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Introduction
This CR provides a few solutions of automatic ontology mapping according to requirement ONT-018 in TS-0002. The supporting use cases can be found in TR-0001 clause 12.23.

	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


8.12.3
<ontologyMappingAlgorithm> procedure
Ontology mapping algorithms are represented as <ontologyMappingAlgorithm> resources under an <ontologyMappingAlgorithmRepository> resource. They can be added, updated, retrieved and deleted by the CRUD operation against a <ontologyMappingAlgorithm> resource. There is no resource-specific process to be defined.
-----------------------Start of change 1-------------------------------------------
In this clause, several potential solutions are specified for the automatic ontology mapping process, and each of them has their own methodology, which are discussed in details. Each ontology mapping algorithm is indicated as an <ontologyMappingAlgorithm> resource. A collection of ontology mapping algorithms is contained in an <ontologyMappingAlgorithmRepository> resource for individual ontology mapping tasks to select. The hosting CSE can retrieve the used <mappingAlgorithm> resources locally or from a remote <ontologyMappingAlgorithm> hosting CSE by the mappingAlgorithmLinks attribute. Accordingly, the resulted mapping relationships between the source and target ontologies are stored in the hosting CSE as an <ontologyMapping> resource.
8.12.3.1
Procedure for initiating an linguistic-feature extraction algorithm 
Solution-1: In this alternative solution, the mapping relationships between the source ontology (Ontology-A) and the target ontology (Ontology-B) are discovered by measuring the edit distance between names of two entities belonging to two ontologies. Informally, the Levenshtein distance between two words is the minimum number of single-character edits (insertions, deletions or substitutions) required to change one word into the other. For example, the Levenshtein distance between “kitten” and “sitting” is 3. The similarity between two concepts (a and b) can be represented by the edit distance, i.e. sim(a,b) = 1- LD(a,b)/max(|a|,|b|), where LD is the Levenshtein distance function, |a| is the string length function. The following steps are performed for discovering mapping relationships between two ontologies by edit distance:
Step 1: The hosting CSE gets all entities (classes and object | data properties) of the source <ontology> resource (Ontology-A).
Step 2: The hosting CSE gets all entities (classes and object | data properties) of the target <ontology> resource (Ontology-B).
Step 3: The hosting CSE calculates the Levenshtein distances (LD) between names of two entities with same types (class to class, object property to object property, data property to data property) of Ontology-A and Ontology-B, and values from 0 to 1 are assigned for each pair of entities. For example:
· There is no edit operation from “Thing” to  “Thing”, and  LD(“Thing”, “Thing”) = 0,  sim(“Thing”, “Thing”) =1 ;

· There is one deletion of "s" from “Devices” to “Device”, and LD(“Devices”, “Device”) = 1, sim(“Devices”, “Device”) =0.83 ;

· There is one insertion of "_" from “LightSensor” to “Light_Sensor”, LD(“LightSensor”, “Light_Sensor”) =1, sim(“LightSensor”, “Light_Sensor”) = 0.91.

Step 4: The hosting CSE sets a mapping threshold and filter entity mappings with an editi distance exceeding the set threshold.

Step 5: The hosting CSE extracts an optimal subset from the  set of mappings in Step 4 with one-to-one cardinality by using Maximum Bipartite Matching (MBP) algorithms, e.g. Maximal flow algorithm, Hungarian algorithm, etc.
Step 6: The hosting CSE stores the resulted mapping relationships in the <ontologyMapping> resource.

8.12.3.2
Procedure for initiating an external resource acquisition algorithm 
Solution-1: In this alternative solution, the mapping relationships between the source ontology (Ontology-A) and the target ontology (Ontology-B) are discovered by measuring the semantic similarity between names of two entities belonging to two ontologies based on WordNet. WordNet is a lexicon organizing the words into sets of synonyms called synsets, each synset expressing a distinct sense. If a word is a polyseme, it will be assigned to multiple synsets.  The similarity between a pair of concepts can be measured by computing the maximal semantic similarity of their corresponding  word senses .The similarity between two word senses are computed based on the shortest path that connects the senses in the hypernym/hyponym taxonomy, i.e. sim(synset1, synset2) = 1.0/ (length_of_shortest_path (synset1, synset2)+ 1). The following steps are performed for discovering mapping relationships between two ontologies by WordNet:
Step 1: The hosting CSE gets all entities (classes and object | data properties) of the source <ontology> resource (Ontology-A).
Step 2: The hosting CSE gets all entities (classes and object | data properties) of the target <ontology> resource (Ontology-B).
Step 3: The hosting CSE calculates the semantic similarity between names of two entities of Ontology-A and Ontology-B based on WordNet, and values from 0 to 1 are assigned for each pair of entities. For example, computing the similarity of Ontology-A:Switch_off and  Ontology-B:Turn_off  may include the following steps:

1) Get all synsets of “switch_off”, i.e., synsets(“switch_off”) = [switch_off.v.01];

2) Get all synsets of “turn_off”, i.e., synsets( “turn_off”)  = [switch_off.v.01, turn_off.v.02, turn_off.v.03];

3) Compute the similarity between two synsets belonging to different  words , i.e., sim(switch_off.v.01, switch_off.v.01)=1.0; sim(switch_off.v.01, turn_off.v.02)=0.125; sim(switch_off.v.01, turn_off.v.03)=0.125;

4) Take the maximum synset similarity as the similarity between two words, i.e., sim(“switch_off”, “turn_off”) = max(1.0, 0.125, 0.125) = 1.0.

Step 4: The hosting CSE set a mapping threshold and filter entity mappings with a similarity exceeding the set threshold.

Step 5: The hosting CSE  extracts an optimal subset from the set of mappings in Step 4 with one-to-one cardinality by using Maximum Bipartite Matching (MBP) algorithms, e.g. Maximal flow algorithm, Hungarian algorithm, etc.
Step 6: The hosting CSE stores the resulted mapping relationships in the <ontologyMapping> resource.

8.12.3.3
Procedure for initiating a word-embeddings-based ontology mapping algorithm 

In this alternative solution, the mapping relationships between the source ontology (Ontology-A) and the target ontology (Ontology-B) are discovered by measuring the semantic similarity between names of two entities belonging to two ontologies based on word embeddings. The word embedding techniques (e.g. word2vec, Glove, etc.) map each word to a low-dimensional real-valued vector. Word embeddings are learned from large text corpus (e.g. Wikipedia) by neural networks. The semantic similarity between two words can be measured by the cosine distance of their corresponding vectors. The following steps are performed for discovering mapping relationships between two ontologies by word embeddings:
Step 1: The hosting CSE gets all entities (classes and object | data properties) of the source <ontology> resource (Ontology-A).
Step 2: The hosting CSE gets all entities (classes and object | data properties) of the target <ontology> resource (Ontology-B).
Step 3: The hosting CSE calculates the semantic similarity between names of two entities with same types (class to class, object property to object property, data property to data property) of Ontology-A and Ontology-B using word vectors, and values from 0 to 1 are assigned for each pair of entities. For example, computing the similarity of Ontology-A: Devices and  Ontology-B: Device  may include the following steps:
1) Load the pre-trained word embedding model M;

2) Get the word vector of “Devices” from M, i.e., M[“Devices”];

3) Get the word vector of “Device” from M, i.e., M[“Device”];

4) Take the cosine distance of M[“Devices”] and M[“Device”] as the similarity between “Devices” and “Device”.

Step 4: The hosting CSE sets a mapping threshold and filter entity mappings with a similarity exceeding the set threshold.
Step 5: The hosting CSE extracts an optimal subset from the set of mappings in Step 4 with one-to-one cardinality using Maximum Bipartite Matching (MBP) algorithms, e.g. Maximal flow algorithm, Hungarian algorithm, etc.
Step 6: The hosting CSE stores the resulted mapping relationships in the <ontologyMapping> resource.
-----------------------End of change 1-------------------------------------------
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