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* Decentralized manufacturing —> OEMs = system integrators

* Industry wants and needs agility and flexibility [1]
e Simplicity through distributed complexity [2]
* Change in demand (lot size one, make it next door, on-demand ordering) [1, 3, 4]

 MRO/Sustainment needs distributed manufacturing to figure out what capabilities &
capacities are located where and what is the topology of that distributed network

* |Increased opportunities for MFGaaS —> $57 Million Annual Opportunity in simply better
sensing and monitoring [5]

Gallaher, M. P,, Oliver, Z. T., Rieth, K. T., and O’Connor, A. C., 2016. Economic analysis of technology infrastructure needs for advanced manufacturing: Smart manufacturing. Report NIST GCR 16-007, RTI International.
Mocker, M., Weill, P., & Woerner, S. (2014). Revisiting Complexity in the Digital Age. MIT Sloan Management Review. Retrieved from https://sloanreview.mit.edu/article/revisiting-complexity-in-the-digital-age/

Quan, T. and Williams, K., Product Variety, Across-Market Demand Heterogeneity, and the Value of Online Retail (November 17, 2016). Cowles Foundation Discussion Paper No. 2054. DOI: 10.2139/ssrn.2871513

Quan, T. and Williams, K., Product Variety, Across-Market Demand Heterogeneity, and the Value of Online Retail (June 26, 2017). Cowles Foundation Discussion Paper No. 2054R. DOI: 10.2139/ssrn.2993236

Anderson, G. (2016). The Economic Impact of Technology Infrastructure for Smart Manufacturing (NIST Economic Analysis Briefs 4). Retrieved from Gaithersburg MD: http://nvipubs.nist.gov/nistpubs/eab/NIST.EAB.4.pdf
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Enter Digital Thread and Digital~Pwins
W\

* Digital Thread, noun

A connected information flow between standard interfaces for activities
across the product lifecycle

* Digital Surrogate, noun

* An application of the digital thread to an environment where integrated
information flows are leveraged to digitize systems and apply modeling and
simulation to enable dynamic control
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Lifecycle Information Framework and Technology

FROM INFORMATION SILOS...

Qualit Customer &
Design Analysis Manufacturing Asslll;;n}(,:e Product
Support

Hedberg Jr, T., Barnard Feeney, A., Helu, M., & Camelio, J. A. (2017). Towards a Lifecycle Information Framework and Technology in
Manufacturing. Journal of Computing and Information Science in Engineering, 17(2), 021010-021010-021013. doi:10.1115/1.4034132
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Lifecycle Information Framework and Technology

Product Lifecycle Data

Customer &

Analysis Manufacturing A?;igrtflce Product
Support

...TO LINKED DATA...

Hedberg Jr, T., Barnard Feeney, A., Helu, M., & Camelio, J. A. (2017). Towards a Lifecycle Information Framework and Technology in
Manufacturing. Journal of Computing and Information Science in Engineering, 17(2), 021010-021010-021013. doi:10.1115/1.4034132
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Lifecycle Information Framework and Technology

Product Lifecycle Data

Customer &

Analysis Manufacturing A?;igrtl}::e Product

Data Certification and Traceability
Root of Trust, Key Distribution, Cryptographic Services, Data Quality Services

..WITH BUILT IN TRUST AND TRACEABILITY...

Hedberg Jr, T., Barnard Feeney, A., Helu, M., & Camelio, J. A. (2017). Towards a Lifecycle Information Framework and Technology in
Manufacturing. Journal of Computing and Information Science in Engineering, 17(2), 021010-021010-021013. doi:10.1115/1.4034132
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Lifecycle Information Framework and Technology
...FOR DRIVING APPLICATION WITH DATA!

Product Lifecycle Data

Customer &

Analysis Manufacturing A(szslllli{alrtlyce Product

Data Certification and Traceability

Root of Trust, Key Distribution, Cryptographic Services, Data Quality Services

Data-Driven Applications

Knowledge pp Management

Diagnosis, Prognosis, and Control

Hedberg Jr, T., Barnard Feeney, A., Helu, M., & Camelio, J. A. (2017). Towards a Lifecycle Information Framework and Technology in
Manufacturing. Journal of Computing and Information Science in Engineering, 17(2), 021010-021010-021013. doi:10.1115/1.4034132
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Cyber-Physical Graph: Fabrication Context

https://dx.doi.org/10.1115/1.4034132 N type of

~~
https://hdl.mfg.io/20.500.11993/nist.abf \ cyber.data.document.scholarlyarticle
same as 7
authored type of
\ /

authored https://hdl.mfg.io/20.500.11993/lift

type of / https://hdl.mfg.io/20.500.11993/nist.mmh

cyber.data.model.manufacturing.plan

el

type of
authored type of

https://hdl.mfg.io/20.500.11993/d2mi.cam.827-9999-904.mcx-8

physical.person |R authored

type (i/ /

https://hdl.mfg.i0/20.500.11993/nist.tdh1 realizes

type of —> Physicam\ authored \/

http://bit.ly/GF-HSM600U \ https://hdl.mfg.i0/20.500.11993/d2mi.cad.827-9999-904.stp K.
\ I, type of
produces N\
monitors type of —>| cyber.data.stream cyber.data.model.design

*Append “Pnoredirect” to end of HTTPS-URI to see meta-data

https://smstestbed.nist.gov/vds/GFAgie01/current
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Cyber-Physical Graph: Materials Context

physical.material.properties.heat-treating

type of —7

physical. material.properties.general
http://hdl.handle.net/11115/192 | type of —~7
=

Included\m http'//hdl.handle.net/11115/179 type of —7| physical.material.properties.strength
_~
ncluded i | http://hdl.handle.net/11115/179
/ Includedln
type of ——>!| physical.material.properties

https.//materlaIsdata.nlst.gov/handle/l1256/422

cyber.data.model.manufacturing.plan

physical. material 7
type of
N p
describes type of https://hdl.mfg.i0/20.500.11993/d2mi.cam.827-9999-904.mcx-8
\ — /
\-) AL 6061-T6 (€ processes
realizes
,\ specifies /
supplies ~.
\ https://hdl.mfg.io/20.500.11993/d2mi.cad.827-9999-904.stp N_
type of
Y

https://www.mcmaster.com/#8812t256/=1b5mowq N type of

cyber.data.model.design

physical.organization.vendor

F
=]
2



NIST

Contents N e

U.S. Department of Commerce

Digital Thread for Smart Manufacturing

System Lifecycle Handler - Foundations
* Project goals

* Use Cases

* Graph foundations

System Lifecycle Handler — Proof-of-concept demonstrations
e Querying the digital thread

Building the digital thread

Maintaining the digital thread

API for the digital thread

Tools, APls, and open standards used in the PoC

Next steps

Questions and Comments



System Lifecycle Handler (SLH) — Use Cases - T

* Build digital thread for systems

e Connect to data across the enterprise (Systems, PLM, CAD, ALM, Project
management, Manufacturing, Operations) and spin a digital thread

* Generate models as information moves across disciplines

* Query and search the digital thread
* Manage the digital thread

* Track changes in versioned models connected in the digital thread
 Compare, synchronize, repair connections and models

* Visualize the digital thread

14
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Silos of models and data e A
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* Organizations deal with a diverse, multi-vendor engineering
toolset.

* They create and store product/system data in a variety of tools,
models and repositories: PLM, ALM, CAD, spreadsheets, databases,
SysML models...

Conceptual Design
System Architecture

Detailed Design
PLM
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Digital Thread — Connecting the domains for true MBE Sandents o oo

U.S. Department of Commerce 3

* Federating data and models across disciplines

* Connecting model elements and data at different levels of
abstractions

Requirements
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Digital Thread — Example showing artifacts and connections .. e
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If I change this requirement, Trace the CAD and CAM models for
what is the downstream this part and compare attributes
impact, e.qg. to CAD and CAM against test results
models?
Requirements Mechanical Design Manufacturing Quality & Inspection
(e.g. DOORS-NG) (CAD, e.g. NX, CREO, STEP) (CAM, e.g. MTConnect) (e.g. QlF)

Intra-model
connections

Inter-model
connections

17
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Connections / Links in the Digital Thread ek
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 What is the purpose of model-based connections?

Reference Connections
Track/compare/sync versions of connected elements

< >

Data Map Connections
+ Track/compare/sync element attributes

Function Wrap Connections
+ Track/execute connection elements

Model Transform Connections
+ Track/compare/sync element structure (multi-level)

18
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Graph — Nodes and Edges

Nodes and Edges may have N1:T1

* Name

* Type (Typed Graph) El: t1

N

* Properties (Property Graph)
E3: t2

Edges may have N2:T1
e Direction (Directed vs. Undirected Graph)

/

Graphs can be E2: t1 E4:t3
* Stored

Queried (Pattern matching)

Traversed (e.g. Breadth-first, Depth-first)

Generated and Transformed

N4 : T3

Analyzed

19
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- | Projects
E w1 @ Ria Rana (RIG)

PartA
<signal1>

in1 out! —p
g1
in1 <signal2> L
PartC

i ————»
PartB n1 ’—' in2 out2
in1 out1 pC

pA bs1

in2 ® ®
= Simulink model
= _Jwaicneapyme e — i
= SDB—GSS 1era | Mission Softeare
@ Project: Syndeia Demo Box rtifacts -
Summary: Autopilot »
=) Type: Task pecification Module —

) Status: Open

) Priority: Major st SyStem MOdEI
=) Updated: 2017-05-15T16:53:05 9 (SySM L)

& Assignee: dirkzwemer
& Reporter: manasbajaj
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Testbed model for proof-of-concept — Configurable UAV

bdd [Package] Structure [ CUAV Structure - Initial |

«block»

cUAV

values
mass : Kg
range : Km
max velocity : Kph
endurance : Hr
max altitude : Km

pIatformI ' SW I : payloadI ' cbmmunicationsl
«block» «block» «block» ' «block»
Platform Software Payload Communications
flight SW
«block» |4 -
Flight SW sensors |1.. 0s
«block» «block»
Sensor | Line Of Sight Com
mission SW| - sat
«block» gHiocK»
Mission SW Satellite Com

22
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Testbed model for proof-of-concept — Configurable UAV e
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mass : Kg

¥ ¥ .-
IIIIIIII sw | payload\l{ I
bbbbbbbbbbbb
Platform Software Payload )
SWT ’ | '8 4T
ki
uuuuuuu JV { ._',_,_.
9 w Sy { - ———
mmmmmmmm ublo e e ——
Sensor Line Of Sight Com ‘ 1 r o T
W ik —
mmmmmm o '
M n SW Satellite Com

Enclosure Box for an 1T Il
Avionics assembly used e ——— S
in the Configurable O 0 =
UAV

23



Available data and models for the Enclosure Box B e
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e SysML model of the UAV and the payload

* CAD models for multiple variants and revisions of the Box
(SolidWorks files on GitHub)

* Design flow management in JIRA

e 20 instances of each part are manufactured. For each instance:

* Machine sensor data streams for each part instance (MTConnect 1.3
XML on GitHub)

* NC code data - ISO 6983 (G-code files on GitHub)
* First article inspection reports (QIF 2.1 XML on GitHub)
* Receiving inspection reports (QIF 2.1 XML on GitHub)

24
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ittt N
i NIST MTC CRADA ASSBLY !
Product Concept; i
i Jama: Box Jama: Cover !
Level i Reqts NIST MTC CRADA BOX NIST MTC CRADA COVER Reqts II

. . ' NMC ASSBLY Rev D
Design Variant — JIRA: Cover
Level ' : e = Design Status
Design Status '
' NMC BOX Rev D
GitHub: Box GitHub: Cover
Design CAD Design CAD
S IV P -
[ - Bo GitHub: Cover
I - = f
i 3 Datz NMC ASSBLY SN D01 Mig Data
Part Instance | — GitHub: Cover
| 9 D Quality Data
Level ! ; ! .
! b: Bo NMC BOX SN D01 NMC COVER SN B01 GitHub: Cover
\. ’ o Da Incoming Data
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Demo video #1 — Querying the digital thread for the
simple avionics box assembly

See video DigitalThreadQuery.mp4



CJ NIST

. National Institute of
Standards and Technology
I n e r U.S. Department of Commerce

Demo video #2 - Building the digital thread for the
simple avionics box assembly

See video DigitalThreadBuildManage.mp4




Model Transformations — Automatically spinning the digital thread

=% Repository Manager

=, Connection Manager

@4 Connection Browser

@ Connection Summary }E Comparison Result ‘\ Settings '

I g Analysis Manager

- Apu

e+ Autopilot

g Battery

g BlackBox

g Body

g Communications Controller
g Communications Interface

Q Cowling

< | m

(System <-> PL

1)

: |
P SysML Model =, Connection Type t\!) TC91 & Local File System Repositories
. - = Creo
E- E] Unmanned Aerial Vehide =2|| ") Reference " Requirements =0 NX
E] g Aircraft Platform ) G- Satelite (Precse BOM) Simulink
() Function Wrap “ Tracelinks o
-[_F] blackbox : BlackBox - =% MySQL Repositories
-[F] body : Body =|| ) Data Map - UAV (Imprecise BOM) I I MySQL1
: : 2B i i T ter Repositori
-[F] elec assembly : Electrical Assembly (@ Model Transform = 0(30464—Unmanned Aerial VEhld.e | = gimfrinlgrl spostenes
-[TF] engine : Engine (- % 000464/A; 1-Unmanned Aerial Vehi
. l “; 000464/8B; 1-Unmanned Aerial Vehi £ 191
[F] fule system : Fuel System i Q Wnndd1il| Repositories
~[F] powetrain : Powertrain — %3 we1o1
--[_F] rotor : Rotor | ' I £y Unmanned Aerial Vehide->Fire % We102
-[_F] tail assembly : Tail Assembly G’e nera te M (0 d eéiLs u{L 000464/C-View (Imprecise )

“ aircraft platform : 000%()1tch repos
“; gps : 000466/A; 1-GPS

% autopilot : 000467/A; 1-Autopilo
-} databus : 000468/A; 1-Databus
-“J flight controller : 000469/A; 1-Fli
-“J payload controller : 000470/A;1
-} communications controller : 000:
- wimax module : 000472/A; 1-Wil
} aprs module : 000473/A; 1-GPRS

l” b

-

F .4

BLOCK_TC_PART_MODEL_TRANSFORM_CONNECTION

trace links is not selected in Syndeia settings.

todin Soumdain anth

teacaliolka i nat L

[10:52:48] INFO Finished generating block structure and creating connections for part DDS Middleware
[10:52:48] INFO SysML dependencies will not be generated from Teamcenter trace links for item Software System. Option to generate SysML dependencies and

[10:52:48] INFO SysML dependencies will not be generated from Teamcenter trace links for item DDS Middleware. Option to generate SysML dependencies and

-

Ready

10:54:22AM  442Mof 791 i




Digital Thread as a conduit for information flow

Requirements
(SE -> ME)

Mass properties
(ME -> SE)

=% Repository Manager a Connection Manager }'{ Connection Browser

(= Connection Summary }f Comparison Result '\ Settings

P~ SysML Model

‘=, Connection Type

Creo

EH[] Automobile System
E-5 1_FORMULA_SAE_RACECAR
e 20_6950_10
m-= 20_6950_10_MIR
-] 618132RS1_ASM_2
- 618132RS1_ASM_2_MIR
B 618132RS1_PART1_1
E-= 618132RS1_PART1_1_MIR
B 618132RS1_PART2_2
m-= 618132RS1_PART2_2_MIR
E-=] 618132RS1_PART3_2

m

ablocks
«Creo_Assemblys
1_FORMULA_SAE_RACECAR

MANIFOLD - MANIFOLD
|SUSPENSION : SUSPENSION
|DIFFERENTIAL - DIFFERENTIAL
|RR_CORNER - RR_CORNER
|CENTER_SUPPORT - CENTER_SUPPORT
RONT_FAIRING_COMPLETE - FRONT_FAIRING_COMPLETE
|LF_CORNER - LF_CORNER

|FRONT_PAN : FRONT_PAN

RONT_FAIRING - FRONT_FAIRING

LOORBOARD : FLOORBOARD

EAT : SEAT

R_CORNER ' LR_CORNER

|RF_CORNER - RF_CORNER

|REAR_MOUNT : REAR_MOUNT

IMOTOR : MOTOR

|CHASSIS © CHASSIS

|FRONT_WING - FRONT_WING

() Reference

~) Function Wrap

(*) Data Map

@ Model Transform

» mass : Real = 4368825 841607232
/» volume © Real = 7931 78206884205
density - Real = 550 8012958221673
surface_area - Real = 35020 0218922419
lower_left_x - Real = -33.07675515554073
lower_lefl_y - Real = -3 710721205311635
lower_lefi_z : Real = -24.500000000000004{t
upper_right_x - Real = 27.722209118508943
upper_right_y - Real = 47.43358481145667/1
/» upper_right_z - Real = 101 03467048617387

1_formula_sae_racecar.asm. 115
1_formula_sae_racecar.asm. 116
1_formula_sae_racecar.asm. 117
1 rouL sue RAcECAR
G-(J :MANIFOLD

G- : SUSPENSION

G-(J :DIFFERENTIAL
E-(] :RR_CORNER

G}(J :CENTER_SUPPORT
E}-(J :FRONT_FAIRING_COMPLETE
G-(C) :LF_CORNER

[ul A CDONT DAaN

%09 |40 G T8 e

Creo

Race Car

[ Alojsoday yaleag ,f'fl
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Tracking changes in connected models in the digital thread

=% Repository Manager a Connection Manager m, Connection Browser | |5} Connection Summary }1”: Comparison Result ‘\ Settings
Type here to filter connections ’ Clear ‘ ’ Export to Excel
ConnID +« | Source v | Target v | Latest Target v | Comment v |[H
Unmanned Aerial Vehidle 000464/C; 2-Unmanned Aerial Vehide 000464/C;2-Unmanned Aerial Vehide  The block Unmanned Aerial Vehic... »

By €3f03...

wimax module : WiMax Module
visual camera : Visual Camera
trackers : Sensor

thermal camera : Thermal Camera
software : Software System

wimax module : 000472/A; 1-WiMa...
visual camera : 000475/A; 1-Visual ...

thermal camera : 000476/A; 1-Ther...

software : 000487/B; 1-Software S...

payload controller : Payload Controller payload controller : 000470/A;1-P...

modem : Spread Spectrum Radio M...
ir detector : Wide Angle IR Detector
aps : GPS

gprs module : GPRS UMTS Module
flight controller : Flight Controller

modem : 000474/A; 1-Spread Spec...

ir detector : 000477/A; 1-Wide Ang...

aps : 000466/A; 1-GPS
gprs module : 000473/A; 1-GPRS U...
flight controller : 000463/A; 1-Fligh...

wimax module : 000472/A; 1-WiMax M...

visual camera : 000475/A; 1-Visual Ca...

thermal camera : 000476/A; 1-Therma...
software : 000487/B; 1-Software Syst...

payload controller : 000470/A; 1-Payl...
modem : 000474/A; 1-Spread Spectru...

ir detector : 000477/A; 1-Wide Angle I...

aps : 000466/A; 1-GPS
gprs module : 000473/A; 1-GPRS UMT...
flight controller : 000463/A; 1-Flight C...

Part property wimax module and...
Part property visual camera and ...
Part property trackers has no co...
Part property thermal camera an...
Part property software and part...
Part property payload controller ...
Part property modem and part o...
Part property ir detector and pa...
Part property gps and part occu...
Part property gprs module and p...
Part property flight controller an...

m

F .4

[11:56:22] INFO Comparing SysML part property and Teamcenter part occurrence (BOM line with ref des) thermal camera.

Ready

11:56:55AM  549Mof 735M i
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Connect architecture model

&8 2012-07-12, 1000h US ET

Connections based on Reference,
Data Map, Function Wrap, Model models
Transform, and Composite patterns

(SysML) with domain-specific

re. -

Docufnénts & | N

Spreadsheets
5

|

= T, |m— Total System Model (TSM) as a
digital blueprint of the system

i % - il T
CAD model . e U b S
| — P
(Creo, NX, CATIA,...) \ t bl \paad ! s Requirement

e Emy o connecting models across

\
MATLAB / Simulink & —+ .
Mathematica models A L S et -

I
s < Wt !
TRarmal of & House - ;
e P i 1
#

disciplines, tools, and version-

management systems

CAE (FEA/CFD)

TOTAL SYSTEM MODEL (TSM)
)
|

— ; models Goal: Seamless traceability

ax J[x;y, I

S I Oth e e g

e i latest between disciplines across the
- glxyrsz, | Optimization Databases .

. models system lifecycle
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TSM evolves as each of the version-managed models evolve

T1 T2 T3 T4
(Baseline B1) (Baseline B2)

. - >
Timeline

32



Handler System — A registry for all participants in the digital threarmh = Qg

U.S. Depart

* Provides a unique registry for all artifacts in the digital thread (similar to DOI)

* Global ID system to identify artifacts (part, sensor, data, machines, ...)
e chain of addesses {Al, A2, A3, ...} similar to postal address. Addesses may be URlIs.

e Basic meta-data for each artifact (full artifact data in native repository — PLM,
ALM,...)

e Uses Handle.Net system

O &

o !

@ o (B o o
PEOPLE MACHINES FEDERATED THINGS SES TEM

DATA INTEGRATION

33
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& - C  # Secure  https://hdl.mfg.io/20

Handle.Net®

Handle Values for: 20.500.11993/d2mi.cad .827-9999-904 stp

Index Type Timestamp Data
1 URL 2017-08-31 03:29:03Z https://smstestbed.nist.gov/tdp/d2mi/CAD/827-9999-904 stp
Handler S Stem 2  TYPE 2017-08-31 03:29:03Z cyber.data.model.design
3 SCHEMA 2017-08-31 03:29:03Z http://schema.org/ProductModel
1 f ° 4 DATE_CREATE 2017-08-31 03:29:03Z 2017-07-06
° 5 ATTRIBUTE  2017-08-31 03:52:13Z {
https:/ /hdl.mfg.io
= - "@graph": [
{
"@id": "#model",

"@type": "ProductModel",

"additionalType": "http://www.productontology.org/id/heat_sink",
"description": "A heat sink for an aerospace avionics printed circuit board",
"gtinl13": "6921407390089",

"name": "Aluminum Heatsink"

"@type": "DigitalDocument",

L]
Entry f Or he He at Slnk p art "21:)?1?:[3‘%(3:5i;ﬁ?:;;:]o?é:t;iéat sink for an aerospace avionics printed circuit board",

"author": "https://hdl.mfg.i0/20.500.11993/nist.tdh1",

https:/ /hdl.mfg.io/20.500.1199

"@type": "DigitalDocumentPermissionType",

3/d2mi.cad.827-9999-

"@typc" * "Person" \
"name": "Thomas Hedberg",

9 04 . S t_ :) ? nO r e d ir e C t : "identifier": "https://hdl.mfg.i0/20.500.11993/nist.tdh1"

}
{

"@type": "DigitalDocumentPermissionType",
"permissionType": "http://schema.org/ReadPermission”,
"grantee": {

"@type": "Audience",

non

"audienceType": "public"

] 34
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API for the digital thread i T
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Request URL

* REST/HTTP API to access data in
i the digital thread, such as:

Code Details

200 * Repositories, projects, model

Response body

f elements, and connections

e
"ot 0,  Query capabilities to search for

2 connections given type, source,

"resources": [

A T P P e o e ta re et’ etc. ( b asic grap h Nnavi g ation )

"createdBy": "af860442-f78b-11e7-b394-c9ef258a9419",

"createdDate": "2018-03-24 23:05:36.252-0400",

"modifiedBy": "af860442-f78b-11e7-b394-c9ef258a9419",

"modifiedDate": "2018-03-24 23:05:36.252-0400", ° 4

"key": "JAMA-30", F d t f pp th t

"gid": "eXdlcVIVVLa8__Q9kW6ELozkLqCIHitQ", O u n a IO n O r n ew a S a Ca n
"name": "Jama 3 @ Intercax",

el be built to access, analyze,

"RESTFUL_REQUESTS": "[]"

enhance the digital thread

"id": "63bd28f3-2fd9-11e8-9621-336807f93a57",

"name": "Jama repository"

}

]
"host": "https://intercax.jamacloud.com”,
"authentication": {}

1,
{
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Tools used in this proof-of-concept (POC) g digionl oine o

U.S. Department of Commerce 3

System Lifecycle Handler

uses (POC Implementation)
>
connects to /\
———————>
Syndeia [ Handle.net }
-3~
f”” ////‘\ \\\\‘\\\
4”” ///// ‘\ \\\_\ \\\\‘~
Neo4j Ly \ i TN~
o - GitHub 3
.7 Jama :‘,, NX,
L’ .
MagicDraw JIRA SolidWorks

See www.syndeia.com for a complete list of capabilities 36
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NIST

Open Standards and APIs used in this POC e

U.S. Department of Commerce ;

* SysML

* MTConnect

* QlF

* JSON

 REST/HTTP

* OSLC

* OAuth

* JDBC

e Other relevant open standards — STEP, FMI

e Native APIs, and Multiple open source Apache and Google libraries

37



N eXt Ste p S Srﬂndu':ds.und Tech.nologoy -
U.S. Department of Commerce ;

tment of Com

« Common schemal(s) for the artifacts and relationships in the digital
thread

* Library of queries (FAQs) for the digital thread
e Tracking active lifecycle states — design, make, ops, service

* Explore multi-level change management scenarios, e.g. replay
cascading changes that may happen if one artifact changes

* Test suites for V&V of the digital thread, automated testing and
release builds (Technical Data Packages) of the digital thread
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Questions and Comments S et

U.S. Department of Commerce ;

Manas Bajaj, PhD -- manas.bajaj@intercax.com
Dirk Zwemer, PhD -- dirk.zwemer@intercax.com

Intercax

Thomas Hedberg -- thomas.hedberg@nist.gov
NIST
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Inter

Screenshots of the key visualizations shown in
the demonstration videos
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Syndeia Chord Plot Visualization o i) o

U.S. Department of Commerce

e
Fe

2 ed NIST MTC CRADA

Totals (Inter-model analytics)

# connections (c) = (135 ]

SyS M L i # connected artifacts (a) = [ 109 ]

connection density (c/a)=  (EZ) C h O rd P I Ot

Displayed (Inter-model analytics)

GitHub

Repositories (Artifacts per repository)

Syndeia
Inter-Model
Connections

File system repositories
# Local - RY (0 artifacts)

¥ Local - DZ (1 artifacts)
¥ Local - ANP (0 artifacts)
¥ Local - MB (0 artifacts)
¥ New (0 artifacts)

@& cheobl® #| Local - AV (0 artifacts)

PDF Jama JIRA




Syndeia Tree Layout Visualization

project: QEEETAEETIND

Artifact Info ar
display name = NIST_CRADA Modal:Structure: Cover:hIST_MTC_CRADA_COVER
repa = SyshIL Madel o
type = SyelL Block

Undirected (inter-model)

Diracted (intra-maodel)
= Both

Jama repositories

JIRA repositories

'.F. [ Ty .
e e g i

ARER P G L =
1P i G e s ey e TE
— =y -F“.r_:.-.&f‘i.-"“"' G BT e Teamcenter repositories
e _.:,nql:'" ol R,'ﬁ:'"‘h- -:_:'.‘5':
el P i h.lc,%.,@--vz:-- )
: B T el el B :
L prpeh CRRDP : .fﬁ;“'ﬁig;mh W e gree b Windchill repositories
P = T o st per O = .
R ot ok o I 108
st R wist o e i
EI:..
~ph i
wst R e
T et
it o L .5\:;'!:""‘*’! o R
i a A
N‘I‘E“' - =] e
[t R
e et
o i L
ke e e i
st i
et aeet
YT .-E.'.'.'\-'-J Tl
pharc il
o o
< & e
. e S " il
Ly e
st SR s
i oo ;
oyl e ;
| e 5 ) iF aan

A A A A
Product Design Part Mfg & Quality
Concept Variants Instances Data Files

NIST

National Institute of

Standards and Technology
U.S. Department of Commerce

Tree Expansion
from Product
Concept
‘NIST_MTC

- CRADA Cover’
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Graph Database Queries g e o

U.S. Department of Commerce

te [r11 [rl1-(s:Blo yck{name : "NMC_ 3 ERE NOT n:Reposi D NOT Package D NOT P ND NOT Reposi
@ Block(24)

' Show all
nearest and
A % o

£ £ NMCA_| [NMCA.
P> next-neares

£ v

REFERENCE_... INMC_B Aloiin NIST M {.: & & °
: A neig hbors to
) e
ﬁ”‘t. -
-l -
o, P e
2 NMC_A NMC_A.
Allocate NIST_M
Nlocar~ Alocate
4 \So % e e
L Q.'\ :
L e o — —
3 X ' NMC_A
~_ INnmc c Allocate NIST_M.. 2 g NMC_A.. T ’
_cgRENCE Y y %, =
REFE %
)
o £
& £ NMC_A
8 % NMC_A..
& o
& L
NMC_A. . NMC_A NMC_A
[ g 1




NIST

Standards and Technology
U.S. Department of Commerce

Graph Database Queries Nasionctngntoof (@

$ match (n:JIRA_Task)-[rl1-(s1)-[r1]-(s:Block{name:"NMC_Box_D81"}) return n,r,sl,r.. & 2 ot & O K

@ Block(2)

= h Il JIRA
Show a

S NMC_Box D01 Allacate NIST_MTC_C... — REFERENCE_CONNECTION Ta S kS

P connected to
Part Instance

{"gid":"JIRA @ Intercax | {in \"id\": \"35867\" \n \"key\": {"gid":"48dbe071-31d3-11e8-beb4- ( N M C BOX
\"SDB-1326\",\n \"self\": 11ac61647dd8" "name":"NIST_CRADA —_— —_—
\"https://intercax.atlassian.net/rest/api/2/issue/35867\" \n Model::Structure::Box::NIST_MTC_CRADA_BOX D O 1

\"type\": \"JIRA Issue\" \n \"version\": \"2018-03- RevD - SDB-1326"}

27T11:26:53\"\n}" "name":"SDB-1326"}
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Graph Database Queries g e o

U.S. Department of Commerce 3

Show all Design
Variants of
- Product Concept

- - ‘NIST_MTC_

| CRADA_Box’ and
associated CAD

. files

MIST_MTC_C... | Rerereng




Graph Database Queries

TCH (n:Block)<
n:=Blo: j <o —
D1OCK J5—|

Block(21)

"count(n)"

A 20

MMC_Box

HMC_Box D08

NMC_Box_DO11

D09

1 K T
NMC_Box_DO NMC_Box_D04

MMC_Box_D010
NMC_Box_ D012
NMC_Box D03

MNMC_Box_D05
NMC_Box D013

NMC_Box_D06

MMC_Box_D015

MMGC_Box_D01

WMC_Box_D014

= .':;4
NMC_Box_D0O13

HMC_Box_ D017
NMC_Box D016

NMC_Box_D02
i NMC_Box_D020
NMC_Box_D019

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce

Show all Part
Instances of
Design Variant
block ‘NIST_MTC _

CRADA Box_ RevD



NIST

Graph Database Queries LTI @

U.S. Department of Commerce v

$ match (m:GitHub_File)<-[t]-({n)<-[r]-(s:Block{name: "NMC_ASSBLY_D&1"}) .. '

~ showall Mfg
- and Quality
B
A

files in GitHub
associated
<> e S with Part
Instance
s f h"“"&,@, - ra n %"{:‘%‘-ﬁ ‘ N M C_ASS B LY



NIST

Graph Database Queries praaetionel Instinte o

U.S. Department of Commerce

$ MATCH (m:Block)-[t:Allocate]-(n:Block)-

= . How many instances of Box
e [ have been manufactured?

- How many instances of Box
= R have been through
incoming inspection?

$ MATCH (n1:GitHub_File{name: 'BoxResults_19

19

$ MATCH (n1:GitHub_File{name: 'BoxResults_19_samples.QIF'})-[r1:REFERENC

@ "m"
Grach [ ]
["gid"-"PROJECT-b112583-dab7-4515-b8d9-1304d22c06a7 | LI St t h e m
==2] _18_5_3 63e021c_1521994265350_944094_15411" "name":"NMC_Box_D019"}
T ["gid""PROJECT-b11f2583-dab7-4515-b8d9-1304d22c06a7 |

_18_5_3 63e021c_1521994264434_175058_15408" "name"-"NMC_Box_D018")

AN AT LAALAFAA U_A7 AFAF LOIA AANAIAA_AA_T |



NIST

Graph Database Queries LTI @

U.S. Department of Commerce v

$ match (m:GitHub_File}-[t1]-(n1)-[t]1->(n)-[r]->(s:GitHub_File{name: "Box-Hurco®?-850f28.txt"}

Block(2)

Show the CAD
file in GitHub
A associated
% e with Mfg Data

o
@':5‘{'

(| ‘Box-Hurco02-
050f20.txt’




Graph Database Queries

<>

> i H E

tch (n:Jama_Requirement

Block(3)

NIST_MTC. C...

P
L
ST
U

Y-[r2]1-(s2)-[r1]-(s1)-[r]-(s:Block{name : "NMC...

NIST_MTC_C...

NMC_Box_ DO

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce

Show all Jama
Requirements
connected to
Part Instance
‘NMC_Box__
D01’



