XDI Data Modeling

Modeling Data in XDI and mapping it to legacy schemas.
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2 Introduction
There are 3 distinct parts to building a complete XDI data model and mapping it into a legacy data repository. The three parts are separate and distinct but are all represented explicitly in the graph. The parts are; Dictionary, Application and Mapping.

For the sake of simplicity I have not included the permissioning nodes ($link, $contract and $policy) in any of the graph examples.

I also want to stress that this is just ones mans thoughts on the subject of how one MIGHT use xdi. This document doesn’t represent any type of consensus in the TC.
2.1 Dictionary
This section of the graph describes and defines the data types that are going to be used in the application. These descriptions include the specification of the relationships between a type and other simple, or complex, types. See the Dictionary section of this document for details.

2.2 Application
This section of the graph is the actual instance resources as they exist under the appropriate authorities. See the Application section of this document for details.

2.3 Mapping
This section of the graph describes and defines how to access the underlying data systems. This includes location, protocol binding, access syntax and key matching logic. See the Mapping section of this document for details.

3 Graph Update

· The graph is now depicted with 4 levels. The Physical and Logical have been made into one, simply called Authority

· Links are now depicted as a single dotted green line (this makes it easier to put a lot of links in a graph)


[image: image1]
(Diagram 1: Graph Syntax)

4 Dictionary

4.1 Dictionary Scope


To specify a community, personal or application specific dictionary definition one can use the delegation symbol and a cross reference to the dictionary word, for example @ootao*(+email) specifies @ootao’s definition of the +email word. 
There will be times that an application will want to tightly bind an instance resource to a specific definition of a +word and other times that an application will want the definition to be based on the user (or consumers) preference. For example one application might require that addresses be provided in the form @ootao*US*(+address) because this as a US only application. While another application might require simply +address so any address would do, with the basic understanding that this should represent an address. 
4.2 Dictionary Definitions 

The XDI Dictionary definition performs several tasks;

· Provides non-normative, descriptive, definitions for words or phrases.
· Provides normative specification of required and optional child elements.

· Provides specification of the cardinality of child elements. 

· Provides specification of element attributes.
· Provides ontological mapping.

A dictionary definition is analogous with XML Schema or RELAXNG definitions. The main difference is that an XDI dictionary element can reference other elements, local or remote, that live anywhere in the dataweb. 

There are 2 basic xdi dictionary constructs; Simple and Complex. Simple dictionary entries do not include references to other dictionary entries (other than standard ones), complex entries do. For example; +address would be a complex entry as it contains +street, +city and +zip. +city would probably be a simple entry as it simply has a description. The differentiation between the entry types is purely one of convenience and has no system implication.
An XDI Dictionary Authority should be interpreted in this way;

What are the rules and constraints that are applied to the child resources of resources of this type. Most commonly that is constraints on an instance resource.  The dictionary space is infinitely extendable; you can make any assertion about an entry either locally or by reference to another xri… it’s only a question of how many applications (consumers) will understand your ‘non-standard’ assertion.
4.3 System words in the Dictionary

These are the system words that I propose that we use in the dictionary space and how they should be interpreted. THIS IS AN EARLY DRAFT AND MAY CHANGE A LOT!!  See the following examples to help understand this.

4.3.1 $data
$data indicates that the instances of this type MAY have data as a child. You can extend the $data space to include $data*(0), $data*(1) or $data*(0-1) to specify MUST NOT, MUST and MAY respectively. $data*(1-n) would not be valid as an instance node can only contain 1 data element.
Under the $data element you can specify attributes and constraints about the data element that can be accepted. For example;

· $data/$string – the data must be a string

· $data/$date*mm/dd/yyyy – the data must be a date in the right format ($date by itself would indicate a long value of milliseconds since the standard base time known as "the epoch", namely January 1, 1970, 00:00:00 GMT.)

4.3.2 $link
$link indicates that the instances of this type MAY have a link to an instance of the type specified by the child xri. You can extend the $link space to include $link*(n-n) to indicate the cardinality of the linked elements. For example:

· $link/+email – MAY have a link to an instance of type +email. 
· $link*(1)/+city – MUST have 1 and only 1 link to an instance of type +city. A link to an instance of @ootao*(+city) would be valid.
· $link*(1-3)/@ootao*(+city) – MUST have 1 and only 1 link to an instance of type @ootao*(+city).  A link to an instance of +city or @2idi*(+city)  would not be valid, however, a link to @2idi*(@ootao*(+city)) would be valid.

4.3.3 $xri

$xri provides a way to attribute meaning to the xri synonym for a resource.  For example:

· $xri/+name – indicates that the instance segment of the xri can be understood as the name of the instance. Because +name is simply defined as a $data/$string this puts no constraints on the form of the synonyms that can be associated with this instance.

· $xri/+count – indicates that the xri must be a number and can be interpreted as a count of the types that it is a child of. 

4.3.4 Data types

Do we want to go with:-
$string, $date, $long, $integer, etc…?
Or 

$data.type*string, $data.type*date, $data.type*long, etc… 

4.4 Simple Dictionary Entries 
Simple Dictionary Entries are entries that do not include or reference other entries (other than standard ones). These are ‘final nodes’ in the dictionary graph. I speculate that simple entries are the entities most likely to be rationalized in the Global Dictionary space first. 
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(Diagram 2: Simple Dictionary Entry)
NOTE: We still need to define and standardize what the elements of a dictionary element should be (this is the next project). There are more ideas of what might be there in the dictionary section of the Graph Primer. 

4.5 Complex Dictionary Entries
Complex Entries include the same elements as a Simple Entry but also specify child element that either MUST or MAY be included in that entry. 
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(Diagram 3: Complex Dictionary Entry)
4.6 Application or Community Dictionaries

An application, personal or community dictionary is a collection of dictionary entries that create a logically rooted graph at the authority for that entity. A simple example may be;

@ootao’s dictionary includes +email, +address and +phone. In turn +email includes +name and +domain. +address includes +street, +city, +state and +zip. +phone is a simple type. 
This dictionary may look like this:
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(Diagram 4: Community Dictionary - 1)
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(Diagram 5: Community Dictionary - 2)


[image: image6]
(Diagram 6: Community Dictionary - 3)
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(Diagram 7: Community Dictionary - 4)
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(Diagram 8: Community Dictionary - 5)
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(Diagram 9: Community Dictionary - 6)
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(Diagram 10: Community Dictionary - 7)

This same schema could be represented in W3C XML schema as:

<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" elementFormDefault="qualified" attributeFormDefault="unqualified">

<xs:element name="ootao">


<xs:complexType>



<xs:all>




<xs:element name="address" minOccurs="0">





<xs:complexType>






<xs:choice>







<xs:element name="street" maxOccurs="2"/>







<xs:element name="city"/>







<xs:element name="state"/>







<xs:element name="zip"/>






</xs:choice>





</xs:complexType>




</xs:element>




<xs:element name="email" minOccurs="0">





<xs:complexType>






<xs:all>







<xs:element name="name"/>







<xs:element name="domain"/>






</xs:all>





</xs:complexType>




</xs:element>




<xs:element name="phone" minOccurs="0">





<xs:complexType/>




</xs:element>



</xs:all>


</xs:complexType>

</xs:element>
</xs:schema>
The xdi dictionary representation provides a much richer and more extensible descriptive environment.
5 Application Data
5.1 Simple Example

A useful way to think about application data is to imagine instances of your application schema (as defines in the dictionary) laying across the instance level of the graph;


[image: image11]
(Diagram 11: Sample Application)

The xdi service, recognizing ‘@ootao*andy/(@ootao*(+address))/home’ as an instance of ‘@ootao*(+address)’ (because the type is explicit in the xri) must honor the constraints specified in the dictionary for that type. In this case the constraints are;it MUST have links to between 1 and 3 instances of +street, a link to 1 instance of +city, a link to 1 instance of +state and a link to 1 instance of +zip. If the xdi service received a request to set an instance of @ootao*(+address) that didn’t conform to these requirements the request should fail.
If the same authority had 2 instances of address it may look like this;


[image: image12]
(Diagram 12: Sample Application – II)

In this example both instances of the address adhere to the dictionary constraints. Note that both addresses link to the same instance of +state as both addresses are in the same state.

5.2 MEDSI Example

If we look at a slightly more complex example it would look like this:

Here is an abbreviated dictionary space 
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(Diagram 13: Hospital Dictionary)

NOTE: we don’t need to explicitly put the ‘name’ field for the hospital as that is simply the data for the hospital node.

This dictionary defines a hierarchy that depicted as a simple graph would look like this:
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(Diagram 14: Hospital Schema)

In XDI terms you would see this EXACT graph laying down in at the instance level of the graph:


[image: image15]
(Diagram 15:Hospital Application)

The power of this model is that you have a completely unconstrained schema across the instance level. The other cool thing is that you can address the root of the graph; the +hospital instance OR you can jump straight into the schema and address @medsi*france*south/+free.beds and get a free bed count across all hospitals and departments in the area much faster that you could using any conventional XML parsing.

Using this model each hospital could be its own authority or a central authority could be authoritative for multiple hospitals. You could also split the authority for a given hospital without compromising the model:-
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(Diagram 16: Distributed Application)

NOTE: in this graph NOTHING changed at the instance level, we didn’t change the underlying schema. However we made it so that MEDSI is managing its list of hospitals, the hospitals manage their lists of departments and the departments manage their own counts of beds and free beds. (NOTE: this is over simplified because it doesn’t depict the link contracts that must be in place between the authorities but this is logically accurate)

The joy of XDI, you can mix and match between centralized and distributed models from one part of the dataset to the next without effecting the underlying model.

6 Schema Mapping

6.1 Introduction
I have tried to conceive a mapping structure and syntax that can work with ANY legacy system irrespective of the access protocol and native schema. This SHOULD work equally well with vCard, SAP, RDBMS and outlook. 

I am NOT proposing that there is a universal way to access these systems but that we can create a universal way to describe the functional interfaces and bindings. The same way that the XDI Dictionary mirrors W3C XML Schema and RELAXNG , XDI Mapping should mirror standards such as CORBA IDL or OMG IDL.
6.2 RDBMS Example

XDI mapping authorities represent a specific database schema in the legacy system. Rather than mapping to tables I think we need to map to queries as queries are the native access syntax. 

Here is a mapping for an address table:
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(Diagram 17: Sample RDBMS Mapping)

In this example executing an xdi get on

@ootao*crm /+rdbms*query/address
would result in returning the select statement and the linked columns and connection information as an xdi document. According to the xri spec the ‘?’ character is used to query into a dataset. As such to get the ‘city’ column from this query you would address:

@ootao*crm /+rdbms*query/address?city

In this case the ? triggers the xdi service executing the query rather than returning it. When the query is executed the xdi service searches the query string and the connection string for $xri segments these must be found and replaced with the appropriate values extracted from the xri requested. (This makes sense in the context of the following examples).
NOTE: I only included the +columns in the map as a discovery mechanism so that a consuming applications can determine what columns are available via this query. It may be valid to assume that an application has this information already.

6.3 Connecting the Application to the Map

We have seen how to build dictionaries and how they are represented in the application portion of the graph now we need to see how to connect our application data back to a legacy system…. It is very simple; you simply link to the system map instead of having the data as a child at the instance level.
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 (Diagram 18: Sample RDBMS Mapping with Application)

While each of the instance resources link to the same node they are differentiated by the query portion of the link xri. The links from @ootao*andy/+city/city to @ootao*crm/+rdbms*query/address and @ootao*andy/+state/state to @ootao*crm/+rdbms*query/address would look like this:
(@ootao*andy/+city/city)*(@ootao*crm/+rdbms*query/address?city)
(@ootao*andy/+state/state)*(@ootao*crm/+rdbms*query/address?state)
In the case of a +rdbms*query the query string is known to be a comma delimited list of column names. In the case of a map into an XML document the query string may be recognized as an xpath query.
When the sql query is executed the $xri segment is found and replaced by the specified portion of the requested xri. In this example $xri*($authority) is replaced by the $authority section of the complete xri: 
(@ootao*andy/+address/home)*(@ootao*andy/+city/city)*(@ootao*crm/+rdbms*query/address?city) 
so the final query in this case would be:

   select * from adds where id=’@ootao*andy’
Another example may contain a query:

select * from adds where id=’$xri*($authority)’ and type=‘$xri*(+address/$instance)’

this would become:

select * from adds where id=’@ootao*andy’ and type=‘home’

6.4 MEDSI Example

In the MEDSI example we have this relational model:
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(Diagram 19: Sample RDBMS Schema)

If we wanted to map the complete schema into the graph there would be 2 options; one option is to map 2 queries, one for each table and the other option is use one query to ‘flatten’ the tables.  However, we only actually need to get data out of the department table do we only have to map that one table and therefore 1 query.
The query would be:

Select 
beds, free_beds 
from 
department 
where 
department.name=’$xri*(+dept/$instance)’ 
and 
department.hosp_name=’$xri*(+hospital/$instance)’
In the graph you would see it like this:
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(Diagram 20: Sample RDBMS Mapping with Application)

So executing an xdi get on this xri (number of beds in the cardiology department at the central hospital):

@medsi*france*south/+hospital/central * (@medsi*france*south/+depts./depts.) * (@medsi*france*south/+dept/cardiology) * (@medsi*france*south/+beds/cardiology)

Would return a link to the mapping so the you would then execute this xri:

@medsi*france*south/+hospital/central * (@medsi*france*south/+depts./depts.) * (@medsi*france*south/+dept/cardiology) * (@medsi*france*south/+beds/cardiology) * (@france*disaster.responce.system/+rdbms*query/beds?beds)

And this would execute the query after doing the $xri replacements:

Select 
beds, free_beds 
from 
department 
where 
department.name=’cardiology’ 
and 
department.hosp_name=’central’
Finally, because of the ?beds in the xri, the value that is found at the specified xri is the value in the beds column of the queries result set. 
what does the xdi doc that is returned look like in this example?
Data





Instance








Type





Authority





!1D2C, +city, +ville











+dictionary*(+definition)











$data











@isso3166*us











@isso3166*fr











$string











A city is an � HYPERLINK "http://en.wikipedia.org/wiki/Urban" \o "Urban" �urban� � HYPERLINK "http://en.wikipedia.org/wiki/Area" \o "Area" �area�, differentiated from…








Une ville est une � HYPERLINK "http://fr.wikipedia.org/w/index.php?title=Zone_urbaine&action=edit" \o "Zone urbaine" �zone urbaine� étendue et fortement …








$link*1











Authority





Type





Instance








Data





!1D2A, +address














+dictionary*(+definition)











7 free beds


A





@isso3166*us











+city











10 free beds


A





+state











+zip











select * from adds where id=’$xri*($authority)’
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mySQL

















+street











address

















$link*1-2











A name for the � HYPERLINK "http://en.wikipedia.org/wiki/Address_%28geography%29" \o "Address (geography)" �location� of an … organization











A name for the � HYPERLINK "http://en.wikipedia.org/wiki/Address_%28geography%29" \o "Address (geography)" �location� of an …











+street




















+city




















$link*1











+state




















+address




















@ootao*andy




















home




















$link*1-2











+zip











+state











+city











+street











50 beds


A





@isso3166*us











75 beds


A





+dictionary*(+definition)











@ootao*(+address)














Data





Instance








Type





Authority





An SMTP network endpoint.











$link*(1-n)




















Type





Instance








Data





Authority





An phone network endpoint.











$link*1











Type





A city is an � HYPERLINK "http://en.wikipedia.org/wiki/Urban" \o "Urban" �urban� � HYPERLINK "http://en.wikipedia.org/wiki/Area" \o "Area" �area�, differentiated from…








$string




















+domain











+name











+name




















@isso3166*us











paediatrics


A





+dictionary*(+definition)











@ootao*(+email)














Data





Instance








Type





Authority





+depts




















$string*mask*999-999-9999














@isso3166*us











$data











+dictionary*(+definition)











@ootao*(+phone)














Data
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Type





Authority





Instance








Data





!1D2C, +city, +ville











+dictionary*(+definition)











$data











@isso3166*us











@isso3166*fr











$string











Une ville est une � HYPERLINK "http://fr.wikipedia.org/w/index.php?title=Zone_urbaine&action=edit" \o "Zone urbaine" �zone urbaine� étendue et fortement …








$string
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@isso3166*fr











@isso3166*us











$data











+dictionary*(+definition)











!1D2B, +street, +rue














Data
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Type





Authority





@isso3166*fr











@isso3166*us











$data











+dictionary*(+definition)











!1D2B, +zip, +code.postal
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Authority





$string











@isso3166*fr











@isso3166*us











$data











+dictionary*(+definition)











!1D2B, +state, +état
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Type





Authority





+street




















home




















@ootao*(+address)
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+state




















@ootao*andy
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+zip




















1
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1
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+city




















+street




















home




















@ootao*(+address)
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Type





Authority





$data




















$string




















work




















departments


A





cardiology


A





Authority


























$xri




















+name




















$link*(1)




















+hospital
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Type





Authority





$data




















$string




















+beds




















+free.beds




















+dept




















+beds




















$link*(1)




















$data




















+free.beds
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…
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central.hospital


A





+name




















$xri




















50




















75




















+beds




















paediatrics




















cardiology




















7




















10
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jdbc:mysql://localhost/base?user=baseuser&password=secret_password

















jdbc:mysql://localhost/base?user=baseuser&password=secret_password
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central
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+contact.info
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+contact.info
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@medsi*france*south




















Data





Instance








Type





Authority





@central




















@central*cardiology




















@central* paediatrics























+dept




















+free.beds




















+beds




















select * from adds where id=’$xri*($authority)’
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S1




















+rdbms*connection
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state




















+column




















mySQL

















+rdbms*query




















@ootao*crm




















Data
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Type





Authority





zip
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S1
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+rdbms*query




















@ootao*crm




















+rdbms*connection




















?S1




















?S2




















?city




















?state




















?zip




















city




















state




















zip




















cardiology
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depts




















+rdbms*connection




















@france*disaster.responce.system
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