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1. Overview - including:

A. Description & Goals: 

Laboratory notebooks are at the heart of scientific research.  They contain plans, data, and the inter-pretation of data, providing a record of the experiment process.  Notebooks allow researchers to plan their projects and organize their experiments.  Aiding a researcher, or research group, in this manner is one of the notebook’s primary functions.  A second primary function is to be a long‑term scientific and legal record of the research.  Ideally, it provides enough information to allow an experiment to be duplicated ab initio, and is a resource to plan future projects.  The signed and time-stamped details provided in notebooks become evidence that work was done and that the conclusions reached are well founded.  A good notebook strikes a balance between utility for the researcher and utility for the organization. 

Pacific Northwest National Laboratory (PNNL) researchers and their DOE2000 partners at Oak Ridge and Lawrence Berkeley National Laboratories have worked to develop secure, extensible, World Wide Web-based ELNs that overcome the limitations of paper notebooks and allow sharing of project information across a distributed research group.  The computerization of data acquisition and analysis has moved parts of the scientific record out of the notebook and onto disk.  Data and parameter sets are routinely stored on disk, or worse, split between a notebook and computer files, making it impossible to understand an experiment without both sources.  Paper notebooks are also notoriously hard to search, which can lead to duplicate work. ELNs integrate the various sources of experiment information and enable researchers to create and browse through plans, instrument diagrams, experiment parameters, graphs of data, and multimedia notes.  They can provide direct links to large data sets, allow searching, and support multiple researchers accessing a notebook at once, independent of physical location. 

The PNNL/EMSL notebook implementation consists primarily of the ELN Interactive Web Client and the ELN Server.  As shown in Figure 4.5, the Client displays a notebook’s table of contents, and a palette of “editors” that allow users to enter information.  A separate window displays the current page, with each entry displaying the name of the author and the creation date and time.  The PNNL notebook fully supports the DOE2000 editor interface, allowing third parties to add to those currently available.  Current editors support text (plain, HTML, and rich text), equations, whiteboard sketches, captured images, web forms, and arbitrary file upload.  A viewer interface enables third parties to add support for displaying specific types of data using existing HTML, Java, or browser plug‑ins.  The PNNL notebook currently supports viewing of over 18 data types including the text, equations, and images generated by the supplied editors, as well as molecular structures stored in several popular file formats, NMR parameter files, XY plots, spread-sheets, S-Plus graphs, etc.  Software development kits describing how to use these interfaces are available from the website. An ELN Wizard allows programmatic input to the ELN. The ELN can be configured to send email notices when updates are made to a shared notebook. Import/export capabilities allow notebooks sections to be transferred as multipart-MIME-encoded files.
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Figure 1.  The PNNL electronic notebook allows researchers to share notes, captured images, equations, data, and more with remote colleagues.

B. Services provided

· ELN Interactive Web Client 

· ELN Server 

· ELN Wizard (scriptable, semi-automated data entry) 

· ELN Editor and Viewer Software Development Kits - SDKs for creating editors and viewers for the notebook. There is example code that compiles and runs and documentation for wrapping current code into an editor and/or viewer. 

· ELN Website: Download/Help/FAQ/Documentation: The EMSL Collaboratory website supports fully automated registration and download of ELN components. Live links to EMSL hosted notebooks are also available. A support form linked to the EMSL Collaboratory support queue allows users to get personal help using the notebook or setting up servers. The notebooks themselves contain links to online help, FAQ's, and other documentation on our web site. 

C. Systems/Sites/User Served: Over 600 people have registered to download the ELN. PNNL maintains approximately 2 dozen notebooks for use by projects, primarily in the Environmental Molecular Sciences Laboratory (EMSL). Suites of notebooks are also maintained at Northwestern University, Columbia University, and NCAR for use in graduate student research, undergraduate education, and project management respectively.

D. Status: Release of ELN 4.5 is expected by March 2001. The latest release of the ELN is available from http://collaboratory.pnl.gov/.

E.
Other: We are pursuing mechanisms for long-term maintenance and evolution of the ELN, including the possibility of releasing it as Open Source software.

2. Architecture

A. 
Define Grid software/services that the GCE currently depends upon and relationship to GF Working Group.


The ELN represents a service that can be integrated into GCEs. Such integration has been demonstrated with PNNL’s Extensible Computational Chemistry Environment (Ecce) and Sandia’s Product Realization Environment (PRE) as used within the DOE2000 Diesel Collaboratory to support web access to chemical kinetics models (in progress).


The ELN does not currently use Globus services and has been architected to work in a variety of environments. It supports either simple passwords and web-based access control (i.e. .htaccess files) or SSL and public key certificates (Entrust). It can retrieve author contact information from an LDAP directory if so configured and has an extensible mechanism to reference data stored in external repositories (currently supporting http and ftp references). 

B. Define Grid software/services that the GCE plans to make use of:

The ELN could make use of GSI, Information Services (for author information), and DataGrid services. The simplest design would use commodity grid (CoG) style interfaces that would allow the ELN to work in both Grid and non-Grid environments without changes.

3. Implementation

A. Commodity technologies/software used (e.g., EJB, JMS, JINI, Perl, XML, databases...)

Java, Javascript, Perl, LDAP, HTTP/HTML

B. Proprietary technologies/software developed that can be shared with others

The ELN is a service that can be integrated with other software to automate entry of data from instruments and simulations.

4. Future Plans

DOE2000 funding for the ELN project ends this FY. We are pursuing additional funding to investigate advanced annotation services. An ELN 4.6 release is expected before the end of the project.
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