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Abstract
This document describes the experience of interoperability testing of independent implementations of the High Performance Computing Basic Profile (HPCBP) 1.0 and the specifications which it profiles, the Basic Execution Service (BES) 1.0 and the Job Submission Description Language (JSDL) 1.0. 
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1 Introduction
This document describes the experiences of multiple groups performing interoperability testing on their implementations of the HPC Basic Profile [HPCP10], including the HPCProfileApplication [HPCP-A], BES [BES10] and JSDL [JSDL10]. The organization for this document is as follows. Section 2 briefly describes the groups involved in the interop testing and the software systems employed. Section 3 describes the results of this testing and section  describes note-worthy experiences and discoveries made while performing the tests. Section 5 describes the changes that are needed to the specifications implemented in this work and highlights areas that need further study to improve interoperability in the HPC environment.
2 Implementations
The name and affliation of each implementation are listed here along with a brief description of their software stack and related tools.
	Group
	Software stack/Tools


	University of Virginia e-Science Group
	.NET 2.0, WSE 3.0, CCS 1.0

	University of Virginia e-Science Group
	Linux, GSoap, C, PBS

	Microsoft
	WCF, .NET 3.0, CCS 1.0

	Platform Computing
	GSoap, Linux, C, LSF

	OMII-UK GridSAM
	?

	OMII Europe CREAM-BES
	Java, OMII stack? 

	UNICORE
	?

	NorduGrid/KnowARC A-REX
	?


3 HPC Base Profile Interoperability Tests
This section describes the tests performed using services implementing the HPC Base Profile as well as BES and JSDL as they relate to HPCBP. Testing was done using the HPC Basic Profile Interoperability Tester web site, a site designed to validate HPCBP-compliant services. This site acts as an HPBCP-compliant client which sends messages to a service provided by the user and verifies both the schema and values of the response to see if they are consistent with the tested specifications. This site allows its user to test the five BES methods supported by HPCBP, CreateActivity, GetActivityStatuses, TerminateActivities, GetActivitiesDocuments, and GetFactoryAttributesDocument. In addition, the Interoperability Tester can generate “erroneous” messages designed to test services’ responses to standard error conditions including the UnsupportedFeatureFault, InvalidRequestMessageFault and the UnknownActivityIdentifierFault. The Interoperability Tester can authenticate itself using either an X.509 certificate (via a mutually-authenticated SSL connection to the service) or using a username/password.

Since the “back-end” compute resources associated with any particular service differ, the Interoperability Tester does not provide a standard JSDL document for testing. Instead, the web site allows users to enter information which is transformed into an HPCProfileApplication element [HPCPA10] that is then incorporated into a JSDL document. The JSDL elements profiled by HPCPA which can be set by the user are:
	Job name
	Job project
	Executable

	Input
	Output
	Error

	Working directory
	Arguments
	Environment

	Candidate hosts
	Exclusive execution
	Operating system type

	Operating system version
	CPU architecture
	Total CPU count


The user can also provide the service’s URL, select which client authentication mechanism to use, and select which tests to perform. The results of each test appear on the web page after the user presses the “Begin” button. Details of the tests made for success and the tests made for failure are detailed in Appendix A, alongwith details of the testing software itself.
3.1 Test Results
Currently, all projects’ implementations pass all tests (except for NorduGrid which only recently began testing). 

3.2 Security Interoperability
This section describes the experience using the HPC Basic Profile 1.0 defined security measures [HPCP10]. Namely, the HPC Basic Profile requires services to support SSL v3.0/TLS v1.0 and therefore services are identified by X.509 certificates. Clients may be identified either with X.509 certificates or username/password.
The HPCBP Interoperability Tester can identify itself using either mechanism
. Currently, all implementations have successfully interoperated using username/password, except NorduGrid which supports only X.509. The UVA e-Science Group implementation, NorduGrid and CREAM-BES have all successfully performed client authentication using an X.509 certificate.
4 Issues Encountered
While most service implementations have successfully interoperated with the HPCBP Interoperability Tester, there were several issues encountered while performing these tests. These issues are described here to potentially assist other implementers / Interoperability testers, who may encounter similar issues in the future, or people authoring future profiles.

Issue: The Microsoft implementation required both Operating System Type and Operating System Version information in order to create an activity. This is due to the JSDL specification not defining the correct operating system name in its built in enumerated values. To accommodate this the CCS resource describe itself as an ‘Other’ Operating System Type and then provides the actual name in the Operating System Version element. Initially, the Interoperability Tester only allowed specification of OS Type. While OS Version is not required by JSDL, it is permissible for an implementation to require it.
Resolution: The Interoperability Tester was changed to allow this field to be specified. 
Issue: The UVA e-Science Group’s Linux implementation requires that ExclusiveExecution be set to true. The HPCBP does not specify a value that must be used for this element and the service does not specify that this value was required anywhere. 
Resolution: The Interoperability Tester must be set to specify the correct value when communicating with this service. 
Issue: Some implementations had issues generating the UnsupportedFeatureFault. The BES specification says that this fault should be thrown for unsupported non-JSDL elements. “Out of the box”, however, some tooling parses input based only on a provided schema (JSDL in this case). This means it ignores unsupported elements instead of generating faults. Due to the extensibility features within JSDL (at the attribute and element level) the concept of exactly what an unsupported element of JSDL is can be hard to define. It is also feasible that some HPCBP compliant endpoints could act as intermediaries – processing or modifying only certain elements of a JSDL document before passing it on to other endpoints for execution. It is not clear how they should react to well formed JSDL documents with content they are not interested in but that others might be.
Resolution: Code must be explicitly added to check for “unsupported” elements that are in the core JSDL schema or introduced through the JSDL extensibility model and to throw an UnsupportedFeatureFault.

Issue: The UVA e-Science Group’s Linux/PBS implementation had difficulty returning semantically correct values for the ActivityStatus. While syntactically correct (i.e. schema compliant) values could always be returned, the service’s PBS queue was configured such that finished jobs are removed immediately. In non-web services environments, this is not an issue because the job owner is sent an email informing them that their job is done. However, this means that an HPCBP service cannot simply rely on PBS’s queue status to determine the status of any activity for which it has given out an ActivityIdentifier.
Resolution: The service must provide another mechanism for saving the state of jobs which are not currently queued or running.
Issue: Some tooling used incompatible timestamp formats in the SOAP security headers. While this is outside of the HPCBP, it can be an issue when using username/password for client authentication. Since the username token is framed according to the WS-Security UsernameToken Profile, it is placed in a message’s SOAP headers. Some tools, by default, place a timestamp in any SOAP Security header and expect such a header in return. This was a particular issue between the Microsoft WCF and Platform gSOAP implementations.
Resolution: This auto-timestamping behavior either must be disabled or some mutually compatible timestamp format must be found.
5 Conclusions
It was the experiences of the authors that no normative changes were needed in any of the proposed specifications consumed in implementing the HPCBP and related specifications
. 
This work has identified other areas, outside of the immediate scope of these specifications, that we feel is in need of standardization activity. These include:

· The movement of files around running HPC jobs: The HPCBP File Staging extension is currently under development to cover this use case.
· The flexible provision of credentials to support HPC activity: The credentials used to access the HPCBP web service may be different to those required to access the underlying compute resource and those needed to stage in or stage out files to remote resources. The HPCBP Activity Credential extension is one proposal to this useage scenario that is under development.

· Improved job and resource information model: The lack of a consistent model between resources and implementations provides ‘speed bumps’ to interoperability as opposed to barriers, i.e. once these differences are discovered existing established mechanisms can be used to accommodate these differences, however this requires human involvement as opposed to just machine composition. Work contines between the GLUE, JSDL and BES working groups within the OGF, and with the DMTF working groups to improve this situation.
· Discovering Capability: Discovering how to contact a service in a consistent manner without contacting a service to discover how to contact it remains an issue for widescale interoperability of different HPCBP (and other) services.
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�Need EXPLICIT version numbers and environments here from all groups.


�Is there meta-data here that the client can discover from the service to adapt occordingly? I think not… and even if there was this data it would have to identify itself successfully in order to work outhow to identify itself. Do we need a comment here just to clarify the situation?


�Having just written this I am uncomfortable with its conclusions. If we insist that any JSDL document that has a feature or ANY extensibility element that an endpoint does not support, we MUST throw a fault. This eliminates IMHO any brokering model or potential native extension.


�JSDL UnsupportedFeatuireFault needs clarification?





Error! Unknown document property name.

1


6

