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Introduction
In oneM2M Rel-4, semantic reasoning feature is defined. In general, semantic reasoning can be used to analyse RDF data and it is a mechanism to derive implicit facts that are not explicitly expressed in the existing knowledge by leveraging a set of reasoning rules. There are several key concepts that are involved with semantic reasoning: 

1. Existing facts – An existing fact is an already-known knowledge (such as the data/knowledge stored in oneM2M <semanticDescriptor> resources).
2. Reasoning Rules (RR) – A reasoning rule has an IF-THEN construct. When a given rule is applied over the existing facts, if the condition (i.e., the IF part) is true, then the conclusion (the THEN part) also holds. 
3. Inferred facts – The output of a reasoning process, which is the reasoning result derived from the existing facts by applying RR.
This contribution is to introduce a number of new resources for support semantic reasoning and the details include:

· Change #1: A new <reasoningRules> resource and its corresponding CRUD procedures are introduced. A <reasoningRules> resource can be used to store a set of reasoning rules in oneM2M system and it is one of the enablers for realizing the semantic reasoning feature.
· Change #2: A new <ruleRepository> resource and its corresponding CRUD procedures are introduced. A <ruleRepository> resource is a repository to store different sets of reasoning rules for supporting various applications (e.g., a given <reasoningRules> resource is to store a set of reasoning rules for a particular application). In other words, a <ruleRepository> resource can have multiple <reasoningRules> child resources.
· Change #3: A new <reasoningOpExec> virtual resource is introduced and it is a virtual child resource of a <ruleRepository> resource and this resource can be used to initiate an individual semantic reasoning operation as discussed in clause 8.7.4 in TR-0033 (Implementation details for other features defined in clauses 8.7.5 and 8.7.6 will be introduced in future contributions). In particular, this contribution proposes that when an UPDATE operation is sent to the <reasoningOpExec> resource by indicating facts and reasoning rules to be used, the hosting CSE will take those facts and rules as inputs and initiate a semantic reasoning operation, and finally yield the reasoning result.
********   Example of A Reasoning Rule ********

For illustration purpose, below is just an example to show how a reasoning rule looks like in Rule Interchange Format (RIF) format, which is a W3C Recommendation. The following is an example user-defined rule discussed in the hospital facility surveillance use case in clause 8.7.2 of TR-0033:
· Rule-1: IF A is-located-in B && B is-managed-under C, THEN A is-managed-under C
Here, A can be a camera, B can be a room and C can be a management zone of the hospital building (i.e., the rooms in a building can be grouped into different zones for the management purpose, see clause 8.7 for the background information of this use case).

Rule-1 can be written as the following RIF rule (the words in Bold are the key words defined by RIF syntax):
Document (

  Prefix (rdf <http://www.w3.org/1999/02/22-rdf-syntax-ns#>)

  Prefix (rdfs <http://www.w3.org/2000/01/rdf-schema#>)

  Prefix (exA <http://example.com/#>)

  Prefix (exB <http://example.com/#>)

  Group (

    Forall ?Camera ?Room ?MZ (

          If   And (

  ?Camera # exA:Camera 

                       ?Room # exA:Room

                       ?MZ # exB:ManagementZone

                       exA:is-located-in (?Camera ?Room) 

                       exB:is-managed-under (?Room ?MZ) 

      ) 

          Then exB:is-managed-under (?Camera ?MZ)

     )

  )

)

The explanations for the above RIF rule are as follows:

· The above rule basically follows the Abstract Syntax in term of If…Then form. Group is used to delimit, or group together, a set of rules within a RIF document. For practical purposes, it is sufficient to know that the Document operator is generally used at the beginning of a document, followed by a prefix declaration and one or more groups of rules.

· Predicate constants like “is-located-in” cannot be just used 'as is' but need to be disambiguated. In RIF, disambiguation is effected using IRIs, and the general form of a prefix declaration by writing the prefix declaration prefix.
· Similarly, for the variable starting with “?” (e.g., ?Camera), it is also necessary to define which type of instances can be as the input for that variable by using a special sign “#” (which is equal to the predicate “is-type-of” as defined in RDF schema). For example, “?Camera # exA:Camera” means that only the instances of the Class Camera defined in example ontology A can be used as the input for ?Camera variable. 
·  exA:is-located-in (?Camera ?Room) means a pair of ?Camera and ?Room variables need to make the predicate exA:is-located-in hold, i.e., it describes a pre-condition that ?Camera is located in ?Room.
· The above rule contains a conjunction, and in RIF, a conjunction is rewritten in prefix notation, e.g. the binary A and B is written as And(A B).

-----------------------Start of change 1-------------------------------------------
7.3.X
Resource <reasoningRules>
7.3.X.1
Introduction
A semantic reasoning operation is to analyse the existing knowledge/facts (e.g., data/facts stored in a <semanticDescriptor> resource or in a <ontology> resource) in order to derive implicit facts by leveraging a set of semantic reasoning rules. This clause is to introduce <reasoningRules> resource, which is a child resource of the <ruleRepository> resource. A <reasoningRules> resource can be used to store a set of related reasoning rules (e.g. for supporting a particular application). By performing the CRUD operations on the <reasoningRules> resources, various reasoning rules (e.g., user-defined reasoning rules based on business logic) can be created, discovered, retrieved, updated and deleted inside the oneM2M system.

The <reasoningRules> resource contains the child resources specified in table 7.3.X.1-1.
Table 7.3.X.1-1: Child resources of <reasoningRules> resource
	Child Resources of <reasoningRules>
	Child Resource Type
	Multiplicity
	Description
	<reasoningRulesAnnc> Child Resource Types

	[variable]
	<subscription>
	0..n
	See [i.3], clause 9.6.8
	<subscription>


The <reasoningRules> resource above contains the attributes specified in table 7.3.X.1-2.

Table 7.3.X.1-2: Attributes of <reasoningRules> resource 
	Attribute Name
	Multiplicity
	RW/RO/WO
	Description
	<reasoningRulesAnnc> Attributes

	resourceName
	1
	WO
	See clause [i.3], clause 9.6.1.3.
	NA

	parentID
	1
	RO
	See clause [i.3], clause 9.6.1.3.
	NA

	expirationTime
	1
	RW
	See clause [i.3], clause 9.6.1.3.
	NA

	accessControlPolicyIDs
	0..1 (L)
	RW
	See clause [i.3], clause 9.6.1.3.
	NA

	labels
	0..1 (L)
	RW
	See clause [i.3], clause 9.6.1.3.
	MA

	creationTime
	1
	RO
	See clause [i.3], clause 9.6.1.3.
	MA

	lastModifiedTime
	1
	RO
	See clause [i.3], clause 9.6.1.3.
	MA

	announceTo
	0..1 (L)
	RW
	See clause [i.3], clause 9.6.1.3.
	NA

	announcedAttribute
	0..1 (L)
	RW
	See clause [i.3], clause 9.6.1.3.
	NA

	dynamicAuthorizationConsultationIDs
	0..1 (L)
	RW
	See clause [i.3], clause 9.6.1.3.
	OA

	creator
	0..1
	RO
	See clause [i.3], clause 9.6.1.3.
	NA

	ontologyRef
	1
	WO
	A reference (URIs) of the ontologies used to represent the reasoning rules that are stored in the content attribute. 
	OA

	ruleRepresentation
	1
	RW
	Indicates the format of the rules, e.g. Rule Interchange Format (RIF). In this clause, it is assumed that the M2M system adopts RIF in describing reasoning rules, which is W3C Recommendation.
	OA

	content
	1
	RW
	Stores a set of rules. 
	OA


7.3.X.2
<reasoningRules> Procedures

7.3.X.2.1
Create <reasoningRules>

This procedure isbe used for creating a <reasoningRules> resource as described in table 7.3.X.2.1-1.

Table 7.3.X.2.1-1: <reasoningRules> CREATE 
	<reasoningRules> CREATE 

	Associated Reference Point
	Mca, Mcc and Mcc'

	Information in Request message
	All parameters defined in [i.3] table 8.1.2-3 apply with the specific details for:

Content: The resource content provides the information as defined in the resource definition of <reasoningRules> resource.

	Processing at Originator before sending Request
	According to clause 10.1.2 in oneM2M TS-0001 in [i.3].

	Processing at Receiver
	According to clause 10.1.2 in oneM2M TS-0001 in [i.3].

	Information in Response message
	All parameters defined in table 8.1.3-1 in [i.3] apply with the specific details for:

Content: Address of the created <reasoningRules> resource, according to clause 10.1.2 in [i.3].

	Processing at Originator after receiving Response
	According to clause 10.1.2 in oneM2M TS-0001 in [i.3].

	Exceptions
	According to clause 10.1.2 in oneM2M TS-0001 in [i.3].


7.3.X.2.2
Retrieve <reasoningRules>

This procedure is used for retrieving the attributes of a <reasoningRules> resource as described in table 7.3.X.2.2-1.

Table 7.3.X.2.2-1: <reasoningRules> RETRIEVE
	<reasoningRules> RETRIEVE

	Associated Reference Point
	Mca, Mcc and Mcc'.

	Information in Request message
	All parameters defined in table 8.1.2-3 in [i.3] apply.

	Processing at Originator before sending Request
	According to clause 10.1.3 in oneM2M TS-0001 in [i.3].

	Processing at Receiver
	According to clause 10.1.3 in oneM2M TS-0001 in [i.3].

	Information in Response message
	All parameters defined in table 8.1.3-1 in [i.3] apply with the specific details for:

Content: Attributes of the <reasoningRules> resource.

	Processing at Originator after receiving Response
	According to clause 10.1.3 in oneM2M TS-0001 in [i.3].

	Exceptions
	According to clause 10.1.3 in oneM2M TS-0001 in [i.3].


7.3.X.2.3
Update <reasoningRules>

This procedure is used for updating the attributes of a <reasoningRules> resource as described in table 7.3.X.2.3-1.

Table 7.3.X.2.3-1: <reasoningRules> UPDATE
	<reasoningRules> UPDATE

	Associated Reference Point
	Mca, Mcc and Mcc'

	Information in Request message


	All parameters defined in table 8.1.2-3 in [i.3] apply with the specific details for:

Content: Attributes of the <reasoningRules> resource as defined in clause 7.3.X.1 to be updated.

	Processing at Originator before sending Request
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].

	Processing at Receiver
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].

	Information in Response message
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].

	Processing at Originator after receiving Response
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].

	Exceptions
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].


7.3.X.2.4
Delete <reasoningRules>

This procedure is used for deleting a <reasoningRules> resource as described in table 7.3.X.2.4-1.

Table 7.3.X.2.4-1: <reasoningRules> DELETE
	<reasoningRules> DELETE

	Associated Reference Point
	Mca, Mcc and Mcc'

	Information in Request message
	All parameters defined in table 8.1.2-3 in [i.3] apply.

	Processing at Originator before sending Request
	According to clause 10.1.5 in oneM2M TS-0001 in [i.3].

	Processing at Receiver
	According to clause 10.1.5 in oneM2M TS-0001 in [i.3].

	Information in Response message
	According to clause 10.1.5 in oneM2M TS-0001 in [i.3].

	Processing at Originator after receiving Response
	According to clause 10.1.5 in oneM2M TS-0001 in [i.3].

	Exceptions
	According to clause 10.1.5 in oneM2M TS-0001 in [i.3].


-----------------------End of change 1-------------------------------------------
-----------------------Start of change 2-------------------------------------------
7.3.Y
Resource <ruleRepository>
7.3.Y.1
Introduction
An <ruleRepository> resource is a child resource of the <CSEBase> resource. The <ruleRepository> resource may have one or multiple <reasoningRules> child resources to represent different sets of reasoning rules in the oneM2M system. The <ruleRepository> resource has a virtual child resource <reasoningOpExec> as the interface to accept semantic reasoning request(s) from an AE or a CSE, in order to initiate a semantic reasoning operation. 
The <ruleRepository> resource contains the child resources specified in table 7.3.Y.1-1.
Table 7.3.Y.1-1: Child resources of <ruleRepository> resource
	Child Resources of <ruleRepository>
	Child Resource Type
	Multiplicity
	Description
	<ruleRepositoryAnnc> Child Resource Types

	[variable]
	<reasoningRules>
	0..n
	<reasoningRules> resource for describing a set of reasoning rules.
	<reasoningRulesAnnc>

	[variable]
	<subscription>
	0..n
	See [i.3], clause 9.6.8.
	<subscription>

	rpv
	<reasoningOpExec>
	1
	Virtual resource for initiating a semantic reasoning operation.
	None


The <ruleRepository> resource above contains the attributes specified in table 7.3.Y.1-2.

Table 7.3.Y.1-2: Attributes of <ruleRepository> resource 
	Attribute Name
	Multiplicity
	RW/RO/WO
	Description
	<ruleRepositoryAnnc> Attributes

	resourceName
	1
	WO
	See clause [i.3], clause 9.6.1.3.
	NA

	parentID
	1
	RO
	See clause [i.3], clause 9.6.1.3.
	NA

	expirationTime
	1
	RW
	See clause [i.3], clause 9.6.1.3.
	NA

	accessControlPolicyIDs
	0..1 (L)
	RW
	See clause [i.3], clause 9.6.1.3.
	NA

	labels
	0..1 (L)
	RW
	See clause [i.3], clause 9.6.1.3.
	MA

	creationTime
	1
	RO
	See clause [i.3], clause 9.6.1.3.
	MA

	lastModifiedTime
	1
	RO
	See clause [i.3], clause 9.6.1.3.
	MA

	announceTo
	0..1 (L)
	RW
	See clause [i.3], clause 9.6.1.3.
	NA

	announcedAttribute
	0..1 (L)
	RW
	See clause [i.3], clause 9.6.1.3.
	NA

	dynamicAuthorizationConsultationIDs
	0..1 (L)
	RW
	See clause [i.3], clause 9.6.1.3.
	OA

	creator
	0..1
	RO
	See clause [i.3], clause 9.6.1.3.
	NA


7.3.Y.2
<ruleRepository> Procedures

7.3.Y.2.1
Create <ruleRepository>

This procedure is used for creating a <ruleRepository> resource as described in table 7.3.X.2.1-1.

Table 7.3.Y.2.1-1: <ruleRepository> CREATE 
	<ruleRepository> CREATE 

	Associated Reference Point
	Mca, Mcc and Mcc'

	Information in Request message
	All parameters defined in [i.3] table 8.1.2-3 apply with the specific details for:

Content: The resource content provides the information as defined in the resource definition of <ruleRepository> resource.

	Processing at Originator before sending Request
	According to clause 10.1.2 in oneM2M TS-0001 in [i.3].

	Processing at Receiver
	According to clause 10.1.2 in oneM2M TS-0001 in [i.3].

	Information in Response message
	All parameters defined in table 8.1.3-1 in [i.3] apply with the specific details for:

Content: Address of the created <ruleRepository> resource, according to clause 10.1.2 in [i.3].

	Processing at Originator after receiving Response
	According to clause 10.1.2 in oneM2M TS-0001 in [i.3].

	Exceptions
	According to clause 10.1.2 in oneM2M TS-0001 in [i.3].


7.3.Y.2.2
Retrieve <ruleRepository>

This procedure is used for retrieving the attributes of a <ruleRepository> resource as described in table 7.3.Y.2.2-1.

Table 7.3.Y.2.2-1: <ruleRepository> RETRIEVE
	<ruleRepository> RETRIEVE

	Associated Reference Point
	Mca, Mcc and Mcc'.

	Information in Request message
	All parameters defined in table 8.1.2-3 in [i.3] apply.

	Processing at Originator before sending Request
	According to clause 10.1.3 in oneM2M TS-0001 in [i.3].

	Processing at Receiver
	According to clause 10.1.3 in oneM2M TS-0001 in [i.3].

	Information in Response message
	All parameters defined in table 8.1.3-1 in [i.3] apply with the specific details for:

Content: Attributes of the <ruleRepository> resource.

	Processing at Originator after receiving Response
	According to clause 10.1.3 in oneM2M TS-0001 in [i.3].

	Exceptions
	According to clause 10.1.3 in oneM2M TS-0001 in [i.3].


7.3.Y.2.3
Update <ruleRepository>

This procedure is used for updating the attributes of a <ruleRepository> resource as described in table 7.3.Y.2.3-1.

Table 7.3.Y.2.3-1: <ruleRepository> UPDATE
	<ruleRepository> UPDATE

	Associated Reference Point
	Mca, Mcc and Mcc'

	Information in Request message


	All parameters defined in table 8.1.2-3 in [i.3] apply with the specific details for:

Content: Attributes of the <ruleRepository> resource as defined in clause 7.3.Y.1 to be updated.

	Processing at Originator before sending Request
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].

	Processing at Receiver
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].

	Information in Response message
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].

	Processing at Originator after receiving Response
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].

	Exceptions
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].


7.3.Y.2.4
Delete <ruleRepository>

This procedure is used for deleting a <ruleRepository> resource as described in table 7.3.X.2.4-1.

Table 7.3.Y.2.4-1: <ruleRepository> DELETE
	<ruleRepository> DELETE

	Associated Reference Point
	Mca, Mcc and Mcc'

	Information in Request message
	All parameters defined in table 8.1.2-3 in [i.3] apply.

	Processing at Originator before sending Request
	According to clause 10.1.5 in oneM2M TS-0001 in [i.3].

	Processing at Receiver
	According to clause 10.1.5 in oneM2M TS-0001 in [i.3].

	Information in Response message
	According to clause 10.1.5 in oneM2M TS-0001 in [i.3].

	Processing at Originator after receiving Response
	According to clause 10.1.5 in oneM2M TS-0001 in [i.3].

	Exceptions
	According to clause 10.1.5 in oneM2M TS-0001 in [i.3].


-----------------------End of change 2-------------------------------------------
-----------------------Start of change 3-------------------------------------------
7.3.Z
Resource <reasoningOpExec>
7.3.Z.1
Introduction
<reasoningOpExec> is a virtual resource because it does not have a representation. It is the child resource of a <ruleRepository> resource. When an UPDATE operation is sent to the <reasoningOpExec> resource by indicating facts (e.g. data/facts stored in a <semanticDescriptor> resource or in a <ontology> resource) and reasoning rules (e.g., rules stored in <reasoningRules> resources) to be used, the hosting CSE will take those facts and rules as inputs and initiate a semantic reasoning operation, and finally yield the reasoning result. 
7.3.Z.2
<reasoningOpExec> Procedures

7.3.Z.2.1
Create <reasoningOpExec>

The <reasoningOpExec> resource is created when the parent <ruleRepository> resource is created by the hosting CSE.

7.3.Z.2.2
Retrieve <reasoningOpExec>

The Retrieve operation is not applicable for <reasoningOpExec>.
7.3.Z.2.3
Update <reasoningOpExec>

This procedure is used for updating the attributes of a <ruleRepository> resource as described in table 7.3.Z.2.3-1.

Table 7.3.Z.2.3-1: <reasoningOpExec> UPDATE
	<reasoningOpExec> UPDATE

	Associated Reference Point
	Mca, Mcc and Mcc'

	Information in Request message


	All parameters defined in [i.3] table 8.1.2-3 apply with the specific details for:

Content: The content contains a list of ResouceIDs of resources storing facts (such as <semanticDescriptor>, <ontology> or any other sematic data related resources) and the reasoning rules (such as <reasoningRules> resources) to be used. 

	Processing at Originator before sending Request
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].

	Processing at Receiver
	Editor’s Note: The following procedure is to support the processing of initiating an individual semantic reasoning operation. 

The Receiver follows the basic procedure according to clause 10.1.4 in oneM2M TS-0001 [i.3], with the following specific details:
1. The receiver first retrieves the facts from the resources referred by the  resource IDs included in the Content parameter of the request messages sent from Originator. For example, 
· If a referred resource is a <semanticDescriptor> resource, the RDF triples included in the descriptor attribute will be collected.
· If a referred resource is a <ontology> resource, the data included in the ontologyContent attribute will be collected.

2. The receiver collects all the related reasoning rules from the resources referred by the resourceIDs included in the Content parameter of the request messages sent from Originator. For example, 
· If a referred resource is a <reasoningRules> resource, the rules included in the ruleRepresentation attribute will be collected.

3. The receiver includes the retrieved facts and rules from the previous steps, as well as optional facts/rules based on local policies, as inputs for the semantic reasoning operation. The receiver performs a semantic reasoning operation using these inputs and produces the reasoning result. 


	Information in Response message
	All parameters defined in Table 8.1.3-1 in oneM2M TS-0001 [i.3] apply with the specific details for:

Content: The semantic reasoning result yielded by the Receiver.

	Processing at Originator after receiving Response
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].

	Exceptions
	According to clause 10.1.4 in oneM2M TS-0001 in [i.3].


Editor’s Note: It is FFS how the format of the reasoning result may be specified by the Originator.
7.3.Z.2.4
Delete <reasoningOpExec>

The <reasoningOpExec> resource is deleted only when the parent <ruleRepository> resource is deleted by the hosting CSE. The delete operation is not applicable when targeting <reasoningOpExec> directly.
-----------------------End of change 3-------------------------------------------
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