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Semantic signature: A technical definition


Introduction

This paper’s goal is to reduce the approach for semantic signature for registered objects to a purely Information Technology technical approach and problem.  The approach is based on the current architecture of the caDSR  but its implementation would be in the planned datamart and star schema for registered elements. 

Definition

A semantic signature is a list of ordered pairs of {concept codes, concept type codes} associated with an administered metadata object.

Since the order is part of the signature, the representation can be seen as a triplet of values: (Concept code, Concept type, Position)
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For the MDR implementation, the Concept code is a Concept Unique Identifier (CUI code) obtained from the Enterprise Vocabulary System (EVS)
The concept type is a code assigned to the source of the relationship of the concept to the target object.  For example:  Object class primary, Property, etc.

The position value will be determined by the order in the template list for each type of registered object

Each object type may have a different template/ list of concept types.

The assignment of the concept code to a registered object is a pre-condition, not in the scope of this discussion.

Matches on semantic signatures

An exact match on semantic signature implies that the values in the lists of code, code types and position assigned to 2 objects are identical in content.  Any deviation on the match would be the signature of a “like” object, with the rules for likeliness to be defined for each object or even each application or context.

The semantic signature for each object type may have a different set of concept types and a different order of precedence.  However, the set of code types remains the same for all objects of the same type. For example, the composition of a semantic signature for a Value Domain is the same for all value domains in all domains/contexts.

Technical representation and design considerations
Performance and usability
From a purely technical standpoint, the computation of a semantic signature, the search for and the comparison of semantic signatures are reduce to the search and comparison of 2 paired vectors of values or a 3 dimensional array of values (concept type,  concept code and position).  The three technical problems to be solved at the core of the semantic signature designs are:
· Fast searches on exact matches

· Fast searches on partial matches, based on partial list or missing values

· Meaningful presentation and navigation to end users to expand, narrow down searches using any one of the many concept types and concept types combinations.  The presentation may require a couple of prototypes with users hands on.  Note:  These prototypes may be useful for effective search patterns even if semantic signatures are never used or implemented
Additional Coding through Classifications 
If concepts are assigned as classifications scheme items they can be considered optional semantic qualifiers.  These concept codes should also be part of the search facility based on the 2 vectors but are not part of the signature itself. The signature is derived from the enforced structural relationship between the objects of the 11179. 

The vectors of concept codes and concept types for each metadata object type should be expanded by the optional classification type codes.  This expansion would enable a more generic search mechanism and provide a facility to tag objects with more specialized or local codes.

Semantic signatures by object type

The semantic signature of a leaf/reference element in the relational schema model is typically a direct relationship to a concept Type - Code pair.  A table that is an intersect table between 2 or more other elements has a semantic signature that is a concatenation of the parts of the leaf elements.  
Example:  The semantic signature of a data element is the aggregate of the signatures of the Data Element Concept and of the Value Domain, both of which are also composites of leaf elements.  

Concept code mapping

Most administrative components tables are related to the concept components_ext and concept_derivation_ext which in turn is related to the concepts_ext table.  For brevity we will just use the Concept_ext table as a source of concepts. In addition to the explicit relationship with the concept table, an administered component also is part of the overall relational model which enforces parent child relationships.

When there are parent child relationships, an object can inherit the concept from the parent or be semantically identified by the collection of concepts associated with its children.  

The following table represents the relationship model as implemented in the caDSR schema.  The purpose of the table is to identify potential sources of concept codes
	
	Reference Metadata Objects
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Notes
(1)  The conceptual domain and value meaning are connected via an intersect table.  We assume that a conceptual domain signature would not be the collection of its value meaning children concepts.
(2)  The object class preferred name may contain one or more concatenated concept codes. These same concept codes seem to be also represented in the concept components and concept derivation rules tables. This would need to be verified with some analysis of the data.

(3) Administered Components as a table are not used for concept mappings

Acronyms used:

CO
Concepts  via  Components and Concept Derivation Rules

CDR
Concept Derivation Rule

CD
Conceptual Domain

OC
Object Class

PROP
Property

REP
representation 

VD
Value Domain

VM
Value Meaning

CS
Classification scheme

CSI
Classification Scheme Item

DEC
Data Element Concept

DE
Data Element

PV
Permissible Value

AC
Administered Components

A semantic signature may or may not use all possible sources of concepts.  The following table represents the selected relationships by which an element obtains its semantic signature.

	Source of Concepts

\

Metadata Object
	Concepts/

Concept derivation rule
	CD
	Object Class

(Primary,

Secondary,

(iterated)
	Proper-ty
	Represen-

tation
	Parent 
Value

Domain
	Value 
Meaning
	Classification

Scheme Items

(Iterated, optional)

	Conceptual Domain
	
	X
	
	
	
	
	
	

	Object Class
	Via CDR
	
	Name ?

	
	
	
	
	

	Property
	Via CDR
	
	
	
	
	
	
	

	Representation
	Via CDR
	
	
	
	
	
	
	

	Value Meaning
	Via CDR
	
	
	
	
	
	
	

	Classification Scheme Item
	Via CDR
	no
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Parent Value Domain
	
	X
	
	
	
	null
	
	

	Permissible Value
	
	
	
	
	
	
	X
	

	Data Element Concept
	
	X
	X
	X
	
	
	
	

	Value Domain

Enumerated
	
	Not used
	
	
	X
	X or null
	Via All permissible

Values
	

	Value Domain
	
	Not used
	
	
	X
	X
	No
	

	Data Element

(=DEC+VD)
	No direct relationship
	Via DEC
	Via DEC
	Via DEC
	Via VD
	Via VD
	Via VD or null
	

	Classification scheme
	Via CDR
	
	
	
	
	
	
	X


An enumerated value domain is characterized by the collection of all the concepts associated with the permissible values in that value domain (via value meaning)
A value domain may be part of a larger value domain and therefore would inherit the code assigned to the root parent value domain.

The value domain is part of a conceptual domain as is a data element concept.  Only the conceptual domain of the DEC is used

With this table, the specification of a semantic signature is unambiguous and the sematic signature can be implemented in software and a database.
Implementation notes
Design and load

The addition of the semantic signature to a datwarehouse schema is a straightforward schema extension.  A table is created to contain the elements of the signature.  Then the table is loaded by extraction from the various source tables and the vectors are created as rows in a table. 
Usage and potential  issues
The use case for semantic signature may affect the storage and the design.  The appropriate techniques should be used to optimize searches, as the prevailing search patterns will dictate. 

For example:  

If exact matches are a pre-dominant search pattern, a hash key can be computed and stored that will create a unique bit pattern for the semantic signature and the search for exact matches would be based on the indexed hash key.  

The semantic signature can be represented in a single row or could be represented by a series or row, each row containing only a single triplet of (Concept code, Concept Type, Triplet)

It is recommended that the simple model of one row for each signature be implemented first and loaded and some analysis of the data making up the semantic signatures be performed to derive elements of design for the tools for end users.  What searches are worthwhile?  Is the data consistent enough to support usable semantic searches?

Conclusion

By reducing the problem of semantic signature to a small and unambiguous technical specification, a prototype could be built rapidly to evaluate the utility of the semantic signatures.  The reduction to a technical problem allows the developers to find the best techniques to optimize the design of the warehouse schema and design prototypes for optimize searches. The business managers and content managers should evaluate the capabilities of the semantic search engines and the quality of the data before more expensive end users tools are designed and developed.

Questions for Denise
Both DEC and Value Domain have a conceptual domain, we are not using the VD conceptual domain.  By design?
Is the semantic signature dependant in the concept type or simply on the concept codes and their sequence?

I can see where partial searches would need the concept type to allow a user to navigate but to purely identify the same meaning is the concept type needed?  This is something we should analyze in a prototype.
Our Ekagra internal QA reviewer determined that this paper is unreadable due to its specialized nature and the number of acronyms, etc.  So I guess for now the audience should be also specialized? Or I have to write a better background for it.
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