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Your Speaker – Roles at Oracle
• Lead Architect, WebCenter product family

• Brought into Oracle in 2008 via the BEA acquisition
• Long-time developer/architect for WebLogic Portal
• History with customizable UI frameworks

• Architect for SaaS efforts
• At BEA, architected the SaaS platform product
• At Oracle, consulting architect for the SaaS 

Program Office



Your Speaker – Cloud Taxonomist
• Peter blogs at http://peterlaird.blogspot.com
• Map of the Cloud/SaaS Space

• Blogged on May 2nd, 2008
• Divided the space into 4 buckets
• Plotted 50 vendors/technologies into those buckets

• Map of the “aaS” terms
• Blogged on May 29th, 2008
• Enumerated the many “aaS” terms

http://peterlaird.blogspot.com/
http://peterlaird.blogspot.com/2008/05/understanding-cloud-computingsaaspaas.html
http://peterlaird.blogspot.com/2008/05/saas-soup-navigating-a-service-acronyms.html


Laird SaaS/Cloud Map

Presenter
Presentation Notes
This slide is used just to provide an overview of the original vendor map to establish Peter’s history in taxonomy. This information will be presented in detail in a much later slide.



Agenda
• Defining Cloud Computing
• Taxonomies of the Cloud Space
• Related Concepts and Terms
• Vendor Landscape



Defining 
Cloud Computing



Cloud Computing
• Active community

• Many bloggers covering the space
• Cloud Computing Google Group getting 600 posts 

per month

• Usage of the term 
swelled in late 2007

• But…

Presenter
Presentation Notes
Google Group URL:  http://groups.google.com/group/cloud-computing

 

http://groups.google.com/group/cloud-computing


Cloudy Terminology
• “Cloud Computing” is impossible to define in a 

way that satisfies all, …
• …or even a majority.
• Many writers have tried

• We will look at a handful of definitions
• Speaker has chosen one as a working 

definition for the purposes of this presentation
• Cloud Computing is not alone in controversy

• Web 2.0, Mashups, RESTful Architecture



Cloudy, Cloudy, Cloudy, Cloudy

Term Origin Year* Notes

Web 2.0
O’Reilly
Media

2005 Often confused with RIA. AKA Social 
Computing, Long-Tail Apps, Crowdware.

Mashup - 2005¹
Made popular by Google Maps. AKA 

Composite/Situational Apps.

REST R. Fielding 2006² Has a strict definition, but many don’t 
understand it and abuse the term.

Cloud
Computing

- 2007 Collides with many other terms, such as 
SaaS, Grid, Utility, PaaS, etc.

* Column refers to year of emergent popularity, not first use.  Source: Google Trends

Presenter
Presentation Notes
Table notes:

¹ Since most web mashups use Google Maps in some form, I used the introduction of Google Maps as the emergent year for the term.

² Roy Fielding’s thesis that introduced RESTful architecture was published in year 2000, but it didn’t reach popularity until much later. A very unscientific Google Trends analysis shows search volume for “RESTful” picked up heavily in 2006. Since “RESTful” the architecture pattern and “restful” as in “peaceful” are treated the same by Trends, this isn’t a perfect reporting tool. But I make a big assumption that the number of people searching for “restful” has stayed constant, whereas “RESTful” searches explain the big upswing in 2006.

Discussion:

All terms that emerged in the last few years
Describe patterns of software
As opposed to “Java”, “C++”, “Object Oriented”
Centers of massive innovation
Ownership does not matter
Fielding clearly defined REST, but abused anyway
Conclusion: 
We won’t be able to produce a definition of Cloud Computing that is universally accepted

Trademarks

Another discussion point on this slide is the ownership of trademarks and these terms. Both “Web 2.0” and “Cloud Computing” have been trademarked, but to little apparent affect on their use in the market.

Web 2.0 (O’Reilly):  http://radar.oreilly.com/2006/05/controversy-about-our-web-20-s.html
Cloud Computing (Dell):    http://www.thestandard.com/news/2008/08/01/dell-has-applied-trademark-term-cloud-computing



- Michael Coté, June 2008

“There’s a Darwinian evolution of 
the exact definition of cloud 

computing running around. We’re 
about a country mile away from 

"knowing when I see it", which is 
excellent progress. The cloud to 

everyone’s silver-lining has enough 
material to write a 3 volume 

desktop reference at this point.” 

The Definition is in Progress…

Presenter
Presentation Notes
Blog Post:  http://www.redmonk.com/cote/2008/06/30/you-think-its-bad-now-get-ready-for-cloud-defining-cloud-computing-cloud-conference-week-part-2/



- Sam Johnston, July 2008

“Cloud Computing is the 
realisation of Internet 

(’Cloud’) based development 
and use of computer 

technology (’Computing’) 
delivered by an ecosystem 

of providers.”

Definition #1

Presenter
Presentation Notes
Blog Post: http://samj.net/2008/07/cloud-and-cloud-computing-consensus.html

"Cloud Computing...�
...is the realisation of...�While many of the requisite components have been available in various forms for some time (eg Software as a Service, Utility Computing, Web Services, Web 2.0, etc.) it is only now they are reaching critical mass that the Cloud Computing concept is working its way into the mainstream. As more of a collection of trends (a 'metatrend') we still have some way to go yet, but Cloud Computing solutions are a reality today and will rapidly mature and expand into virtually every corner of our lives and enterprises.
...Internet ('Cloud') based...�Although some have [ab]used the 'Cloud Computing' term in reference to infrastructure (particularly grid computing, like Amazon's pioneering Elastic Compute Cloud), much of its value is derived from the universal connectivity of the Internet; between businesses (B2B e.g. Web Services like Amazon Web Services), businesses and consumers (B2C e.g. Web 2.0 like Google Apps) and between consumers themselves (C2C e.g. peer to peer like BitTorrent). Many of us are now connected to 'The Cloud' where we work (office), rest (home) and play (mobile) and there are solutions (eg Gears) for when we are not.
...development and use of computer technology'...�an accepted, all-encompassing definition of computing - there are very few areas which will not be affected in some way by Cloud Computing so I've gone for the broadest possible definition.�
...delivered by an ecosystem of providers."�While it is possible to enjoy some of the advantages using a single provider (eg Google), it is hard to imagine a functionally complete solution which does not draw on multiple providers (in much the same way as we install task-specific applications onto our legacy computers). Your electricity is almost certainly generated by wholesale providers who pump it into the grid and similarly Cloud Computing will typically be delivered by layered (eg Smugmug on Amazon S3) and/or interconnected (eg Facebook<->Twitter) systems.




- Douglas Gourlay, Cisco, May 2008

“Cloud Computing = Network Computing
...

I love the idea of cloud computing, the 
next evolution of the most network 

intensive architecture possible, but one 
that if it works well, is transparent.  It’s all 

about the transparency.” 

Definition #2

Presenter
Presentation Notes
Blog Post: http://blogs.cisco.com/datacenter/comments/so_whats_a_cloud/

“We are past the point where individual point solutions will suffice and charging headlong into a world where the lines get blurred.  One where we don’t brag about how many servers we have, but instead about how efficiently we manage them, where storage virtualization is de rigeur, not the exception, and as always the network continues to connect everything.  

In this world of applications becoming more network-centric and network dependent than ever we shouldn’t take the abject usability of the network for granted.  As my good friend Peter Linkin relayed to me today, there is a lot of engineering that goes into protocols, hardware, and software for networking and just because it works well, efficiently, and the better it works the less you care about it doesn’t mean it is not critical. “



- Randy Bias, neoTactics, May 2008

“There seems to be a group myopia 
around so-called ‘cloud computing’ and 

it’s definitions. What we’re really talking 
about are ‘cloud services’ of which, 

‘computing’, is only a subset...Cloud 
services are not SaaS. They are far more 

akin to web services...” 

Definition #3

Presenter
Presentation Notes
Blog Post: http://neotactics.com/blog/technology/short-sighted-about-cloud-computing

This definition is counter to others which say Services is a subcategory of the big Cloud Computing umbrella.

Randy lists the following features of Cloud Services:
- simple point services meant to be integrated into a larger application 
- machine-consumable via network-based APIs (commonly REST or SOAP) 
- ‘infinitely scalable’ (meaning: ‘no practical limit’) 
- in-the-cloud 
- self-service 
- on-demand 




- Robert Anderson, Digiepede, July 2008

“Note that I refer to cloud services, not to the 
cloud.  I am not interested in defining cloud as a 
term, because I don’t think it very useful.  For 
those of us in the distributed computing space, 

cloud is the latest buzzword to compete with the 
word grid in terms of utter ambiguity.” 

(Anti-)Definition #4

Presenter
Presentation Notes
Blog Post: http://et.cairene.net/2008/07/03/cloud-services-continuum/

Robert goes on to describe a continuum of Cloud components – a 3 tier model we will discuss later in the session.



- Mitchell Crandell, Rightscale, June 2008

“…the notion of providing easily accessible compute and 
storage resources on a pay-as-you-go, on-demand basis, 

from a virtually infinite infrastructure managed by 
someone else. As a customer, you don’t know where the 

resources are, and for the most part, you don’t care. 
What’s really important is the capability to access your 

application anywhere, move it freely and easily, and 
inexpensively add resources for instant scalability.” 

The Working Definition

Presenter
Presentation Notes
Blog Post: http://refresh.gigaom.com/2008/06/16/defogging-cloud-computing-a-taxonomy/

This is a good working definition that is sufficiently broad, yet also sufficiently descriptive.



The Taxonomy of 
Cloud Computing



Cloudiness, Again
• Taxonomies are useful to provide insight into 

a market
• Classifies a multitude of players into smaller 

buckets
• No surprise that segmenting a poorly defined  

space will lead to only more controversy
• Will cover several approaches, covered in 

chronological order



Andreessen’s Platforms, Sept 07
• Provided an early taxonomy model for 

emerging cloud platforms
• Platform being a system that can be 

programmed
1. Access API – platform that provides web 

service end points
2. Plug-In API – platform invokes your code, 

that you have deployed remotely
3. Runtime Environment – your code runs 

inside the platform’s process space

Presenter
Presentation Notes
Blog Post:  http://blog.pmarca.com/2007/09/the-three-kinds.html

In addition, it is highly likely that a Level 3 platform will also superset Level 2 and Level 1 -- i.e., a Level 3 platform will typically also have some kind of plug-in API and some kind of access API.

Put in plain English? A Level 3 platform's developers upload their code into the platform itself, which is where that code runs. As a developer on a Level 3 platform, you don't need your own servers, your own storage, your own database, your own bandwidth, nothing... in fact, often, all you will really need is a browser. The platform itself handles everything required to run your application on your behalf.

Obviously this is a huge difference from Level 2. And this difference -- and what makes it possible -- is why I think Level 3 platforms are the future.
Let's start with one big issue right up front: Level 3 platforms are much harder to build than Level 2 platforms.



Mehta 11 Layer Stack, April 08
1. Facilities (space, power, cooling) 
2. Network 
3. Hardware (e.g., servers Amazon EC2 runs) 
4. Hardware Virtualization (e.g., Xen for EC2) - optional 
5. O/S (e.g., Linux) 
6. Systems Management (e.g., tools to manage EC2 

instances) 
7. Application Middleware (e.g., MySQL on EC2) 
8. Application Code 
9. Application APIs / Web Services 
10. GUI for Application 
11. GUI for Application Development / Customization 

Presenter
Presentation Notes
Blog Post:  http://fitfuldreams.wordpress.com/2008/04/19/career-ramblings-making-money-in-the-clouds/

We can now intuit the Cloud Depth Postulate:
The higher up the stack a cloud platform goes, the lower the barrier to entry for building an application. For example, it’s easier for someone with no programming skills to build an application on Coghead than it is to build one on Force or Facebook. And it’s easier for someone with no programming skills to build on one of those platforms than it is to build one on AWS.

As well as the Cloud Depth Corollary:
The lower down the stack a cloud platform is, the higher the flexibility for any type of application to run on it. In this extreme, a colo is more flexible than shared hosting (because you can run your own VAX/VMS server if you want   ), while EC2 is more flexible than AppEngine (because you can use mySQL, simpleDB, flat files or anything else for storing data, for example).



Laird SaaS/Cloud Map, May 08

Presenter
Presentation Notes
Blog Post:  http://peterlaird.blogspot.com/2008/05/understanding-cloud-computingsaaspaas.html

Notice: the 4 high level categories that are immediate children of the center bubble. We will refine the those top level buckets in a few more slides.

4 Top Categories:

Cloud Computing
Cloud computing refers to the virtualization of the data center, such that server machines are not thought of individually but as just a commodity in a greater collection of server machines. Cloud computing solutions in general strive to eliminate the need for an application deployer to be aware of the actual physical machines that are used to host the application. 

Software as a Service (SaaS)
An application that is delivered through the SaaS model typically is done so:
- Over the internet, 
- Remotely by a third party, with little/no opportunity to bring that application in-house 
- With a usage-based pricing model 

Platform as a Service (PaaS)
When a vendor offers a Platform as a Service, they are offering an integrated platform to build, test, and deploy custom applications. The PaaS is offered to you in a SaaS model (remote, usage-based). 

Core Cloud Services
After defining the 3 markets, there remains a set of solutions that contribute to all as fundamental building blocks. In other words, these solutions address cross cutting concerns. 


Note that in many ways these markets overlap so trying to differentiate which solution is in which is not a meaningful exercise. Needless to say, drawing out the map is a subjective effort, and not all solutions fit neatly into their assigned bucket. The purpose of the visual map is not to address subtleties, but to draw the industry in general terms.




Croll Cloud Stack, June 08
• 7 layer stack

• Bottom of stack includes “root 
access” style compute clouds

• App clusters full featured 
development environments to 
deploy cloud apps

• Constrained APIs are dev 
environments with limitations

• Extensible apps are highly 
customizable pre-built 
applications

Presenter
Presentation Notes
From a research document prepared for GigaOm by Alistair Croll. Not freely viewable. Used with permission.

Layer 1: Virtual servers
The classic example of a virtual server model is Amazon’s EC2, which offers “bare
metal” servers. Amazon limits the kernels that can run on machines (for example, there
is currently no Windows kernel available.) Billing tends to be in “raw units” such as
CPU cycles, hours, and gigabytes. At the core of a layer 1 model is a platform that runs
many virtual images of computers. Most importantly, these machines are treated as
independent entities. There is no “bundle” of virtual machines and virtual appliances at
this layer.
Microsoft’s utility computing platform, code-named Red Dog, is likely to be another
competitor at this level focused

Layer 2: Virtual data center
One level above the virtual server model is the creation data centers that combine
predefined servers and appliances with their underlying network. Service providers like
Enki or Net One, that use data center description software from 3Tera, offer this model.
To some extent, other provisioning software companies can abstract out the data center;
Elastra, for example, has a data center description language (today limited to
databases.) A user gets a blank slate and a catalog of machines or appliances to drag and
connect; once deployed, the user can then log into each machine directly.

Layer 3: Application cluster
While some users might want to define their data center by dragging and dropping
firewalls, others just want a turnkey “application stack” for their chosen development
environment. Heroku offers this to Ruby on Rails developers (and Heroku itself runs
atop EC2.) Joyent bundles up predefined stacks in what it calls “Application
Accelerators,” and has accelerators ready-made for Facebook and Opensocial. Things
like firewalls and load balancing are built in (what Heroku calls an “integrated stack.”)
It’s important to note that at all these layers, the developers still have “root.” The focus
is more on how tailored the templates and supporting service are at layer three, versus
how raw the system is at layer one.

Layer 4: Constrained APIs
At this layer, the cloud limits what you can do significantly. You’re basically building in
the cloud with no hope of ever getting “root” or exporting things. In return, you get
huge scalability and a rich set of APIs; in Google’s case, this includes access to storage,
authentication and sign-up systems, e-mail back-ends, and more.
The programming languages are still “open” at layer 4. Google has promised to support
other languages (though for now it relies on Python.) Even Yahoo’s recently announced
development platform extends the widely used PHP with Yahoo-specific calls.
In lower layers, you had services at your disposal (storage, authentication) but you
could always define your own. In other words, while Amazon wanted you to use
SimpleDB, you could run a database on an EC2 instance; it just wasn’t very reliable or
persistent.
But at layer 4, the cloud provider tells you how to architect your applications. You can’t
use a database; instead, use the Google BigTable storage system. If you want to connect
to the outside world, go through our API. And so on.
Many of these constraints are done for a good reason: Scalability. By forcing developers
to embrace more scalable technologies, the cloud will run more reliably. App Engine, for
example, automatically scales up to meet capacity without provisioning additional
virtual machines or changing the way load is shared.
There are provider-specific limitations (for example, App Engine was launched without
the ability to launch tasks according to a schedule) but these will likely be overcome
with time. The more long-term concern is that a layer 4 platform means lock-in: You will
not be able to run this application elsewhere unless you emulate the APIs. You also can’t
easily export your application from the cloud the way you can with lower layers.

Layer 5: Generic IDE
At this layer, you’re writing the application in someone else’s development
environment using their tools. The cloud operator has no promise of portability: What
you build, you build for their platform. In that respect, it is a closed system. Intuit
Quickbase, for example, doesn’t try to let users run the applications they write as
standalone components. Similarly, Rollbase provides a set of tools for defining events,
pages, and objects.
But this layer is still generic in terms of the application users are trying to build. You
could write a game, or a recipe site, or an enrolment system. In other words, while the
development model is proprietary, the applications you build with them are generic.
Billing also shifts at this point. Now, some vendors start billing by concurrent users,
accounts, and similar high-level factors.

Layer 6: Extensible app
The next layer up essentially allows customization of a domain-specific application. In
this respect it’s the cloud equivalent of Visual Basic for Applications: You can build
things atop Word, but it’s still a word processor at the core.
Some Layer 6 vendors provide a full programming language, which offers considerable
flexibility. But they assume those applications are being written for a specific domain. If
you’re building on Salesforce.com’s Apex platform, it’s likely that the application you’re
writing has something to do with Customer Relationship management. At your
disposal are a set of services, but also the entire SaaS framework in which you’re
running.
In some ways this layer sits “atop” the SaaS platform with which it runs. We place it
below on this model because it imparts more flexibility and control to developers than
the SaaS application.
Other Layer 6 companies have a GUI-based development environment, which makes it
easier for non-developers to embrace it. Ning has some amount of customization, but
cosmetics aside, the vast majority of its users’ sites look like social network dashboards.
In the Targeted IDE layer, the cloud constrains the domain (in Ning’s case, social
networks) and the scope of customization (in Ning’s case, metadata and components.)
Yahoo Pipes and Microsoft’s Popfly are similar Layer 6 offerings.
If Google ties the App Engine platform to Google Apps (its canned word processing,
spreadsheet, and presentation components) it will have the makings of a Layer 6
offering as well.

Layer 7: Software as a Service
The SaaS layer is the purest, most constrained one. The cloud provider dictates exactly
what the user can and can’t do, and the user has very little customization (perhaps
reconfiguring dashboards or toolbars, for example.) The user can begin using the
application immediately, with no setup or coding. Office Live, Basecamp,
Salesforce.com, and Adobe’s Buzzword are examples of pure SaaS applications: You
can’t change their core functionality.



Woloski SaaS Taxonomy, July 08

Presenter
Presentation Notes
Blog Post: http://blogs.southworks.net/mwoloski/2008/07/10/saas-taxonomy-map/

Note: This slide has two images that overlay, so you need to view in the slide show to see the build.

Matias does a nice job of showing the overlap within SaaS and Cloud (called Utility here) spaces. There is a third image in this series that is included later in this deck.

Slide 1:
Covers the various features helpful to implement SaaS, like Metering/Billing, Multi-tenancy, Tenant Branding
It includes other features that aren’t specifically related to SaaS, but used in SaaS solutions: Offline Exp, Device Exp, Workflow
Note the Cloud type features towards the left

Slide 2:
This slide touches on terms we will cover in the next section (S+S, Utility)
Replace the word “Utility” with “Cloud” here to approximate a Cloud Taxonomy





Robert Anderson 3 Layers, July 08
• Robert introduced this 

taxonomy model
• Identifies 3 layers:

• Cloud Applications
• Cloud Platform
• Cloud Infrastructure

• We will adopt as our 
model taxonomy for 
this session

Presenter
Presentation Notes
http://et.cairene.net/2008/07/03/cloud-services-continuum/

Note: I actually don’t like the term “Software” for the top box, because Platforms are also software components. I prefer Applications for this tier.

“So, everyone is talking about cloud services and much of the conversation centers on understanding them and how they are changing the landscape.  Of course, cloud services are not one thing.  I find it helpful to think about them as parts of a continuum.  This seems useful regardless of the technical level of the people with whom I’m speaking.

The diagram shows this continuum from infrastructure to platform to software.   Brief definitions of these parts are:
Infrastructure includes provisioning of hardware or virtual computers on which one generally has control over the OS; therefore allowing the execution of arbitrary software. 
Platform indicates a higher-level environment for which developers write custom applications.  Generally the developer is accepting some restrictions on the type of software they can write in exchange for built-in application scalability.  
Software (as a Service) indicates special-purpose software made available through the Internet. “





Klems Apps Taxonomy, July 08

Presenter
Presentation Notes
Blog Post:  http://markusklems.wordpress.com/cloud-classification/

Based on the 3 layer approach introduced by Robert Anderson. This slide shows a break down of the software/application/SaaS layer. 

Matias also provides vendor landscapes for each of the 3 layers, but we will cover that later. Also, he has a unique map showing different strategies for Cloud APIs, but I find that more architectural rather than defining a taxonomy. 



Laird SaaS/Cloud Map, Aug 08

TODO - Update

Presenter
Presentation Notes
Blog Post:  todo

This image represents a revision of Peter’s earlier work, recast into Robert’s 3 tier taxonomy.



Related Terms



Cloudiness, Again

Presenter
Presentation Notes
A number of related/equivilant terms exist for the Cloud Taxonomy. We will review those terms, first by looking at some sample taxonomies, and then by applying the related terms to the 3 tier taxonomy.


Image created by Wordle.net



Laird XaaS Map, May 08

Presenter
Presentation Notes
Blog post:  http://peterlaird.blogspot.com/2008/05/saas-soup-navigating-a-service-acronyms.html

This image and accompanying blog post enumerated the 30 “aaS” terms that have been invented and divised a strategy for organizing them into a taxonomy.

Mapping this Map onto the 3 Tier Model
Hardware as a Service == Cloud Infrastructure
Platform as a Service == Cloud Platform
Software as a Service == Cloud Applications




Woloski SaaS Taxonomy, July 08

Presenter
Presentation Notes
Blog Post: http://blogs.southworks.net/mwoloski/2008/07/10/saas-taxonomy-map/

We saw this diagram already, but it is relevant once more.

Software as Self Service is a term not often used, so we will not discuss it further.



Cloud Infrastructure
• Infrastructure as a Service (IaaS), Hardware as a 

Service (HaaS)
• Synonyms to Cloud Infrastructure

• Virtualization
• A technology that abstracts the coupling between the 

hardware and operating system

• Hosting
• Providing raw computers in a data center to customers

• Autonomic Computing
• A technology that enables computers to be self-managing



Cloud Infrastructure
• Distributed Computing

• Very generic, refers to splitting the execution of a 
program up across multiple machines

• Grid Computing
• Assembles multiple heterogeneous computational 

resources into a larger logical machine
• Grid historically have been used to execute 

computationally expensive jobs
• Can scale up and down as load demands
• Can be the back-end to clouds



Cloud Applications
• Software as a Service (SaaS)

• Application is hosted by the application creator
• Usage based, subscription pricing
• Delivered over the internet

• Software + Services (S+S)
• Popularized by Microsoft
• Combines SaaS with some on-premise software

• Managed Service Provider (MSP)
• Similar to Hosting, but includes services higher up 

into the application stack



The Rest
• Platform as a Service (PaaS)

• Maps directly to the Cloud Platform tier
• OnDemand

• High level term, can be applied to all 3 tiers
• Utility Computing

• Providing computation and storage like a public 
utility like electricity and water

• Synonym to OnDemand



Vendor Landscape



Woloski SaaS Taxonomy, July 08

Presenter
Presentation Notes
Blog Post: http://blogs.southworks.net/mwoloski/2008/07/10/saas-taxonomy-map/

Note: This is the third image in the series (we looked at the first two in the cloud taxonomy section)




Laird SaaS/Cloud Map, Aug 08

TODO - Update

Presenter
Presentation Notes
Blog Post:  todo

This image represents a revision of Peter’s earlier work, recast into Robert’s 3 tier taxonomy.
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