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Model-Based Engineering INCOSE

International Coundl on Systems Engineering

< Model-based Systems Engineering (MBSE) is the formalized
application of modeling to support system requirements, design,
analysis, verification, and validation activities beginning in the
conceptual design phase and continuing through-out development and
| ater | i fecycle phases. o (I NCOSE,

< Modeling is at the heart of all aspects of the development effort
I Covers the complete product and project lifecycle
I Has a direct effect on any generated artifacts.

I MBE encompasses architecture, systems and software
development.




What was the question?

< fAll models are wrong, some models are useful. 0
Professor P.E. Box

< Models are an abstraction of the problem or solution space
I Reflect an abstraction of one or more viewpoints

< A model should be created to answer one or more guestions

Performance

Functionality

Timing

Structure

Usability

Project, Product, and Enterprise

1 Lifecycles
1 Efficacy

1 Etc.




Some sample questions

How to communicate with non-experts?

How to avoid the problems of stovepipe development?

How to ensure that the model is consistent?

How to ensure that systems deployment is in line with capability

deployment requirements?

How to ensure system interfaces are compatible?

How to integrate requirements management into modeling?

< How to effectively use MBSE to provide measures of effectiveness/

trade-off analysis?

How to reuse architectures?

< How to support the development of safety critical and technical
systems?

< Etc.
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Outline

< Why?
1 The need for UPDM.
< When?
1 The history and projected timetable for UPDM.
< Who and Where?
T Whois in the UPDM RFC Group?
< How?
1 How was the specification created?
< What?

What is UPDM in general?

]
1 A detailed look at a few things.

< Questions and answers?



Modeling at Multiple Levels of the System

Architecture Models

Systems Models

Component Models




Architecture Models + Data =
Architectural Description
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~=F Example
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Architecture Architecture
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Essential Observation: Architectures Are Key

< Architecture: the structure of components, their relationships, and
the principles and guidelines governing their design and evolution
over time.

1 DoD Integrated Architecture Panel,1995, based on IEEE STD 610.12,
19903

< The structure of components, their relationships, and principles and
guidelines governing their design and evolution over time

1 IEEE STD 610.12

< An architecture is the fundamental organization of a system
embodied in its components, their relationships to each other, and to
the environment and the principles guiding its design and evolution

1 |IEEE STD 1472

Architecture frameworks such as the DoDAF provide a consistent
way to organize information about the architecture
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What is UPDM? - Summary

< UPDM is a standardized way of expressing DoDAF and

MODAF artefacts using UML and SysML

I UPDM is NOT a new Architectural Framework
i UPDM is not a methodology or a process
I UPDM 2.0 DoDAF 2.0, MODAF, and NAF

< UPDM was developed by members of the OMG with
help from industry and government domain experts.

< UPDM is a DoD mandated standard

< UPDM has been implemented by multiple tool vendors.
I Tools supporting UPDM are available now.
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Why? The need for UPDM.

< Motivation

I US DoD and UK MOD interested in leveraging commercial
standards for their Military Architecture Framework

I Military Architecture Framework Tool Interoperability

1 Key Goal for DoD, MOD, Enterprise and System Architects and
Engineers

I Formal MetaModel basis for the Military Architecture Framework
T Critical to Interoperability Objectives

I Critical to Understanding Profile Requirements
< Proliferation of Military Architectural frameworks
I DoDAF, MODAF, DNDAF, NAF, AGATE, ADOAF, MDAF, etc.

1 Defence organizations, contractors and tool vendors are hoping to
find a way out of the alphabet soup.
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Why and When: Hi st ori cal

C4ISR
Architectu

Scope of UPDM 2.0
Started Sept 2009

Scope of UPDM 1.0

2003 Approved Sept 2008
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Who and Where: UPDM Team Members

US DoD Liaison - DoD/DISA, OSD CIO, Mitre, Silver Bullet

UK MOD Liaison - UK MOD, ModelFutures

Canada DND Liaison i DND and ASMG Ltd

NATO T Generic AB on behalf of SWAF and on contract by FMV

Tool Vendors i Adaptive, Atego (Co-Chair), EmbeddedPlus, IBM
(Co-Chair), Mega, NoMagic (Co-Chair), Sparx Systems, Visumpoint

NN N NN

< Aerospace i BAE Systems, General Dynamics, L3 Communications,
Lockheed Martin, Northrop Grumman, Raytheon, Rolls-Royce, Selex
SI, Thales, Unisys

< Advisors i Decisive Analytics

< Distributed multi national team (US, UK, France, Sweden, Lithuania,
Australia, Canada, Thailand, Italy)
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How: UPDM Features

< Integrates with SoaML i The Service Oriented
Architecture Modelling Language

< SysML Extensions with UPDM level 1

1 Facilitates integration of DoDAF and MODAF models for system
of systems modeling with SysML models for systems modeling

1 Enables UPDM to fully leverage SysML features

15 L7 afego



How: UPDM Level 1 Compliance SysML Extensions

< Enables UPDM to leverage SysML features

SysML blocks to represent structural elements such as operational nodes,
artifacts (systems), capability configurations, which enable the use of flow ports,
item flows, and value properties with units and distributions

SysML activities to support continuous flow modeling, activity hierarchies, and
support for enhanced functional flow block diagrams

SysML parametrics to enable the integration of engineering analysis with the
architecture models (e.g., performance parameters in an SV-7 can be captured
In parametric equations)

SysML allocations to support various types of mappings such as an SV-5 that
maps system functions to operational activities

< Other SysML Features

SysML requirements enable text based requirements to be captured and traced
to other model elements using the satisfy, derive, verify and refine relationships

SysML view and viewpoint enable provide for multiple perspectives of the
model, and to manage, control, and organize information.

Callout notation
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Select the Viewpoints That Fit-the-Purpose




Color scheme

Capability element l

Operational element l

System element l
L

Technical element

‘ Project element l
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Capability viewpoint meta-model terms
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Operational viewpoint meta-model terms

Information bundles
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Operational viewpoint meta-model terms 7 focus on organizations
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