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These Guidelines are issued by Species 2000 to assist programmers and database custodians with writing, testing and stabilising a SPICE wrapper that can connect their species database to the Species 2000 Dynamic Checklist. These guidelines should be used in conjunction with other documents and tools:

· Species 2000 Standard Dataset
· Species 2000 XML Schema
· SPICE Wrapper response tester
The latest version of this document and those listed are available at the Species 2000 web site: http://www.sp2000.org . 

Species 2000 and SPICE
The Species 2000 Catalogue of Life project is using the SPICE software to provide its Dynamic Checklist. In this Dynamic Checklist, users make enquiries to a single point of access; the SPICE software then accesses a distributed array of species databases, assembles the response and provides it to the users. SPICE is an acronym for Species 2000 Interoperability Coordination Environment. The prototype SPICE system was created as part of a bioinformatics project at the Universities of Cardiff, Reading and Southampton funded by the UK BBSRC research council. The current version in use, SPICE 4, was developed at the Universities of Cardiff and Reading and at ETI in Netherlands, funded by the EC Species 2000 europa project.
Using SPICE for the Dynamic Checklist is intended to provide a comprehensive species checklist that is dynamic, delivering changes to the species checklist as they are made available by the species databases. This is in contrast to the Annual Checklist which is a fixed edition published each year.

The SPICE system consists of:

· Array of Source Databases such as Global Species Databases, Regional Species Databases or Nomenclator Databases.

· Array of wrapper programs, each connecting one of the source databases to the hub and providing a uniform interface to the hub for extracting data from these databases.
· Common Access System (CAS, sometimes referred to as the Hub or Hubs—e.g. Global Hub, Euro Hub and Regional Hub). The CAS also provides web services for other computer systems to use the Dynamic Checklist automatically.
· User interface. Including the new user interface developed by ETI and the original test interface.

General description of wrapper development
In order to write the wrapper for your database we recommend that you follow these steps. 

1. Make sure that the database is accessible by electronic means. A good solution is to port it into a Relational Database Management System which is internet aware, like PostgreSQL or MySQL which are free and powerful RDBMS. 

2. Map the fields of the database to the required standard dataset of Species2000 (The latest version of the Species 2000 Standard Dataset can be found at http://www.sp2000europa.org/information/standarddataset.php). The wrapper developer should make a start by consulting the technical report for the database. The technical report is produced by the Sp2000 secretariat during evaluation of the database. Its contents include availability of required data and the initial mapping of data fields. The technical report is available via the Sp2000 Secretariat. The Wrapper developer might need to work further with the database custodian to produce a more detailed mapping.
3. A SPICE wrapper should present a single URL (Uniform Resource Locator) for access by the CAS, not different URLs for different queries. The wrapper must accept the requests specified below in the section: Connection protocol between the CAS and wrappers. The wrapper must parse the arguments of the request, then execute the corresponding query to the database and transform the result into required format. Please pay attention to wildcard handling in search strings. There are 6 request types that a wrapper must answer. 
4. In order to be compatible with the CAS, the XML output from the wrapper must follow the Species 2000 XML Schema (also can be found at http://www.sp2000europa.org/). To generate compatible XML output, the developer should map the extracted data, whose fields should be compliant to the Species 2000 Standard Dataset, to the corresponding entries in the Species 2000 XML Schema. See the section: Mapping between the Species 2000 XML Schema and Standard Dataset. 

5. SPICE doesn’t have any preference on the choice of programming language or style for developing wrappers. However, to make developing the new wrapper easier, wrapper developers are highly recommended to adopt an existing wrapper and modify it to fit the new database. The current existing wrappers are developed using Java (such as TicksBase, maintained by Qinglai Ni), Perl script (CIPA, CLEMAM, maintained by Anta Angel), Python (IOPI, Euro+Med, FaEu, maintained by Markus Döring), PHP script (ZOBODAT, maintained by Michael Malicky) and other packages. Please contact those wrapper maintainers for more details and help on how the code can be adapted for the new database. 
Connection protocol between the CAS and wrappers.
Basic Communication Mechanism
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The basic CAS-wrapper communication architecture is illustrated in figure 1. When the CAS needs to make a query to a database, it generates a CGI request that consists of a request type and (for most requests) a list of parameters. When the database wrapper receives this request, it firstly interprets the request type and the set of parameters and their values. It then performs an appropriate database specific query to the database. When it receives the results from the database the wrapper generates an equivalent XML document that conforms to the Species 2000 XML Schema, and returns it to the CAS. The CAS then extracts the data from the XML document and composes the results for the user.

CGI Request Specification
The request issued by the CAS is in the following form (Note:  This is a GET request, not a POST request.  As with all CGI GET requests, the order of appearance of the parameters is not significant and the wrapper must handle them whatever order they are presented in):

http://<databaseWrapperServer>[:<port>]/<CGIActionName>?requesttype=<typeValue>[&<parameterList>]

Where:

· <databaseWrapperServer> is the URL of the wrapper

· <port> is the port of the database wrapper (optional). Port 80 is usually the default, but in reality which port can be used is often decided by your IT department. 
· <CGIActionName> is the CGI action name for the request, ie the entry point to the wrapper service

· <requesttype=typevalue> defines the type of the request, this should be one of {0,1,2,3,4,5}

· <parameterList> defines the necessary parameters for the request type and their values. Its form is as follows: 

parameterName1=<parameterValue1>&parameterName2=<parameterValue2>&...

For some request types this list can be left blank by the CAS.
The format of requests for each of the 6 request types are now given below, together with examples. More details on each request type can, if wished, be obtained from the Common Data Model (CDM) documentation (Current version is also available on the Species 2000 website at Technical Information/Technical Documents).

Request Type 0 

Used by the CAS to get the version of the CDM the database wrapper adheres to.

http://<databaseWrapperServer>[:port]/<CGIActionName>?requesttype=0

Example: 

http://jotun.cs.cf.ac.uk:8080/ILDIS1_2/WRAPPER?requesttype=0

Request Type 1

Used by the CAS to look up an ambiguous search string or species name.

http://<databaseWrapperServer>[:port]/<CGIActionName>?requesttype=1[&identifier=<identifier>]&searchname=<searchstring>&skip=<skipNumber>&limit=<limitNumber>
Where:

· ‘identifier’ (optional) is the identifier of the higher taxon defining the GSD to be searched, used if one wrapper servers multiple GSDs. 
· ‘searchname’ is a scientific name.
· ‘skip’ is the number of matching names to skip before the first returned value (default is 0).
· ‘limit’ is the maximum number of matching names to return (default is -1, meaning return all names).
· ‘searchtypevalue’ specified in the previous document is no longer used, therefore no common name search.
Example:

http://jotun.cs.cf.ac.uk:8080/ILDIS1_2/WRAPPER?requesttype=1&searchname=Ab*&skip=0&limit=5&searchtypevalue=scientific

Wildcard Handling in ‘searchname’:

Each name element is separated by a blank (blank characters will be supplied as plus signs ("+") in accordance with CGI URL encoding practice, and are therefore shown as such in the examples below)  and allowed to be either a complete word, or a part word with wildcards on the right only, represented by an asterisk, or an asterisk only.  Searching should be case insensitive. Therefore in the following table, ‘A*’ is equal to ‘a*’. Here are some examples

	Search string
	How it should be interpreted by wrappers

	* (used with a default ‘limit’ of 500)
	Search for all names, including binomials and trinomials

	A* or a*
	return all names (binomials and trinomials) where the genus matches "A*"

	a*+b*
	return all names (binomials and trinomials) where the genus matches "A*" and the species matches "b*". Searching for binomials only is not supported.

	a*+b*+*
	return all trinomials where the genus matches "A*", the species matches "b*" and the infraspecies matches any nonempty string

	a*+b*+c*
	return all trinomials where the genus matches "A*", the species matches "b*" and the infraspecies matches "c*"

	*+b*
	return all names (binomials and trinomials) where the species matches "b*"

	*a
	Not allowed

	*+*b
	Not allowed


Request Type 2

Used by the CAS to get the “standard data” for a taxon.

http://<databaseWrapperServer>[:port]/<CGIActionName>?requesttype=2&taxonid=<TaxonIdentifier>[&GSDid=<sector id>] 
Where:

· ‘taxonid’ is the unique identifier used by the database or wrapper for the taxon corresponding to the species name selected in stage 1 or chosen by browsing the taxonomic hierarchy.
· ‘GSDid’ (optional) is the unique identifier of the database sector which will be searched
Example:

http://jotun.cs.cf.ac.uk:8080/ILDIS1_2/WRAPPER?requesttype=2&taxonid=1571

Request Type 3

Used by the CAS to look up information about a database.

http://<databaseWrapperServer>[:port]/<CGIActionName>?requesttype=3[&GSDid=<sector id>]
Where:

· ‘GSDid’ (optional) is the unique identifier of the database sector which will be searched.
Example:

http://jotun.cs.cf.ac.uk:8080/ILDIS1_2/WRAPPER?requesttype=3

Request Type 4

Used by the CAS to move up the taxonomic hierarchy.

http://<databaseWrapperServer>[:port]/<CGIActionName>?requesttype=4&taxon=<taxonstring>
Where:

· ‘taxon’ is the current taxon identifier

Example:

http://jotun.cs.cf.ac.uk:8080/ILDIS1_2/WRAPPER?requesttype=4&taxon=1571

Request Type 5

Used by the CAS to move down the taxonomic hierarchy.

http://<databaseWrapperServer>[:port]/<CGIActionName>?requesttype=5&Highertaxon=<taxonstring>&skip=<skipNumber>&limit=<limitNumber>
Where:

· ‘Highertaxon’ is the current taxonomic identifier

· ‘skip’ is the number of matching names to skip before the first returned value (default is 0)

· ‘limit’ is the maximum number of matching names to return (default is -1, meaning return all names)

Example:

http://jotun.cs.cf.ac.uk:8080/ILDIS1_2/WRAPPER?requesttype=5&taxonid=1571

Mapping between the Species 2000 XML Schema and Standard Dataset.
In order to be compatible with some legacy wrappers, the labels used in Species 2000 XML Schema are not exactly the same as those used in Species 2000 Standard Dataset. This section is to bridge the gap between the two documents.
There are several entities used by Species 2000 XML Schema that don’t have corresponding entries in the standard dataset. This is mainly because the schema needs extra information to define a workable data structure for the SPICE system.

Entities describing taxonomic and nomenclatural components
	Label used in Species 2000 XML Schema version 1.3
	Equivalent term in Species 2000 Standard Dataset version 3.2
	Comments

	Authority
	AuthorString
	is a string (possibly including the date of publication and other conventional details)
[part of FullName, HigherTaxon]

	AVCName
	Accepted Scientific Name
	consists of Name, Status
[part of AVCNameWithRefs, CommonNameWithAVC, SynonymWithAVC]

	COMMENT
	AdditionalData
	

	FAMILY
	Family Name
	

	FullName
	
	consists of Genus, SpecificEpithet, Authority
[part of Synonym]

	Genus
	Genus
	is a string
[part of FullName]

	HigherTaxon
	HigherTaxon
	consists of Identifier, Rank, TaxonName, Authority, [View], [NameRefList]
[part of Type 4 Response, Type 5 Request]

	InfraspecificPortion
	
	Consists of InfraspecificMarker, InfraspecificEpithet, InfraspecificAuthorString

	InfraspecificMarker
	InfraspecificMarker
	

	InfraspecificEpithet
	InfraspecificEpithet
	

	InfraspecificAuthorString
	InfraspecificAuthorString
	

	NAME
	
	is a FullName or a VirusName

	RANK
	HigherTaxonRank
	

	SPECIFICEPITHET
	SpecificEpithet
	

	Status
	NameStatus
	

	accepted
	AcceptedName
	

	provisional
	ProvisionallyAcceptedName
	

	synonym
	Synonym
	

	ambiguous
	AmbiguousSynonym
	

	misapplied
	MisappliedName
	

	SUBGENUS
	SubGenus
	

	Synonym
	Synonym
	

	Taxon
	
	

	TaxonName
	
	

	VIEW
	
	


Entities describing common names and distribution data for a taxon
	CommonName
	
	

	CommonNameWithAVC
	
	

	CommonNameWithRefs
	
	

	Language
	Language
	

	PlaceName
	Country
	

	VernName
	Common name
	

	OCCURRENCE
	OccurrenceStatus
	Native, Introduced


Entities describing references

	Author
	Author
	

	DETAILS
	Details
	

	
	
	

	LitRef
	
	Includes: AUTHOR, YEAR, TITLE, DETAILS

	STATUSREF
	Reference
	

	Reference
	
	Includes LITREF and LINK

	LINK
	
	

	RefType
	ReferenceType
	

	Title
	Title
	

	YEAR
	Year
	

	SCRUTINY
	Latest taxonomic scrutiny
	

	Person
	SpecialistString
	

	Date
	ScrutinyDate
	


Source Database

	GsdInfo
	Source Database
	

	IDENTIFIER
	
	Database sector identifier

	GSDSHORTNAME
	DatabaseShortName
	

	GSDTITLE
	DatabaseFullName
	

	DESCRIPTION
	StandardDatabaseAbstract
	

	VERSION
	DatabaseVersion
	

	DATE
	ReleaseDate
	

	HOMELINK
	HomeURL
	

	SEARCHLINK
	SearchURL
	

	LOGOLINK
	LogoURL
	

	VIEW
	
	

	WRAPPERVERSION
	
	

	CONTACTLINK
	
	Email address, URL etc.


Linking wrappers to SPICE

The wrapper developer should always keep in mind that the wrapper must follow the specifications in the section Connection protocol between the CAS and wrappers and the Species 2000 XML Schema. A simple test html page (SPICE Wrapper response tester) is available with this document to check if the wrapper can accept the specified CGI requests. The xml files returned by the wrapper should be validated against the schema. Please note that this tester may be modified to address the new wrapper. When no more errors are found, the developer should then provide the URL of the wrapper to the programmer in the Sp2000 secretariat at the University of Reading so that it can be linked to the Test hub. The wrapper development now enters the next stage: technical test. 

The full technical test for the wrapper’s functionality and compatibility with the hub (the CAS) will be carried out by the programmer in the Sp2000 secretariat. The wrapper developer will be informed immediately of any error found at this stage.

When a wrapper successfully passes the technical test and the Sp2000 secretariat is satisfied by the result, the wrapper will enter biological content test which will be carried out by the biologists in the Sp2000 secretariat. The correctness of the data delivered by the wrapper (in a biological sense) will be checked. Any error found at this stage will be reported to the database custodian and the wrapper developer. The database or the wrapper might need to be modified to address the errors and therefore this test stage can be prolonged. 

After the Sp2000 secretariat is satisfied with the content test, the database custodian and the wrapper developer will be informed and the wrapper will then be linked to the demonstration hub to become part of the Dynamic Checklist.
Feedback
Any comments, suggestions on any aspect of this document, Species 2000 XML Schema or the SPICE itself are very much welcome. Please address them to Qinglai Ni at q.ni@rdg.ac.uk 
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Figure 1: Basic CAS-Wrapper Interaction
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