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About Intercax
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• Georgia Tech spin-off 2008
• Atlanta, US (HQ) and Pune, India
• Focus: Software for MBE/MBSE

• Syndeia – MBSE (SysML) + 
PLM/CAD/CAE/Data/Simulations

• SysML parametric solvers
(ParaMagic, Melody, Solvea, & 
ParaSolver)

• Training, consulting, custom apps
• 4500+ participants since 2008

• Customers
• Gov.: NASA, DoD, DoE, DoC
• Commercial: aero, auto, 

transportation, consumer goods, 
energy, mfg., healthcare
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INCOSE SE Vision 2025 
http://goo.gl/uE5OS9

Interconnected

Interdependent

Complex

Systems
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Systems – Cyber-physical, Multi-Disciplinary, System-of-Systems

4

Smart Home Hybrid/Electric/Self-Driving Cars Robotic / Smart Manufacturing

Rovers Smart Energy Grids Healthcare



What is common across all these systems?

• What is common to all these systems?

• Multi-disciplinary, many teams of engineers, project managers, suppliers, and more

• Hardware, software, human, robotic sub-systems

• Many software tools & databases (Systems, PLM, CAD, ALM, Simulation, and more)

• Manage across lifecycle (conceptual -> design -> manufacturing -> service -> disposal)

• Where are the biggest challenges in these developing systems?

• Managing interfaces between sub-systems

• Assessing impact of changes, “what-if” analyses and trade-offs

• Managing variants and options

• Resilience to failure

• Reducing margins for error (0 margin for mission- and life-critical systems)

• Cost, time-to-market and competition
5Copyright 2017 Intercax. All rights reserved.



Where is the system architecture / blueprint?
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Use of models in each engineering discipline is not 
model-based systems engineering
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What is Model-Based Systems Engineering?

• MBSE = Unified model of the system 
versus series of disconnected 
documents or document-based 
flows between models (DBSE)

• System docs and views can be 
generated from this unified model

• DBSE > MBSE  2D > 3D CAD

• Models in SE ≠ MBSE

Copyright 2017 Intercax. All rights reserved. 7



Systems Modeling Language (SysML) – Object Management Group

• SysML is a visual modeling language that provides: 
• Semantics = meaning

• Notation = representation of meaning

• SysML is not a methodology or a software tool
• SysML is methodology-independent & tool-independent

• Multiple vendor tools support the SysML language

• Supports the specification, analysis, design, verification, and validation of systems that include 
hardware, software, data, personnel, procedures, and facilities

• History
• 2003 - UML for Systems Engineering RFP by OMG, INCOSE and ISO 10303 AP233

• 2007 - SysML 1.0 released 

• 2017 - SysML 1.5 released in May 2017

• 2019 - SysML 2.0 planned release

• http://www.omgsysml.org/ for more information on OMG / ISO IEC SysML standard

• http://www.omgsysml.org/news-articles.htm - publications demonstrating real production use
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Example views (diagrams) in a SysML model
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Total System Model – A Federated Graph
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B.20

Rev 7

2012-07-12, 1000h US ET

B1

C2

v3
latest

Connections based on Reference, 
Data Map, Function Wrap, Model 

Transform, and Composite patterns

Connect architecture model 

(SysML) with domain-specific 

models

Total System Model (TSM) as a 

digital blueprint of the system 

connecting models across 

disciplines, tools, and version-

management systems

Goal: Seamless traceability 

between disciplines across the 

system lifecycle
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Total System Model (TSM)

TSM evolves as each of the version-managed models evolve

Timeline

T1 T2
(Baseline B1)

T3 T4
(Baseline B2)
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Intra-Model and Inter-Model Connections

Inter-model	
connections

Requirements	
(e.g.	DOORS-NG)

Mechanical	Design
(CAD,	e.g.	NX,	CREO,	STEP)

Manufacturing
(CAM,	e.g.	MTConnect)

Intra-model	
connections

Quality	&	Inspection
(e.g.	QIF)

If	I	change	this	requirement,	
what	is	the	downstream	

impact,	e.g.	to	CAD	and	CAM	

models?

Trace	the	CAD	and	CAM	models	for	
this	part	and	compare	attributes	

against	test	results
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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)
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Foundations of Model-Based Systems Engineering (MBSE / MBE)

1. Heterogeneous and Decentralized Data

2. Capturing and Maintaining High-Level System Architecture

3. Spectrum of Model-Based Connections

4. Unified Framework for Model-Based Connections

5. From Traceability to Impact

6. Many Users, Many Views

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
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Syndeia = Software Platform for MBSE / MBE

Search, Connect, Access, 

Transform, Compare, Sync, 

Visualize models in the Total 

System Model

Syndeia 3.1 released May 2017 

– www.syndeia.com

15Copyright 2017 Intercax. All rights reserved.
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Connect to enterprise repositories (PLM, ALM, DB,…)

Windchill

Teamcenter

MySQL

Example – Connecting to 
multiple enterprise model 
repositories from a single 
interface (Syndeia –
www.syndeia.com)
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Drag-n-Drop connect existing or generate new models

Example  using Syndeia
www.syndeia.com)

Switch repos
Drag-n-Drop
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Compare and synchronize across inter-model connections

Example  using Syndeia
www.syndeia.com)
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Subject artifact whose neighbors we 
are exploring (highlighted in red)

Click to expand (fetch and show 
connections) or collapse (hide 

connections) an artifact. 
Green highlight implies collapsed 

state.

Color key for 
artifacts

Filter by inter- & intra-model connections
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Graph Queries on the Total System Model (1/2)

1. Get all connections between system 
architecture, software, project tasks, & simulations

2. Get all connections between system 
architecture (SysML) and hardware parts (PLM)

22Copyright 2017 Intercax. All rights reserved.



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)?

23Copyright 2017 Intercax. All rights reserved.



PLM

CAD

Reqts

SIM

ALM

DB

System Architecture

X > x1

else

z=f(x,y)

y

z

x

Syndeia

Syndeia 1.0 (SLIM)
Jul 2014

Syndeia 2.0
Jul 2015

Syndeia 3.0
Jul 2016

DOORS NG

Syndeia
• www.syndeia.com
• YouTube demo video 

www.intercax.com/products
/syndeia/demos/

• Download a free evaluation 
www.intercax.com/products
/syndeia/download/
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Syndeia 3.1
May 2017

Stateflow

http://www.syndeia.com/
http://www.intercax.com/products/syndeia/demos/
http://www.intercax.com/products/syndeia/download/


Syndeia 3.1 Interfaces

25
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Syndeia leverages open standards, open frameworks, and open APIs

• Systems Modeling Language 

• MagicDraw, Rhapsody, Enterprise Architect, Integrity Modeler

• REST Web Services

• JSON

• JDBC

• ISO STEP 10303

• Apache projects (multiple)

• OSLC

• FMI

• … and others

26
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Questions / Comments

Manas Bajaj, PhD

Chief Systems Officer

Intercax

Email – manas.bajaj@intercax.com

Web – www.intercax.com

LinkedIn - www.linkedin.com/in/manasbajaj

Twitter - @intercax @syndeia @manasbajaj

27
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Appendix



SysML Specification History
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Syndeia for Model-based Engineering 
(MBE/MBSE)
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v35

B.20

Rev 7

2012-07-12, 1000h US ET

B1

C2

v3
latest

Connections based on Reference, 
Data Map, Function Wrap, Model 

Transform, and Composite patterns

Syndeia creates & manages the Total System Model 
graph
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DOORS-NG 
repository

Project

Folder

Requirements

Requirement 
Collection

Module

Link
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GitHub Server

Your public repositories

Your organization repositories

Git Repositories

Git Branch

Git Commits 
(on the branch)

Git
Files/Folders 

(on the branch)

Tags
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JIRA repository

JIRA Projects

JIRA Issues
(assigned to you 
for this project)

JIRA Issues
(assigned to you 
for all projects)

Is
su

e 
d

et
ai

ls
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JIRA repository

JIRA Issues for a 
project – as reporter, 

assignee, and 
watcher

JIRA Projects

JIRA issues across 
projects – as reporter, 

assignee, and 
watcher
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Jama repository

Component

Set

Requirements

Other Items
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View model analytics Fit-to-screen, Download

Zoom & 
Pan

Artifacts

Connections
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Subject artifact whose neighbors we 
are exploring (highlighted in red)

Click to expand (fetch and show 
connections) or collapse (hide 

connections) an artifact. 
Green highlight implies 

collapsed state.

Color key for 
artifacts

Filter by inter- & intra-model connections
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Teamcenter

Windchill

MySQL

Connect and deep dive into PLM systems and databases
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Switch repos
Drag-n-

Drop

Drag-n-Drop generates models & creates connections
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Search enterprise repositories from the Syndeia Dashboard. Open 
results in native clients or drag-n-drop to connect to system 

architecture (SysML).

Teamcenter Windchill MySQL

DOORS-NG JIRA
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Browse, filter, search connections. Open connected 
models.

Syndeia opens models in native 
repositories (e.g. Teamcenter)
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Compare and Sync (bi-directionally) using model-based 
connections



Copyright 2015 InterCAX LLC. 46

CAD (NX and Creo) – Connect to CAD models, generate system 
architecture elements (SysML) from CAD, and vice versa. Compare & sync 

Mass Properties.

Drag-n-drop to 
generate & connect

Creo
Race Car

Example model from PTC Creo
3.0
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Simulink – Connect to Simulink models, generate Simulink models from 
system architecture (SysML), and vice versa, and compare SysML and 

Simulink models.

Drag-n-drop to generate 
& connect


