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Agenda

Cloud Computing Introduction
Infrastructure as a Service
— Services, Architectural View , Developer
View
Pltatform as a Service

— Services, Architectural View, Developer
View
The mOSAIC Project
—-Aimings
— Architectural View
— Developer View



Cloud Computing: What is it?

A cloud is large-scale distributed computing paradigm
that is driven by economies of scale, in which a pool of
abstracted, virtualized, dynamically-scalable, managed
computing power, storage, platforms, and services are
delivered on demand to external customers over the
Internet



Cloud Computing: What is it?

Cloud computing is a model for enabling convenient,
on-demand network access to a shared pool of
configurable computing resources (e.qg., nhetworks,
servers, storage, applications, and services) that can
be rapidly provisioned and released with minimal
management effort or service provider interaction.

This cloud model promotes availability and is
composed of five essential characteristics, three service
models, and four deployment models.



Cloud Computing: What is it?

On-demand Self-Service
Broad Network Access
Resource Pooling

Rapid Elasticity
Measured Service

Private Cloud
Community Cloud
Public Cloud
Hybrid Cloud



Yes, but ... What does it mean?

“Cloud Computing” refers to a large set of different
technologies, which aims at solving different kind of
problems for different users on different platforms.

The main concept in common between all the cloud
technologies is the “delegation to network of
resources” (any kind of resources)

Some examples will help to clarify the concept..



Cloud Examples: Google Docs

Office Applications (Word
processor, spreadsheet,
drawning, ..)

Management of remote
Folders

Upload/download/convert
services
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Cloud Examples: Amazon EC2

On a Web Portal you can
manage (start, stop, ...) a
computer

You have full
administrator right on the
target machine

Pay-per-use paradigm
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Cloud Examples: Drop
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Cloud Computing: What is it?
Come back to the definition ...

On-demand Self-Service Private Cloud
Broad Network Access Community Cloud
Resource Pooling Public Cloud
Rapid Elasticity Hybrid Cloud

Measured Service

Definizione del NIST



Cloud Computing
Deployment Models

Private cloud.
— The cloud infrastructure is operated solely for an organization..
Community cloud.

— The cloud infrastructure is shared by several organizations and
supports a specific community that has shared concerns

Public cloud.

— The cloud infrastructure is made available to the general public or a
large industry group and is owned by an organization selling cloud
services.

Hybrid cloud.

— The cloud infrastructure is a composition of two or more clouds
(private, community, or public) that remain unique entities but are
bound together by standardized or proprietary technology that enables
data and application portability



Cloud Computing: Cosa e?
Essential Characteristics (I)

On-demand self-service. A consumer can unilaterally provision
computing capabilities, such as server time and network storage,
as needed automatically without requiring human interaction
with each service’s provider.

Broad network access. Capabilities are available over the
network and accessed through standard mechanisms that
promote use by heterogeneous thin or thick client platforms
(e.g., mobile phones, laptops, and PDAsSs).



Cloud Computing: Cosa e?
Essential Characteristics (1)

Resource pooling. The provider’s computing resources are pooled
to serve multiple consumers using a multi-tenant model, with
different physical and virtual resources dynamically assigned and
reassigned according to consumer demand. There i1s a sense of
location independence 1n that the customer generally has no control
or knowledge over the exact location of the provided resources but
may be able to specify location at a higher level of abstraction
(e.g., country, state, or datacenter). Examples of resources include

storage, processing, memory, network bandwidth, and virtual
machines.



Cloud Computing: Cosa e?
Essential Characteristics (1)

Rapid elasticity. Capabilities can be rapidly and elastically
provisioned, 1n some cases automatically, to quickly scale out and
rapidly released to quickly scale in. To the consumer, the
capabilities available for provisioning often appear to be unlimited
and can be purchased in any quantity at any time.

Measured Service. Cloud systems automatically control and
optimize resource use by leveraging a metering capability at some
level of abstraction appropriate to the type of service (e.g., storage,
processing, bandwidth, and active user accounts). Resource usage
can be monitored, controlled, and reported providing transparency
for both the provider and consumer of the utilized service.



Cloud “Layers”

Aaa$sS o SaaSs

— Application or Sofwtare
PaaS

— Platform

laasS, Daa$s, CaasS

— Infrastructure, Data and
COmmunication

HaaS
— Hardware

Cloud Applications

Cloud Software Environment

Cloud Software Infrastructure

Computational Storage Communications
Resources

Software Kernel

Firmware / Hardware




Application/Software as a Service
(AaaS/SaaS)

The capability provided to the consumer is to use
the provider’'s applications running on a cloud
Infrastructure. The applications are accessible from
various client devices through a thin client
Interface such as a web browser (e.g., web-based
email). The consumer does not manage or control
the wunderlying cloud infrastructure including
network; servers, operating systems, storage, or
even individual application capabilities, with the
possible exception of I|limited user-specific
application configuration settings.

Esempi: Google Apps



Cloud - Platform as a Service

The capability provided to the consumer is to
deploy onto the cloud infrastructure consumer-
created or acquired applications created using
programming languages and tools supported by
the provider. The consumer does not manage or
control the underlying cloud infrastructure
Including network, servers, operating systems, or
storage,  but has control over the deployed
applications and possibly application hosting
environment configurations.

Esempi: Google App Engine, Adobe AIR,



Cloud - Infrastructure as a Service

The capability provided to the consumer is to
provision processing, storage, networks, and other
fundamental computing resources where the
consumer is able to deploy and run arbitrary
software, which can include operating systems and
applications. The consumer does not manage or
control the underlying cloud infrastructure but has
control over operating systems, storage, deployed
applications, and possibly limited control of select
networking components (e.g., host firewalls).

Esempi:
— laaS: Amazion EC2, GoGRID
— DaaS: Asus Web Storage, Dropbox
— CaaS: ancora nessuno ..




| Computing: What is it?
go% Cé)orn onQHe F(l)ﬂowmg idea:
— Big service provider (Amazon, Google) must size their
datacenter for the “worst case” .. often they cannot use

all their resources
— |dea: Why do not sell the unused resources, even at low
price?
Many different ways to deliver such resources:
— Applications.. Virtual machines.. Data storage.. API...

Problem: What happens changing cloud
provider? How to deliver such resources?



owards mOSAIC Approach
'he Next Step

Description of the laaS Cloud Approach:

— Cloud laa$S Services. How to build a provider. How to
develop an application using laaS API.

Description of the PaaS Cloud Approach:
— What a PaaS offers? GAE Examples.

From Cloud to Sky Computing
MOSAIC Approach



Cloud Computing
Instrastructure as a Service



Cloud laa$s - Services

Infrastructuire as a Service: Infrastructure resources
offered “as a service”

— Computing Environment

« Working machine together with his own Operating
System

* usually referedd as laaS

— Storage
« Memory space accessible over the network
» usually referedd as Data as a Service

— Network
* network between the computing environment offered
* usually referred as Communication as a Service



Cloud laa$s - Services

Computing Environment

Working machine together
with his own Operating
System

Concepts:
— Image (AMI)

— VM (Running
Machine)

Create/Choose a new
Image (AMI)

Create a new VM from AMI
— choose hardware
Start/Stop/suspend

Change hardware of the
VM

— enlarge memory, add
CPUs, ...



Cloud DaaSs - Services

Upload/Download a Flle
Sync

— remote/local

— remote/remote

Find

Storage

Memory space accessible
over the network

Example: DropBox, RapidShare/MegaUpload, ...




Cloud - Infrastructure as a Service
How does it work?

Main Concept:
VIRTUALIZATION

Software layer on
which a full system
runs

Technologies:

— Application
Level . .
VMWARE, Virti i
alBox,

— ParaVirtualizati
on XEN

LI vrAwvar~ vrA




Cloud Infrastructure as a Service

How does it work?

Virtualization offers:

— Separation
between
Operating
System and
Application
Installations and
the physical
Hardware

— The same Image
can run on both
systems

Problems:
— O.S run on both?

(e

System

System




Cloud Infrastructure as a Service
How does it work?

Virtualization offers:

— Possibility to improve
hardware
characteristics
dynamically

Add CPU
dd Memory

S

should be able to
manage this
erformances?




Cloud Infrastructure as a Service
How does it work?

Virtualization offers:

— reliability to physical
system crashes

— After a crash the
image can be run
again on a new

system
Problems: :
y HO,.W to r’T’1a|nta|n the System
state B
— Detect, ..




Cloud Infrastructure as a Service
Architectural View

Virtualization offers an abstraction of the
computational resource

This is not the only step need to cloud: How to offer

It as a Service?
— Pooling - offer the VMs over a datacenter
— Self-Service - offer it without direct administering



A Generic Cloud laasS Architecture

Cloud
Client

(Browser, ..

)

User
Terminal

Cloud
Engine
(SOA)

Virtual Machine
,,,,, N ode Scheduler

————— Cluster "™ .
| Node
CC FE h"’ """ S Vlrtual engine

‘\JVU

Cluster
FE | Physical
— Node Resources




A Generic Cloud laasS Architecture

Many different Layers Involved
— Physical Layer:
« Typical Datacenter, Cluster Management software

— Virtual Layer:
* Virtual Engines, offer VM on the top of the single
machine
— Virtual Machine Scheduler (Resource
Manager):
* Manages the machines on the top of the Virtual
Engine, move images between Physical
machines, ...
— Cloud Engine:

« Offer the Service Oriented Architecture, Manage
Resource Abstraction, Interface to the User



Cloud laaS SOftware: State of the Art

Physical Layer:
— Cluster Management is a well-known problem, Diffused
know-how

Virtual Layer:
— Xen, VMWARE, KVM, VirtualBox
— Problems: No Standard on VM images

Virtual Machine Scheduler
— OpenNebula, Nimbus, Eucalyptus

— Problems: No standard at all, Security, Performances, ...
Relation ship with Cloud Engine

Cloud Engine:

— Eucalyptus, Nimbus, openNebula, ..

— Problems: No standard at all, Security, Performances, ...
Relation ship with Cloud Engine

— Which Interface? (WS, REST, ...)



A Generic Cloud laasS Architecture
Analyzing the technologies ...

Virtual Machine
| N ode ””” Scheduler
Cloud e
e v Node
(Browser, ...) ECIO_Ud L CI """" t- ”E"“.
ngine - ¢ “luster = Node
User (SOA) CC FE ‘”E:\:"‘ ””” Virtual engine
Terminal I :‘It-l\.l,?de ,,,,,
" Node
A
Cluster B
FE | | | Node Physical
— Node Resources




A Generic Cloud laasS Architecture

The API Offered ...

Cloud
Client
(Browser, ...)

User
Terminal

..Some of the
API offered!

- Y99 ' vVirtual Resource
Offered

,,,,,,,,,,,,,,,,,,,,,,,,, Virtual Machine
Node  Scheduler

PO ErEREeeRee . | B

Cluster |
CUster  Node

Physical
- Node Resources




Few Words About Platform as a Service

Platform as a Service aims at
— hiding the existhence of a datacenter

— Offer a full-featured Platform for application
development

Examples:
— Google App Engine
— Azure (not only Paas...)



Google App Engine Example

Your code is written up a
complex stack of API

No relationship with Lo L'.”";‘T.'”.'-'Sf‘ni";‘lf!m
(HTM Javascri

Google Datacenter -
No view of VMs and so e

on | /

| API |  APIper | g..i;i IAPILayer
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COde on Other API Datastore c_m_i? H E !P

systems.. : > -
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MOSAIC Cloud Computing Approach

MOSAIC
APIl, Framework and Platform



MOSAIC COMMITMENTS

Title: Open-Source APl and Platform for Multiple Clouds

An API

Cloud-based language- and platform-independent API
Extends the existing language- or platform-dependent API
capabilities with composite features based on patterns

A framework

Semantic engine
Cloud ontology & Semantic representation of Cloud resources
Applications’s needs in terms of SLAs and QoS requirements

Cloud agency

An open-source platform

a proof-of-the-concept prototype ready to be tested, exploited or
extended by its users

include instances of the APIs for several programming languages
and application tools

I Proofs of validity through the use cases and applications
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MOSAIC: A Global View

mOSAIC

Platform
MOSAIC-Based
Application

mOSAIC
API

Users

mOSAIC

Framework

Developers




MOSAIC: A Global View

MOSAIC-Based
Application

Users Sees only the
Final Applicantion

They does not know
anything (as less as
possible) about the
Cloud




MOSAIC: A Global View

Cloud  Provider are ]
Resource owners.
Cloud
Provider

They are involved for
everything related to
acquiring resources.

They are accessed
trough mOSAIC, as less
as possible dependence

Cloud
Provider

between Provider and | —— 1.

developer. ]
Cloud

Only Framework knows rovider

about CP




MOSAIC: A Global View

MOSAIC
Platform

o

mOSAIC
API MOSAIC

Framework

Developers




Framework COMPONENTS Overview

| CLIENT

Supplementary resources spec, Resource contract

Supplementary resources
request
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APl Programming Model



APl Definition Approach

From State of the Art

— Definition of Common Use cases
— ldentification of the problems
— |ldentification of the role in the architecture

Operative Steps

dentification of Scenario and Actors
dentification of a set of Toy Applications

Definition of the Application in terms of mMOSAIC
(what we want from..)

— Definition of a methodology for Application

development



STARTING FROM CLOUD USE CASES

Existing use cases
OCCI use cases with laaS API requirements
Cloud Computing Use Case Discussion Group
Provider’s use cases
Research use casse

MOSAIC’s use cases

Data intensive Storage and data distribution in Earth Observation
Earth Observation mission reprocessing
Routine production of Earth Observation products
Fast data access for crisis situations
Distributed intelligent maintenance

Compute Cloud-distributed parameter sweep
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What is a Cloud Application

Actors:
Final User
Service Developer (SD)

Resource Owner (Cloud
Provider)

Components:
View/interface
Service Behaviour
Resource Management

The APls should help SD
at developing solution,
such that:

Let the User be
independent from the
Cloud Provider

Let the User use a large
set of different
technologies

Let the User be able to
manage SLA aspects
(optimization)




MOSAIC Usage Possible Scenarios

Scenario 1: SD as tool developer

Service Developer build up a tool and sell the tool to
User

User use the tool and access Cloud Provider
User pay for Cloud resources
Service developer act just as a Software House

Scenario 2: SD as a Server Developer

Service Developer build up a tool and offer a SaaS to
user

User use the Saa$S and pay to SD
Service Developer pay for Cloud resources




MOSAIC Usage Possible Scenarios

Scenario 3: SD as User
Service developer IS the final user (typical in HPC)
match with scenario 1

Scenario 4: SD as Provider

Service Developer is the CLoud Provider (added value
services)

match with scenario 2




MOSAIC APIs components

Software on the
User HW

pa—
—

Services

-> web apps

-> monitoring

-> patch systems
->

00
0

\ J
Cloud Resources
-> [aaS
-> DaaS
-> CaaS P
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-
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L MOSAIC
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MOSAIC API: A Proposal

Cloud Application development founds on three set
of “components” for the different layers

* User Module

To build up the user interface. It should be easily

integrated with existing framework ansd
solutions.

It is composed of the components which
iImplementas the user-provider protocols
* Service Module

— It implements the added-value services
—  Clprian Approach

* Provider Module

It offers the Cloud Provider wrappers to be used
by the Service Module




Architectural View

MOSAIC API




MOSAIC API: A Proposal

Cloud Application development founds on three set
of “components” for the different layers

* User Module

To build up the user interface. It should be easily

integrated with existing framework ansd
solutions.

It is composed of the components which
iImplementas the user-provider protocols
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MOSAIC API: A Proposal

This is the core of the mOSAIC API
Programming Paradigm involved

Considerations
How to port developers to our API?

Moving from existing software/solutions should be facilitated as much as
possible

* Service Module

— It implements the added-value services
—  Clprian Approach
* Provider Module

— It offers the Cloud Provider wrappers to be used
by the Service Module




MOSAIC API: A Proposal

This is composed of wrappers to cloud provider technologies
should solve the lock-in problem.

Mainly based on vendor agents-...

Considerations
How does the technological provider involve the service layer APIs?

—  Clprian Approach
* Provider Module

— It offers the Cloud Provider wrappers to be used
by the Service Module




MOSAIC Toy Example Identification

UC online System
Kind: typical and simple Web application development,

Aiming: development do not differ too much from
common web application development

AITIA Case study

Kind: mosaic Example, real (simplyfied),
computational-oriented

Aiming: Applicability on existent applications
FTK case study
work in progress
Kind: mosaic Example, Real (simplyfied), data-oriented



MOSAIC API: UC On Line System

Description:

Develop a repository of use cases described
through the model “template.odt” and
summarized in a jpeg diagram .

The Application should
~ Upload a template

> Upload a UC

- Download a UC

> Find a UC




UC Example:Scenario ldentification

Client Node

client

Data Center f Cloud

(not cloud)

_\Web Services - .

mOSAIC
LowLevel AP]

mOSAIC
LowLevel API




MOSAIC API: An Example

User FE Service Level :
Logical
Architecture
VWWW Web 2.0 -
Gateway p[r1p Ul Layer Blil_sc:gﬁ;ss Ric;r:iees
Queue N
Here define how the | Added Value Service. Resources

user interact with the
service

Here develop the behavior.

Acquired in the
Cloud




MOSAIC API: An Example

User FE

Service Level

Logical
Architecture
W Web 2.0 ;
Gateway pTTP Ul Layer age Ross s
Queue & .
a E; FS
Added Value Service. Resources
Here develop the behavior Acquired in the
HTTP client ClOUd
Deployment

Architecture




MOSAIC API: An Example

User FE Service Level ——
Architecture
WWW Web 2.0 .
Gateway TP Ul Layer B‘f_";gﬁfs Sorage
Queue b .
g— -
Resources
Acquired in the
Request Find -
HTTP client HTTP Ceia >—'—" ue N Cloud
Lgatewa \
/ Request
) Queue Uﬁlcozd —
Dol ¢ \)Request
R et Queue
Architecture tgnalpolzfe




MOSAIC API: An Example

User FE Service Level sl
Architecture
WA Web 2.0 :
Gateway py1TP Ul Layer E“EE!S?;“ Rgtsc::r: vias
Queue
———— E— -
Request . Find A,
HTTP client HTTP Queue ) uc ™
Jgatewa \
/
Request
) ) e =
Deol ¢ \) Request
eploymen Queue
Architecture tgnal;::olzfcje » template
Store




Example
Full Puzzle Diagram

MOSAIC
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UC on Line: COmponent Identification

User Module

Interop API Low Level User Module

\ mOSAIC API
HighLevel /
mOSAIC API ) \ '
Driver Interop API Low Level
mOSAIC API
v HighLevel
Queue esource AP| mOgAIC A
(OCCI, DMTF,
/ etc.) User Module
Driver
Interop API Low Level
mOSAIC API

User Module




MOSAIC Example: Deployment

The deployment file can be  <deployment>

derived from the puzzle <modules>
diagram <module type="bultin”>
Each component became a s
module <filter>
Resources (like queue and
storage offered by Cloud </filter>
provider) are declared </module>
separatly
Infrastructuire information cresources>
can be added (like the saquewer
klnd Of Connection <ldentifier>find-uc-http-

requests</identifier>

between components)

</queue>



MOSAIC Example: Code

Service Developer defined components will be
written following given rules (i.e. they will inherit
a stabdard base class, or something like this)

From the Deployment description it is possible to
generate the code (at the state of the art java)
which integrate the mOSAIC components and the
SD-defined components



An example of code ..

public doGet (HttpRequest req,
HttpResponse)

{

user = usersManager.searchUser
(reg.getHeader (“User”));

if (User.enabled) {

filepath =
HttpRequest.getHeader (%“X-
UploadedFilePath”)) ;

document =
casesManager.createDocument (user.id);

filesystem.move (“/uploads”
+ filepath, “/files” + document.uuid)

document.setPath
(“files/” + document.uuid) ;

casesManager.commit
(document) ;

. generate page ..
} else {

. generate error ..

public HttpMessage (State state, HttpMessage
Mex)

{

user = yiled
state.usersManager.searchUser
(Mex.getFromHeader (“User”, UUID.class,
null));

Mex .getFromHeader (“Size”,
CustomClass.class, -1);

Data<UserData> dataw =
state.sessionData () .get (session id, null);

if (data == null)
data = ..

proces...

try |

state.sessionData () .put (session id,
dataw.version, data);

} catch (ConcurrentUpdate exc) {

. merge data



Lesson Learned:
Anatomy of a mOSAIC Application

NOTE: What follows is in development, synthesized and only partially
correct!

Main Components:

Approach:

« Message.based (looks like event driven): Each component publish
or consume/react to messages

Documentation:

e Puzzle Chart (High Level Description)

Code:

 Deployment file

« describe the components, their relationship and the resources
involved

« Service-related Software Components
« code written by SD which implements the service behavior
* Glue Code (Possibly Generated)
« which assembly all the components together et




L esson Learned

Methodology
|dentification of the Scemario
Understanding of Application
Puzzle Diagram
|dentification of Components
MOSAIC Components
SD Components
Queues Identification
SD Components development



MOSAIC APl on a MOSAIC Case Study

AITIA prepared a description of their Case study.

Let's try to understand how mOSAIC may work on
it ...



ATIA Example (reduced)

Description

The model exploration service of AITIA is based
upon the MEME tool that is capable of analyzing
and running agent-based models.

It can read in such a model, allow the user to set up
different input parameters for the model, and run
the model with each set of input parameters.

To run the simulations, MEME simply starts a JVM
with the model code, and waits until it exits. This
can be done locally in a sequential manner, or on
a network of computers distributively




ATIA Example (reduced)

GOALS

We would like to automate the process of setting up
a distributed parameter-sweep experiment of
agent-based models.

We should provide a tool that allows the user to set
up parameter-sweep experiments, and a service
connected to the tool that automates the process
of acquiring computational resources, and
distributing the experiment over those resources.




AITIA Exanple: Considerations

They have already a solutions which mages
distributed resources.

The Client send the simulation configuration to the
server.

The server builds up a set of jobs spawned on
computational nodes



AITIA Exanple: A first simple Cloud
Solutions

Both FE and Nodes run on a VM

Varying the number of VMs we vary the
computational power offered (and the cost)



AITIA Exanple: A first simple Cloud
Solutions

\ 4

Pros: Simple and immediate

COntros:
->install on a VM

->Lockin to the Cloud Provider on which you build up the
image

-> Hard to build up Virtual cluster with machines from
different provider



AITIA Exanple: Evolution

o
/

The MES Frontend Become a MES GW Component
The job scheduler is substitued by a message queue

The nodes are substituted by MES elaboration
components




AITIA Exanple: Evolution

Contros: Hard work on Code!

Pros:

—  Provider Indipendence
—  Scalability/Performance (how to grant?)



AITIA Example: Conclusion

MOSAIC should:
» Support both solutions

» Solution 1: -adoption of the mOSAIC platform
- Offer a limited provider indipendence
> Offer SLA-supporting components

- Solution 2: - adotpion of the mOSAIC API

- Support migration to the APIs for application
which use mOSAIC platform

- Possible ideas:
~ integrate job schedulers/message queues?

>



AITIA Example

S mOSAIC
: web Portal | LowlLevel AP
"_ 1

MES start SGE jobs

Resource
Control

MES Logic

User
Auditing




MOSAIC API and Platform
Conclusions (some...)

- MOSAIC API
- define a set of toy example
- develop the toy example on the paradigm
> identify mOSAIC main components
- develop a set of core components

> mMOSAIC Platform

> Not only API-related

» Components developed independently from the
API (even using them)

> Offer lower level services (offered at API level
like components)



Conclusions

Cloud Computing is an active research field
Many techonologies continuosly change

Need to be independent from the Provider
Need to act at any level of a Cloud architecture

MOSAIC aims at offering a solution in this
direction...
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