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Hazardous Mission?
Viable Solution System!

...using Operational Systems Engineering (O-SE)
...lo create Mission Command & Control!

reating a system can be likened to creating a living
‘something.” Not exactly “life as we know it,” but
analogous to life. (viz: the Organismic Analogy)

A created system will be a whole something, complete.
With all its parts ‘complementing & interacting.” Sustaining
each other. Not unlike the organ systems in a living body. Fur-
ther, it is being created with some purpose in mind. To under-
take tasks. Achieve goals. Intercept intruders. Compete in
overseas markets. Confound the opposition. Or, simply: ‘to
be the best...’

0, our system-in-creation may be seen as ‘on a mis-
sion...” In creating any whole, lifelike something,
imagine it in its operational state, in course of its

mission. Experiencing it’s contemporary environment. Not as
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static, separate parts on a drawing board. But, as a whole,

open system. And, by definition, an Open System...

..exchanges energy, information and material with
its environment AND adapts to such interchanges.

It behoves us, then, to take account of the environment(s)
through which the mission will be—conceptually is—taking
place. And of the impact on the ‘lifelike’ system, as our cre-
ation adapts, continually, to environmental effects, threats and

changes.

enerally, we create viable / autonomous systems,
1.e. systems that can “look after themselves” in in-
clement or hostile environments. Systems that can
“do their own thing:—”

% Autonomy: having the freedom to act independ-
ently. Implying availability and management of
OWN mission resources.

% Viability: the ability of a thing (a living organism,

an artificial system, an idea, etc.) to maintain itself

or recover its potentialities; to counter the threats to
1ts mission, both external and internal...

© Whence, Viable System...able to counter the
threats it may meet in the operational envir-
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onment, be they inclement weather, potholes,
enemy fire or internal organ/equipment de-
fects...

© A Viable Systems Model (VSM) is a sci-

entific model of the organization of a vi-

able or autonomous system

iability (of a system-in-operation) can be con-
sidered under a number of headings:—
Acronym: S-MESH (‘es-mesh’):—

e Survivability:—
1. Avoidance of Detection: Hiding/Camouflage/Silence/

Stealth, Decoy/Mis-direction, Evasion...Else:—
2. Self-Defense: Protection/Security/Armor/Counter-

measures/Defensive Weapons...Else.—

3. Damage Tolerance; Distributed/replicated facilities;
Reversion; Reconfiguration...Else:—
4. Self-Healing...

» Maintenance: Defect detection, location, repair/excision/

replacement/reconfiguration, appropriate waste disposal
« Evolution: Adaptation of performance/behavior to longer
-term changes in environment

* Synergy: The 5Cs: Cooperation; Coordination; Comple-
mentation; Concinnity, Control. Of and between the sub-
systems/parts, reducing entropy, fostering synergy...

* Homeostasis: Dynamic equilibrium between the interact-
ing subsystems, maintaining a relatively stable internal
environment
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se life, and living things, as a template, to fashion

purposeful Socio-Technical Systems...

Start with the viable platform base—Figure 1—on

which the functioning whole will reside. It is
shown in the circle, as a physical substrate supporting inter-
connected, physical subsystems.

Figure 2 overleaf
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Overlaying the Viable Platform base are the many and
various functions of the viable, autonomous system. The
whole is ‘suggestive of the vertebrate cerebrum...’
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Upper Red indicates the Mission Management Model.
Lower Blue indicates the Resource Management Model.
Central Green indicates the Viability Management Model.
Implicit is the continual flux of energy, information and ma-
terial passing vertically through the open system model
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igure 3 shows the top-level Viable Systems Model.

The model represents any whole solution system, pur-

suing its mission in its Operational Environment (top),

while receiving as-required support from the Resource Envir-

onment (bottom). HVSM represents the whole Solution Sys-

tem, revealing its three mutually-interdependent Management
Systems:—

1. Mission Management System (MMS). The MMS collects
information continually about the operating environment,

including threats, changes and opportunities; resets mis-
sion objectives in consequence; reformulates strategy and
plans; executes any revised plan; cooperating with others
as necessary...

2. Viability Management System (VMS). The VMS’s rdle is
to maintain the whole in the face of both internal issues

and external threats, so maintaining the ability to prosec-
ute the mission
3. Resource Management System (RMS). The RMS acquires

resources as needed to prosecute the mission and to main-
tain viability, stores those resources, distributing as
needed, converts resources to usable form, and disposes of
any waste back into the resource environment. The RMS
may also be subject to threat, change and interdiction...
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fourth, Behavior Management System (BMS), ad-
dresses the behavior of individuals and teams of
people where such behavior is relevant to Mission
Management, and in particular to the objectivity and speed of
decision-making, as it may be affected by culture, training,
upbringing, etc. The BMS can prove insightful when simulat-
ing the dynamic interactions between two or more similar
competing/combating Viable Systems. In such instances,
HVMS presents in interacting layered form!...

sing the HVSM to synthesize Whole System Solu-
tions:— Since HVSM represents the whole solution

system actively operating in its environments, it may
be used to “look outwards into the environment,” observing
the holistic synthesis precept of the Systems Approach.

That, in turn, suggests the need for a representative situ-

ation or scenario, such as:—

 New James Bond car—with all new gadgets—to take him
‘safely and with style’ through Eastern Europe and “all the
Russias...”

* Suburban woman going High St. shopping for ‘unmention-
ables,” but without her nosy neighbors knowing...

* Police raid on OCG base of operations...

I'See https://youtu.be/-dwzb NN4II for a description and ex-
planation of HitchinsVSM.
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* International rescue/famine relief/peace operations, post ma-
jor disaster/conflict in a 3rd World country;

« Air Defense intercepting threats to fleet, territory, sovereign
air space;

* Piloted light air vehicle exploring the upper reaches of the
Amazon;

» Naval task force in international waters facing simultaneous
air, surface and sub-surface threats from covert enemy;

» Explorer/rover/flyer/submarine on Jupiter’s Europa moon;

* TSR2 bomber penetrating enemy territory;

* Motocross competitor on long range, oasis-to-oasis desert
track;

 Far-side Moon-base thriving in Moon’s hostile environment

0, a platform 1s envisaged: individual, team, enter-

prise, organization, vehicle, vessel, plane; on a

mission; operating in a potentially challenging en-
vironment, possibly including an opponent,; carrying sufficient

immediate resources for the mission... Needs Operational

Systems Engineering (OSE)—see following...

N.B. Following, is the classic Systems Engineering ap-

proach for establishing systems design requirements_to har-

monize the created system solution with _its operational en-

vironment...
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OSE: Mission Management Prep.

A. Assess the operational environment, considering climatic
and other physical hazards, based on maps, stats, INTEL,
forecasts, surveillance, etc., as relevant to the mission.

B. Initiate the mission—mental or other simulation—and
commence Mission Management process (red line of Fig-
ure 3.)

C. Identify the information that will be needed as the mis-
sion proceeds - navigation, regulatory, threats, hazards,
hostiles, security, alternate routes, cover, etc., and the plat-
form facilities required to acquire/receive/comprehend/
present/use that information

D. Assess/evaluate how received information affects timely
achievement of mission objectives, e.g. progress, waypo-
ints, subgoals, targets, ‘insurmountables,’ etc. Hence...

E. ...review/reformulate mission strategy and plans in light
of new information

F. Execute any revised strategy—follow any revised plans.
Consult/advise any co-operating parties re. changes. ..

N.B. Repeat A to F as needed...
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Any materials, equipments, processors, tools, facilities, etc.,

needed in support of A to F are candidates for integration into

platform facilities. These may include:

OSE: Viability Management Prep.
G.

¢ SeNsors,

* navigation facilities,

Using S-MESH (page 3 and green lines on Fig.3) as a

prompt, go through the mission again, considering the

opportunities, and need for, Viability features at every

stage in the mission’s progress through the operational

environment, including goal attainment and recovery to

home/base. According to mission, these might include:—

* silent/night opera-
tions,

e def-aids/countermeas-
ures, flares, etc.

HAZARDOUS MISSION? VIABLE SOLUTION!
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H. Evaluate effect of Viability features on mission strategy

options, overall system performance and cost.

I.  Rejig the platform design to optimize: performance;
availability (of performance); and mission tactics, in the
light of Mission & Viability additions and alterations

J.  Rerun mission simulation, as needed, to confirm/tune re-

vised design; that it performs in “mission real time;”

probability of mission success; and, to evaluate ‘viability
contribution,’
or the suburban woman going High Street shopping
F for ‘unmentionables,’ but without her nosy neighbors
knowing (see above), much of A - J would prove un-
necessary—it evidently depends upon the Mission.

For more hazardous missions, A - J above might form the
first steps in the creation of mission command & control (C2),
where command implies ‘autonomy’ and control implies ‘vi-
ability.” Subsequent steps might, typically, include:—

* operations research; e train controllers/users/oper-

* part/total system re-design; ators/analysts;

» develop/organize function- ¢ procure/manufacture parts;
al architecture; * integrate & test complete

* optimize performance; system;

» create matched set of total < trial; commission; field...
system requirements

Operational Systems Engineering will then have created Mis-
sion Executive, the authority & capability to “do the job.”
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he OSE/classic systems engineering approach out-

T lined above requires the Solution System to be con-
ceived and designed as a whole, rather than piece-

meal, and with the whole operating solution “looking out-
wards” into, and adapting to, its environment, i.e. holistic syn-
thesis, in accordance with the dictates of the Systems Ap-
proach: “the core, raison d’étre and remarkable capability in-

tegral to classic Systems Engineering!”

There i1s no Cartesian reduction, no decomposition..., so,
no classic engineering, per se. Hence, no added complexity
from “looking inwards.” See Lunar Deep Space Center exem-
plar, following...

The approach is conducive to brainstorming in the first
instance, with domain-experienced—as well as fresher,
younger brains—joining to develop an innovative, yet feasible,
outcome...Indeed, this approach has been used, inter alia, for:

* Enterprise Systems Engineering Apollo / Planetary Explorer Sys-

* Business Systems Engineering™ tems Engineering

* Industry Systems Engineering*  Defense Systems Engineering*

« Manufacturing Systems Engineering* * Naval fleet (Aegis)

* Avionics Systems Engineering*  Military bases

 Satellite Systems Engineering « UK National (Linesman,
* S.D.I. — Star Wars* UKAD)

* Lunar Deep Space Center* Maintenance Systems Engineering*

See Figures 4.1 & 4.2 « ..and many others...

* Hitchins, 2003
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he approach to sociotechnical systems creation

may seem simple, compared with conventional

procedures. It is, however, creative, powerful, in-
novative and, where it is without precedent, beyond contem-

porary Al (sicl), as the 20-year old Figures 4.1 & 4.2 (below)
might suggest...
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SD: FIRST DRAFT. Operations Center focuses Mission Management’s

two missions:

1. Astronaut rehabilitation after extended, zero-gravity sorties.
2. Deep Space Radio Astronomy, free from Earth interference

Base Command & the Logistics Subsystems together maintain Viabil-
ity. Resource Management supports both Mission & Viability Man-
agement. T.B.D: Which functions are best performed by people (local
or remote), technology, or a mix of people & technology.

N.B. CPRM is Contingency Planning and Resource Management.
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LDSC IN CONTEXT. Based far-side of the Moon, showing interacting
‘sibling’ systems, mostly Earth-based, together with environmental
hazards and opportunities.

Siting the LDSC: favored concept. Locate a small crater, estab-
lish a “bubble” over, and a favorable environment within. Bore into
the crater walls, creating air-locked ‘living spaces,’ chambers,
within the regolith/bedrock for the LDSC Subsystems... i.e. a Vi-
able Platform Base both for people and technology, protected from
vacuum, cosmic rays and meteorites. With water transported/
piped(?) from Lunar Poles...

hich rather begs the question. Why are the Sys-

tems Approach, and Systems Design, largely miss-

ing from contemporary systems engineering? Which

appears arbitrarily constrained to engineering products, using

1. decomposition, 2. Cartesian reduction & 3. digital pro-

cessing—where, for SE—it has been observed—these three
have no right to be!
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canwhile, ‘systems engineering’ seems reluctant to

‘ \ / I address either Human Activity Systems (HASs), or

Sociotechnical Systems, so severely [imiting SE'S

evolving future by excluding:—

» Manned systems (aerospace * medical robotics; androids,

& defense, planes, tanks, ships, integrated transport Ssys-

C2/CCIS, C31, COISR); tems, planetary explorers,
* emergency services; * servicing and maintenance
* hospitals, airports, prisons systems (civil and military),
* air traffic management, * businesses, industries, etc,

All of which, we formerly did. What's up? Are we retrospect-
ively incapable? Or, have we, perhaps, been warned off?

Time for systems engineering to create systems/!

Of all kinds! Again!

If not, pray, why not?

YDorn Del November ’23

Reference:

® Hitchins, D K., 2003, Advanced Systems Thinking, Engin-
eering & Management, Artech House, Norwood, MA 0262
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