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Presentation Overview

* |[ntroductory Remarks
= Definitions of Main Concepts Modeled

= The Main Classes in the QUDT
Ontology (with examples)

» Functions for Unit Conversion and
Computing Products/Quotients of
Quantity Kinds

= Current and Future Work
= References and Credits
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Introductory Remarks

= Sponsored by NASA's Constellation
Program

— 30+ year space exploration program to return to
the moon and eventually send humans to Mars

— Investing in Semantic Technologies to meet
short term and long term ‘-ilities’

 Affordability; Sustainability; Operability; etc.
= One of a set of related ontologies designed
to support the Constellation Program
Lifecycle, as well as domain specific areas,
Including
— Telemetry and command
— Modeling and simulation

TopQuadrant™
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Main Concepts Modeled (I)

= Quantity Kind - an observable and
measurable property of objects, systems, or
events that is independent of any particular
measurement or expression of magnitude

— Mass, Velocity, Power, Torque, etc.

= Quantity - the magnitude of a quantity kind
for a particular object, system, event, or
class of that can be expressed as a
numerical value with respect to a chosen
scale

— Mass of a hydrogen atom, Escape velocity of the
TopQuadrant- Earth, Duration of this teleconference, etc.
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Main Concepts Modeled (Il)

= Unit of Measure - a chosen scale for
expressing the magnitude of a quantity as a
numerical value; units are associated with
the quantity kinds they quantify.
— Meter, Kilogram, Volt, etc.

= Quantity Value - the numerical value of a
quantity’s magnitude with respect to a
chosen unit of measure for the
corresponding quantity kind

— 2 Meters, 5 Kilograms, 1000 Volts, etc.

TopQuadrant™
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Main Concepts Modeled (Il

= Quantity System - a collection of
guantity kinds comprised of a base set
and a derived set such that each
member of the collection can be
expressed as a product of members of
the base set raised to a rational power.

= Unit System - a collection of units In
which each member Is a measurement
scale for a quantity kind in a
corresponding quantity system.
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Main Concepts Modeled (1V)

= System Dimension - a mapping from a
tuple of rational numbers to a product
of base quantity kinds such that the
tuple members correspond to the
exponents of the base quantity kinds;
each quantity kind in a system
corresponds to exactly one system
dimension; multiple quantity kinds may
correspond to the same dimension.




Main QUDT Class Diagram

qud:SystemOfQuantities
[ qud:baseDimensionEnumeration : qud:Enumeration(0..1]
M8 qud:systemDimension : qud:Dimension I
[ qud:systemQuantity : qud:QuantityKind[1..]
B8 qud:unitSystem : qud:SystemOfUnits[0..1)

| gud:Dimension
M qud:dimensionVector : qud:DimensionVector[1..]
M qud:referenceQuantity : qud:QuantityKind[1..]

qud:SystemOfUnits
Il- qud:systemUnit : qud:Unit[1..]

| ud:referepma@eyatam{i
qud:DimensionVector

patamniduant qud:Unit
d: tityKind (M qud:quantityKind : qud:QuantityKind
B8 qud:basisElement : qud:QuantityKind[1..1] | qud:QuantityKin
I qud:vectorMagnitude : float[1..1]

: = I_ qud:generalization : qud:QuantityKind[0..1] oo B qud:conversionMultiplier : double(0..1]

qud:conversionOffset : double[0..1)

| qud:QuantityValue
I

- M qud:unit : qud:Unit[1..1}
qud:Quantity

B8 qud:quantityKind : qud:QuantityKind

M qud:quantityValue : qud:QuantityValue[1..]

M qud:valueForQuantity : qud:Quantity[0..1]
~|#® qud:numericValue : double[1..1)

qud:relativeStandardUncertainty : double[0..1]

qud:standardUncertainty : double[0..1}

e forCnuanit

TopQuadrant™
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Expressing Quantity Values

qud:Unit
| qud:QuantityKind (M qud:quantityKind : qud:QuantityKind
'l- qud:generalization : qud:QuantityKind[0..1} = " 0 qud:conversionMultiplier : double[0..1)

qud:conversionOffset : double[0..1)

qud:QuantityValue

@ qud:unit : qud:Unit[1..1]
| qud:Quantity

[ qud:quantityKind : qud:QuantityKind
B qud:quantityValue : qud:QuantityValue[1..) It

@ qud:valueForQuantity : qud:Quantity[0..1}
DR T R M qud:numericValue : double[1..1]

B qud:relativeStandardUncertainty : double[0..1]
B qud:standardUncertainty : double[0..1]

TopQuadrant™
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Example: Value of Planck’s
Constant in Sl and CGS Units

€ quantity:Action
qud:abbreviation = §
qud:symbol = S

| rdfs:label = Action

unit:ErgSecond
| qud:conversionMultiplier = 1.0E-7|
¥ qud:conversionOffset = 0.0

9 quantity:CGSValue_PlanckConstant
Il qud:numericValue = 6.62606885E-27
| qud:standardUncertainty = 0.00000033E-27 qud:symbol = erg s
dfs:label = CGSValue_Planck cons... ] rdfs:label = Erg Second

€ quantity:PlanckConstant
=1 qud:symbol = h
rdfs:comment = The Planck constant ..
=1 rdfs:label = Planck constant

unit:jouleSecond
1 qud:abbreviation = J s
#1 qud:code = 2036
qud:conversionMultiplier = 1.0e0)

® quantity:SIValue_PlanckConstant

/1] qud:numericValue = 6.62606896E-34
qud:relativeStandardUncertainty = 5.0E-8
D qud:standardUncertainty = 0.00000033E-34
|| rdfs:label = SIValue_PlanckConsta...

qud:conversionOffset = 0.0
qud:symbol = J s
1 rdfs:label = Joule Second

TopQuadrant™
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System Dimensions for
Quantity Kinds

qud:SystemOfQuantities

[ qud:baseDimensionEnumeration : qud:Enumeration[0..1)
@ qud:systemDimension : qud:Dimension

[ qud:systemQuantity : qud:QuantityKind[1..]

[ qud:unitSystem : qud:SystemOfUnits[0..1]

qud:Dimension
M qud:dimensionVector : qud:DimensionVector(1..]
M qud:referenceQuantity : qud:QuantityKind[1..]

L dimensionVector R
| udrreferepma@suatéamiuantit

qud:DimensionVector
M qud:basisElement : qud:QuantityKind[1..1}
I qud:vectorMagnitude : float(1..1] jud:basisElet

qud:QuantityKind
@ qud:generalization : qud:QuantityKind(0..1]

TopQuadrant™
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Example: Dimensions for

€ quantity:SystemOfQuantities_SI
{51 rdfs:label = International System...

€ dim:Dimension_SI_L-3M-1T412
21 qud:symbol = LA-3 MA-1 TA4 1A2

oy
e

| rdfs:label = Dimension_SI_L-3M-1T..,

0 quantity:SystemOfQuantities_CGS-ESU

‘ quantity:Permittivity
4 dim:Dimension_CGS-ESU_U [ qud:symbol = o
dfs:comment = The electrostatic sy... RS ¥ qud:symbol = U
I=] rdfs:label = CGS-ESU System of Qui... A A e e, ! rdfs:label = Dimension_CGS-ESU_U|

rdfs:comment = Permittivity is a ph..,
=1 rdfs:label = Permittivity

0 quantity:SystemOfQuantities_CGS-EMU @ dim:Dimension_CGS-EMU_L-2T2
5] rdfs:comment = The electromagnetic ... . 1 qud:symbol = LA-2 TA2
[ rdfs:label = CGS-EMU System of Qu... R

¥ rdfs:label = Dimension_CGS-EMU_L-..|

TopQuadrant™
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SPIN Functions Using QUDT

= SPARQL Inference Notation (SPIN) --
RDF vocabularies enabling the use of
SPARQL to define constraints and
Inference rules on Semantic Web
models

» QUDSPIN -- A library of SPIN
functions and templates utilizing the
QUDT ontology to convert between
units, calculate products and guotients
of gquantities, etc.
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Unit Conversion Function

806

TopBraid - qudt.org/owl/2009/08/gqudspin.n3 - Eclipse Platform - /Applications/TopBraidComposerME-2.6 /workspace

=

T+ [@] 2] qudspin:convert Al ]0-m]&|Ly ]t ey T & Team Synchr... *
5. Navigator | [§ Classes i3 a t={> w2 =8 @ dataspin.n3 (@ qudspin.n3 &5 @ glyph.n3 1 @ nlquantity.n3 1 @ nldimension.n3 1»1 =0 h Properties &4 =0
N H ~. =
cc:Requirement (6) m Class Form =1 B
ccWork i I
|-AllDifferent Name: qudspin:convert ccjurisdiction -~
owl: freren cclegalcode

owl:DataRange

owl:Ontology (12)

owl:Thing

rdf:List (1)

rdf:Property (123)

rdf:Statement

rdfs:Class (72)

> rdfs:Container
rdfs:Literal

YyYYyYvyYY

v

> sp:SystemClass
spin:ConstraintViolation
v spin:Modules
v spin:Functions
| glyph:Functions
v qudspin:Functions
> qudspin:DeprecatedFunctions
v qudspin:DimensionFunctions
qudspin:getRimensionSymbol
| 2 qudspin:InternalFunctions
qudspin:QuantityFunctions
v qudspin:UnitFunctions
qudspin:comparableUnits (1)
o gqudspin:convert (1)

v

qudspin:convertLiteral
qudspin:getCoherentUnit (2}
qudspin:getUnitProduct
qudspin:getUnitQuatient

| 2 spl:BooleanFunctions

> spl:MathematicalFunctions

spl:MiscFunctions
> spl:0OntologyFunctions

> spl:StrinaFunctions
-
E] 4

M

~ Annotations
rdfs:comment =~

rdfs:label ~
convert

~ Class Axioms
rdfs:subClassOf ~
qudspin:UnitFunctions

~ Other Properties
spincbody +—
- SELECT value
WHERE {
Targ2 qud:conversionMultiplier 2ML .
Targ2 qud:conversionOffset 701 .
Targ3 qud:conversionMultiplier 2M2 .
7arg3 qud:conversionOffset 702 .
LET (value := (({{Pargl * 7ML} + 201) -202) [ IM2)) .
}
spimconstraint ~
- ASK WHERE {
Tthis sp:arg2 7arg2 .
Tthis sprarg3 7arg3 ..
FILTER {lqudspin:comparableUnits{?arg2, 7arg3)) .
}
(- Argument sp:argl ; xsd:double
- Argument sp:arg2 : qud:Unit
- Argument sp:arg3 : qud:Unit

spincreturnType ~
xsd:double

rdfitype —
spin:Function

Converts a numerical value (a xsd:double) from one unit of measure (specified in arg2) to another (specified in arg3). The |~
source and target units of measure must be comparable (qudspin:comparableUnits).

Farm Diagram| Graphl Farm La\,rout| Source Code|

cc:morePermissions
ccpermits
cc:prohibits
ccrequires
oeccattributedSource
owl:differentFrom
owl:disjointwith o
owlinverseOf

owl:sameAs
qud:baseDimensionEnur
qud:basisElement
qud:dimensionlnverse
qud:dimensionVector
qud:element
qud:exactMatch
qud:generalization
qud:quantityCategory
qud:guantityKind

> qud:quantityOfSystem
qud:guantityValue

| 2 qud:referenceThing
qud:specialization
qud:systembDimension

> qud:systermnQuantity

| 2 qud:systemUnit

qud:unit
qud:unitFor
> gud:unitDfSystem "
| qud:unitSystem .
audwalusEarRuantite
4| e
rdfs:comment v Q’-

7 (@ Error Log (‘ Instances ( sPARQL 22 Q:)J Imports} % Referenceq
I

= Eq (-OJ SVN Repositories ﬁg‘ Basket &3 Q‘ Baskeq = EPI

J:-v
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Unit Conversion Example

- . . . . A
ene TopBraid - qudt.org/owl/2009/08/qudspin.n3 - Eclipse Platform - /Applications/TopBraidComposerME-2.6 /workspace (=)
J - J @ J a2 J unit:ElectronValtSecond a J by J G-k J ! J i, J (=K v T E0Team Synchr... >

2571 = O|([a] dataspin.n3 (@ glyph.n3 (@ nlguantity.n3 3 [a] nldimension.n3 1»1 [a] qudspin.n3 53 =g E Pid =0

& = o oA =
t & Class Form = = ~ M| Class Form ==2E" M R

Lt sls] [sL2] P ——
unit:Degreet Name: unitErgSecond Name: unitElectronVoltSecond cejurisg

. cc:legald
unit:Degreef ~ Annotations ~ Annotations comore
unitDegree ||\ itclabel < rdfs:label = ceperm
unit:Degreef :

E Erg Second = E Electron Volt Second = cc:prohi
unit:Degreef = - . )
unit:Degreef ¥ Class Axioms ¥ Class Axioms corequi
unitDegreef rdfs:subClassOf —~ rdfs:subClassOf ~ oeccatt|
unitDegreef rdfs:Resource ~ rdfs:Resource ~ owl:diffe
unit:DEgreeFm = Other Properties = Other Properties owl:disjc

. owl:inve
unit:Degreef qud:conversionMultiplier ~ qud:abbreviation — I
unit:Degreef Hl[1.0E-7 = Eevs = owlsam

. qud:bas
un?t.DegreeF qud:conversionOffset — qud:conversionMultiplier = qud:bas
unitDegreel || §ng - #]/1.6021765314E-19 - quddim
unit:Degreef :

d:quantityKi = i:conversior = i
unitDegreel qg{ .(.11'11.T|L§-'|{ nd tt:-g conversionOffset qud:dim
unit-Denar quantity:AngularMomentum = 0.0 = qud:eler
unit:Denier qud:symbol = qud:quantityKind = gud:exa
unit:Diopter Hlerg s = ‘@ (quantity:AngularMomentum - qud:gen
unit:Djibouti rdfitype — W | qud:symbol = qujqua‘

- - - qud:qua
unit:Dobra w qud:AngularMomentumUnit =4y Ee\a’s =4y b |
unit:Dominic % [qud:Derivedunit | v fB I .
unit:DryGalle orm | Diagram | Graph | Form Layout | Source Code orm | Diagram | Graph | Form Layout | Source Code ’

itDryGalle || Form D Graph | Form L 5 Cod Form | Di Graph [ Form L 5 Cod rdfs:commey
unit:DryPintl z =
anit:DryQua ] Error Log (‘ Instances ( spARQL 22N Imports}ﬁ References} - G |.._. “SHEBRTSO|E@sw ﬂg‘ Bask ﬁg‘ Bask 52 =0

. 1 It] =
unit:Dyne { Query Editor | Query Library [result M
unitDyneCe [ 4.135667150367048E-15 —

: qudspin:getDimensionSymbol
unit:DynePei SELECT gudspin:getDimensionSymbol-Int
unit.EastCar Presult qudspin:getQuantityKindDimensic
unit:Egyptial WHERE qudspin:getQuantityKindCimensic
unit:Electror 1
unit:Electror LET {?result := qudspin:convert(6.62606885E-27, unit:ErgSecond, unit:ElectronVoltSecond))

TopQuadrant“" unitElectror & || }

o unit:Electror v
@ >
\ad € 5 | <l
| 0° |
y
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Quantity Kind Product
Function

TopQuadrant™

in:CaonstraintViolation

in:Modules
spin:Functions

> glyph:Functions

L4 qudspin:Functions

| 2 qudspin:DeprecatedFunctions

v qudspin:DimensionFunctions
qudspin:getDimensionSymbaol

> qudspin:nternalFunctions

v qudspin:QuantityFunctions
qudspin:getQuantityKindBaseExponent (6)
qudspin:getQuantityKindDimensionSymbaol

6 qudspin:getQuantityKindProduct (1)
qudspin:getQuantityKindQuotient (1)
qudspin:isQuantityKindProduct (1)
qudspin:isQuantityKindQuotient (1)

v qudspin:UnitFunctions
qudspin:comparableUnits (1)
qudspin:convert (1)
qudspin:convertLiteral
qudspin:getCoherentUnit (2)
qudspin:getUnitProduct
qudspin:getUnitQuotient

> spl:BooleanFunctions £

| 2 spl:MathematicalFunctions
s
| | - i i

b

arg2 - a quantity kind
arg3 - a quantity kind

returns the product of arg2 and arg3

~ Class Axioms
rdfs:subClassOf ~
qudspin:QuantityFunctions

~ Other Properties
spinbody ~
0-|SELECT ?result
WHERE {
?pred rdfs:subPropertyOf* qud:systemQuantity .
Targl ?pred ?result .
FILTER qudspin:isQuantityKindProduct(?argl, 7arg2, arg3, Tresult) .
}
spin:constraint ~
- Argument sprargl : qud:SystemOfQuantities
- Argument sp:arg? : qud:QuantityKind
o~ Argument sp:arg3 : qud:QuantityKind
- Inter Argument 1-2 : qucisystemQuantity
- Inter Argument 1-3 : qud:systemQuantity

spinreturnType ~
qud:QuantityKind
rdf:type —

spin:Function

4 4 4 4 4

q

Form | Diagram | Graph| Farm La\,rout| Source Code|

o6 TopBraid - qudt.org/owl/2009/08/gudspin.n3 - Eclipse Platform - /Applications/TopBraidComposerME-2.6 jworkspace (=]
J [ J @ J;‘fi’. J gudspin:getQuantityKindProduct :; J&l J O-H J ! J 1 J (ks T 2] gDTeam Synchr...
TS Navigator | [2 Classes 23 s e ¥ = O [a dataspin.n3 (@ qudspin.n3 & [a] glyph.n3 1 [a] n1quantity.n3 1 [ n1dimension.n3 1»1 =0 h Properties &4 =0
|:DataRange m Class Form == AEl ﬁ ™ -
1:0Ontology (12) _ - —— — jurisdiction a
IThing Wame: qudspin:getQuantityKindProduct CC.JL.IrIS

cc:legalcode
i:List (1 ~ Annotations co:morePermissions
fProperty (123) rdfs:label — cCipermits
f:.Statement get dimension product ccprohibits
's:CIass.[?EJ rdfs:comment < corequires
j=:Container This function computes the product of two quantity kinds that are defined within the same system; oecciattributedSource
fs:Literal ) owl.differentFrom
SystemClass argl - a quantity system owl:disjointWith e/

owlinverseOf
owl:isameAs
qud:baseDimensionEnur
qud:basisElement
qud:dimensioninverse
qud:dimensionVectar
qud:element
qud:exactMatch
qud:generalization
qud:gquantityCategory
qud:gquantitykind

> gud:guantityOfSystem
qud:guantityValue

| 2 qud:referenceThing
qud:specialization
qud:systemDimension

| 2 qud:systemQuantity

| 3 gud:systemUnit
qud:unit
qud:unitFor

» qud:unitOfSystem

» |

| 2 qud:unitSystem

oudvalusFarDinanting
14

rdfs:comment v ﬁ);'

" v {)"' (@ Error Log (’ Instances ( SPARQL £3 QOJ Imports] % References} = Eq (-OJ SWN Repositories (Q’ Basket &3 Q’ Baskeﬂ = E']
‘ J o ]

#
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Quantity Kind Product

Exam

le

TopBraid - gudt.org/owl/2009/08/qudspin.n3 - Ecllpse Platform —E plications/TopBraidComposerME-2.6 /workspace

806 =)
i ] @] 2 ] ® [dimDimension_si_L2T| Al&|0-k|a ; E £0Team Synchr... *
2271 = O] [a] dataspin.n3 (B glyph.n3 (@ nlgquantity.nd &2 [a] nldimension.n3 1»1 @ qudspin.n3 & =0 h pid =0

& £ & V|| Resource Form =N Resource Form 2B~ M oY
ve rdfs:Resm Name: dim:Dimension_SI_LTI Name: dim:Dimension_SI_L2T ceijurise
0 - - cc:legald
® ccr ~ Annotations ~ Annotations comore
. ccF rdfs:label — rdfs:label — ccperm
® ccr 'l [Dimension_SI_LTI - 41 Dimension_sI_L2T - ceprohi
O v ~ Other Properties ~ Other Properties ccirequi
. owl! qud:dimensionVector — qud:dimensionVector — oeccattl
® owl; W |dim:vectar_IL - @ |dim:Vectar_I1 = owl:diffe
> O owl: W |dim:Vectar_J0 - ‘@ |dim:Vectar_J0 = owl:disjc
b owl: W |dim:vector_L1 - W |dimVector_L2 = owlinve
> @ rdr W |dim:Vector_M0 = W [dim:Vector_Mo = owl:sam
p O rar: @ [dim:Vector_NO = @ dim:Vector_ND = qud:bas
@ rdr: W |dim:Vector_T1 = W [dim:Vector_T1 = qud:bas
b O rdfs @ |dim:Vector_U0 - @ dim:Vector_uo = qud:dim
b O rdfs W |dim:Vector_g0 - @ |dim:Vector_B0 = qud:dim
@ rdrs qud:referenceQuantity ~ qud:referenceQuantity ~ "/ qud:eler
g . spi % quantity:ElectricDipoleMoment -~ % quantity:ElectricQuadrupoleMoment =4 qud:exa
. spir qud:gen
» @ spir qud:symbol — qud:isymbol — qud:qua’ |
unit ELT' = ELAET' ¥ qud:qua 4
unit rdf:type rdf:itype = : (&) ERE
un: im_J (:J.rra\ph| Source Code| im_J (Srra\ph| Source Code| rdfs;commeT Q:'
uni
unit || ] Error Log (’ Instances ( sPARQL 22 N Importq% References} P @ |'U “EHHB 2 ¥ = 0)@swN (Q’ Bask (Q’ Bask 52 =0
:::: { Query Editor | Query Library | ["ESUM . . B X~
quantity:ElectricQuadrupoleMoment = = =
unit SLECT qudsp?n:gethmens?onSymhol
unit hresult qudsp?n:getDlmen.5|orj|5~,rr'n.bol—ln.t
unit ‘-NHERE qudspin:getQuantityKindDimensic
unit ! qudspin:getQuantitykindDimensic
un?t LET (?result := qudspin:getQuantityKindProduct(
TopQuadrant“‘ un?t '] quantity:SystemOfQuantities _SI,
uniy v quantity:ElectricDipoleMoment,
e » quantity:Length))
‘ ‘ v ||l € D | R
g |
4

© Copyright 2009 TopQuadrant Inc.

Slide 17



Current and Future Work

* Dimensional Data Type Systems

» Equations (Physical Laws) Relating
Quantity Kinds

= Structural Type of Quantity Kinds
(scalar, vector, tensor, etc.)

= Association Between Measurement
Events, Measured Quantities, and
Expression in Engineering Units

e = Dimensionless Numbers

© Copyright 2009 TopQuadrant Inc.



References and Sources

= Bureau International des Poids et
Mesures

= The NIST Reference on Constants,
Units, and Uncertainty

= VIM 3: International Vocabulary of
Metrology

= Eric Weisstein’s World of Science

» Classical Electrodynamics, J.D.
Jackson, Wiley & Sons, 3rd Edition
(1998)

© Copyright 2009 TopQuadrant Inc. Slide 19


http://www.bipm.org/en/home/
http://www.bipm.org/en/home/
http://physics.nist.gov/cuu/
http://physics.nist.gov/cuu/
http://www.bipm.org/utils/common/documents/jcgm/JCGM_200_2008.pdf
http://www.bipm.org/utils/common/documents/jcgm/JCGM_200_2008.pdf
http://scienceworld.wolfram.com/

Links

* The QUDT Ontology Is available at
Includes:
— QUDT Schema and Instance Data

— Physical Constants published in the NIST
Reference on Constants, Units and
Uncertainty

— Links between QUDT URIs and DBPedia
URIs (uses SKOS ontology for linking)
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