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Abstract— In this paper we propose a solution to the description  and provisioning of Virtual Organization infrastructure based on VO specific language. While grid infrastructure are being built, various VO are designing their architecture from scratch using similar techniques or creating their own, in order to reduce the time and cost for a VO to achieve production status we propose to create a tool chain that will allow simulation of the VO architecture and potentially allow automatic instantiation of the infrastructure on grids that offer the required services. This work aims to answer the problem of hosting science gateways which are seen as VO infrastructure built on existing grid infrastructures.

I. Introduction

Virtual Organization are at the core of grid computing, they come in various sizes and with various funding capabilities but they all need access to services to achieve their goal. While long standing VO like CMS an NVO have developed their infrastructure over last few years, new VO still face the challenge of designing and building their infrastructure in a timely fashion. LEAD has built a very advanced infrastructure described in [1] and the nanoHUB has been described in [2]. We believe that a set of templates can be created to ease the provisioning and potential hosting of VO infrastructures that we also call science gateways. A VO manager should be able to make a set of request for capabilities using some meta-services expressed in some functional language. A gateway provider should be able to take this specification as input in provision an infrastructure for this VO.  It goes beyond the original application service and application factory described in [3] as we propose a VO infrastructure factory, we view current grid infrastructures as provider of low level services and we propose a gateway provider as a secondary or even tertiary service provider which will use primary services to build tailored infrastructures for VOs. 

While ontologies are being used to describe service semantics [4] and to ease workflow description [5], nothing has been done to ease the description of VO infrastructures.

This paper is organized as follows, first we present a use case of a Virtual Organization trying to specify and create their architecture using existing services. Then in Section III we present the proposed tool chain based on SysML and AADL techniques. Section IV presents a potential template to solve our use case in our tool chain, finally we conclude in section V.
II. Use Case

To illustrate our goal let us describe a use case. A group of scientists and students need to work on a common project, to achieve their goals they need access to resources that are distributed, some under their ownership, some outside their control for which they will need to negotiate access and proper allocation. This group forms a typical Virtual Organization, the infrastructure that they need to successfully achieve their tasks can be architected according to the OGSA[6] specification. In the current state of research the VO manager and administrator would compose the needed services by first searching for them in registries of various grid infrastructures such as TeraGrid, Open Science Grid and local campuses infrastructures. These services are still expressed at a very low level and this presents a mismatch with the domain specific language used by the VO manager. A typical use case is one where the VO requires:

· A system to manage my group members

· A web browser interface to the application(s).

· A submission capability to send the jobs for execution transparently.

· A storage area to keep the results.

These requirements get translated in the deployment of a web portal (e.g gridsphere), the use of various portlets for retrieving grid proxies and job submission through GRAM and the use of GridFTP to transfer the data back or keep the results in a replicated storage area  (e.g RLS) on the grid infrastructure. Membership and roles in the VO can be setup with technologies like CAS and VOMS which imposed certain mappings in the targeted grid resources. 

III. Tool chains
Our technique to facilitate the creation of VOs can be logically divided into three tool chains. The first chain supports the creation of the grid infrastructure ontology. The second supports the interaction of a VO organizer with the GIO and produces an optimized infrastructure specification. The third takes the specification and instantiates it with an operational grid. The GIO is an on-going asset. It is assumed to have been created before any VO organizer attempts to specify an infrastructure. In this section we provide an overview of the tool chains.
Our goal is to support the organizer of a VO in developing the infrastructure specification needed to instantiate an appropriate environment for the VO. Our technique for automatically generating infrastructure specifications produces three major types of artifacts. The Grid Infrastructure Ontology (GIO) is the source of content for the infrastructure specifications. It is based on conceptual and functional information reflecting a user’s view on grid infrastructure. The grid infrastructure specification (GIS) is based on features selected from the GIO and described using the vocabulary of the GIO. The Grid Infrastructure Prototype (GIP) is produced from the GIS. The GIP is an architecture level prototype that contains sufficient detail to allow the VO organizer to analyze scenarios and to verify that a system instantiated from that GIS would be suitable for their application. 

The tool chains that implement our technique is designed to be flexible so that the rapidly changing conceptualization of the grid can be accommodated. The output of each tool is structured using the Eclipse project’s Ecore meta-model. The output of one tool can be transformed into the expected input for the next tool in the chain using transformation languages that work within a common meta-model. The transformation language used also supports transformations between meta-models such as the Ecore meta-model and MOF-based meta-models, the OMG’s metamodel. The transformation languages support automating mappings from one link in the tool chain to the next. The chain can benefit from best of breed tools, which are integrated into the chain and then replaced by newer versions of the same tool or a better tool by modifying the transformations between tools. As the VO organizer’s understanding of their problem grows it is easy to allow the organizer to modify the specification and then to re-generate the prototype. The prototype is evaluated against a set of test scenarios.

The tool chain that produces the GIO is operated periodically. How often it is operated depends on the stability of the domain. Mature domains will not require refreshing as often as newer domains. The tool chain that produces and exercises the GIP is operated each time the VO organizer modifies the grid infrastructure specification. This chain will typically be operated numerous times until the organizer is satisfied that the infrastructure will be satisfactory. The tool chain that establishes the actual infrastructure is operated whenever the VO organizer believes a new infrstaructure is required. 

A. GIO

The GIO provides the vocabulary for expressing infrastructure specifications. It is created by domain experts using the method illustrated in Figure 1. The process begins with domain analysis - analyses of the literature and existing software products related to the domain. The analysis of the literature follows the conceptual technique of Prieto-Diaz [Prieto-Diaz 87]. In this analysis, concepts, often expressed as nouns, are defined by identifying their properties and their relationships with other concepts. This basic conceptual model provides a vocabulary to communicate about infrastructures. This conceptual information is captured using the Web Ontology Language (OWL).

The analysis of products uses the FODA technique, feature-oriented domain analysis of Kang [Kang 90]. A feature is either an attribute or a behavior of the product that is visible to the user. Features are identified and classified as to whether they are present in every product within the domain or whether they are optional. The result of this analysis is a set of building blocks for specifying products. The features identified in this analysis will be represented using a scheme described in [xx] using OWL. 

The results of these two analyses naturally integrate into a single ontology. The features in this second model are realized by algorithms that are defined as actions on the concepts in the first model. The attributes of the concepts provide the information necessary to compute those algorithms. 
A number of the complementary grid ontologies discussed above are represented in OWL. Sharing this representation will ease our future work which includes an integration of ontologies to broaden the scope of the automation.
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Figure 1 - GIO method
B. GIP
The VO organizer uses the tool chain, shown in Figure 2,  to model and validate an infrastructure specification. The organizer selects from among a set of templates that characterize the major types of grid infrastructures. The organizer of the virtual organization uses a domain specific language (DSL) developed from the vocabulary provided by the GIO. This DSL is used in conjunction with the SysML modeling language to allow the VO organizer to state the requirements for the infrastructure needed to support the VO. 

The specification written in the DSL is used with the selected template to generate an Architecture Analysis and Design Language (AADL) model of the infrastructure. A library of AADL model fragments are created to correspond to the elements in the DSL. The specification statements written in the DSL are translated into a description of an architecture for the specified infrastructure.

The prototype architecture is simulated using an AADL simulator from ADeS. A set of template scenarios are instantiated for the intended VO and used to drive the simulations. Data on processor performance and other factors are used to give the VO organizer feedback on the adequacy of their specification.
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Figure 2 - Specification generation and validation

IV. Tool Chain Applied To Use Case
In this section we illustrate the tool chain using the use case defined in section II. A pre-condition for handling the use case is the development of the grid infrastructure ontology. Figure 3 shows a portion of the feature model developed by analyzing existing grid infrastructures.  The feature model recognizes two roles: organizer and member. It also shows providing storage as a service.
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Figure 3 - Partial Feature Model
These features and the domain concepts identified during conceptual domain analysis are combined into the grid infrastructure ontology, a part of which is shown in Figure 4. The ontology shows a storage service and lists storage as a resource. In fact the ontology defines services as consumers of resources.
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Figure 4 Partial OWL Model
The use case defined in section II can now be handled by the second portion of the tool chain.  In Figure 5 a fragment of an SysML model is shown. The roles have been transformed into actors. Each resource will be shown as an interface that manipulates the actual resource. The use case is totally represented by composing SysML fragments.
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Figure 5 - Partial SysML model
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Figure 6 - Partial AADL text model
The SysML model is transformed into an AADL model. In Figure 6 a portion of that model is shown. The AADL model is instantiated in the ADeS simulator shown in Figure 7
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Figure 7 - ADeS AADL Simulator Interface
V. Instantiation
VI. The VO organizer uses the third tool chain to instantiate the actual grid infrastructure. The output of the previous chain is a set of …
VII. Conclusions

In this paper we presented a tool chain to create VO infrastructures according to the VO specific language. This work has the potential to ease the provisioning of grid architectures for VOs so called science gateways. We used previous knowledge from feature modeling and software product line to create this system. It will lead us to develop a grid infrastructure ontology for VO which will offer a counter point to the grid ontologies that describes services and their semantic.
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system Resource


features



owner: in data port;

end Resource;

system implementation Resource.impl

end Resource.impl;

system Storage extends Resource

end Storage;

system implementation Storage.impl

end Storage.impl;

system Role

end Role


_1236800748.doc
[image: image1.png]= ADeS - platform2.aad! - Eclipse SDK

BEX]

Fle Edt Neviate Search Projct ADes Run Mindow Hep
(wihd i IX Q- 0@ AR | %) aves | >
AADL Navigator | =] Instances 3 = || 4® Instances Attributes 52 =B aridrch.aadl platformz.aadl 2 7% =0
= O platform2_CTAS_Combinedimpl_Instance Attribute Value. -= This file contains a description of a part ¢4
< singleBus. Name platform2_CTa5_Combinedimpl_Instance. singleProcess. mouseSender architecture. It uses an approach to variac
6 singleProcessor State nja by Peter Feiler.
< singlMemory = Properties This deseription of a portion of the CTAS pr
o 7 singleProcess Dispatch Protocol Periodic - is based in part on an example from the ADef
= o ouseBendEr] Deadine 120000000000 ]
< outport Actusl_Processor Bindng  pltforn2_CTAS _Combinedmpl_Instance.singeProcessor [STOPPED][Defaul] Ceystem CTAS
o &7 keyboardSender Compute_Evecution Time  [30000000000. 40000000000] e
< outport Period 120000000000 fon 4
i d suplenentations for the three configurations
et the enumerated type in the CTAS_Property set
oo only the combined configuration is partially
= & controlerThvead
> reort “system implementation CTAS.ThinImpl
< auport end CTAS. ThinTwpl;
“system implementation CTAS.ThickImpl v
< m >
€ Event Manager &0 =0
Current date: 0 ps (0ps)
ic] Date | Priority | Event Type Source Destination
10 0ps 0 HYPERPERIOD_ENDED  SOM Manager pltformz_CTAS_Comtinedimpl_Instanc.
1 ops 0 HYPERPERIOD_ENDED  SOM Manager pltformz CTaS_Combinecimpl Instanc.
12 ops 1 sTaRT pltformz_CTAS_Combinedimpl_Instance  pltformz_CTAS_Combinecimpl Instan.
= console 57 LTSI o = =
ADeS Console
thread re= 0 ps] 'platformz_CTAS CombinedImpl_Instance.singleProcess.keyhoardSender' have no subcomponent list. ~
thread re= 0 ps] 'platformz_CTAS Combinedmpl_Instance.singleProcess.controllerThread’ have the properties list
- Dispateh Protacol : Periodic'.
- Deadline : 120000000000 .
- Aetual_Processor_Binding : platform2_CTAS CombinedImpl_Instance.singleProcessor [STOPPED] [Default]'.
- Compute_Execution_Time : [30000000003..40800000000] ' .
- Period : 120000000000" .
thread re= 0 ps] 'platfornz_CTAS CombinedImpl_Instance.singleProcess.controllerThread’ have no subcomponent list.
system 0 ps] 'platformz CTAS Combinedwpl_Instance' have no properties list.
system 0 ps] 'platformz CTAS Combinedlmpl Instance' have the subcomponents list
- platfornz_CTAS_Combinedlmpl_Instance.singlebus; 3
- platformz_CTAS_Combinedlmpl_Instance.singleProcessor;
- platfornz_CTAS CombinedInpl_Instance.singlelemory;
- platfornz_CTAS CombinedInpl_Instance.singleProcess;

=








_1236799140.doc
[image: image1.png]Organizer

Member

Rugenz
~ [ertatEss]
Resource
A
<ausagés>
Reteracss]

Storage








_1236749112.doc
[image: image1.png]- b (Grid Infrastructure Feature Model
A VO Infrastructure.
50 Senvice
2 A
B Storage
o Computation
o Authentication
o Discovery
0 Function
2 A
B Replcation
5o Roe
2 A
o organizer
@ Member







_1236708800.doc


[image: image1.emf]Conceptual 


Domain


Analysis


Functional


Domain


Analysis


GIO


Literature


Task definitions




_1236708791.vsd

Conceptual 
Domain
Analysis



Functional
Domain
Analysis



GIO



Literature



Task definitions






