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1 Introduction

The Analysis Ontology defines general concepts and properties for analyses (e.g., trade studies, driving require-
ments analysis, etc.). It provides a basis for specialization by domain experts.



I INTRODUCTION



2 Imported Ontologies

e http://imce.jpl.nasa.gov/foundation/mission/mission



2 IMPORTED ONTOLOGIES



3 Namespaces

Metrology http://imce.jpl.nasa.gov/www.omg.org/spec/SysML/20140311/Metrology#

Metrology-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/iwww.omg.org/spec/SysML/
20140311/Metrology#

Metrology-metamodel http://imce.jpl.nasa.gov/www.omg.org/spec/SysML/20140311/Metrology-
metamodel#

Metrology-metamodel-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/iwww.omg.org/
spec/SysML/20140311/Metrology-metamodel#

PrimitiveTypes http://imce.jpl.nasa.gov/www.omg.org/spec/PrimitiveTypes/20110701/PrimitiveTypes#

PrimitiveTypes-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/www.omg.org/
spec/PrimitiveTypes/20110701/PrimitiveTypes#

PrimitiveTypes-metamodel http://imce.jpl.nasa.gov/www.omg.org/spec/PrimitiveTypes/
20110701/PrimitiveTypes-metamodel#

PrimitiveTypes-metamodel-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/www.omg.org/
spec/Primitive Types/20110701/Primitive Types-metamodel#

QUDV http://imce.jpl.nasa.gov/www.omg.org/spec/SysML/20140311/QUDV#

QUDV-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/www.omg.org/spec/SysML/
20140311/QUDV#

QUDV-metamodel http://imce.jpl.nasa.gov/www.omg.org/spec/SysML/20140311/QUDV-metamodel#

QUDV-metamodel-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/www.omg.org/
spec/SysML/20140311/QUDV-metamodel#

StandardProfileL2 http://imce.jpl.nasa.gov/www.omg.org/spec/UML/20110701/StandardProfileL2#

StandardProfileL.2-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/iwww.omg.org/spec/UML/
20110701/StandardProfileL.2#

StandardProfileL2-metamodel http://imce.jpl.nasa.gov/www.omg.org/spec/UML/
20110701/StandardProfileL2-metamodel#

StandardProfileL.2-metamodel-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/
www.omg.org/spec/UML/20110701/StandardProfileL.2-metamodel#

SysML http://imce.jpl.nasa.gov/www.omg.org/spec/SysML/20140311/SysML#

SysML-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/www.omg.org/spec/SysML/
20140311/SysML#

SysML-metamodel http://imce.jpl.nasa.gov/www.omg.org/spec/SysML/20140311/SysML-metamodel#

SysML-metamodel-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/www.omg.org/
spec/SysML/20140311/SysML-metamodel#
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UML http://imce.jpl.nasa.gov/www.omg.org/spec/UML/20110701/UML#

UML-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/www.omg.org/spec/UML/
20110701/UML#

UML-metamodel http://imce.jpl.nasa.gov/www.omg.org/spec/UML/20110701/UML-metamodel#

UML-metamodel-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/www.omg.org/spec/UML/
20110701/UML-metamodel#

analysis http://imce.jpl.nasa.gov/foundation/analysis/analysis#
analysis-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/analysis/analysis#
analysis-embedding http://imce.jpl.nasa.gov/foundation/analysis/analysis-embedding#

analysis-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/analysis/
analysis-embedding#

annotation http://imce.jpl.nasa.gov/foundation/annotation/annotation#
annotation-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/annotation/annotation#
architecture-framework http://imce.jpl.nasa.gov/inactive/architecture-framework/architecture-framework#

architecture-framework-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/
inactive/architecture-framework/architecture-framework#

architecture-framework-embedding http://imce.jpl.nasa.gov/inactive/architecture-framework/architecture-
framework-embedding#

architecture-framework-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/
inactive/architecture-framework/architecture-framework-embedding#

base http://imce.jpl.nasa.gov/foundation/base/base#
base-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/base/base#
base-embedding http://imce.jpl.nasa.gov/foundation/base/base-embedding#

base-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/base/base-
embedding#

behavior http://imce.jpl.nasa.gov/foundation/behavior/behavior#
behavior-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/behavior/behavior#
behavior-embedding http://imce.jpl.nasa.gov/foundation/behavior/behavior-embedding#

behavior-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/behavior/
behavior-embedding#

behavior-view http://imce.jpl.nasa.gov/foundation/behavior/behavior-view#

behavior-view-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/behavior/behavior-
view#



data-view http://www.w3.0rg/2003/g/data-view#

data-view-backbone http://imce.jpl.nasa.gov/backbone/www.w3.org/2003/g/data-view#
dc http://purl.org/dc/elements/1.1/

dc-backbone http://imce.jpl.nasa.gov/backbone/purl.org/dc/elements/1.1#

mars-2020 http://imce.jpl.nasa.gov/application/mars-2020/mars-2020#

mars-2020-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/application/mars-2020/mars-
2020#

mars-2020-embedding http://imce.jpl.nasa.gov/application/mars-2020/mars-2020-embedding#

mars-2020-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/application/mars-
2020/mars-2020-embedding#

mechanical http://imce.jpl.nasa.gov/discipline/mechanical/mechanical#

mechanical-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/discipline/mechanical/
mechanical#

mechanical-embedding http://imce.jpl.nasa.gov/discipline/mechanical/mechanical-embedding#

mechanical-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/
discipline/mechanical/mechanical-embedding#

mission http://imce.jpl.nasa.gov/foundation/mission/mission#
mission-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/mission/mission#
mission-embedding http://imce.jpl.nasa.gov/foundation/mission/mission-embedding#

mission-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/mission/
mission-embedding#

omf http://imce.jpl.nasa.gov/foundation/omf/omf#

omf-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/omf/omf#
owl http://www.w3.0rg/2002/07/owl#

owl-backbone http://imce.jpl.nasa.gov/backbone/www.w3.org/2002/07/owl#

owl2-mof2 http://imce.jpl.nasa.gov/foundation/owl2-mof2/owl2-mof2#

owl2-mof2-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/owl2-mof2/owl2-
mof2#

owl2-mof2-embedding http://imce.jpl.nasa.gov/foundation/owl2-mof2/owl2-mof2-embedding#

owl2-mof2-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/owl2-
mof2/owl2-mof2-embedding#

project http://imce.jpl.nasa.gov/foundation/project/project#
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project-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/project/project#
project-embedding http://imce.jpl.nasa.gov/foundation/project/project-embedding#

project-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/project/
project-embedding#

rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns#

rdf-backbone http://imce.jpl.nasa.gov/backbone/www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs http://www.w3.0rg/2000/01/rdf-schema#

rdfs-backbone http://imce.jpl.nasa.gov/backbone/www.w3.0rg/2000/01/rdf-schema#
risk http://imce.jpl.nasa.gov/discipline/risk/risk#

risk-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/discipline/risk/risk#
risk-embedding http://imce.jpl.nasa.gov/discipline/risk/risk-embedding#

risk-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/discipline/risk/risk-
embedding#

state-analysis http://imce.jpl.nasa.gov/discipline/state-analysis/state-analysis#

state-analysis-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/discipline/state-analysis/state-
analysis#

state-analysis-embedding http://imce.jpl.nasa.gov/discipline/state-analysis/state-analysis-embedding#

state-analysis-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/discipline/state-
analysis/state-analysis-embedding#

swrl http://www.w3.0rg/2003/11/swrl#

swrl-backbone http://imce.jpl.nasa.gov/backbone/www.w3.org/2003/11/swrl#

time http://imce.jpl.nasa.gov/foundation/time/time#

time-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/time/time#
time-embedding http://imce.jpl.nasa.gov/foundation/time/time-embedding#

time-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/foundation/time/time-
embedding#

vandv http://imce.jpl.nasa.gov/discipline/vandv/vandv#
vandv-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/discipline/vandv/vandv#
vandv-embedding http://imce.jpl.nasa.gov/discipline/vandv/vandv-embedding#

vandv-embedding-backbone http://imce.jpl.nasa.gov/backbone/imce.jpl.nasa.gov/discipline/vandv/vandv-
embedding#

xsd http://www.w3.0rg/2001/XMLSchema#

xsd-backbone http://imce.jpl.nasa.gov/backbone/www.w3.0rg/2001/XMLSchema#



4 Abstract Class Definitions

4.1 AnalyzedElement

Asserted Superclasses: analysis-backbone: Aspect
Inferred Superclasses: analysis-backbone:Thing

Asserted Subclasses: analysis-backbone:Entity, analysis-backbone:ReifiedObjectProperty,
analysis-backbone:ReifiedStructuredDataProperty, analysis-backbone:StructuredDatatype,
base-backbone:Entity, base-backbone:ReifiedObjectProperty, base-backbone:StructuredDatatype,
mission-backbone:Entity, mission-backbone:ReifiedObjectProperty,
mission-backbone:StructuredDatatype

Asserted Object Properties: fisAnalyzedBy| [0..*][Explanation|

The class definition diagram for AnalyzedElement is shown in Figure [

4.2 CharacterizedElement

Asserted Superclasses: analysis-backbone:Aspect
Inferred Superclasses: analysis-backbone:Thing

Asserted Subclasses: analysis-backbone:Entity, analysis-backbone:ReifiedObjectProperty,
analysis-backbone:ReifiedStructuredDataProperty, analysis-backbone:StructuredDatatype,
base-backbone:Entity, base-backbone:ReifiedObjectProperty, base-backbone:StructuredDatatype,
mission-backbone:Entity, mission-backbone:ReifiedObjectProperty,
mission-backbone:StructuredDatatype

Asserted Object Properties: fisCharacterizedBy| [0..*][Characterization|
[0..%]
fisLimitedBy] [0..*][Assumption|
ValidatedBy, (0..*| Explanatior]

The class definition diagram for CharacterizedElement is shown in Figure 2

4.3 MeasuredElement

A MeasuredElement is a model element that may be measured by one or more associated Metrics. Both Objec-
tives and Requirements
are MeasuredElements.

Asserted Superclasses: analysis-backbone:Aspect
Inferred Superclasses: analysis-backbone:Thing

Asserted Subclasses: mission:Objective, mission:Requirement

Asserted Object Properties: isMeasuredBy| [0..*][Criterionl

The class definition diagram for MeasuredElement is shown in Figure B
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Figure 1: Class definition diagram for AnalyzedElement.
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4.3 MeasuredElement
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Figure 2: Class definition diagram for CharacterizedElement.
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4 ABSTRACT CLASS DEFINITIONS

analysis-backbone:Aspect

MeasuredElement

[SMeasuredBy [0..*]

mission:Objective

mission:Requirement

Criterion

Figure 3: Class definition diagram for MeasuredElement.
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5 Concrete Class Definitions

5.1 Analysis

Analysis is a deprecated synonym for Explanation.

Asserted Superclasses: [Explanation

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Entity, analysis-backbone:Thing,
|AnalyzedElement] base-backbone: Aspect, base-backbone:Thing, base: AggregatedElement,
base:IdentifiedElement, [Characterizationl [CharacterizedElement]

Asserted Subclasses: [CostEstimatel [DrivingRequirementsExplanation] [KeyRequirementsExplanation|

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string

base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Inferred Object Properties: [analyzes| [0..*]|AnalyzedElement|
base:aggregates [0..*] base:AggregatedElement

base:isAggregatedIn [0..*] base:AggregatedElement
icharacterizes| [0..*][CharacterizedElement
[0..*] CharacterizedElement
[0..*) Explanation]
fisCharacterizedBy| [0..*]|Characterization|
p dBy] [0..*]
fisLimitedBy] [0..*][Assumption]
isValidatedBy] [0..*] [Explanation]
[validates [0..*][CharacterizedElement

The class definition diagram for Analysis is shown in Figure 4l The class usage diagram for Analysis is too large
to include.

5.2  Assumption

An Assumption is Characterization that is taken to be true for the purpose of analysis.

Asserted Superclasses: [Characterization|
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Explanation
Analysis
CostEstimate TradeStudy DrivingRequirementsExplanation KeyRequirementsExplanation

Figure 4: Class definition diagram for Analysis.

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Entity, analysis-backbone:Thing,
[AnalyzedElement], base-backbone:Aspect, base-backbone:Thing, base:IdentifiedElement,
(CharacterizedElement

Asserted Subclasses: [Fact

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string
base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Asserted Object Properties: [imitsl [0..*] [CharacterizedElement

Inferred Object Properties: [characterizes| [0..*][CharacterizedElement]
[0..*) Explanation]
fisCharacterizedBy| [0..*]|Characterization|
fisExplainedBy] [0..*] [Explanation|

dBy| [0..*][Assumption

fsValidatedBy) (0. Explanatior]

The class definition diagram for Assumption is shown in Figure 3l The class usage diagram for Assumption is
too large to include.



5.3 Characterization

Characterization

Assumption

imits [0..*]

Fact CharacterizedElement

Figure 5: Class definition diagram for Assumption.

5.3 Characterization

15

A Characterization is an element that provides a parametric or other characterization of another model element.
The canonical example of a Characterization is a set of name/value pairs, but other characterizations (e.g.,

classification) are possible.

Asserted Superclasses: analysis-backbone:Entity, base:IdentifiedElement

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Thing,[AnalyzedElement]

base-backbone:Aspect, base-backbone: Thing, [CharacterizedElement]

Asserted Subclasses: [Assumption] [Explanation| [Quantity|

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string
base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Asserted Object Properties: [0..*][CharacterizedEIement

Inferred Object Properties: [isAnalyzedBy| [0..*]|[Explanation|
fisCharacterizedBy| [0..*]|Characterization|
] 1 dBy| [0..%]
fisLimitedBy] [0..*][Assumption|
fsValidatedBy (0. *] Explanation

The class definition diagram for Characterization is shown in Figure [fl The class usage diagram for Characteri-

zation is too large to include.
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base:ldentifiedElement analysis-backbone:Entity
Characterization
/7 \ haracterizes [0..*]

Quantity Assumption Explanation CharacterizedElement

Figure 6: Class definition diagram for Characterization.

5.4 CostEstimate

A CostEstimate is a kind of Explanation that provides a cost estimate for the model elements it explains.

Asserted Superclasses: [Analysis

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Entity, analysis-backbone:Thing,
|AnalyzedElement] base-backbone: Aspect, base-backbone:Thing, base:AggregatedElement,
base:IdentifiedElement, [Characterization, [CharacterizedElement [Explanation|

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string

base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Inferred Object Properties: [analyzes| [0..*]|AnalyzedElement|

base:aggregates [0..*] base:AggregatedElement
base:isAggregatedIn [0..%] base:AggregatedElement
[characterizes| [0..*] [CharacterizedElemend

[0..*] CharacterizedElement

[0..*) Explanatior]
fisCharacterizedBy| [0..*]|Characterization|
fisExplainedBy] [0..*] [Explanation]
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Analysis

T

CostEstimate

Figure 7: Class definition diagram for CostEstimate.

[isCimitedBy| [0..*][Assumption|

isValidatedBy] [0..*][Explanation]
[validates| [0..*][CharacterizedElement

The class definition diagram for CostEstimate is shown in Figure 7l The class usage diagram for CostEstimate
is too large to include.
5.5 Criterion

A Ciriterion establishes a region for some Metric that corresponds to success for some MeasuredElement.
A Criterion for the Metric sample mass in kg might be at least 10 kg.

Asserted Superclasses: analysis-backbone:Entity, base:IdentifiedElement

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Thing, [AnalyzedElement]
base-backbone:Aspect, base-backbone:Thing, [CharacterizedElement]

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string
base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Asserted Object Properties: [isCriterionFor [0..1]Metrid
[0..*][MeasuredElement

Inferred Object Properties: [isAnalyzedBy| [0..*][Explanation]|
fisCharacterizedBy| [0..*]|Characterization|
isExplainedBy] [0..%]
fisLimitedBy] [0..*] [Assumption]
isValidatedB [0*]

The class definition diagram for Criterion is shown in Figure[8l The class usage diagram for Criterion is shown
in Figure[9
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base:ldentifiedElement analysis-backbone:Entity

Criterion

isCriterionFor [0..1]\measures [0..*]

Metric MeasuredElement

Figure 8: Class definition diagram for Criterion.

mission:Objective

Metric i
measures [0.J4] Assumption

isQiterionFor [0..1]

o isLithitedBy [0..*]
Criterion isppalyzedBy [0..*]
measures [p..*] isValjda y [0..4]

arpcterizé [eirgdByY

mission:Requirenjl%% Explanation

Characterization

Figure 9: Class usage diagram for Criterion.
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5.6 DrivingRequirementsAnalysis

DrivingRequirementsAnalysis is a deprecated synonym for DrivingRequirementsExplanation.

Asserted Superclasses: [DrivingRequirementsExplanation|

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Entity,
analysis-backbone:Thing, |AnalyzedElement] base-backbone: Aspect, base-backbone:Thing,

base:AggregatedElement, base:IdentifiedElement, [Characterizationl ICharacterizedElement [Explanation|

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string
base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Inferred Object Properties: [analyzes| [0..*]|AnalyzedElement|

base:aggregates [0..*] base:AggregatedElement
base:isAggregatedIn [0..%] base:AggregatedElement
har. rizes| [0..*][CharacterizedElementl

[0..*] mission:Requirement

[0..*) [Explanation]
fisCharacterizedBy| [0..*][Characterizationl

isExp dBy] [0..*]

fisLimitedBy| [0..*][Assumption]

isValidatedBy| [0..*] [Explanation

validates| [0..*]|CharacterizedElement|

The class definition diagram for DrivingRequirementsAnalysis is shown in Figure The class usage diagram
for DrivingRequirementsAnalysis is too large to include.

5.7 DrivingRequirementsExplanation

A DrivingRequirementsAnalysis provides the rationale for designating a set of Requirements as driving, and
makes the designation via the explains property.

Asserted Superclasses:

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Entity, analysis-backbone:Thing,
|AnalyzedElement] base-backbone: Aspect, base-backbone:Thing, base:AggregatedElement,
base:IdentifiedElement, [Characterization, [CharacterizedElement [Explanation|

Asserted Subclasses: [DrivingRequirementsAnalysis|
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DrivingRequirementsExplanation

T

DrivingRequirementsAnalysis

Figure 10: Class definition diagram for DrivingRequirementsAnalysis.

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string
base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Inferred Object Properties: [analyzes| [0..*]|AnalyzedElement|

base:aggregates [0..*] base:AggregatedElement
base:isAggregatedIn [0..*] base:AggregatedElement
[characterizes [0..*][CharacterizedElement

[0..*] mission:Requirement

[0..*) [Explanatior]
fisCharacterizedBy| [0..*][Characterizationl
fisExplainedBy| [0..*] [Explanation]

[0..%] Assumption]

sValidatedBy| [0..*]
[validates [0..*][CharacterizedElement

The class definition diagram for DrivingRequirementsExplanation is shown in Figure [[1l The class usage dia-
gram for DrivingRequirementsExplanation is too large to include.

5.8 Explanation

An Explanation is a product that captures or summarizes the results of an analysis activity and relates it to one or
more other model elements. It may contain narrative prose directly or provide a reference to external products.
Driving requirements analyses, trade studies, and cost estimates are all examples of Explanation.

Asserted Superclasses: base:AggregatedElement, [(Characterization|
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Analysis

T

DrivingRequirementsExplanation

T

DrivingRequirementsAnalysis

Figure 11: Class definition diagram for DrivingRequirementsExplanation.

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Entity, analysis-backbone:Thing,
[AnalyzedElement], base-backbone:Aspect, base-backbone:Thing, base:IdentifiedElement,

[CharacterizedElement
Asserted Subclasses:

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string
base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Asserted Object Properties: [analyzes| [0..*]|AnalyzedElement]|
[0..*] [CharacterizedElement
[validafes [0..*]CharacterizedEIement
Inferred Object Properties: base:aggregates [0..*] base:AggregatedElement
base:isAggregatedIn [0..*] base:AggregatedElement
[characterizes| [0..*]|CharacterizedElement
[0..*) [Explanation]
[isCharacterizedBy| [0..*]|Characterization|
isExp dBy] [0..*]
fisLimitedBy] [0..*][Assumption]
ValidatedBy] [0..%]

The class definition diagram for Explanation is shown in Figure The class usage diagram for Explanation is
too large to include.
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base:AggregatedElement Characterization
Explanation

analyzes [0..*] explains [0..*]\validates [0..*]

Analysis AnalyzedElement CharacterizedElement

Figure 12: Class definition diagram for Explanation.

5.9 Fact
A Fact is an Assumption that is true.
Asserted Superclasses: [Assumption

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Entity, analysis-backbone:Thing,
[AnalyzedElement] base-backbone:Aspect, base-backbone:Thing, base:IdentifiedElement,
[(Characterizationl [CharacterizedElementl

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string
base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Inferred Object Properties: [characterizes| [0..*][CharacterizedElement
[0..*] [Explanation]
fisCharacterizedBy| [0..*]|Characterization|
fisExplainedBy] [0..*] [Explanation]

dBy| [0..*][Assumption|

isValidatedBy] [0..*] [Explanation]
[imits [0..*] [CharacterizedElement

The class definition diagram for Fact is shown in Figure The class usage diagram for Fact is too large to
include.
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Assumption

T

Fact

Figure 13: Class definition diagram for Fact.

5.10 KeyRequirementsAnalysis

KeyRequirementsAnalysis is a deprecated synonym for KeyRequirementsExplanation.

Asserted Superclasses: [KeyRequirementsExplanation|

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Entity,
analysis-backbone:Thing, [AnalyzedElement] base-backbone: Aspect, base-backbone:Thing,

base:AggregatedElement, base:ldentifiedElement, ICharacterizationl ICharacterizedElement [Explanation|

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string

base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Inferred Object Properties: [analyzes| [0..*]|AnalyzedElement|
base:aggregates [0..*] base:AggregatedElement

base:isAggregatedIn [0..*] base:AggregatedElement
[characterizes| [0..*]|CharacterizedElement

[0..*] mission:Requirement

1S A dBy| [0..*]
fisCharacterizedBy| [0..*]|Characterizationl
iskxplainedByj] [0..%]

fisLimitedBy| [0..*][Assumption]

isValidatedBy] [0..*] [Explanation]

[validates| [0..*]CharacferizedEIement

The class definition diagram for KeyRequirementsAnalysis is shown in Figure [[4l The class usage diagram for
KeyRequirementsAnalysis is too large to include.
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KeyRequirementsExplanation

T

KeyRequirementsAnalysis

Figure 14: Class definition diagram for KeyRequirementsAnalysis.

5.11 KeyRequirementsExplanation

A KeyRequirementsAnalysis provides the rationale for designating a set of Requirements as key, and makes the
designation via the explains property.

Asserted Superclasses:

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Entity, analysis-backbone:Thing,
|AnalyzedElement] base-backbone: Aspect, base-backbone:Thing, base:AggregatedElement,
base:IdentifiedElement, [Characterization, [CharacterizedElement [Explanation|

Asserted Subclasses: [KeyRequirementsAnalysis|

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string
base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Inferred Object Properties: [analyzes| [0..*]|AnalyzedElement|
base:aggregates [0..*] base:AggregatedElement
base:isAggregatedIn [0..*] base:AggregatedElement
Icharacterizes| [0..*][CharacterizedElement
[0..*] mission:Requirement
[0..¥] [Explanation]

[isCharacterizedBy| [0..*]|Characterization|
fisExplainedBy] [0..*] [Explanation]
] dBy| [0..*]|A D

[0..%]
Ivalidates| [0..*][CharacterizedElement

The class definition diagram for KeyRequirementsExplanation is shown in Figure The class usage diagram
for KeyRequirementsExplanation is too large to include.
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Analysis

T

KeyRequirementsExplanation

T

KeyRequirementsAnalysis

Figure 15: Class definition diagram for KeyRequirementsExplanation.

5.12 Metric

A Metric establishes a method for quantifying achievement or satisfaction of one or more MeasuredElements.
Note that the relationship is many to many: a given Metric may jointly quantify multiple MeasuredElements.
Likewise, a MeasuredElement may be quantified by multiple Metrics.

Appropriate Metrics for the Objective image Martian north polar region might include data volumes at
specified wavelength and resolution.

Asserted Superclasses: analysis-backbone:Entity, base:IdentifiedElement

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Thing, [AnalyzedElement]
base-backbone:Aspect, base-backbone: Thing, [CharacterizedElement]

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string
base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Asserted Object Properties: [hasCriterion [0..*]

Inferred Object Properties: [isAnalyzedBy| [0..*][Explanation|
fisCharacterizedBy| [0..*]|Characterization|
] 1 dBy| [0..%]
fisLimitedBy] [0..*][Assumption]
fsValidatedBy| (0..*] Fxplanation

The class definition diagram for Metric is shown in Figure [T6 The class usage diagram for Metric is shown in
Figure 171
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base:ldentifiedElement analysis-backbone:Entity

Metric

asCriterion [0..*]

Criterion

Figure 16: Class definition diagram for Metric.

Assumption

Characterization

isimitedBy [0..*]

asCriterion [Q..*]

Criterion

Explanation

Figure 17: Class usage diagram for Metric.
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5.13 Quantity

A Quantity attaches a value for some Metric to one or more SpecifiedElements. That is, it evaluates some aspect
of a design by assigning a definite value to a specific Metric.

Asserted Superclasses: [Characterization|

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Entity, analysis-backbone:Thing,
|AnalyzedElement] base-backbone:Aspect, base-backbone:Thing, base:IdentifiedElement,
(CharacterizedElement

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string
base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Asserted Object Properties: [hasMetrid [0..1]Metrid
BasValie (0.1 Quantity Valig
[0..*] mission:SpecifiedElement
Inferred Object Properties: [0..*] [CharacterizedElement
(0. [Explanation
fisCharacterizedBy| [0..*][Characterizationl
p dBy] [0..]
fisLimitedBy] [0..*][Assumption|
isValidatedBy]| [0..*] [Explanation]

The class definition diagram for Quantity is shown in Figure [[8] The class usage diagram for Quantity is too
large to include.

5.13.1 Comments
5.14 QuantityValue

A Quantity Value assigns a value to a Quantity.

Asserted Superclasses: analysis-backbone:Entity

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Thing, [AnalyzedElement]

[CharacterizedElement|

Inferred Object Properties: [isAnalyzedBy| [0..*][Explanation|
fisCharacterizedBy| [0..*]|Characterization|
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Characterization

Quantity

hasMetric [0..1] hasValue [0..1]
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guantifies [0..*]

Metric QuantityValue

mission:SpecifiedElement

Figure 18: Class definition diagram for Quantity.

analysis-backbone:Entity

T

QuantityValue

Figure 19: Class definition diagram for Quantity Value.

isExplainedBy] [0..*][Explanation|

| dBy| [0..*][Assumption

(0. [Explanatior]

The class definition diagram for QuantityValue is shown in Figure The class usage diagram for Quantity-

Value is shown in Figure 20l

5.15 TradeStudy

A TradeStudy explains some set of model elements and their properties through comparison with alternatives.

Asserted Superclasses:

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Entity, analysis-backbone:Thing,
|AnalyzedElement] base-backbone: Aspect, base-backbone:Thing, base:AggregatedElement,

base:IdentifiedElement, [Characterizationl ICharacterizedElement, [Explanation)

Inferred Datatype Properties: base:hasAlternateName [0..*] xsd:string
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Assumption
isAnalyzed ¥
isLimitemﬂ y/Bﬂ : _
isValiddted .fExplanation
QuantityValue

isExplajnedBy [0..*]

isCharacterizedBY [0..*]

Characterization

Figure 20: Class usage diagram for Quantity Value.

base:hasCanonicalName [0..1] xsd:string
base:hasDescription [0..1] xsd:string
base:hasldentifier [0..*] xsd:string
base:hasIndexEntry [0..*] xsd:string
base:hasShortName [0..1] xsd:string
base:hasSortKey [0..1] xsd:string
base:hasUuid [0..1] xsd:string

Inferred Object Properties: [analyzes| [0..*]|AnalyzedElement|
base:aggregates [0..*] base:AggregatedElement

base:isAggregatedIn [0..*] base:AggregatedElement
icharacterizes| [0..*][CharacterizedElement

[0..*] CharacterizedElement

[0..*] [Explanation]
fisCharacterizedBy| [0..*]|Characterizationl

isExp dBy| [0..%]

fisLimitedBy] [0..*][Assumption]

[0..*] [Explanatior]

[validates| [0..*]CharacferizedEIement

The class definition diagram for TradeStudy is shown in Figure 21l The class usage diagram for TradeStudy is
too large to include.
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Analysis

T

TradeStudy

Figure 21: Class definition diagram for TradeStudy.
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analysis-backbone:ReifiedObjectProperty

Analyzes

hasAnalyzesSource [0..1]\hasAnalyzesTarget [0..1]

Explanation AnalyzedElement

Figure 22: Class definition diagram for Analyzes.

6 Object Property Reification Class Definitions
6.1 Analyzes

Asserted Superclasses: analysis-backbone:ReifiedObjectProperty

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Thing, [AnalyzedElement]

|CharacterizedElement|

Asserted Object Properties: hasAnalyzesSource| [0..1]|Explanation|
lhasAnalyzesTarget| [0..1][AnalyzedElement|

Inferred Object Properties: [isAnalyzedBy| [0..*]|Explanation|
fisCharacterizedBy| [0..*]|Characterization|
isExp dBy] [0..*]
fisLimitedBy] [0..*][Assumption]
isValidatedBy] [0..*] [Explanation]

Reified Object Properties: [analyzes|

The class definition diagram for Analyzes is shown in Figure The class usage diagram for Analyzes is too
large to include.

6.2 Characterizes

Asserted Superclasses: analysis-backbone:ReifiedObjectProperty

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Thing, [AnalyzedElement]
[CharacterizedElement

Asserted Subclasses: [Explains] [Limits|
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analysis-backbone:ReifiedObjectProperty

Characterizes

asCharacterizesSource [0..1] hasCharacterizesTarget [0..1]

Explains Limits Characterization CharacterizedElement

Figure 23: Class definition diagram for Characterizes.

Asserted Object Properties: [hasCharacterizesSourcel [0..1][Characterizationl
lhasCharacterizesTarget| [0..1][CharacterizedElement]

Inferred Object Properties: [isAnalyzedBy| [0..*][Explanation|
[isCharacterizedBy| [0..*]|Characterization|
fisExplainedBy] [0..*] [Explanation]

dBy] [0..*][Assumption|
isValidatedB [0*]

Reified Object Properties:

The class definition diagram for Characterizes is shown in Figure 23] The class usage diagram for Characterizes
is too large to include.

6.3 Explains

Asserted Superclasses:

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:ReifiedObjectProperty,
analysis-backbone:Thing, [AnalyzedElement] [CharacterizedElementl

Asserted Subclasses: [Validates|

Asserted Object Properties: hasExplainsSource| [0..1] [Explanation|
lhasExplainsTarget| [0..1]|CharacterizedElement|

Inferred Object Properties: hasCharacterizesSource [0..1]|Characterization|
lhasCharacterizesTarget| [0..1][CharacterizedElement]
[0..*) Explanatior]
fisCharacterizedBy| [0..*]|Characterizationl
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Characterizes

Explains

asExplainsSource [0..1] \hasExplainsTarget [0..1]

Validates Explanation CharacterizedElement

Figure 24: Class definition diagram for Explains.

sExplainedBy| [0..*][Explanation
[isCimitedBy| [0..*][Assumption|
fSValidatedBy) [0..*) [Explanation

Reified Object Properties:

The class definition diagram for Explains is shown in Figure 24 The class usage diagram for Explains is too
large to include.

6.4 HasCriterion

Asserted Superclasses: analysis-backbone:ReifiedObjectProperty

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Thing,[AnalyzedElement]

[CharacterizedElement]

Asserted Object Properties: hasHasCriterionSource [0..1][Metrid
lhasHasCriterionTarget| [0..1][Criterion|

Inferred Object Properties: [isAnalyzedBy| [0..*]|Explanation|
[isCharacterizedBy| [0..*]|Characterization|
| 1 dBy] [0..*] [Explanation]
fisLimitedBy] [0..*][Assumption]
isValidatedBy] [0..*] [Explanation]
Reified Object Properties: hasCriterion|

The class definition diagram for HasCriterion is shown in Figure The class usage diagram for HasCriterion
is shown in Figure 26
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analysis-backbone:ReifiedObjectProperty

HasCriterion

hasHasCriterionSource [0..1]

asHasCriterionTarget [0..1]

Metric

Criterion

Figure 25: Class definition diagram for HasCriterion.

Assumption

isLimitedBy [Q..*]

Explanation

Characterization

0-HJascCriterion
isAnalyzedBy [{..*]

sCharacte@ [0..4]
0.7

hasHasCriterionTart t[OhﬁfHa

Criterion

riterionSource [0..1]

Metric

Figure 26: Class usage diagram for HasCriterion.
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analysis-backbone:ReifiedObjectProperty

HasMetric

hasHasMetricSource [0..1]\hasHasMetricTarget [0..1]

Quantity Metric

Figure 27: Class definition diagram for HasMetric.

6.5 HasMetric

Asserted Superclasses: analysis-backbone:ReifiedObjectProperty

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Thing, [AnalyzedElement]

[CharacterizedElement|

Asserted Object Properties: hasHasMetricSourcel [0..1][Quantity]|
[hasHasMefricTargef] [0..1]

Inferred Object Properties: [isAnalyzedBy| [0..*]|[Explanation|
fisCharacterizedBy| [0..*]|Characterization|
p dBy] [0..*]
fisLimitedBy] [0..*][Assumption|
ValidatedBy] [0..%]

Reified Object Properties:

The class definition diagram for HasMetric is shown in Figure 271 The class usage diagram for HasMetric is
shown in Figure

6.6 HasValue

Asserted Superclasses: analysis-backbone:ReifiedObjectProperty

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Thing, [AnalyzedElement]

[CharacterizedElement

Asserted Object Properties: lhasHasValueSource| [0..1]|Quantity]
[hasHasValueTargef| [0..1]
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Assumption

isLimitedBy [Q..*] L

KExplainedBy [0..] Characterization
Explanation
P idvalidatedBylo_*]
Hasl\/i@ﬁn‘.ar terizedBy [0..*]
isAnalyzedBy [(..

hasH 0..1]

) Quantity
Metric

Figure 28: Class usage diagram for HasMetric.

Inferred Object Properties: [isAnalyzedBy| [0..*]|Explanation|
fisCharacterizedBy| [0..*]|Characterizationl
fisExplainedBy] [0..*] [Explanation]
| dBy| [0..*]|A D

ValidatedBy] [0..%]

Reified Object Properties: [hasValuel

The class definition diagram for HasValue is shown in Figure The class usage diagram for HasValue is
shown in Figure 30l

6.7 Limits
Asserted Superclasses:

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:ReifiedObjectProperty,
analysis-backbone:Thing, [AnalyzedElement] [CharacterizedElementl

Asserted Object Properties: (haslimitsSource| [0..1][Assumption|
[hasLimitsTargef| [0..1][CharacterizedElement

Inferred Object Properties: hasCharacterizesSourcel [0..1]|Characterization|
lhasCharacterizesTarget| [0..1][CharacterizedElement|
[0..*) Explanation]
fisCharacterizedBy| [0..*][Characterizationl

[isExplainedBy]| [0..*][Explanation]|
] dBy| [0..*][A D
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analysis-backbone:ReifiedObjectProperty

A\

HasValue

hasHasValueSource [0..1]\hasHasValueTarget [0..1]

Quantity

QuantityValue

Figure 29: Class definition diagram for HasValue.

Assumption

isLimitedBy [(}..*]
plainedBy [0..*]

Explanation | W
i date

[0 _*]

Characterization

isAnalyzedBYy [/

P 4

H asviaﬁigara CterizedBy [0..%]

A

hasH

seUpdee RRUTR (0. 1]

QuantityValue

Quantity

Figure 30: Class usage diagram for HasValue.
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Characterizes

Limits

hasLimitsSource [0..1]\nasLimitsTarget [0..1]

Assumption CharacterizedElement

Figure 31: Class definition diagram for Limits.
sValidatedBy]| [0..*]
Reified Object Properties: [{mits

The class definition diagram for Limits is shown in Figure B1l The class usage diagram for Limits is too large
to include.

6.8 Measures

Asserted Superclasses: analysis-backbone:ReifiedObjectProperty

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Thing, [AnalyzedElement]

|CharacterizedElement|

Asserted Object Properties: lhasMeasuresSource [0..1]
[hasMeasuresTargef| [0..1][MeasuredElement

Inferred Object Properties: [isAnalyzedBy| [0..*][Explanation|
fisCharacterizedBy| [0..*]|Characterization|
fisExplainedBy] [0..*] [Explanation|
| dBy| [0..*]|A D
isValidatedBy] [0..*] [Explanation]

Reified Object Properties:

The class definition diagram for Measures is shown in Figure The class usage diagram for Measures is
shown in Figure



6.8 Measures

analysis-backbone:ReifiedObjectProperty

Measures

hasMeasuresSource [0..1]\hasMeasuresTarget [0..1]

Criterion MeasuredElement

Figure 32: Class definition diagram for Measures.

Characterization

mission:Requirement Explanation

isChafacterizedBy:

]

tsAraly
hasMeasuresTarpet [0..1]

plainedBy [0..*]
isLimitedBy [0..*] hasMeaguresSource [0..1]

hgsMeasuresTarggt [0..1]

Assumption Criterion

mission:Objective

Figure 33: Class usage diagram for Measures.
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analysis-backbone:ReifiedObjectProperty

Quantifies

hasQuantifiesSource [0..1]\hasQuantifiesTarget [0..1]

Quantity mission:SpecifiedElement

Figure 34: Class definition diagram for Quantifies.

6.9 Quantifies

Asserted Superclasses: analysis-backbone:ReifiedObjectProperty

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:Thing, [AnalyzedElement]

[CharacterizedElement|

Asserted Object Properties: hasQuantifiesSource] [0..1][Quantity]
lhasQuantifiesTarget| [0..1] mission:SpecifiedElement

Inferred Object Properties: [isAnalyzedBy| [0..*][Explanation|
fisCharacterizedBy| [0..*]|Characterization|
[isExplainedBy] [0..*][Explanation]|

dBy| [0..*][Assumption|

ValidatedBy] [0..%]
Reified Object Properties:

The class definition diagram for Quantifies is shown in Figure 34l The class usage diagram for Quantifies is
shown in Figure

6.10 Validates

Asserted Superclasses: [Explains]

Inferred Superclasses: analysis-backbone:Aspect, analysis-backbone:ReifiedObjectProperty,

analysis-backbone:Thing, [AnalyzedElement] [CharacterizedElement [Characterizes|

Asserted Object Properties: lhasValidatesSourcel [0..1][Explanation|
|lhasValidatesTarget| [0..1][CharacterizedElement




6.10 Validates

mission:Presents

mission:

hasQuantifiesTarget [0..1]

mission:Mission

mission:Performs

hasQuantifiesTarggt [0..1]
antifiesTarget [O..

hasQuantifiesTarggt [0..1]

hasQuantifiesSourc

Transfersin  (a—

Explanation

Quantifies

Quantity

mission:Component

CharacterizedB:
isljmitedBy [0..*]

Assumption

Figure 35: Class usage diagram for Quantifies.

hasQuantifiesTarget [O..l]’

Characterization

mission: TransfersOut
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42 6 OBJECT PROPERTY REIFICATION CLASS DEFINITIONS

Explains

Validates

asValidatesSource [0..1]\hasValidatesTarget [0..1]

Explanation CharacterizedElement

Figure 36: Class definition diagram for Validates.

Inferred Object Properties: lhasCharacterizesSource| [0..1][Characterization|
lhasCharacterizesTarget| [0..1][CharacterizedElement]
[hasExplainsSource| [0..1]
lhasExplainsTarget| [0..1]ICharacterizedElement
[0..*) Explanation]
fisCharacterizedBy| [0..*]|Characterization|
fisExplainedBy] [0..*] [Explanation]
| dBy| [0..*]|A D
isValidatedBy]| [0..*] [Explanation]

Reified Object Properties: [validates

The class definition diagram for Validates is shown in Figure The class usage diagram for Validates is too
large to include.
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7 Concrete Object Property Definitions

7.1 analyzes

An Explanation a analyzes some IdentifiedElement e if and only if a considers or otherwise takes account of e.
Asserted Superproperties: analysis-backbone:topReifiedObjectProperty

Inferred Superproperties: analysis-backbone:topObjectProperty

Domain:

Range: [0..*]|AnalyzedElement]

Inverse:

Derived: false

Reification Class:
Reification Property Chain: [hasAnalyzesSource] ~' o[hasAnalyzesTargef]

The property usage diagram for analyzes is shown in Figure 371
7.2 characterizes
A Characterization c¢ characterizes a CharacterizedElement e if and only if ¢ describes, delimits, or restricts e.

Asserted Superproperties: analysis-backbone:topReifiedObjectProperty

Inferred Superproperties: analysis-backbone:topObjectProperty

Domain: [Characterization|
Range: [0..*][CharacterizedElement]

Inverse: [isCharacterizedBy|

Derived: false

Reification Class:

Reification Property Chain: [hasCharacterizesSource] ~' o [hasCharacterizesTargef]

The property usage diagram for characterizes is shown in Figure

7.3 explains

An Explanation a explains some SpecifiedElement e if and only if a provides a rationale or justification for
some design aspect of e.

Asserted Superproperties: [Characterizes|

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectProperty
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Figure 37: Property usage diagram for analyzes.



7.3

explains

Figure 38: Property usage diagram for characterizes.
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Domain:
Range: [0..*][CharacterizedElement]

Derived: false

Reification Class:
Reification Property Chain: [hasExplainsSource] ~! o [hasExplainsTargef]

The property usage diagram for explains is shown in Figure 391

7.4 hasCriterion
A Metric m hasCriterion some Criterion c if and only if ¢ establishes a region of success for m.
Asserted Superproperties: analysis-backbone:topReifiedObjectProperty

Inferred Superproperties: analysis-backbone:topObjectProperty
Domain: Metrid

Range: [0..*]|Criterion

Inverse: [sCriterionFor

Derived: false

Reification Class: [HasCriterion]
Reification Property Chain: [hasHasCriterionSourcel ! o [hasHasCriterionTargef]

The property usage diagram for hasCriterion is shown in Figure

7.5 hasMetric

An Quantification q hasMetric some Metric m if and only if g assigns a value to m for some aspect of a design.
Asserted Superproperties: analysis-backbone:topReifiedObjectProperty

Inferred Superproperties: analysis-backbone:topObjectProperty

Domain:

Range: [0..1]

Derived: false

Reification Class: [HasMeirid

Reification Property Chain: hasHasMetricSourcel ~! o [hasHasMetricTarget]

The property usage diagram for hasMetric is shown in Figure F11



7.5 hasMetric

Figure 39: Property usage diagram for explains.
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hasCriterion [0..*] >

Metric Criterion

Figure 40: Property usage diagram for hasCriterion.

hasMetric [0..1] >

Quantity Metric

Figure 41: Property usage diagram for hasMetric.

7.6 hasValue

Asserted Superproperties: analysis-backbone:topReifiedObjectProperty
Inferred Superproperties: analysis-backbone:topObjectProperty
Domain:

Range: [0..1][Quantity Value]

Derived: false

Reification Class: [HasValuel

Reification Property Chain: hasHasValueSourcel ! o [hasHasValueTargef]

The property usage diagram for hasValue is shown in Figure 421

7.7 isAnalyzedBy
Asserted Superproperties: analysis-backbone:topReifiedObjectProperty

Inferred Superproperties: analysis-backbone:topObjectProperty

Domain: [AnalyzedElement|
Range: (0..*)[Explanation
Inverse: [analyzes|

Derived: true

The property usage diagram for isAnalyzedBy is shown in Figure 3]

hasValue [0..1] >

Quantity QuantityValue

Figure 42: Property usage diagram for hasValue.



7.7

isAnalyzedBy

Figure 43: Property usage diagram for isAnalyzedBy.
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7.8 isCharacterizedBy

See characterizes.

Asserted Superproperties: analysis-backbone:topReifiedObjectProperty

Inferred Superproperties: analysis-backbone:topObjectProperty

Domain: [CharacterizedElement|

Range: [0..*][Characterization|
Inverse: [characterized

Derived: true

The property usage diagram for isCharacterizedBy is shown in Figure 44l

7.9 isCriterionFor

Asserted Superproperties: analysis-backbone:topReifiedObjectProperty
Inferred Superproperties: analysis-backbone:topObjectProperty
Domain:

Range: [0..1]Metrid

Inverse: |hasCriterion

Derived: true

The property usage diagram for isCriterionFor is shown in Figure [43]

7.10 isExplainedBy

See explains.

Asserted Superproperties: [isCharacterizedBy]|

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectProperty

Domain: [CharacterizedElement|
Range: [0..%]

Inverse: [explains

Derived: true

The property usage diagram for isExplainedBy is shown in Figure 46l



7.10

isExplainedBy

Figure 44: Property usage diagram for isCharacterizedBy.
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isCriterionFor [0..1] >

Criterion Metric

Figure 45: Property usage diagram for isCriterionFor.

7.11 isLimitedBy

See limits.

Asserted Superproperties: [isCharacterizedBy|

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectProperty

Domain: [CharacterizedElement

Range: [0..*]
Inverse: [imits|

Derived: true

The property usage diagram for isLimitedBy is shown in Figure 471

7.12 isMeasuredBy

Asserted Superproperties: analysis-backbone:topReifiedObjectProperty
Inferred Superproperties: analysis-backbone:topObjectProperty
Domain: [MeasuredElement]

Range: [0..*]|Criterion

Inverse: [MEasures

Derived: true

The property usage diagram for isMeasuredBy is shown in Figure 48]

7.13 isQuantifiedBy

Asserted Superproperties: analysis-backbone:topReifiedObjectProperty
Inferred Superproperties: analysis-backbone:topObjectProperty
Domain: mission:SpecifiedElement

Range: [0..*] [Quantity|

Inverse:

Derived: true

The property usage diagram for isQuantifiedBy is shown in Figure



7.13

isQuantifiedBy

Figure 46: Property usage diagram for isExplainedBy.
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Figure 47: Property usage diagram for isLimitedBy.



7.13

isQuantifiedBy

mission:Objective

isMeasuredBy [0..*]

Criterion

mission:Requirement

isMeasuredBy [0..*

Figure 48: Property usage diagram for isMeasuredBy.

mission:Component

mission:Mission

mission:Performs

mission:Presents

isQuantifiedBy [0..*]

isQuantifiedBy [0..*]

isQuantifiedBy [0..*]

isQuantifiedBy [0..* Quantity

isQuantifiedBy [0..*]

mission:Transfersin

isQuantifiedBy [0..*]

mission:TransfersOut

Figure 49: Property usage diagram for isQuantifiedBy.
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7.14 isValidatedBy

See validates.

Asserted Superproperties:

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectProperty, [isCharacterizedBy|

Domain: [CharacterizedElement]
Range: [0..*][Explanation]
Inverse:

Derived: true

The property usage diagram for isValidatedBy is shown in Figure [30l

7.15 limits
Asserted Superproperties: [Characterizes|

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectProperty

Domain:
Range: [0..*]|CharacterizedElementl
Inverse: jisLimitedBy|

Derived: false

Reification Class: [[imits|

Reification Property Chain: [hasTimitsSource ~! o [hasLimits Targef]

The property usage diagram for limits is shown in Figure [31]

7.15.1 Comments
7.16 measures

A Criterion ¢ measures some MeasuredElement e if and only if ¢ defines a region for some Metric that corre-
sponds to success for e.

Asserted Superproperties: analysis-backbone:topReifiedObjectProperty
Inferred Superproperties: analysis-backbone:topObjectProperty
Domain:

Range: [0..*]MeasuredElement

Inverse:




7.16 measures

Figure 50: Property usage diagram for isValidatedBy.
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Figure 51: Property usage diagram for limits.



7.17 quantifies 59

mission:Objective

w‘

Criterion

mission:Requirement

Figure 52: Property usage diagram for measures.

Derived: false

Reification Class:

Reification Property Chain: hasMeasuresSourcel ! o [hasMeasuresTargef]

The property usage diagram for measures is shown in Figure 521

7.17 quantifies

A Quantification g quantifies some SpecifiedElement e if and only if ¢ assigns a value to some Metric for e.
Asserted Superproperties: analysis-backbone:topReifiedObjectProperty

Inferred Superproperties: analysis-backbone:topObjectProperty

Domain:

Range: [0..*] mission:SpecifiedElement

Inverse: [1sQuantifiedB

Derived: false

Reification Class: [Quantifies)

Reification Property Chain: [hasQuantifiesSource] ~! o |[hasQuantifies Targe(]

The property usage diagram for quantifies is shown in Figure

7.18 validates

An Explanation a validates some SpecifiedElement e if and only if a provides a definitive, determinative expla-
nation for some design aspect of e.

Asserted Superproperties:

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectProperty, [characterizes|

Domain:
Range: [0..*][CharacterizedElement]
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mission:Component

quantifies [0..*

mission:Mission

quantifies [0..*

mission:Performs

Quantity

guantifies [0..] mission:Presents

quantifies [0..*]

mission:Transfersin

mission:TransfersOut

Figure 53: Property usage diagram for quantifies.



7.18 validates

Inverse:

Derived: false
Reification Class: [Validates|
Reification Property Chain: [hasValidatesSourcel ~! o [hasValidatesTargef]

The property usage diagram for validates is shown in Figure 541
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Figure 54: Property usage diagram for validates.



8 Object Property Reification Source/Target Object Property Definitions
8.1 hasAnalyzesSource
Asserted Superproperties: analysis-backbone:topReifiedObjectPropertySource

Inferred Superproperties: analysis-backbone:topObjectProperty

Domain:
Range: [0..1]

Derived: false

8.2 hasAnalyzesTarget
Asserted Superproperties: analysis-backbone:topReifiedObjectPropertyTarget

Inferred Superproperties: analysis-backbone:topObjectProperty

Domain:
Range: [0..1]|AnalyzedElement|

Derived: false

8.3 hasCharacterizesSource

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertySource
Inferred Superproperties: analysis-backbone:topObjectProperty

Domain:

Range: [0..1]|Characterization|

Derived: false

8.4 hasCharacterizesTarget

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertyTarget
Inferred Superproperties: analysis-backbone:topObjectProperty

Domain:

Range: [0..1][CharacterizedElement|

Derived: false
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8.5 hasExplainsSource

Asserted Superproperties: [hasCharacterizesSourcel

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectPropertySource

Domain:
Range: [0..1]

Derived: false

8.6 hasExplainsTarget

Asserted Superproperties: lhasCharacterizesTarget|

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectPropertyTarget

Domain:
Range: [0..1][CharacterizedElement

Derived: false

8.7 hasHasCriterionSource

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertySource
Inferred Superproperties: analysis-backbone:topObjectProperty

Domain: [HasCriterionl

Range: [0..1][Metrid

Derived: false

8.8 hasHasCriterionTarget

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertyTarget
Inferred Superproperties: analysis-backbone:topObjectProperty

Domain: [HasCriterion|

Range: [0..1][Criterionl

Derived: false



8.9 hasHasMetricSource 65

8.9 hasHasMetricSource

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertySource
Inferred Superproperties: analysis-backbone:topObjectProperty

Domain:

Range: [0..1][Quantity]

Derived: false

8.10 hasHasMetricTarget

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertyTarget
Inferred Superproperties: analysis-backbone:topObjectProperty

Domain:

Range: [0..1][Metrid

Derived: false

8.11 hasHasValueSource

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertySource

Inferred Superproperties: analysis-backbone:topObjectProperty

Domain: [HasValuel
Range: [0..1]

Derived: false

8.12 hasHasValueTarget

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertyTarget

Inferred Superproperties: analysis-backbone:topObjectProperty

Domain: [HasValuel
Range: (0. 1] QUanttyValae

Derived: false
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8.13 hasLimitsSource

Asserted Superproperties: [hasCharacterizesSourcel

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectPropertySource

Domain: [[imits
Range: [0..1]|Assumption

Derived: false

8.14 hasLimitsTarget

Asserted Superproperties: lhasCharacterizesTarget|

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectPropertyTarget

Domain: [[imitd
Range: [0..1][CharacterizedElement

Derived: false

8.15 hasMeasuresSource

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertySource
Inferred Superproperties: analysis-backbone:topObjectProperty

Domain: [Measures]

Range: [0..1][Criterionl

Derived: false

8.16 hasMeasuresTarget

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertyTarget
Inferred Superproperties: analysis-backbone:topObjectProperty

Domain: [Measures|

Range: [0..1][MeasuredElement

Derived: false




8.17 hasQuantifiesSource

8.17 hasQuantifiesSource

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertySource
Inferred Superproperties: analysis-backbone:topObjectProperty

Domain:

Range: [0..1][Quantity]

Derived: false

8.18 hasQuantifiesTarget

Asserted Superproperties: analysis-backbone:topReifiedObjectPropertyTarget

Inferred Superproperties: analysis-backbone:topObjectProperty

Domain: |Quantifies

Range: [0..1] mission:SpecifiedElement

Derived: false

8.19 hasValidatesSource

Asserted Superproperties: [hasExplainsSource|

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectPropertySource, hasCharacterizesSource|

Domain: [Validates|
Range: [0..1]

Derived: false

8.20 hasValidatesTarget

Asserted Superproperties: lhasExplainsTarget|

Inferred Superproperties: analysis-backbone:topObjectProperty,
analysis-backbone:topReifiedObjectPropertyTarget, |hasCharacterizes Target|

Domain: [Validates|
Range: [0..1][CharacterizedElement

Derived: false
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A UML/SysML Embedding

Table 1: Class UML/SysML Embedding

Metrology-metamodel:DataType. ValueType.MasurementScale

Analysis

AnalyzedElement

Assumption

Characterization
CharacterizedElement
CostEstimate

Criterion
DrivingRequirementsAnalysis
DrivingRequirementsExplanation
Explanation

Fact

KeyRequirementsAnalysis
KeyRequirementsExplanation
MeasuredElement

Metric °
Quantity

Quantity Value

TradeStudy

® SysML-metamodel:Component.Block

SysML-metamodel:DataType.ValueType

® UML-metamodel:Component

UML-metamodel:Constraint

UML-metamodel:DataType
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Table 2: Class OWL2-MOF2 Embedding

® owl2-mof2:BinaryAssociationEndType
® owl2-mof2:BinaryDependencyEndType

Analysis
AnalyzedElement
Assumption
Characterization
CharacterizedElement
CostEstimate °
Criterion
DrivingRequirementsAnalysis
DrivingRequirementsExplanation
Explanation

Fact

KeyRequirementsAnalysis
KeyRequirementsExplanation °
MeasuredElement

Metric

Quantity

Quantity Value

TradeStudy °

A UML/SYSML EMBEDDING

owl2-mof2:ObjectPropertyDependentRangeType



Table 3: Object Property Reification Class OWL2-MOF2 Embed-

ding

Analyzes
Characterizes
Explains
HasCeriterion
HasMetric
HasValue
Limits
Measures
Quantifies
Validates

® © owl2-mof2-backbone:ReifiedObjectProperty

owl2-mof2:BinaryDependency

© & o 0 o 0 o o o o yw[2-mof2:BinaryDependencyEndType
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Index

class

Analysis, 13| 16l [T9] 211 231 241 28] 69l 70
analysis-backbone:Aspect, Bl [3HI7] 2123
27 B8l B1H33] B8
analysis-backbone:Entity, [0 [13HI7] 211231
27
analysis-backbone:ReifiedObjectProperty, O BT
B8
analysis-backbone:ReifiedStructuredDataProperty,
analysis-backbone:StructuredDatatype,
analysis-backbone:Thing, Bl [3HI7] o123
27 B8l B1H33] B8
AnalyzedElement, O [3H17 [9H23l P7H29] B1l-
B3 (38 40 43
Analyzes, 311 [43] [63] [71]
Assumption, 0] 3] [[3HI3] 7] MOH23] 27H29 BT
B8
base-backbone: Aspect, [3H17] 19 211231 27]
base-backbone:Entity, [9
base-backbone:ReifiedObjectProperty,
base-backbone:StructuredDatatype,
base-backbone: Thing, [3H17] 19 2123l 27}
base:AggregatedElement, [I3] 9211 231
base:IdentifiedElement, [[3H17} 19 21H251 271
Characterization, [0 [[3] T4 15} [3HI7] TOH231 27+
BIH33 B8 43
70
CharacterizedElement, [0 [[3H17] [[9H23] 27H29]
B1H33 43
Characterizes, 31 [711
CostEstimate, [13]
Criterion, [0} 17] 25| [33] B8] 46l 50l 521 56l 64! (66
DrivingRequirementsAnalysis,
DrivingRequirementsExplanation,
70
Explains, 31} 71
Explanation, 0] [3HI7, 20H23] 27H291 BT+
(331 B3] 36l 381 (401 @2] E3] H6l 48] 50, 56l 59
Fact,[14]
HasCriterion,

73

HasMetric,

HasValue, 33 48] [63] [71]
KeyRequirementsAnalysis, 23] 24]
KeyRequirementsExplanation, [[3] 23]
Limits, 3]

MeasuredElement, [0} [T7]
Measures, 1

Metric, 17] 25| 27} 33] 33} B4l [501 [641 [631 691 [701

Metrology-metamodel:DataType.ValueType.MasurementScale

69
mission-backbone:Entity,
mission-backbone:ReifiedObjectProperty,
mission-backbone:StructuredDatatype,
mission:Objective,
mission:Requirement, ©] 23] 24
mission:SpecifiedElement, 27]
owl2-mof2-backbone:ReifiedObjectProperty, [71]
owl2-mof2:BinaryAssociationEndType,
owl2-mof2:BinaryDependency, [71]
owl2-mof2:BinaryDependencyEndType, [70} [71]
owl2-mof2:ObjectPropertyDependentRangeType,
Quantifies, [711
Quantity, [[5 27] 35 B0l (46l 48] [52] 591165 [671 69
Quantity Value, 27 27] B3] 48]
SysML-metamodel:Component.Block,
SysML-metamodel:DataType.ValueType,
TradeStudy, [13]
UML-metamodel:Component,
UML-metamodel:Constraint,
UML-metamodel:DataType,
Validates, 711

datatype

xsd:string, [[3HI71 [9H23] 27H29]

datatype property

base:hasAlternateName, [[3H1 7} [TOH23] 271
base:hasCanonicalName, [[3H17], [[OH23] 271
base:hasDescription, [3HI7 [[9H25] 27]
base:haslIdentifier, 13H17] [[9H23] 271
base:hasIndexEntry, [3HI7, 19-23] 271
base:hasShortName, [[3H17] [TOH23] 271
base:hasSortKey, [[3H17] 19231 27,
base:hasUuid, [[3HI7 [T9H23] 271
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object property

analysis-backbone:topObjectProperty, 43}
analysis-backbone:topReifiedObjectProperty, [43]
48
analysis-backbone:topReifiedObjectPropertySource,
63H67/
analysis-backbone:topReifiedObjectPropertyTarget,
63167/
analyzes, [[3] [T6] [OH2T] 23] 24 291 311 431 48]
base:aggregates, [13] 6l [[O-211 23]
base:isAggregatedln, [[OH211
characterizes, [[3HI6 [TOH24] 271 43l
explains, [13] [T6] MOH2T] 23] 241 291 33| 43| 50l 591
hasAnalyzesSource, 31]
hasAnalyzesTarget, 311 43]
hasCharacterizesSource,32] 36 2]
67/
hasCharacterizesTarget, 32]
67/
hasCriterion, 231 [33]
hasExplainsSource,
hasExplainsTarget,
hasHasCriterionSource,
hasHasCriterionTarget, 33]
hasHasMetricSource,
hasHasMetricTarget,
hasHasValueSource,

A UML/SYSML EMBEDDING

hasHasValueTarget, 33] 48]

hasLimitsSource,

hasLimitsTarget,

hasMeasuresSource, 38|

hasMeasuresTarget, 38]

hasMetric, 271

hasQuantifiesSource,

hasQuantifiesTarget,

hasValidatesSource,

hasValidatesTarget,

hasValue, 271

isAnalyzedBy, O [[3H17] [9-23] 27 3133
(381 (40} (42

isCharacterizedBy, Ol [[3HI7] 1923 P71 B1-
B3 B8l

isCriterionFor, [[7]

isExplainedBy, O [[3HI7l [[9H23] 27H29 31H33l
(381 (40} 42

isLimitedBy, Bl [3H13] 07 M9H23] 27291 B1H33l
B8l

isMeasuredBy, [0

isQuantifiedBy,

isValidatedBy, [0] [[3HI3] 17 [M9H23] 27H29 31+
42

limits, 141 221 B8 (21

measures, [[7], B8l [52]

quantifies, 27] 40, 2]

validates, [[3] [[7} MOH21] 23] 24 291 [A2]
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