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Introduction
The Semantic Reasoning Function (SRF) was proposed for Rel. 4 during TP 34, and the high-level description of SRF was presented in clause 8.7.3 TR-00033.
This contribution brings the next level of details regarding to one of the features of SRF, i.e, how to enable oneM2M users to directly interact with SRF in order to trigger an individual semantic reasoning process. 
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8.7.4	Triggering An Individual Semantic Reasoning Process
This clause introduces the detailed descriptions on how to enable an individual semantic reasoning process. 
8.7.4.1	Logical role definitions
When executing a specific semantic reasoning process A, it will be involved with the following aspects:
· Who is the initiator to trigger this specific reasoning process A?
· Who has the reasoning capability for conducting the reasoning processing?
· What are the input Fact Set (FS) and Rule Set (RS) to be used as the inputs for this reasoning process A?
· Where are those input FS and RS stored?
Accordingly, the following “logical roles” are defined in order to describe the roles of the entities that are involved in a specific semantic reasoning process:
· Fact Host (FH) or Rule Host (RH): Since oneM2M is a resource-oriented system, in general a FS or a RS is represented as oneM2M resource and hosted by a CSE. Accordingly, it is defined that a CSE has the role of FH (or RH) if this CSE hosts a FS (or a RS), respectively. It is possible that a given CSE can act as a FH as well as a RH if this CSE hosts both FS and RS related resources. 
· Semantic Reasoner (SR): If a CSE has the semantic reasoning capability, such a CSE can act as a SR. 
· Reasoning Initiator (RI): An originator acts as a RI (e.g., a CSE or a AE) if it sends a request to a SR for triggering a specific reasoning process.

8.7.4.2	Procedure for triggering an individual semantic reasoning process
Figure 8.7.4.2-1 illustrates the procedure for triggering an individual semantic reasoning process. The procedure can be used in the scenario e.g.: a RI has identified some interested FS and RS and would like to initiate a reasoning process at a SR in order to discover some new knowledge.  For easy illustration, in Figure 8.7.4.2-1, the logical roles as defined in clause 8.7.4.1 are taken by different entities. The following steps are performed:
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Figure 8.7.4.2-1: Procedure for Triggering an Individual Semantic Reasoning Process
Pre-condition: Through resource discovery, RI-1 has identified an interested FS-1 on FH-1 (this FS is denoted as “initial inputFS”) and RS-1 on RH-1 (this RS is denoted as “initial RS”). 
Step 1:  RI-1 intends to use FS-1 and RS-1 as inputs to trigger a reasoning process at SR-1 for discovering new knowledge. 
Step 2: RI-1 sends a semantic reasoning request to SR-1, along with the information about FS-1 and RS-1 (e.g. their URIs). 
Step 3: Based on the information sent from RI-1, SR-1 retrieves FS-1 from FH-1 and RS-1 from RH-1, respectively.
Step 4:  In addition to the inputs provided by RI-1, optionally SR-1 may also decide whether additional FS and/or RS can be used. This may happen when the initial inputFS as identified by RI-1 also has reference/link to other related facts. For example, if FS-1 is a <semanticDescriptor-A> resource, the related ontology definition as referenced by the “ontologyRef” attribute of this <semanticDescriptor-A> resource may also be needed by SR-1 as another piece of input FS for this reasoning process. In other words, such ontology definition is an “additional inputFS, besides the initial FS-1 as identified by RI-1.  
In general, SR-1 can be locally configured in order to decide which additional FS and RS can be utilized in a given semantic reasoning process. For example, SR-1 can be configured such that as long as it detects that certain key words (such as certain ontology terms/concepts/predicates) appear in the initial inputFS and/or RS, it could further retrieve additional FS and RS as further inputs if needed. For example, a SR-1 can keep a local configuration table to record a list of key words and each key word is associated with a number of related FSs and RSs. Accordingly, for any key word appeared in the initial inputFS and/or in RS, SR-1 shall check its local configurations to find out the associated FSs and RSs of this key word. Those associated FSs and RSs may be further added as additional FSs and RSs for this reasoning process.  
Step 5:  SR-1 retrieves an additional FS (i.e., FS-2) from FH-2 and an additional RS (i.e., RS-2) from RH-2. 
Step 6:  With all the FS and RS (i.e., those initial ones identified by RI-1 and additional ones further added by SR-1), SR-1 executes a reasoning operation and yields the reasoning result (i.e., inferredFS). 
Step 7: SR-1 sends the inferredFS back to RI-1.

8.7.4.3	Examples usage of procedure for triggering an individual semantic reasoning process
In this clause, two real examples show how the procedure introduced in clause 8.7.4.2 can be used in different scenarios (the steps shown below are as same as the steps shown in Figure 8.7.4.2-1).
· Example 1. In the hospital facility surveillance use case as introduced in clause 8.7.2.1, an external User-1 (e.g., city police department) intends to identify which cameras are equipped with backup power. Accordingly, User-1 plans to utilize semantic reasoning mechanism for this purpose (In other words, User-1 now acts as a RI in this example).
It is assumed that User-1 has identified two cameras (e.g., Camera-11, Camera-22) and the available semantic annotations for those two cameras (represented by oneM2M AE resources) include the following two facts (which will be the initial inputFS for the reasoning process):
· RDF Triple #1 (as Fact-1): Camera-11   hasBrandName   XYZ
· RDF Triple #2 (as Fact-2): Camera-22  is-located-in    Building-1

User-1 also identified a semantic reasoning Rule-1 (which is the initial RS), which can be used to infer whether a given camera has backup power if such an information is not explicitly described in the original semantic annotation:
· Rule-1: IF A hasBrandName “XYZ”, THEN A isEquippedWith BackupPower

The Rule-1 basically describes a domain knowledge that holds in the real world, i.e., if a given device has the brand name of “XYZ”, then it is known that this device has the backup power since this is a default feature of the products of the “XYZ” brand.  
Step 1:  User-1 intends to use a FS (including Fact-1 and Fact-2) and a RS (including Rule-1) as inputs to trigger a reasoning process at SR-1 in order to infer whether Camera-11 and Camera-22 have backup power. 
Step 2: User-1 sends a reasoning request to SR-1, along with the information about the storing locations of Fact-1, Fact-2, and Rule-1. 
Step 3: Based on the information sent from User-1, SR-1 retrieves Fact-1, Fact-2, and Rule-1.
Step 4:  In addition to the inputs provided by User-1, optionally SR-1 may also decide whether additional FS and/or RS can be used. For example, when SR-1 receives Fact-2, it detects that “Building-1” appears in Fact-2 (i.e., “Building-1” is an interested key word for SR-1), then SR-1 may choose to add additional facts about Building-1, such as Fact-3 shown below:

· Fact-3:  Building-1  isEquippedWith   BackupPower

By further checking Fact-3, SR-1 finds another key word, i.e., the predicate “isEquippedWith” appears in Fact-3, which triggers SR-1 to further add an additional rule (i.e., Rule-2 shown below):
· Rule-2: IF A is-located-in B && B isEquippedWith BackupPower, THEN A isEquippedWith BackupPower

Step 5:  SR-1 retrieves the additional FS (i.e., Fact-3) and the additional RS (i.e., Rule-2) based on their storing locations as recorded in the local configurations of SR-1. 
Step 6:  With all the input FS and RS, SR-1 will execute a reasoning operation and yield the reasoning result. 
For example, with only Fact-1, Fact-2 and Rule-1, SR-1 can only yield one piece of new fact:
· Inferred Fact-1: Camera-11 isEquippedWith  BackupPower

However, with Fact-2 plus the additional Fact-3 and Rule-2, SR-1 can yield one more piece of new fact:
· Inferred Fact-2: Camera-22  isEquippedWith  BackupPower

Those two inferred facts (i.e., Inferred Fact-1 and Inferred Fact-2) will be the semantic result, i.e., inferredFS.
Step 7: SR-1 sends the reasoning result back to User-1. With this information, User-1 will know that both Camera-11 and Camera-22 have backup power.

· Example 2. This example further shows that how the semantic reasoning can be leveraged during a semantic annotation process. 
Assuming that Camera-11 (as a oneM2M AE) is already deployed in a room and the owner of Camera-11 also wants to add some semantic annotations to the corresponding <Camera-11> AE resource. However, the owner only has the limited knowledge in mind, which is described by the following Fact-1:
· Fact-1: Camera-11 is-a ontologyA:VideoCamera (where “VideoCamera” is a class defined by ontology A)

In this example, the owner may not even know which reasoning rule can be used due to its limited knowledge scope.
Step 1:  The owner of Camera-11 intends to use Fact-1 as inputs to trigger a reasoning operation at SR-1 for identifying whether more semantic annotations can be added to <Camera-11> resource. 
Step 2: The owner (which acts as a RI now) sends a reasoning request to SR-1, along with the Fact-1. 
Step 3: This step is not needed in this example since the owner already sent Fact-1 to SR-1 during Step 2.
Step 4:  SR-1 finds that “OntologyA” appears in Fact-1, then SR-1 decides to retrieve the definition of Ontology A as an additional inputFS, which includes a fact describing a class mapping relationship between two concepts in Ontology A and Ontology B, i.e.:

· Fact-2: ontologyA:VideoCamera  is-same-as ontologyB:VideoRecorder

In the meantime, SR-1 further decides that the following Rule-1 can be utilized for a reasoning process:

· Rule-1: IF A is-a B && B is-same-as C, THEN A is-a C

Step 5:  SR-1 retrieves an additional FS (i.e., Fact-2) and a RS (i.e., Rule-1) from their storing locations respectively. 
Step 6:  With all the input FS and RS, SR-1 will execute a reasoning process and yield the reasoning result. For example, with Fact-1, Fact-2 and Rule-1, SR-1 can yield the following new fact:
· Inferred Fact-1: Camera-11 is-a ontologyB:VideoRecorder

Step 7: SR-1 sends the reasoning result back to User-1. Now, in additional to the original Fact-1, the Inferred Fact-1 can also be added as the semantic annotations of <Camera-11>, which can facilitate the future semantic resource discovery on this resource.
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Step 2: RI-1 sends a reasoning request to SR-1, along with the information about FS-1 and RS-1.
Step 7: SR-1 send back the reasoning result to RI-1.
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Step 1:  RI-1 intends to use FS-1 and RS-1 as inputs to trigger a reasoning process at SR-1.
Step 4:  SR-1 may also decide whether additional FS and/or RS can be utilized.
Step 5:  SR-1 retrieves an additional FS-2 from FH-2 and/or an additional RS-2 from RH-2.
Step 6:  With all the input FS and RS, SR-1 executes a reasoning process and yields the reasoning result.
Pre-condition: RI-1 has identified FS-1 on FH-1 and RS-1 on RH-1 through oneM2M resource discovery.
Step 3:  SR-1 retrieves FS-1 from FH-1 and RS-1 from RH-1 respectively.
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