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Ontologies for multidomain physics
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OPB/SemSim schema: “composite annotation”
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OPB foundational theory — system dynamics

Engineering system dynamics
 Bond graph theory
Karnopp, Margolis, Rosenberg (1968)

 EngMath - Ontology for Engineering Mathematics
Gruber, Olsen (1994)
e PHYSYS - Physical Systems Ontology
Borst, Top, Akkermans (1994)

Biochemical system dynamics

* Network thermodynamics
Oster, Perelson, Katchalsky (1971)

Mickulecky (1983)
Beard, Qian (2008)



OPB:Physics analytical entity

A Physics analytical entity is an
abstraction of the real world created
within the science of classical physics for

the description of physical entities and

~

the analysis of physical processes. Y,
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OPB:Physical entity
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A Physical entity is a spatial,
temporal, or energetic abstraction of
the physical world.




OPB:Physical entity
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OPB:Physical property

OPB
Physics_analytical_entity
» D Physical_entity

» U Physical_property
A Physical property is a quantifiable )
attribute of a Physical entity whose
value can be determined by physical

measurement at a moment in time. D




OPB:Physical property .

A Physics analytical entity is an
abstraction of the real world created
within the science of classical physics for

the description of physical entities and

/ the analysis of physical processes. -
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_entity
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Kinetic physical property class taxonomy
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Kinetic physical property by domain

v ®Physical_property A Flow subclass for
v D Kinetic_physical_property each physical
v @ Rate_property domain

v O Flow
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OPB:Physical dependency
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attribute of a Physical entity whose
value can be determined by physical

A Physical property is a quantifiable A

easurement at a moment in time. D

A Physical dependency is a dependency
between the magnitudes of Physical
properties according to an axiom or

empirical law of physics.
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OPB:Constitutive dependency

Flow

\

Force

Temporal integral Resistive dependency

Displacement

Capacitive dependency

Displacement

Force

\ [

Temporal integral Inductive dependency

Momentum

/

Momentum 4/




Physical dependency class hierarchy

OPB
v © Physical_dependency

v @ Kinetic_dependency
v U Axiomatic_dependency
» 0 Temporal_integral_dependency

v & Constitutive_dependency
» D Resistive_dependency
» 0 Capacitive_dependency
» U nductive_dependency



Physical dependency by domain

OPB

A Resistive dependency
subclass for each
physical domain
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Physical dependency by domain

OPB

A Resistive dependency
subclass for each
physical domain
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OPB: Chemical kinetic domain dependencies

[ Chemical _rate_law_dependency
Jre ’\ /
Jp = kR[R] kp[P]

A[R] = - IJRP dt
A[P] = + | Jgp dt

kR

Chemical_resistive_dependency }

N—

see: Beard & Qian (2008)
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ke + kot e

v

Arp = - Mp * UR

R = molar gas constant

T = temperature
Mp = chemical potential

Agp = affinity



OPB-to-SBO mappings?

v © Chemical_reaction_dependency
O Chemical_rate_law_dependency
O Chemical _thermodynamic_dependency

—= & SB0O:0000001 - rate law

© SB0:0000268 - enzymatic rate law
© SB0:0000192 - Hill-type rate law, generalised form
© SB0O:0000012 - mass action rate law




OPB/SemSim schema: models to ontologies
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