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About Intercax

“ » Georgia Tech spin-off 2008
“« Atlanta, US (HQ) and Pune, India
* Focus: Software for MBE/MBSE
* Syndeia — Digital Thread
platform for MBE/MBSE
e SysML parametric solvers
Customers

Instructor: Dr. Dirk Zwemer is the President of Intercax
and works closely with many organizations adopting
best practices in MBSE. He holds Level 4 Model
Builder-Advanced certification as an OMG System
Modeling Professional.

Copyright 2013-2023 Intercax. All rights reserved. 2



What’s the Problem? O

- [1] Stakeholder Requirements

Knowledge Engineers waste an average of 4 hours

each day on menial data entry.
(https.//simplyflows.com/time-wasted-on-repetitive-tasks-is-40-percent)

Payload Mass
Payload Volume

Paper-based processes are 75% Waste compared to
Digital Engineering (Hedberg et al., 2016)

anaging reams through models,
seamless transmission of digital information,

advances in analyzing data and trends, and
efficiently communicating information to Decision-
makers would SAVE manufacturers $37 Billion
annually (Anderson, 2016).

* Diversity of models

* Requirements

e Architecture (SysML, UPDM, AADL,...)

* 3D/2D Mechanical and Electrical Design
* Design / Manufacturing BOM (PLM)

* Software code, tests, releases

* Simulation/Test/Failure Analysis

Team members cannot find and share
information efficiently.

Data collection for review, analysis
and documentation is slow.

Capability Gaps and Design Errors are
detected too late.

Projects are behind schedule and
over budget.
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What is the Digital Thread?

A linked set of digital artifacts whose consistency is actively managed over the life cycle

of a product, process, or system.
AIAA Digital Engineering Integration Committee, “DIGITAL THREAD: DEFINITION, VALUE, AND REFERENCE MODEL”, June 2023

A powerful communication framework that allows a_connected data flow and
integrated view of an asset’s data throughout its lifecycle across traditionally siloed

functional perspectives.
iBaseT.com, 2023

The use of digital tools and representations for design, evaluation, and life cycle

Manageme nt
USAF Global Science and Technology Vision, Task Force. "Global Horizons Final Report". 2013

A data-driven architecture that links together information generated from across the
product lifecycle and is envisioned to be the primary or authoritative data and

communication platform for a company’s products at any instance of time
Singh, Victor. "Engineering with a Digital Thread". Aerospace Resource Central, 2018
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https://web.archive.org/web/20210930134509/https:/www.hsdl.org/?view&did=741377
https://arc.aiaa.org/doi/10.2514/1.J057255

An Open Digital Thread — Federating models across repositories O

Inter-model relations, model

transformations, and digital thread Hardware Manufacturing Quality
configuration managed by Syndeia

Requirements .~ System Architecture - “« o D B
g -
— > - Aras Innovator, Teamcenter, Teamcenter, Windchill,
-~ Windchill, NX, Creo, ... NX, Creo, ...
—~;-.H:_ Software Tests Deployment (Cl/CD)
Jama, MagicDraw, 2 \
DOORS-NG,... Rhapsody,... N —»
______________
‘ ____________________
5 o~
TestRail,
TM4], ...

Intra-model relations managed by
respective tools and repositories

Copyright 2023 Intercax. All rights reserved. 5



An effective digital thread platform offers

* the capability to explore disorganized data to discover what should
be, for business or mission purposes, part of a digital thread,

Local Clients Web Clients Visualization , Busgness Data Science ,Dlgl,tal Project
intelligence Pipelines Management

Data Consume

Digital Thread
Data Sources Platform

“
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An effective digital thread platform offers

* curation for the creation, reporting, update, and deletion of these
digital threads,

Local Clients Web Clients Visualization Business Data Science Digital Project
Intelllgence Plpellnes Management

Digitai Thread

Platform

Copyright © 2023 Intercax LLC. All Rights Reserved.



An effective digital thread platform offers

* visualization and analytics over the digital threads and to the
connected digital artifacts.

Local Clients Web Clients Visualization DUS!HESS Data Science ,Dlgl,tal Project
Intelligence Pipelines Management

Data Consumers

Digital Thread
Data Source Platform

Copyright © 2023 Intercax LLC. All Rights Reserved.



Interactive Traceability

Home / Repositories
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Graph Analysis Pattern Matching

Gremlin Query : g.E().has('sLabel’,'Relation').has('container’,"MBDTO01")

® Query Builder

Relation - ontainer.skey : MBDTO1

O Raw Query
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* Connected Artifacts by Repository

Tested Requirements by Test Status

Teamwork Cloud @ Intercax
Windchill 11.1 @ Intercax
Jira @ Intercax

TestRail @ Intercax

Jama @ Intercax

Github @ Intercax

B Passed
B railed
B Other

Copyright 2023 Intercax. All rights reserved. 11



Project Metrics - Cumulative Intermodel Relations by Repository O

# Intermodel Relations

Cumulative Intermodel Relations by Repository
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Mar &
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—e— Windchill 11.1 @ Intercax
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—#— Jira @ Intercax

—e— Github @ Intercax
Teamwork Cloud @ Intercax
Jama @ Intercax



Syndeia comes with

 Syndeia Cloud, a network-based set of microservices embedded in
your development environment to

Read/write the contents of the underlying repositories

* Create and update a network of inter-model connections for users to navigate
and share system data

*  Provide visualization and analytics over the digital threads and to the
connected digital artifacts

 Authenticate users’ access to specific data sources
* Anopen, fully documented REST API

 Specialized clients to support particular use cases: e. g. Syndeia plug-in
clients for Cameo and Rhapsody, Syndeia Web Dashboard, Python and Java
language clients

Copyright 2023 Intercax. All rights reserved. 13



Building Digital Thread Connections

e Manua
model

ly linking pre-existing data elements across

ooundaries

e Creating linkages by transforming data between model

repositories

e Using key parameter matches to link data elements

e Rule-based reasoning and automation

e Machine learning and automation

Copyright 2023 Intercax. All rights reserved. 14



Syndeia Connection Types o

Reference connections link model elements in different tools

* They provide traceability between elements of different types
* They provide quick access to those elements
* They can detect version or timestamp changes in connected elements

* They can be updated to a newer version on demand

Syndeia
Reference
Connections

JIRA Issue

GitHub File

Pull requests  Issues Marketplace Explore

Intercax System C 3.2

% Releases

riority: T Critical
Pages NEW Reporter:
olution: Unresolved

ablock»

SysML Block

Copyright 2018 Intercax. All rights reserved.



Syndeia Connection Types

Model Transform connections take elements in one tool and create
new elements in another, including model structure and attributes.
The elements remain connected and can be compared and updated
as the models evolve.

blocks
«Creo_Assembly»

1_FORMULA_SAE_RACECAR

MANIFOLD : MANIFOLD

SUSPENSION : SUSPENSION

DIFFERENTIAL - DIFFERENTIAL

RR_CORNER : RR_CORNER

CENTER_SUPPORT : CENTER_SUPPORT
FRONT_FAIRING_COMPLETE : FRONT_FAIRING_COMPLETE
LF_CORMER : LF_CORNER

FRONT_PAN : FRONT_PAN

FRONT_FAIRING : FRONT_FAIRING

L]
FLOORBOARD : FLOORBOARD S ndela
SEAT : SEAT
LR_CORNER : LR_CORNER
RF_CORNER : RF_CORNER
REAR_MOUNT - REAR_MOUNT
odel Transform
CHASSIS : CHASSIS

FRONT_WING : FRONT_WING

alues
mass : Real = 4368835.841697232{base_|
volume - Real = 7931.782068842051{base
density : Real = 550.8012958221673{base_P
surface_area : Real = 35929.021892241966{ba
lower_left_x : Real = -33.07675515554973/{base
lower_lefl_y : Real = -3.710721295311635{ba
lower_left_z : Real = -24.500000000000004{bas
» Upper_right_x : Real = 27.722200118508043[ba
» upper_right_y - Real = 47 43358481145667{bas
/» upper_right z : Real = 101.03467048617387{base

o

e )

unit = "in"}

Copyright 2021 Intercax. All rights reserved.



Syndeia Services - Model Transform

Requirements < Architecture Architecture <> Simulation Architecture < PLM/CAD

act [State] Transit [ActivityOfTransit] bdd [Package] UGV_Components [ UGV_v001 BDDJJ
Intercax
hrmap «blocks
Syndsia Test O+ Project ~ £ — e
(;FuseiiznsuLDsls\ dentity_Grid_Objects ) uGvY
Project+ | Change project T TR T - i =
! e Leam moré = | &y Dasnboard: Syndeia Te o rar_raw (Preprosess_Radar| 3_ProC | | = ]
= = . e p——
Exploses DOT Automated Driving System Guidelines view 2 =& o- e r raw | 1 rdr_proc | | _hrmap 5 - | |
hde = Y Filter toms Zc = d === Idr_proc X | fuse_proc [ Map_Occupancy_Grid_FS ‘091 | | 0g2
reprocess_Lidar m_=aae= ]
DOT Autonated Driving System Guigeines = oo |__sypg PO —— 3 | | front, rear
I N S S 2 | 5
DoT ADS Guidelines raw L - | P | | ablocks ablocks
4 [ Operational Design Domain Speciication —— — - . "
"L\z(’zmt Dot oo Spec SYNT-SYN-2168 = DoT ADS Guidelines e [ e | | | | Payload_5Axis_Manipulator01 Payload_Multicamera01
OEDR Response SYNT-SYN.2169 Operational Design Domain vidlraw | — — — _W CAELE I\\ i ! ‘
NonStancard Events —_
Standard Condiions SYNT-SYN-2170 00D Definition The system shall define where (such as what roadw. 2 interprel_v2| Data \ V2I_out ‘ | i
Pre-Cussh Scenarios = | | rot01 [ot02 0103 [ot04 [ot0S ower |, upper rot01 rot02, arm
" e seenaeE v2iin
4 [ Fallback Minimal Risk Speciication SYNT-SYN 0DD Campliance all be able to operate safely within th. e — — — | | ablocks «blocks ablocks «blocks
4|2 Safety Validation Specification h v | interpret v2v_Data | v2v_out 0 Rotary_Assbly Arm Rotary_Assbly Arm
5[5 HUMan Machine Inteftace Specificaser Qut of ODD Operation The system shall transition to a minimal risk conditi ——% — 7H_‘_‘ - % h i
c = —_— _-__ ™
4 (2 Veficle Cybersecurily Specificalion i e 7%
Object and Event Detection a dbus, man camd camoz,
5[5 Crasnworthiness Specmcation route
Pust.Crash Beavior Specificaion «blocks ablocks «blocks ablocks
Data Recording Specification = DR Response The system shall be able to detect and respond 1o o [ Payload_Data_Bus_Manip01 i tes_Visual_Camera IR_Camera
D3 Recarang Spechicas (Track_Current_Postton | currLoc
11 [ Consumer Equcation and Training Specific NonStandard Event The system shall be able to address a wide variety = e
(2 Federal State and Local Law Specification - ws'__ 1) pbus. pbus, dbus,
SYNT-SYN-2 Standard Conditions The system shall be able 1o to operate in the trafiic T T o
Add Tag Ciowd | E st | (@
=
Pre-Crash Scenarics The system shall be able to address applicable pre. Payload_Power_Bus_Manip01 load_Power_Bus_Cam01 | |Payload_Data_Bus_Cam01
req [Package] AV_Requirements [AV Derive REQ]
e e e e e e e e e e bmmmm e e e e e e - . " _—
b . e) r, Quick Links «
| Stakeholder Reqts } o windchill’ e P v
e e Recently Accessed ,
| Object and Event Detection and Response Specification ‘ | @ Products > Syndeia Applications g
| [o-cwsanm | .
| | oS+ | 23 Folder - UGV2
Tove o o o
\ \ =
o S e < e i ‘ - - = Folders (6 objects ) = Folder Contents Al - (17 abject
| OEDR Response Nostandard Events Standard Conditions Pre-Crash Scenarios -t £
| [o-emsom ID = GID-55034 ID = GID-55035 1D = GID-55036 | axaf— o 2  d ol D 2E-0@
. e g
| | 3 )
“The system shallbe able to dtect The system shall be able to address || 1% $YStem shal be able to to operate || <pThe system shal be able to 5 e ! —
in the traffic conditions that it will e icabi h | 0 -
|| ‘and respond to other vehices (n a wide variety =t s batit v address applcable pre-crasi & yioad_sAxis_Manipuiator0l  (f
and of foreseeable encounters, induding regularly encounter, including keeping scenarios that relate to control loss; ‘ e -
|| out ofits ravel path), pedestrians, | | emergency vehides, temperary e O rong || esenePath aashes; lane S ] SRS i
bicyclists, animals, and objects that work zones, and other unusual affic laws, following reasonable roac change fmerge; head-on and ‘
|| covafiec safe mgratomaf e conditions etiquette, and responding opposite-drection ravel; and JRN S e . P
[ | other vefides orhazards 1ear-en, road ceparturt, and | - & rase i
low-speed situstions such . ~ S . x
| ‘aséinbsp;parking maneuvers </p> | e = o i@ Bus_Manip01 i
i i
\ % ‘ @
(=== _everen | ) uGv2 ] A i
[ Techmical Reqts | <ewsfest  gewemege | deemeas | = @ Payload_Power_Bus i
| : 3 ¢ | Kespout g ) Rotary_Assbly i
D007 Reenat Caar ~000RS apsenen Gt o = = et e ¢ -
|| 656 “Gcaupancy 687 -Object D 592 - Obstade Aveidance Requirements 677 veasip reaherents | Zone -\ @ — AE—— I
| D=6% 87 =652 D =677 @ SKM Conne i
| 7 7 Arm 1 Extension - I
‘ 7 | @ i
| - | € -| Arm 2 Extension & i
<derversat> . - eriveReqt> - -
| eveneat» ceReqts sciiveRegts I - o . :
| g g i ‘ ) @ i
| 03 Fearanen ot D005 Ryt Conecean <D0 Rt Ctecian <0007 Raieant Coecian | N , .
710 - Video Requirements 702 -Radar Requirements 682 - Lidar Requirements 672 - GPS_INS Requiremen | i i
I oo o2 oy e | @ i
L__________________________________J - 5 ] 0000005622 Rotary_Assbiy i

Copyright 2023 Intercax. All rights reserved.



Building Digital Thread Connections

e Manua
model

ly linking pre-existing data elements across

ooundaries

e Creating linkages by transforming data between model

repositories

e Using key parameter matches to link data elements <=

e Rule-based reasoning and automation

e Machine learning and automation

Copyright 2023 Intercax. All rights reserved. 18



Connection Generator

S Generate Connections

Match existing artifacts and generate connections

Source Target
Repasitory SysML Repasitory W Repository |Jama @ Intercax v
Project Model A Project Unmanned Aerial Vehicle ~
Scope Jama_Relationship_Mapping ~ Scope N/A ~
Recursive |:| Recursive
I Base Type Requirement b Base Type | Requirement (24) M I

Additional Type

Jama_Requirement

(N

Attribute Filters

Source Attribute Definition

d

Target Attribute Definition
ID (documentkey)

Sarlaclad

RIRIEIE]

< | Sounos Artifact

requiremant_3
requiremant F
requirement_4
requiremant_L

= (v

4 mabdhea found

w Targal Artifact
Enging Power Reguirement
Engine Size Requirement
Liftoff Requirement
Ensging Requirement

Salect all

Rpadly

Mappings

Requirement - Requirsmeant (no attribetes)

o

Requirament - Requiremsant (no attnbutes]

Raquirameant - Requirement (sttributes)

Copyrights 2023 Intercax. All rights reserved.
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Building Digital Thread Connections

e Manua
model

ly linking pre-existing data elements across

ooundaries

e Creating linkages by transforming data between model

repositories

e Using key parameter matches to link data elements

e Rule-based reasoning and automation <==m

e Machine learning and automation

Copyright 2023 Intercax. All rights reserved. 20



Syndeia Cloud — An API-first, Microservices Platform

Syndeia Cloud REST APl — Key enabler for an Open Digital Thread
* Digital Engineering platform provides “ready-to-integrate” services
* Build custom interfaces for report generation, design reviews, project management, and more

* APl is open and fully documented, secure access to all Digital Thread content through SSO/LDAP/...

Endpoints for core domain concepts and Digital documents (traceability report Data science (Jupyter notebook analysis

accessing external repositories (e.g. JIRA) using OpenMBEE) of Aras Innovator PLM repository)

JIRA Manage JIRA repository : JUpytef Syndeia_CIoud_3.4_Aras_Innovator_Latest Last Checkpoint: 16 hours ago (unsaved changes) f’ Logout
GE Intercax Swilch Org
Edit View Insert Cel Kemne! Help # |Python3 O
GET /external/jira/repositories GetSyndeia-Cloud JIRA repo: Project CruiseShipvé ~ ¢ > BUAV
+ % @A B 4 ¥ PRin B C ®» Code v
. . ® @1 B + 0 & oo < ol
GE /external/jira/repositories/{key} GetSyndsia-Cloud.J 'SYNO1-Part-C2 -> Part C2']
Y- F Parts of type Cdmponent and state Released = 6
/external/jira/repositories/external/id GetSyndei ['e4e3 -> Clamp',
v By ‘1201 -> Gasket',

A 1 Diagram View 4 UAV Structure & Related Artifa 4209 -5 Tank Top',

B 2 RapidTable View ‘5319 -> Valve Asm',
o - ‘57@4 -> Tank Bottom',
B 3 OpaqueBehavior View ‘5746 -> Hose']

B 4 UAV Structure & Related Artifacts

GET /external/jira/{repoKey}/containers Getall JIRA conta)

GET /external/jira/{repoKey}/containers/{key} GetJIRA

I 5 UAV Requirements & Related Artifacts 2 : T o In [23]: # Step 3.4 -- Plot Preliminary and Released Parts and Assemblies
=['C s', 'Assemblies’
Table 2. UAV Structure Rapid Table z:;tzy::;gg::?zz;::t: '[ Assamblles']
GET /external/jira/{repoKey}/artifacts GetJIRAarifacts go.Bar(name='Preliminary', x=partTypes, y=[num_comps_prelim_parts, num_assy_prelim_parts]),
Blocks Related Artifacts go.Bar(name='Released’, x=partTypes, y=[num_comps_released_parts, num_assy_released_parts])])
fig.update_layout(barmode='stack')
water_Subsys fig.show()

Jexternal/jira/{repoKey}/containers/external/id

GET /external/jira/{repokey}/artifacts/{extkey} GetJ| Simulink model, Waste

Syndeia generates a

/ 1/jira/ Jartifacts/ 1/id Wastewater_Subsystem Teamcenter ItemRevision, 003493/A
't ji Ky rtifact ter i -
external/jira/{repoKey}/artifacts/external/i COﬂ'lp'ete report Of the JIRA Task CSE-
GET Jexternal/jira/{repokey}/relations GetJIRArelations model connections and Simulink model, Freshwat
i i Freshwater_Subsystem Teamcenter ItemRevision, 0035
. ; + wal | versions in seconds -
Jexternal/jira/{repoKey}/containers/search Search JIRA Task. CSE-25 (CSE-23) 2
H F
vs. days or weeks using
Jexternal/jira/{repoKey}/artifacts/search Searcn | W Pre r
traditional methods. Bilge_Water_Subsystem
GET Jexternal/jira/{repoKey}/types/container GetJira aps
Traceability for

Simulink model, Blackwater_Treatme|

GET Jexternal/jira/{repoKey}/types/container/{extern| stakeholders

Blackwater_Treatment Teamcenter ItemRevision, 003513/A y
I

Copyright 2021 Intercax. All rights reserved. 21




Syndeia Services — Digital Pipelines

Conceptual Model of a Digital Pipeline
. Automated Jama => Jira model transform + digital thread-synthesis pipetine{Running in Jenkins)— — —

| Schedule = Runs every12h0urr5ta'rrrrTg'2'5-Feb-2‘62 at 0600 hours _
|CUfre”t—RU“#35taWEd25F9b20213t0600h0“r5:___.'..___.___.'.____:___.,___.____.,._______.,....____..______._.,._______.,_____.__.,.______....___:___.[

") Sandbox / Jama to Jira Pipeline < 34 Jenkins Pocines  Admnsmaton 3] [t

’ . Sandbox / Jama to Jira Pipeline Y& %% Activity Branches Pull Requests
Branch: - @ 10s No char
Commit: — © - Started
STATUS RUN COMMIT MESSAGE DURATION COMPLETED
33 = Started by user Manas Bajaj 27s afew seconds a
Start Extract from Jama P| @ Y " ‘
.. 0 ° 32 - Started by user lvan Gomes 29s aday ago
o 30 = Started by user lvan Gomes 29s aday ago
o 29 - Started by user lvan Gomes 24s 2 days ago
o 28 - Started by user Manas Bajaj 27s 3 days ago
o 27 - Started by GitHub push by ivan-at-intercax 27s 3 days ago
o 26 - Started by GitHub push by ivan-at-intercax 26s 3 days ago
° 25 - Started by GitHub push by ivan-at-intercax 53s 3 days ago
Push to Jira - 4s , ,
e 24 - Started by GitHub push by ivan-at-intercax 65 3 days ago
w )‘ tr’anSfﬂrm E-d R i f I | et L | o 23 - Started by GitHub push by ivan-at-intercax 5s 3 days ago
} ; . o 22 - Started by user lvan Gomes 65 3 days ago
oW > .load.py 1 SCHp
e 21 - Started by user lvan Gomes 48s 3 days ago
Q 20 — Started by user lvan Gomes 55 3 days ago
ZZ

Copyright 2023 Intercax. All rights reserved.



Digital Pipelines = CI/CD Pipelines for Digital Threads / MBE

CONTINUOUS CONTINUOUS CONTINUOQUS

* Modern software DevOps uses CI/CD pipelines INTEGRATION DELIVERY DEPLOYMENT

e Digital Pipelines = DevSecOps + Digital Thread B B B8 i PRoouCrIon
* Automatically build, update, test, baseline digital threads and generate reports
* Schedule based on time and events
* NASA SBIR Phase 1 and 2 awards (2021-2023) ks e e el el Sl el "

Branch: — @ 23s No changes
Commit: — @® 4 minutes ago Started by user Manas Bajaj
. N
sas F ect nd 0] X
= [ Maritime_ESOH Start Extract from Jama Prepare JiraInput  Push to Jira End
P : Share
+ [=] Stakeholder Requirements Issues L
- [-] ESOH Subsystem Reguirements project = "SDB® ORDER BY created DESC Push to Jira - 155 @ et pushioin [ &
Bilgewater Control v transformed <1s
Ballast \Water Control = [Emsmsns s R TR SRR e s B e e e e
— ype Key Summary
Blackwater Control ~ /loadpy 15¢
[v] )B-2404 Incinerator Control (SYNAPP-REQ-8) A
Condensate Control
Cooling Water Control g SYNAPP-REQ
A
Fresh Water Control /] E Fresh Water Control (SYNAPP-REQ-6
Greywater Control
Incinerator Control (v] Cooling Water Control (SYNAPP-REQ-5
= | NOx Control /] Condensate Control (SYNAPP-REQ-4)
S0x Control
(/] ack SYNAPP-REQ
Solid Waste Management
+ 6 DOORS-NG Requirement (2021:10:25-15 /] Ballast Water Control (SYNAPP-REQ-2)
V) Ig Control (SYNAPP-REQ-1)
or Jama requiremen
k for Jama requirement S {SYNAPP-REQ-10) '

Jenkins Pipeline using Syndeia Cloud API

Copyright 2023 Intercax. All rights reserved. 23



IELGENENR

* Building the Digital Thread is an important issue
* There are multiple effective approaches

* The long-term goal is to make it as transparent as possible to the users

Copyright 2023 Intercax. All rights reserved.
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To learn more about Syndeia,

* Check out our website for product info and video demonstrations
at www.intercax.com/syndeia

* Read our on-line user guide and tutorials at
https://intercax.atlassian.net/wiki/spaces/SYN35

e Schedule a web demo with Intercax — contact us at
info@intercax.com

* Request an evaluation license — set up an account and submit
your request at www.intercax.com/help

* Syndeia Live Training Program —
https://intercax.com/services/syndeia-training-programs/

25
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Questions?
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Questions / Comments

Dirk Zwemer, PhD Manas Bajaj, PhD
President & CEO Chief Systems Officer

dirk.zwemer@intercax.com manas.bajaj@intercax.com

Greg Salow Lonnie VanZandt
Principal Solutions Architect
lonnie.vanzandt@intercax.com

VP, Business Development
greg.salow@intercax.com

Web — www.intercax.com

Questions — www.intercax.com/help

LinkedIn - www.linkedin.com/company/intercax-llc

Twitter - @intercax @syndeia

Copyright 2023 Intercax. All rights reserved.
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