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Forcword

+ It has become ecvident to most managers that a capability in systems
analysis is a prerequisite of success. Not only is systems analysis
useful in decision making and problem solving, but it has become the
leading buzzword of the day. This can be scen by the fame or notoriety
of the DOD systems analysis group developed by Robert McNamara, the
fact that the management science groups of most universitics stress cystems
analysis in their brochures, and the salary wars being waged to hire
systenms analysts,

ey

This paper is designed to penretrate the mystique which surrounds
systems analysis., In addition to defining systems analysis, the
advantages and limitations of this technique are discussed, a general
purpose methodology is developed, and a description of one application of
the methodology is provided,

The opinions expressed in the paper are those of the author and not
those of AMC.
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) '?mnugcnonL and the Systcems Analysis hystiquc

LT Paul L. Peck, Jr.
Headquarters, Army Materiel Command

Introduction

To be successful, the modern wanager must be able te assimilate
large quantities of data. It has been said that our knowiedgce has
doubled in the past twenty yoeavs and it is estimated that it will double
again in the next ten years. Dot only does this affcct the scientiflic
comiauni Ly but it affects all of us, Fvexry day ncw'dgvclopmoan occur
vhich generate reams of data which arc later grouped, analyzed, and
published, As a result, the wmodern manager finds hinmself confronted

~with an ever increasing amount of useless data, Surrounded by data on

every conceivable faccet of hig operation, the manager diligently scarches
for a method of scparating inforwation from chaff. During this search,
the concept of systems analysis is first discoveraed, An aura of
contentrment now settles aboul ouxr execcutive as the mystique of systems
analysis exerts its influence. Unfortunately, the decision maker often -

_finds that systeis analysis has provided additional data, but no

additional infomnation., Since so much controversy surrounds this subject,
an intensive examination of the naturc, value, and limitations of systems
analysis is neceded,

‘Definition

Systems Analysis is defined as a systomatic appruach to problem
solving which utilizes quantitative managemcnt scicence tecimiques to sdevelop
and evaluate a spectrum of solutions to long range problems. Tho length
of the c?iort does nol determine if sonething is to be classified as a
systems analysis study.”" If all steps in the enclosed methodology have not
been properly considercd, this effort is werely an evaluation bascd on
expertise, Unfortunately, too mary incowplete efforts, which can lead to
poor decislons, have been termed "systems analysis studies." To arrive at
an optimum solution, either the cffectiveness of tho system should bo
maximized or the costs minimized, Sistems analysis can be applied to
materiel cffec;xvcwcss, organxzutional structure, and product mix problems.
During the conduct of a systems analysis study, alternatives are developed
to meet specific requirements for a variety of environments; then tho
altarnative {s sclected wh:cL best satisfics thoese regulrements,

System & SubrwnL0unRo]ﬁL\0nrhiQ

Systems analysls is applicable to any type of problem {f the technique
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{s adapted to take into account the individual aspects of each problem,

If the systems analysis cffort is to be productive, it is vital that the
systom under consideration be carcfully defined, A system is composed of
men, waterial, and machines; and the limits, relaticnships, and effecls

of cach part of tho syslom wust be explicitly separated from the
cnvironment, wvhieh is defined as everything outside the systoem. Furthermore,
cach subsystem must be clearly defined and its rcelation Lo other subsystems
and the system established, In practice, defining the subsystem boundaries
and determining the intcrface coafficients is extromely difficult, After
developing the subsystem relationships, the value of cach parvamcter must

be related to overall cifcctivencss. If a systewms analysis cffort is to he
successful, a clear distinction must be made betweern cach subsystem, the
systeom and the environnent,

A final source of difficulty arises if past studies have been conducted
to optimize certain technical characteristics of (he system and an atleapt
is nade to sum the resulls ol these technical subsystem studies into a systen
study. The vesults of these subsystem effectivencss studies cannot simply

“be sumncd to give totul effectivencss hecausce the objectives of the system
study are not necessarily the same as the objectives of the past subsystcin
studies. Furthermore, the system operates under different constraints
‘than the subsystems, Realizing that a systems analyesis study is composed
of a number of subsystem studiecs, both common constraints and a method of
assigning relative weights to the results of cach subsystem study must bo
developed, If the above factors are not considered, a less-than-optimal
solution will be obtained, ' .

Time Frame

One of the more important points illustrated by the definition of
systems analysis is that long range pretlems are specified, Does this
mecan that short range problems wust be solved using cther techniques? A
review of current operatiors rescarch publications indicates that short
range problems are handled by resource analysis tochalgques, however, resource
analysis ls cssentially the same as systems anaiysis. The only difference
between these analytical approaclies is that cost ls usually not the most
§mportant factor in the short run, For example, it might be demonstrated
that a particular alternative is much cheaper than other alternatives, but
persoancl or special material requiremenis of this alternative might nogate
its use in the short run,
Contjnuine Process !

i : :

It has been asserted thal systems analysis Is used for both long and
1 . -
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shor{ range problems, Systems analysis is a continuing effort flom the
concepl formulation stage, through feasibility testing, throuzh all
developient stages, "into production and throughout tie life of the product
or the idea, At ecach stage, information which is both moxe pertincint and
more xeliable becomes available te the analyst. Since the analyst is
continually acquiring inforwation, the decision maker or a member of his
stafi must waintain close contact with the study to verify that the current
facts and assumptions are valid, By monitoring each nhase of the study,

time and moncy can be saved because the manager will be able to make good
timely decisions and eliminate alternatives which could never be implemented,

Sinco systcis analysis is a continuing process and since the manager
is continuously involved, it becomes evideat that present decisions may
be cxaclly opposite to decisions wade in the past., This is natural because
as time passes the goals, alternatives, criteria, and eaviromment change;
necessitating a complete re-evalnation ?f the entire project.
" The Computer

Much has been written about Robert MeNamara, systems analysis, and
computers, Since these subjects are often discussed in the same article,
the readexr often associates systems analysis with computors, This
association is not justified, Systems analysis is a technique wbile
the computer is a tool utilized by systeoms analysts, In fact, a compuler
is not necessary for systems analysis; it mercly speeds calculativas which
the systems analyst has determined are necessary to soive tuc probleii,
Oace the analyst has detemiined what must be calculated it is relatively
casy to program this so it can be run on a computer, '

Value and Use of Svstems Analysis

Systems analysis is a tool of the manage~ which enables him to avoid
broad gencralizations. This tool is used by the manager to allocate
resources, Lo optimize under a particular set of circumstances, to . :
couparc alternatives aud to establish requirements. In compasing '
alternatives, in order to make a deciaion, the manager is interested in
differcnces, not similarities, among alternatives.. The recal vaiue of
systems analysis Jics in the fact that it is a systematic approach which
forces a manager to structure his thinking to the problei at hand., Dy
forcing ¢iffer cntia!lou of qualitative and quantitative variables and
by l.sLing the assumptions, tachniques, and limitations of the study; tho '
.problem aseas are hlbhlmgntcd In other words, at this point tho manager
finally knowr what must be docided, ' 5




This author believes that the present day manager, who most
theorists assunie is interested in making an oplimum docision, is actually
interested in eliminating the alternatives which could prove disastrous, -
Since only the vesults of the one alternative sclected by tho decision
maker can be obscrved, the decision wmaker is sitting protty i he can
avold obviously poor decisions. The reason for this is that once a

declsion has been inade, even if the best alternative has not been selected,
the manager can make tnls soiution work,

Another advantage of systems analysis is that it may deionstrate to
the manager that a dJecision may de postponed. The point will not be
belabored thal choosing to do nothing is a decision, I1f a decision can
be postpoued, the study can be revised to taxe advantage of more accurate
and timely information, which increascs the usefulness of the study. In
addition, since cvery manager operates in a dynamic eavironmeant, this
means that the competition has less time to react to the decision. This

‘holds truc when possible strategics of the United States are being

considered, when a manufacturer is engaged in negotiating a union contract
or when developing optimum organization techniques. The importance of
delaying a decision untiil it 1s neceded is evident when past plObHOS»iCuCKOFS
of the future arc evaluated against reality.

Cost-cffectiveness studies are also a good source of documentation.
_The subjects which should be discusscd in the swwrary of the cost-
effectiveness study {FIGURE 1) enable tho manager and future users to
analyze the value of the cffort. In addition, the progress of a study can
be ascertained by determining whether or not the stcps in the genoral
methodology (FIGURE 2) are being followe

‘Limitations of Systems Analysis

Like evecything else, systems analysis has its limitations, In
systers analysls, the real world is represented by a model. Since a model
is one level removed from reality, an optimum solution to the problem, as
defined in the model, may not work in the real world. Furtherwore, a good
systeois analysis study requires a great deal of cffort which means that
botli competent people and the mecessary time must be available. If either
of these factors is missing, the resultant effort will be cither poor or
incomplete, II an incomplete effort is submitted as a "systems analysis
study"™, an uncarned air of respectability accompanies tho submission. The
false confidence Inspired by this incompleto effort may lead to poor
decisions In the future, )
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A sccond pzoo‘om arises wihen data is noelt available or only low

confidence values can be placed on this data, The value of good relevant

data cannot be O\O"f:atLo. The last factor to be considered is the
effoct of a good decision based on a successiul study, As was discussed,
a decision is valuable Tor a certein tiwe frame, After this time period,
the environwent changes of its owil accord or the compciition moves to
change the ecaviromment so that anoth~+ rystems analysis (22,00 must be
prepaved for the new problem. :

“or systems analysts, no cut and dried method of
Wics exists. Each problem is differeat, each

sseat and the techniques of systcins analysis are
. The probiem teils.the system analyst the direction
to follow., Foxr these reasons it is casy to sce Cthat the systewss analyst
nust be both ingenjous wnd flexible, but it also scems reasonable that
somc way should be ceveloped to take advantaze of any similarities. For .
this reason, a gencral methodology (FIGURE 2) has been developed., Each
: of the steps in the methodology will now be discussed.

i cav;ro“m,.h i
constantly changis
+

e Dofining thoe Problen

As has coften been sazd defining the problenm is the most important
part of any study effer If the problem is not clcarly defined and the
scope of the effort “pellod out, interrface problems and suboptimization
may result.

_ Problem definition, which should therefere be the first part of any

: study, begins with come statement of geueral objectives, such as, "this

‘ Arimy will have the bast possible commnunications"” or '"this company will

operate so that each person :cce1ves quality merchandise and good scrvice

for a reasonable awount of money', These abstract goals must now be turned
into specific realistic requirements which is extremely difficult in practice.
The first question encruntered deals with the scope of the problem, Do

we mean that we will provide communications under all possible conditions?
How is communications delined? What do we mean by the "best possible
comaunications? In considering tihe business conceirn, how do we define
quality and good service, what is a rcasonadble amount . of money, and are we
talking about all procducts we¢ scil or only those which we produce and scll?

During this translation of the abslract to the realizadble goal; the .




decicion naker must participate bocause all alteraatives will be evaluated
against this requireseat, This aspect of the niethodology assumes greater
importance when it is romembered that certain aspects of systeows operation
can be improved without iuwproving the overall ciliciency of the systei,
Fuirthermore, if the requirements are sel too high, the system may be
evivdesigned.  Even though overdesign increascs the cost and effoxrt involved
in product developmont, the initial phase of prodvlem delfinition is often
summarily coacluded, To avoid this problem, both minimur and maxiinuu
reguirenents should be set, Specific requircments are often edpressed in
terms of quantitative standards, bub qualitative requircments are oftcea
forgotten, Represeatative qualitative requiromonts niust be developed and
should be listed scparately from the quantitative requircments. For example,
requixenents for personnel with certain skills and special tiae constraints
-must be spelled out, ) )
Sinca these requircments are to be used for cvaluation, it is
fmpoirtant that no alternatives are precluded by tiwe definition of the
problein, The differeat levels of prodblem definition must be considered,
For example, if one radio is simply to be conpared against another radio
for comnunication oveir a ceirtain distance, it is relatively ¢asy to dcvelop
a requirciient for this, Note how problem delinition becomes sore difficult
as the radio is compared with another umecans of communication such as cabdble
to determine which provides the best communication., Now expard the problem
S0 that you compare this radio versus an improved weapon to determing waen
overall combat efiecctivencss has improved. In order to take into account
all state-of-the-art advances, and to guard against overdesign, a significant
amount of time should be spent defining Lhe problem.

Defining the Environment and the Mission Mix
e, the proper rarxet for this product
must be determined, Simiia a weapon system is to be eifective, it
must be abdle to meet a certain threat. However, the extent of the value of
this weapon sysiem also depends on how often the threat materializes.
For these reasons, it is evident that systems analysis cannot be perforiaced
in a vacuus, The conditions under whieh the systenm will operate and the
number of times this system is necded must be defined, '

For a product to be pro

If the objectives are to be realized, a clearly defined mission mix must
pvo provided. The typo of mission and the frequeacy of occurrence of cach

]
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mjssion must be determined., Although Chis appears obvious, a review of
many systenls analysis studies shows that it may not be so obvious.
cxample, real time computer
manager. With such a

could receil

Hoveves,

For
capability is extremcly advantageous to a
systenw, a managesr could develop a program so that he

vo an inmediave printout on the background cif each cmployec,

how oliten does the manager need this information imnediately? Vhat'
perceatage of the personnel decisions whilch a manager makes reguizre imncaiate
information? Granted the wanageyr has regeived inforuction faster, but

has he increasced the eifectiveness of the personacl system? Another
exanple of tiis concept is the dovelopment of a systai

two ox more functions, To develop the best systom the relat

mich is to perfoxa
! ative need for
cach function nust be &nown.

If the environment is to be realistic, close attention must be given
to the tiwe factor, If a product is nceded iix four ycars bul development
of the itom requires cight years, it would bt a waste of tiine to develop
the original item. The operational situation must be tiwely. It must
reflect the conditions under which the product will he utilized., Furthermore,
if the product is to operate over a certain peiiod of time, provision fox
change must be built into the cnvironmental scction of the study. If a
product has a life cycle of ten years and regquires eight years to develop,
-the scenario, which provides background informuation, should reflect tha
conditions eight years from now to cightcen years in the future. Stice-
of-the-art advances must te considercd,

Suppose all the above factors have been considerced, one factor still

romains, How are these missions to be weighted relative to ciue another?
“One thing is certain, all missi

MR

ons will not have the same amount of jmportance;
therefore, if an optimum product is to be developed, weights must be '
- assigned to cach mission. VWho assigns these weights? One of the better
methods of assigning relative values is to bring together a number of experts
with different backgrounds. These experts, without benefir ol discussion, are.
then asked to rark the missions in order of importance. After listing
these missions 'in order of inmportance, the five or six most .important
missions are considercd by the group. Since these {ive or six missions
will probably cover 90% of all missions, the experts thon assign percentage
values to each of these missions, After normalizing these figures, a
relative mission misx will have been developed, This mix provides a
beginning. In the analytical soction of the methodology, it will be
demonstrated how this relative mission mix can be casily modificd or :
other missions added to determino the effcct on tho outcome of tho study,
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Developing the Criteyia i

The ertteria is an approximation of the objective, It serves
us the standard against which the alternatives
there are many types of objeetives, there will be many types of critoria.
For example, a go/no go criterion is valid for some types of studics while
degrees of success must be considered in other studies., The problem ‘ ’
indicates to tihe study group what type of criteria to develop,

are cowpared, Since

In many cases, subjective conslderations hecoine the critical factors

in the selection process. For exanple, how will morale or coordination
be affected by cach alternative? Since 1t 45 obvinus that cach person

will welght these factors differeatly, they should be listed as factors
affecting the decision, (Note how thesc factors differ from the
qualitative requisaients discussed prcviuus]y.) One other way of handling
“these qualitative factors might be considercd. A group could be st up

to apply quantitative values to cach qualitative factor. Tno rajor short-
coming cf this approach is that these quantitative cntlmaces of qualitative
factors must now be comvined with pure quantitative factors,

The eriterion is usually enpressod in the following manncess  provide

Cthe saine level of effectivencass for all alternatives: then sclect the one
with the least cost or vice versa, As can be dwagined, this compavison
cun b perforied oy many dificrent cost or effcctivencss levels and .
different results will probably be obtained at cach level, Since this )
docesn't help the decision malier, maxiiun and mintwun standards for cost and
el{cetiveness should be developed to veduce the scope of the problenm and
fnaremental analysis techniques shotld be used to show when the cost of
add tional effcetiveness decoaes propibitive. After utilizing these alds
3 developling quantitative measures of eflectivencss, the Gqualitative
factors or subjective consideravions olten become the declding factor,

N

- " Having consldercd beth cost and cficc iveacss (the derfvation of the

' name coat-cffectivencss study), it would appear loglcel to develop a
costecifectivencss ratio, However, such a ratio is mislceading for the
following reasons! (1) the cest of an ftem depends on the quantity produced;
therefore, the C/E€ ratio will vary depending on the awounc, (2) tho ratio
is affected LY changes in clther the nuncrator or the denosinator, (3) tho
level of cifectivenons may not reach the minfmum level, yet a goos ratio
could exlst, The firot two problems car be climinated if cither cost or
effoctivencss Is held constant ard the developnent of a minlnum gtandaird,
will eliminate the thivd problen, Therefore, a C/E ratlo con be usoful §f
the criteria standards discugssed abovo axo amplemented,

|
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To conclude this scction, importance factors will be discussed:
The ‘fmportance {a

e}

stor is the value of one syote paraicier relative Lo

" This concept is casily understood L It is recalled

that effcctiveacss depends on a nvber of things., For exasple, the
elffceetiveness of a plane is dependent upon speed, range, maacuverability,
availavility and many other facturs. Bul how arc thesce factors related to
overall c¢ffectiveness? Docs speed contribuvte 307% to Lotal oifcevivencss?
Is speed twice as juportant as range? This weighting probic: vas discussed
carlicer in the paper and the use of a group of experts to develop thesc
importance factors still appears to be the most promising sclution. Alter
the study has been completed, & senciitisity aralysis can be run on cach
factor to deteonmine hov it affects the results ol the study.

otlivr parawclers,

Determining the Aivernatives

Having defined the o “lan and developed the sclection cvitoria, all
alternatives which may sat,siy the requircents should be listed, The
problei must be stated in general teras 50 that ne altornatives arc
precluded,  Ingenjous people with bread backprounds must determalne those
altermatives, for waly then can the decision maker be certain that all
altermatives bave been considered,

In addition, the internal and external tradeol s {or cach alternative
must be consldered, For cxample, §f the objective {6 to destroy an

encky position, ecoibat troops may be alcced by cither tactical afe support,
ground fire support, or a coabination ol the tvo,

Bul many typos of
alr and ground {ire support cxist,

For fnstance, tanlhs, artillevy,

mortars and vehicular mounted veapons provide ground {ire support and
cach of theso categoricen can be further ¢ivided. Artiliciy could be
divided

Jato 105 guns, 150 guns, and 175n guns, Oace a wiapons

vysten has been selectel, $ts effcstivencss can ba changed by varylng its
perfomnance or its avallability charvacteristics, Avallability 1o detorulnd
by {atrinsic avallabllity and epevational availablility, and intrinsic
avalflability s dependent upon roliability and waintalnabdbllity,

As {1lustrated above, diflcrences §n degree and in kind exist at
each lovel of the systeon,

1
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Deterining the Relevart Vardsbles, Assuantfeons and Facts
Duo to cultural and educational dillercncos, tho cario word can havo
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nany different mcanings, Not only will people Jdisagree on the definition

of a wvord but they will disagiee on the jamoriance ol the conceyt vliich
the vord represeats,  Since theso concepts have not beon universally derined,
It becoines oven wore diifficult to mcasure

and charvacteristic nust be cxplicitly def
is to be meauningiul,

thew,  Therefore, cach concept
ined if a cost-cficctivencss study

Since a study §s conducted to detemiine solutions to an existing
probloia, a clear differentiation must be made between assuniptions and
facts and cach assunption and fact must be listed Lo the decision wakew,

&
In addition, the source of cach faet and the reason for cach assunption should
3 &
be noted., Oaly in this way can the decision maker check the reasonahlencss
of the study and ascertain i{ the real probicem is being atiacked,

The factors which will make up the eifcetivencss value are then
sclected by a group of experts. ” To do this all factors which arc thought
to affect the cffcctiveness value are determined, After structuring
these variables according o importance, the six most pertinent arc
solected, The reason for scleeting six variables is that the author
believes that 907%4 of total cffcctavencss is determined by these variables,
I this surmice is wrong, mo damage has been done because the effcct of
other variables may be vested by sensitivity analysis, After sclecting
these varlables, the group of exporis assigns veipghus Co these factors,
These variables must be chosen so that any significant change to tho
system will Lo fscdiatoly cvident dn tho model results,

Cencrating the Data

At thic stage of the study plan, the problews, criteria, ard alteraatives
will have been defined and the problem will Indicate to the study group
what data is nceded. Data is nceded on both the cost and effectivencss
aspeets of tho study, bub the necessary data dn tho proper form js dil{icult
to obtain, -Even though the time, c¢ffort and cost invoelved in gathering data is
high, confidence in tho valldity of the data s often low, There is no

simple solution to this probleis, and a number of articles have been

written on data collection, but it should agaln be stressed thac a study will
not be succossful unless a sufficicut amount of moncy and talent aro

comaitted to this step, '

Devaloping the Model - ' ?

It bacomos obvious In this geetion that model devolopment and data




goenceration should cake place concurrently because a continuous feedback
loop exists beotween these 2 phnsces,  Gene A, Markel definces a wodel as
follows, "A wodel is a representation of a thing; the more imporiant parts
of the real thing ave iucouporated into the wodel, and approsriate analogs
are used Lo replicate cssential structursl and f{unciional characteristics,"
The wodel abotracts only those pavis which arc important to the problea.
This mcans that 1o wodel is completely realistic, because many intangibles
and concepts wajch are ¢ifficult to deline arc neglected, However, tho

on its ability to indicate the wmerit of various

—

valuc ef a modo} G
altematives, not on how accurately tha model is a reproduction ¢f the

real world.!

Any wodel chiosen wmust illustrate the Lradeofis between effectiveness

gained and resources utilized, Tor this reason, elrcctiveness and cost
subnode) s ave developed,  The cffcctivencns submodcl is divided inte

Perioraaace and availability submodols, aud the cost nodel is broken into
rescaren ana aevelopnent, initial investwent, and operating and maintenance
subiodel s (FIGURES 3, 4 & 5),  Each of these submodels is further divided
into its elaents as illustrated in the arce comuunications cxample,

Whet this neans is that just as a systom s a hicrarchy of subsyslems, so a
wodel 1 a hicrarehy of subnodels vhere cach subivGel is <o ¢ of a nuaber
of alporithus. just as subsystoens nust be integrated iato

the systam so st subiiodels be inlegrated into the medel., This is
diftficult tastt Jor c¢he model builder who must develop and intexlace cach
level of the nodel, .

<l

'

Modular design is the tool which cnables the designer to build a multi-
level mocel., Ina mthlnr madel, the failure ol an clement on a certailn
level does not affect oither CICMLAKS on the sane lc“" This concept
chatrles the system designer to locallee cousce and ¢f ch reiationships, -
As utopian as thiis Idca gounds, §t doco nol Wold completely true in the,
¢esipn ol & wedel veucause uUudObUlﬁ arc not fncependent of cach other,
Therefore, the vedotionship of each elament to other eleuents and to .ho
next higher level mast be clearly defined. This is extromcly difficult.
The anount of detail in cach subnodel and the degree ol detall to which the
interfaces ave stated {5 dependent upon the time, noney and experilse
availablo. Expertise is the greatest liMiLJnL factor, :

Iy i§ casy to sce that continual feedback dc neccssary jn model

! i

4

¥

1. o . ’
G. A Marke), "A Concept for Modeling and Evaluating Information- .

Froducing Sysiciis,™ DDC publicavion AD 626495 (January 1966), p. &,
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;} : development, Each subumodel is relaved to the wodel and other submodels

B and a convinuous coxchange of ideas is necessary so that a complete

[ desceription of all iunterface algorithias is d‘"ClOpbu. In addition, the

s . decision maker niust bo continually bricefed

bocause he will be callaed upon
to provide further guidance for suuimodel developzrs and to insure that the
correct problem is still being attacked by the medel builder,
Effectivencss Model

Having introduced the concept of modulay design of
effectivencss and cost models will now be discussed, An
models is shown in figure 2, Many different group

of estimating cffcetivaencss,

subiocdels, tho
overview of thesc

s have developed wethods
The Weapons Systen ITnousiry Advisory Comaitlec
(WSIAC) appears to have been the first group to estadlish a method of
cstablighing ceiicctivencss,

To deveriminie systona
used

sYs cffccuiveness, this group
1 represeats cifcctivencss in terms of capablility,
availadility, and dependability of the ecguipwment, It appears th

simpler method of detemaining cffcctiveness exists, Total cffcetivencss

is deternined by manipulation of the perforaance and availability submodels.

a malrix concept whicl

tiat a

Performance Modeld

There are no geacral elements which 1 can group under th
because cach problen has different meagures of periovaance.
speed and mancuveia

Py

; heading

for example,
bility are extramely impovriant when considering the
measurce of perforimance of an intcraeptor airplanc they are of no
- concern when considering the smeasures of perfdraance of a wanpack radio,
. The problem indicates the dmportant paramcters -¢d an exawple of this is
provided in the area communications example. (Appendix 1)

[T Wi

hovever,

Avallability Model

}
It is much casice to develop a general model of availability. As
: be scen from figure 4, availability s dependent upon two prinary factoers,
= ) ’ intrinric'availability and operational availability, Availability ' is the
probability that the system is able to function gatisfactorily at any point
in timc waen escd under stated conditions; vhere the total time considerad
includes operating time and repair tine,
into active repair time,

ey

can

(*Lpalr time is further dividced
adiminisvral

vrative tinc and logistics tine,)
availability is a function of reliability

- . can be imagined,

Intrinsic
and maintainadility only, As
the best way to improve the availability of ;quApman is5 to

fncreaso intrinsic availability. This can be achicved only If o major
' reliability and maintainability effort is begun carly in tihe design stago

et et
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v . E
¢ other wajer Lfactor influcncing availability is owncrational
Thﬂ otihier majer £ or inilucncing availabilit s opcrationa)l
ity. Yroa {figuve 4, it can be scen that two primary factors
gebevinine operational availability. These two factors ave attrition rota

and repair tiwe,  Repair time is deterained by serviceability, logistic
time, adninisirative tiwe, and faillure rate, . .

Undoubiedly, the readess is happy to kaow the factors which determine , ]
availabilicy, bui he would probobly be happler i the ntercclationships

. . LaaRY - r~ 1, .. . = . . . .., = - : . -
vere showa,  ihree levels of detail are shown in the availability model,
Algositivis must be developed wihiceh show how cloments are canbined Lo
Lorm subwodels and how subaodels arve combined in the wodel, Tosr example,
destgn reliability and design maintainadbilicy ave combinced to give the valuo

. 1

of intrinsic availabilitvy. Intrinsic availability and opcrational

o

availabilily arce nov coibined Lo give a weasure of availability.

, additional
5. Yor ecxample,
lity, but it } :

Since subwmodels are not indepondent of oiher suliodels
algorithics 1ust be gencrated wiich show these relatiouship
livy is a deteraining factoxr of availabi

v
also affcets Tepa

The 1ife cycle cosling con ers R8I, initial iavestmeant,
and operating and maintenance ¢o he total usclul life of the

system,  In the & cavegory, a £ developuent should be considered,
Figure 5 illusirates the basic Jevelopment in the R&D cycle.
The RED eycle beging with the \leoration developiont stage in whiich the

i
feasibility of a productl is tested, and ends with operational systenms :
H
development, During the developuent pnnk;s, various systems development ‘
approaches are evalusted and the best approuch gclocbco and implemented. : 3
The costs which are found in cach of Chcsc stares Lave boen cxamined in ’ 1

detail and many check licts have boon developed,

The investwment costs invoive all costs expended Lo manufacture a
product, A summary of the major clements is given in Figure 5, In
this phas¢, the costs of production facilities, labor, and miteriel are
considered, Yroduction testing and qualily ascsurance cosls are also
consicered here, Two other high cost factors are the cost of the initial f
supply ol repaix parts and tho cost of govermaent furaished cquipment,

) , .
Tho last cost category is opcfating and maintenance costs, Operating

Iy
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costs and mainteaance costs provicde the bulk of these costs., The other
major factors arc persomnel and training costs, and susnly operations
costs. An example of the cost ol supply opcrations is the cost associated
with running a depot or maintaining a headquarters,

Each of these suluodels hes been extensively described, Militarm
Standard 881, which has wot beon nv;roved, pirovides the standara LG
worlk breakdown structurcs for eight types of havdwarce systens and deliines

which costs £it into cach category. In addition, completed cost-cilcctivoness

studies provide further documontation,

Having determined the cost categovies to be used, the vewaining
problam is to gather the costs., Since most studics ave'perioracd on
systcms in the expevimental stage, it is soon discovercd thvt no cost
inforimatior is available. This means that a rélationship betsnen the
desired cost and soiw2 knowrn physical or periormance chavaclteristic ol the
system must be fouad, Thoen an algorithia is developed which relates cost to
the value of this characteristic., For example, the Air Force has effcccively
used alrcrait weight to p..uxcL airizome cost and recontly a relationship
has been found between truck weight and fucl consumption., Ia these caces,
segression analyses were perforined on historical data fram existiag similar
systaoins. Regression analysis is a statistical tcchniquc wiaich illustrates
mathernatiically the relations™ip between two or wmore variatler and assigas
confidence levels to those r'la ionships, Aftcr production costis arc
estimated, learning cuive thoory shouvs how these production costs docrease
as o¥porience is gained,

- There are othcr factors to be considercd while gathering costs,
basically, the costs which arc the samc for all alternatives (fixcd costs)
are only valuable Yor dctermining whethor the cost ceilinzs have been
plerced, In addition, all money that has becen obligatcd or speal is
a sunk cost and should not be consivered beeause systans anaiysis can
demonstrate wihen past decisions should be changed, but it cannot bring this

money back, Since the objective of tho study is to sclect the bost alternative

only costs vhich are different for cach alternative should be consldere
This is dificrential cost theory.

There arc cc1Luxn n;libacy polxc.cu such as procurdienbt and
everhaul policies which nust be considoered when designing the overall

14
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e tells the analyst how to ceabine all relevant
inle, a geaewral unit life eycle cost fer a systow would

UNIT €OST « R&D costs

cvele oneretid

investnont + life ) . -
N “(uhere N is the)

(nuaber of units)

t Crnnen_conks

Algoritlags st be develepod ¢a rélate all eleaicints in cach category.
As ceen in Figure 5, Che toral &) coct is fouid by adding exploratorn
development, advanced developnont, cagincesing development and operational
systais development costs,

to hat the value of $oncy changes

vith tine, This can be scen by cheching:the interost you have received
in the past year. Since the nomeal 1i5c ocyele ol a systaw is approximately
ten years, different amounts of mency will be gpone during cachi year of the
lire eycle., If two altoraatives have the same ¢fyectivencas, but ono

Ancther oleniont e consiacred i

-

reguires a lavge indvial junvesument while the cost o thie other is sprcad‘
cqually over & nuaber of years, Lhe sceond alternative §s cheaper.  lHow
much ¢hcaper dopends on the discouat rate assigasd for the study. This
issuc has generatod a lob of coulyoversy bacauss no Lwo poeople agree on
the discount rate to be utilized or ¢n the estinatooe uselul 1lifce of the
product, To solve this probloun a number ol discount rates should be uscd
and the cffect on tolal cost evaluated.

i

Exereising the Hogel

After the model has been developed, it must bo manipulated to provide

inTomnation on cach alteraative, I the problen is simple the manipulation
can be done by hand, othorvise a cowputer is utilived, Siwulation is often
utilized i systoms analysis beeaunc 1t provides quantitative answers to
specific queations wiieh do nob roguire Lhe pariicipation ol o decision maker,
The great time campressions and coentrol conditvions oblainable with ccouputer
simulation providae data which is uUscelul for nore quantitative and rigorous
analveis, This tiwc coipression is due to the fact that cither probabilistic
or detvemalnistic declsion rules are writien dinto the simulation. The

probleay that are bost studicd by comsuter sinulition are those which

roquire large sanplo sizes in owder to poervior.a adequate statistical tests,

To gain tho moust fron Lhe use of sinulation, the progruin must be

’
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written so that the variation of the eritical paramcteors can be casily
detectod,  If parameters become loss inportant, they ave swodelled as
onvironm conagitions., llowever, as a variable becomes
factor in the yesults, it is modeiled in more dotail.?
cointinually being modificd beecause ¢

Gava i

a limiting

m R

Lhe model is

oy wol Le availavle, because
additional knowledge indicates that sone data wmay nol be welevant, or
bocause some paramcters bocome less eritical to the analysis.

As with other computor programs, ting cost of designin
the simulation is pioportional to the lengih of Lhe program and the
complexity involved,

Analytica) Fffory

D

In this stage, all alternatives arce:cauparecd against the standaxd and
against ecach other., Thice levels of an:lys’s should be periormacd in any
cost-effectivenoss study. The initial analysis should bo general in nature
and is designed to eliminate &1i altcrnatives vhicii canneot meet the indinun

roquirenients oxr the cost ceilings

53,
in wvhich detailed cost and eficctid
alternative ave developed. At thi
will probably be clxnlnn»bu. A dnercnental annlys;s Goargivnal analysis)
is then periormced on the romaining aicel il W
any break-points which may exist., Since the

a fixed amount of investment will masiicdly cdeereas
test provices another indicavion as Lo which alt
The results and confidence coefficients for the de
incremental analysis, along with subjective considexy
presented to the cdecision maker.

Next, an intensive analysis is perlormed
veness esvimaies for cazh romaining
s point, some additional alternatives

Sacive

J
ive should be sclectea
led analysis and the
tions should now te

Sensitivity Analysis : ’

Lven though he has continuaily pnrt1c1)uugo 1n the conduct of the study,

the decision maler muy bo plagucd by o serics of "want 1f" questions.
Since data is geonerated with different 1evels of confidence and since the
use of expert judgient was utilized extensively in this methodoleogy the

manager Liust be provided with scome type of validity clieck., A seasitivity
analysis provides this ¢heck and helps to climinate some uicertainty. Ia
sensitivity analysis, certain variables or ChVJIO@nLﬂtal factors ar
changed so Lhat the offcct on the results may be deten
type of analysis, the contribution of cach thxubAb vo
can be determained, The importance of

ned, Using this
otal cficctiveness

A seasivivity analysis in tre

systems analysis clforl caniiol ba oversivissed, This techuigue provides the

2, , . .
o £ho Geister, 'TQAwﬁnchinc Simulation Experience,"

and publication
“P3214 (August 1965)

Pe e
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moans of changing assunntions, varying decision rules, nodifying
cavivonmenial conditvions and considoring tha weaction of tnc compotition,
I the study wese nol structurcd so that sonsi»1V1l' analyscs could be

the study would be uscful for only one sct of aosumptions and.
envivaweental conditionsg, Since the world is changing rapidly, the

resultis of the analysis would bhe outdated by the L1m~ the study was compleved,

del snould be doveloped so thoat mavho

socan e utitized. To uwe wathciatical prograuiing an objective

functiien, mathowatical function, and the constraints and restitictions
oh variablos pwst be defined.  Mathewatical pregran taochiiiques cnable
the analyst Lo optimine undeyr cortain resivictions which is cxactly what

ve are Utyying to accomnlish with a systens analysis study. Mathcimatical
progranming techniques make iv ecasicr torperform sensitivity analyscs,

ihe concopt of scasic Cy analysis becomes coven more valuable when it
is recallied that the specific weguiriments waien we have satisiied arve
only an approximation of the objicctive, Thug, sensitivity analysis caables
Ls to cetemaine if the propor problo was soived, Scns*tivity analysis
&lso cnables us to doteraine maiismu Cﬂpd011lblc( under fixed conditions.
ihis 1s snup}y a mooif.c;tion 05 the bagic tec in walch tiiie,
natericl or pe i as & ;1m;tin" facter in the short
run. In all cascs, ins hould be concucted fox both
the most imporcant and thc 1Most prc:alcnt cenditionssy %he question of what
to vory and how much to vary aust Lo considered because of the cost of
the additional runs required for scasitivity analysis, Since the cost
arices with the nuasber of variations run, an expericnced analyst must
decide which parameters are to be varicd and vhat degree of varjation is

nceded.

Presenting the Results

cricetly clear and unde
because only this finished product is transmittcd throu <
levels ¢f management, The clements which should be contained i
final report ave shown in figure 1. In order to wake certain that t

*s arc clearly discussed, the final report shiould contain a short
which considers cach of thest clauents, inc ¢ repoit contains twWo

of ¢etail, the reader can Zirst read the summary; thea turn to the
¢iscuss 1cn of tho parts that intercst him,

-
hat')

The results of the study must be p
\ is o .
5

factor

Two points gshould now be made, In the section in which the results
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the bLenefits of the sclected alternative

ian arcas highlizhted,  Since
otr not rOCOhm@HdatiOHS should be
[e )8

z of the, study efiforlt ase presonto
@ should be discussed and possible
soite contiroversy oxists aboul wiethe

, oy
) fneluded in the final repoye, 3t ig shown in the figure as an optional
: scclion., )

onclusions

—_— VAN D

In this paper, the nature, value, and limitations of systems
i analysis were discusscd, a gcnoral purpoce methiodology developed, and
" this rmethodology applicd to an area couanmunications problew, In addition,
~ the continuing navure ol systaus analysis and vhe reguivcwent for the close
: : participation of the decision waker has been siressod. Systens analysis
5 : provides answasts to two types of questions., In the first type, a ceriain
level of cifectiveaess ig requived and the alco*natlvc sclected is the one
. whiich costs least., Systcus analysis is also uscd to determine the worth
: : of additional capability.

th

[

o
>

Systeus analysis was ¢¢ ysteoiatic approach Lo problem
sulving which utilives quantitative wanagenent science techniques to devaelop
A

&nd evaluate a spoectrun of SOlH»iUhS to loug range problems, However, this

i
{
£

concept can be applied to short run problems if it is recalled that time or
P personnel considerationg may be move important than money in the short run,

Since & system is composed ol men, machincs, and materiel; a carclul
differentiation between the systen and the cavirciwment is necessary.

Systens analysis is valuable, not becausce it places quantitative
values oin variables, but because it forces the designer to organize his
thinking., If the proccdures and the results of this systoaatic approach
to problem solving are praesonted to the decision maker, the issucs can
be clarified; then, the manager will know what types oi dcci§ions musc be
rade, k

b




Genoral_Olicerive 4 ' ‘

the terin general objectives, . -
: 1
Snecific Requirewcnts

AACCNS High Capacity Subsystow Exanple

Tho propesed Ariy Arca Comnmunications High Capacity Subsystem is to
be an integrated system composed of nulti-chonnal ficld Ariy cowaunications
cquipient which will provide sccure high quality circuits capable of
telephone, teletype, facsimile and cata coummunication via radio and cabla.
This system is to provide line-of-sight communications “c other Army arca
signal conters (30 wile zidius), provide increascd channzl capacity and
provide dwproved reliability nhu mulntaxnabilitv

The technical control facility at the transmission ceater will have
the capadbility of pazching 600 chanucls, and the technical contyol facility
of the operations center will have the ca)ab111tj patehing 300 channels,
This systen should bc 100% mohile and shall boe available to meet taciical
ficld Army requirements in 1970,

C
of
L

To find additional general objectives, Army doctrine should be
reviewed, The above was written to provide an cxample of what is meant by

3 . In adgition,
cven though qualitative a;erici requirements (QMR's) cxist for individual
systenm compornents, no QuR hias been developed for the system. Thnerefore,

a @K nust be developed for the system; then speciflic requirenents dcvelopcd

frowm the general objectives.
. Ay

The charter authorizing the AACINS system is very vague

Representative requirements for the high capacity subsystem follow:

H
1. Capacity pex Army Arca Signal Center

Transmission « 600 channcls composed of cowbinations of 96
channel groups and 48 channel groups

Oparations = 300 channels composed of combinations of 06

'c”uwﬂcl groups and various swaller groups
resently under dispute)

19
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2. Sceurity, Dii reat levels of sccurity ave possible, Either ]
of thao following could be designatzd os 0 requircment,

-,
-

Sccure {rea operational center to operitional center.
b, Sccurce from traunsmission conter Lo iranswdnzion centew,

¢, Sccure from sudbserivber Lo suusceriber

Note that the first docision is whether or not there should be . %
sceurity. The sccond question is whcihey both tactical and adiinistyative ;
Lessages should bo scecuic, o

3, Range: 30 miles. (Aecording to p;c;c‘: Aviy doctrine, Aray :
aren comaunications centets widl be lecated 30 milce -art.) ‘

H
3
3

4, Availability. Theve shall be a 90% probability that the
cquipiacnt will be operational 604 of the tiwe.

5, Infovmation ratc: 19,2 or 38,4 K85, (A wultiple of 75 x 2" :
so thot this system will fnterlace with other cunmunications Lystemns,) %
6. Valicity of Inforuaticn, An acceplable error rate for diglta ?
comninlcations or o postoctection signal/noise ratie for analol cumsunications ;
must be specificd, o 7 ;
A representalive group of oxnerts wio are cognivant ol the oujectives ;
ane familiar vith the statcesol-the-art ol connunications wust be gathoene ;
together to develop the cxact rcqu&lCmcnts for the systei, i
. ' . !
Eoviren: Cand_ Misslon Mix . . !'
- 1 !
oo . 1
; 1 ;
1, Either a colocated operations and tranumission conter or . ' %
scparate operations and transinission centers zaiut be specdficd. ' ' {i ] '
2, Geographle and cliuntic conditioss, In vhat arcas of the
world will thig cqulpment be uncd?  Various arcnw wupl be choscn and .
probubilitics aszigned to cach crea, Only fi this way can oquipic e ' ’
doveloped te operate in o represcntative covizauaent,  For cxanpled  Southcast ] ;
Aslo 15 hot and humid whide Burepe io col€cr g not as huald,  Even though ' i
the sanc cireultry would be uned, tho cquipineint packago cepoiuds on tho : ' :
cnvironient, . v ' ) : ;
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] 3. A dist of gualitative factors which nay Influence the declsion
must be develop '

3

.
4 .

Y

In this szction, the methad of cvaluating the alternatives viich crccod
. ‘ the minjuun value should be dotewained, e.g, 1 the range requiscaceny o 30 niles,
how valuable s &40 miles of vange or 50 miles of range? : C

Again, a group of expurts should bo utiliecd,
Alteornatives
1. Tho exisuiag eyaton rhourd Lo used as a beachwar® alternative agalust

which the other alteroatives arce cupared, Thls conparlson s wndo in
additien to the cogpacisin agninst the criteria,

2, Privazry alternativess

v . - saq..., dauclo .
a Yethed of patcehidag ,
_ . * BOPIRERANG S udio/viden '

b, Channel grouplugs b
. or couibliaticonsg
& )
: 12
. ‘ N . _ 48

c¢. Various levels of sceurily
¢. Cable or ricle doun vhe hill : )
e. evels of syoicen contrel

; © The alternatives ave all cumbimatioss of A, B, ¢, D &L,
Rote che dnternal traccoffs of the above f{aclors, ¢.g. intrineic .
avaliablility depends upsn both reliability and sodntalnability. Yho external
craceol{s should fivet be consicered, After detevindulng the best solution,
then the dnternal considerations should be mptlilned,

a6 nned !:_

RELAIRE A S

CAanans
- eted

1. Yor &1 altoraatives wilel uwtilive audio-video patching, it o
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assuncd that thce hepnrimonr [o¥

e Ay will authorise procureiachal ol new
sccurity deviaos,

{
This assuistion 1o wade beeause the necded seourit
;J
devices do not presently ol

be fielded wusnt Lo cstlnated,

2. The year wien the cquipiaciit

3, Encay capability ond the state-ol-the-art of comatinlcaticons in
the pervdnent tine frase nusnt be estimatod,

4, The exntent of dnvelface roguived with ovhoer systems such as MALLAKD
and TACSATCUN oad othew subsoyutaiis such as the lov, meditm and troposcatier
J ? §
subsystcis miast be catinmated,

5. The nuwber of avea sigaal cenvers must be catimated,
6, All other data and model) aeoviplions nust alese be stated,

Facts, _.1_[:_1!__[)0(:\::."'nl‘.’; tion

,

1. The existing force ntvucivre an Celined by ChC vwill be In effcet in
tho proper e Irane, c.g. sognal centers will be located 30 miles apart
and 4 slgeal company will wan cach sigual center,

2. Puluce cede modulation will Lo uscd.

3, Any other teetnlceal and adidndstrative facts and the sourco of this
Inforiation nuse be atated,

Felovant Variables - <

Powam .
sl avrmalice e

A

a, Clinnel groupings
b, Sccurity

c.” Infornation ratu
( errov rate
d. Validity of daformation  ( patchiing

( multipiorory

( conplesity

Synlein conty
Or MSERC ? atrel ( personnol requiraaonts

N
W
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Availability:

( reliability

Intrinsic Availabilit .
. B ‘ J ( magncainability

: ; Operational Availabilivy
t : 1, Attrition rate
£, - "
. a failurce rate e sals
: ' ¢ ( all valnerabilities
: \ . . ( movility
b, Survivability Co ot
- ( silhouctie
] .. ) 2. Repaix tine
a. Failure rate
: b. Serviceablility
i
: c, Logistic time
: : ¢. Adiadajistrative time
: . i Tho systcowatic use of oxpert judsuacat is nocesoavy if variables which are
: : represcntative of the requivaaents are %o be chosen,
%
¢ . The last stagee of the study nrocess are covercd in the rethedolopy,
: I will conclude this example at this point by strcesing that the validity
M -
; . end Che source of the cata wust be stated and iU st be recognized that
: . rocel developinent and Jdata generation oficct each other, In the analytical
: . offort, the fmportance of sensitivity analvais chould agiin bo strewsed,
. 1ho provles will indicate which variables should be changed and by how much.
i o
i ;
‘ In conclusion, figures 3, &, 5 & 6 should again bo ravioewad,
] . . ’
i .
Il . ‘: ‘
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