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Ontologies and
Ontology-Enabled

Computing
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Definition of an Ontology

Definition (Ontology)

An ontology is a set of knowledge terms, including the vocabulary,
the semantic interconnections, and some simple rules of inference
and logic for some particular topic or domain.

Three Goals:

Provide a semantic representation of each entity and its
relationships to other entities;

Provide constraints and rules that permit reasoning within the
ontology;

Describe behavior associated with stated or inferred facts.
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Framework for Model-Based Design
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The Data-Ontology-Rule Footing

Building Block for Semantic Modeling and
Event-driven Execution of Multi-Domain Systems

MSSE/Ph.D. (Civil Systems) Students

1 Parastoo Delgoshaei (2013-2017);
2 Maria Coelho (2015-present).
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Data-Driven Approach

Guiding Principles:

1 One footing for ontologies, rules and data ...

2 Use (but do not extend) foundational level ontologies ...

3 Ontologies visit data models to get individuals ...

4 Semantic graph dynamically responds to incoming events ...

5 Enhance power of rules with backend functions ...

Preliminary Schematic:

Synthesis of event-driven behaviors

ScenarioData EventGraphOntology

Rules Reasoner

Data Model

Synthesis of data-ontology-rule footing
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Template for Semantic Modeling + Processing of Events

Multi-domain Semantic Modeling

Data Source A

Data Source B

Ontology A

Ontology B

Rules A

Rules B

import

import visit

visit

Data Models / Sources

Domain-Specific

Rules

Domain
design flow

Ontology classes

and properties

design flow

Domain B

Domain A

Events !!!Semantic Graph
Attach

Rules Engine

Revisions to semantic graph

import
import

Executable Processing of Events
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Case Study

Detection and Diagnostic
Analysis of Faults in HVAC Equipment

Source: Delgoshaei and Austin, 2017.
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Fault Detection in Buildings
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Multi-Domain Building Semantics

Meta-Domain Ontology and Rules

Weather model

Occupant model

EnvironmentEnvironment

Occupant.owl

Weather.owl

Rules

Domain

Occupant.rules

and Properties

Ontology Classes

Engineering

Building model

Sensor model

Equipment model

FDD model

Engineering

Building.owl

Sensor.owl

Equipment.owl

FDD.owl

Engineering

Building.rules

Sensor.rules

Equipment.rules

FDD.rules

Sources of Data (XML data files)

visit

Framework for Executable Processing of Events
load

Semantic Graphs
load

load

Reasoner

graph transformation

...........

Spatial.rules

Spatial.owlload

Environment

design flow design flow

Framework for Concurrent Data-Driven Development of Domain Models, Ontologies and Rules

Domain Data Models and

Weather.rules
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Multi-Domain Rule-based Reasoning
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Multi-Domain Rule-based Reasoning
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Multi-Domain Rule-based Reasoning
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Multi-Domain Semantic
Modeling + Data Mining
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Multi-Domain Semantic Modeling + Data Mining

Initial Idea: Ditch semantic modeling ! focus on machine learning
instead.

Much Better Idea: Understand how can semantic modeling and
data mining work together as a team?

Representation

Ontologies Rules Data

AI for Enhanced Building Monitoring

Knowledge Machine
Learning
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Multi-Domain Semantic Modeling + Data Mining

Semantic Feature Engineering

Data Source A

Data Source B

Ontology A

Ontology B

Rules A

Rules B

import

import visit

visit

Data Models / Sources

Domain-Specific

Rules

Domain
design flow

Ontology classes

and properties

design flow

Multi-domain Semantic Modeling

ontologies

refinement ofrefinement of

rules

Machine Learning / Data Mining

Classification Clustering Association

decision tree Group A

Group B

Group A

implies

Group B

ontologies

domain

data

domain

Domain B

Domain A
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Case Study

Energy Consumption of
2,500 Buildings in Chicago
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Energy Consumption of Buildings in Chicago
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Energy Consumption of Buildings in Chicago
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Energy Consumption of Buildings in Chicago
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Vision for Future Capability
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Case Study

Semantics + Data Mining for
Precision Medicine
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Semantics + Data Mining for Precision Medicine



Systems Engineering Drivers Model-based Systems Engineering Ontologies and Ontology-Enabled Computing Ontology-Enabled Computing at JPL (2000-2006) The Data-Ontology-Rule Footing Case Studies: Buildings and Precision Medicine Multi-Domain Semantic Modeling + Data Mining

Semantics + Data Mining for Precision Medicine
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Semantics + Data Mining for Precision Medicine
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