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Abstract

This deliverable comprises the specification of testbed orchestration system and is part of the
specification of Teagle. The orchestration systenuded to allow users to express requests on the
federated testing environment. These requests ampead over existing services exposed by the
testbed. In the general case, more than one teshexktd, which requires means for combining and
synchronizing various unconnected components. @tbéd orchestration system provides the facility
for achieving such collaborative process, startirgn the user request definition to the actual
execution of an orchestration script.

The document firstly provides a list of requirengerithe following section provides a state of thte ar
on pre-existing languages and tools for the spmtifin and the implementation of services
orchestrations. Then, the document explains thenéiats of the model driven engineering approach,
as it is expected to play an important role. Finall describes the specification of the orchegimt
system in the form of a list of entities and refer® points. The orchestration system roughly ctssis
of a front end - with graphical tools and an ingeht request interpreter facility - and a back:ehd
orchestration engine with code generation and di@tdacilities. It is connected to the rest of the
Teagle architecture by repositories and interfaces.
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Executive summary

This deliverable comprises the specification of thstbed orchestration system and is part of the
specification of Teagle. The orchestration systenuged to allow users to express requests on the
federated testing environment. These requests apead over existing services exposed by the
testbeds. In the general case, more than one testhised, which requires means for combining and
synchronizing various unconnected components. @tbéd orchestration system provides the facility
for achieving such collaborative process, startirgn the user request definition to the actual
execution of an orchestration script.

The document firstly provides a list of requirengerithe following section provides a state of the ar
on pre-existing languages and tools for the spmtifin and the implementation of services
orchestrations. Then, the document explains thenéisés of the model driven engineering approach,
as it is expected to play an important role. Finall describes the specification of the orchesimt
system in the form of a list of entities and refe® points. The mapping between the requirements
and the components identified in the architectwepriovided. The orchestration system roughly
consists of a front end - with graphical tools amdintelligent request processor facility - andaaks
end: the orchestration engine with code generati@hexecution facilities. It is connected to thst re
of the Teagle architecture by repositories andfates.
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Definitions

User The term user is referring to a person that isvali using or testin
services provided by a customer’s resource inkieléetstbed federation.

Differentiation between End-User and Test-User oy be useful war
directly referring to the special task of activeveee testing or the ust
task of common service usage.

EndUser is also a person acting as a part of UsereDrilinovatio
(UDI) process, thus collecting information and giyi feedback
Customersfor instance in Living Labs environments’ field tieg
projects.

User Driven Innovation Inclusion of the user as part of the testing predasorder to take in
account early feedbackln this project two levels of User Driv
Innovation (UDI) will be applied.

The first level refers to the customefthe organisations a
companies that use the federation to test theidymts an
services).

The second level refers to the potential end-usktise services.

To generally differentiate betweerette two groups in this document,
will refer to the first as federation-customersivae-testers or service-
providers and the second we will refer to as eraf-us

Provider This term refers to a party owning testing infrasture and other testi
resources and has entered an agreement allowingtaneer to use i
testing infrastructure and resources to developtesidservices.

Testbed A testbed is an environment which allows experiragoh an
verification for research and development prad. A testbed provid
rigorous, transparent and replicable testing amdihet is always used
the context of new information and (t§Emmunications technolog
for networks and services.

Testbed federation A testbed federation or feddrastbeds is the interconnection of tw
more independent testbeds for the creation of lEerienvironment f
testing and experimentation, and for the increasatlilateral benefit ¢
the users of the individual independent testbeds.

Customer A cstomer of Panlab is someone that used TEAGLE taigekestbe
resources for the purpose of testing or developargices. The custome
is able to directly connect to the rented resouthesVCT) using a VP
client (U3 interface).

The customer camwffer his services under the terms of Panlab
domain access (U2 interface) to external Test-/Efsdys.



Testing session

VCT

Information Model

Data Model

Herein the term testing sessioergdb a weldefined temporal ar
spatial relation of testing infrastructures andtibgsresources by tt
customer or user(s).

A Virtual customer Testbed is the sum of all resesr includin
interconnections, rented by the customédt. basically is an isolatt
network in that the customer is able to “dial infdadirectly access the
items assembled in TEAGLE.

Each customer operates inside its own VCT and lbaaccess to oth
VCTs. The purpose of direct VCT access is to configure develop bt
not to widely test new services; such testing ierided to be done frc
outside using external Test- and/or End-Users.

An information model is a platform independent nmodk entities an
high-level relationships linking them.

A data model is a platform specific model of emstiand lower lev

relaionships linking them. From RFC 3444: “They areeimted fo
implementers and include protocol-specific congguc




1 Introduction

1.1 Objective of this Document

The objective of this document is to provide a ffmstion of the testbed orchestration system that
will guide the implementers of the software compusethat will provide the orchestration
functionality. At this stage of the project the sjfieation consist mainly in an architectural view
providing the list of major sub-components (engitiand the list of reference interface points betwe
the sub-components or between other componente dfgagle system.

1.2 Overview

The orchestration system is used to allow userexpress requests on the federated testing
environment. These requests are mapped over existivices exposed by the testbed. In the general
case, more than one testbed is used, which reguieess for combining and synchronizing various
unconnected components. The testbed orchestrayigtem provides the facility for achieving such
collaborative process, starting from the user reguwiefinition to the actual execution of an
orchestration script.

The document firstly provides a list of requirengerithe following section provides a state of the ar
on pre-existing languages and tools for the spmifin and the implementation of services
orchestrations. Then the document explains thendakeof the model driven engineering approach,
as it is expected to play an important role. Findlldescribes the specification of the orchestrati
system in the form of a list of entities and refee points. The orchestration system roughly ctssis
of a front end - with graphical tools and an ingglht request interpreter facility - and a back:ehe
orchestration engine with code generation and di@tdacilities. It is connected to the rest of the
Teagle architecture by repositories and interfaces.



2 Requirements

This section gathers all requirements relevanttier Testbed Orchestration System specification.
Different requirements categories have been caiagbas either Basic or Advanced depending on the
perceived complexity.

The requirements gathered are labelled in accoedaitb the following naming scheme:
##D3.3- Category##NRegNumberwhere

- Category name of the Category used to classify the reqmers.

- RegNumberA number identifying the requirement within eaategory.

NOTE: Two consecutive numbers differ in 50. This allowsluding new requirements between
two already existing ones without changing the nermig.

Requirement ##D3.3-Basic##M.100

Statement: The orchestration system should be tblerchestrate resources and configuration
components distributed in various testbeds thapareof the federation.

Justification: A major motivation for the orchesitoa system is to simplify the task of aggregating
resources from various complementary testbedsghest may include various resources belonging to
different Panlab Partners of the federation.

Requirement ##D3.3-Basic##M.150

Statement: The orchestration system should prdeiciéities to help users (partners and customers) t
formulate testbed requests that are complete -ish& say, containing sufficient information for
automated execution.

Justification: A testbed request may potentiallyoive a large amount of configuration data to be
assigned. Without proper assistance this taskbeilioo difficult to handle for non specialists.

Requirement ##D3.3-Advanced##M.200

Statement: The orchestration system should prdeiciéties to help users (partners and consumers) t
formulate testbed requests that are valid fromptbiet of view of policy rules (like authorizatioo t
access some restricted components).

Justification: It would not be acceptable to usareagle to receive a great number of notification
errors that arrive at execution time and that comldeality, be checked at request design time.

Requirement ##D3.3-Advanced ##M.250

Statement: The orchestration system should profaddities to easily simulate the behaviour of a
specific invoked component that would not be awdda(at least temporarily) during the testbed
request design.

Justification: It is a common situation that sorenponents become temporarily unavailable. In order
to test anyway the overall orchestration scriptisinecessary to replace the invocation to the real
component to another "fake" one.

Requirement ##D3.3-Advanced ##M.300



Statement: The orchestration system should proati#gtation facilities to allow replacing a callao
service component to a call to another componeovigng similar functionality, even when the
exposed interfaces of both components differ.

Justification: It is important to support situatiolike version upgrade or change of testbed provide
The "real" interface may be different, but an adaph step can suffice to allow reusing the same
orchestration script despite the change of thekega@omponent.

Requirement ##D3.2-Basic##M.350

Statement: The orchestration system may offer tssipility to orchestrate freely available service
components exposed as web services coming fromtémet.

Justification: Some utilities could not be presenthe registered testbeds but instead exist and be
freely available in the internet.

Requirement ##D3.3-Basic##M.400
Statement: the Testbed Orchestration System sladlold PIl Partners to create testbed requests.

Justification: PII Partners will use the orchestrasystem to check if their testbed is well intggd.

Requirement ##D3.3-Basic##M.450
Statement: the Testbed Orchestration System sladlold PIl Customers to create testbed requests.

Justification: Pl Customers will use the orcheitrasystem to achieve their tests.

Requirement ##D3.3-Advanced##M.500

Statement: The orchestration system should sugpertchecking of policy conformance when a
request is created.

Justification: Users should be able to test reguatstiesign time (opposed to execution time).
Pl Partners and PIl Customers can use the Phedstesources according to personalized profiles.

Requirement ##D3.3-Advanced##M.550
Statement: The orchestration system should supletaityed execution of a testbed request - implying
resource reservation - in addition of supportingiediate execution.

Justification: Reservation is a major concept wtealing with testbed usage.

Requirement ##D3.3-Basic##M.600

Statement: testbed requests and orchestration fispiohs should be stored for future testing
environment reproduction.

Justification: after a testbed has been used foeraxent, additional experiments could be requirgd
the same customer in order to check additional aspaf the research or to verify the previously
obtained results.



3 Alignment with the General Architecture

This section presents a summary of the underlyinbitecture as described in D2.1 [52]. The aim is
to provide the reader with an understanding ofwbek this deliverable is building upon and how this
work will be further advanced.

The architecture detailed in D2.1 (Figure 1) dedifeur main conceptual components:
TEAGLE and support functions
The Panlab Testbed Manager (PTM)
The Interconnection Gateway (IGW)
The Testbed Components

TEAGLE &
Suppaort Funclions

CONFIGLIRE

Controf Plane Contral Plane
[unified messages) Custorr_:er = U:"} [unified messages)

Domain Domai

BETM CONFIGURE I TESTING

Testhed B
Resource
Flang (rasourca
spacific msg.)

Figure 1 - Overall PIl Architecture

Testbed A

Resource
Plange (resounca

apecific mag. )

The first component listed, TEAGLE and support tioms is not described in detail in D2.1 as this
work has been allocated to its own work package3)MWrhich this document is a part of. In D2.1 the
TEAGLE was described for completeness of the imfuature specification and also to outline the
interfaces between TEAGLE and the other architattcomponents (primarily the PTM). In short,
TEAGLE provides a user interface for the PII tedtbederation to the customer. It allows the
customer to view all available testbed resources @nstruct a Virtual Customer Testbed (VCT)
request that satisfies their unique testing requars.

The Panlab Testbed Manager (PTM) is a major composfecach PIl testbed. It essentially provides
the link between the customer’s request coming fil&AGLE and the individual testbed components
that realize this request. The PTM exposes a Welicgeinterface towards TEAGLE. This interface
allows TEAGLE to issue a provision or configurati@yuest for the customer after interpreting their
initial request based on resources available, SbAstaints, etc. The PTM provides the backend
support to implement this request. It essentiatiydlates the provision/configuration messages sent

from TEAGLE into resource specific commands thaé timdividual testbed components can
understand and execute.

Transport Mebwork




The PTM also provides other functionality besidés primary message translation role. This
functionality relates to resource management. it maplement a resource discovery service that
detects changes that occur to the testbed resol@esxample when a new testbed resource is added
to a testbed or a resource becomes unavailabnforeason (i.e. maintenance upgrade, resource goes
offline due to a local network failure, etc.) thENP communicates these updates to TEAGLE, which
in turn reflects the change towards the custombe PTM provides a monitoring service for all
testbed resources connected to it. This facilitdtescustomer’'s need for validation by ensuring the
testbed behaves correctly and that it has beerp satoperly. Finally, the PTM facilitates the
configuration of a testbed federation involving tiplé testbeds. It achieves this by instructing the
Interconnect Gateway (IGW) to communicate provisemmd configuration commands sent from
TEAGLE to the other involved testbeds through tlogmn IGWs.

The IGW is another mandatory component that albesis must contain one or more IGWSs. Its
purpose is to connect testbeds and componenteitisede testbeds to establish the required testbed
federation setup requested by the customer. Thesl@ilVbe instructed by the PTMs through specific
protocols to create or delete connections betweeimiolved testbeds and their components.

VCTs will be used in PIlI to provide the support flfilling the customer’'s requested testbed
federation setup. The VCT solution will be deliveétt®y establishing one VPN per customer to connect
the required resources from the various testbegsidig independent VPNs for each VCT request,
security will be inherently enforced as the VPNs ewmpletely independent from each other.

The final conceptual component described in theal@II architecture is the testbed components
that form the Resource Plane of each testbed.thaggxomponent is a single logical entity withie th
infrastructure offered by a testbed for the useéPbfcustomers. No specific technology limits are
placed on these components by PII; however eactbescomponent must be individually
controllable by the PTM. In addition to the primdonctionality the testbed component provides in
the Resource Plane, all testbed components mugtpro

Individual identification
Addressability and be accessible from the PTM
Controllability by accepting provisioning and capfration commands

Optional monitoring capabilities to inform the PTabout its current state and convey test
results back to the PTM.

For more information and an in-depth discussionthef general architecture entities as well as the
associated interfaces please refer to D2.1.



4 State of the Art

4.1 Languages

41.1 BPEL

The Business Process Execution Language (BPELaIS), known as WS-BPEL and BPEL4WS, is a
standard issued by the Organization for the Advamecg of Structured Information Standards
(OASIS) [9]. The latest release of the standarcknewn as WS-BPEL 2.0. Note that BPEL
specifications were firstly released by IBM inpablic draft releasgwhich is known as BPEL 1.1
[10].

BPEL standard defines a language for specifyingniess process behaviour based on Web Services.
It extends the Web Services interaction model arables it to support business transactions. BPEL
allows composition of web services to build andoete business processes. Composition is made
following the orchestration paradigm in which a tteahprocess takes the role of coordinator and
controls the execution of the web operations ofdifferent web services involved in the composition
process.

BPEL is an XML programming language, and it haséhbasic components: Programming logic, Data
types, and Input/Output. These three componentsgditeup in the following way:

Programming logic - BPEL
Data types - XSD (XML Schema Definition)
Input/Output (I1/0) - WSDL (Web Services Descriptibanguage)

XSD is used to define the types to be used in gram. WSDL is used to define the web service that
will actually execute a service. Finally, BPEL willit all these things together.

More in general, BPEL can be used to support iatémn of applications inside an enterprise and to
support cross enterprise business interactions hithwthe business processes of each enterprise
interact through Web Service interfad@gl[11].

BPEL allows to describe both abstract businessgss®Es and executable ones. Abstract business
processes are partially specified and are not de@o be executed. They serve a descriptive rale a
may hide concrete operational details. Executatdegsses are fully specified and are intended to be
executed. In BPEL, all the constructs of the exaldet processes are available to the abstract bmes.
addition, abstract processes are provided with am@sms to hide operational details. Abstract
processes have more than one use case. Exampigs oéses of an abstract process are describing the
observable behaviour of services offered by anuabte process and definition of a process template
that embodies domain-specific best practices. is ¢hse the process template should describe the
process logic excluding execution details whichmvided by an executable process.

BPEL is an XML-based language and supports theopotd of the web services technology stack
such as SOAP (Simple Object Access Protocol), W8IEb Services Description Language), UDDI
(Universal Description Discovery and Integratioay)d other protocol for the handling of Web
Services (WSs), such as WS-Reliable Messaging, \WW@&essing, WS-Coordination and WS-
Transaction.

4111 BPEL Business Processes

A BPEL business process is activated after recgiginequest from a caller. To satisfy such a regues
the BPEL process invokes the involved web servagesfinally provides the caller with a response.
BPEL processes can be synchronous or asynchroBgnshronous processes block the entity that is



using the process until the process finishes andn® a result to it. Asynchronous processes use a
callback to return the result to the client anchdoblock it.

In BPEL the process logic is described throughtaftactivities. Two kinds of activities are defthe
basic activities and structured activities. Basitivities describe elemental steps of the process
behaviour. Structured activities describe the aditow logic and can contain other basic and
structures activities recursively. Examples of BRESsic activities are:

<invoke>, it is used to invoke other web services;

<receive>, it is used while waiting for a messagmvoke the process;
<reply>, it is used to generate a response;

<wait>, it is used to introduce a delay;

<assign>, it is used to manipulate data variables;

<terminate>, it is used to terminate the process.

Structured primitives define the order in whichalection of activities is executed. They describe
how a business process is created. The compogifidmasic primitives comes to structures that
express the control patterns, handling of faults eternal events, coordination of message exchanges
between the different process instances involveddbnsiness protocol.

Examples of BPEL structured activities are:

<sequence>, <if>, <while>, <repeatUntil>; theyoals sequential control between
activities and loops;

<flow>, it defines a set of activities that will bevoked in parallel and is used to
guarantee concurrency and synchronization betwet@nties;

<switch>, it is a case-switch construct to implebimanches;

<pick>, it allows deferred choice.

When we define a BPEL process, we actually defireew web service that is a composition of
existing services. The interface of the new BPEIngosite web service uses a set of port types,
through which it provides operations like any otiveb service

Figure 2 shows a schematic view of a BPEL processyhich the interaction between BPEL
processes and web services is also enlightened.
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BPEL process as Web Services

Figure 2 - Example of BPEL Process

Note that BPEL processes can interact with extexesl services in two ways:



the BPEL process receives invocations from cliefitslient can be the user of the
BPEL process that makes the initial invocationanother web service for example
one that has been invoked by the BPEL process antbhmake a callback to return a
result;

the BPEL process itself invokes operations on otbedy services.

Also from Figure 2, it is possible to see that BREes the notion dPartner Linksto model partner
relationships and interactions with other processhe relationship of a business process to a @artn
is typically peer-to-peer and requires a two-wapeatalency at the service level. Typically a partner
represents both a consumer of a service provides lnysiness process and a provider of a service to
the business process. BPEL ugest typesto shape the relationship with the partner in tilve
directions. In BPEL, each process has at leastpanimer link, i.e., the client that has invocathd t
process, and can have one ore more invoked pédirtkeirelated to the invoked web services.

The reason why BPEL treats clients as partner liskéwofold: i) to support for asynchronous
interaction of processes, and ii) because BPELgs®can offer services through port types, and that
can be used by more than one client. Note thaptbeess may wish to distinguish between different
clients and offer them only the functionality theme authorized to use.

To summarize, the partner links describe linksardners, where partners might be:

services invoked by the process;
services that invoke the process;
services that are invoked by the process and #malso invoke the process.

41.1.2 BPEL and Java

For simple processes, the composition of web sesviould be operated by means of Java, However,
for more complex processes BPEL provides at leasirnportant advantages over Java.

First, BPEL processes are portable even outsideldlia platform. In fact, BPEL processes can be
executed on orchestration servers based on Jatfarpieor on any other software platform such at
Microsoft .NET. This is particularly important inusiness-to-business interactions where different
partners use different platforms.

Second, BPEL support specifically business prosgssglich are usually long-running, particularly if
they involve interactions with partners over IntdrrBusiness processes might invoke a web service
and need to wait for the callback a relatively ldimge. Java does not offer support for such a kihd
interaction between processes, e.g., Java does nabtively support the tracking of Java
applications/processes that can be closed or kgptia order to receive callbacks.

Additionally, BPEL supports compensation in a rigkdyy easy way. Compensation, or undoing steps
in the business process that have already compkiedessfully, is one of the most important
concepts in business processes. The goal of comj@mss to reverse the effects of previous
activities that have been carried out as partmisainess process that is being abandoned.

Compensation is related to the nature of most legsirprocesses, which are long running and use
asynchronous communication with loosely coupledrnegarweb services. Business processes are often
sensitive in terms of successful completion bec#uselata they manipulate is sensitive. Because the
usually span multiple partners (often multiple eptises) special care has to be taken that business
processes either fully complete their work or that partial (not fully completed) results are unelen
compensated.

BPEL also allows for concurrent activities, whiate anodeled using the <flow> activity. Gathering
nested activities within <flow> is straightforwarahd very useful for expressing concurrency
scenarios that are not too complicated. To expmesse complex concurrency scenarios, <flow>
provides the ability to express synchronizationesgjencies between activities. In other words, it is
possible to specify which activities can start amuen (depending on other activities) and define
complex dependencies.



Finally, note that legacy web services are stadehbile model business processes require a statefu
model. New instances of a business process artedraad linked to other business processes for the
duration of the business process. BPEL providegehanism to use specific business data to maintain
references to specific business process instamcesadls this feature correlation.

It is clear that Java cannot offer enough supmarbiisiness processes with that kind of requiresyent
therefore BPEL cannot be replaced by Java. Of eputrss also obvious that BPEL cannot replace
Java neither as a programming language nor agfarpta Actually Java platform is very suitable for
running BPEL processes. Therefore BPEL and Javtodiether, where Java takes the role of the
programming language for web services and thegstatbn which web services and BPEL processes
are executed.

4.1.2 UML Behaviour Paradigms

UML (Unified Modelling Language) is a general-pusgographical notation that is widely used for
software modelling, typically at design time andaasiean to generate code automatically. There are
various popular usages - like its capacity for miefy information models - see Deliverable D3.2. In
respect to the orchestration topic, we are intecestere in the paradigms that UML offer for
describing behaviour.

Three main paradigms can be mentioned here:

Activity Diagrams: Activity Diagrams consists of graph of nodes and edges used to
formalize a sequence of actions. A node repredgpisally an activity and an edge the move
from an activity from another. Specific nodes asedifor represent specific construct like
conditions, split and synchronization of the flomntrol. Activity diagrams are appropriate for
represent processes, that's why they can be usezptesent business process or software
engineering processes. The execution semanticaidéhL activity diagrams is based on
Petri nets theory [48].

State Machines: State Machines Diagrams represetd $tate machines composed of a list
of states, transitions between these actions, llgdsiggered by events, and actions, executed
internally within a state or when firing a transiti State Machines are well appropriate to
describe relatively complex behaviour, such asefwasent the interaction between a human
and a machine.

Sequence Diagrams: Sequence diagrams are mainty toseepresent the sequence of
messages that are interchanged between one or pastes when collaborating. It is
particularly useful to define nominal scenarios(flow of messages when everything goes
well) of services. Different kind of communicatican be represented like asynchronous and
synchronous messages, procedure calls. The tingegs®ion is represent by a vertical line for
each of the involved parties.

4.1.3 SPATEL

SPATEL [49] is ahigh-leveland executabldanguage for describing composite telecommunioatio
services. SPATEL stands for Spice Advanced languageTelecommunication services, where
SPICE is the name of the IST collaborative profbat created. SPATEL can essentially be seen as a
customization of the UML language for expressing tefinition of service interfaces and service
composition logic that is well-suited to the telecdomain.



In contrast with most IT web services, telecom e are generally transactional, asynchronous,
state-full and sometimes long-running processeadttition a telecom service can be designed to be
multi-modal — the ability to achieve a conversatisng parallel interaction means like voice, taxd
image. Also the behavior of a telecom service néeds often split in two parts: one running in the
mobile terminal of the user — dealing with GUI aspeand local activation of telecom resources (like
SMS sending) - and the other part running at sesidey, usually hosted by a telecom operator.

In the service developer formalism, a service imarily described through aexternal viewwhich
provides information that is useful for serviceenlis. The external view is basically an interface
declaring a list of operations, input and outputrgg, multimedia streams and relevant side-effects.
The constraints on the service interface suchasitlering of operation invocations can be pregisel
defined through a contract. An important featur&BRTEL is the ability to annotate the elements of
the interface (like the operations and the pararseteith semantics tags and non functional features
to enable rich scenarios for service discovery dyrbmic composition. Non-functional features are
partitioned on the basis of categories like quabtyservice (QoS), charging, internationalization o
resource usage. The annotation mechanism, whidinigar to the approach taken in SA-WSDL
approach — as it relies on pointers to pre-existintplogies — is not detailed in this paper — whigh
focused on static composition.

The service developer formalism also allows reprisg theinternal viewof a service (white box
representation) by means of a set of inter-condestrvice components. Two distinct views are
available: an architectural view showing the lisirovolved components and their connections and a
behavioral view consisting of state machines thefind precisely the logic of an operation — an
orchestration of components being a particular.case will see some examples of the usage of this
formalism in Section 4.2. The choice of state maebi— rather than activity diagrams — is motivated
by the idea of integrating "voice-based" dialogsiiservice specification, since state machineshare
most used paradigm for expressing the complexigt tan be found in human-machine voice
conversations. We should note however that theesodbSPATEL is much broader than the scope of
traditional voice services since we have to deahwemote synchronous and asynchronous
invocations, parallel threads of execution and cktdid GUIs definition at terminal level.

Concerning the definition of user interaction aém side, SPATEL provides the ability to represent
potentially the usage of different GUI frameworkaifid in mobile world like, the very constrained
J2ME [7] GUI environment or the richer GUI framewkavailable in S60 Nokia [8martphones
This heterogeneity is enabled in the SPATEL metaehby the fact that the coding of GUIs elements
is generic: a Container contains recursively GUdnagnts which in turns define GUI properties —
which are name/value pairs. In addition to that @Ménts can be connected to service events used
within the logic of the service. Hence, thankshis t/ery pragmatic approach — not trying to motel t
whole IT world! — in our context, supporting a G&amework means having the corresponding
library of the GUI widget model components instated in the SPATEL design tool and having the
corresponding code generator targeting the spdglficframework.

In addition to this GUI aspect, SPATEL provides m&to represent typical voice-based interactions:
recognition of voice asitterance events, buffered construction of voice messageshich are
delivered when reaching a stable state and supgospecific events — like inactivity or failure
recognition. The SPATEL language and executionrenment inherits from previous research work
done in the field of voice service modeling [9].rde, this aspect will not be detailed here. Howdtver
Is important to point out that the combination ofce interaction modeling with GUI modeling brings
the ability to model multi-modal services.



As we can notice, despite the specificity in tefac®ervices, from a design point of view, the cotgep
needed by the service description language arsigoificantly different from those exposed by the
well-know SOA standards like WSDL [10] and BPEL JEhd formalized in a more abstract way by
UML [4]. The SPATEL formalism aggregates in factlM@ow constructs coming from different
sources (ITU-SDL [12], SA-WSDL [13], VoiceXML[14]Jn order to provide the needed subset — not
less, not more — that is needed for a high-level executable formalism usable in telecom context.
Among the potentially infinite design choices thiMIL can offer, SPATEL makes a very precise and
exclusive selection like: using simple UML 1.4 statachines instead of the full UML2 capability,
not using collaborations, representing an orchsiraas the behavior specification of an operation.
Selectivity in the usage of the constructs offdsgdJML for behavior definition is necessary to have
at the end a formalism that is effectively impldni¢sand executable at reasonable cost.

Technically speaking the SPATEL formalism has beefined by an EMOF meta-model and is
accompanied with a UML2 profile defining the conttens for using the UML graphical notation —
like adding an specific icon to represent the iratmn of remote service operations. This approach,
which makes the distinction between abstract syatack concrete notation, allows using a rather
compact and understandable XMl serialization forasaéxchange and pivot format, significantly less
complex than the one associated with the compld#2) metamodel. Also it allows attaching
alternative notations to the SPATEL language, |agch dedicated textual syntax, and still relyingaon
common abstract representation in memory and isigient storage.

414 BPMN

The Business Process Management Initiative (BPNB Heveloped a standard Business Process
Modeling Notation (BPMN). The primary goal of thé®’BIN effort was to provide a notation that is
readily understandable by all business users, fl@business analysts that create the initial gliafft

the processes, to the technical developers redpenr implementing the technology that will
perform those processes, and finally, to the bgsingeople who will manage and monitor those
processes. BPMN will also be supported with anrivge model that will enable the generation of
executable BPELAWS. Thus, BPMN creates a standatdizidge for the gap between the business
process design and process implementation.

BPMN defines a Business Process Diagram (BPD), lwiscbased on a flowcharting technique
tailored for creating graphical models of busingsgess operations. A Business Process Model, then,
is a network of graphical objects, which are atiei (i.e., work) and the flow controls that define
their order of performance.

A BPD is made up of a set of graphical elementes€helements enable the easy development of
simple diagrams that will look familiar to most imess analysts (e.g., a flowchart diagram). Within
the basic categories of elements, additional vanaand information can be added to support the
requirements for complexity without dramaticallyadiging the basic look-and-feel of the diagram.
The four basic categories of elements are:

Flow Objects
Connecting Objects
Swimlanes

Artifacts

For modelers who require or desire a low level oécjsion to create process models for
documentation and communication purposes, the elermaents plus the connectors will provide the
ability to easily create understandable diagrakesthe following example diagram.
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Figure 3 - BPMN Process Sample

BPMN was designed to allow modelers and modelirggstsome flexibility in extending the basic
notation and in providing the ability to additior@intext appropriate to a specific modeling situati
such as for a vertical market (e.qg., insuranceamking). Any number oArtifacts can be added to a
diagram as appropriate for the context of the lmssirprocesses being modeled. The current version of
the BPMN specification pre-defines only three typ€8PD Artifacts, which are: Data Object, Group
and Annotation.

Business process modeling is used to communicatéda variety of information to different
audiences. BPMN is designed to cover many typesiadeling and allows the creation of process
segments as well as end-to-end business processbferent levels of fidelity. Within the varietf
process modeling objectives, there are two bapesyf models that can be created with a BPD:

Collaborative (Public) B2B Processes
Internal (Private) Business Processes

4.1.5 SCXML
State Chart XML (SCXML) is a specification of theovitl Wide Web Consortium (W3C). It provides
a generic state-machine based execution environnaeseid on Harel State Tables.

Here's an example - taken from the SCXML W3C speatibn [50] - which shows how a simple state
machine - depicted in UML - is encoded in SCXML.



Example: A Simple State Machine

51 Ewent? [X = 0] =z =3
Eventz [* < 0]
Eventi

<2xml wversion="1.0" encoding="us-ascii"?>
<gcxml wersion="1.0" xmlns="http:/ www.w3.org/2005/07/ scxml ™=
<state id="aifr:
<transition event="Ewventl':>
<target next="I2MrS>
</transition:>
<fatatex

SCHML Equivalent

<gtate id="SZ'>
<transition event="EventZ':>
<Larget next=r31"
cond="Xegt: 0"/ >
</transition>
<transition ewvent="Event:'":x
<LAarget nexXt=r33"
cond ="X&lt:0" >
</transition>
</statexr

<state id="33">
</stater

</ scxHml>

Figure 4 - States Machines in SCXML

SCXML can represent arbitrary complex state machiméth sub-states and parallelism. It can be
seen as a simplified XML representation of UML 8titachines (version 1.5, not UML 2 which has
introduced some more conceps).

An open source implementation is provided by Apa@@mmons SCXML, see Section 4.3.2).

4.2 Automatic Composition Techniques

42.1 Semantic Representation of Services

Semantic service descriptions are not only requifed an automation of service discovery,
orchestration and composition mechanisms, but fmsasers to be able to judge whether a given
service’'sfunctional as well amon-functionalaspects serve a user’'s needs. The requirementisefor
capabilities of the service discovery logic canyvdir the main purpose of the discovery process is
find singleapplicable services, focusing iamctionality only limited service description mechanisms
might be sufficient. If the discovery mechanism doalso be able to distinguish betweson-
functional aspects of a single service, service descriptiorchamisms get more and more
sophisticated. If service discovery systems shquidvide information about several services,
sufficient forautomatingthe service compositigrthe task of describing and discovering servias g
complex.



Generally speaking, there are several processésdve to be conducted in order to allow for the
delivery of semantically enabled services compms#i After a given service has beeesigned
implementedcanddeployed service descriptions have to be either annotatedeated with sufficient
information about functional (input, output), namttional (performance, reliability, security, @jc
etc.) aspects of a service as well as about infoomafor the mediation (for conducting the
composition) between service components. Thesecsedescriptions have to baublishedat a
service registry for subsequediscovery After service descriptions have been discovesetyice
components can bevokedready for generating servicempositionghat finally can bexecuted

In order to reduce efforts for the annotation psscand in order to provide automation for the
generation of service descriptions, the relevafdgrination should already be integrated at service
creation/implementation time. The “Meta-Tag” feataf Java ([13] and [14]), as an example, allows
for source-code integration of service descriptiamisich later on can automatically be published at
service deployment time.

Technically speaking, in order to describe a seniit a commonly understandable manner, a
profound, extensive and extensible ontology thacdees e.g. a Telco / NGN service (like [12]) is
required. Furthermore, a semantically enriched iservegistry (such as Universal Description,
Discovery and Integration (UDDI) or Electronic Bosss Extensible Markup Language (ebXML)) for
storing and retrieving service information is nestdénally, the description of each service habdo
dynamically fed into and discovered from the sexviegistry. Currently there exist several concurren
approaches for Semantic Web Services (SWS). Rditjer weighted approaches are the Web
Services Semantics (WSDL-S) [15] approach anduitgessor, the Semantic Annotations for WSDL
and XML Schema (SAWSDL) [16]. Here only a limitech@unt of semantic information can directly
be annotated as part of the WSDL files, so thataseically enriched UDDIs are able to enhance the
service discovery process with this additional infation. With WSDL-S only a limited set of tags,
such as service concept, location and domain, e pre-/post-conditions for annotating WSDLs can
be specified.

More sophisticated architectures like the Web SerWlodeling Ontology (WSMO) [18] and, based
on the Web Ontology Language (OWL), the SemantickMia for Web Services (OWL-S) [17] make
use of additional systems that enhance the sed@seription and discovery process. Whereas
WSDL-S and SAWSDL exclusively use the semanticrnmi@tion stored in the WSDL for describing
Web Services, OWL-S defines a “Service Profile"ef\@ce Model” and a “Service Grounding” with
which additional aspects about a given servicebeadescribed.

ServiceProfile

ServiceGrounding
ServiceModel

Figure 5 - OWL-S Top Level Service Ontology [18]

Furthermore, WSDL-S and SAWSDL primarily can beduser BPEL-based interactions between
services; OWL-S defines its own “Process Model” ehhtan be used for different service interaction



mechanisms. WSMO'’s architecture consists of thea®&mWeb Service Language (WSML) based

on F-logic and the Semantic Web Service ArchitecfitWSMX). WSMO supports functional aspects,

non functional aspects, and mediators for Web Sesvand petri nets for execution semantics. By
defining its own ontology WSMO enables discoveryVdéb Services based on goals and service
capabilities. Supporting and utilizing a broad mmd description logic reasoners such as Pelldt [19

WSMX allows for enhanced matchmaking, even betwiffarent ontologies.

Summing it up, the selection of an appropriate aggin heavily depends on the requirements for the
service discovery and service composition mechanidm more versatile, flexible and dynamic the

requirements get, the more complex are the appéicabrvice description, service discovery and

service composition architectures. For service renments with rather static numbers of services,
with limited requirements for agile and flexiblengee composition, light weighted approaches like

WSDL-S and SAWSDL might be sufficient. In ordergopport rich sets of services, with dynamic

service lifecycles and flexible service compositmrchanisms approaches like OWL-S and WSMO
are required.

4.3 Orchestration Tools

43.1 BPEL Engines

Several BPEL engines have been developed in theféas years by many companies, using
proprietary and open source solutions. Here wéyfigeve a few examples of BPEL engines:

BPEL4J was proposed in the early 2000's by IBM gda#form for creating and executing
BPEL4WS processes;

WebSphere Business Integration Server Foundatiddl$®) has been introduced by IBM as
an integration platform for building and deployingmposite applications; it runs on top of
the WebSphere Application Server platform, and itémpatible with Windows and Linux
operating Systems;

BPEL Process Manager, by Oracle, is meant to fatlithe development of SOA applications
through composing synchronous and asynchronougcssrinto end-to-end, standard BPEL
process flows; it runs on top of the Oracle Applma Server;

BPEL Orchestration Server, running on top of a J2pRlication server. was introduced by
Collaxa to integrate BPELAWS and WS-Transactiomddeds; since Collaxa has been
acquired by Oracle, the BPEL Orchestration Servas been integrated in the Oracle
Application Server;

OpenStorm ChoreoServer was proposed for the MittrdsBT platform;

FiveSight PXE is a modular BPEL engine with a fooageliability and flexibility;

Active Endpoints ActiveWebflow Server is a complBfEL engine running on top of a J2EE
application server or standalone with a Web Sendetainer, e.qg. Tomcat

ActiveWebflow Designer is an Eclipse-based visuBER designer;

Bexee BPEL Execution Engine is an open squi@EEbased BPEL engine; it is also an
environment for working on Business Process ModdlBPM);

Orchestra, developed by Bull and OW2, is an anatpen source middleware which provides
a SOA Orchestration solution for handling long mmgn service oriented processes.
ActiveBPEL Engine is a comprehensive BPEL runtimeimnment; ActiveBPEL is open
source, released under the GPL, and it is writtelava;

In what follows, we will give more details on twanicular open source BPEL engines: Orchestra and
ActiveBPEL.



43.1.1 BPEL Engine: Orchestra v.4

Orchestra is a SOA Orchestration solution. In patéir, Orchestra v.4 open source project is the
newer generation technology for Workflow, BusineBsocess Management and SOA-based
applications. Orchestra v.4 has been released in 2088 under the LGPL license, and it offers a
unique open source package consisting in a BPEInengn administration console, and a designer
and monitoring tool. Orchestra v.4 supports XPDH &PEL standards, and it is the first solution to
implement the BPM Process Virtual Machine (PVM)healogy jointly developed by Bull, OW2 and
JBoss/Red Hat communities.

Bull is the key actor in the development of Orchestolutions and is providing a unified and
professional set of services including worldwid@mart, training and expertise under its NovaBPM
offering. Other contributors include INRIA, eXo H@am, EBM Websourcing and an active open
source community named OW?2. In particular, the O8gBsortium is an international open source
community which includes R&D teams, industrialstparships and research organizations, aiming at
bringing permanent innovations and quick time tokea

BPM PVM applications adapt precisely to real lifesimess needs, easily combining human workflow,
application process and web applications. The Gtches.4 BPEL engine is provided on top of the
PVM engine, as a standard language to be useceicabe of web applications. The main features
provided by the BPEL engine are as follows:

support for BPEL 2.0, standardized by OASIS;
Web 2.0 based process console;
Eclipse-based editors;

graphical BPEL designer;

Java JEE deployment

Additionally, the Orchestra v.4 offers:

a graphical BPM console based on Web 2.0 and Ajeixrtologies;

a pluggable infrastructure allowing easy serviaadiguration;

a flexible architecture in which persistence, teani®n, security, identity, asynchronous
messages and timers notifications can easily bedaddth no intrusive integration in both
development and production environment;

The resulting architecture [38], which is showrFigure 6, is meant to develop, control and improve
business processes and to design the interactiorede services. Overall, Orchestra v.4 is a tool fo
the improvement of the “productivity and agility thie company”. It is worth noting that, thankshe t
open source nature of the project, Orchestra’'sitexthre can be deployed and run on top of many
different environments, such as Tomcat, SpringaJapplication, JEE application server (JOnAS,
Jboss, Weblogic, WebSphere, Oracle, and so oppariiicular, there are three different versions Wwhic
better suits to different customer needs:

Lightweight version: deployable on any existing lagggion as Tomcat, Swing applications...
Entreprise version: deployable on any Java EE séd@nAS, Jboss, Weblogic...)
“Sur mesure” version : adapted to any particulat@mer’s environment



Figure 6 - Architecture of Orchestra v.4

Figure 7 better characterizes the Process Virtumthhe (PVM). PVM is a revolutionary technology
for processes based applications. It has beenedetivby Bull and Jboss as a generic process engine
which allows to build on top embeddable, pluggadohel extensible workflows and BPM solutions.
PVM offers a conceptual model for processes, theeeit is not limited to the BPEL language, as it
can be seen in Figure 8. On the contrary, PVM iamhér multi-language support, including BPEL
and XPDL, and it is generic enough to support nelditeonal languages, e.g., specific languages
based on graphs. Furthermore, the architecture/df Rllows for the support of multiple pluggable
services that can be defined by the company. Nwie RPVM is flexible in which it support both
descriptive process models and executable proctksdbe ones described in BPEL, and it is highly
customizable, by allowing the embedding of standsolditions as well as “sur mesure” company-
defined solutions.

Extensibility

Support for multiple
process based langages

Flexibility Embeddability
Improving analyst u_s : - i Man intrusive solution
clevelopers collaboration 4 PyIA “Sur mesure” intagration

Pluggability

Configurable sawices

Figure 7 - Process Virtual Machine (PVM)

Figure 8 - PVM Interfaces for Multi-language and Muti-service Support



4.3.1.2 BPEL Engine: ActiveBPEL

The ActiveBPEL engine [39] is a BPM runtime envimoent for executing process definitions created
according to the BPEL 1.1 and WS-BPEL 2.0 spedifices. ActiveBPEL is a powerful open source
instrument which contains a large set of tools tloe process design, analysis, simulation and
execution.

To be more precise, ActiveBPEL is a product famaiyning at supporting the creation, testing,
deployment and execution of composite softwareie@ibns. In contrast with monolithic systems
architectures of the past, composite applicatisaased on a services-oriented computing model. In
ActiveBPEL, the interfaces to all application compats are firstly described using standards like th
Web Services Description Language (WSDL), and tt@nponents are woven into coherent process
compositions The objective of composite applications is toivdl a highly adaptive information
architecture, and then to meet the evolving neétiseausers.

The main features of ActiveBPEL are listed below.

Process editor canvas with diagrammatic and hiei@atview of process.

0 Processes can be diagrammatically created on thegaand process element can be
simultaneously displayed in hierarchical and diegratical forms. Additionally,
source view is available for the BPEL code generaieActiveBPEL.

0 ActiveBPEL allows for drag and drop icons onto aees to create a process and the
related BPEL code. The angine also generates aligdsfor missing and invalid
activity properties.

Web References.

0 ActiveBPEL supports WSDL and schema files to bduided as Web References
view for automatic discovery and organization dfpartinent information stored in
existing WSDL. Comprehensive searching is availabde locate namespaces,
messages, and other elements.

Management of Sample Data.

o0 For testing and simulation purposes, the enginenaaiically generates and manages

sample data files for all WSDL messages
Automatic Task Generation (static analysis)

0 ActiveBPEL generates problem listfor the debugging of incomplete or invalid

BPEL constructs, both in the case of imported atklocally generated code.
Create Partner Link Types (WSDL extensions requioedBPEL processes).

0 The engine adds partner link types to an existingiew WSDL file by using the

partner link type wizard.
Swimlanes

o Visual display of each partner’s role in the pracesshow a service is being invoked,

received from or replied to.
Expression and query builders

o0 ActiveBPEL gives the user visual expression/quetifirg controls for building a
wide range of scripts. ActiveBPEL's expressions banextended to include user-
defined expression languages and custom functions.

Activity Properties

0 ActiveBPEL groups required and optional activityriatites for easy selection, and
allows the user to insert comments as well as laiiva properties, compensation,
and fault handling.

BPELets, for previously defined activity re-useother processes

0 Activities created with the process editor canvas lbe saved to eustom palettdor

later use.
Simulation and Debugging



o0 The engine simulates process execution using sadgii It can be used to set
breakpoints, step through or run the process. Reneltugging is also possible.
Process Deployment
0 ActiveBPEL offersdeployment wizardso guide the users deploy the user-defined
process and for service binding to the process.
Migrate Processes to the latest BPEL version
0 ActiveBPEL gives the possibility to update the synof the old code, so that old and
non-conformant processes can be reshaped intoethiesh version of code supported
by the current BPEL specification
ActiveBPEL Extensions to WS-BPEL 2.0
o In addition to fully supporting the WS-BPEL 2.0 speation, ActiveBPEL supports
some extra Process Level Extensions: a) the Corapiens handler and the
termination handler; b) the Query handling inclgdi@reate XPath and Disable
Selection Failure; c) Suspend, Break, and Contaxtiension activities.
ActiveBPEL for People.
0 This is a plugin that installs an extension acdfivitalled the People activity. This
activity introduces human workflow into a BPEL pess, when a process activity
requires human decision-making.

There are actually different versions and relea$eke ActiveBPEL engine. The basic version is the
ActiveBPEL Community Edition Engine, while the ragt version is the ActiveBPEL Enterprise. In
particular, the ActiveBPEL Community Edition Engiigean open source implementation of a BPEL
engine, written in Java and running on top of aapdard servlet container such as Apache Tomcat. It
reads BPEL process definitions, WDSL files and pihputs, and then it creates representations of
BPEL processes. When an incoming message triggeestaactivity, the engine creates a new process
instance and starts it running. The engine takes chpersistence, queues, alarms, and many other
execution details. The ActiveBPEL Community EditiBngine does not contain a visual designer that
allows for easy and quick generation of BPEL ortiaiens. It only supports the execution of
previously-coded BPEL processes. The server suppbe full complement of BPEL activities
including event handling, exception handling anol&¢compensation management.

Since hand-coding BPEL process definitions caneldéts and error-prone, seveixsignershave
been proposed, including the ActiveBPEL DesignartiveBPEL Designer is a plugin to the Eclipse
integrated development environment, and it providessual environment for creating, testing and
deploying BPEL-based process compositions. It mak@®ssible to build processes by choosing
partners, services and operations, and by defihing data flows among those entities. As one
organizes icons on the Process Editor canvas, éBBEL constructs valid BPEL code which is
stored in XML format. An example of ActiveBPEL BPHirocess is reported in Figure 2, and an
example of BPEL code generated by the ActiveBPEIlsi@reer in XML format is given in the
shapshot reported in Figure 10.

Another designer has been developed by Active BEntipa.e., the very same ActiveBPLE team. This
is the ActiveVOS Designer, that differs from thetikeBPEL Designer in what the ActiveVOS is

targeted to commercial solutions [39]. ActiveVOS sigmer is an Eclipse-based development
environment that allows the user to learn about @&SIS WS-BPEL 2.0 standard and the
BPEL4People and WS-Human Task specifications. A#®S Designer also allows developers to
create BPMN (Business Process Modeling Notationjet®that can be converted directly to BPEL.



Figure 9 - Example of ActiveBPEL BPEL Process Creatd with the ActiveBPEL Designer

Figure 10 - BPEL Code Generated by the ActiveBPEL Bsigner in XML format

43121 ActiveBPEL for People

ActiveBPEL for People is an extension to WS-BPEQ that allows human workflow activities to be
included within a BPEL process. ActiveBPEL for Pleops also based on the WSDL 1.1, WS-
HumanTask 1.0 and WS-BPEL Extension for People (BPPeople), Version 1.0 specifications.

In addition to receiving, replying, and invoking Weervices, ActiveBPEL for Peopiavokesa
person to handle and complete a task. Similar@édotthavior of an invoke activity, the person hawe t

return output data to the BPEL process. ActiveBR&LPeople contains an extension activity, called
the People activity, which contains propertiesddlte following:

Create a task definition

Select potential owners for working on the task

Select administrators to manage tasks

Create workflow requirements, such as timeoutsiifesgland an expiration



A People activity is built by adding values for ggoperties. The People activity can be linkedrtg a
BPEL activity or contained within a scope or othentainer. One can add as many People activities to
a BPEL process as needed.

As shown in Figure 11, when a BPEL process execatBgople activity, the task defined by the
activity is routed to the inboxes of all potentim/ners and administrators defined by the task. Each
user signs into his or her inbox, and so can chaitask to work on, making it unavailable for other
users. When the task owner completes the taskyliiyigting the required information into a form, the
output data is sent back to the process so thatekieactivity can execute.

Figure 11 — Description of a People Activity in a BEL Process

Since the People activity effectiveilyvokesa person, a BPEL process containing a Peopleitgaty

an asynchronous, and typically long-running procéssa consequence, tasks associated to a People
activity have to be dealt with care, and speciatestmachines have to be associated to them.
Therefore, the BPEL extension defines the followstgtes of a task after a BPEL process begins
execution of the People activity:

Unclaimed the task is available for anyone designated@gential owner.

Claimed one person reserved the task.

Started the task is in progress.

Completedthe output data has been submitted and the oslewdared the task complete.
Failed: the owner provided fault data and failed the task

Exited an error condition occurred, such as expiratioR@ople activity termination.



4.3.2 SCXML Implementation on Apache

Commons SCXMIs an open source implementation of the SCXML W&@ndard. It is mainly
composed of a Java SCXML engine capable of exegw@istate machine defined using a SCXML
document, while abstracting out the environmergrfates.

Figure 12 (taken from the official site: http://comans.apache.org/scxml/) shows the normal process
for creating and executing SCXML applications witie Apache implementation:

Figure 12 - Development Process with Apache SCXML

First a converter from UML to SCXML has been depeld to allow users take advantage of UML
graphical notation. Then the developer can compldiae the parameters of the state machine using
any Java editor - like the ECLIPSE Java IDE, fin#ile state machine can be executed in a server and
possibly connected to different kinds of termintdsactivate the behaviour (for instance through
through a vocal platform controlled using VoiceXML)

4.3.3 SPATEL Engine (from IST SPICE)

The SPATEL Engine can be seen as a frameworkniziementsativelythe SPATEL language (see
Section 4.1.3):

To the concept of Service Interface in SPATEL cgpands a Python class, sharing exactly the same
structure: same visible operations and same expatt@lolutes. This class acts either as a clieokypr

for the service - a glue component connected totenpially remote implementation - or as the "real"
implementation, to be defined locally.

To the concept of State Machine in SPATEL corredsgoa State Machine implemented in Python.
Similarly to some VoiceXML [4] systems, the statecahine is loaded into memory once at the



activation of the service. Then each session objegpresenting the usage of the service by a-user
has a pointer to store its position in the executibthe state machine.

The SPATEL engine relies on an HTTP server to affieiti-threaded and asynchronous support. A
session mechanism is explicitly maintained by tiaenEwork to allow keeping alive the context when
dealing with long-running services.

Two forms of execution are supported: one uses @Glocol, the other useservletson top of
TOMCAT. In the first case, the HTTP server involkgghon CGI which rebuilds the saved context at
each invocation. In the second case a Jython metienpis used to connect Java and Python.

4.3.4 Semantic-based Frameworks for Service Composition

There are a huge number of approaches to servinpasition, particularly Web Service composition.
An exhaustive explanation of the current statehef art is out of the current document’s scope. In
general, service composition can be differentiated orchestration and synthesis. Whereas service
orchestration has to deal with coordinating sesviaed service components, synthesis is the actual
process of generating composite services. Stat¢hefart telecommunication Service Delivery
Platforms (SDPs) make use of service enablers,hnihi¢his regard extend the notion of application
enablers provided by exposure APIs such as Parl§] ¥nd comprises all services attached to the
Enterprise Service Bus (ESB). This provides thesipd#y of mapping a complete service life-cycle
as an orchestration script.

The most well known orchestration language is WSBPED. But there are other promising
orchestration specifications as the Web Servicagdtigraphy Description Language (WS-CDL) [20]
standardized by the W3C that is an XML-based iatarfdescription language describing the flow of
messages exchanged by a Web Services interactthgottier Web Services. Furthermore Business
Process Modeling Language (BPML) has been propbgdgiusiness Process Management Initiative
Organization (BPMI), but BPMI [21] has dropped sogpfor this in favor of BPEL and joined the
Object Management Group (OMG) in 2005. A good carispa between BPEL for Web Services and
BPML is given in [22], a good requirements analygsia be found in [23].

In general two approaches for Web Service compositmust be differentiated; the syntactic (XML
based) and the semantics-based (ontology base)ampp Whereas BPEL and WS-CDL account for
the syntactic composition of Web Services, OWL-8 WSMO account for the semantic-based Web
Service composition. Conceptual differences betw@®¥dL-S and WSMO are explained in [24].
Apart from these already standardized mechanidmegrétical models like automata, Petri nets and
process algebras provide complementary mechanimnagifomated service compositions.

Focusing on synthesis, mechanisms range from ssaticice compositions to semi-automatic to
automatic service compositions; static and autamatimposition approaches are compared in [25].
Whereas static service composition requires mageraration of choreographies (a.k.a. workflows in
BPEL) automatic service compositions are capablalistovering components and synthesizing
composite services at run-time.

Static service compositions are already commonlyse. Synthesizing Web Services with the help of
BPEL workflows already provides a huge range ofisermash-ups. However these solutions require
manual generation of workflows, increasing serviges to market.

The current spectrum of automatic service compmsidipproaches is broad. As Kister et al. in [26]
summarizes, there exist several strategies to genea service composition: Fulfilment of

preconditions (graph search, forward chaining, ek chaining, estimated regression planning),
generation of multiple effects (behavior based iservcomposition, component based service
composition) and overcoming of a lack of knowledgeeating conditional plans, searching while
planning).



Although in the long term, automatic service conipms are regarded as the ultimate goal of SOA, at
the current stage there are many problems to becawe for industrial usage. Amongst other
shortcomings, established solutions like BPEL, WB-COWL-S and WSMO as explained in [27]
provide no mechanisms to verify correctness ofisereompositions. In the mid-term, utilization of
formal methods (automata, petri-nets, process edgebmight help to overcome these issues. Apart
from that, increased automation usually comes wiithincreased architectural complexity of required
components for automated synthesis, yet reducingcsetime to market. As an example, the Figure
13 shows the architecture of Web Service ModeléXgcution environment (WSMX), the reference
implementation of WSMO.

Figure 13 - WSMX Architecture [31]

As can be realized, the WSMX architecture is cosgatiof several components. The Web Service
Modeling Toolkit (WSMT) [32] is a development emwmiment enabling the development of
Ontologies, Web Services, Mediators and Goals tfitowWSMO. The WSMX Core allows for
matching a goal that has previously be specifiedalyser to a service element that has previously
been described in Web Service Modeling LanguageNWS33]. If the matching was conducted
successfully, the data mediator provides suppartttie transformation between ontologies of the
requestor and the Web Service provider [34]. Rearsosuch as Pellet [19] are capable of searching
through ontologies and checking their consistencidwgether the WSMX framework allows for
service discovery, service selection, mediationjise composition and invocation at runtime.

In conclusion, as stated in [35] and [30] compai@®WL-S, Semantic Web Services Framework
SWSF [36], IRS-Il and WSDL-S, the WSMO frameworkshoomprehensively provides mechanisms
that satisfy most of the requirements for a Semaweb Service (SWS) framework. However this
versatility comes with high complexity and a speamodeling ontology.

For the initial stages of PIl, a semi-automaticve composition approach, at this stage, might be
sufficient and feasible. Since neither can Pll ®ew tolerate long execution times, nor can culyent
automated mechanisms guarantee quality and coesscof automatically composed services.

4.4 Model Engineering

Model engineering is an important discipline in gontext since resource definition and orchestnatio
specifications relies on the manipulation and exation of static and behavioural models.

In this section we provide a basic introductory eniai.



4411 Meta-modeling

Meta-modelling is the activity that constructs ogpis within a certain domain. Classically to maalel
system, we will need first to have a modelling laage to define our model. A meta-model plays this
role: a model to model to our concepts.

The simplest language is to have boxes to represeicepts and arrows between boxes to connect our
concepts. The OMG (Object Management Group) staimiron body has standardized the MOF
(Meta Object Facility) as a generic meta-modelaivs as language for defining specific models. This
language uses object-oriented concepts: the bogadasses that can contain operations and atsbut
and the arrows are class associations. Inheriteglaions may exist between classes. In terms of
UML notation the MOF corresponds to a subset olihd class diagram.

The relationship that exists between a model amdhéta-model is conformance: any element in the
underlying level is defined in terms of the consapefined in the upper level. This relationship ban
generalized to the case of models and data: aetlrt@ent can be treated as an instance of an element
in the model level. This homogeneity in the mechasi to represent models and data is exploited to
build powerful code generation tools.

4.4.1.2 Operating with Models

In order for an object-oriented model to be trediggrograms it is necessary to have interfaces (th
list of operations that | can invoke when accessingbject). An important feature of object-oriehte
modelling techniques is the fact that the interfacan be generated automatically from the model
definition: for instance if we have a Car concefihvan association to Gate concept, we will gererat
in Java or in C++ the classes Car and Gate, an@dhgate will have a 'getGates' operation. Interfa
generation allows implementing a model in differpragramming environments - like Java or C++.

4.4.1.3 Model Exchange

Object-oriented models are exchanged using an Xlsléetd standard named XMI (XML Metadata
Interchange). The XML Schema that is used to exghamodels conformant to a meta-model is
automatically derived from the meta-model defimitidn addition the parser specific to the XML
Scema will be generated automatically.

4414 The Power of Meta-modeling

In summary, the model definition, expressed in termh its meta-model, will contain sufficient
information for generating automatically not onhetoperational interfaces to navigate and update
model instances but also the XML machinery to thiange models.

Similarly, due to the relationship between modedtamtiation and data instantiation (see Meta-
modeling section), the data definition, expressederms of a object-oriented model will contain
sufficient information to generate automaticallyt mmly the operational interfaces to navigate and
update data instances but also the XML machineimytewchange the data.

4.4.1.5 Model Transformations

One of the major motivations of modelling is th@agity to apply automated processes to generate as
complete as possible the code of a system or tde ob an application. For this reason model
transformation occupies an essential place. Waltsimguish different kinds of transformations dik
horizontal transformation (for instance, transigtan formalism to another within the same level of
abstraction) and vertical transformation (for imst®, translating an abstract functional model mto
more concrete implementation model). Also we carkenihe distinction between model to model
transformations and model to code transformations.

Transformations can be developed in different wayg most popular way is to use the operational
interfaces (see previous section 'Operating withdets)) . Another alternative is to use dedicated



languages. The OMG has standardized a languagédispec model to model transformation named
QVT and another for code generation, named Mof2Text



5 Specification

51 Introduction

The Testbed Orchestration System of Teagle hasrawo components: The Request Interpreter and
the Execution Engine. These two components intevihtthe rest of the Teagle system with a list of
interfaces that are summarized in the diagram helow
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Figure 14 - Teagle Overall Architecture

The VCT Tool within the Request Interpreter macomponent provides to the Execution Engine a
specification script. This specification script &ther edited manually using the Graphical

Composition module or is generated using the RegRexcessor. In both cases policies are to be
taken into account through the Policy Enforcememgonent.

The Execution Engine transforms the specificatiomps as an executable script - through the Script
Compiler. The Script Executor invokes intermediattexies (Component Adaptor) which in turn are



connected to the web services components residinghe accessed PTM. The details of this
architecture and the role of each module of theugstjinterpreter and composition engine are
explained in the rest of this section. For the itketd the Portal and the Repository macro comptsen
see Deliverable D3.2.

5.2 Entities and Reference Points

In this section we describe the functional speatfan of the two components of the Testbed
Orchestration System.

5.2.1 Orchestration Frontend

The Orchestration Frontend plays a central roleaitisfying the customer request and providing the
desired functional environment. The Orchestratimntend sub-modules are:

Policy Evaluation (defined section 5.2.1.1)

Creation Environment (defined section 5.2.1.2)

Request Processor (defined section 5.2.1.3)

The Creation Environment and the Request Processdyoth part of the VCT tool
The following reference point need to be suppobtgthe Orchestration Frontend:

REP (defined section 5.2.1.4)

POL (defined section 5.2.1.5)

SPEC (defined section 5.2.1.6)

The following subsection will explain the mentiormab-modules and reference points in more detail.
Figure 15 gives an overview on how the Orchestnakoontend is connected to the other TEAGLE
entities.
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Figure 15: The Teagle Request Interpreter

5.2.1.1 The Policy Evaluation Function

This functional entity allows the evaluation of jg@s stored in the Teagle repository. This serisce
offered via the reference point POL. The Open MvoWAlliance (OMA) has specified a Policy



Evaluation, Enforcement and Management Architedidé and our Policy Evaluation Function shall
be aligned with the current OMA standardisatiorivites. Via the reference point REP, the Policy
Evaluation Function shall be able to query the sépoy and obtain policy documents.

Policies shall be described in Common Policy Forfa@t. As the RFC is very generic it might need
to be extended to serve out needs.

5.2.1.2 The Creation Environment

This function is part of the VCT tool and shalloall for the graphical design and configuration of a
VCT. This might be offered via a dedicated appil@aifor example Eclipse [41] based) that needs to
be downloaded and run locally or via a web basdatisa (creation client, e.g. [42]) offered by the
Teagle portal. The environment shall allow for pigcand interconnecting testbed components in a
workbench in an intuitive drag-and-drop manner. @digking on components, suitable properties
menus shall allow for easy configuration of desiM@T entities. The environment shall offer
templates for usual testbed setups and configuratimat can be fine tuned by the customer if désire

In order to enable the above functions, the Cradfovironment needs a connection to the repository
(reference point REP) in order query existing amdilable testbed components described by the
testbed description system [51]. Furthermore pofiegluation (via reference point POL) allows the
tool to check whether a certain customer is allotedse certain resources and to what extent. For
some functions such as policy evaluation and re@splef configuration dependencies, the Creation
Environment shall rely on the Request Processdeasribed in the next subsection.

5.2.1.3 The Request Processor

This entity works in close cooperation with the &@ren Environment. The graphical representation
shall be separated from the logic of processingedam request, resolving conflicts as well as
checking potential prerequisites and dependendiasgiven configuration/composition of resources.
Therefore, the entire VCT tool entity is connectedhe repository and the policy evaluation via the
reference points POL and REP. The outcome of gecaphi designing (using the Creation
Environment as part of the VCT tool) a desired Va@dd resolving any constraints on the given
configuration/composition (done by the Request €seor as part of the VCT tool) is an orchestration
specification that is delivered to the Orchestrat8ackend via reference point SPEC as described in
section 5.2.2.7.

5.2.1.4 The Reference Point REP

In addition to [51], the reference point REP shallaligned with OMA specifications [40], [43], [44]
The REP interface shall be designed as a manageimienface for the policy repository. The
operations that should be supported by the repgsit@: create, modify, view and delete.

The OMA specifications provide a solution to thiterface implementation using the XCAP protocol
for management queries and a XDM [45] implementatithe XML Document Management Server
(XDMS) [46], also specified by OMA, provides an emsible data model using XML schema which
allows to easily access and manipulate XML docusiantd supports the XCAP protocol. The XCAP
protocol supports HTTP as transport and uses XPAfij#e URLs to target content using PUT, GET
and DELETE. Data stored in a XDMS is grouped basmedts Application Unique Id (AUID) as the
first level and XCAP User Identifier (XUI) as thec®nd level taken into consideration for grouping
data. Policies reside under the AUID org.openmaliience.policy-commonpol.

5.2.1.5 The Reference Point POL

The reference point POL shall support exchangesedmat requestors for policy processing (the VCT
tool) and the Policy Evaluation Engine. In corrgiatwith the OMA specifications [40], [43][44],
POL has a well-defined structure of requests asdamses, where each request or response message
always carries, from a protocol perspective, aryite@rge object, encompassing the collection otitnp
parameters (in the case of a request messageg aoliection of output parameters (in the case of a
response message). The variability of potentiautingnd output parameters is hidden from the



interface, by encoding all input or output parameeia the binary large object, according to a well-
defined convention. Currently the specificationatai a few predefined templates about the way the
binary large object should look like, but can beeered to any level.

The implementation of the interface has to futfig following basic requirements:

Provide critical information based on which theigieks will be fetched from the repository
and enforced, for example customer identity ordaigentity.

Provide further data on which policy defined coaistis may apply.
Understanding of the policy enforcement result sggelicy decision) by the requestor.

5.2.1.6 The Reference Point SPEC
The SPEC reference point is described in the Otidiess Engine section, sub-section 5.2.2.6.

5.2.2 The Orchestration Engine (Orchestration Backend)

The Orchestration Engine - also hamed Orchestr&smkend - is responsible fonplementingand
executingcustomer requests originally edited or generateth fthe Orchestration Frontend module.
The Orchestration Engine sub-modules are:

Script Compiler (defined section 5.2.2.3)
Script Executor (defined section 5.2.2.4)
Script Launcher (defined section 5.2.2.2)
Component Adaptor (defined section 5.2.2.5)
The following external reference points need tsiygported by the Orchestration Engine:
SPEC (defined section 5.2.2.6)
TC (defined section 5.2.2.7)
The following internal reference points need tsbpported by the Orchestration Engine:
COMP (defined section 5.2.2.8)
EXE (defined section 5.2.2.9)
CALL (defined section 5.2.2.10)
GEN (defined section 5.2.2.11)

Figure 16 gives an overview on how the Orchestnakmgine is connected to the other TEAGLE
entities. It is connected to the Orchestration FEmd through the SPEC reference point (on thg left
and connected to the Teagle Gateway through theefggence point (on the right).



Figure 16 - The Orchestration Engine Architecture

The following sub-section provides the rationalehe design of the Execution Engine. Following
section describes each of the sub-components ia deiail.

5221 Rationale of Orchestration Engine architecture

The architecture of the Orchestration Engine has lwkefined taking into account the following two
important considerations:

To execute an orchestration definition that invoke® or more components enablers, it
should be possible to switch easily from an impletagon of an enabler to an alternative
implementation without changing the original ordhatson definition. Variability includes
possible change in the communication protocol. Thisseful for instance to support a change
in the provider of a communication enabler like SkEding, provided using SOAP by one
provider and provided using simple HTTPS requiegtanother.

It should be possible to change the technology tsexecute an orchestration script without
changing the original orchestration definition. g useful to take into account variability
and evolution in technology adoption in differemtmpanies. For instance a BPEL solution
could be selected in some simple circumstancesrealea state machine based workflow
engine would be more appropriate when human inteiwve is predominant.

This yields to the idea of having a distinctionvieetn an "orchestration specification" script and an
"executable execution” script, where the link bedwdoth is done through a compilation step. Also
the notion of "component adapters" allows suppgritomponent replacement in a flexible way.
Meta-modeling and code generation techniques (ss#ioB 4.4) are expected to be used in an
implementation of the Orchestration Engine module.

Two main advantages of this architecture can betediout:

The request processor component (see section 3.2.1n charge of transforming a user
request into a script - will have its work simifi by the fact that he will not have to deal
with platform specificities and communication proaés.

It is relatively easy to change technical aspetts@interface of a service offered by a PTM
(like the actual URLs and authorization methodih& communication protocol being used)



without impacting the validity of the abstract gtri The abstract script only deals with a pure
functional description of the interface of the vaslvice.

The details of the role of each component andfiterare explained is subsequent chapters.

5222 The Script Launcher

The Script Launcher component receives the userestdn the form of apecification orchestration
script (using the SPEC reference point) and performsootth of the two following actions:

Compiling the specification script so that it be@smanexecutable orchestration scrjpt
through the Script Compiler (COMP interface refempoint).

Executing an executable orchestration script, thinothe Script Executor (EXE interface
reference point).

The request of the user indicates weather an inmatee@ixecution is to be performed. If not, the $crip
launcher simply compiles the script and storesriraidy the executable script for later usage. # th
execution is requested, the script launcher loo&ather there is a pre-existing compiled executable
script that satisfies the request, and if foundiokes the executor component with the found
executable script, possibly re-configured. Confagiens and executable scripts are managed
separately to enhance re-usability.

5.2.2.3 The Script Compiler

The Script Compiler is basically a code generdtgrarses and transforms the specification script a
generates code.

The following properties need to be fulfilled:

The code generator produces complete code (theutde script) corresponding to the
specified orchestration logic and generates, wiernalieady available, component adapters
(GEN interface reference point) for each invokedmponent found in the original
specification script.

A component adapter is an implementation clasgctfig the operations and configuration
attributes of a local or remote component. CompbAelaptors are described in more details
in Section 5.2.2.5.

For homogeneity purposes, the executable scrigererated as a composite component -
structurally and conceptually not different thatert component adaptors. The execution script
is the behaviour of the 'main’' operation of theggated composite component.

5224 The Script Executor

The Script Executor is responsible for executingeaecutable script previously built using the dcrip
compiler. An executable script is visible in thenfoof a composite component that has a 'main’
operation. Executing the script means hence inatarg the composite component and entering the
'main’ operation.

The - generated - behaviour of the main operattiows one of the two paradigms:

Either it is a simple list of actions to be executeith run-to-completion semantics. Typical
actions are a conditional test or the invocatiothefcomponent adapters representing each of
the involved remote components.

Or it is the code reflecting the execution of atestmachine, with the possibility of
interruptions (wait sates) and the receptions ghelsronous events.

The Script Executor should hence be able to stigperexecution of state machines and be able to
maintain session information during potential intetion - waiting for explicit user input or extein
events.



5.2.25 Component Adaptors

Any servicethat can be invoked within an orchestration scigptepresented in the orchestration
engine by a&omponent adaptofThe component adaptors are generated by thet &oippiler based

on service interface descriptions. The code ottivaponent adaptor may be revised and/or completed
manually by a developer. Services are, in mosts;asmote which means that in that case the
component adaptors in the orchestration enginprasges for accessing the remote services.

In our context of testbed federation, remote comapts are typically the configuration web services
hosted by a PTM (exposing single or various ress)rdHowever, it may also represent any arbitrary
utility taken from the internet - such as a curseoanverter facility.

The "glue code" to invoke a remote component isgird automatically as part of the output of the
Script Compiler. The actual binding settings like taddress URLs of the web services to access are
taken from separated configuration files.

From a technical point of view, a component adajptoan implementation class (for instance a
Java/C++/Python class) that reflects the operatimaisconfiguration attributes of a service integfac

For flexibility and easy substitution of servicdbe code generation of component adaptors may
implement the followingvariance mechanism: for each of the declared operationthénservice
interface there will be threéenplementatiorvariantsgenerated. By convention, variant vO is a "fake"
implementation that does nothing except returninglad empty value. The following variant v1 is a
'locally' defined implementation - empty when gexted, but possibly completed by the developer to
test the service. The second and last generatéanvas the "glue" code connecting to the "real"
remote component (SOAP request construction in cisendard web services).

This variance mechanism allows executing scripta debug, test or simulation mode. It can be also
used to move from an implementation to anothee, tdplacing the implementation from a provider A
to the same functionality implemented by a provider

5.2.2.6 Reference point SPEC

The SPEC reference point is used to connect theest@tion front-end to the orchestration engine.

It is materialized in the form of a XML file contang a header with a list of various informative
fields. We provide here a high-level specificatadiwhat should be part of the content of this file.

The header should contain at least the followietyi§:
Author of the request: A user id denoting the ws@ginating the request
Request description: A documentation text desayiltive user request.

Action: The action to be performed: execute or citengsee Script Compiler in section
5.2.2.3).

Script kind: The kind of script:

The list of operations (in most cases a unique i) the signature (types of arguments and
result).

For each operation the body kirattion sequencetate machine or non@ee Script Executor
in section 5.2.2.4). None means that the body tipravided.

The script content itself, should be provided ixtdal form (protected through a XML CDATA tag).
It consists of the definition of the operationsdisin the header, with the form:

operation <opname> (<typedarglist>) : <retyoet> { <body> }

In the case of 'action sequence' script kind, fimtax is a very restricted subset of Java scripgreh
we have basically variable declarations, operdtigncation, if then else and while instructions.

In the case of 'state machine' the body contaictsoss for each defined state.
Here's an example showing the style of notation:

behavior TranslateWeatherinLannion::go(



when:String,lang:String) {
initial 'Initial’ {
transition -> '‘Declarations’;

}

actionseq 'Declarations’ {
var sl:MeteoFrance = createProxy(‘MeteoFrance Y
var s2:Translator = createProxy('Translator’) ;
transition -> 'nodel’;

synccall 'nodel’ {
var rl = s1.getWeatherForecast('Lannion',when );
transition -> 'node?2';

synccall 'node2’ {
var r2 = s2.Translate(lang,rl);
transition -> 'Final’;
%inal 'Final' {}
}
Each state node is characterized by a sectiomef ty
<statekind> "<stateid>" {
<actionsequence>*
(transition -> <targetnode>)*

}

Where <statekind> represents various kinds of stated <actionsequence> is a list of actions
following the same syntax than for "action sequéiscept.

5.2.2.7 Reference point TC

The TC reference point is used to connect the stcdt@on engine to the PTC. More precisely it is
materialized by the binding that exists betweeoramonent adapter (a proxy classes generated by the
Script Compiler) and the corresponding remote campb The default communication protocol
selected by the project is SOAP and the defauliragion is that all PTC exposed components are
web services.

The WSDL interfaces of the accessed remote compersdould follow a uniform convention to
facilitate the generation of binding code.

5.2.2.8 Reference point COMP

The COMP reference point is used to connect intigrttae Script Launcher to the Script Compiler. It
is materialized by an interface with the followisighature:
ScriptCompiler::compile(scriptldscriptSpec:XMLDac$tatus

The scriptld is an ID for unique identification thie script in the orchestration system.

The interface will be exposed also in the form éflal P POST.

5.2.29 Reference point EXE

The EXE reference point is used to connect intgrriiae Script Launcher to the Script Executorsilt i
materialized by an interface with the followingrsidure:

ScriptExecutor::execute(scriptld: String) : status

The scriptld is an ID for unique identification thie script in the orchestration system.

The interface will be exposed also in the form ¢fl@r'P POST.



5.2.2.10 Reference point CALL

The CALL reference point represents the connedbietwveen the Script Executor and a Component
Adaptor. It is simply materialized by the preseméea operation call within the executable script,
where the operation call refers to an operatioaroexisting component adapter. An instantiation of
the given component adaptor is required previoukdccall. This instantiation is normally done fa t
beginning of the script.

5.2.2.11 Reference point GEN

The GEN reference point represents the relationisetpreen the script compiler component and the
component adaptors. Component adaptors are gethérae the service interface descriptors exposed
by the PTM to Teagle. In some cases - when usimgstendard interfaces - the generated coded will
need to be manually edited.

5.3 Requirement Mapping

In this section we provide the relationship betweequirements identified in section 2 and the
components in the architecture.

Requirement ID Statement Primary Components
Involved

##D3.3-Basic##M.100 | The orchestration system should be able @ychestration Engine, PTMg
orchestrate  resources and  configure
components distributed in various testbeds
that are part of the federation.

## D3.3-Basic##M.150 | The orchestration system should provjdéreation Environment
facilities to help users (partners and
customers) to formulate testbed requests that
are complete - that is to say, contain|ng
sufficient  information for automated

execution.
## D3.3- The orchestration system should provijdeequest Processor
Advanced##M.200 facilittes to help wusers (partners anfolicy Evaluator

consumers) to formulate testbed requests|that
are valid from the point of view of policy
rules (like authorization to access some
restricted components).

## D3.3-Advanced The orchestration system should provjdeéomponent Adaptors
##M.250 facilities to easily simulate the behaviour of a
specific invoked component that would not
be available (at least temporarily) during the
testbed request design.

## D3.3-Advanced The orchestration system should provjdecript Compiler
##M.300 adaptation facilities to allow replacing a cpll
to a service component to a call to another
component providing similar functionality,
even when the exposed interfaces of both
components differ.




## D3.2-Basic##M.350

The orchestration system may offer dh@omponentAdaptors

possibility to orchestrate freely availah
service components exposed as web ser
coming from the internet.

l&cript Executor
ices

## D3.3-Basic##M.400

The Orchestration System should allow
Partners to create testbed requests.

PCreation Environment

## D3.3-Basic##M.450

The Orchestration System should allow
Customers to create testbed requests.

PCQreation Environment

## D3.3-
Advanced##M.500

The orchestration system should support
checking of policy conformance when
request is created.

tPelicy Evaluator
a

## D3.3-
Advanced##M.550

The orchestration system should supy
delayed execution of a testbed reques
implying resource reservation - in addition
supporting immediate execution.

ascript Launcher
t -
of

## D3.3-Basic##M.600

Testbed requests and  orchestrat
specifications should be stored for futt
testing environment reproduction.

i@reation Environment,
I'Repository




6 Example

6.1 HSS Example Introduction

6.1.1 HSS Overview

A Home Subscriber Server (HSS) is defined in a I8§Stem to manage user profiles and associated
routing rules. It is a master user database thgpats the IMS network entities that actually handl
calls. It contains the subscription-related infotiora (subscriber profiles), performs authenticatonl
authorization of the user, and can provide inforomatabout the subscriber's location and IP
information. It is similar to the GSM Home LocatidRegister (HLR) and Authentication Centre
(AUC).

An HSS component is implemented by Frauhofer FOKd$Spart of the Open Source IMS Core
project. Figure 17 shows the positioning of HSS ponent in the IMS architecture.

Figure 17 - IMS Overall Components

6.1.2 Manual Configuration
We provide below the different manual steps thatrageded to configure the HSS manually without
Teagle machinery.
(1) Pre-requisites:
MYSQL database
2 scripts exist to load default database (for Hfefault users)
mysql -u root -p < FHoSS/scripts/hss_db.sql
mysql -u root -p < FHoSS/scripts/userdata.sql
(2) Edit DiameterPeerHSS.xml

<?xml version="1.0" encoding="UTF-8"?>
<l-- HSS Server config -->




<DiameterPeer
FQDN="hss.open-ims.test" Per domain name for HSS
Realm="open-ims.test" Need to be set to home domain.
This is resolved to I-CSCF within the same domain
Vendor_|d="10415"
Product_Name="JavaDiameterPeer"
AcceptUnknownPeers="1"
DropUnknownOnDisconnect="1"

Tc="30"

Workers="4"

QueuelLength="32"
>
<Peer FQDN="icscf.open-ims.test" Realm="open-ims.te st" port="3869" />
<Peer FQDN="scscf.open-ims.test" Realm="open-ims.te st" port="3870" />

Need to be set to the Diameter peers that should be contacted (-> CSCFs)

<Acceptor port="3868" bind="127.0.0.1" />
The Diameter port to be used

<Auth id="16777216" vendor="10415"/><!-- 3GPP Cx - ->

<Auth id="16777216" vendor="4491"/><!-- CableLabs Cx -->
<Auth id="16777216" vendor="13019"/><!-- ETSI/TISP AN Cx -->
<Auth id="16777217" vendor="10415"/><!-- 3GPP Sh - ->

<Auth id="16777221" vendor="10415"/>
</DiameterPeer>
(3) Edit Hibernate properties
## MySQL

# hibernate configuration

hibernate.dialect=org.hibernate.dialect. MySQLDialec t
#hibernate.connection.driver_class=org.gjt.mm.mysq|l .Driver
hibernate.connection.driver_class=com.mysql.jdbc.Dr iver
hibernate.connection.url=jdbc:mysql://127.0.0.1:330 6/hss_db

hibernate.connection.username=hss
hibernate.connection.password=hss Data base details

hibernate.connection.isolation=1

(4) Edit HSS properties

# FOKUS HSS Properties file

#

H

# host & port : specify the IP address and the port where Tomcat is
listening, e.g. host=127.0.0.1; port=8080;

host=127.0.0.1

port=8080
Set to HSS IP or domain name. The port is for the web configuration
interface that can be accessed with a browser
(5) Edit DNS
If DNS is used: configure DNS with home domain. Res olve HSS name and CSCF

names



6.2 Models for Configuration

Three main concepts relates to the definition ef %S provisioning facility.

The HSSService represents the HSS service fromaidmal point of view, independently of
configuration concerns.

The HSSConfigurationService is a dedicated serfiae exposes operations to allow clients
to configure the HSSService.

The HSSServiceConfiguration represents the datatste that need to be manipulated for
realizing HSS provisioning.

The model below shows how three concepts relatdsetgeneral information model (DEN-NG):

AN 1

Figure 18 - HSS Configuration Entities
Here's how this conceptual model relates to DEN-ng:
The ServiceConfiguration is a subclass of the @uméition class in the DEN-ng.

The HSSService, strictly speaking is not an immedsubclass of CustomerFacingService,
but a subclass of CustomerFacingServiceAtomic, imcturn, according to DEN-ng is a
subclass of CustomerFacingService.

Also the ConfigurationService is a subclass of ReseFacingServiceAtomic (instead of
directly being a subclass of ResourceFacingService)

The Figure 19 depicts the detailed model of thefiguration data. This reflects relevant parameters
that exist in the various configuration files tha¢ part of the implementation of the HSS.
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Figure 19 - Configuration Data for HSS

From the point of view of DEN-ng model all classefixed by "Conf" are sub-classes of ienflet
class.

6.3 Preparing the HSS Testbed Request

The different modules within the orchestration frend are responsible for assisting a user to build
testbeds requests that satisfy their needs in tefmssources and that can be understood and hence
executed by the orchestration engine.

Basically, using the Creation Environment functigrihe VCT tool (see Section 5.2.1.2), the usel wil
select a default configuration template for HSS. Wik adjust the template to its precise needs by
possibly changing default values (like authenttfma parameters of the HSS server) or by including
other resources in its request (through drag amg dacilities). He will then be able to check
compliance of its request to policy rules - likeserng he has access rights. This is done through
specific buttons linked to facilities provided byetrequest processor (section 5.2.1.3). At theenwh
the first shot of request editing work is done,wik call the request processor to generate the HSS
provisioning script (see next section). The prodssterative: after testing the execution of tioeist

the designer may want to change some values wittkiconfiguration.

The output of the orchestration front-end thatdbvéred to the orchestration engine are of twalkin
the configuration data and the orchestration scBpth data is passed to the orchestration engine
using XML (reference point SPEC).



The configuration script is an instance of the desd configuration model (see Figure 19). Below is
possible XML representation excerpt, in line witte t'manual configuration" provided in section
6.1.2.

<serverConf host="127.0.0.1" port="8080"/>
<peerConf FQDM=" hss.open-ims.test " realm="open-Aast">
<auth>
<authConnection id£5777216 " vendor="10415"/>
<authConnection id£6777216 " vendor="4491"/>

</auth>
<contactedPeers>
<peerUsage FQDM="icscf.open-ims.test"medlbpen-ims.test" port="3869"/>
<peerUsage FQDM="scscf.open-ims.test" realm=" open-ims.testport="3870"/>
</contactedPeers>
</peerConf>
<databaseConf>
<connection url="jdbc:mysql://127.0.0.1:330&/hdb" username="hss" password="hss"/>

</databaseConf>

This configuration file contains all the valuesttban be potentially changed by the testbed usenwh
dealing with HSS provisioning. In respect to thenma configuration in section 6.1.2, the user does
not need anymore to edit directly each of the camepb configuration files (Diameter config,
hibernate property file and so on). In additioreaplained before, the user is assisted all alonthey
VCT tool to perform valid configuration assignments

The orchestration script, which is one of the twapats of the request preparation, is generatadjusi
the compact textual form (see SPEC reference pgaatjon 5.2.2.6), and illustrated at the end ef th
next chapter.

6.4 HSS Provisioning Script

In this section we provide a possible orchestraipacification to be produced by the Orchestration
Front End as a result of the provisioning requestedby a Teagle user. This orchestration script
reflects the provisioning steps presented in Sedia.2.

Four entities are involved: the HSSProvisioning@sthator service is the entity representing the
orchestration, the HSSConfigurationService is thmexy representing the corresponding remote
service hosted by the PTM, a HSSServiceConfigunatitsstance is the actual configuration -
conformant with the  HSSServiceConfiguration swet (see Figure 18) and finally the
DataConfManager which is a locally defined helpetitg to retrieve specific pieces of the
configuration data.

Notice that in this initial example only a PTM igvolved (the one known in the script as
"PTM/focus"), but nothing prevents having in a gtrieferences to different services coming from
various PTMs (using the instruction createProxy(wse-name>,<target-PTM>).



This orchestration specification (see SPEC refergraint in Section 5.2.2.6) is a specification of a
composite service with a fixed interface and adishelper entities and data types. In our case, th
user request is materialized in the form of a serviamed

The orchestration class, materialized by the HS@8mmingOrchestrator interface has a
"performProvisioning" operation that contains thgit of the orchestration. This operation accepts a
input parameter the HSS configuration data.

Figure 20 shows its interface as well as the diédimiof the helper entity DataConfManager:

Figure 20 - The Generated HSS Orchestration Interfee

The logic of "performProvisioning" operation refeces the HSSConfigurationService remote service.
Figure 21 gives the interface - which we assume mexessarily defined before the user made his
request of the HSSConfigurationService. The pasitibthis class in the information model (which is
based of DEN-ng) is explained in Section 6.2.

Figure 21 - The HSS Configuration Service

We can notice that every major step of the HSS ipiaving process is represented here by an
operation. This fragmentation allows to create piidly other variants of the provisioning process
from outside the PTM supporting the HSS resourceotBer less flexible option for the
HSSConfigurationService could be to expose a ungjngle-piece "configure" operation, with the
complete logic hard-coded.

The following figure shows the orchestration logithe behaviour of "performProvisioning"
operation). It is also given in graphical UML-basasatation, although there is an equivalent textual
form for it (see SPEC reference point 5.2.2.63hlbws the sequencing of the four steps. Each servic
operation call can be preceded by a local commutathe white rectangle) to achieve any needed
formatting or computation.
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Figure 22 - Orchestration Script logic

Below, we provide its representation in terms ef téxtual syntax (using the state machine notation)

behavior
HSSProvisioningOrchestrator::performProvisioning(co nfigdata:Conflet) {
initialization
var HSSCONF = createProxy("HSSConfigurationS ervice","PTM/Fokus");
var DATAM = new DataConfManager(configdata);
bodysection
init Initial' {
transition -> actionseq 'nodel’;
}

call 'nodel'{
HSSCONF.loadSQLDatabase();
transition -> 'node2’;



call 'node2'{
entry { var peerConf= DATAM.retrieveByPath("peerConf");};
HSSCONF.editDiameterPeer(peerConf);
transition -> 'node3’;

call 'node3'{
entry { var hybConf = DATAM.retrieveByPath("databaseConf"); h
HSSCONF.editHibernate(hybConf);
transition -> node4;

call 'node4'{
entry { var serverConf = DATAM.retrieveByPath("serverConf") s
HSSCONF.editHssProperties(serverConf);
transition -> 'node5’;

call 'node5'{
HSSConf.prepareDns();
transition -> 'Final’;

final  'Final' {}

According to the Orchestration Engine architecttiris script is compiled into running code. In
addition to this configuration files are producezhi@ining the mapping definition to web services
(like providing the URLs of the remote HSSConfigizaService service, represented in the script by
the variable HSSCONF). These mappings can be changaually when necessary to reflect possible
changes in the environment.



7 Conclusion

This document presented a high-level specificatimrthe Testbed Orchestration system. It identifies
the list of major components that together form éhehestration system: a front end with editing
capacities as well as powerful derivation faciitignterpreter processor) to treat end-user testbed
requests, and the back-end, named the orchestetigine, which provides a flexible infrastructure
for executing the script orchestration specificasiqoroduced by the front-end. The specification
provides a list of sub-components and the listebénence points internal to the orchestration syste
or external in respect to the rest of Teagle tool.

Apart from this specification the document providles list of requirements that were used as input a
well as a detailed state-of-the-art section oneddift formalisms and tools available for service
orchestration.

It is expected that during the duration of the [ject the architecture of the testbed orchesinati
system will be refined and also that more technitlnitions for the list of entities and reference
points will be provided as an entry point for thgpilementation activities.
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