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Portability and Interoperability 1ssues

The process of developing, deploying, executing cloud
applications is strongly influenced by the specifics of
the cloud providers.

Application Programming Interfaces
v Syntactical differences

v’ Differences in programming models

% Object oriented
* REST based
+* Event driven

v' Differences in API semantics

¢ Different functional abstractions (expecially at PaaS level)

¢ Linked to application domains (expecially at SaaS level .,
e.g. enterprise patterns) %}mm



Portability and interoperability 1ssues (cont.)

Resources and services

v’ Different resource semantics (expecially at PaaS: e.g.
stores)

v’ Different resources’ configurations and templates

v Different linkages of resources and configurations to
provided services

v' In order to interoperate, resources and services need
to be retrieved and accessed; a Resource/Service
Catalogue 1s needed, where the resources and
services are (semantically) described, together with
their groundings



Portability and interoperability 1ssues (cont.)

Non-functional requirements and service levels

v’ Differences in semantics of Service level offerings
and their level

v’ Mismatch between nonfunctional requests and
offers

v no linkage of provided services and resources with
service levels (expecially at PaaS and SaaS)

v No standard or common KPIs and mechanisms to
measure them



Portability and Interoperability: main
contributions from the mOSAIC project

v' An Agnostic, vendor neutral, API at PaaS level and

an Open Source Platform, with adapters to most
notable Cloud Providers’ APIs

v A Cloud Agency for multiCloud Services brokering,
SLA monitoring and dynamic reconfiguration

v" A machine-readable Cloud Ontology

v" A Semantic Engine, for discovering Cloud API
components, resources and Services, driven by
functional and Application domain concepts, Cloud
Patterns and inference rules

v" A Dynamic Semantic Discovery Service, for
discoverying Cloud providers’ resources and ke
services, mapping, allineating and composing them
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MOSAIC Components

Cloud-enabled applications

APl implementations

Java cloudlets

Python cloudlets

Java connectors

Python connectors

%‘ i 4

User community developed applications

Pattern builder

Reasoner

Maintainer

ngine

Platform’s core components

Cnftuiara n

Application support components

Deployable COTS
Drivers,

Infractructura ciinnart

Cland Acancu

MTP

o] DR DR AP

Hosting services supported bv mOSAIC

IBM CloudBurst ' Rackspace '

Mediator

Meter

Archiver
——

Tier agents

Amazon

Flexiscale_ ) GoGrid ) Cloudsigma J

Arstur ) Hostko ) cHs. )
Others

Deplovable services supnort




mOSAIC API Architecture

mOSAIC API Layers

User mOSAIC
Components components
Core / A
Components Cloudlet APl | | offered
| by mOSAIC
scellaneous

C nents

SLA

to developers
I

Native Protocol

A
( Interoperability API : mOSAIC
:middleware
S Driver APl _ _ _ _ _|_ Y .

1
|

. I consumed
rom providers
Y

Lowest Layer: Native resource protocol} (Web service, RPC, etc.), or a
native resource API provided as a library by the vendor for a certain

programming language. No uniformity.

Driver API: Wraps the native API, providing the first level of uniformity: all
resources of the same type are exported with the same interface. Thus
exchanging, for example, an Amazon S3 with a Riak key-value store is just a
matter of configuration.

Connector API: depending on the programming language, provides
abstractions for the cloud resources, suitable for the programming paradigm.
This is where we provide the second kind of uniformity for the programming
paradigms, as all the implementations of the connector API in object oriented
programming languages will have similar class hierarchies, method
signatures, or patterns.

Cloudlet API: Even thought the developer already can access cloud
resources, he or she must restrict himself or herself to a cloud compliant
programming methodology, which we provide (integrated with all the layers
already mentioned) that we call Cloudlet, as similar with the existing Java
Servlet technology that provides standard programming components in J2EE
environments.



mOSAIC API’s Layers

Cloudlet API

Cloudlet API

Connector API

Application components

Support for components

For different languages

Reference API

For same service



Semantic technology for portability -
interoperability

To define a common, machine readable, dictionary,
able to express resources, services, APIs and

related parameters, SL requirements and offers,
and related KPIs

To support code portability, by allineating and
reconciliating different APIs and resources

To bridge the gap between the domain related
functionalities and cloud resources and services

To support interoperability, by matchmaking
Service interfaces

To support (semantic based) Cloud vendors’
resource and services discovery, and integration
within an agnostic API A MOSAIC



Semantic technology for portability -
Interoperability

To support Brokering, Negotiation and Service
level Agreement, by matckmaking nonfunctional

user requirements and provider offers

To support dynamic resources reconfiguration, by
monitoring SL parameters and reacting with

applying heuristic rules



Semantic technologies i1n the mOSAIC
project
A Cloud Ontology able to provide a common definition of

concepts related to Cloud domains and to describe Cloud
components like infrastructures, platforms and services.
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mOSAIC Ontology: Top Level and
Standards/Proposals
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mOSAIC Ontology: Top Level and

Standard;

als

r

hnalagy |

Y8 Cloudsyste

.'I ["":. Provider ‘

& Deployment_Made l
|

Liflity \
, A 4
' Essential_Chara ~ \} ;' / [ @ Framevork l
cteristic - -H,H:\K | CI - ~J P ]
EI . e . ".-_-'_ e ——
Predicate l ] Thing ——— .
l ¢ _______-..f‘{( & L — -ri Property ‘
W ' e
& 5 e © A i
’ © Senvice_Models [5 1 ]
,ff ; ﬂ . * ComponentState
-- / .It. S
Y8 Layer / *

 Abstraction ‘ [+'pmmm| l

[*'1 Language l

SAIC



mOSAIC Ontology: Top Level and

Standards/Proposals
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mOSAIC Ontology: Top Level and

Standards/Proposals
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IEEE P2302 — “Intercloud”

Standard for Intercloud Interoperability
and Federation (SIIF)

mOSAIC Cloud ontology is being
included in the Standard




Semantic Engine

Offers a browsable catalogue of Cloud Services,

Appliances and Cloud Patterns, represented in
agnostic way.

Maps vendor specific resources, resources
configurations, services, appliances and

patterns among them and to their equivalent
agnostic representation

Offers semantic search and inferencing over

resources, services, appliances, Cloud and
application patterns

Suggests proper resources’ configurations tailored
to SL specifications.

Represents the different APIs semantically,
vendor agnostically, and independently from
programming model
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@) OhjectReplication
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+-@ PAASResource
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+-@ SLAManagment
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+-@ ResourceUpdatating
+-@ ResourceCreation




Dynamic Semantic Discovery Service

Discovers Cloud providers’ resources and services,

Maps and allineates among them and suggests how to compose them:;

Supports the mOSAIC API developer and maintainer to develop new drivers

and connectors to wrap and compose the discovered services.
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Cloud Agency

Cloud Agency 1s a multi agent system (MAS) that accesses, on behalf of the
user, the utility market of Cloud computing to manage always the best

resources configuration that satisfies the application requirements.
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Running Cloud Agency through CA-GUI

CA Location
) Localhost

% Remote
ssh:f/

username@address:remote_path
Password:

Remote O5:
™ Linux

) Windows

Run CA Close

= TOSAC

[ J



CA GUI: Management

CA Port
10001

CAIP
127.0.0.1

Cloud Provisioning Management Monitoring Reconfiguration
" \ @ (

State

l/ Management |

SLA List | Resource |

D Type
stubvendor_h6M2xQ2ydnSoahA... |compute null

1D
stubvendor h&M2¥Q2y4nSoahaARIWGENAVWLLEL B438Wko? computel

Action
start

Get Resource || Perform Action

MNotification
LONTENT-1Ype: TexT/occl
Server: Cloudagency OCCI1.1

HTTR/1.1 200 0K
Content-Type: text/occi
-!=-

Server: CloudAgency OCCI1.1
--
.I--
mOSAIC

starting/stopping VMs, loading and attaching VM -
1mages. deploving and executing applications



CA GUI: SLA Monitoring

Help

setMonitoring | viewData |

LT LR Monitoring Host:10.254.20.12Z
0.S. Linux x86

CRL_USEr |

choose host

10.254.20.123_-] 43
) 12
[ wiew |
41
| stop | 40
39
3

35 b

34

03:55:00 PM 03:56:00 PM 03:57:00 F
Time

cpu_usenPercentage of CPU utilzation that occur
red while executing at the user level

Visualization of
performance indexes

Creating triggers on
resource paramenters

Values aggregation:

Rul lati . average

9% of SLA value: Irgz:value

average |v

_ absolute value:

Verification Mode:

@ Periodical, with period [s]: |

0 On event from: |

| [ ] Active Rule

Action:
= Send event

0 Active rules: | Add Rules |
_ Disable rules: | Add Rules |
Executors:
AL
[ Select Executors |
| OK || Cancel

l-.!— EIE
IMOSAIC



Monitoring the resource

Help

Iseuﬂcnﬂﬂnng‘[wawData] manageData

choose metric
CpL_USer v

thoose host

110.254.20.123 _1-]
| Wi |
| stop |

43

42

41

Monitoring Host:10.254.20.12"

0.S. Linux x86

- b

03:55:00 PM 03:56.00 PM 03:57:00 F
Time

CpLu

user:Percentage of CPU utilzation that occur
red while executing at the user level
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Setting up reconfiguration triggers

Provider: _E

Rule list;

Resource type:

Storage |v

Parameter:

writetime

Add rule

Delete rule

gt
= SMOSAIC



Adding new rules

Values aggregation: average

Rule relation: |=

average
min

w

® % of SLA value:

) absolute value:

Verification Mode:

@ Periodical, with period [s]: |

7 On event from:

Action:
® Send event

I—max

last value

i1 Active rules:

Add Rules

) Disable rules:

Add Rules

Executors:
) ALL

i Select Executors

0],4

Cancel

[ | Active Rule



Thanks for your attention!

beniamino.dimartino@unina.it

http://[www.mosaic-cloud.eu






