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Introduction
This contribution is containing Gap Analysis of existing ontology model in smart city domain. 

Please find details below. 
Change 1 contains the examples refered in the specified clauses.
Change 2 contains the examples added in Annex A.1 and A.2.
-----------------------Start of change 1-------------------------------------------
6.3
Gap analysis of SAREF ontologies
This clause provides the detailed analysis of the gaps highlighted in SAREF ontologies considering the smart city domain. Some concepts which are relevant in smart city domain, are not included as part of SAREF4City ontology, however, are defined in SAREF ontology. Therefore, those concept definitions have been considered for the evaluation. The discussion is organised into point-based highlighted gaps and categorized according to the general evaluation criteria defined in clause 6.2.1.

Editor’s note: Examples involved for the respective points are specified in red color.
6.3.1
      Gap analysis based on completeness
· The class saref:Service is defined as “a representation of a function to a network that makes the function discoverable, registerable, remotely controllable by other devices in the network”. Here, the class covers only some part of computing aspect. There can be other services such as; the ones which are provided as a commodity. Also, in computing concept, there can be other services, which may not consider device aspects, for example, data management and analysis, data security, task monitoring and management, etc. Hence, the other aspects of services are not available, which may cover possible smart city concept representation.
6.3.2
      Gap analysis based on adaptability
· SAREF provides relations with external ontology concept representations, which promotes reusability of existing ontologies. However, it lack the structure supporting taxonomy as well as open-ended ontology design process. See example 1 in Annex A.1 for further details. 
· The classes saref:FunctionRelated and saref:BuildingRelated though demonstrate a valid taxonomy, they may not be optimized in terms of usage and concept representations. For example, there will be many cases where a single device will be performing many functions, therefore it will be difficult to create concise assertions for them, using the current taxanomy. 

· The axiom ‘saref:DoorSwitch subClassOf( saref:consists of someValuesFrom saref:Switch )’ may lead to inconsistent taxanomy or unsatifiable assertions due to the existence of axiom: ‘saref:DoorSwitch subClassOf saref:Switch’.

6.3.3
      Gap analysis based on clarity

· There are different concepts and relationships in SAREF ontologies, in which the terminologies used in their assertions, posses the nature of covering either wider or narrower scope, unlike their respective definitions. Therefore, the constraints applied for the usage of those assertions lack clarity, considering the terminology compared to their respective descriptions. In addition, these terminologies are preoccupied with existing scope limitations. This will increase the uncertainty as well as the complexity to search the assertions relevant to the required usage, as there will be multiple assertions defined in the future, having similar terminologies with different scope limitations. Example 2,3,4,5,6,7,8 and 9 in Annex A.1, highlight this specific issue.
· The class saref:State is defined as, “The state in which a device can be found …”. First, this definition assert circularity. Secondly, this definition has limited scope as it is only focused on device aspect whereas other events can also have states to define their life cycle in the considered environment. For example, some process or system having state as running, paused, finished, queued, etc.
· The relation saref:isMeasuredIn highlights ambiguity as it includes saref:Commodity as its domain. However, entities such as service as a commodity can not be measured using saref:UnitOfMeasure class.
· The class saref:State should be defined as subClassOf saref:Property, as it should be considered as a property which deals with the state of any entity.
· In certain property definitions, some of the terminology used, highlights uncertainity in identifying their proper usage. See example 10 in Annex A.1 for further details. 
6.3.4
      Gap analysis based on conciseness
Based on the current versions of the considered ontology modules, there are no assertions that are evaluated as redundant or irrelevant based on the criteria defined in clause 6.2.1.
6.4
Gap analysis of SEAS ontologies
This clause provides the detailed analysis of the gaps highlighted in SEAS ontologies considering the smart city domain. The following discussion considered the selected SEAS ontology modules that are highly relevant for the smart city domain. This includes all the core SEAS ontology modules as well as some of the vertical domain ontologies. The discussion is organised into point-based highlighted gaps and catagorized in accordance with the general evaluation criteria defined in clause 6.2.1
6.4.1
      Gap analysis based on completeness
· In seas:CityOntology module, there are some missing concept representations identified, with repsect to completing the scope of domain. For example, idustrial area, public area, neighbourhood, etc. Example 1 in Annex A.2 provides details regarding these missing concepts.
· In seas:BuildingOntology, there are certain definitions, such as, those of seas:BuildingSpatialStructure, seas:BuildingSpace and seas:Ceiling, which do not provide enough details through which its usage can be ascertained. Refer to example 2 in Annex A.2 for further details. 
· Regarding the aspect of completeness in seas:DeviceOntology ontology, there are certain concepts whose representation is not available. Such concepts are discussed in example 3 of Annex A.2. 
6.4.2
      Gap analysis based on adaptability
· seas:Property can some times also be declared as seas:FeatureOfInterest. This may create different limitations as well as complexities in terms of ontology extension. For example, if an entity requires representation using properties (i.e owl:ObjectProperty and owl:DataProperty) involving both seas:Property and  seas:FeatureOfInterest, then two entities has to be created. In addition, seperate propery has to be defined, which represents the relationship between those two entities. Another complexity can be witnessed in deciding that which class should be used for representation, due to their dual nature of representation. In the class description (defined as a rdfs:comment) of seas:Property, it is well explained that how a seas:Property can be utilized as a seas:FeatureOfInterest. However, the example used in the description leads to another enigma regarding property subsumption, which will be discussed later in this clause. Besides, external applications can not identify this usage using any ontology definition other than the rdfs:comment defined for seas:Property.  Hence an agent based application has to rely on Natural Language Processing in order to identify this comprehensive usage of seas:Property.
· seas:PercentageProperty that is subsumed by seas:Property, although is correctly defined based on univocity and rigidity, is too specific to representing the data aspect rather than representing the high level aspects of the properties. This may result in increased complexity in creating relationships between classes of domain seas:FeatureOfInterest, seas:Property and seas:Evaluation. Since it covers only the data aspect of represention, additional assertions will be needed to be defined and related to seas:PercentageProperty. Example 4 of Annex A.2 discusses this clause in details.
· In the Zone ontology, the properties seas:absoluteHumidity, seas:populationFlow, seas:saturatedVapourPressure and seas:specificHumidity are defined as a sub-property of seas:hasProperty, in seas:FeatureOfInterestOntology module. The property seas:hasProperty has its domain and range defined as seas:FeatureOfInterest and seas:Property respectively. However, the above mentioned properties include both of their domains and ranges as sub-classes of seas:Property. This may result in ambiguity in defining assertions as all the individuals in the property assertion, involving the above mentioned properties, can not be related to each other using the property seas:hasProperty [i.6]. See example 5 of Annex A.2 for details.
· Certain classes in the modules, seas:PlayerOntology, seas:CityOntology and seas:BuildingOntology, support multiple inheritance, which may cause a drawback for ontology extensions. These classes are seas:Player, seas:Bridge, seas:CarPark, seas:Stadium and class seas:Building. 
6.4.3
      Gap analysis based on clarity
· Based on the definition, the property seas:value, defined in seas:EvaluationOntology, should be renamed as seas:constantValue, in order to avoid preoccupation of the terms.
· Certain properties in the Procedure Execution Ontology (pep:) module, have unspecified or restricted domains and ranges defined, in contrast of the terminologies used. These properties are pep:hasCommand, pep:hasInput, pep:hasOutput, pep:hasResult, pep:hasSimpleCommand, pep:hasSimpleResult, pep:implements, pep:made and pep:madeby. Example 6 and 7 of Annex A.2 highlights highlight the particulars of this issue.
· Different SEAS ontologies have used the term “agent” and the class seas:Player in different assertions and descriptions. However there is a potential obscurity between these two terminologies and their usage in SEAS ontologies. The class seas:Player is defined as “One of the important people, companies etc involved in a particular industry, market, situation etc”. There are different SEAS ontology modules, such as seas:OfferingOntology, seas:FlexibilityOntology, seas:BuildingOntology, etc. where seas:Player has been used in object property assertions, while involving the term “agent” in their descriptions. Additionally, the term “agent” used in different places in SEAS, lack proper referencing, as it is important for the user application to identify the exact usage of the considered class. See example 8 of Annex A.2 for further details.
· The definition for seas:CivilEngineeringWork accentuates subjectivity as it states that it should not be classified under buildings. In this case, there are two situations to be considered. First, this concept implies its existence more towards higher level ontology than seas:BuildingOntology module. Although its existence in seas:BuildingOntology is valid based on logical constraints, users may not expect such class in this ontology. Secondly, alghough it has provided different examples that can be considered as seas:CivilEngineeringWork, based on the open-world assumption, there can be infinite many concepts that may be considered under its definition since the it uses negation for describing it’s essential feature.
· The definition class seas:Garage in seas:BuildingOntology, and the classes seas:Authority, seas:ElectricityMarket and seas:SmartChargingProvider, in seas:PlayerOntology module, accentuates circularity.
· In seas:BuildingOntology module, the classes seas:Laundry, seas:LowEnergyHouse, seas:PassiveHouse, seas:Room and seas:Sauna, involve certain terms in their definitions, which highlights ambiguity in identifying their scope and usage. Example 9 and 10 expands on this discussion.
· In the seas:ZoneOntology, the terminologies used to define the properties seas:absoluteHumidity, seas:area, seas:humidity, seas:population, seas:populationFlow, seas:saturatedVapourPressure, seas:specificHumidity and seas:volume do not specify direction from their respective domains to ranges, which is not in accordance with the best practices of ontology design.

· The seas:CityOntology module definition is stated as: “The SEAS City ontology contains subclasses of zones usefull to describe cities”. However, it does not include the details that which aspect of features can be involved, for example infrastructure, administration, etc. Since the city domain requires extensive conceptual representation, therefore it is important for the user to realize the aspects which the ontology covers.
6.4.4
      Gap analysis based on conciseness
Based on the current versions of the considered ontology modules, there are no assertions that are evaluated as redundant or irrelevant based on the criteria defined in clause 6.2.1.
6.5
Gap analysis summary
SAREF and SEAS ontologies and their extensions are aimed at supporting smart systems for different domains. Both standardization work mainly focused on semantic interoperability and reusability as well as on providing common model of consensus. The positive aspect of considering these ontologies is their high relevance towards smart city domain. SAREF has contributed by the development of SAREF4City ontology, specialized for smart city domain and SEAS ontologies involve different modules such as seas:CityOntology, seas:BuildingOntology, seas:PlayerOntology, etc. that support representation of smart city ecosystems. In this regard, these ontologies have been analysed based on the evaluation criteria defined in clause 6.2. Table 6.5-1 provides the overview of the highlighted gaps, identified in the considered ontologies discussed in clause 6.3 and clause 6.4, based on the general evaluation criteria defined in clause 6.2.1.

Table 6.5-1. General Citera Evaluation for SAREF/SAREF4City and SEAS

	
	SAREF / SAREF4City
	SEAS

	Completeness
	Missing Concept Representations 
	Missing Concept Representations 

	Adaptability
	Segregated taxonomy, inconsistency, unoptimized subsumption 
	Lack of univocity, unoptimized subsumption, improper domain/range definitions in the subsumption of object property, multiple inheritance. 

	Clarity
	Terminology with limited scope, terminology with uncertain meaning and usage in ontology, circularity.
	Terminology with contra unclear scope definitions, lack of univocity, circularity, uncertain concept definition and usage based on taxonomy, subjectivity 

	Conciseness
	-
	-


Table 6.5-2 provides the overview of the highlighted gaps, identified in the considered ontologies discussed in clause 6.3 and clause 6.4, based on the granular level evaluation criteria defined in clause 6.2.2. 
Table 6.5-2. Granularity based Criteria Evaluation for SAREF/SAREF4City and SEAS

	
	SAREF / SAREF4City
	SEAS

	Logical Criteria
	Axioms with potential unsatisfiable assertions
	owl:objectProperties with potential unsatisfiable assertions

	Structural Criteria
	Segregated taxonomy, unclear class subsumption
	Multiple inheritance, misleading class position in taxonomy with respect to its definition

	Unique Identification
	-
	-

	Role Characteristics
	-
	-

	Univocity
	Class definition with less optimized usage
	Class definitions with similar scope and lack of uniquely identified features

	Rigidity
	-
	Definitions with lack of essential features

	Non-singular Terminology
	-
	-

	Definitions for non-root terms
	Circular definitions
	Circular definitions


-----------------------End of change 1-------------------------------------------
-----------------------Start of change 2-------------------------------------------
Annex <A>:
Examples of highlighted gaps
Examples of highlighted gaps, for the considered ontologies (SAREF and SEAS ontologies), are as follows.

A.1
Examples of highlighted gaps in SAREF ontologies

----------------------- Start of new text 4 -----------------------
· Example 1: In SAREF ontology, the class saref4city:KeyPerformanceIndicator and saref4city:KeyPerformanceIndicatorAssessment can be categorized as Evaluations. But the existing structure defines these classes as separate unique concepts without any more generalized class definition that may be used for the entailment. Reusing or integraging them with other concepts, such as statistical measures or any other quantitative analysis, may position them at same level of subsumption in the taxonomy, hence resulting in highly segregated and less organised ontology structure.
· Example 2: The class saref:Property is defined as “anything that can be sensed, measured or controlled in households, common public buildings or offices”. Here, this does not cover other aspests such as streets, open parking places, parks etc. The nature of the term “Property” can cover larger scopes. Therefore this terminology is pre-occupied with limited scope definition, which limits this ontology for future exention. 

· Example 3: The class saref:EventFunction is defined as “a function that allows to notify another device that a certain threshold value has been exceeded”. In this case, this class covers very limited scope as it only includes information related to exceeding thresholds. However, there can be other events such as a user input, an exception or even a value is decreased than the defined threshold.

· Example 4: The property saref:isUsedFor is generic term used to define highly specific relation i.e, “saref:Device saref:isUsedFor saref:Commodity”. In many considered cased this terminology is suitable for wide variety of domains and ranges, such as, “command isUsedFor task”, “measurement isUsedFor event”, “unitOfMeasure isUsedFor Measurement” etc.

· Example 5: The class saref:Profile has limited scope definition as it covers only device profile. There can be different considered environments, users, organizations, etc. that may also require a profile for their related data representation.
· Example 6: The class saref:LevelControlFunction has limited scope definition as it is only focused on actuator. In contrast, many other entities may be required to utilize this class concept such as user or system.

· Example 7: The property saref:hasValue has range xsd:float. However, there can be many possible types for measurement values.

· Example 8: The class saref:Service is defined as “a representation of a function to a network that makes the function discoverable, registerable, remotely controllable by other devices in the network”. Here, the term used is more generic than the concept it represents. There can be other services such as; the ones which are provided as a commodity. Also, in computing concept, there can be other services, which may not consider device aspects, for example, data management and analysis, data security, task monitoring and management etc.

· Example 9: The relationship saref:actsUpon is defined as “a relationship between a command and a state”. However, the term “acts upon” has potential to cover broader scope and may be used to defined other relationships as well. This may cause inconsistency in future ontology extensions or reuse.

· Example 10: The property saref:hasCommand and saref:isCommandOf are inverse of each other. However, the definition of saref:hasCommand is stated as “A relationship between an entity (such as a function) and a command” and of saref:isCommandOf is stated as “A relationship between a command and a function.”. In the formar definition, the term “entity” makes the usage of saref:hasCommand uncertain, as the user may define any other entity that may not be subsumed under saref:Function and in such case the property saref:isCommandOf can not be utilized. Another example is the definition of property saref:hasFunction, which is stated as, “A relationship identifying the type of function of a device”. However the rdfs:range of this property is saref:Function which defines the complete function, rather than the type of the function.
A.2
Examples of highlighted gaps in SEAS ontologies
----------------------- Start of new text 5 -----------------------
· Example 4: consider figure 6.3.2.2-1, where the orange oval describes the class defined in SEAS ontology and the others as their respective instances. The blue arrow connecting the classes are  the object properties defined in SEAS ontology and the dotted arrows are their respective assertions connecting the instances. Based on the usage, it may not be possible to define “WaterLevel” as an instance of seas:PercentageProperty, as it may involve multiple data aspects including percentage. In that case, it becomes necessary that separate instance should be defined to represent the percentage property of “WaterLevel”. In addition, there will be many cases, when instance of seas:Evaluation will be needed to further represent information related to seas:PercentProperty.  Based on the existing structure and definitions, one proposed solution is to define seas:PercentageEvalutation instead of seas:PercentageProperty, subsumed under seas:Evaluation in Evaluation Ontology module. In that case, the instance “WaterLevel” will have the direct relationship seas:hasEvaluation with the instance “PercentLevelEvaluation”. Which will reduce instance definitions and hence will reduce the complexity. 
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Figure A.2-1. Assertion Example

· Example 5: This can be visualized in figure 6.3.2.2-2, where two object properties assertions are compared, which are seas:volume and seas:absoluteHumidity. Both have relation rdfs:subPropertyOf with seas:hasProperty. In figure 6.3.2.2-2(a), it can be considered as a valid assertion for seas:volume, as both of it’s rdfs:domain and rdfs:range are subsumed under the rdfs:domain and rdfs:range of seas:hasProperty respectively. Whereas for seas:absoluteHumidity in figure 6.3.2.2-2(b), the assertions are uncertain and complex to realize by the system, because according to description in seas:FeatureOfInterestOntology, seas:Property can also be considered and utilized as seas:FeatureOfInterest, yet any assertion supporting this description is not available. 
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Figure Ae
· Example 6: pep:hasInput is described as, “Links a Procedure to the (unique) description of its input”. Whereas, it’s domain and range are not specified.
· Example 7: pep:implementsProcedure can have more clear indication of it’s usage than pep:implements, and this also avoids preoccupation of term implements.
· Example 8: The object property seas:seeks in seas:OfferingOntology is defined as “Links an agent to a procedure it seeks”, while having seas:Player defined as it’s rdfs:domain. The importance of this realization becomes critical in the seas:ComfortOntology module, where it has used the term “agent” referring to foaf:agent. This external class has been imported in this module from Friend Of A Friend (FOAF) ontology, which is defined as “An agent (eg. person, group, software or physical artifact)……. The Agent class is the class of agents; things that do stuff”. The definition of seas:Player does not specify the difference, similarity or any relationship between foaf:Agent and seas:Player.
· Example 9: The class seas:Laundry is defined as, “A room or zone, as in a home or apartment building, reserved for doing the family wash”. Here the term “family wash” highlights ambiguity, as there was no reference available for it’s description. In general laundry is also used in industrial zones where they may process different cloth. Hence based on the terminology, the definition requires more clarity.
· Example 10: The class seas:LowEnergyHouse is defined as, “A house typically consuming half the energy than a norm house”. However, in this ontology the term “building” is refered and defined instead of “house”, as this class is defined as subclass of seas:Building. Same is the case with class seas:PassiveHouse. Generally, house can be considered as more specific concept of building in the taxonomy. Nonetheless, unlike seas:Building, the concept definition of “house” is not available. Although the ontology has defined class seas:SmallHouse, it is not referred in case of seas:LowEnergyHouse.
-----------------------End of change 2-------------------------------------------
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