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Abstract
Eventually, the IVO will contain many thousands of resources arranged according to numerous organizational structures and with data of varying age and precision. Often, the scientist will not wish to learn the details of each resource to be queried, needing to focus on the astronomical objects and their properties and relationships.  Often a query will require all of the relevant data to come back with error bars, weighted averaging, or extrapolations to the present time. Often, query will include a certain physical property, but some resources use a different term. Or, possibly, the property is derivable from several observables spread among several resources. Often data centers hold their data in non-relational databases or in tables with extremely complex relationships. 

Often the request will include complex mathematical and logical functions, so that the  scientist needs a natural language layout that is  easily comprehensible yet rich in expressions.  For these user scenarios the IVO has decided to research into an Object Query Language that  focuses on astronomical objects, their classes,  their physical properties and their aggregations into clusters of various types. We present solutions to challenges in an implementation that has many mundane details taken care of under the hood.   Using XML technologies one can place a standard schema view on top of any data center’s actual configuration.  For detailed query of this VOSchema one can use XML Query.  However, as a user interface a simpler constraint based query is preferable.  Therefore, a converter from Constraints to XML Query will be required.

VOQL Requirements

· Provide a means for users to submit requests for information from a distributed set of resources.

· Each VO query can transform to multiple queries in local dialects.

· Workflow interactions: registries, services,  and user.

· Integration of multiple responses

· Allow for the science use cases.

· Easy to learn and use:

· Hide from the user obvious but  tedious steps

· May require several levels o f language Allow for web form entry.

· Independent of arrangement of data at repositories.

· Plug-n-play metadata and ontology.

An Ontology Leads to a Data Model Schema that XML Query  can handle
Like a Topic Map, an Ontology provides a path to a concept.  It may not be a strictly hierarchical tree.  A concept may have multiple parents, and thus multiple paths to the concept.  But even though paths are not unique as they are in XML documents, it should be possible to use XPATH expressions to specify a concept.  This means that one could also use XQuery.  

A possible full pathname might start with object specification and end with property values.
Universe@type=“real”/SuperCluster/galaxyCluster/galaxies@type=“Sb”/galaxy/cluster/stars@type=“Cepheid”/star/FluxInBand/measurement@date=“2001-10-10”/Band@name=“V-band”
An example XPATH may be 
//galaxy@name=“M31”//cluster@name=“J001201+2932”//[Age]
The double slashes indicates one skips over all intermediate elements.  This allows one to avoid specifying classifications that are not relevant to a query.

If the search is for any Cepheid then the XPATH is //stars@type=“Cepheid”  

Knowledge Based Query

Class ( Instance(  Objects

Property  (V-band) ( Instance ( value (-1.4)

Measurement property values are Quantities 

Modifier (aperture) ( Instance ( value (3 arcsec)

Modifier (inequality) ( Instance ( value (before, not)

Aggregate property – member, region, component

Values are Collections of objects

SubclassOf property – subclass has restricted property value range or additional properties.

Property Space – N-properties form a space.

A bit of math is needed to relate values.

XML Query in General

Compatible XML and Human-Readable versions

Xquery is a superset of Xpath

Based on Quilt, XQL, and XML-QL

Quilt is based on Object Query Langauge (OQL)

OQL is based on Structured Query Language (SQL)

If,then,else: case switch: basic functions: define new functions

FLWR (for, let, where, return)

for $i in (1 to 3)

let $j := (1 to $i)

Results in:

$i = 1, $j = 1

$I = 2, $j = (1,2)

$I =3, $j = (1,2,3)
Use of XML Query and a standardized Data Model.

Form colors of stars that are in the arms of M33.  

for $s in        document('‘VO.xml'')//galaxy@name=“M33”/region@type=“arm”/star@name

 let $date := document(“VO.xml”)//star@name=$s//FluxInBand/measurement@date 



where count ($date/Band)  > 1

 return

  <colors>


<Star name=$s>



for $k in (1 to count($date))



<date>$date[k]</date>



for $j in (2 to count($date[$k]/Band))



<color name=“$date[$k]//Band[$j]@name – 








$date[$k]//Band[$j-1]@name”>




$date[$k]/Band[$j] - $date[$k]/Band[$j-1]

               
</color>


</Star>

 </colors>

A User Interface can be a Simple Input Form based on Constraints 

However, as the XQUERY example shows, such query is rather difficult to formulate and is too painstaking for the average non computer scientist.  Luckily, nearly all of the typical scientific queries are constraint based (i.e. restricts a class of objects by a range in property values.  For this a simpler Constraint based XML schema can be formulated based  on Knowledge Base Query Model (<Object><Property value/></Object>) plus some arithmetic using MathML.  Then, by the trickery of XSLT this can be transformed into a very human readable Web form.
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Problem Statement Language (PSL)

Begin Request

Constraint

Find astronomical objects with the following properties:

AND these properties

1. Name: assign to 

var1

2. Class is "cluster of galaxies | galaxy cluster"

3. Measurement quantities satisfy:

a. X-ray brightness > 3.3E7Jy : assign to 

var2

1. Time interval of measurement: 1998Y-1999Y

Using the above variables satisfy, the math formulae:

1. 

(var2 + var3)  < (var1 – log[var4])

OR these constraints

[several constraints for which one must be true etc ]

Return a table with the following sequence of fields:

var1  var2

End Request

PSL Pull down

AndConstrainties, Andproperties

PSL Pull down

AndConstrainties, Andproperties

Property Name Pull Down

Name, Class, etc.

Property Name Pull Down

Name, Class, etc.

MathML Pull down

*,-,/,+,sum,avg,<,>, etc

MathML Pull down

*,-,/,+,sum,avg,<,>, etc
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Problem Statement Language (PSL)

Begin Request

Constraint 

         Find astronomical objects with the following properties:

            AND these properties 

                 1. Name: assign to var1

                 2. Class is "cluster of galaxies | galaxy cluster"

                 3. Measurement quantities satisfy:

                       a. X-ray brightness > 3.3E7Jy :  assign to var2

                         1. Time interval of measurement: 1998Y-1999Y     

         Using the above variables satisfy, the math formulae:

                       1. (var2 + var3)  < (var1 – log[var4])

     OR these constraints 

                   [several constraints for which one must be true etc ]

Return a table with the following sequence of fields:

   var1    var2  

 End Request

PSL Pull down

AndConstrainties, Andproperties

Property Name Pull Down

Name, Class, etc.

MathML Pull down

*,-,/,+,sum,avg,<,>, etc 








