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About Intercax

e Georgia Tech spin-off 2008
Headquartered in Atlanta, GA
Focus: Software for MBE/MBSE
e Syndeia — MBSE (SysML) +
PLM/CAD/CAE/Data/Simulations
e SysML parametric solvers
(ParaMagic, Melody, Solvea, &
ParaSolver)
Training, consulting, custom apps
* 4500+ participants since 2008
Customers
e Gov.: NASA, DoD, DoE, DoC
e Commercial: aero, auto,
transportation, consumer goods,
energy, mfg., healthcare
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Diversity and Heterogeneity of Models across Lifecycle

* Model repositories/environments (PLM for hardware, ALM/SCM for
software, Requirement management systems, Databases, and more)

 Modeling languages and standards (SysML, UPDM, FMI, STEP,
Modelica, ...)

Detailed Design
PLM
Requirements Project
) Mgmt.
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Where is the system architecture / blueprint?

@
ﬁf Project H Requirements ©\
Management
& K &

~

Q@
% Simulation/CAE }
Y

Libraries /

g @
{@&9 ptlm ization }' L Databases §
& % D &

Manufacturing, @
% PLM System k Supply Chain Q
\

£

Reviews, Meetings, Administration

Point-to-point ad-hoc information flows
without a common architecture model

Use of models in each engineering discipline does

does not give us the Digital Product/System
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Foundations for MBE of Complex Systems

Bajaj, M., Zwemer, D., Yntema, R., Phung, A., Kumar, A., Dwivedi, A., Waikar, M. "MBSE++ — Foundations for
Extended Model-Based Systems Engineering Across System Lifecycle". 26th Annual INCOSE International
Symposium (IS 2016) Edinburgh, Scotland, UK, July 18-21, 2016

1.
2.

o 0 B~ W
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Heterogeneous and Decentralized Data

Capturing and Maintaining High-Level System
Architecture

. Spectrum of Model-Based Connections

. Unified Framework for Model-Based Connections
. From Traceability to Impact

. Many Users, Many Views



Total System Model — A Federated Graph

I Connect architecture model

et g _ (SysML) with domain-specific
HiH3H Connections based on Reference,
B.20 s s ot HEE Data Map, Function Wrap, Model models

Documents & | ‘sas Transform, and Composite patterns
Spreadsheets
1 \

1

——_ D, | Total System Model (TSM) as a
CAD model fJ" N EE L B RS digital blueprint of the system

(Creo, NX, CATIA,...) Requirement
models

\

connecting models across

MATLAB / Simulink &
Mathematica models

disciplines, tools, and version-

. d"ﬂfff‘"""*‘”’" ) management systems
IIII FREl CAE (FEA/CFD)
S ot Goal: Seamless traceability
Oth T
i oy e m between disciplines across the
- gkyrsz Optimization Databases .
eiitd e system lifecycle

sy TOTAL SYSTEM MODEL (TSM)
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Total System Model (TSM)

TSM evolves as each of the version-managed models evolve

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

- - >
Timeline
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Intra-Model and Inter-Model Connections

If I change this requirement, Trace the CAD and CAM models for
what is the downstream this part and compare attributes
impact, e.g. to CAD and CAM against test resulte
nodels?
Juirements Mechanical Design Manufacturing Quality & Insg
DOORS-NG) (CAD, e.g. NX, CREO, STEP) (CAM, e.g. MTConnect) (e.g. QIF

Intra-model
connections

Inter-model

connections o

) inter



Model-Based Connection Patterns

* 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)

L interca:

11



Contents

 Model-Based Engineering
e Total System Model

e NIST Digital Thread

e System Lifecycle Handler
* Use Cases
e Syndeia foundations

e Questions and Comments

O inter



NIST Digital Thread Initiative

* Developing methods & open standards to support

valid
mod

°* Goa

ating, certifying, and connecting engineering
els across lifecycle

S

e Seamless System -> Design -> Manufacturing ->
Operations -> Maintenance

e High-quality manufacturing
* Enterprise knowledge reuse

| earn more at:
http://www.nist.gov/el/msid/syseng/dtsm.cfm

O inter
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System Lifecycle Handler (SLH) for NIST Digital Thread

e Use Cases

e Connect to enterprise repositories, such as PLM systems, ALM systems, and databases,
where models are version managed

e Search and query versioned models in repositories
e Subscribe and track model elements via a handle system (e.g. DOI for documents)
* Visualize and trace connected models

e System Lifecycle Handler is a web application (software environment)
e RESTful web-services for use cases above
e Founded on Syndeia platform (developed by Intercax)

» Expected Outcomes of this project
* Meta-models for system lifecycle integration that can be standardized (OMG, 1SO)
 Demonstration of SLH services for challenge problems at industry events
e Commercially available as Syndeia Cloud platform (Fall 2017)
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Syndeia = Software Platform for MBSE++

Windchill Projectlink and PPMLink,

Primavera, M5 Project, ...
r'—’—J

O Project
. _d Management

o J “eqmreme"“% Search, Connect, Access,

MEAD (Creo, NX, CATIA, ..) & ¢ Syndei;“* Integrity, Cradle, DOORS,
ECAD (Mentor Expedition, ]>\ SvsML . TranSform y Compare, SynC,
!_..f' VE \ . . .
% - /% Visualize models in the TSM
~ —_._l |_

0 e—t—ts Simul CAE : Tale]
T T | We will lllustrate 6 principles

RequisitePro,

4

Mathcad ModelCenter, I". -’ Mathcad, Mechanica, MATLAB, . .
isight, OpenMDAQ, ... é i ,f Simulink, ABAQUS, ANSYS, Of MBS E_|_.|_ us'ng Synde|a
LT }%\ Syndeia 3.0 released July

Mathematica,..
# anufacturlng {
Supply Chain | Databases

CAD models, cost models, analysis 1
Cren erew Wlnsch|;tn‘h;IPML|nk modules, parts and material 2016 — WWW' Svndela' Com
_ S databases, supplier database, ... '
[ PLM and SCM Systems (Teamcenter, Windchill, GIT, SVN, ...) ‘

p inter Copyright © 2016. All Rights Reserved.
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Connect to enterprise repositories (PLM, ALM, DB,...)

#% Connection Browser ‘ 1;;11 Connection Summaryl }E Comparison Result ‘ <, Settings |

& Repositories 2 25 Unmanned Aerial Vehicle

& DOORS B € Part Structure (latest) Windchill
' (4 ) DOORS 602 @ Intercax %% UnmannedAerialVehicle (A.16)
; ik autol Autopilot (A.1)

'} =% Repository Manager{ ‘2, Connection Manager

Example — Connecting to
multiple enterprise model
repositories from a single

2 EEHUI?)OORS @ Intercax {Z} comm_con1 : CommunicationsController (A.1) interface (Sy_ndela
€) GitHub @ Intercax iCh databus : Data_Bus (A.1) www.syndela.com)
2 Jama {{% flight_con1 : FlightController (A.1)
@D jama @ Intercax Tk gprsl: GPRS_UMT_S*ModuIe (A.1) |
= JIRA ik gps : GPS (A.1 i | Requirements

% JIRA @ Intercax
= Local File System
T Local Models
= MysQL
I,_;"_:'; | MySQL @ Intercax

%% pltfrm1 : Aircl satelite (Precise BOM)

Gk pyld_conl:P{ B Tracelinks

it ssrl:SpreadS B/ UAV (Impredse BOM)

{:’i} sw : UAS Soft EI' 000464-Unmanned Aerial Yehide

{f} therml : Ther i1 000464/A; 1-Unmanned Aerial vehide

Teamcenter

{E} therm?2 * Wide -- “% 000464/8; 1-Unmanned Aerial Vehide

= Teamcenter {,E} vis1 : VisualC B 000464/C; 2-Unmanned Aerial Vehicle

Q} TC @ Intercax

FEEEEEEEEEEEEA

MySQL

r‘g‘j Unmanned Aerial Vehice->Fire UAY Speciff B~ instruments

* Windchill {E} wifil : WiFi—HW = u-[ 000464/CView {1 ) L——_I-: video_camera
I [ Folders = : fC-View ( Imprecise ) B R mass (14.0) name {v3000) vcamerald {VC3) cost {1000.0)
WC @ Intercax B aircraft platform : 000465/E; 1-Aircrafi g ) '

R mass (10.0) name {V1000) vcamerald (VC1) cost (500.0)
B-{R. mass (12.0) name (¥2000) vcamerald (VC2) cost (500.0)

E (1 Hardware Compg

0 gy B gps : 000466/A; 1-GPS
(=7 Aircraft Platfo : )

- % autopilot : 000467/A; 1-Autopilot

) inter

i) Aircraft_Platfc
{7 Autopilot (00(
{?j Communicatif
{4 Data_Bus (00(
{7& FlightControll
£%3 GPRS_UMTS_N
{7& GPS (0000000
{74 PayloadContre

-7 databus : 000468/A; 1-Databus

“F flight controller : 000465/4; 1-Flight Co
: ’I payload controller : 000470/4; 1-Payla
--5"11' communications controller : 000471/A;
7 wimax module © 000472/4; 1-WiMax M(
7 gprs module : 000473/4; 1-GPRS UMTS
7 modem : 000474/4; 1-Spread Spectrur
P visual camera : 000475/4; 1-Visual Car|
7 thermal camera : 000476/A; 1-Thermal
- F ir detector : 000477/A; 1-Wide Angle T}

Copyright© 2017 At R:ights RESETVE.
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E—}-: thermal_camera

R mass (10.0) tcamerald {TC3) name {TC 103) cost (1000.0)
: R mass (5.0) tcamerald (TC1) name (TC 101) cost {500.0)
B R | mass (8.0) tcamerald (TC2) name (TC 102) cost {700.0)
B[] radar

R mass (20.0) radarld (R1) name (R11) cost (10.0)

R mass (22.0) radarld (R3) name (R31) cost (12.0)

- R, mass (21.0) radarld (R2) name (R21) cost (11.0)

- waorld

- information_schema
-1 mysq|

- slim_test

- test_demo



Drag-n-Drop connect existing or generate new models

© intercax

3 Syndeia Dashboard |

[E ] )

=% Repository Manag;r/r ‘2, Connection Manager

w4 Connection Browser r | Connection Summary r}f Comparison ResLlt r"\ Settings |

P SysML Model

a Connection Type

B3 Unmanned Aerial Vehide

Elg Aircraft Platform

-[F] blackbox ; BlackBox

--[_F] body : Body

-] elec assembly @ Electrical Assembly
--[F] engine : Engine

-[F] fule system : Fuel System
-[F] powetrain : Powertrain
--[F] rotor : Rotor

-[F] tail assembly : Tail Assembly
]--g Analysis Manager

0] apu

-] Autopilot

]--g Battery

E
£
&
E
[]--g BlackBox
E
£
&
£

-] Body
]--g Communications Controller
]--g Communications Interface

]--Q Cowling

(™) Reference

-~

() Function Wrap
£||| ) Data Map

(@ Model Transform

Drag-n-Drop

1

(LI

| ¥

B
=}

-

& Teot
! Reguirements

| Satelite (Precise BOM)

! Tracelinks

! UAV (Impredise BOM)
El-.7, 000464-Unmanned Aerial Vehide
%, 000464/4; 1-Unmanned Aerial Veh
'—‘,u 000464/8; 1-Unmanned Aerial Veh

\."

I 58y Unmanned Aerial Vehide-=Fir
B85 000464/C-View { Imprecise )
%, aircraft platform : 000465
% gps : D004665/A; 1-GPS

=2 Local File System Repositories

[» . Creo
P X
[ E Simulink

=2 MySOL Repositories

b [ mysaLt

* Teamcenter Repositories

b ' TC101
% ' TC91

» [ weiot
b [ weinz

Switch repos

J databus : D00468/4; 1-Databus
7 flight controller : 000463/A; 1-Fi
? payload controller : 000470/4;1
‘? communications controller : 000
7 wimax module : 000472/A; 1-Wil
- ‘? gpre module : 000473/A; 1-GPRE

I | 3

5 autopilot ; UUU%?{A;l—ALmU

Example using Syndeia
www.syndeia.com)

.

BLOCK_TC_PART_MODEL_TR.ANSFORM_COMMECTION

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

trace links is not selected in Syndeia settings.
[10:52:48] INFO Finished generating block structure and creating connections for part D05 Middleware

[10:52:438] INFO SysML dependenues WI" not be generated from Teamcenter trace links for item Software System. Option to generate SysML dependencies and

e

liclo i | T P |

Ready

10:54:22 AM | 442M of 791M |'ﬁ|‘

Copyright © 2017. All Rights Reserved.
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Compare and synchronize across inter-model
connections

Il |BEgs e3f03...

Unmanned Aerial Yehide

wimax module : WiMax Maodule
visual camera @ Visual Camera
trackers : Sensor

thermal camera : Thermal Camera
software : Software System

000464/C; 2-Unmanned Aerial Vehide 000464/C; 2-Unmanned Aerial Vehide

wimax module : 000472/4; 1-WiMa. ..
visual camera : 000475/4; 1-Visual ...

thermal camera : 000476/4; 1-Ther...

software ; 000437 /8; 1-Software 5...

payload contraller : Payload Controller payload controller : Q00470/4; 1-F...

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

gprs module @ GPRS UMTS Module
flight controller : Flight Controller

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

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

gps : 0004a6/4; 1-GPS
gprs module : 000473/4; 1-GPRS ...
flight controller : 000469/4; 1-Fligh...

wimax module : 000472/4; 1-WiMax M..,
visual camera : 000475/A; 1-Visual Ca...

thermal camera : 000476/4; 1-Therma...
software : 000487/8; 1-Software Syst...
payload controller ; 000470/A; 1-Pavl...

modem : 000474/A; 1-5pread Spectru...
ir detector : 000477/A; 1-Wide Angle I...

gps : 000466/4; 1-GPS

aprs module : 000473/4; 1-GPRS LIMT. ..
flight controller : 0004569/4; 1-Flight C...

The blod: Unmanned Aerial Vehic...
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 aps and part ocou,..
Part property gprs module and p...
Part property flight controller an...

=% Repository Manager E Connection Manager iﬁ Connection Browser Jﬂ Connection Surnmary }‘E Comparison Result ‘\ Settings
Type here to filter connections | Clear | | Export to Excel
ConnID - | Source + | Target w | Latest Target w | Comment « ([

s

m

r .

11:56:22] INFOQ Comparing SysML part proper

Ready

b inter

Copyright © 2017. All Rights Reserved.

and Teamcenter part occurrence (BOM line with ref des) thermal camera,

11:56:55 AM  548Mof 735M | [

Example using Syndeia

www.syndeia.com)
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E3 N

Totals (Inter-model analytics)

[a=wdll Hybrid Vehicle 160621

Simulink

Search T
Artifact Info
display name = REQ-005585/A;1-FuelCapacity
repo = TC ICAX 2
type = Teamcenter requirement revision

GitHub Displayed (Inter-model analytics)

Repositories (Artifacts per repository)

|«

J | RA File system repositories
@ Simulink (8 artifacts)

¥ Simulink_Shared (0 artifacts)
[ Excel (0 artifacts)

# SampleDocs (0 artifacts)

¥ Creo_Models (0 artifacts)

@ NX_Models (0 artifacts)

Iy
\\V”'\
N\

A

Teamcenter

¥

GitHub repositories
¥ Github ICAX 1 (4 artifacts)

DOORS-NG rep :51-:'65

v DOORS NG ICAX 1 (

Interactive Graph of
Total System Model

Teamcenter repositories
¥ TC ICAX 2 (12 artifacts)

[« TC ICAX 1 (11 artifacts)

7l

SysML

o Intercax Copyright © 2017. All Rights Reserved. SysML model elements




Mo/-lesll 100s_of_Connections

Connection Direction

& cD mmngggg;asmmeigh.mr_mm.?pmiecﬁdzpnmsm.mssdac-b2cs-m_
\ A ~

All Connectiol :SwirlBurner " Undirected (inter-model)

" Directed (intra-model)
" Incoming ~ Outgoing @ Both

© Both

Repository Types

File system repository
MySQL repository
Windchill repository
Teamcenter repository
JIRA repository

SysML model elements

Model Thansform
PART_PROPERTY

n::Gas_Turbine

ain::Turbine

PART_PROPERTY
PART_PROPERTY

Explore your neighbors

All Connec ain::Shaft

All Connection ialCompressor

o intercax Copyright © 2017. All Rights Reserved.
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(& | localhost:9999/assets/tree.htmli?projectid=PROJECT-f7058d3c-b2c5-44c8-9c56-d875c739c706&art... . % ﬁ- ‘ ﬁ s {1 @

o)==l 100s_of_Connections

Connection Direction

e Undirected (inter-model)
O . Tuﬂd" Directed (intra-model)
_pore © Both
cnain
QO e
o
. q_) SW"“B“‘Q
—— MySQL repository
C l ; Al Co
[ C Q Teamcenter repository
n

: O HE\'LO SysML model elements

O O ‘o“ﬂ“-_-ﬁasjur’o\

> ~—— aion Wpes_. I

(A cont® Al c,ot\nec'w

S

>

Ll
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Graph Queries on the Total System Model (1/2)

1. Get all connections between system architecture, 2. Get all connections between system architecture
software, project tasks, and simulations (SysML) and hardware parts (PLM)
Co30) QLU0 Gitioh o2 Y JIRA tesuei18) ] Smuink_modei_fhei1) €D Biockm
BLOCK_WC_PART_MODEL_TRANSFORM_CONNECTION(7)

\ \ X -
Q : \ A -’.J‘ 2 N
- © a (rem ) A
? Rk ' '.I
3 7 s S, L System |
" ; - 4 -} N }-'
y / Vi E \ Ve,
Y. i 4 ~— -ir;‘_‘;
- | i Assemoly | $ -
R, N y o Ele ctrcal
- N - System (A1)
- S \
F f \
: ; 4 | Wing System |
? b - \‘.‘ ._,r'
: B
2
e y
., IJ'
[S— _'..-‘

o interca X Copyright © 2017. All Rights Reserved.
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Graph Queries on the Total System Model (2/2)

3. How does a failure in the Electrical System assembly
(PLM) affect the overall UAV architecture (SysML)?

4. What hardware parts (PLM) may get affected if a
requirement is changed (DOORS-NG)?

@ soo (&) Y= DOORS_NG_Requiremen_Colection(1)

[ *(3) | BLOCK_WC_PART_MODEL_TRANSFORM_CONNECTION(1)

£ A

Electrical

System (A.1)

BLOCK_WC_PART_MODEL_TRANSFORM_CONNECTION(1) § REQUIRE

= 1840 -
'I_um_ RAECUMEBMENT_DOORENG MODEL_TRAN

(\ Platlarm jmaxﬁwc,mnr_uonn_'rnmsro H Platform (5. 19)
"

o interca X Copyright © 2017. All Rights Reserved. 24



Syndeia 1.0 (SLIM) Syndeia 2.0 Syndeia 3.0
Jul 2014 Jul 2015 Jul 2016

o WINdchill®
B

Syndeia
/ System Architecture \

Syndeia 3.0

e Www.syndeia.com

gzﬁ egc e 100+ Features
N

£ o e http://goo.gl/BGz2Yd

DOORSNG 3

* YouTube demo video
https://g00.gl/1EBmMEb

C)GitHub| [¥JIRA

‘ intera Copyright InterCAX LLC 2016 55



Syndeia 3.0 Interfaces

Syndeia 3.0 Interfaces

L) inter



SLH Prototype #1 — List of connected repositories

® localhost:9000/repo/list

Y O RmE R » O 0

Syndeia Cloud Repositories Connections

External Repository

Repository Name

[Gisub @ intercan
[ o intercax.

GitHub @ Intercax

TC @ Intercax

il
] "

A
®

Eé
[

@ intercax

Repository Type
GitHub repository
DOORS-NG repository
Teamcenter repository
File system repository
JIRA repository

Jama repository
MySQL repository
Windchill repository
DOORS-NG repository

Jama repository

Thkbkm e b mcmnis fnma el
TR N T T e T N T R T R

Repository ID
Rlak leamalac anba
LPTVL IS S ILe Y

-ldbc:mvsal://https://ec2-35-154-6-232.ap-south-1.compute.amazonaws.com:9443/rm
‘hikkns HaFFica inkarcaw camsTNNA Tkshuahalianke

hbmr HiofRicn Inkarco anmea2004 echanholiane
-Tile;/users/manasbaial/Locuments/Scraccn/

“hrtne/fintarrav aklaccian natk
it b et s e i

' Repository URLs not shown here for security purposes

.Nitips://jama-cbjd.jamacioud.com

' IErIhr-my:ql-}f'f;rriuiry inferray ram*1124

idbc:mvsal://https://intercax-iazz.intercax.com:9443/rm

Copyright © 2017. All Rights Reserved. 27



SLH Prototype #2 — Connections between model elements

Syndeia Cloud Repositories Connections

New
Connection Source Artifact Source Artifact Target Artifact
Connection ID Connection Name Type Name Type Target Artifact Name Type
myfirstelve Model Jama component dsfdsFdF (A.6) windchill part
Transform
mySecondTest Data Map windchill part Jama set
SyndeiaPrototype  Model Jama component Flywheel (A.1) windchill part
Transform
AkkaActor Reference [ abx | GitHub branch e sl windchill part
amitTEST Model windchill part GitHub branch
Transform

)

C‘ Intercax Copyright © 2017. All Rights Reserved. 28



Syndeia leverages open standards, open frameworks,
and open APIs

e Systems Modeling Language
 MagicDraw, Rhapsody, Enterprise Architect, Integrity Modeler

e REST Web Services

e JSON

e JDBC

 [SO STEP 10303

e Apache projects (multiple)
e OSLC

 FMI

e ... and others

O inter



Questions / Comments

Manas Bajaj, PhD
Chief Systems Officer
Intercax

Email — manas.bajaj@intercax.com

Web — www.intercax.com
Voice - +1-404-592-6897, x101
Linkedln - www.linkedin.com/in/manasbajaj

Twitter - @intercax @syndeia @manasbajaj

p inter Copyright © 2016. All Rights Reserved.
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