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Introduction
This CR provides the solution of semantic query and discovery based on ontology mapping result according to requirement ONT-018 in TS-0002. The supporting use cases can be found in TR-0001 clause 12.25.

	Requirement ID
	Description
	Release

	ONT-018
See REQ-2018-0057R01
	The oneM2M system shall support semantic query and discovery across heterogeneous ontologies including support of automatic ontology mapping and semantic reasoning.
	4


-----------------------Start of change 1-------------------------------------------
8.12
Ontology mapping

8.12.x
Semantic query / discovery based on the ontology mapping result
8.12.x.1 Introduction

Semantic query and semantic discovery operations can be enhanced by leveraging the ontology mapping result stored in the <ontologyMapping> resource, so that an application which understands only Ontology-A can get the resulting content or resource described in Ontology-B. 

There are two approaches to implement this feature: 1) by converting the query statement according to the <ontologyMapping> resource, 2) by converting the target resources according to the <ontologyMapping> resource. 
Both approaches require the extension of an optional request parameter - Ontology Mapping Resources, which contains a list of resource identifiers of existing <ontologyMapping> resources that are used as the base of converting the query statement or the target resources into their equivalents.
The following two clauses describes the detailed procedures of the proposed two approaches using the example ontology mapping result in clause 8.12.2. 

Note that there is no difference between the semantic query operation and the semantic discovery operation in terms of applying the feature of ontology mapping in addition to the respective original procedures. So the following procedures combine the two operations in to one message flow.
8.12.x.2 Solution 1: Converting the semantic query statement using the ontology mapping result
This procedure is used for performing a semantic query/discovery procedure with enhancement of ontology mapping by covering the query statement into the equivalent one. 
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Figure 8.12.x.2-1: The semantic query/ discovery procedure with ontology mapping by covering the query statement
The detailed message flow is depicted in Figure 8.12.x.2-1 and explained as follows:

1. The hosting CSE (e.g. an oneM2M platform) receives a semantic query/ discovery request from an Originator (e.g. an oneM2M application). The request carries a semanticsFilter request parameter that contains the original query statement described in Ontology-A, as well as an Ontology Mapping Resources request parameter that contains the resource identifiers of one or multiple <ontologyMapping> resources. 
Note that the originator may or may not be the one who created the <ontologyMapping> resources. The use of the <ontologyMapping> resources is subject to the associated access control policy against the originator. 
For example, the original query statement may be:

SELECT ?device 

WHERE { 

?device rdf:type Ontology-A:LightSensor.

}
2. The hosting CSE locates the <ontologyMapping> resources according to the resource identifiers in the Ontology Mapping Resources request parameter, and retrieves the mapping results between Ontology-A and Ontology-B from the mappingResult attribute of the <ontologyMapping> resources. 
For example, the mappingResult may contain the following triple (mapping relationship):
Ontology-A:LightSensor  owl:equivalentClass Ontology-B:Light_Sensor
3. The hosting CSE performs the semantic query/ discovery upon the target resources which reference Ontology-A and Ontology-B, according to the ontology mapping result and the original query statement. This step comprise the following sub-steps:
a) The hosting CSE determines the equivalent query statement described in Ontology-B by converting from the original query statement described in Ontology-A, according to the ontology mapping result between Ontology-A and Ontology-B. This is done by replacing all the ontology class and properties of Ontology-A in the query statement with the corresponding equivalents of Ontology-B. 
According to the examples above, the equivalent query statement becomes:

SELECT ?device
WHERE { 

?device rdf:type Ontology-B:Light_Sensor.

}
b) The hosting CSE performs the semantic query/ discovery procedure upon the target resources that reference Ontology-A using the original query statement, and collects the first query/ discovery result. 

For example, a <container-x> resource may have a <semanticDescriptor> child resource that references Ontology-A (by the ontologyRef attribute) and contains the following triple that matches the original query statement:

dev-x rdf:type Ontology-A:LightSensor.

c) The hosting CSE performs the semantic query/ discovery procedure upon the target resources that reference Ontology-B using the equivalent query statement, and collects the second query/ discovery result. 

For example, a <container-y> resource may have a <semanticDescriptor> child resource that references Ontology-B (by the ontologyRef attribute) and contains the following triple that matches the original query statement:

dev-y rdf:type Ontology-B:Light_Sensor.
4. The hosting CSE combines the query/ discovery results from both step 3b and step 3c, and return the combined results to the originator. 

For example, in the case of semantic query, the results are the IRIs of dev-x and dev-y. In the case of semantic resource discovery, the results are the resource identifiers of <container-x> and <container-y>.
8.12.x.3 Solution 2: Converting the target resources using the ontology mapping result

This procedure is used for performing a semantic query/discovery procedure with enhancement of ontology mapping by covering the target resources into the equivalent ones. The only difference is in step 3 comparing to clause 8.12.x.2.
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Figure 8.12.x.3-1: The semantic query/ discovery procedure with ontology mapping by covering the target resources
The detailed message flow is depicted in Figure 8.12.x.3-1 and explained as follows:

1. The same as step 1 in clause 8.12.x.2. 
2. The same as step 2 in clause 8.12.x.2.
3. The hosting CSE performs the semantic query/ discovery upon the target resources which reference either Ontology-A or Ontology-B according to the ontology mapping result and the original query statement. This step comprise the following sub-steps:

a) The hosting CSE determines the equivalent semantic description in Ontology-A for the target resources which reference Ontology-B by converting from the original semantic description in Ontology-B, according to the ontology mapping result between Ontology-A and Ontology-B. This is done by replacing all the ontology class and properties of Ontology-B in the related <semanticDescriptor> resources of the target resources into the equivalents of Ontology-A.
For example, a <container-y> resource may have a <semanticDescriptor> child resource that references Ontology-B (by the ontologyRef attribute) and contains the following triple:

dev-y rdf:type Ontology-B:Light_Sensor.
This triple is then converted into the equivalent in Ontology-A as follows:
dev-y rdf:type Ontology-A:LightSensor.
b) The hosting CSE performs the semantic query/ discovery procedure upon the target resources that reference Ontology-A using the original query statement, and collects the first query/ discovery result. 

For example, a <container-x> resource may have a <semanticDescriptor> child resource that references Ontology-A (by the ontologyRef attribute) and contains the following triples that match the original query statement:

dev-x rdf:type Ontology-A:LightSensor.

c) The hosting CSE performs the semantic query/ discovery procedure upon the target resources that reference Ontology-B using the original query statement and the equivalent semantic description, and collects the second query/ discovery result. 

Note the converted equivalent semantic description in step 3a should match the original query statement.
4. The same as step 4 in clause 8.12.x.2.
-----------------------End of change 1-------------------------------------------
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