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Systems Engineering
Drivers

Need for Model-Based Systems Engineering (MBSE)
and Software Development
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Systems Engineering Drivers

World population growth 92 bilen*.
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reach 9.2 billion by 2050 but stil more than 3 illion higher 7.3 bilion*
since the turn of the century. Population activists say that's ;
too much for the workd to hande.

* Increasing demand for limited
resources;

* Rapid changes in technology;
« Fast time-to-market most critical;

» Increasing higher performance
requirements;

* Increasing complexity of systems/
products;

» Increasing pressure to lower costs;

* Increased presence of embedded
information and automation systems
that must work correctly;

* Failures due to lack of systems
engineering.
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Systems Engineering Drivers

Features of a good design: _ Il 0.21-Core itanium 2 i
Intel CPU Trends -

(sources: Intel, Wikipedia, K. Olukotun)

= Works correctly; oo ===
Pentium 4

« Has a wide range of functionality;
« Has great performance;

* |s economical; -
« |s resilient to attack;

« Easily adaptable to new functionality.

Opportunities for Systems Engineering

« Enhanced levels of attainable performance;
« Create new forms of functionality;

« Improved economics and operational efficiency (zero-energy)
« Improved resiliency and agility ...

* New processes and supply chains for creating systems.
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MBSE Concerns

Focus on liaison among disciplines supported by formal methods
for systems analysis and design.
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MBSE Concerns

Systems are developed by teams of engineers who must be able to
understand one-another’s work.

Development Process Issues

Project Separation of concerns for

Requirements / team development.

Coordination of activities.

| | Trade studies to balance
competing design and market
criteria.

Viewpoints

] |:Ahstraclions

Integration of team efforts.

| | Reallocation of system resources.
Trade—off cost and performance
criteria.

Systems Integration
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System Modeling Techniques

Organization-Requirements-Engineering Pipeline:

Customers / Users
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System Modeling Techniques

Core Technical Processes at General Electric:

Iterate to find feasible solution

Reduce defects via reallocation of resources

Define
—= Effectiveness |
Measures
Assess Create Check design Perform Create
Available t=C—={ Behavior e — for defects =O—= Trade—off Sequential
Information Model Analysis Build — and
T Test Plan
Create Improve
—= Structure — defects at
Model lower level
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System Modeling Techniques

Use multi-scale approaches to system modeling:

Semi-formal Models Design Issues
Interfaces and 3 =
; [ UML, SysML J g )
[ Goals/Scenarios } 5 2
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Formal Models Transformation al 8 B
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[ Detailed Simulation } s 2
[Design Space Exploration] E 5
3 2
System Design System Analysis

e Semi-Formal Models: View the complete system (efficiency).

e Formal Models: Detailed view of the actual system (accuracy).
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System Modeling Techniques

Semi-Formal Models:
e Provide efficient representation of ideas (e.g., goals and
scenarios) and preliminary/tentative design.

Formal Models:
@ Formal Models: To help prevent serious flaws in detailed
design and operation, design representations and
validation /verification procedures need to be based on formal
languages having precise semantics.

Abstraction:
@ Eliminate details that are of no importance when evaluating
system functionality, system performance, and/or checking
that a design satisfies a particular property.
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System Modeling Techniques

Taxonomy of diagrams in SysML:

SysML Diagrams
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’ Sequence ‘ State Machine ‘

Pillars of SysML: Structure, Behavior, Requirements, and
Parametric Diagrams.
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INCOSE: MBSE Capability 2020-2025

MBSE Capability

Institutionalized
MBSE across
Academia/Industry)|

Z
Well ‘s
Defined %
MBSE s
Ad Hoc MBSE

Document Centric

DRAFT
June 24, 2007

Reduced cycle times System of Design ’_ ization across broad t_rade space

=

Distributed & secure model repositories
crossing multiple domains

I Defined MBSE theory, ontology, and formalisms I

Architecture model integrated

| with Si lysis, and Vi i |

Matured MBSE methods and metrics,
Integrated System/HW/SW models

*Planning & Support
*Research

Emerging MBSE standards I

*Standards Development
*Processes, Practices, & Methods
*Tools & Technology Enhancements
+Outreach, Trgining & Education
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