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Veritas me dirige.

So—Who’s taking the
SA out ot SE? & At what Cost?

SA 1s the Systems Approach, of course... It is—or, perhaps,
was—at the very heart of Systems Engineering (SE), and
arguably why Sysfems Engineering is so-called...

W hy? Well, it’s to do with Open Systems, Holism and
a

11 that... Open Systems exchange Energy, Information
and Material with their environment and adapt to the
exchange. And, it seems, all real world systems are Open—
Natural and Man-made. So, that’s a big deal.

And the Systems Approach has been adopted by many
disciplines beside SE. Here’s what a psychologist had to say:

“We used to think of personality as a fixed entity within
the mind. Then we realized that personality could be
affected by interacting with other parts of the mind.
Then we realized that personality could have an effect
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on the health of the whole body—and that the health of
the whole body could affect the personality, too. And

we came to realize that personality could be affected by

interacting with other personalities...’

b

o, the systems approach seeks to understand the part

only in the context of the whole, interacting with, and

adapting to, its environment.

Compare the engineer’s procedure with the systems

approach, attempting to explain some complicated entity...an

automobile, say...

Engineer Procedure

1. Decompose that which is to be
explained/understood
(Decomposition)

2. Explain the behaviour or
properties of the contained parts
separately

3. Aggregate these explanations
into an explanation of the whole
(Synthesis)
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Systems Approach

1. Identify a containing system
of which the thing to be
explained is part

2. Explain the behaviour or
properties of the containing
whole

3. Explain the behaviour of the
thing to be explained in terms of
its roles and functions within its
containing whole (Synthesis)
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Engineers’ Procedure Svstems Approach

Car consists of...  Part of wider family transport
system—to accommodate

“typical family: parents +2/3
children”
» Easy to control, reverse, park,

Power Unit etc., by any family member, teens
and oldies, secure from stealing.

Chassis & Suspension

Zero interference with other road

Transmission

users

* Ultra safe in event of collision:
Steering travel between refuelling c.

300miles: reliable, inexpensive
Controls & Displays fo service & rep a_lr o

* Non polluting: minimal

damage to environment, others
Furniture & in case of accident. Recyclable.
Bodywork, etc. Etc., etc.

Looking outwards into the containing system(s) in this
fashion leads to improved features, smarter designs, and
customer appeal.

And is, of course, how to formulate requirements!! Notice
how relevant stakeholders are automatically included using
the systems approach. So, what form of suspension, what style

of furniture and bodywork, how far to travel on one fuel load,
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preferred fuel for minimal pollution, etc., etc. All these, and

many, many more emerge from taking the Systems Approach.
Try it for yourself—you’ll be amazed at how simple it is

to do, once you disabuse yourself of the Cartesian Reduction

edict, with which we have all been inculcated since birth...

racks in the bastions of Cartesian Reduction

appeared early in the twentieth century. Teleology

—purposeful, goal-seeking behavior-was a problem.
A goal-seeking system responds differently to events until
it produces a particular state or outcome: the system has a
choice of behavior.

‘In a mechanistic world, the idea was to decompose
parts to find more basic components, with which to
explain how things worked. Decomposing a goal-seeking
system failed to reveal any component as the root of the
goal-seeking behavior. Yet, such purposeful behavior was
all around in organisms.

'Causality proved similarly problematic. Causality
was unidirectional. One gene corresponded to one
deficiency in an organism, for instance: one bacterium
caused one disease. Only, it didn't...at least, not always.

‘The notion of individual units acting on their own
in unidirectional causality proved inadequate to
explain observed phenomena. Evidently, groups of things
worked together in some way, so that the behavior of the

whole could exhibit purpose, could be multi-causal...’
Ibid, 2007
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onsider a typical Hunter-gatherer family - the
building block of clan/tribe/society - After all, we re

still Hunter-gatherers under the skin. Yes?

The Containing System is the nuclear family:—

a social unit for procreating, nurturing, rearing, protecting
and maturing successive generations of stable, monogamous
humans in a continuous sequence of nuclear families...

The N2 chart below illustrates the complementary rdles and
functions of family members. No Cartesian reduction, no
decomposition, no analysis...just synthesis

The whole is a complex, organized whole of material and

immaterial things, 1.e., an archetypal human activity system

The Hunter-Gatherer Family is Emergent. The various
members coalesce into a single, self-sufficient, stable &
survivable unit with the ability, along with others, to defend
and reproduce itself. In a turbulent and dangerous
environment.

Moreover, the unit exhibits behavior—as we know, not

all families behave in the same way. And, the behavior of the
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The Family N2 Chart
Support, help, . 2
Grandmother with gathering, Guidance & (Ju1dz‘m<:'c &
raising children education filtion
. Security ) Security
* Security Father Mclat’ SCX, Security Biicaticn
ove,
Love, home Food, protection . :
L d : 2 3 * Food, protection,
a%‘; t?(‘:n food, sex. Mother clothing guidance, gu(; dah:e clothing g
babies, support education Y i)
I
Love and Love and Help \Yilh g)b
affection affection ga.theljmg. D aughter .
raising infants
Help with
Love and : Love and
affection tool-making, affection Son
hunting

Entities are on the leading diagonals. Other cells represent interfaces. Outputs are
on the horizontal, Inputs on the vertical. So, Grandmother gives support and help
to Mother with gathering, and with raising the children. Daughter gives Love and

affection to Father. Etc. The empty cells tell a story, too...

individuals in the family will evolve and adapt—each family
member is, after all, an open system (sic), so will exchange
energy, information and material with other members and will
adapt to the interchange...all within the context of the whole
family.

So, the family unit is internally dynamic, with members
continually interchanging with, and adapting to, each other...
Which segues rather conveniently into the concept of Systems

Engineering.
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ystems Engineering seeks to create purposeful, viable

systems, 1.e. systems with a clear purpose to achieve a

goal, solve a problem or resolve some issue.
Moreover, systems that sustain themselves in challenging
environments...

As befits the concept of Purpose, Systems Engineering is
functionalist: i.e., it identifies functions which, taken together,
will enable some future system to pursue a mission, to achieve
a goal, to perform well, to solve a problem. It brings
complementary functions together, to cooperate, to
synergize. ..

And, since humans can readily perform functions, the
overall system can consist of: cooperative, complementary
humans; or, of functions performed by people and technology
together; or, by technology alone. Moreover, systems being
organized and optimized with “minimal configuration

bJ

entropy,” offer maximum efficiency...with optimum

Performance!
nd, dear reader, you can already see the fundamental
difference between engineering and systems

engineering—which employs synthesis...
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Engineering employs decomposition to identify the physical
parts required. And, of course, it 1s not possible to decompose
a person. Engineering has a real problem with people being
part of the overall system— “no transfer function for a
human.” So they become adjuncts... outside of the system...

Moreover, and a fundamental vulnerability, decompo—
sition creates myriads of individual parts, potentially resulting
in overwhelming, unmanageable complexity (sic),

Apocryphal tales relate that early Apollo was
overwhelmed by a vast Master Reference Index of so many
parts-of-parts requiring engineering drawings, that the project
became thoroughly bogged down. Scientists, brought in to
sort the problem, resorted to synthesis without reduction, so
rendering the complexity manageable.

Some of those scientists were from the UK, which had
successfully synthesised an exceedingly complex, nationwide
Air Defence System (Linesman) in the previous decade,
containing many personnel, Command & Control, data links,
radars, etc...with zero decomposition! And that was systems

engineering on the grand, national scale!
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f Systems Engineering is functionalist, and works with

functions, how does anything physical get made?

The many and various functions are organized into
functionally-bound clusters—functional architecture. And,
the functional architecture is mapped on to a physical
architecture formed of people and/or technology. Followed, if
needed, by an engineering phase, where things get
fabricated...but largely unnecessary, of course, for human
activity systems, such as emergency services, command &
control, air traffic management, integrated transport systems,
etc.

Functionally-bound clusters—open functional subsystems—
will exchange energy, information and material with each
other, such that the whole will be dynamically interactive in
operation. Exactly like the members of the Hunter-gatherer
Family above. Similarly, the whole will also be interacting
with, and adapting to, its dynamically-changing operational
environment...

As a result, the functional boundaries of the whole, and
of its functional subsystems, are continually shifting back and
forth, in sympathy with the ever-changing operational

environment...
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And, for those having trouble with the notion that physical
and functional boundaries generally do not coincide, consider
a radio transmitter. Where would you expect to find its
functional boundary...? And the mother in the Hunter-
gatherer family? Would there be any practical limit to her
functional boundary within, and surrounding, the family

domain?

o, any whole, functioning system is in a state of flux,
internally and externally, too...Yet, from a physical
perspective, we may observe static physical entities

which may give no indication of the functional furore within...
So, we may observe an airliner seemingly motionless,
unreal even, ’hanging’ against a clear blue sky, and be
blissfully unaware of the frantic functional symphony going
on within the airliner, as conducted, directly or indirectly, by

the pilot and crew.

ow—shock-horror!—it appears that some
contemporary versions of “Systems Engineering”
do not take the Systems Approach. They do not

consider that systems are Open. They expect functional and
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physical boundaries to correspond. They employ
decomposition/Cartesian reduction willy-nilly. They are, in
short, still living in a passé mechanistic world, and not in a
contemporary functionalist systems world.

And their tools and models are similarly comprised.
SysML decomposes any “system” to ‘describe’ it in detail. So,
presumably, as an offshoot of SysML, does MBSE.

SysML and MBSE may be appropriate for the post-
design manufacturing phase (if any) of Systems Engineering,
but not, as presently configured, for the creative concept and

systems design phases. Perhaps that will come...

11 of which leaves the original question hanging:—

Is the Systems Approach fundamental to Systems
Engineering...or not? And, it has to be said:

Systems Engineering without the Systems Approach:
therefore, without regard for Open Systems; without
functional Systems Design; and, without the synthesis of
functional architectures to optimize performance; is
comprehensively emasculated! Sorry, but...prima facie—it’s

just not good enough—it’s not really Systems Engineering...
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Hang on! You can't just dismiss it like that! So, what is it,

then? Whats left when the Systems Approach is removed?

Mmm...are you sure you want to know? OK then...

here goes...

LEVELS OF ORGANIZATION/INTEGRATION

. Man-made
SE Layer
Biology/Anatomy Systems y
Biosphere [IX| Nation 3. Socioeconomic/societal SE

Ecosystem |viil| Organization| 4 /Zndustry Systems Engineering

Community [VII] Compan
Y patty I Business Systems Engineering

Population | V]| Group

Organism | V | Platform 2. Project Systems Engineering

Complexity

Organ System [TV | System
Organ |III| Subsystem |/ Product/Subsysiem Engineering ‘
Tissue | II | Composite

Artefact Engineering
Cell | T | Component
* Population - all the organisms that belong to the same species, Numbers refer to 5-layer SE Model:see Hitchins
in the same geographical area D.K. (2003) Advanced Systems Thinking and

** Community - a group of interacting living organisms sharing a  AManagement, Artech House, MA
populated environment

Classification of Natural Vs. Man-made Systems by relative complexity
N.B. SE Layer 3 may also be referred to as Enterprise Systems Engineering

The table classifies both natural and man-made systems by

complexity:
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A. You can see the familiar Levels of Organisation from
biology/anatomy at left. ‘Many cells make a tissue; many
tissues make an organ;, many organs make an organ
system, many organ systems make an organism...” (Worm,
honeybee, crow, human, etc.)

B. The centre column presents the corresponding Levels of
Integration for man-made systems, going from
Component at Level I, to Nation at Level IX. Level V,
Organism == Platform, is seen as the pivot, or anchor-
point, of correspondence. An organism corresponds with a
man-made platform (automobile, ship, plane, etc): each
may be both viable and autonomous...

C. The right-hand column in the figure then shows “Layers
of Systems Engineering,” corresponding broadly to Levels
of Integration in Manmade Systems. Layer 3, Business

Systems Engineering, may also be referred to as

Enterprise Systems Engineering...
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Repeating the original question:

What's left when the Systems Approach is
removed from Systems Engineering?

(Referring to the figure...at bottom right.)

“Mostly artefact engineering. Possibly product
engineering, where a product might be seen as a
mechanistic subsystem part of some system.
Excludes all socio-technical systems...
Yet, curiously, seen by some as the only ‘true’
Systems Engineering...”

Presumably, those would be the ones
who took the SA out of SE in the first place, and

did not pause to count the cost!!
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