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Abstract.  SemanticDB representsamethodology for building and maintaining ahighly flexible content
management system built around a centralized vocabulary. This vocabulary incorporates aformal seman-
tics (viaacombination of an OWL ontology and SWRL ,RIF,N3 rulesets) for heirarchical document com-
position and an abstract framework for modelling terms in a domain in away that facilitates semi-auto-
mated use of native XML and RDF representations. It relies on avery recent set of technologies (Semantic
Web technol ogies) to automate certain aspects of data entry, structure, storage, display, and retrieval with
minimal intervention by traditional database administrators and computer programmers. A SemanticDB
instance is built around a domain model expressed using a Data Node Model. From the domain model
various XML/RDF management components are generated. The Data Mason takes a domain model and
generates XML schemas, formal ontologies, XSLT transforms, stored queries, XML templates, document
definitions, etc. The ScreenCompiler takes an abstract representation of adata entry form (with references
totermsin adomain model) and generates auser interfacein aparticular host language (currently X Forms)

Introduction

Themodel described hereisthe same described in the Semantic Technol ogy Conference 2006 proceedings
for Automating the Management of a Semi-structured Database [DNM]. It is a semi-structured modelling
language which uses RDF to describe infoset items that participate in functional mappings to RDF. The
functional mappings can beformally defined using GRDDL [GRDDL]. Themodel mapsinformation items
parsed from an XML document with namespace nodes which share a common base URI, to Associative
Box (Abox) membership assertions (i.e., statements such as "item set #23211 is a member of a collection
/ class with the same name)" as well as other assertions about these information items.

The mapping consists of several transformation rules which convert RDF statements made between these
Data Nodes (OWL Classes and OWL Properties), including: contains, "is a specialization of", "inherits
structural constraints'. These statements are converted into Description Logic (OWL-DL) expressions.
Besides class membership assertions, the RDF graphs which are the range of these functional mappings
(GRDDL result graphs) will also include contains relations made between instances of classes. This re-
lation is interpreted as the inverse property ([OWL]) of <http://mww.w3.0rg/2001/04/infoset#parent> as
defined in the RDF Schema for the XML Information Set [[RDFS-INFO]]. These RDF graphs will con-
form to the OWL-DL expressions generated from an instance of the model which represents ontological

commitment within a particular domain (vehicle amanacs, digital library resource management, etc.).
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A variation of the human-readable concrete syntax for Rule Interchange Format BLD (modified to use
compact URIS) is used to describe the semantics which require rule-based dialects for the additional ex-
pressiveness over OWL. Where OWL is sufficient, the Manchester OWL syntax [MANOWL] is used.
The dnode namespace prefix is used when forming compact URIs [CURIE] in the namespace of the Data
Node model.

Macros for Dual Representation Archetypes

The dnode:type property is used to associate an XSD datatype to a leaf node in a directed multigraph of
Data Nodes (an RDF graph of a data node model). These leaf data nodes are interpreted as RDF proper-
ties with the same URI. Depending on the XSD datatype assigned to these leaf nodes, some of them are
interpreted as owl: DatatypeProperties with a pairwise digjoint set of values for their range, each with hu-
man-readabl e string labels. Otherswill be interpreted as simple owl: DatatypeProperties with an rdfs.range
corresponding to the assigned datatype. The former subcategory of leaf nodes can be thought of as Con-
trolled Vocabularies.

cl ass: dnode: Dat aNode

cl ass: dnode: Root Node
Equi val ent To: dnode: Dat aNode and not ( dnode: cont ai ned- by sone dnode: Dat aNode)

cl ass: dnode: Leaf Node
Subd assO : dnode: Dat aNode
(dnode: type mn 1)
not ( dnode: contai ns sone dnode: Dat aNode )

cl ass: dnode: Control | edVocabul ary
Equi val ent To: dnode: Leaf Node and ( dnode:type val ue ow : Dat aRange )

In addition, a single dnode:RootNode is designated as the data node whose members (in an XML in-
stance) will be the root node (or document element) in the corresponding XML instance document. The
dnode:contained-by property is introduced for convenience to emphasize that these data nodes (and their
instances) are true root nodes and cannot be contained by another data node.

There are several rulesinvolving antecedents which include atoms that make use of the contains property
between two (non-leaf) data nodes. These data nodes primarily comprise the backbone of a data node
model. The first rule gives the general interpretation for the use of the contains property:

Forall ?A ?C
And( rdf s: subdl assOf (?A _: uni vRest)

ow : Restriction(_:univRest)
ow : onProperty(_:uni vRest dnode: cont ai ns)
ow : al | Val uesFron( _: uni vRest _:disjd ass)
ow uni onOf (_:di sjd ass _:alist)
ist:menber(_:aList ?Bl1)
[ist:menber(_:aList ?B2)

ist:menber(_:aList ?BN)

:- And(dnode: cont ai ns(?A ?B1)
dnode: cont ai ns(?A ?B2)
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dnode: contai ns(?A ?BN)
dnode: Dat aNode( ?A)
dnode: Dat aNode( ?B1)

dnode: Dat aNode( BN) )
Which can be paraphrased as:

“When used between two datanodes (A and B), the containsrel ationship indi cates that members of thefirst
data node (an OWL class) which appear in a source XML instance document can be related to members
of the second data node (also an OWL class) by the same property in the corresponding faithful RDF
rendition of the source”

The list:member logic function (or built-in) is burrowed here as shorthand notation for constructing an
anonymous class consisting of the boolean disjunction operation applied over each contained data node

The remaining rules deal with the owl:DatatypeProperties. These are either those with XSD datatypes as
their rdfs:range:

Forall ?L ?P ?DT
And(rdf s: subd assO (?P _: Rest)

ow : Restriction(_:Rest)

ow : onProperty(_: Rest ?L)

ow : al | Val uesFrom( _: Rest ?DT)

rdf s: domai n(?L ?P) :- And(dnode:contains(?P ?L)
dnode: Leaf Node( ?L)
dnode: type(?L ?DT)
ow : di sjoint Wt h(?DT ow : Dat aRange))

or pair-wise digoint sets of values (owl:DataRange).

Forall ?L ?P ?DT
And(rdf s: subd assO (?P _: Rest)

ow : Restriction(_:Rest)

ow : onProperty(_: Rest ?L)

ow : al | Val uesFrom(_: Rest ?ENUM

rdf s: domai n(?L ?P) :- And(dnode: contains(?P ?L)
dnode: Control | edVocabul ary(?L)
dnode: enuner at edd assFn(?L ?ENUM )

Thednode:enumeratedClassFn logic function (arity 1) takesthe dnode: ControlledV ocabul ary instance and
returns an anonymous class which corresponds to the value space for the controlled vocabulary.

Finally, two setsof rules(onewhichisburrowed from the set of sematicsassociated with Description Logic
subsumption and attributed to the rdfs:subClassOf property) cover other dual representation modeling
patterns:

Forall ?A ?B ?C
dnode: contai ns(?A ?C) :- And( O (
dnode: i nheritsConstraints(?A ?B)
rdf s: subCl assOf (?A ?B)
)
dnode: Dat aNode( ?P)
dnode: Dat aNode( ?L)
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Need some remark about how inheritsConstraints has weaker semantics than rdfs; subClassOf

Thereis an analogy between how these rules are applied and the way in which Description Logic dialects
(such as OWL) act astemplates for well-defined portions of a much more expressive language. The RDF-
based OWL dialect maps RDF statements to general forms of Description Logic expressions. Data node
model RDF statements about data nodes are mapped to more specific Description Logic expressions. In
particular, these expressions can be interpreted as describing infoset constraints which can be captured
in X Path-based document processing dialects such as XSLT, XPath, XQuery, XProc, etc. By describing
infoset constraintsin tandem with model-theoretic constraints, afully functional mapping from XML doc-
uments to RDF graphs can be provided. In this way an XML / RDF repository can guarantee a closed,
fully-automated, faithful rendition of itsinformation space. Thissetupisreferred to asdual representation.

A Dual Representation Convention for XML-
>RDF

The general pattern or convention setup by theserulesand their interpretation isasfollows. Asan example,
below is a data node model describing 5 data nodes in a data node multigraph.

ex: Root a dnode: Dat aNode;

dnode: cont ai ns ex: NodeA, ex: NodeB, ex: hasFooB.
ex: NodeA a dnode: Dat aNode;

dnode: cont ai ns ex: hasFooA.
ex: hasFooA a dnode: Leaf Node;

dnode: type xsd:string.
ex: NodeB a dnode: Dat aNode.
ex: hasFooB a dnode: Control | edVocabul ary
dnode: type ("val uel" "val ue2" "value3" .. ).

An XML instance documents which conform to a data node mode! will be of the form:

<ex: Root >
<ex: NodeA>
<ex: hasFooA>.. string ..</ex:hasFooA>
</ ex: NodeA>
<ex: NodeB />
<ex: hasFooB>.. string ..</ex:hasFooB>
</ ex: Root >

The corresponding faithful RDF rendition (through the use of a generated XSLT transformation) will be
in the form:

[T a ex:root
dnode: cont ai ns

[ a ex: NodeA ; ex:hasFooA ".. string .." ],
[ a ex: NodeB ].
ex: hasFooB " .. string .. "

The full data node model framework includes an additional mechanism (not covered in this overview)
which allows certain combinations of dnode:contains asserted between members of specific data nodes to
instead be transformed (in the corresponding RDF) into assertions using a specific property instead. This
provides more expressive relations between members of the data nodes besides the contains relationship
whose semanticsis limited to infoset constraint and thus very ambiguous.
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CMS and RESTful Applications
Thisguided modeling of amultigraph of OWL classesand RDF propertiesand the XML -based dial ectsthat
are generated from such amodeling istheway by which Content M anagement Systemswith native support
for the XML and RDF syntax as well as native support for GRDDL-like mechanisms are bootstrapped

with predefined GRDDL transforms, XML schemas, OWL ontologies, and even fully generated X Forms
user interfaces.

Thislast capability (auto-generated screens) is yet another example of how the formally expressed infoset
constraints can be used to facilitate operations on the XML source documents. In particular, a templated
user interface description (which references the data nodes in the corresponding data node model) is pro-
cessed by a script which takes as (additional input) the data node model and generates a fully featured
XForms 1.1 document. The XForms 1.1 document is pre-built to perform user-guided XML operationson
XML instances which make use of the namespace associated with the data node model.

These XML documents are sent back and forth over the wire (in very RESTful fashion) to the underlying
CMS which updates the corresponding faithful rendition of each document with respect to the XSLT
transform. In this way, the first-class representation (the original XML document) becomes the primary
exchange format for data entry, replication, RESTful operations, etc.

The uniformity of the initial XML vocabulary solves the problem of impedance with associating CRUD
user interfaces with RDF graphs directly. The dual representation capability also emphasizes representa-
tion state transfer operations where the entire state of a resource (an XML document in a CMS with a
corresponding faithful RDF rendition) is sent back and forth from the CMSs HTTP server to a remote,
browser-based application. This provides a uniform granularity for other features common inaCMS in-
cluding ACL-based security policy, where access control is delegated at the document / graph level. In
addition, this (to some extent) obviates the need to support a fine-grained update language for manipul at-
ing RDF graphs. Updates to the RDF graph can be made at the coarse-grained level associated with the
HTTP PUT method.
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