The Systems Approach to Engineering Problems

I. Introduction
A.Attitude rather than plan
B.Complexity of present englineering projects

l. SAGE system

O.Two methods of attagck in past

5. Brwh bwwloy Tk bebdon o 2o ta . 8 B_d Aeslk La masdad
D.Need for systems engineering felt among defense systems deslgners
E.Question: Can & method be devised that will facilitate

system desgign?

E. ©Outline of discussion
1. Definition of system
2. Comparison of sclendifiic method applied to natural systems
and to design of complex aptificlel systems.

II. Primary definition: "An assemblage of objects united by some
form of regular interaction or interdependence; an organic
or organized wholel! DBiological use, common purpose: "Those
opgans collectively which contribute toward one of the more
important and gomplex vital functions; as, the alimentary or
nervous system". Combination fits our requirements: " A
system ie an zssemblage of objects united Ly some form of
regular interaction or interdependence, whieh colleectively
contributes toward an importent and complex funetion.

A, 8ize of system relative to cobserver and résources
1. Systems exceed resources iln Piological, psychologlocal,
gocial, and fgon@mia worlds. -
2, Neurons - 10*%; artifieial automata - 103 to 105.
3. Two kinds « natural and synthetic.

I11.Task of the englneers-assemble new gystems that have useful funch
A, Process and control

B. Increage in informmatlion--more mechanical data processing

¢, Human operator lntegral part of purposeful system,

D. Design is biomechanical problem,

E. Alr-frame industry and mm-machinegsystem.

IV. Current practice
4. Improve old system to obtain new one-~retain ataviems
B. Growth around new technigue or equipment.
1. May compromise potential of new ¢omponent or components
used for comnstruction in lab may not be operational.
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¥. The task of the scientist--understand natural world.
A. Predicts outecome of new interactlons.
B. Constructs analagous syetem to demonstrate understanding, and
account for a natural phenomenon. o

vI. Similarity in tesks. Each step in selentific method has a
gounterpart in system design.

THO,

T, The sflentific mebhod | -
|1, Selentist'c avareness and stateaent of problem

2, liypothesis e ‘

" ! emor 5 8 |
St aone demonstrabes Hppuhesis o A 15 8
f’%ﬁ%@%%ﬁ% ofbgn, enough, vithoub 6X0 eption, 1% 4
B.Bach step in scientific mé%hﬁé acrrespanﬁ% to an operation

. stem design.
N o aieh preciate the need for a system,

1, Someone must ap : |
'é. Requirement must be stated with elarity to designer.

"3, pesigner formulaties the system. | , ‘
2. Demoﬁs%rate& only by putting 1t to practice and conducting
s well conbtrolled evaluation.

0. Secience recognizes three levels of abstraction )
1. Host concrete 1s comprised of measurable, or obs#l
real world events.
2., Espirical level-~observations and measurements of resl events,
3, Pheoretical levele--uses surrogates for evenils and arranges
in new interscbions, leading to new unobserved events,
a, Symbolic logle
b, Fitting natural systems to formulas
¢. Some are known already for systems use~--mechanical, chem-
ical, electrical formulas.
4. Bialogicel systems and humen behavior present difficulties.

4, Empiriclsm uses gareful observation and expeyriment.
a. Original observatlon
b. measurement of events
¢, Test by observation or experimeni

THREE The Systems Approach

1. Interpedation of components and human operators ls theorebloal,
as is reduction of model to blueprint stage.
2. The squipment and operators that match the blueprints are
the events of the real world. Al®e. personnel schedules.
3, Identification of technical and professional people.
A. OR people usually flrst to realize need for new gystems
B. Theoretical work usually done by OR
C. Results of OR theory are reduced to blueprints by
engineers and draftsmen, or selection and training
schedules by personnel men,



-3

4, Evaluation of englneering, operations, and effectiveness.
A. Engineering verifies thalt physical components medt specs,
B, Operations test establlishes that 1t will work in the fleld.
C. Effectiveness determines whether or not the system meets
the original requlirement.

5. Useful System Theories,

4. Search theory-oplimlg@srocedure for intercepting objests
when time of arrival, number, speed, dispersion and other
gharagteristics are not preclisely known,

B, Game theory preseribes the optimum strategies to be
adopted by competing systens,

¢. Information thecry 1s much more restricted in its usefulness
than its popul@libby would suggest., It is confined to
the design and use of communication channels,

D. The theory of servomechanlsms led to the development of
control engineering, It 1s based on the principle that
information about the actual output of a process can be
fed back and gompared with &he ordered output, the relult
bein@ used to pegulate the process in the desired dbection.

E. Linear and dynamlce programming are computational t&ahniques
for optimizing a multistage process or for maximizing or
minimizing some characteristic of the oubtput of the final
sbhage., Highw~speed compubters make the maximum use of these
techniques,

¥, Decislon theory l& a meihod of choosing between alterpmatives
when an agceeptable prisk level has been established.

6. Level of system analysis
A. BSome models are suited to desgription of very campla$

systems, while &thers deal more specifically with smaller
systems or subsystems. Statis@ical models derived from
probability theory are more sppropriate to the deserpption
of large and complex systems capable of many states, while
determinate analytlcal methods are more sulted to smaller
systems,

g

Theories described offer gud@es for the deslgn of physical
components in a man-machine system, optimun solutions
according to formal theory.

A. Qannot be used to represent human reasctions since they
do not neces tly represent the way in which human
operators wiEdd intuliively saccomplish the same tasks,

B, Theories exist which attempt to describe the natural

performance of the human Qp@ratar. But they are only
reliable for the simplest "reflex” kinds af behavior,
and then only give average behavior to be expected,

8., Emplirdesl sids to theoretical solutions. Computer simulation

and gaming.

A. Computers

B. Under conditions notl so simple or repetitive, human Judgement
eBnnot be averaged reliably. The decislion-making funetion
of the humamg nust De part of the analysis. Ganing is
aceomplished by adding the human operator, War gaming
has been used since the Prussians evolved the technique
from military chess. Gaming c¢an uncover wezknesses and
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strengths of certain forces, It is most important in
analysis when the problem involves complies decisions
and humen judgement. As and analytical dbvice, gaming
iles between the uncontrollédd observations of actual
operations and & rigorous mathematical analysis,

FOUR  Experimental System Evaluation

A, After shop and field testing of components, the systen
must be evalualted againsl s criterion of operational
effectiveness derived from the original system requirements,
An attributeof the experimental method is that of
objectivity., The evaluation should be based on the systen's
demonstrated mepits, not solely on expert opinion.

B, F

redicting front-line performance

l. Should have operators who will be in the field,

2

. Candidates who do not qualify are engineers who designed
the system, '

S+ Mot usually possible to antieipate all situations, so

a representat§¥e sample aust he constructed for problem.

4. A statistical treatment must be made and data bolled

]

]

b

down to a few useful numbers expressed in terms of
the original performance criteria.

Leboratory systems Evaluation.

» Sometimes rellable evaluabtions are not easy to obtain
in the field. True particulerly for large defense systems,
Gost may be boo high, Pleasure graft in sub test area,
2. One answer Lo these practical difficulties is to
eonduct the evaluation in the laboratory, using
simulated inmputs, It is much easfier to exclude
sxtranecus faglors in the laboratery and to achieve
some sort of statistical reliabilityd
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