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• Background

• Current MBD issues
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Background 

nVariate

• 10+ years in industry in structural mechanics and analysis

• frustrated user → researcher (focus Isogeometric Analysis)

researcher → inventor

inventor → developer

• co-founder and president of nVariate Inc.
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CAD MBD
(graphical)

CAD MBD
(geometry)

CAD MBD
(geometry exploded)

CAD representations
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B-rep
graphical rendering

CAD MBD components
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“shape”

Si: surface

Cj: curve

Pk: point
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“shape” “connectedness”

Si: surface

Cj: curve

Pk: point

Fi: face

Ej: edge

Vk: vertex
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B-rep
graphical rendering

B-rep
geometry

B-rep
topology

CAD MBD components

geometric / solid model :  geometry  + topology
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Si: surface

Cj: curve

Pk: point

Fi: face

Ej: edge

Vk: vertex
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Conventional CAD

conventional

CAD MBD
(graphical)

CAD MBD
(geometry)

CAD MBD
(geometry exploded)
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Conventional CAD-CAx meshing workflow
conventional

meshing

CAD MBD
(graphical)

CAx MBD
(faceted mesh)
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nVariate

mapping

The nVariate approach

CAD MBD
(graphical)

CAD MBD
(geometric model)
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• smooth splines

• continuous at faces

• topology preserving

• accurate to CAD tolerance
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The nVariate approach
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The nVariate approach: as-x modeling
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QIFSTEP

MTConnect

The nVariate approach: as-x modeling
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The nVariate approach : as-simulated (CAE)

CAD 
graphical

CAD
geometry

WatertightCAD 
geometric model

WatertightCAD
geometric model
(element refined)

WatertightCAD
as-simulated 

model

Current CAD CAD + nVariate
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The nVariate approach: as-inspected (CAI)

nVariate

Trimmed surface 
(original)

Watertight morphed 
surface (updated)

As-measured distortion 
(gradient plot)
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Background

nVariate

support from:
National Institute of Standards and Technology (NIST)
 Communications Technology Laboratory (CTL)
 The Smart Connected Systems Division (SCSD)
  Smart Connected Manufacturing Systems Group

ISO  International Organization for Standardization
TC 184 Technical Committee 184, "Automation systems and integration"
SC 4 Subcommittee 4, "Industrial data"
WG 12 Working Group 12, "STEP product modelling and resources"
T1 Technical group 1, “Geometry and Topology”

2024 MBE Summit
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• Ben Urick
 ISO 10303 (STEP) leader – geometry and topology
 (ISO SC4 TC184 WG12 T1)
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Current MBD issues
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Current MBD issues

nVariate2024 MBE Summit
2024-04-16

Consistent theme:

• Blind implementation / expectations of MBE technology

– Unclear use-cases

– Undefined value-adds
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Current MBD issues

nVariate

MBD manager questions:

• Do you have clearly defined deliverables / requirements?

• Do you have a defined workflow to achieve those deliverables?

...is it model-based???

2024 MBE Summit
2024-04-16

Consistent theme:

• Blind implementation / expectations of MBE technology

– Unclear use-cases

– Undefined value-adds
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Digital Twins
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physical artifactsdigital artifacts

+ MTConnect 
data

+ QIF data

nVariate

CAD data

Digital Twin?

Digital Twins

2024 MBE Summit
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Digital Twins in MBD

nVariate

• current digital twin definitions used contain vague "boxes and arrows" as descriptions

• from a geometric and solid modeling perspective

– aspirational goals or actual MBD implementations? 

– not based in real data / use cases / workflows

– no “there there” from a geometric / solid modeling perspective

2024 MBE Summit
2024-04-16
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Digital Twins in MBD

nVariate

• current digital twin definitions used contain vague "boxes and arrows" as descriptions

• from a geometric and solid modeling perspective

– aspirational goals or actual MBD implementations? 

– not based in real data / use cases / workflows

– no “there there” from a geometric / solid modeling perspective

• digital twin only can be defined by use-case / value add

• there is no digital twin without a digital twin use-case

 what are you going to do with this "twin" and what value does it give to your business?

2024 MBE Summit
2024-04-16
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MBD: STEP AP242  OR  QIF?
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S. Kwon, L. V. Monnier, R. Barbau, and W. Z. Bernstein, “Enriching Standards-
Based Digital Thread by Fusing As-Designed and As-Inspected Data Using 
Ontologies,” vol. 46, Aug. 2020.

MBD: STEP AP242  OR  QIF?

2024 MBE Summit
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2024 MBE Summit
2024-04-16
2024 MBE Summit
2024-04-16

nVariate Digital Thread Technology: Watertight Boolean Operations (WBO) nVVaariateriate
20.SEP.2019 Confidential and Proprietary InformationnVariate

MBD: STEP AP242  AND / OR  QIF?

as-inspectedas-designed
Non-translatable 

domain specific data

S. Kwon, L. V. Monnier, R. Barbau, and W. Z. Bernstein, “Enriching Standards-
Based Digital Thread by Fusing As-Designed and As-Inspected Data Using 
Ontologies,” vol. 46, Aug. 2020.

2024 MBE Summit
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CAD CAI
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MBD: STEP AP242  AND / OR  QIF?

nVariate

• STEP and QIF manage different domains of data (design and inspection, respectively)

• These data domains contain unique elements that are non-translatable

• Having both CAD and CAI data requires managing MBD and PMI

• MBD and PMI exchange is ultimately driven by use-case / value-add

 needs managed by personnel to be made business specific

2024 MBE Summit
2024-04-16
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“Features”

2024 MBE Summit
2024-04-16
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CAD CAM

CAICAE

design
features

manufacturing
features

engineering
features

inspection
features

“Features”
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“Feature mapping?”

as-inspectedas-designed
Non-translatable 

domain specific data

S. Kwon, W. Z. Bernstein, L. V. Monnier, and R. Barbau, “Enriching Standards-
Based Digital Thread by Fusing As-Designed and As-Inspected Data Using 
Ontologies,” vol. 46, Aug. 2020.

2024 MBE Summit
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CAD CAI



2024 MBE Summit
2024-04-16
2024 MBE Summit
2024-04-16

nVariate Digital Thread Technology: Watertight Boolean Operations (WBO) nVVaariateriate
20.SEP.2019 Confidential and Proprietary Information

“Feature mapping?”

nVariate

CAD CAM

CAICAE

feature
translation

design
features

manufacturing
features

engineering
features

inspection
features

2024 MBE Summit
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• redundant
• updates?
• maintenance?
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“Feature mapping?”
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characteristics

geometric / solid model  :  geometry  +  topology
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characteristics

features

geometric / solid model  :  geometry  +  topology



2024 MBE Summit
2024-04-16
2024 MBE Summit
2024-04-16

nVariate Digital Thread Technology: Watertight Boolean Operations (WBO) nVVaariateriate
20.SEP.2019 Confidential and Proprietary InformationnVariate

P0

P1

P2

P3

C0
C1

C2 C3

C4

C5

S0

S1

S2

S3

P0 V0 P3 V3

C0 E0 C1 E1 C2 E2 C3 E3 C4 E4 C5 E5

S0 F0 S1 F1 S2 F2 S3 F3

P1 V1 P2 V2

BREP0

B-rep
geometry

B-rep
topology

“Feature mapping?”

2024 MBE Summit
2024-04-16

characteristics

features

geometric / solid model  :  geometry  +  topology
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“Feature mapping?”

nVariate

Across CAx domains:

• Feature mapping

• Feature reference / tracking

2024 MBE Summit
2024-04-16

yes

no
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PMI: Graphical VS Semantic

2024 MBE Summit
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PMI: Graphical VS Semantic

nVariate

• How to distinguish in data exchange?

graphical and semantic are in dedicated scopes of standards

2024 MBE Summit
2024-04-16
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PMI: Graphical VS Semantic

nVariate

• How to distinguish in data exchange?

graphical and semantic are in dedicated scopes of standards

• What standard are CAD models for downstream CAx use authored to?

2024 MBE Summit
2024-04-16

ASME Y14.41 MBD

1. “geometry”

2. annotations

3. attributes

4. presentation
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PMI: Graphical VS Semantic

nVariate

• How to distinguish in data exchange?

graphical and semantic are in dedicated scopes of standards

• What standard are CAD models for downstream CAx use authored to?

2024 MBE Summit
2024-04-16

geometric model,  topology

graphical vs semantic

PMI

ASME Y14.41 MBD

1. “geometry”

2. annotations

3. attributes

4. presentation

no reference to:
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PMI: Graphical VS Semantic

nVariate

• How to distinguish in data exchange?

graphical and semantic are in dedicated scopes of standards

• What standard are CAD models for downstream CAx use authored to?

2024 MBE Summit
2024-04-16

geometric model,  topology

graphical vs semantic

PMI

ASME Y14.41 MBD

1. “geometry”

2. annotations

3. attributes

4. presentation

no mapping:
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PMI: Graphical VS Semantic

nVariate

• How to distinguish in data exchange?

graphical and semantic are in dedicated scopes of standards

• What standard are CAD models for downstream CAx use authored to?

2024 MBE Summit
2024-04-16

geometric model,  topology

graphical vs semantic

PMI

ASME Y14.41 MBD

1. “geometry”

2. annotations

3. attributes

4. presentation

CAD
authoring

CAI, CAM, CAE
downstream consumption

disconnect:
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PDQ

2024 MBE Summit
2024-04-16
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PDQ

nVariate

• PDQ := “Product Data Quality”

2024 MBE Summit
2024-04-16
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CAD MBD
(graphical)

CAD MBD
(geometry)

CAD MBD
(geometry exploded)

PDQ

2024 MBE Summit
2024-04-16



2024 MBE Summit
2024-04-16
2024 MBE Summit
2024-04-16

nVariate Digital Thread Technology: Watertight Boolean Operations (WBO) nVVaariateriate
20.SEP.2019 Confidential and Proprietary InformationnVariate

P0

P1

P2

P3

C0
C1

C2 C3

C4

C5

S0

S1

S2

S3

P0 V0 P3 V3

C0 E0 C1 E1 C2 E2 C3 E3 C4 E4 C5 E5

S0 F0 S1 F1 S2 F2 S3 F3

P1 V1 P2 V2

BREP0

geometrically non-watertight:
lacking Gn, Cn continuity

B-rep
graphical rendering
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geometry

B-rep
topology

PDQ
geometric / solid model
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topologically watertight:
graph (“face-edge-vertex”) satisfying closure metric
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PDQ

nVariate

• PDQ := “Product Data Quality”

• ASME Y14.41 – see new additions for model accuracy in next edition

2024 MBE Summit
2024-04-16
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PDQ

nVariate

• PDQ := “Product Data Quality”

• ASME Y14.41 – see new additions for model accuracy in next edition

2024 MBE Summit
2024-04-16

CAD tolerances are apples and oranges between systems

each geometric modeling kernel has a unique mechanism for 
interpreting and processing “CAD accuracy”
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PDQ

nVariate

• PDQ := “Product Data Quality”

• ASME Y14.41 – see new additions for model accuracy in next edition

2024 MBE Summit
2024-04-16

CAD tolerances are apples and oranges between systems

each geometric modeling kernel has a unique mechanism for 
interpreting and processing “CAD accuracy”

this makes the use of PDQ a necessity during data interchange 
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PDQ

nVariate2024 MBE Summit
2024-04-16

• a good reference on 

what PDQ is and what 

value it has in MBE
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PDQ

nVariate2024 MBE Summit
2024-04-16
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PDQ

nVariate2024 MBE Summit
2024-04-16
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PDQ

nVariate

• Generally underutilized; should be ubiquitous in digital thread

 (should ideally almost be running continuously in the background)

• Applies to both MBD and PMI (especially semantic checking!)

• PDQ criteria is ultimately driven by use-case / value-add

 needs managed by personnel to be made business specific

2024 MBE Summit
2024-04-16
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UUIDs
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UUIDs

nVariate

• UUID := Universally Unique Identifier

  909c0b15-c752-4f4b-864c-fe41dcd5b2a2

2024 MBE Summit
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UUIDs
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...

#23=OPEN_SHELL('',(#24));

#24=ADVANCED_FACE('',(#25),#54,.T.);

#25=FACE_OUTER_BOUND('',#26,.T.);

#26=EDGE_LOOP('',(#27,#28,#29,#30));

#27=ORIENTED_EDGE('',*,*,#46,.T.);

#28=ORIENTED_EDGE('',*,*,#47,.T.);

#29=ORIENTED_EDGE('',*,*,#48,.T.);

#30=ORIENTED_EDGE('',*,*,#47,.F.);

#31=PCURVE('',#54,#35);

#32=PCURVE('',#54,#36);

#33=PCURVE('',#54,#37);

#34=PCURVE('',#54,#38);

#35=DEFINITIONAL_REPRESENTATION('',(#39),#8130);

#36=DEFINITIONAL_REPRESENTATION('',(#40),#8130);

#37=DEFINITIONAL_REPRESENTATION('',(#41),#8130);

#38=DEFINITIONAL_REPRESENTATION('',(#42),#8130);

#39=B_SPLINE_CURVE_WITH_KNOTS('',1,(#7930,#7931),.UNSPECIFIED.,.F.,.F.,

(2,2),(0.,6.28318530717959),.UNSPECIFIED.);

#40=B_SPLINE_CURVE_WITH_KNOTS('',1,(#7990,#7991),.

...

...

<CylinderFeatureNominal id="4738">

  <Attributes n="2">

    <AttributeStr name="_3dv.DefaultFittingAlgo" value="LEASTSQUARES" />

    <AttributeStr name="_3dv.TrueGeomAlgo" value="Y14.5-2009" />

  </Attributes>

  <Name>Nominal 4738</Name>

  <FeatureDefinitionId>4737</FeatureDefinitionId>

  <Axis>

    <AxisPoint>0.75 0.5 -0.75</AxisPoint>

    <Direction>0 0 1</Direction>

  </Axis>

</CylinderFeatureNominal>

<CylinderFeatureNominal id="9695">

  <Attributes n="2">

    <AttributeStr name="_3dv.DefaultFittingAlgo" value="LEASTSQUARES" />

    <AttributeStr name="_3dv.TrueGeomAlgo" value="Y14.5-2009" />

  </Attributes>

  <Name>Nominal 9695</Name>

  <FeatureDefinitionId>4737</FeatureDefinitionId>

  <Axis>

    <AxisPoint>2.65 0.5 -0.75</AxisPoint>

    <Direction>0 0 1</Direction>

  </Axis>

</CylinderFeatureNominal>

...

• IDs (non-unique)

STEP QIF
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• UUID := Universally Unique Identifier

  909c0b15-c752-4f4b-864c-fe41dcd5b2a2

2024 MBE Summit
2024-04-16

DoD warns of 
daily UUID 
conflicts when 
applied to all 
data generated
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nVariate

• UUID := Universally Unique Identifier

  909c0b15-c752-4f4b-864c-fe41dcd5b2a2

• UUID’s can be expensive (non-trivial costs involved)

 reference checking can be complex

2024 MBE Summit
2024-04-16

should not be employed 
indiscriminately or to every element in 
the data set; should be used where 
required
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...

#23=OPEN_SHELL('',(#24));

#24=ADVANCED_FACE('',(#25),#54,.T.);

#25=FACE_OUTER_BOUND('',#26,.T.);

#26=EDGE_LOOP('',(#27,#28,#29,#30));

#27=ORIENTED_EDGE('',*,*,#46,.T.);

#28=ORIENTED_EDGE('',*,*,#47,.T.);

#29=ORIENTED_EDGE('',*,*,#48,.T.);

#30=ORIENTED_EDGE('',*,*,#47,.F.);

#31=PCURVE('',#54,#35);

#32=PCURVE('',#54,#36);

#33=PCURVE('',#54,#37);

#34=PCURVE('',#54,#38);

#35=DEFINITIONAL_REPRESENTATION('',(#39),#8130);

#36=DEFINITIONAL_REPRESENTATION('',(#40),#8130);

#37=DEFINITIONAL_REPRESENTATION('',(#41),#8130);

#38=DEFINITIONAL_REPRESENTATION('',(#42),#8130);

#39=B_SPLINE_CURVE_WITH_KNOTS('',1,(#7930,#7931),.UNSPECIFIED.,.F.,.F.,

(2,2),(0.,6.28318530717959),.UNSPECIFIED.);

#40=B_SPLINE_CURVE_WITH_KNOTS('',1,(#7990,#7991),.

...

...

<CylinderFeatureNominal id="4738">

  <Attributes n="2">

    <AttributeStr name="_3dv.DefaultFittingAlgo" value="LEASTSQUARES" />

    <AttributeStr name="_3dv.TrueGeomAlgo" value="Y14.5-2009" />

  </Attributes>

  <Name>Nominal 4738</Name>

  <FeatureDefinitionId>4737</FeatureDefinitionId>

  <Axis>

    <AxisPoint>0.75 0.5 -0.75</AxisPoint>

    <Direction>0 0 1</Direction>

  </Axis>

</CylinderFeatureNominal>

<CylinderFeatureNominal id="9695">

  <Attributes n="2">

    <AttributeStr name="_3dv.DefaultFittingAlgo" value="LEASTSQUARES" />

    <AttributeStr name="_3dv.TrueGeomAlgo" value="Y14.5-2009" />

  </Attributes>

  <Name>Nominal 9695</Name>

  <FeatureDefinitionId>4737</FeatureDefinitionId>

  <Axis>

    <AxisPoint>2.65 0.5 -0.75</AxisPoint>

    <Direction>0 0 1</Direction>

  </Axis>

</CylinderFeatureNominal>

...

• UUID := Universally Unique IDentifier

STEP QIF
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...

#23=OPEN_SHELL('',(#24));

#24=ADVANCED_FACE('',(#25),#54,.T.);

#25=FACE_OUTER_BOUND('',#26,.T.);

#26=EDGE_LOOP('',(#27,#28,#29,#30));

#27=ORIENTED_EDGE('',*,*,#46,.T.);

#28=ORIENTED_EDGE('',*,*,#47,.T.);

#29=ORIENTED_EDGE('',*,*,#48,.T.);

#30=ORIENTED_EDGE('',*,*,#47,.F.);

#31=PCURVE('',#54,#35);

#32=PCURVE('',#54,#36);

#33=PCURVE('',#54,#37);

#34=PCURVE('',#54,#38);

#35=DEFINITIONAL_REPRESENTATION('',(#39),#8130);

#36=DEFINITIONAL_REPRESENTATION('',(#40),#8130);

#37=DEFINITIONAL_REPRESENTATION('',(#41),#8130);

#38=DEFINITIONAL_REPRESENTATION('',(#42),#8130);

#39=B_SPLINE_CURVE_WITH_KNOTS('',1,(#7930,#7931),.UNSPECIFIED.,.F.,.F.,

(2,2),(0.,6.28318530717959),.UNSPECIFIED.);

#40=B_SPLINE_CURVE_WITH_KNOTS('',1,(#7990,#7991),.

...

...

<CylinderFeatureNominal id="4738">

  <Attributes n="2">

    <AttributeStr name="_3dv.DefaultFittingAlgo" value="LEASTSQUARES" />

    <AttributeStr name="_3dv.TrueGeomAlgo" value="Y14.5-2009" />

  </Attributes>

  <Name>Nominal 4738</Name>

  <FeatureDefinitionId>4737</FeatureDefinitionId>

  <Axis>

    <AxisPoint>0.75 0.5 -0.75</AxisPoint>

    <Direction>0 0 1</Direction>

  </Axis>

</CylinderFeatureNominal>

<CylinderFeatureNominal id="9695">

  <Attributes n="2">

    <AttributeStr name="_3dv.DefaultFittingAlgo" value="LEASTSQUARES" />

    <AttributeStr name="_3dv.TrueGeomAlgo" value="Y14.5-2009" />

  </Attributes>

  <Name>Nominal 9695</Name>

  <FeatureDefinitionId>4737</FeatureDefinitionId>

  <Axis>

    <AxisPoint>2.65 0.5 -0.75</AxisPoint>

    <Direction>0 0 1</Direction>

  </Axis>

</CylinderFeatureNominal>

...

• UUID := Universally Unique IDentifier

• closed world VS open world workflows / use-cases

STEP

QIF

UUID

IDs IDs
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...

#23=OPEN_SHELL('',(#24));

#24=ADVANCED_FACE('',(#25),#54,.T.);

#25=FACE_OUTER_BOUND('',#26,.T.);

#26=EDGE_LOOP('',(#27,#28,#29,#30));

#27=ORIENTED_EDGE('',*,*,#46,.T.);

#28=ORIENTED_EDGE('',*,*,#47,.T.);

#29=ORIENTED_EDGE('',*,*,#48,.T.);

#30=ORIENTED_EDGE('',*,*,#47,.F.);

#31=PCURVE('',#54,#35);

#32=PCURVE('',#54,#36);

#33=PCURVE('',#54,#37);

#34=PCURVE('',#54,#38);

#35=DEFINITIONAL_REPRESENTATION('',(#39),#8130);

#36=DEFINITIONAL_REPRESENTATION('',(#40),#8130);

#37=DEFINITIONAL_REPRESENTATION('',(#41),#8130);

#38=DEFINITIONAL_REPRESENTATION('',(#42),#8130);

#39=B_SPLINE_CURVE_WITH_KNOTS('',1,(#7930,#7931),.UNSPECIFIED.,.F.,.F.,

(2,2),(0.,6.28318530717959),.UNSPECIFIED.);

#40=B_SPLINE_CURVE_WITH_KNOTS('',1,(#7990,#7991),.

...

...

<CylinderFeatureNominal id="4738">

  <Attributes n="2">

    <AttributeStr name="_3dv.DefaultFittingAlgo" value="LEASTSQUARES" />

    <AttributeStr name="_3dv.TrueGeomAlgo" value="Y14.5-2009" />

  </Attributes>

  <Name>Nominal 4738</Name>

  <FeatureDefinitionId>4737</FeatureDefinitionId>

  <Axis>

    <AxisPoint>0.75 0.5 -0.75</AxisPoint>

    <Direction>0 0 1</Direction>

  </Axis>

</CylinderFeatureNominal>

<CylinderFeatureNominal id="9695">

  <Attributes n="2">

    <AttributeStr name="_3dv.DefaultFittingAlgo" value="LEASTSQUARES" />

    <AttributeStr name="_3dv.TrueGeomAlgo" value="Y14.5-2009" />

  </Attributes>

  <Name>Nominal 9695</Name>

  <FeatureDefinitionId>4737</FeatureDefinitionId>

  <Axis>

    <AxisPoint>2.65 0.5 -0.75</AxisPoint>

    <Direction>0 0 1</Direction>

  </Axis>

</CylinderFeatureNominal>

...

• UUID := Universally Unique IDentifier

• closed world VS open world workflows / use-cases

• diffs, changes, conversions, translations, and updates

...

#23=OPEN_SHELL('',(#24));

#24=ADVANCED_FACE('',(#25),#54,.T.);

#25=FACE_OUTER_BOUND('',#26,.T.);

#26=EDGE_LOOP('',(#27,#28,#29,#30));

#27=ORIENTED_EDGE('',*,*,#46,.T.);

#28=ORIENTED_EDGE('',*,*,#47,.T.);

#29=ORIENTED_EDGE('',*,*,#48,.T.);

#30=ORIENTED_EDGE('',*,*,#47,.F.);

#31=PCURVE('',#54,#35);

#32=PCURVE('',#54,#36);

#33=PCURVE('',#54,#37);

#34=PCURVE('',#54,#38);

#35=DEFINITIONAL_REPRESENTATION('',(#39),#8130);

#36=DEFINITIONAL_REPRESENTATION('',(#40),#8130);

#37=DEFINITIONAL_REPRESENTATION('',(#41),#8130);

#38=DEFINITIONAL_REPRESENTATION('',(#42),#8130);

#39=B_SPLINE_CURVE_WITH_KNOTS('',1,(#7930,#7931),.UNSPECIFIED.,.F.,.F.,

(2,2),(0.,6.28318530717959),.UNSPECIFIED.);

#40=B_SPLINE_CURVE_WITH_KNOTS('',1,(#7990,#7991),.

...

STEP

QIF

STEP

IDsIDs

UUIDs

IDs
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• UUID := Universally Unique IDentifier

• closed world VS open world workflows / use-cases

• diffs, changes, conversions, translations, and updates

• V4 UUID (random) VS V5 UUID (namespace)

better persistence,
link to authoring system namespace
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• UUID := Universally Unique IDentifier

• closed world VS open world workflows / use-cases

• diffs, changes, conversions, translations, and updates

• V4 UUID (random) VS V5 UUID (namespace)

• UUID necessity is ultimately driven by use-case / value-add
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Consistent theme:

• Blind implementation / expectations of MBE technology

– Unclear use-cases

– Undefined value-adds

2024 MBE Summit
2024-04-16
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Consistent theme:

• Blind implementation / expectations of MBE technology

– Unclear use-cases

– Undefined value-adds

2024 MBE Summit
2024-04-16

use - cases
value - adds

MBE 
technology

semantic PMI

UUIDs
digital twins

PDQ
featuresgood
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Consistent theme:

• Blind implementation / expectations of MBE technology

– Unclear use-cases

– Undefined value-adds
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use - cases
value - adds

use - cases
value - adds

MBE 
technology

MBE 
technology

semantic PMI

UUIDs
digital twins

PDQ
features

agile
semantic PMI

UUIDs
digital twins

PDQ
featuresbetter

good
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Questions? Comments?

Contact:

benurick@nvariate.com

dankeller@nvariate.com

2024 MBE Summit
2024-04-16
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