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Upcoming Meetings:

 May 09: Creating Decision Guidance for Applying Agile System Engineering
Ron Lyells, Retired Honeywell, Co-Chair INCOSE Agile Systems & SE WG

« May 10-11: Tutorial — Model Based Systems Engineering
Mathew Hause, PTC, Engineering Fellow; Chair OMG SysML V2 submission team

« Jun 13: Best Practices for Achieving Requirements Efficiency
Dr. Cheryl Bolstad, Sandia National Laboratories, Human Factors

e Jul 18: Summer Social, 6:00-9:00pm, Shark Reef Cafe, watch for info

» Sep 20-22: Western States Regional Conference, Ogden, Utah
Website: https://incose-wsrc.eventbrite.com, Presentation call open all of March

CSEP Courses by Certification Training International:
Course details | Course brochure
Upcoming Course Schedule (close by, but many more locations and dates):
2018 May 21-May 25 | Austin, TX
2018 Oct 15-Oct 19 | Albuquerque, NM
Chapter SEP mentors: Ann Hodges alhodge@sandia.gov, Heidi Hahn hahn@lanl.qov
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Is Systems Engineering Really Engineering?
Dr. Steve Jenkins, California Institute of Technology, Jet Propulsion Lab,
|.S.jenkins@jpl.nasa.qgov

Abstract: Engineering is a creative process. The object of engineering is to bring about a
desired state of the world, typically through the creation of artifacts that use scientific
principles to judge the state of the world in a desired direction. Although engineering
disciplines differ in their problem domains and solution techniques, there are
fundamental principles that unite them and distinguish engineering from other creative
activities such as painting and writing. This talk will explore some of these fundamental
principles and consider the degree to which systems engineering does or does not
respect them. Finally, it will argue that "Model-Based Systems Engineering" is just a
label for a much-needed effort to firmly establish systems engineering as a legitimate
application of engineering.

Download slides today-only from GlobalMeetSeven file library or
anytime from the Library at www.incose.org/enchantment

NOTE: This meeting will be recorded
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Today’s Presentation

Things to Think About

How can this be applied in your work environment?
What did you hear that will influence your thinking?
What is your take away from this presentation?
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Speaker Bio

Steven Jenkins is a Principal Engineer in the Formulation and

Systems Engineering Division at the Jet Propulsion Laboratory,
California Institute of Technology.

He serves as the Chief Engineer of JPL’s Integrated Model-Centric
Engineering Initiative, an institutionally-funded project aimed at
enhancing the value of the engineering process through modeling.

His interests include the integration of descriptive and analytical
modeling and the application of knowledge representation
and formal semantics to systems engineering.

He holds a B.S. in Mathematics from Millsaps College, an M.S. in Applied Mathematics
from Southern Methodist University, and a Ph.D. in Electrical Engineering from UCLA.

He was awarded the NASA Outstanding Leadership Medal in 1999 and was a co-
recipient of the NASA Systems Engineering Award in 2012..
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e Is Systems Engineering
Cas e Tl Really Engineering?
-

Jet Propulsion Laboratory

« The question is rhetorical

« Of course, what | mean is “How do we ensure that systems
engineering really is engineering?”

e To answer that, we first have to know what characterizes
engineering

e It's too big ajob to define engineering, but we can talk about some
necessary conditions

2018-04-11 Enchantment Chapter Meeting 6
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e ey What Do Engineers Do?

Pasadena, California

« Engineers do two complementary things:

— they describe actual and imagined states of the world
* actual states are facts
e imagined states are designs and consequences
— they analyze these descriptions
* What are the consequences of a specified design?
* What designs have a specified set of consequences?

« Engineering analysis is distinguished by its reliance on science
and mathematics to achieve rigor

« Whatis rigor?
— the quality or state of being very exact, careful, or strict
* Merriam-Webster, 2017

— scrupulous adherence to established standards for conduct of work
* NASA Final Report of the Return to Flight Task Group, Appendix A.2, 2005

2018-04-11 Enchantment Chapter Meeting
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T A Few Words About Rigor

Pasadena, California

 Rigorin engineering is a distinguishing virtue
— it's what we do
 Rigor requires no justification and we offer none
« Rigorous does not mean detailed
— it means simplification must be justified
 Rigoris not avalue to be traded against time or money
 Rigor benefits all endeavors, simple and complex
 Rigor benefits all projects, large and small
 Rigor leads to
— better understanding of mission objectives and constraints
— more precise descriptions of design concepts and realizations
— more thorough and principled verification and validation
— earlier and more effective remediation of defects
— more accurate projections of budget and schedule
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S Where Do We Find Rigor?

Pasadena, California

 Rigor in engineering manifests itself in three dimensions
— Wwe use precise language to describe things
— we use mathematical abstractions to analyze things

— we use automation for both
language

e Putting it together....

language
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Jet Propulsion Laboratory
California Institute of Technology an g u ag e

Pasadena, California

« We can’t analyze what we can’t describe
« We can’t describe precisely without precise language

« Mature engineering disciplines define precise descriptive terms
and taxonomic relationships

— e.g., resistor, capacitor, filter, amplifier, etc.
« Mature engineering disciplines define composition rules that let
us aggregate terms into “sentences” with clear meaning
— e.g., SPICE netlist circuit description
 Precise languages generally manifest the following:
— vocabulary: terms
— syntax: rules for constructing sentences
— semantics: meaning in the real world

 Real-world meaning in engineering comes from analysis

Image credit: wikimedia commons
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Pasadena, California

 Abstractions are the key to analysis

« For example, an RC circuit can be modeled by a linear ordinary
differential equation

— The equation is an abstraction in that it is a purely mathematical description
of idealized behavior

— We can perform operations on this abstraction; in fact we can solve it

— The solution is a useful approximation of the actual behavior of the filter
« Mathematical analysis is a hallmark of engineering

— Everything else is poetry or marketing or ....
« The scope of applicable math has enlarged over time

— No longer just calculus, linear algebra and probability

— Now formal logic, graph theory, abstract algebra, etc.

— For example, telecom error-correcting codes employ algebra proudly
claimed to be useless until the 20" century
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e Language and Abstraction

Pasadena, California

« What is a capacitor?

— Is it necessarily a discrete component?
* A better definition: something that exhibits capacitance
« And what is capacitance?

— a specific analytical relationship between voltage and current: | = C dV/dt
 Note the fundamental linkage of language to abstraction

— capacitor if and only if | = C dV/dt
« This is true of engineering language in general

— What we say has known, direct analytical consequences

— e.g., transistor, Butterworth filter, Reed-Solomon code
 Abstractions shape language and vice-versa

— e.g., Modelica is a language of differential-algebraic equations

Image credit: pixabay.com
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Pasadena, California

 Automation is critical for engineering because it preserves rigor:
scrupulous adherence to the highest standards for the conduct of
work

— Machines don’t cut corners

« Automation has its own abstractions (e.g., algorithms, data
structures)

« These abstractions can be mapped to the abstractions of
engineering analysis
— e.g., transitive closure maps to failure propagation
« Automation is fundamental to modern engineering because
— Well-designed languages are amenable to machine parsing

— Many useful mathematical abstractions and related analyses are
implemented in software libraries

— Derivation of consequences of design can be automated
— Design synthesis can be automated
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anmanmea ooy WAt About Systems Engineering?

Pasadena, California

« Systems engineers describe and analyze, but how well?

 Is Systems Engineering rigorous?

« Do we use precise language?

« Do we employ abstractions to empower analysis?

« Do we automate effectively?

e How can we do better?



National Aeronautics and
Space Administration

Gmmeorane  OYStE@MS ENngineering Language

Pasadena, California

o It’s fair to say that Systems Engineering employs distinct
concepts: component, function, interface, requirement, risk, etc.

e |It's also fair to say that we use some words frequently without
being very clear about meaning
— e.g., system vs. subsystem

« As adiscipline, we lack agreement on
— names for concepts
* | call it component; what do you call it?
— names for properties
* How do we refer to an element’s name? Its mass?
— names for relationships
* What's the relationship between a component and a function?

— syntax for valid expressions composing concepts, properties, relationships
e Can a function be performed by more than one component?
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JotPropuison Laboratory How Can We Do Better?

Pasadena, California

 First and foremost, recognize that there is well-established field of
theory, practice, and technology dedicated to precise representation of
knowledge

— called (obviously) Knowledge Representation

« Use thetools of Knowledge Representation and the Semantic Web to
build communities of consensus around systems engineering language
usage

— captured in formal ontologies
* Incorporate this consensus into, not just tools and software, but human
language
— We should talk to each other using our language
* Incorporate this consensus into tools and software
— Particularly, SysML
 Reject ambiguity from our practices
— Being precise about uncertainty is good
— Being ambiguous about anything is not
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G meoreanoe OYStE€MS ENgineering Abstractions

Pasadena, California

o |t's fair to say that Systems Engineering doesn’t yet recognize a
fundamental set of abstractions
— unlike, say, control theory, which is grounded on functional analysis
« This is partly due to the broad scope of systems engineering
— we’'re really talking about everything
« The broad scope suggests that there is something fundamental to
systems engineering about
— capturing a diverse set of facts
— relating diverse concepts to each other

« What abstractions empower these activities?

Image credit: wikimedia commons
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JotPropuison Laboratory How Can We Do Better?

Pasadena, California

 Exploit graph theory: the mathematical study of graphs, which
represent pairwise relations between objects
— Knowledge representation theory makes heavy use of graphs
— There is a natural connection between description and analysis
 Use graph theory to structure and organize the facts (language
assertions) about the objects of our design and analysis

— We can reason about whether the resulting graph is well-formed according
to the rules of our language

— We can reason about all kinds and degrees of relatedness
* e.g., What requirements does this requirement directly refine?
e Indirectly?
 Exploit well-known graph algorithms for engineering problems
— connected components: fault isolation
— transitive closure: state reachability
— topological sort: root cause analysis
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Example: Knowledge as a Graph
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Smmearanoey  OYStE@MS ENgineering Automation

Pasadena, California

* In the lifetime of the Systems Engineering discipline, computing
has gone from a scarce, precious resource to a commodity

« Have we, as a discipline, taken advantage of that?
« There are all kinds of important analyses that are computationally-
intensive
— logical reasoning
— search
— planning and scheduling
— feasible region bounding

« Graph theory is fundamental to computation as well

Image credit: wikimedia commons
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Calforia mattute of Tecnnalogy Conclusion

Pasadena, California

Systems Engineering is really Engineering to the degree that it
achieves rigor through in description and analysis through

— precise language with rules and meaning
— mathematical abstractions
— automation

« Graph theory is a fundamentally applicable abstraction that
empowers both description and analysis

« |don’'tlike the term Model-Based Systems Engineering because it
leads to silly questions like “What is a Model?”

« Butlwould describe MBSE as Systems Engineering practice that
achieves rigor through use of
— precise language for description
— mathematical abstractions for analysis
— effective automation



Thank You

Questions?

Steven Jenkins
J.S.Jenkins@jpl.nasa.gov
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Things to Think About

How can this be applied in your work environment?
What did you hear that will influence your thinking?
What is your take away from this presentation?
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Please

The link for the online survey for this meeting is
www.surveymonkey.com/r/2018 04 MeetingEval
www.surveymonkey.com/r/2018 04 MeetingEval

Look in GlobalMeet chat box for cut & paste link.

Slide presentation can be downloaded now/anytime from:
The library page at: www.incose.org/enchantment.
Recording will be there in the library tomorrow.
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