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E-Science futures and collaborations
1 Introduction

Traditionally X-ray synchrotrons have not been large users of external computing facilities such as those provided by the e-Science community. This situation is likely to change within the next few years motivated by the need for UK SR users to coordinate activities between established sources such as ESRF and SRS and the new 3rd generation synchrotron light sources such as Diamond and Soleil. The opportunities presented by these new sources will require access to central resources such as data repositories, high power computing and collaboration facilities in order to achieve the necessary levels of flexibility, efficiency and effectiveness – in particular where experiments are performed at multiple facilities. An additional consideration, particularly for UK researchers, is the recent Research Councils UK (RCUK) consultation document which states that “The outputs from current and future research must be preserved and remain accessible not only for the next few years but for future generations” (ref 1). This clearly emphasises the need for a shared central repository for scientific data. 

The purpose this paper is to map the services offered under the generic name of “e-Science” to the requirements foreseen by Diamond Light Source (DLS),  Synchrotron Radiation Source (SRS) at Daresbury and the European Synchrotron Radiation Facility (ESRF) at Grenoble, France. It is important to state that many of the requirements have been identified in parallel by the three facilities and any progress in producing solutions at any one has been largely governed by limitations in internal resourcing.
2. Fundamental Infrastructure and Architectural Issues

There are a number of issues that govern the adoption of e-Science techniques at synchrotron facilities. These include:

· Users run experiments at synchrotron sources during visits as short as 8 hours. Some experimental procedures performed during the visit may only last the order of seconds.
· Individual facilities typically provide internally many of the resources required to collect and analyse data.

· Except in certain circumstances, major computation during experiments has not been required while users perform experiments. Additionally the raw data collected at a synchrotron are routinely reduced or normalised so is not usually the working format for further analysis.
· There is a requirement to store suitably formatted data long-term so as to enable flexible query-based operations. This type of resource can only be supplied and funded centrally since the data will originate from more than one source. An example of this would be data collected using both X-ray and neutrons sources for a particular material.
· The numbers of files and their volumes can be very large. A macromolecular crystallography (MX) experiment may collect 1-2 Terabytes of data per day. DLS alone is building at least 5 MX beamlines.
3. Brief description of some e-Science services
UK e-Science projects can generally be divided into the following broad categories:

a) Large computing facilities such as SCARF (Scientific Computing Application Resource for Facilities) and NGS (National Grid Services) offering combinations of very high processor performance and high degrees of parallelism. The facilities offer the possibility of performing highly compute intensive calculations that would not otherwise be possible using local resources.

b) Very large capacity data storage and repositories such as Atlas Data Store (ADS). The access to data is normally controlled by an application software layer which provides data security and search facilities. One such application is the Storage Resource Broker (SRB) which is a strong candidate for interfacing facilities to the ADS.
c) The software - often described as middleware - that facilitates linking or exploiting (a) and (b) in a reliable and seamless manner. There are at least three subcategories:

i. Low level infrastructure that provides the underlying enabling layer and provides services such as data/file transfer, security (authentication and access control), distributed application and data management etc. This are often referred to as the GRID and is delivered through software such as the Globus toolkit and SRB.
ii. Higher level applications designed to provide frameworks in which other programs can run and communicate. For example software which enables pipelining and workflow which are essential to support automation and expert systems – e.g. TRIANA.
iii. Top level applications which build on the layers below to provide sophisticated data analysis and visualisation solutions.
d) Collaboration tools which allow user groups to work in a distributed manner and/or remotely through audio/video tools, remote control, whiteboards and portals to the knowledge sources which can assist their work. A current example of this is the AccessGRID. 
4. Synchrotron Radiation User requirements
Clearly much of the software that supports the exploitation of x-ray synchrotrons has already been produced or is under development. Nevertheless it is appropriate to consider where software developed by the e-Science community could be incorporated into current software systems or be used to enhance functionality.
To take this process forward, the whole experimental process from experimental design through to publication of results is considered and appropriate e-Science technologies (summarised in 3) mapped appropriately. 
4.1 Experimental design and sample preparation 
This covers the task of planning and design of an experiment and also the preparation of samples (where appropriate).
· Experimental planning could clearly benefit from the use of computation and visualisation resources in order to simulate experiments prior to entering and expensive build phase. Simulation can also be used to predict the results of a given experiment and hence be used to make decisions as to whether an experiment is going to fail due to procedural problems or poor samples.

· Laboratory Information Management Systems (LIMS) can be useful for the sample preparation process – particularly in ensuring reliable and consistent sample preparation and also by linking in with proposal and data storage systems to ensure all appropriate experimental data is stored in an easily retrievable manner.

· Linking proposal systems, LIMS, data acquisition, data analysis and data deposition/publication is essential for ensuring errors are avoided, accurate interpretation of results and auditing provenance. These systems are usually distributed and have diverse origins and thus have to communicate through common metadata schema.
4.2 Data Acquisition

The main issues surrounding data acquisition are the optimisation of beam time use by reducing opportunity for error, improving the reproducibility of experiments and speeding up the acquisition process. 
· One of the most time consuming operations is sample changing (especially where samples have to be contained in a sealed environment). In particular, many techniques require to screen samples in order to determine which samples will produce good data e.g. MX. In these cases automated sample changers or robots are vital to maximise efficiency.

· Expert systems can be used throughout the experimental process to enhance effectiveness. In the case of sample screening, expert systems which automate the screening process can ensure reliability (reducing human error) and maximise efficiency. 

· Another area where automation is useful is in maintaining the beam geometry through automatic beamline alignment. This will ensure maximum beam intensity on the sample and maintain consistence – reducing the need for complex data correction.

· Experimental logging is a useful technique to ensure that experimental data can be interpreted in an accurate and consistent manner as well as allowing experiments to be reproduced if necessary.

· Finally, real-time collaboration tools enable experimenters to access remote expertise either by giving access to experts or by mining knowledge from the Internet. Tools such as electronic whiteboards and video conferencing (AccessGRID) can facilitate this and electronic notebooks ensure that data and decisions can be captured alongside experimental data.
4.3 Data Analysis

The accurate and rapid interpretation of data is very important. In certain cases there is a need to feed back results as experiments evolve during a user’s beamtime. In other cases the feedback from analysis forms an integral part of an experiment that will require user intervention before proceeding.
· A number of e-Science technologies can help achieve this – many which have been mentioned previously e.g. computation; visualisation; expert systems; collaboration tools; experimental logging; knowledge management and data mining.
4.4 Data Handling
Experimental data must be simple to locate, rapidly retrievable, stored securely, correlated to experimental run and linked to publication systems. The capture of metadata and use of databases are essential prerequisites to enabling this process. Many data handling needs are dealt with by GRID technologies such as Globus.
· One of the primary technologies required is that which implements security. Single sign-on (SSO) allows users to access secure resources wherever they reside with a single set of credentials. These should be the same credentials that are used to authenticate administrative processes at facilities (e.g. proposals and beamtime requests).

· Retrieving data is facilitated by the careful design of metadata schema and providing the processes which ensure that the schema are populated (preferably automatically). The use of relational databases is clearly the key to ensure that all experimental data and metadata are securely stored and easily retrievable. Software such as SRB (see 3b above) are vital to manage this. In addition, fast networks are essential to ensure that remote data storage does not hamper access and subsequent analysis and interpretation.

· The actual storage and curation of data relies on having the appropriate hardware and associated management systems in place e.g. backup, disaster recovery and future-proofing.
· Finally GRID Portal technologies provide focussed access to data and knowledge which can be tailored to individual’s needs and/or those of a particular scientific community.
4.5 Publication of results

The recent RCUK consultation document, along with other international initiatives have placed increasing importance on provenance, long-term storage and sharing of data along with timely publication and sharing of results – especially focussing on electronic publication repositories. The ability to reproduce and check an experiment requires data and results to be transparently linked along with laboratory notes and logs. This information can also assist the peer review process and may well be essential in cases where results are deposited in international databases.

Many of the e-Science technologies mentioned above can assist in this process.
5. Conclusions

From the above, it can be seen that there are a number of important areas where SR facilities should be concentrating their efforts. Where appropriate, this work should be done in-house but on a collaborative basis to ensure effective use of resources and a consistent user interface/experience. Primary areas for this work would be in the data acquisition area. Other work could be commissioned from the various e-Science resources such as CCLRC’s e-Science Centre.

In the end, the ability to make progress is clearly governed by available resource and it is the responsibility of the facilities to determine what areas they wish to see developed and determine how best to achieve this – either with existing resources or through identifying additional funding to provide extra resource.

It is clear that any projects must have scientific sponsorship and involvement as well as input for e-Scientists – possibly as implants to one or more facilities.

5.1 Automation
Many experiments still require manual intervention leading to wasted time and potential for error. Additionally, there is increasing interested in samples that require controlled environments with consequent difficulties in sample handling. Beamtime is a valuable commodity and automation of both new and existing projects is increasingly important. Safety concerns, mean that security will be come increasingly important in this area (see 5.2). 

Expert systems are already being used to automate the MX data acquisition process and it is highly likely that other techniques will start to see the value of this in enabling high throughputs.
5.2 Security
Given the increasing use of multiple facilities by SR users, the goal of a single set of credentials (id/password combination) to access any data or services at SRS/Diamond/ESRF considerably simplifies the user’s interactions. It is felt that such a scenario is achievable with in the realm of SRS and Diamond through their links with CCLRC. The incorporation of ESRF is more problematic as this then brings in a plethora of cross-European issues. However, the key to SSO is seen as the establishment of properly managed trust relationships between, possibly, disparate authentication systems and work to achieve a workable system is seen as being very valuable in, not only improving the user experience, but also in maintaining secure facilities and tracking user data.
5.3 Data Analysis and Handling

· One of the key requirements to enable improved data handling is the use of metadata and much work is required in devising flexible and appropriate schema. Such schema will only work if the appropriate links are put in to acquisition software so that, wherever possible, metadata is populated automatically.
· SRB should be investigated as a way of providing transparent, location-independent access to experimental data and networks need to be provided which will facilitate high-speed access.

· Data Curation potentially gives huge benefits in the light of the RCUK report (Ref 1). This could be enhanced by allowing scientific users to access all relevant background information about their experiment and sample during the experiment including any published material.
· Data analysis and calculation using central large scale facilities as opposed to local computing is not a current high priority but may become of increasing importance as analysis needs become more sophisticated and particularly when access to compute resources becomes transparent.

5.4 Infrastructure

· The ability to implement data analysis and calculation software on local widely available hardware with the intention of simply copying it eventually to a remote large scale compute facility is attractive. This implies a preference that the central facilities be composed of commonly available components which should at least have a range of accepted standard software tools such as the GNU suite. These should be automatically scalable to large computational clusters.
· The GRID is an important component of any e-Science infrastructure. Unfortunately, the underpinning software is complex and requires dedicated expertise to configure and maintain. Even if, as is hoped, production GRID (or its successor) software is much simpler, inevitably, the facilities will have to have relevant expertise in-house. 

· Finally, from the users point of view, such distributed systems must be easy to use and, preferably, transparent to the user. Without this, user acceptance of such facilities will be much harder to achieve. Of particular concern is the use of computational clusters (or similar parallel computing facilities) where there will be significant resistance if codes have to be rewritten.
Appendix 1 : Current Projects at ESRF, SRS and DLS

The following are current active or recognized projects at the ESRF, SRS and DLS. 

A1.1 ESRF 
The ESRF has never been able to give high priority to projects under the banner of e-Science as it is a facility working at a very high duty cycle and its staff are heavily occupied in providing support for over 5000 user visits per year. In addition, its location in Grenoble in France renders it difficult to profit from a well defined national e-Science infrastructure such as that available in the UK. Nevertheless it presents a valuable model for DLS as it is likely to follow the ESRF pattern of experiments and cycles of users. Moreover ESRF has gained much experience that can be used to identify the most beneficial technologies to expedite synchrotron experiments.
One example is the use of a Condor computing cluster that provides important speed improvements in the calculation of tomographic images.
There is also interest in installing a SRB system at the ESRF with the possibility of federating it with systems at both SRS and DLS. This would be of very great advantage to UK users particularly since they would be able to access data from both DLS, SRS and ESRF using the same use interface.

A1.2 SRS 
A1.2.1 AccessGrid 

SRS are part of a Manchester/Cardiff/Leeds collaborative materials research (VRE) project. This involves installation of AccessGRID at SRS, ISIS and ESRF as well as the Higher Educational Institutes. A Personal Interface to the Grid (PIG – essentially a desktop AccessGRID node) has been installed on 16.3 and has already been used by research groups. We are keen to understand how such technology can assist our users and are proposing to build a second PIG which can be trialled at various stations.

A1.2.2 Data Storage 
Following a brief trial of the Data Portal several years ago, work has started to trial SRB on the SRS (on station 9.8 which has an interesting detector environment). This will involve integration of SRB into the Generic Data Acquisition (GDA) code and will provide a testbed for Diamond. This work will involve collaboration with ESTC, ISIS and DLS.

A1.2.3 Automation 
Extensive work is being carried out in the data acquisition and analysis automation area. This work is funded via several UK and EU grants such as BIOXHIT, eHTPX, and SPINE. 

Protein Crystallography stations 10.1 and 14.2 have robotic sample changers and work continues to improve automation of sample handling and recording. Of particular importance is tracking of samples using database techniques and also automated crystal centring with respect to the beam. This work is being extended to other stations/techniques and should be applicable to Diamond.

Expert systems have been developed for the Macromolecular Crystallography (MX) data analysis pipeline and are now being integrated with the robotics and general MX workflow. The ideas and concepts should be applicable to other physical and biological techniques (e.g. Non Crystalline Diffraction, NCD) and a SRD/DLS project is being developed to extend this work.
A project is continuing to increase the level of automation in the LIMS crystallisation facility at the structural biology laboratory at Daresbury. Some portal work is anticipated here to facilitate information exchange and collaboration
The eHTPX project encompasses all these areas by integrating the workflow from crystallisation to deposition and hence requires interfaces to the user management systems.

A1.2.4 Remote Experimental Access 
The requirements for remote user control other than VNC/PCAnywhere type software are unclear. Nevertheless remote viewing of experiments is being built in to the GDA software and can be enabled if required. As a trial one SRS station already has a full set of webcams enabled. Experience from these trials has shown that even remote viewing is not required by most users and it will probably be some time before users start demanding this. The technology is more or less off-the-peg and is readily available and works.

A1.2.5 Single Sign-on 
SSO is included in the e-Science heading because it is seen to be a key underpinning technology.  SR are currently working on seamless SSO for the multitude of computer systems in SRD using LDAP and Kerberos. This will allow us to integrate SR station systems into the proposed CCLRC federal id system for users. 
A1.2.6 Medical Imaging visualisation 
New imaging detectors are producing large time-resolved, 2D colour images which need processing in real-time. Currently, work is going on in developing the detectors and techniques, but the data processing/visualisation aspects are becoming increasingly more of an issue.  The initial stages of a project are being defined with the ESTC data visualization team and one of the scientists involved.. Since we see this as an important future area of work,

A1.3 Diamond Current Projects

A1.3.1 Single Sign On

 

· DLS are one of the major proponents of SSO since it is envisaged as a critical underpinning technology for Diamond operation.

· We have an active project to allow remote (strictly controlled) access to Diamond resources using SSO

 

A1.3.2 Data Storage
 

· In collaboration with our data storage and e-Science teams we are setting up a Storage Request Broker installation to store Diamond Data. The data will migrate to the Atlas Petabyte Datastore using the Cascade mechanism of SRB. This is being done in collaboration with ISIS and SRS. 

A1.3.3 Data Curation 
 

· We are collaborating with the e-Science data curation team to allow repeatable and flexible access to the data stored on the Storage Request Broker.

· There is an international collaboration to recognize the key metadata use to recover data for any facility (ISIS and Diamond are pivotal to this)

· We are working to find solutions for integrating publications within the scope of data curation
A1.3.4 Data Analysis Pipelining
· DLS are helping to coordinate data flow and analysis systems such as DNA and e-HTPX.
· DLS are starting a project with the e-Science data visualization team to chain programs together in sequences for the automation of data analysis and experimental steering.
· The whole is critically dependent on SSO which allows exploitation of e-Science facilities such as SCARF and HPC(x) in a way that is transparent to the users
The central concept is to allow data processing to proceed in a series of discrete steps with a decision process being possible between each. Typically the overview of this data processing pipeline would be a UML modelling diagram or, more commonly, a flow diagram. The advantages of separating the data analysis into discrete sequences of steps are as follows
· The processing programs themselves may be step based

· The programs may be available in binary only for a particular computer architecture

· The programs may be distributed over different machines – a requirement should their processing requirements be large.

· Assuming that SSO is available, then it should be practical to perform this processing via GRID resources such as SCARF or HPCX and avoid the necessity to authenticate every resource. 

· It is possible to use the decision process to proscribe different processing branches depending on the results of a particular sequence step.

· Automate potentially large numbers of processing steps to be performed without user intervention.
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