipelinecontrol at the widget level. Userscanexecuteandchangeparameterswithout
knowing anything about the pipelinesstructure.This for most people,will be their experienceof user generated
pipelines.
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Figure 13. Mock up of Pipeline tasks as widgets in OSX Dashboard

This works in the sameway as the 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

I expect there to be many ÒFlowÓ-like applications coming to the market in 2008.

Core User-Generated Pipeline Principles

Graphical and Shareable
Theproblemwith pipelinesup until recentlyis thelack of a graphicalinterface.Oncea pipeor smallpipelineis built, it
makessenseto graphicallyrepresentthis for easeof manipulationandto avoidburdeningthearchitectof thepipeline.
While some may prefer not to use graphical representation, it should at least be possible using the pipeline language.

Conversely,thegraphicalinterfacemustbeableto producestandardpipelinelanguageXML, which allowstheuser
to modify it with a text editor, post it on the web, and send it around in instant messages or emails.

In addition,anotherlayer shouldbe includedwhich is moredetailsaboutthe actualtask.This would naturallybe
described in XML using thep:doc element.

Figure 14. Levels of Abstraction from the XML
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Definable and Standard
XPROC has nearly everything neededto make a good standardfor XML pipelines and web pipelines.A W3C
recommendation by Winter 2007 is possible if all goes well.

Open and Non-proprietary
User-Generatedpipelinesshould use an open standardlike XML for its core structure.This also meansit will be
naturally cross-platform. Web pipelines should be clear about their function, and not rely on name spaced extensions.

Pipeline/flow examples

Figure 15. Making the Azureus log viewable online

Optional Components
Oneareaof not muchdiscussionin theXproc specificationis OptionalComponents.Thecomponentsexamplesin the
specificationincludeanXSL formatter,http grabber,RelaxNG andXML Schemavalidators,etc.Thesearefine for a
XML pipeline environment,but the samemarkupcould be usedto define how to interactwith web services,online
services, applications, etc.

Onceyou havea goodstoreof theseoptionalcomponents,theywould just showup in thegraphicaluserinterface
as another option.

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

Looking at Figure16, we canseeit will accept3 different inputsandwith thecorrectoutputparameter,sendtheresults
on to another service.
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Figure 17. Example of passing content around different services via a pipeline.

Figure17 looks like a complexpipelinebut only becauseit showsall thedifferentpossibilities.For theenduser,using
therevideopipewidget.Theoptionswould just bea listed tick box of wherethemediawould endup. This is alsonot
new. Flickr.com for yearshasallowed the transferringof photosand datato different servicesand applications.Its
comprehensiveAPI meansdevelopersof applicationscanuseflickr.com asnothingmorethata storagecontainerif the
userhaspaidhis/hermonthly fee.Amazonasyouwill seelateraredoingtheexactlythesame.This makespassingdata
and media from one service to anothersimple if you can write the code. However using a well written optional
component and the right parameters, it will be easy for users to tie the services together for their own gain.

Figure 18.a. Flickr.com allows sharing to other applications and services via its comprehensive API.
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Figure 18.b. My abstract shown using PreloaderÕs example and extending it with Moo.

First with the flow?
In the previoussectionit waseasyto seehow usingXPROCwe could definepipelinesoutsideof 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
Oneof thebiggestinnovationsin pipelinetechnologyrecentlyhasbeenYahoo!Pipes. YahooPipesis anonlineservice
by Yahoo!. It was launched in early 2007 as a beta project.

On thesurface,Yahoo!Pipesseemsto havedoneeverythingcorrectly,but in actualfact what theyhavebuilt thus
far is a very sexy interfaceto web datamixing tool. This is not too far removedfrom what Feedburner,RSSmix,
Feedcombine,andothershavebeendoing for a while. Yahoo!Pipes,while deservingcredit for pushingpipelinesinto
the mainstream, is very limited due to its lack of access to the desktop space and its proprietary nature.

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

Yahoo! Desktop Pipes?
While looking for the perfectÒFlowÓapplication,I discoveredthat Yahoo! Widgetswould makea greatplatform for
thedesktopspace.Thewidgetenginealreadyhasaccessto nearlyeverythingon thedesktopandit hasanauthenticated
pathbackto themainservervia theYahoo!system.It alsohasmanydeepAPI hooksinto differentdesktopapplications
(suchasOutlook,iTunes,Winamp)andtheoperatingsystem.Dueto theauthenticatedpathbackto Yahoo!,it would be
simple to combine Yahoo! Pipes with Yahoo! Widgets to create a ÒFlowÓ application.
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Figure 20. How Yahoo! Pipes and Yahoo! Widgets could work together to provide a ÒflowÓ type application

Unfortunately,evenif Yahoo!combinedPipesandWidgetsin this way, it would remainproprietaryandnon-standard,
at leastin theshortto mediumterm.This meansthatonly Yahoo!Developerscouldbuild on thesetwo coreplatforms.
XPROCsupportseemsto be a long way away,asYahoohavecreatedtheir own pipelinedefinition. At present,this
potential applicationcomesclosestto my vision of ÒflowÓ,but is still lacking in terms of the core principles of
user-generated pipelines.

The ecosystem of pipelines
Amazon.comrecentlylauncheda seriesof webservicesbeyondtheir catalogueof shoppinggoods.No onecouldquite
understandwhy Amazon would get involved in web servicesthat have nothing to do with their core e-commerce
business. Jeff Bezo CEO at Amazon, has received a lot of attention forhis plans to run other peopleÕs businesses.

The new services Amazon launched are:

¥ Amazon Simple Storage Service Ð S3

¥ Amazon S3 is storagefor the Internet. It is designedto make web-scalecomputingeasierfor developers.
AmazonS3providesa simplewebservicesinterfacethatcanbeusedto storeandretrieveanyamountof data,
at anytime, from anywhereon theweb.It givesanydeveloperaccessto thesamehighly scalable,reliable,fast,
inexpensive data storage infrastructure that Amazon uses to run its own global network of web sites.

¥ Amazon Elastic Compute Cloud - EC2

¥ AmazonElasticComputeCloud (AmazonEC2) is a web servicethat providesresizeablecomputecapacityin
the cloud. It is designedto makeweb-scalecomputingeasierfor developers.JustasAmazonSimpleStorage
Service(AmazonS3) enablesstoragein the cloud, AmazonEC2 enables"compute" in the cloud. Amazon
EC2Õssimple web service interfaceallows you to obtain and configure capacitywith minimal friction. It
provides you with completecontrol of your computing resourcesand lets you run on AmazonÕsproven
computingenvironment.AmazonEC2 reducesthe time requiredto obtain and boot new serverinstancesto
minutes,allowing you to quickly scalecapacity,both up anddown, asyour computingrequirementschange.
AmazonEC2 changesthe economicsof computingby allowing you to pay only for capacitythat you actually
use.

¥ Amazon Mechanical Turk (Beta) Ð Turk

¥ Today,humansstill significantly outperformthe mostpowerful computersat completingsuchsimpletasksas
identifying objectsin photographs- somethingchildrencando evenbeforetheylearnto speak.However,when
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we think of interfacesbetweenhumanbeingsandcomputers,we usuallyassumethatthehumanbeingis theone
requestingthata taskbecompleted,andthecomputeris completingthe taskandproviding theresults.What if
this processwerereversedanda computerprogramcould aska humanbeingto performa taskandreturnthe
results?What if it couldcoordinatemanyhumanbeingsto performa task?AmazonMechanicalTurk doesthis,
providing a web servicesAPI for computersto integrateArtificial Artificial Intelligencedirectly into their
processing.

¥ Amazon Simple Queue Service - SQS

¥ Amazon Simple QueueService (Amazon SQS) offers a reliable, highly scalablehostedqueuefor storing
messagesastheytravelbetweencomputers.By usingAmazonSQS,developerscansimply movedatabetween
distributed application componentsperforming different tasks, without losing messagesor requiring each
component to be always available.

How do theseservicesrelateto Pipelines?Pipelinesbuilt by userscangive the userschoicesaboutwhich servicesto
use, depending on circumstance.

Figure 21. User Choice of Service.

In theexampleabovetherearedifferentchoicesabouthow to encodefootageandstoreit. Most peoplewould chooseto
encodeit on their local machinewith an applicationlike Media Cleaner.However,if the personis usinga laptopand
doesnot havethe raw processingpower or time to spare,they needanotherway to get their footageout on to the
internet.Therearefreeserviceslike hey!watchthatwill encodefootageto almostanyformat,but it cantakemorethan
24 hours.Soontherewill be companieswho will useEC2 to build a encodingservice,which will meana very quick
turnaroundand an SLA (for a price). Storagewould work the sameway, in that therewill be choicesbetweenless
reliable free services and more reliable pay services.

In relationto pipelines,theexecutionof a choiceis assimpleasusingonepipeor another.In theencodingexample,
the choice comes down to wanting it now or wanting it later.
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Figure 22. GigaVox media

AmazonÕsapproachis also attractingotherswho seethe power of being able to swapbits in and out suchGigavox
mediawho run theaward-winningIT conversations.com. More webserviceslike this will comeon to themarket.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 towardssomemorecontrol at the userend,on-line servicesareallow morecontrol via their fat
APIs while theysit backandchargeusersfor use.On thedesktop,applicationarealsofinding pilesof userdatawhich
have been locked away in large proprietarystores.Everything from Word documentsto Email is now becoming
addressableand discoverable.Even those chunks of data which refuse to be addressableare being revealedby
applications like RSS Bus.

Onceall theseAPIs andfeedsareavailableto theuser,its a matterof time beforeservicesandapplicationaretied
togetherfor thebenefitof theuserinsteadof theserviceinvolved.In Figure18, flickr activelyallow thereservicesto be
chainedtogethervia their API becausetheymaketheir revenuefrom peoplestoringphotoson their servers.Otherslike
Blip.tv aredoingthesamebut why doestheuserhaveto wait for theserviceto openup like theonesmentionedbefore.
Speciallynow thereareserviceslike MasheryandYahooPipeswhich canconsumeon-line serviceson behalfof the
user.

Thefinal partof thepuzzleis thepipeline.Learningfrom XML Pipelinesandotherpipelinesbeforethem.It is easy
to imagine a future where pipelines are shared like Grease-monkey scripts today.

I have outlined one way this could all fit together,ÒFlowÓ.There is a lot to be worked out still like Identity
management,Single Sign-on, Micro-paymentsand Licences.However IÕmexpectingmost of thesethings will fit
togetherin thenearfuture.As for usergeneratedpipelines,theywill exist in oneform or another.Pipelineshavebeen
so useful before and will continue to be useful in the future.
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