NEXOF -RA

NESSI Open Framework i Reference Architecture

IST - FP7 -216446

NE )X OF

reference architecture

Pattern
OSGi-based SCA-Container

Evelyn Pfeuffer

Date: 14/12/2009

This work is licensed under the Creative Commons Attribution 3.0 License.

To view a copy of this license, visit http://creativecommons.org/licenses/by/3.0/ or send a letter
to Creative Commons, 171 Second Street, Suite 300, San Francisco, California, 94105, USA.

This work is partially funded by EU under the grant of IST-FP7-216446.

NEXOF-RA AFP7-216446 At e mp | at e v e rmse0SICAZonAaD86r A1df252 A Page

@creative
commons



NEXOF

reference architecture

Change History

Version Date Status | Author (Partner) Description
0.1 19.09.2009 | draft Evelyn Pfeuffer | Transform pattern
(Siemens) description done for D8.2
into pattern template
0.2 29.09.2009 | draft Evelyn Pfeuffer Comments by  Oliver
(Siemens) Arafat, draft provided to
Piero for initial discussion
and formal alignment
0.3 14.10.2009 draft Evelyn Pfeuffer | Changes due to
(Siemens) comments by Piero
0.4 09.11.2009 | draft Evelyn Pfeuffer | Improve of pattern
(Siemens) relationship  consistency
isPartof[runtime]
0.5 11.11.2009 draft Evelyn Pfeuffer | Include problem
(Siemens) description  written by
Philipp (Siemens), some
minor changes in
Rational
0.6 13.11.2009 draft Evelyn Pfeuffer Some minor changes;
(Siemens) update of Pattern
relationship
0.7 15.11.2009 | draft Evelyn Pfeuffer | Changed pattern
(Siemens) relationship to isPartof,
recommended by Piero
0.8 20/11/2009 | Draft Debora Desideri Pattern Template 2.0
applied
Sections
0.9 23.11.2009 | Draft Evelyn Pfeuffer 8 RELATIONSHIPS TO
COMPONENTS
CATALOGUE
9 RELATIONSHIPS TO
STANDARDS
CATALOGUE
Added
1.0 23.11.2009 Draft  Evelyn Pfeuffer ~  d€scription of the abstract

and concrete components
added

NEXOF-RA AFP7-216446 At e mp | at e

@creative
commons

VerlasedICAZo A aD86r A2df252

A Page



NEXOF R

reference architecture

Sec. 8: adapted to new

11 26.11.2009 Draft Evelyn Pfeuffer e
description of the
components  catalogue
section

1.2 30.11.2009 Draft Evelyn Pfeuffer Some minor improvement

(grammar), term OSGi
bundle added to glossary
entries (Phot
recommenations)

NEXOF-RA AFP7-216446 At e mp | at e v e rmse0SICAZonAaD86r A3df252 A Page

@creative
commons



NEXOF FRE

reference architecture

TABLE OF CONTENTS

TABLE OF CONTENTS ..tttttetttiittttteteeeeeeaaassssstseeseeeaeaassssssssaseeeeeeaesssssssssseeeeeeeassnnns 4
L1 PATTERN ID-CARD. ...uiiiiiii ettt e e e e e e et e e e e eeta e e e eeebaeeaeees 5
2 PROBLEM DESCRIPTION ...uuutttttittteeeeessssstttteeeeeeeeesssssssssssesesessesssssnssnsssseeesssesssnnns 6
3 FUNCTIONAL REQUIREMENTS ...uuiitiiiiiieiteete et eeet e et e et ee et e e st e eaneean e et e eaneesnasnnnes 7
4 NON-FUNCTIONAL QUALITIES (QUALITY ATTRIBUTES) ..utvvireieeeeeesiinnrineeeeeaeeennanns 10
g I = 11 0] - 1SR 10

5 ASSUMPTIONS ..tttttteeeeeeiisttttteteeeeeeaasssssssssseeeeeeeaasssssssssaeeeeeeeeeessasssssneeeeaeeesnsanes 11
B SOLUTION L.ttt e ettt e et e ettt e e e ettt e e e e et e e e e eaa e e e e e eba e e e e eaba e e eeeananaeaeees 13
6.1 Component Description i OSGi-based SCA-Container................cccceeee. 13
6.2 Functionality DeSCIPLIONS .......ccvviiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeee e 16

7 RELATIONSHIPS TO OTHER PATTERNS. .. uuttttiitteeeeessiissstrneereeeeessssssnsssneeesesessnsnnes 18
8 RELATIONSHIPS TO COMPONENTS CATALOGUE ....uuuieiiiiiieeeeeiieeeeeeiie e eeeii e eees 19
8.1 ADSEract COMPONENLS ....uuiiii i e et e e e e e eeaenns 19
8.2 CoNncrete COMPONENTS ......iiiiiiiieiiiiie et e e e e e e eeeenes 19

9 RELATIONSHIPS TO STANDARDS CATALOGUE ....ccvtuiieiiiiiaeeeeeiie e eeeniaeeeeein e eeees 22
10 APPLICATION EXAMPLES ...ttt ettt ettt e e et e e e e e e e e e eaan s 23
10.1.1 Lessons Learnt of this pattern.............cccccovvviiiii e, 24

11 REFERENGCES. ... ittt ettt e e et e e ettt e e et e et e e e et ee e e e e e et e e et eesa e e e e eann e eeeennanas 25

NEXOF-RA AFP7-216446 At e mp | at e v e rmse0SICAZonAaD86r A4df252 A Page

@creative
commons



NEXOF

reference architecture

1 PATTERN ID-CARD.

Name

OSGi-based SCA-Container

Abstract

The pattern promotes a standardized way to
dynamically extend a service runtime
container with additional communication
protocols and implementation types at run-
time. OSGi is used as underlying technology
providing dynamic extension mechanisms for
an SCA container

Level

Abstract

Type

Functional

Key Concerns

Services
Messaging
Composition

Credits

Oliver Arafat
Philipp Konradi
Nicole Wengatz

Contact

Pfeuffer, Evelyn
(evelyn.pfeuffer@siemens.com)
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2 PROBLEM DESCRIPTION

Since this pattern is a refinement of nE
only driving forces specific to it will be described in the following and not on
AEnt erprise SoAO in general

First of all software solutions often comprise of subsystems which are
implemented using different technologies due to various reasons (reuse,
growing application, step-wise migration, company merger). This even
becomes the rule when it comes to system integration. Despite different
implementation technologies a common, unified way to handle
modularization, composition, offering and consuming functionality is desired.

Further depending in which context a software component is (re-)used, use

of different communication protocol or even multiple at the same time is

often required. Same is true for communic
e.g. in one context encryption is required, in another not.

Another set of problems is related to operation of software modules and their
life-cycle.

Usually multiple services, not necessarily belonging to the same application,

are deployed to a service infrastructure runtime on a server. In case new

service modules are added or exposure of an existing service has to be
changed itodés often required also to exten
communication protocol has to be installed or removed. But adding or

changing a specific servicer s houl dndt seavicds;eespecially ith e r

should not require restart of infrastructure runtime, which would mean

temporary unavailability of all services.

Also updating particular modules of the infrastructure runtime or deploying
multiple versions of a module to support backward compatibility and
deployment of legacy services is required.

Since a service runtime should be highly extendible and customizable to
own needs, it should provide clear modularization and modules defining
explicitly their dependencies as well as offerings. So one can replace or
extend it by own modules
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3 FUNCTIONAL REQUIREMENTS

The following concepts are necessary for the description of the functional
requirements. They are reported here because they are not completely covered
by the current version of the NEXOF Conceptual Model. Once the model is
completed and consolidated, the remainder of this section will become obsolete.

The following diagrams are used to introduce the basic concepts of an OSGi-
based SCA-Container and their relationships before providing their textual
definition.

- SCA: Service Component Architecture (SCA) is a vendor-, technology-,
language-neutral model for the creation of business systems using SoA
by the composition and deployment of new and existing service
components. SCA is a set of specifications which describe a model for
building applications and systems using a Service Oriented Architecture.
SCA models solutions as sets of service components offering services
and making references to services supplied by others, which are
combined together by composites which wire references to services and
which declaratively apply bindings for communication methods and also
apply policies for aspects such as security and transactions. SCA
extends and complements prior approaches to implementing services,
and SCA builds on open standards such as Web services.

- OSGi: Open Services Gateway initiative (OSGi) technology provides a
service-oriented, component-based environment for developers. At the
time of this writing, implementations only exist for the Java platform. It
provides a dependency resolution mechanism, with version support. It
also offers standardized ways to manage the software lifecycle.

- OSGi container: it is the runtime environment of OSGi. Each OSGi
container contains an OSGi registry.

- OSGi bundle is a unit which provides functionality. It is a JAR file that
contains Java classes and other resources, the description of the content
of the JAR file and information about the bundle (e.g., dependencies to
other bundles). (see also [3])

- SCA container: The SCA container is build from a set of OSGi bundles
and provides different implementation types, e.g. for EJBs, BPEL and
Java POJO.

- OSGi-based SCA-Container: it is an SCA container hosted by an OSGi
container and implemented by one or several OSGi bundles.

- Binding: A binding is used as a means for communication between
services and handles the protocols. It defines the communication method
that a service can be accessed with.

- Implementation Type: SCA offers many implementation possibilities.
They are called Implementation Types. Such Implementation Types are
programming languages Java, C++, script languages like PHP or
JavaScript, declarative languages like SQL or XQuery, execution
languages like BPEL, frameworks like Spring or Java EE technology and
EJBs.
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The pattern OSGi-based SCA-Container provides functionalities for adding new
bindings and implementation types during runtime by combining OSGi and
SCA.

05Gi-based SCA-Container

add Implementation Type
add Binding

Administrator //se@

start Agent

stop Agent
get Logged Data

configure Monitoring Policy

Figure 1: Functionalities provided by OSGi-based SCA-Container

The pattern OSGi-based SCA-Container provides the following functionalities:

- deploy(sc: Service Component)
this functionality refines the function
component Runtime of the E-SoA pattern. It deploys a Software
Component on the specific runtime according to the type of the Software
Component, i.e. it allocates the computational resources of the NCI to
make the component ready for its execution.

Of course, it is provided to undeploy services.
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undeploy( sc: Service C omponent)
It allows undeploying the Service Component sc from the service runtime
startAgent(  sc: Service Component): Agent

It executes the Software Component sc by creating a correspondent
Agent running on the service runtime

stopAgent( a: Agent)

It stops the execution of the Agent a running on the service runtime.
getLoggedData ()

It returns the data logged by this tool.

subscribeEvent  (et: EventType )

It allows a client to subscribe its interests to a type of Event. The client
will be notified every time an Event of that type occurs.

sendMessage(m: Message , a:Agent )

It allows an Agent to send the Message m to the Agent a running on the
service runtime.

configureMonitoringPolicy()

It allows the monitoring tool to configure the monitoring policy for this
component.

The OSGi-based SCA-Container can be extended with functionality by two
different ways, all executed during runtime:

Add Binding (b: Binding)
This functionality allows to dynamically extending the set of supported
communication protocols of the service runtime.

Add Implementation Type (it: ImplementationType)
This functionality allows to dynamically extend the set of supported
implementation types of the service runtime.

NEXOF-RA AFP7-216446 At e mp | at e v e rmse0SICAZonAaD86r A9df252 A Page

@creative
commons



NEXOF FLE]

reference architecture

4 NON-FUNCTIONAL QUALITIES (QUALITY ATTRIBUTE S)

Adaptation to new operating +
environments (Portability)

Extension of capability +
Interoperability +
4.1 Rational

Adaptation to new operating environments (Portability):

OSGi-based SCA container enables the separation of infrastructure logic and
business logic and declarative service composition using one coherent and
consistent programming model. Since this programming model is standardized,
high level of portability between different SCA runtime environments is
guaranteed. Further aspect fostering portability is that this model is based on
plain objects e.g. POJOs (Plain Old Java Objects). This means that
programming artefacts themselves may be free from any SCA specifics which
easies tremendously their porting to new operating environments. Although this
is not valid for C++ support, which due to limitation in the programming
| anguage i s mloai mhackjde otns @.

Extension of capability:

A SCA container can be extended with new functionality during runtime by
adding new implementation types and bindings. A binding is used as a means
of communication between services and handles the protocols. It defines with
what communication method a service can be accessed or with what
communication method it can access other services.

Interoperability:

Interoperability and portability can be realized with specifications such as SCA
and OSGi. The improvement of interoperability goes along with the extension of
capability by the interoperability mechanisms and concepts of the SCA and
OSGi specification themselves (e.g. possibility to provide policies which define
in very detail how non-functional qualities like encryption should be mapped to
messages so that the communication partner is able to understand it). To
guarantee the interoperability, standard communication protocols like JMS, WS-
* are supported and can be used.
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5 ASSUMPTIONS

This section describes the context where the proposed pattern is applicable.
This pattern is suited to be applied in any service-oriented architecture.

It promotes a standardized way to dynamically integrate a variety of
communication mechanisms with a runtime container.

—

0SGi-based SCA-Container

IR_0SGi-basedSCA-Container

+sendMessage(a: Agent, m: Message)
+find{query: ServiceDescription)
+isauthorized()

+assignCR()

+notifyEvent(e: Event)

Figure 2: Functionalities required by the OSGi-based SCA-Container

The proposed pattern is applicable in a context where the following
functionalities are provided by:

] sendMessage: this functionality is required by the OSGi-based SCA-
Container to enables the realization, i.e. it allows them to take place by
means of message exchanges of Software Services. The functionality
sendMessage can be implemented via ESB or internally.

] find: this functionality is required by OSGi-based SCA-Container to
enable the retrieval of the descriptions of the Provider Agents (Agent
Descriptions) that realizes a specific service.

| notifyEvent: this functionality is required by OSGi-based SCA-Container
to notify events to the clients that have subscribed their interest though
the sub scribeEvent  method.

] assignCR: this functionality is required by OSGi-based SCA-Container
to request the assignment of computational resources when needed by
Agents or Software Components.
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| isAuthorized: The component requires this operation from the tool that
manages the security of the system to check if the client has the rights to
access provided functionalities of this component.
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6 SOLUTION

In principal, this pattern is not restricted to OSGi and SCA. It is not bind to any
specific technology or specification. The general idea of modularizing the SoA
framework itself and making it thereby dynamically extensible can be applied to
any technology.

The solution demonstrates that the following common integration scenarios can
be easily achieved while adhering to a common service component model:

e clear separation between business logic and infrastructure logic

e decl arative choice of communi cat
connectivity

e technology-independent interoperability between services e.g. Java,
JMS, BPEL, OSGi, .NET and C++ services

e easy integration of (legacy) applications

x|

0SGi-based SCA-Container

- —

IR_0SGi-basedSCA-Container IP_0SGi-basedSCA-Container
+sendMessage(m: Message, a: Agent) +deploy{sc: Software Component)
+find{sd: Service Description): Agent Description +undeploy(sc: Software Component)
+assignCR{) +startagent(sc: Software Component): Agent
+notifyEvent(e: Event) +stopagent{a: Agent)
+isauthorized() +sendiMessage(m: Message, a: Agent)

+getLoggedData(): LoggedData
+subscribeEvent(e: EventType)
+configuretonitoringPolicy

+addBinding(b: binding)
+addImplementationType(it: implemenation type)

Figure 3: OSGi Pattern subsystem

6.1 Component Description i OSGi-based SCA-Container

An overview of the introduced component OSGi-based SCA-Container is shown
in Figure 3 and described by its interfaces in the following subsections. The
package OSGi-based SCA-Container consists of only one component, which is
named OSGi-based SCA-Container, too.

i on
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0SGi-based SCA-Container

g 0SGi-basedSCAContainer

ot

5

IR_0OSGi-based SCA-Container IP_0SGi-based SCA-Container
+sendiMessage(a: Agent, m: Message) +deploy(sc: Software Component)
+find(sd: Service Description): Agent Description ~ +undeploy(sc: Software Component)
+notifiyEvent{e: event) +startagent(sc: Software Component): Agent
+assignCR{) +stopagent(a: Agent)
+isauthorized() +sendiessage(m: Message, a: Agent)
+getLoggedData()

+subscribeEvent(et: EventType)

+configureMonitoringPolicy

+addBinding(b: Binding)

+addImplementationType(it: ImplementationType: provider agent)

Figure 4. OSGi-based SCA-Container

An OSGi-based SCA container can be extended with new functionality during
runtime by adding new implementation types and bindings. A binding is used as
a means of communication between services and handles the protocols. It
defines with what communication method a service can be accessed with or
with what communication method it can will access other services. Therefore
here no exposed operations are listed for binding and implementation type.

The exposed operations of the OSGi-based SCA-Container are:
Provided Operations

- deploy(sc: Service Component)
this functionality refines the function
component Runtime of the E-SoA pattern. It deploys a Software
Component on the specific runtime according to the type of the Software
Component, i.e. it allocates the computational resources of the NCI to
make the component ready for its execution.

] undeploy( sc: Service Component)
It allows undeploying the Service Component sc from the service runtime
| startAgent(  sc: Service Component): Agent

It executes the Software Component sc by creating a correspondent
Agent running on the service runtime

| stopAgent( a: Agent)
It stops the execution of the Agent a running on the service runtime.
] getLoggedData ()

It returns the data logged by this tool.
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