Confidence Information Ontology: design principles

The principles behind the design of the CIO are the following: 
· In the same way that the GO guidelines recommend to provide annotations at the level of each individual evidence, a confidence level might also be assigned to each single evidence, using a basic rating system. 
· When several evidence lines are available relative to an assertion, it is desirable to provide a global summary assertion, taking all evidence into account.
· In that case, it is possible to capture whether evidence lines were congruent or conflicting, and whether they were of a same experimental or computational type. Indeed, assertions supported by multiple evidence lines are more reliable than assertions supported by a single line of evidence; and different experimental or computational methods provide a stronger support for an assertion. 

Ontology structure

The CIO is made of two branches: 
· the confidence information statement branch, that contains the terms to be used by annotators. 
· the confidence information element branch, that contains terms representing the intrinsic properties of the CI statements. CI statements are simply pre-composed using CI elements.

confidence information elements
The CI elements represent the basic components allowing to build CI statements. They are of three types: 
· confidence level terms, representing the level of confidence that can be put in a CI statement.
· evidence concordance terms, allowing to capture whether there are multiple evidence lines available related to an assertion, and whether they are congruent or conflicting. 
· [bookmark: _GoBack]evidence type concordance terms, allowing to capture, when there are several evidence lines available related to a same assertion, whether there are of a same or different experimental or computational types.

confidence information statements
CI statements are composed of at most three CI elements, one of each type. Not all CI statements are associated to the three types, but they are always associated to at least a CI element of type evidence concordance.
· CI statements are related to the evidence concordance terms through the relation has evidence concordance. 
· CI statements are related to the confidence level terms through the relation has confidence level.
· CI statements are related to the evidence type concordance terms through the relation has evidence type concordance.
When an assertion is supported by a single evidence, the related CI statement has a relation has evidence concordance to the evidence concordance term single evidence. It cannot be further associated to any evidence type concordance term.
When an assertion is associated to several evidence lines, the related CI statement has a relation has evidence concordance to a term of type concordance of multiple evidence lines. It must then be associated to one evidence type concordance term.
CI statements that are leaves of the ontology can then be associated to a confidence level term, except if they have a relation has evidence concordance to the term strongly conflicting: in that case, the supported assertion is believed to need further validation, as evidence lines yield different conclusions of similar confidence.

object properties
Five object properties have been created as part of the CIO: 
· has confidence element is the parent object property of all object properties used to link CI statements to CI elements. As there are three types of possible relations to CI elements, and as CI statements can only be linked to at most one of each type, CI statements have at most three relations of type has confidence element.
· has evidence concordance is used to link CI statements to CI elements of type evidence concordance. All CI statements have such a relation. Sub-property of has confidence element.
· has evidence type concordance is used to link CI statements to CI elements of type evidence type concordance. Only CI statements having a relation has evidence concordance to a CI element of type concordance of multiple evidence lines can have such a relation. Sub-property of has confidence element.
· has confidence level is used to link CI statements to CI elements of type confidence level. CI statements having a relation has evidence concordance to a CI element of type strongly conflicting cannot have such a relation. Sub-property of has confidence element.
· provides greater confidence than can only be used between CI elements of type confidence level, to order these terms based on the level of confidence they provide. 

Ontology constraints

Here we describe the axioms used to logically constrain the ontology (using Manchester syntax): 

· To capture the fact that CI statements can have at most three relations of type has confidence element, that they must have exactly one relation of type has evidence concordance, at most one relation of type has evidence type concordance, and at most one relation of type has confidence level, the following EquivalentClasses axiom to confidence information statement has been declared: ('has confidence element' min 1 'confidence information element') and ('has confidence element' max 3 'confidence information element') and ('has evidence concordance' exactly 1 'evidence concordance') and ('has evidence type concordance' min 0 'evidence type concordance') and ('has evidence type concordance' max 1 'evidence type concordance') and ('has confidence level' min 0 'confidence level') and ('has confidence level' max 1 'confidence level')







· CI statements are either supported by a single line of evidence, in which case they cannot have any relation has evidence type concordance, or by multiple lines of evidence, in which case they must have one has evidence type concordance relation. 
· To capture this constraint, the following EquivalentClasses axiom to confidence information statement has been declared, using union of class expressions: (('has evidence concordance' only 'single evidence') and ('has confidence element' min 1 'confidence information element') and ('has confidence element' max 2 'confidence information element') and ('has evidence type concordance' exactly 0 'evidence type concordance') and ('has confidence level' min 0 'confidence level') and ('has confidence level' max 1 'confidence level'))
or (('has evidence concordance' only 'concordance of multiple evidence lines') and ('has confidence element' min 2 'confidence information element') and ('has confidence element' max 3 'confidence information element') and ('has evidence type concordance' exactly 1 'evidence type concordance') and ('has confidence level' min 0 'confidence level') and ('has confidence level' max 1 'confidence level'))




· The fact that CI statements supported by a single line of evidence cannot have any has evidence type concordance relation is redundantly captured by an EquivalentClasses axiom to confidence statement from single evidence 'confidence information statement' and ('has evidence concordance' only 'single evidence') and ('has evidence type concordance' exactly 0 'evidence type concordance')




· The fact that CI statements supported by multiple lines of evidence must have one has evidence type concordance relation is redundantly captured by an EquivalentClasses axiom to confidence statement from multiple evidence lines:'confidence information statement' and ('has evidence concordance' only 'concordance of multiple evidence lines') and ('has evidence type concordance' exactly 1 'evidence type concordance')




· The fact that only CI statements supported by multiple lines of evidence can have a relation of type has evidence type concordance is redundantly captured by the domain axiom of this object property: 'confidence information statement' and ('has evidence concordance' only 'concordance of multiple evidence lines')



· To capture the fact that CI statements with an evidence concordance of type strongly conflicting cannot be associated to a confidence level, the following domain axiom on the object property has confidence level was defined: 'confidence information statement' and ('has evidence concordance' only (not ('strongly conflicting')))




Additionally, the following EquivalentClasses axiom to confidence statement from strongly conflicting evidence lines of same type was defined: 'confidence statement from conflicting evidence lines of same type' and ('has evidence concordance' only 'strongly conflicting') and ('has confidence level' exactly 0 'confidence level')



And to confidence statement from strongly conflicting evidence lines of multiple types: 'confidence statement from conflicting evidence lines of multiple types' and ('has evidence concordance' only 'strongly conflicting') and ('has confidence level' exactly 0 'confidence level')




· Additionally, to constrain the targets and sources of the relations defined: 
· the class expressions defining relations between CI statements and CI elements all use the universal quantification ObjectAllValuesFrom.
· the object property has confidence element has a domain declared as being of the type confidence information statement, and a range declared as being of the type confidence information element.
· the object property has evidence concordance has a domain declared as being of the type confidence information statement, and a range declared as being of the type evidence concordance.
· the object property has evidence type concordance has a range declared as being of the type evidence type concordance; see previous section for its domain declaration.
· the object property has confidence level has a range declared as being of the type confidence level; see previous section for its domain declaration.
· the object property provides greater confidence than has a domain and a range declared as being of the type confidence level.
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