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Working Session Agenda
Thursday, 2/8, Breakout Room 2

* 16:00-16:30 — Raytheon use case(s) - William Mandrick

* 16:30-17:00 — Ontology of future entities and digital artifacts — Dusan Sormaz

* 17:00-17:20 — Theory of planning — Arkopaul Sarkar

* 17:20-17:30 - Production Planning and Scheduling WG Roadmap — Dusan Sormaz
« 17:30-18:00 - Discussion
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| INTRODUCTION >

Motivation and Background (Modal Logic)

» Modal logic is a kind of logic used to represent statements about necessity and possibility. It
plays a major role in philosophy and related fields as a tool for understanding concepts such as
knowledge, obligation, and causation. [Wikipedia]

» A modal is an expression (like ‘necessarily’ or ‘possibly’) that is used to qualify the truth of a
judgement. Modal logic is, strictly speaking, the study of the deductive behavior of the
expressions ‘it is necessary that’ and ‘it is possible that’. [Stanford Encyclopedia of Philosophy]

» Temporal logic (a kind of modal logic) may be interesting, because design (digital artifact)
precedes real artifact

» If | have real engine it is necessary that its design existed (or exists)
» If | have engine design it is possible that real engine exists

OAGi 6 | 5;€|:



| INTRODUCTION >

OAGi

Few Observations

Modal relations talk about necessity and possibility, they do not show how one object make
another possible

Counterpart relation talks about similarities, but in possible worlds, so designed engine and real
engine are similar, one is in real world, another in design world (possible)

Counterpart theory provides modeling tools to define ontologies of literature, film, music and
such, in all of these we have objects, natural and artifacts, they have their properties, and are
connected by relations. It is not possible to describe all those relations in terms of ICE

During design phase engineers talk about possible worlds (instances) which may exists in the
future

Engineering product development cycle may be seen as going through different worlds: Regs,
Design, Planning, Scheduling, Manufacturing, Use, Recycle



| INTRODUCTION >

Requirements

» General Requirements

U Scalability ex. as-designed and as-manufactured

L Number of constructs (classes, relations, and individuals) required
WInformation retrieval efficiency

LIOF/BFO (Basic Formal Ontology) compliance

W Digital twin modeling for a product/process/system

» Use Case Requirements

OAGi

QStructures and components

U Process Settings

QParticipants

LRequired attributes (equipment capabilities)
LChanges in designs from each version

WProcess plan (the implementation of optional steps)



| INTRODUCTION >

Requirements for Representation

OAGi

» Evaluation of design

» Performance estimation

» Simulation of behavior interactions (process)
» Extensibility of the design into new generations
» Communications

» Users of information, designers, managers

» Marketing

» Interoperability of designer tools

» Product life cycle: design for reuse, recycle

» Verification and validation of designs



| INTRODUCTION >

Requirements for Representation

» Evaluation of design

» Performance estimation

» Simulation of behavior interactions (process)
» Extensibility of the design into new generations
» Communications

» Users of information, designers, managers

» Marketing

» Interoperability of designer tools

» Product life cycle: design for reuse, recycle

» Verification and validation of designs

OAGiI 10



OAGi

APPROACHES

11



APPROACHES >

Approaches for Future/Digital Artifacts

ICE

Use ICE to represent

all information

Information
Content Entity

MRO

to represent

future artifacts, based on

replica of relations

Modal Relation
Ontology

OAGi

(knowledge, decisions)
about the future artifacts

Use MRO approach

(from BFO or any) into
Modal relation space

Use R/S approach
(given in a paper
by Sarkar and Sormaz),
specialize ICE to have

Representation |
. . Representation and
and SpeCIflcatlon Specification as subclasses

R/S

CR Use CR approach, which is
motivated by MRO approach

but connects relations and

|nformation provides for new relations
between designed/planned

Content Entity entities and actual entities

Sormaz, D., Kulvatunyou, B., Drobnjakovic, M. , Seeharit, S. and Sarkar, A. (2023), Comparison of Ontological Representations of Relations between Digital
and Physical Artifacts In Manufacturing Domain, Proceedings of the ASME 2023 IDETC Conference, Boston, MA, US,

I53F



INTRODUCTION

ANALYSIS

ROADMAP

QUESTIONS & DISCUSSIONS

Information Content Entity

Relies on strict decoupling between
physical and digital entities.
Digital artifacts use specific subclasses of
IOF Information Content Entity (ICE) class.
Individual ICEs reference existing physical
entities and potential future ones via class
axioms.
Interrelations of attributes, structures, and
precedence for future physical entities
captured by:

* Relations of corresponding ICEs.

* Relations based on related universal

axioms.

OAGi
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APPROACHES >

Modal Relation Ontology

S - a &=

rdf:type rdf:type rdf:type rdf:type rdf:type

= Conceived within CCO effort.

=  MRO represents non-existent or potential
future states.

=  Future states like planned actions or artifact
functionalities.

=  Benefits in comparing actual instances with
plans/specifications for missions, sensors,
and assets in military context.

=  This approach uses two namespaces for
relations: CCO and MRO.

= CCO relations for actual entities (material
artifacts and processes).

=  MRO relations for planned or future entities
(material artifacts and processes).

ccordesignated by mro:prescribes mro:has function mro:realized by

>W uri:xyz_102 uri:xyz_103

cco:prescribes mrochas max range

cco:has function ‘ﬁ

cco:designated by

uri:xyz_301

urizxyz_102

cco:has value

rdf type A
uri:xyz_104

urizxyz_201

cco:bearer of

mro:has value

uri:xyz_202 uri:xyz_202 ssn-x2.94-341969

cco:has value
rdf:type

OAGiI 14 |



APPROACHES >

Representation and Specification

Based on BFQO's stance that only physical
(real) entities can be represented.

* |ndependent Continuant or Occurrent

. branches for representing physical entities.

= Engineering design and process planning

= outcomes represented through various

= Information Content Entities (ICEs).

= |CE developed as part of CCO, now in IOF Core
specification.

=  Product design as a list of specifications guiding
physical product and manufacturing processes.

=  Two concepts used: representation and
specification

=  MaplCE assigns specific roles to the two

specifications.

OAGi

Realization Conceptualization

= E———)

conforms
| Product Representation Product Specification
Product

15_i allout ArtfactRepresentation specmes% AmfactSpecmcahon
~_

"some gear- whedl

"representation of the gear-wheel"

Record of Specification

"information about the gear-wheel"

I descnbess_map_ﬂ)r g.depends
| -
inheres_in 1 MappinglCE ] { DesignDocument
conforms =\
/ \ describes map with q.depends ‘design of some gear-wheel

/
Quality 15_i al!out QualtyRepresentation spemfes—{ QualitySpecification ]

"# of teeth” I

15

"represntation for # of teeth” 20"



APPROACHES >

Counterpart Relation

* Based on product life-cycle phases: requirement,
design, planning, manufacturing, usage, end-of-life.

* Engineering work focused at start, needs to predict
usage and recycling.

* Modern tech creates digital artifacts across stages
before physical production.

* Concept of 'product possibilities'
relations used in CR approach.

* Represents projected phases and final physical
artifacts.

* Engineering tasks done before manufacturing and
use.

and modal

information
content
entity

3 material
artifact

manufacturing
process

\

requirement
specification

d

specification

esign plan
specification

prescrbed
presefbed-by

OAGi
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() physical-grifact

plan-corresponds ¥

- () plapnéd-artifact

=
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reqg-artifact



APPROACHES >

Requirements for Representation

» During design (planning) we should present and preserve all semantic relations for artifacts and
planned processes
> Has component part
> Has quality
D> Has participants
> Duration

> Subprocesses

» We should be able to reason if real artifact satisfies design
> Real artifact should have all components as designed
> Real artifact should have all qualities as designed with satisfaction of values and their constraints (min, max, range)
> Real artifact can not have extra components or qualities

> This applies on each component recursively

OAGi 17
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ANALYSIS >

Case Study

An engineering task:

“There is a need to design and produce
a jet engine that will have a compressor
as its part, and it will be able

to produce a minimal thrust of 700 kN”.

This simple example provides sufficient elements to
compare the approaches.

OAGiI 19




ANALYSIS >

ICE Approach

(Information Content Entity)

Observations:

the digital world is completely constrained to ICE
new properties are not needed since all properties
point to universals

some plans can only be used to analyze the future
physical process

number of properties will increase as the number of
relations between physical world entities increase
introduces new property for linking and comparing
various specifications of products and processes
requires introduction of new classes that account for
the specifics of each product or process created
reasoning cannot fully be applied to expressions
pointing to a universal

OAGi
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Design
Specification

ICE

~
~
-
-

prescribes
prescribes  prescribes

je- ./ th-

Specifically
Dependent

b Continuant
Independent
Continuant :
- |
MaterialArtifact Quality
* o

continuant part

Q‘_sj has prescribed @ has quantity
quality specification

[ Thrust
“uanti



ANALYSIS >

MRO Approach

(Modal Relation Ontology)

Observations:

no classes for these different, new, or
additional information models, renders the
current ontologies deficient in their
semantic definitions

maintenance or extensions requires
significant revision

changes and updates are not linked
automatically requiring humans to help link
them

___________ Specifically
=~ Dependent

Independent Continuant
ICE Continuant |
MaterialArtifact [:;m
o
I
|

Specification

g mro:prescribes
co:prescribes : : :
- > ccohas quality.
@ cco:part of ¥

OAGi

BFO IOF Specific is a instance ICE et Quality
e T X Artifact )
Class Class Classes instance TEEED instance
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ANALYSIS >

Continuant -
- T T T = ___ Specifically

R/S Approach

(Representation and Specification)

Prad S~ Dependent
Note* -7 =~ Continuant
AS: Artifact Specification Indep_endenl |
QR: Quality Representation ICE Continuant X
-7 I
- - ~ -
-7 ! S
e : . MaterialArtifact
Design Design ~
. P I ~ i
Representation Specification ELEE | ~ |
! v AR A " I ; 1
/ \ ; \ N | Jet engine |
’ \ ! \ I I
/ \ / AY

inheresin
Thrust

je-th-
DS1

@ part of
omp1
J/

Observations:

= includes considerations of the design process,
design intent, and mental representation of
design

= uses MaplCE entity to relate several versions of
the same design

= introduces many classes, relations, and instances

= introduces many more classes, relations, and
instances

= omits the semantics of various relations between
the physical artifacts and their qualities

|

uses software as a replacement for relations
between different classes or instances

1 Ly
o prescribes
51

|
prescribes
specified by prescribes
specified by |
speciﬂ?d by
[
OAGi 22



ANALYSIS >

T
- _ T Specifically
/
’
’
/

~ Dependent
T Continuant
Independent D
, Continuant |
Vi _ - i PR NN
ICE [MaterialArtifact Quality
x A = A
| : Jet engine :
— Ll I part of inheresin |
Design g
Specification

OAGi

prescrlbesProducedEntuy /_\

je1 th1'

has quallty 10k
part o
@

hasCounlerpaﬁ

>

S1 prescribesDesignedEntlty 1-d 1-d

prescrrbesF'roducedEmlty hasCaunterpart
omp: fcomp\ partof has quality _/h1
D 00k

prescribesDesignedEntity

23

CR Approach

(Counterpart Relation)

Observations:

uses concise natural languages used by engineers
and designers

requires far fewer classes and entities than the
previous two approaches (ICE and Spec/Rep)
enables proper and simple semantic reasoning
about digital artifacts

connects digital and physical artifacts, by
connecting them to the single ICE that prescribes
both

able to compare attributes of digital, designed or
planned artifacts with their physical counterparts
requires a new ontology to differentiate between
current and future or virtual physical artifacts




MRO

ICE

R/S

CR

OAGi
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18
24

29

18

10 20 30
Units (count)

24

B All Relations

M Relations of Shared Classes

M Relations Added as Is-a
Relations of Instances
Shared Classes

B Added Classes

M Instances

47
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ANALYSIS >

* Key differences among the approaches are summarized 1
below using criteria: 0
 Digital artifact class MORE i
* Development level A ‘,Q\'
* ICE and Rep/Spec approaches are distinct, using ICEs for
representation, while the other two consider them physical
ar'lcoifacts. o RIS
*  MRO and Counterpart approaches seem more efficient for
industrial representation and reasoning. ICE < > ARTIFACT
* Rep/Spec and Counterpart approaches offer detailed
treatment of various digital artifact types.
* Rep/Spec and Counterpart stand out in development level ICE
criterion.
* Additional testing and analysis are needed to determine the \/
most suitable approach. LESS

OAGi 25 | 5:@:



ANALYSIS >

Problems with ICE and Related Approaches

» We can have only ICEs during the design or planning processes

» We lose semantics
> Artifacts have several relations: hasContinuantPart, hasQuality, Particiaptes in, ...

> 1CEs have only one relation between each other, hasContinuantPart (excluding isAbout and its
subproperties)

» We need to define new ICE classes for all classes of artifacts/processes

> To perform reasoning about future artifacts (that do not exist) we add the parallel hierarchy into ICEs
to capture the knowledge about artifacts, their qualities, parts, processes, etc.

» Limited reasoning and representation on individual level

> Reason is that artifacts do not exist

>We can reason and query only on class level

OAGiI 26



ANALYSIS >

Problems with MRO Approach

» Looks like a fast (easy, dirty) way to be able to run SPARQL queries on a
knowledge graph
> Lot additional work is needed to run intended SPARQL queries

» There is not connection between cco and mro relations

> Implications is that we can not use mro relations to get the same benefits as in cco relations

> Reasoner can not jump over from mro space to cco space

OAGi 27
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Design Artifact and Actual Artifact

Design Design :
9 -SIgn Jet Engine
Process Specification
y A Class Individual
insta hce instanc e Process OPmcess
: instance instance ICE O‘CE
% iSOUtPUtO.f .‘e1_d MaterialArtifacts OAnifact
isOutputOf préscribesDesignedEntity isCounterPartOf -

\O/ prescribesProducedEntity\{)
ere jel

There is timeline here:
Design artifact starts its existence before actual artifact

OAGiI 29



ANALYSIS >

Future Process and Actual Process

Planning Plan Planned
Process Specification Process -
A 4 * Class Individual
; 3 is a
’ Process Process
1 o
instance [ ICE O\ce
: CellGrowth
L Phase MaterialArtifacts OAnifact
instance
: instance’ A
ot pIansProcéss o 'ég.m- 3
E ' ’ instance
isOutputOf p_réscribesPlannedEntiiy isCounterPartOf

prescribesProducedEntity
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ANALYSIS >

Ontology of Future and Digital Artifacts

OAGi

» Use subclasses and instances of Artifacts to represent design

» Use subclasses and instances of Planned Process to represent future planned
processes

» Design specification prescribes both designed and actual artifacts
» Plan specification prescribes both planned and actual processes
» We subclass prescribes relation to distinguish between different prescribed entities

» Subclasses:
> prescribesProducedEntity
> prescribesDesignedEntity
> prescribesPlannedEntity
> prescribesRequiredEntity

31



ANALYSIS >

Relations Between Future and Actual Entity

» Introduce new relation isCounterpartOf/hasCounterPart that will connect future
(designed or planned) and actual entities

» IsCounterPartOf is relation between an actual entity and another entity that is
prescribed by the same Design specification or Plan specification

» hasCounterPart is inverse

» These two relations serve purpose of controlling the quality of the artifact and the
monitoring the procedure of the actual process

» Do we need to specialize them? May be if necessary, their semantic does not
change, just domain and/or range become reduced

OAGi 32 | 5;@:



ANALYSIS >

Definitions of Subclasses of prescribes

» precribesActualEntity — relation from an ICE to an entity such that ICE
prescribes entity which exists in its physical or natural environment (world)

» prescribesDesignedEntity — relation from an ICE to an entity such that ICE
prescribes entity which does not exist, but is result (output) of a design
process

» prescribesPlannedEntity — relation from an ICE to an entity such that ICE
prescribes entity which does not exist, but is result (output) of a planning
process

OAGiI 33



ANALYSIS >

Designh and Planning Process

» Design process is a planned process

» Product Design Process is a planned process with an objective to design new
continuant

» Process Design Process is a planned process with an objective to plan a new
process, sometimes called planning process

OAGi 34



QUESTIONS & DISCUSSIONS

Jet Engine Use Case
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ANALYSIS >
Jet Engine Designh and Requirement Verification

An engineering task: -

“There is a need to design and produce
a jet engine that will have a compressor
as its part, and it will be able
to produce a minimal thrust of 700 kN”.

This simple example provides sufficient elements to
compare the approaches.

OAGiI 36



INTRODUCTION APPROACHES ROADMAP QUESTIONS & DISCUSSIONS

Jet Engine Competency Questions
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Does a real engine have at least the same thrust as its design?
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ANALYSIS >

<4 jet-engine-CR (http//simpom.ohio.edu/examples/jet-engine-CR/) : [C\Users\dusan\Documents\GitHub\IOF-Di..

- [m] X

File Edit View Reasoner Tools Refactor Window Help

© jet-engine-CR (http://simpom.ohio.edu/examples/jet-engine-CR/) > Search...

I t h i h
m p O r I e ra rc y Active ontology = | Entities = | Individuals by class = | DL Query = ‘
Ontology head 21 = M § Ontology met B0 = m F

Ontology IRI http:/isimpom.ohio.edu/examples/jet-engine-CR/ Metrics
Axiom 2684

Ontology Version IRI

|Omu\ugy imports | Ontology Prefixes | General class axioms |

Imported ontologi

» jet-engine-cr.rdf imports

Direct Imports
=http:i/simpom ohio_edu/examplesijet-engine-Base/>

> jet-engine-base.rdf rom o

ay IRl <hitp:simporn.ohio edulexamples/jetengine-Base/>
ation: CWsers\dusanDocuments\GitHubWOF-Digital Thread-Tutoriallexamplesijetengine\jet-engine-Base rdf

Lo

> cr.rdf
<httpziisimpom.ohio.edu/ontologylcri=
H t H b M t IRI: =http:/simpom.ohio.edufontologylcr/=
J e -e n g I n e = a S e I l I I p O r S CWsersidusaniDocuments\GitHubUOF-Digital Thread-Tutariallontologiestimporticr.rdf
Indirect I
D | O F CO re <https:ispec.industrialontologies.orglontologyleore/Coral=
Core

ay IRl <https:ispec.industrialontologies org/ontologyicore/Corel=
=rsion IRI: <https:ispec.industrialontologies.org/ontology202301/care/Corel>
Location: CWsersidusaniDocuments\GitHubWOF-Digital Thread-TutoriallontologiestimporiCore. rdf

.
»|OF Core imports
<http:ifpurl.obolibrary.org/obofbfo/2020/bfo.owl>

bfo

|RI: =http:#/purl.obolibrary.org/obolbfo.owl>
n IR <http:ipurl.obalibrary.orgiobofbfo/2020/bfo.owl=
on: C\WsersidusaniDocuments\GitHubMOF-Digital Thread-Tutoriallontologiestimporfibfo-2020. 0wl

<httpsfispec.industrialontologies.org/ontology/202301/core/metalAnnotationVocabulary/=

> AnnotationVocabulary :

0 /IRI: <https:ispec.industrialontologies.org/ontology/core/meta/Annatationvoc abulany=
Version |RI: <https:/ispec industrialontologies orgfontology/202301/coreimetalAnnotationVocabularyl=
on: CAJsersidusaniDo cuments\GitHubWOF-Digital Threa d-Tutorialontalo giesimp orfAnn otationYoc ak ulary.rdf

Lo

Show Inferences (1)

Git: main To use the ressoner click Reasoner » Start reasoner | w!
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Results in Comparing

» We ran about 10 SPARQL
queries both in ICE
approach and CR approach

» ICE approach has different
property paths in design
artifacts from actual
artifacts to capture data

» ICE approach requires
introduction of several
subclasses of
DesignSpecification

OAGi

ANALYSIS >

and CR approaches

Classes Individuals
T — individuals: | Individuals: |
aterialArtifa
© Assembly ¢ ¢
-~ @ Compressor & a1 & a1
@ JetEngine & &
€ PieceOfEquipment & c10s & c1d
@ Person & @ c10s
v-- 0 object aggregate @ jel @2
v © GroupOfAgents @ je1Ds & je1
. ¥- £ OrganizedGroupOfAgents &2 @ je1d
¥-- &) Organization & je3 & je1-Ds
- & BusinessOrganization & jes &2
“ & Manufacturer @ Provisional @3
v @ System @ Released @ jes
- &) EngineeredSystem & th-DSValueExpr @ Provisional
- & RawMaterial @ th1-710 @ Released
@ specifically dependent continuant & th10s @ th-DSValueExpr
v quality @ th1valueExp @ th1-710
- @ relational quality & th2-690 @ thid
~ @ thrust & th2valueExp @ th1valueExp
w.. B raalizahla antit . th3-670 ’ th2-690
@ th3valueExp & th2valueExp
DBt e @ 4720 & th3-670
v-- @ DesignSpecification @ thavalueExp @ thavalueExp
@ @ tha-720
- ) CompressorSpec & thavalueExp

- JetEngineSpec
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SPARQL Query b — CR approach

Does a real engine have at least the same thrust as designed? (minimum of 700 kN)

SELECT ?engine ?thrust ?realthrustValue ?spec ?engdesign ?thrustdesign ?thrustDesignValueExpr ?isSatisfactory
WHERE {
?engine rdf:type jeb:JetEngine. # find engine and its thrust
?spec cr:prescribesActualEntity ?engine.
?engine core:hasQuality ?thrust.

?thrust core:hasValueExpressionAtAllTimes ?thrustValueExpr. # find the thrust value
?thrustValueExpr core:hasSimpleExpressionValue ?realthrustValue.

?spec cr:prescribesDesignedEntity ?engdesign. # find the engine design from associated spec
?engdesign core:hasQuality ?thrustdesign.

?thrustdesign core:hasValueExpressionAtAllTimes ?thrustDesignValueExpr. # find design thrust value
?thrustDesignValueExpr jeb:hasLowerBoundValue ?designThrustValue.

BIND((?realthrustValue >= ?designThrustValue) as ?isSatisfactory) } # compare them

OAGi 0 o



ANALYSIS >

SPARQL Query b - ICE approach

Does a real engine have at least the same thrust as designed? (minimum of 700 kN)

SELECT DISTINCT ?jetEngineDesignSpec ?jetEngine ?designedThrustValue ?realThrustValue ?isSatisfactory

WHERE {

?jetEngine rdf:type jet:JetEngine.
?jetEngine core:hasQuality ?thrust.

?thrust core:hasValueExpressionAtAllTimes ?thrustValueExpr.
?thrustValueExpr core:hasSimpleExpressionValue ?realThrustValue.

?jetEngineDesignSpec rdf:type jet-ice:JetEngineSpec.
?jetEngineDesignSpec core:prescribes ?jetEngine.

?jetEngineDesignSpec core:prescribes ?thrustSpec.

?thrustSpec bfo:BFO_0000110 ?thrustDesignValueExpr.

?thrustDesignValueExpr jet-ice:hasLowerBoundValue ?designedThrustValue.

BIND((?realthrustValue >= ?designedthrustValue) as ?isSatisfactory) }

OAGi 2

#retrieve all individuals that are jet engines

#retrieve thrust

#retrieve all designs for the jet engine

#retrieve thrust specification value

#compare them
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Biomanufacturing Process
Use Case
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Bio Process

ANALYSIS >

The fed-batch production bioreactor unit operation

The fed-batch production bioreactor unit operation consists

of two phases: growth phase and production phase. The
growth phase precedes the production phase. In both

phases the pH MUST be kept at 7+ 0.1. To achieve this a pH
controller is required as a process participant which has the
capability to control pH up to a precision of 0.1. The process
specification prescribes to use either bioreactor instancel

or instance2. In the run instance 1 was used. Both

bioreactors are identical w.r.t. volume which is 3L. The unit

operation duration is 21 days. However, due to some in-
process complications the run only lasted 18days (we do

not have to capture the in-process complications) just the

duration difference.

OAGi
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Cell line
development

¥

Cell culture
preparation for
production

Batch manufacturing

UPSTREAM

Production fed-batch

bloreactor

DOWNSTREAM

Harvesting = Filtration
Purification Drug product
(cell separation/ sl or g P

(ol
fi fi
filtration) and Lysis &2:2";?‘:%1‘;” more)  fill and finish
(in some cases)

I53F



INTRODUCTION

OAGi

APPROACHES

.mm_,.w.q,5 w '

ROADMAP

QUESTIONS & DISCUSSIONS

44

-0CCUpies temporal region—

temporal region—




INTRODUCTION APPROACHES ROADMAP QUESTIONS & DISCUSSIONS

Bio Process Competency Questions
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Results Iin Comparlng

v- O MaterialArtifact
- @ Assembly
) BioReactionMedia
- @) Bioreactor
- @ Controller
- &) PieceOfEquipment
- @ Person
v-- @ object aggregate
v £ GroupOfAgents
v-- £ OrganizedGroupOfAgents
v-- £ Organization
- BusinessOrganization
- € Manufacturer
v-@ System
£) EngineeredSystem
£ RawMaterial
specifically dependent continuant
® quality
~ @ pH
@ relational quality
- @ volume

OAGi

- ) DescriptivelnformationContentEntity
; - ) DesignativelnformationContentEntity
- @ DesignSpecification

- € DirectivelnformationContentEntity
@ DurationSpec

v-- @ Identifier
- © MeasurementinformationContentEntity

; - ObjectiveSpecification
() pHSpec
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and CR Approaches

S v O PlannedProcess
. CapabllllySpec ) BioUnitOperation
\ 4 . BusinessProcess
- @ BuyingBusinessProcess
- @ CommercialSenvice
- € ProcuringBusinessProcess
- &) ProductProductionProcess
- @ SellingBusinessProcess
- @ SupplyingBusinessProcess
O ComputingProcess
-~ ControlProcess
v @ ManufacturingProcess
- @ AssemblyProcess
v () BioManufacturingProcess
0 CellGrowthPhase
- cellProductionPhase

) EquipmentSpecification

©) Organizationldentifier
£) PhysicalLocationldentifier

@ PlanSpecification
A& . BioprocessPhase Specification
- CellGrowthPhase Specification
- CellProductionPhase Specfication
) BioUnitOperation Specification
- @ CommercialServiceSpecification
@ EncodedAlgorithm

v-- @ RequirementSpecification

¥ EquipmentRequirement
- ControllerReq
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Q e 3 _ I C E What is the difference of duration
U ry between actual and planned process?
SELECT DISTINCT ?ProcessPlan ?ActualProcess ?PlannedDurationinDays ?ActualDurationInDays ?valueDifference
WHERE {
#retrive the needed specifications and the connected processes
?ProcessPlan core:prescribes ?ActualProcess.
{{?ActualProcess rdf:type bpb:BioUnitOperation} UNION

{?MainProcess bfo:BFO_0000118 ?ActualProcess. # has occurrent part
?MainProcess rdf:type bpb:BioUnitOperation}}.

#retrieve the planned duration
?ProcessPlan bfo:BFO_0000110/bfo:BFO_0000110 ?durationValueExpr. # has continuant part
?durationValueExpr core:hasSimpleExpressionValue ?PlannedDurationIinDays.

#retrieve durations of the actual processes
?ActualProcess bfo:BFO_0000199 ?ActualDura. # occupies temporal region

?ActualDura core:hasValueExpressionAtAllTimes/core:hasSimpleExpressionValue ?ActualDurationinDays.

#retrieve the difference of duration value (- is under, + is over, and 0 same as planned)
BIND((?ActualDurationIinDays - ?PlannedDurationInDays) as ?valueDifference)}
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Qu e 3 C R What is the difference of duration
ry between actual and planned process?
SELECT ?PlannedBUO ?ActualProcess ?PlannedDurationinDays ?ActualDurationInDays ?valueDifference
WHERE {
#retrieve all actual process and their own planned process

?PlannedBUO rdf:type biopb:BioUnitOperation.
?PlannedBUO cr:hasCounterpart ?ActualProcess.

#retrieve durations the planned processes
?PlannedBUO bfo:BFO_0000199 ?PlannedDura. # occupies temporal region
?PlannedDura core:hasValueExpressionAtAllITimes ?PlannedDurationinstance.
?PlannedDurationinstance core:hasSimpleExpressionValue ?PlannedDurationinDays.

?ActualProcess bfo:BFO_0000199 ?ActualDura. #retrieve durations of the actual processes
?ActualDura core:hasValueExpressionAtAllTimes ?ActualDurationlnstance.

?ActualDurationlnstance core:hasSimpleExpressionValue ?ActualDurationinDays.

#retrieve the difference of duration value (- is under, + is over, and 0 same as planned)
BIND((?ActualDurationInDays - ?PlannedDurationInDays) as ?valueDifference)}
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Conclusions

» CR approach is superior

» It does not require subclasses of DesignSpecification and PlanSpecification to cover
and distinguish various kinds of artifacts and planned processes

» It has uniform reasoning about future and actual artifacts and processes
» It is suitable to represent digital artifacts and digital twins
» It allows easier approach for representing artifact and system performance

OAGi

» More work

>

>
>
>

Extend the approach to requirements

Formalize simulation models of various kinds

Formalize relations in FOL

Utilize this approach for representation of future and digital artifacts and planned processes
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