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Model-Based Systems Engineering
• MBSE is not new!
• The concepts behind MBSE can be dated back to the 

1960s when computers were being used to capture 
information about systems and visualize them before 
building.

• One of the first true MBSE methodologies came from 
TRW (SREM) in 1969.

• This methodology was the basis for several tools, 
including Ascent Logic RDD-100 and Vitech Core (now 
Genesys).

• The term MBSE was defined by INCOSE in 2007 as part 
of their MBSE Initiative.

• Originally MBSE was a means to deliver documents via 
modeling.

• MBSE requires a database tool (or tools) to be effective.
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MBSE ≠ SysML

See https://www.incose.org/communities/working-
groups-initiatives/mbse-initiative
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SPEC Innovations Involvement in MBSE
• SPEC Innovations began in 1993.
• We wrote the first user’s manual for Vitech’s Core 

tool.
• We applied this tool and others on major DoD, 

DOE, and NASA programs, including key 
architecture studies such as Net-Centric 
Enterprise Services (NCES) and US Army Future 
Combat Systems.

• In 2011, we saw a presentation by Dr. Michael 
Ryschkewitsch, NASA Chief Engineer on the needs 
for systems engineering tools.

• The requirements for scalability implied the need 
to apply a new technology – cloud computing.

• But we needed a semantic ontology as the basis 
for the database schema.
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MBSE needs a common language that is 
based on systems engineering semantics

From a presentation by Dr. Michael Ryschkewitsch, 
NASA Chief Engineer, at CSER Conference 15 April 2011
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Lifecycle Modeling 
Language (LML)
 A simple, easy to use set of 

classes (nouns).
 Maps to DoDAF, UAF, SysML, 

BPMN, etc.
 Connected by two-way 

relationships (verbs).
 Easily extended.
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LML provided a 
semantic 

ontology for 
SysML in 2015!
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Action Diagram

Asset Diagram

Spider Diagram

Go to https://www.lifecyclemodeling.org/ for details.

https://www.lifecyclemodeling.org/
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LML v2
 Released in April 2025.
 Enhanced ontology for Program 

Management and V&V
 Added new diagram type: Interface 

Control Diagram
 Includes new data types, including 

Equation and Computable for 
viewing a calculating with LaTeX
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LML v2 now available as a digital 
standard!

Request access at info@lifecyclemodeling.org

Interface Control 
Diagram

http://info@lifecyclemodeling.org
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SPEC Innovations Application of LML
• We prototyped LML using Vitech Core and beta 

versions of Innoslate.
• Since Innoslate’s first release in 2013, we have 

continued to evolve it into a full lifecycle 
support tool for integrated systems engineering 
and program management.

• We have applied the tool to a wide variety of 
problems from a NNSA/LANL Pu Production 
Facility strategic study to the design of a High 
Energy Laser Testbed down to the software 
message level.

• While working on an MDA project in 2020, we 
developed a complete digital ecosystem.
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Innoslate supports MBSE and 
much more

See https://specinnovations.com/innoslate/model-
based-systems-engineering-software
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Innoslate-Based Digital Ecosystem
• Innoslate provides a 

complete MBSE/DE 
environment.

• A JWA is used to 
interface between 
the Innoslate cloud 
tool and desktop 
tools.

• We have directly 
integrated a number 
of key design 
engineering 
technologies to 
complete the digital 
thread.
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We support integration across all digital 
engineering functions
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Adding GenAI Has Changed a Lot!
• We applied NLP techniques early in the 

development of Innoslate.
• We used it for requirements quality 

checking, traceability assistance and 
modeling quality heuristics analysis.

• With GenAI, we have been able to 
generate test cases and risks from 
requirements, create summaries, translate 
to other languages, and provide general 
chatbot prompt access.

• Future agents will enable greater support 
to the systems engineers, software 
engineers, and program managers.
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Innoslate implements AI to support 
better systems engineering
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Real MBSE Requires Well Defined 
Processes

• Program management and systems engineering 
use defined processes to enable teams to work 
efficiently together.

• These processes include:
 Project planning, tracking, and control
 Risk, quality, and configuration management
 Requirements and functional analysis
 Solution synthesis and trade studies

• Our Real MBSE book contains proven processes 
for performing program management and systems 
engineering tasks, thus enabling effective and 
efficient MBSE.

• The third edition will be released Fall 2025.
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Innoslate supports MBSE and 
much more

Download for free at  
https://specinnovations.com/download-real-mbse-ebook
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What’s the ROI for MBSE?
• A study was led by Jim Duffy on a George 

Mason University (GMU) graduate capstone 
project.

• It focused on ways to identify how to 
evaluate tools to show return on investment 
(ROI) for MBSE.

• “Stand Alone tools provide benefit towards 
only a portion of the overall system 
engineering workload. The Integrated tools 
however all provide a significant increase in 
value over the benchmark tools.”
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MBSE can have a high ROI with 
the right tools See July 2021 paper 

https://incose.onlinelibrary.wiley.com/doi/abs/10.1002/
j.2334-5837.2021.00870.x
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The Future of MBSE is Data-Driven!
• Unfortunately, many people have equated 

MBSE to SysML.
• Since SysML is only a subset of the 

information needed for complete systems 
engineering and has no substantive impact 
on program management, we need to think 
in new terms.

• The Lifecycle Modeling Organization has 
proposed the term Data-Driven Engineering 
(DDE) to move us forward.

• Semantic languages, such as LML, enable 
better integration with Generative AI 
capabilities.
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Transforming MBSE into DDE

See Dr. Warren Vaneman’s article in the August 2025 issue 
of the Project Performance International’s SysEN Systems 

Engineering Newsletter
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• MBSE can enhance how we do systems engineering across the entire 
lifecycle, but not if we limit it to simple modeling frameworks like 
SysML. We need LML!

• For adoption of MBSE principles by all stakeholders, we need to 
recognize that they need clear, easy to understand language and 
tools.

• Focusing on the “essential elements of information” needed to 
describe the system fully, including the items decision makers care 
about most (cost, schedule, performance, and risk) will enable 
greater adoption of MBSE. 
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We systems engineers need to learn how to speak our stakeholders' 
languages, not force them to speak ours!

Summary
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