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Abstract

Each of the traditional engineering disciplines (EE, CE, ME, ChE, etc.) are
concerned with certain physical phenomena, and founded on related
explanatory theories and math-physics models of those phenomena,
strengthening ability to perform the engineering practices of the discipline.
However, It Is sometimes suggested that Systems Engineering so far lacks,
and is still seeking, some equivalent underlying theory that is grounded In
base phenomena and described by explanatory model content, on an
Impactful par with those of the other engineering disciplines. Here we argue
that (1) that there is such an underlying System Phenomenon, (2) that its
explanatory, model-based t heory alr eady e Xl st s
Principle, (3) that this phenomena and theory are the more general parent
cases of the more familiar phenomena and model-based theories of each of
the traditional engineering disciplines, and (4) that for the emerging larger-
scale systems of practical interest to systems engineering and society, new
larger-scale phenomena, explanatory model-based theories, and engineering
disciplines may be derived from this same general parent.
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A Engineers and scientists are increasingly concerned with
understanding or designing large, complex systems.

A Is current Systems Engineering up to this challenge?
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1. Phase change leading to traditional STEM disciplines
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I Evidence argued from efficacy step impact on human life
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2. Phase change leading to future systems disciplines
I Beginning around our own time
I Evidence argued from foundations of STEM disciplines :




Phase Change 1 Evidenédficacy of
PhenomeneBased STEM D|SC|pI|nes

In a matter of a 300 years

A the accelerating emergence of Science, Technology,
Engineering, and Mathematics (STEM) . ..

A has lifted the possibility, quality, and length of life for
a large portion of humanity . . .

A while dramatically increasing human future potential.

A By 20th Century close, strong STEM capability was
recognized as a critical ingredient to individual and
collective prosperity.



The length of human life
has been dramatically extended:

U.S. Life Expectancy a Time of Birth DEATHS PER 100,000 INFANTS,
1900-2007

Source: National Vital Statistics Reports
Volume 58, Number 21 June 28, 2010

T 1 T |
. - rree R ey - an ' 1900 1920 1940 1960 1980 2000

1895 1915 1935 1955 1975 1995 2015 Sources: hittp://hsus.cambridge.org/HSUSWeb/toc/hsusHome.do;
Year http://wonder.cdc.gov/




28 -

24 -

20-

16-

12~

8-

Simply feeding ourselves
consumes less labor and time:

Food Expenditures
Share of Disposable Personal Income
1929 - 2009

Percent

Source: USDA
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The range of individual human travel
has vastly extended:
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Challenges Have Likewise Emerged
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A In recent decades, the humaopulated world has become vastly
more interconnected, complex, and challenging . . .
A Offering both expanding opportunities and threats.

A From the smallest known constituents of matter and life, to the
largestscale complexities of networks, economies, the natural
environment, and living systems.. ..

A Understanding and harnessing the possibilities have become even
more important than before.
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Systems progress has come with
challenging side effects:

Fatalities
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http://en.wikipedia.org/wiki/Carbon_Dioxide_Information_Analysis_Center
http://en.wikipedia.org/wiki/United_States_Department_of_Energy

Not all human progress has been SHewen

A For example, the spread of market capitalism can
be argued to have also lifted human life.

A Nevertheless STEM has been a major contributor:

Impact Notable STEM Drivers (samples)

Increased life expectancy |Life sciences, nutritional science

Reduced infant mortality

Reduced food production co§ Agronomy, herbicides, fertilizers, mechanization

Increased GDP per capita |Mechanized production, mechanized distribution

Increased range of travel Vehicular, civil, and aerospace engineering

Increased traffic fatalities Vehicular engineering, civil engineering

Increased carbon emissions | Vehicular engineering; mechanized production




Emergence of Science and Engineering
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engineering disciplines and technologies based on
those sciences, may be credited with much of this
amazing progress, as well as challenges.

A How should Systems Engineering be compared to
SYIAYSSNAYI RAAOALIE AYVEK 0l
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PhenomenaBase Engineering Disciplines

A The traditional engineering disciplines have their technical
bases and quantitative foundations in the hard sciences:

Engineering Phenomena Scientific Basis Representative Scientific
Discipline Laws
Mechanical Mechanical Phenomena | Physics, Mechanics, bSgi2yQa [ I
Engineering Mathematics, .. .
Chemical Chemical Phenomena Chemistry, Mathematicq Periodic Table
Engineering
Electrical Electromagnetic Electromagnetic Theoryfa | Eg St f Qa 9 |
Engineering Phenomena
Civil Structural Phenomena MaterialsScience, ... |1 221SQ&a [ | 62
Engineering
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The Traditional Perspective

A Specialists in individual engineering disciplines (ME, EE, CE, ChE,
etc.) sometimes argue that their fields are based on:

i GNBIFf LIKeaAOlIf LIKSYy2YSyl X

i LIK@aAOoOlt flFga o0lFlaSR Ay (KS GKI NR
A sometimes claiming that Systems Engineering lacks the equivalent

phenomena based theoretical foundation.
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A Instead, Systems Engineering is sometimes viewed as:
I Emphasizing process and procedure
I Critical thinking and good writing skills
I Organizing and accounting for information
A.dzi y2G oFaSR 2y |y dzy RSNI eéAy3 &K



Traditional Perspective, continued

A That view igperhapsunderstandable, given the first 50 years
of Systems Engineering

Ad{ OASY OS¢ 2NJ ALIKSY2YSy2yé¢ 27F 3
the most part been described on an intuitive basis, with
f AYAUSR NBFSNBYOS (2 | aLKeéaAo
called the basis of systems science and systems engineering:

I For example, emergence of patterns out of agent interactions in
complex systems

I Fascinating, but not yet the basis of generations ofdifanging
human progress such as has marked the last 300 years
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