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	Crystallographic Service Sample Manager

Final Report : Appendix 4

	
	Prepared by : Alan Tonge & Jim Downing


Revision History

	Revision/Date
	Changed by
	Change Summary

	03-Mar-2006
	APT, OJD
	Reviewed with John Davies & Andrew White

	22-Mar-2006
	APT
	Added Overview section and placeholders for additional substructure search & corrections requirements.

Non-functional response-time requirement for using sample request objects held in virtual memory

	10-Apr-2006
	APT
	Added requirement for search facility of sample requests

	08-May-2006
	APT, OJD
	Following mock-up displays of F1 & F5, it became clear that JD & AW do not require machine-readable records of sample request forms or an on-line sample queue manager : Priority changed from MUST to MAY. Their need for a reduced cell search tool F8 is limited.


1
Requirements

1.1 Functional Requirements

	Number
	Priority (MUST/SHOULD/MAY)
	Requirement

	Fn
	
	< One-line description about software libraries, user interfaces (e.g. web-based, command line), configuration files, input / output files, etc.  that the application requires >

	F1
	MAY
	Provide an online request form. This should be customizable for local institutional requirements

	F2
	MAY
	Save the request form on server-side database or filestore

	F3
	MUST
	Automatically create unique internal and persistent identifiers

	F4
	MAY
	Notify crystallographer and chemist by email of request submission

	F5
	MAY
	Provide a form which allows crystallographer to view current sample queue and may optionally set priority

	F6
	MAY
	Provide a form which allows crystallographer to search all submitted sample requests

	F7
	MAY
	Provide chemist with a form to view sample status and display 

	F8
	SHOULD
	Provide form EITHER to enable reduced cell dimension search of local / current_awareness solved structures OR to add a reference to a remote data source

	F9
	MUST
	Provide a form to allow crystallographer to create an experimental cif file from the structure-solving program, adding additional local information

	F10
	MUST
	Automatically create sample metadata

	F11
	MUST
	Automatically convert from cif to CML format

	F12
	MUST
	Interface with component to create a (cif + metadata + CML + optional raw data) package for submission to DSpace and add a package descriptor (METS or DIDL)

	F13
	SHOULD
	Create a 2D representation of the solved structure

	F14
	MAY
	Enable substructure searching

	F15
	MAY
	Provide a mechanism for updates or corrections


1.2 Non-functional Requirements

	Number
	Priority (MUST/SHOULD/MAY)
	Requirement

	NFn
	
	<e.g. source control and build management , technical standards>

	NF1
	MAY
	System have sub-second response performance with up to 10K samples in memory


1.3 Platforms, Operating and Network Environment Requirements

	Number
	Priority (MUST/SHOULD/MAY)
	Requirement

	O1
	
	<e.g. support Windows XP OS >

	
	
	


2 Overview

Databases of crystallographically-determined structures are important resources for both academic and industrial chemists. Apart from providing an absolute confirmation of structure, analysis of large sample sets available through searching the Cambridge Crystallographic Database (CCDC) or the Inorganic Crystal Structure Datafile (ICSD) can provide much useful information about chemical structures and their environments, e.g. non-bonded interactions, conformational distributions.
It has been reported that 80% of all crystal structures are never published. These data are all available in electronic form in the academic laboratories but there is no effective method for archiving them (the current most favourable scenario is that departing graduate students hand over floppy discs to supervisors).  Most of these intrinsically high-quality objects decay with a short halflife and may be irretrievable within five years of their creation. 

OAI-compliant institutional repositories are potentially an effective means of capturing, preserving, and disseminating this data in accordance with Open Access principles. This document describes the components of an online facility for the data management of a university department small molecule crystallography service. 

The service would provide tools for the following components :

1. Enable the creation of crystallographic cif file and an associated metadata file at the end of a successful structure determination

2. Deposit the solved structure and associated metadata within an OAI-compliant Open Access repository

The outline has been developed following additional discussions with John Davies (Cambridge), Andrew White (Imperial College) and Prof. Mike Hursthouse's group at Southampton, who provide a national online crystal structure service for the UK academic community.

N.B. This represents the software requirements for internal customer workflows only. External (e.g. industrial) customers would be treated separately to preserve confidentiality.

Functional Requirements

2.1 [F1]  Sample Request Form

Required items for this must include :

· Chemist Name

· Chemist identifier (e.g. laboratory notebook page number)

· Contact details (chemist email address)

· Probable Structure (machine readable) or elemental formula

A range of additional available fields (and hence elements in the stored database tables) should be customizable to local institution needs. These would be optional and could include :

· Reactants (machine readable)

· Crystallization and reaction solvents 

· Stability

· Toxicity

· Chiral determination requirement
An embargo field may be required, indicating the number of months/years that would have to elapse before Open Access release of the solved structure was permitted. Other fields would be added automatically  (e.g. : Date, Institution, Persistent Identifier (PID) and initial status (Section 3.5)).
An internal identifier (Section 3.3) would probably not be added until it became clear that the structure was solvable (and could therefore be charged to an account)

2.2 [F2]  Saving Sample Data 
Sample objects holding the data from the submitted forms will be held in virtual memory and each object serialized to an XML-based filestore (rather than saved, for example, in a server-side SQL database). An additional field for the sample status would be created. This data would be permanently searchable (Requirement  6)
2.3 [F3]  ID Generation

There are three possible ID values associated with each experiment :

· Chemists must provide their own (e.g. laboratory notebook) reference for sample submission - see Section 3.1.

· The internal ID would be provided by the crystallographer to the chemist (e.g. : User_ID + date + internal_number_increment). This would be created for internal charging purposes, and therefore would not normally be created until data had been successfully collected. 

· Additionally, a network Persistent Identifier (PID) would also be assigned, such as a Digital Object Identifier (DOI) which when resolved would point to the URL where the documents (e.g. structure files and metadata) are held. This would provide for the non peer-reviewed Open Access of the deposited data.

2.4  [F4]  Email notification

Chemist and crystallographer automatically sent emails on submission of valid Sample Request Form

[F5]  Sample Queue and Status

View all samples with SUBMITTED or DATA_COLLECTION status. Priority of submitted samples and their status  may be altered.

A sample initially has the following status value :

  SUBMITTED

Automatically created after submission of online request form

After the reduced cell dimensions have been determined, a sample can have the following status values :

  REJECTED

Failed to get cell dimensions

  KNOWN


Cell dimensions correspond to known structure

  DATA_COLLECTION
Intensities & reflections to be collected

After successful data collection, the structure would be determined. The status could then have one of three possible  values :

  SOLVED


Successful experiment

  FAILED


Unable to refine 

  UNSOLVED

Unsuccessful experiment. Data to be recollected (e.g. recrystallise sample  / 

choose new crystal)

After successful structure determination, the cif and metadata files would be packaged (see Requirement F12) for submission to the repository. When this stage is completed, the final status would be assigned :

  FINISHED


Files deposited in repository

2.5 [F6]  Sample Request Search
All information submitted on the sample request forms (Requirement 1), together with the associated sample status, would be permanently available for subsequent online searching and viewing. This would provide a record of all  departmental work. It would currently only allow text-based searches.
2.6  [F7]  Chemist Sample Status

View status of sample with chemist's identifier

2.7  [F8]  Reduced cell dimensions

(Standalone) facility to search local database of solved structures (either locally-solved structures or harvested from current online peer-reviewed journals (e.g. RSC journals or Acta Cryst.)) with equivalent reduced cell dimensions. Search values and tolerances should be user controlled. Alternatively, if the dimensions have been found externally, a reference to the external datasource  (e.g. CCDC) may be added. 

If found then a KNOWN status created.

Note :  JD uses CCDC tools to search his own locally-created datasets; AW uses CrystalWeb (infrequently) to search for published crystal structure dimensions.

2.8 [F9] Cif file creation

The final cif file will be created from two sources : local information (constant) and data from the structure-solving program (variable). A dictionary of all allowed cif file fieldnames must be made available

[F10] Metadata creation

This will created from data in the cif file. We will initially follow a schema proposed by the eBank :
http://www.ukoln.ac.uk/projects/ebank-uk/schemas/

2.9  [F11]  Cif to CML conversion

Functions to do this already exist

2.10 [F12]  Digital Package Creation

The primary purpose of this is to package together the cif file and the associated metadata. As an additional  option, the ability to include raw experimental data will be included (i.e. the image files and/or the measured h,k,l intensities of the scattered x-rays
2.11  [F13]  2D Structure Creation

A 2D structure is not currently seen as part of the permanent repository record, but as part of the reporting mechanism to the chemist once the structure has been solved. Typically, such displays are ball-and-stick models created from the 3D atomic coordinates rotated into an orientation which displays the structural features most clearly. The system might need to handle crystallographic disorder (e.g. conformational flexibility) and partial occupancy (e.g. of included solvent).

A 2D representation of a molecule created from standard structural fragments is generally easier to understand than a projection of the 3D coordinates onto a plane, making easier visual comparison of structural and sub-structural elements in a set of structures retrieved from a repository or database search. Such a display could be generated automatically from a connection table (with bond order) created from the 3D coordinates, although there would be little control over the display orientation (e.g. a standard accepted orientation of a common chemical nucleus such as a steroid or penicillin). Alternatively, it could be created manually with a structure-drawing package by either the crystallographer or as a service by an information chemist. 

2.12 [F14]  Substructure searching

For a large dataset to be generally attractive to either researchers or casual users, the ability to search on substructure as well as to perform exact structure matches will probably be found to be essential. Searches on InChI strings will currently only allow exact matches

2.13 [F15]  Corrections and Updates

There is no current mechanism for updates or corrections (e.g. atom renumbering, modified handling of solvent or correcting errors), as would be possible with an errata entry in a peer-reviewed journal. We should consider the option of redirection to a modified dataset.

Non-functional Requirements

3  [NF1]  Performance Response Times

Sample objects holding the data from the submitted forms will be held in virtual memory and each object serialized to an XML-based filestore rather than saved in an SQL database. The system must be able to cope with 10K objects stored in virtual memory  (256 MByte RAM) at any one time.






























































































