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ABSTRACT 

I 

The predictioa of required manning in post year 2000 ships represents a 
complex topic which must consider technological advances,   automation trends,   and 
changes in the functions performed by system operators/maintainers.    In order to 
explore whether or not a computer simulation approach possesses potential for pro- 
viding manning estimates for post year 2000 ships,   some characterization of the 
ships of that era was believed required      To obtain this characterization relevant 
literature was reviewed and synthesized.    Additionally,   interview information was 
acquired from a number of scientists who deal with advanced technologies.    Then, 
four different computer simulation models,   which are held to possess potential for 
achieving the required post year 2000 manning predictions,   were outlined and de- 
scribed. 

While each of the developed models possesses some advantage,  a combination 
of two or more of the models would probably yield the most useful predictions. 
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I.   INTRODUCTION 

Bacon advised that "Truth emerges more easily from error than from con- 
fusion. "   George Romans described scientific progress and methods in rather di- 
rect terms: "Science progresses by some ol :ho damnedest methods. "  The present 
study reprosented an initial exploration of the feasibility of developing methods for 
reducing confusion relative to the estimation of manning requirements for post year 
2000 Navy ships.    Such ships will involve even more advanced technologies and auto- 
mation than we are witnessing today.    They will probably perform new functions and 
demand personnel qualifications and task performances which are vastly different 
from those which currently exist.    Unfortunately,  no specific method is available 
which allows the prediction of the manning requirements for such ships.    It is neces- 
sary to know,   early in the planning stages of such ships,  the answers to such ques- 
tions as; 

I 

I i 

C 

• How many men are required to man this ship? 

• How should the crew be organized and what is the re- 
quired skill,  training,  and cross training mix? 

• How many men should be assigned to each ship function? 

• What is the probable effect of various personnel oriented 
tradeoffs on system effectiveness? 

• How will various social,   psychological,  human perform- 
ance,   and man/machine interactive factors affect the 
crew's performance? 

• What overall maintenance and operational functions can 
the crew be expected to perform best? Worst? 

• Will the suggested manning meet the functional require- 
ments and,  if not,  where are changes needed? 

The method considered for providing answers to these and similar questions 
was computer simulation. Computer simulation is defined in various ways. Exam- 
ples of such definitions are: 

. , .a model or representation entirely realized through 
a mechanical system (Dutton & Starbuck,   1971). 

A logical-mathematical repreF. ntation of a concept,   sys- 
tem,  or operation programmed for solution on a high- 
speed computer (Martin,   1968). 

jj^^^^^^^,^ 



mil iii| .   .1  i i,, iiiiiiiiiiiiijpiiiiiiiiiiiijipiiiiiiiwjii im i i     i     ijiiiipiimwiiimi 

L 

... a numerical technique for conducting experiments 
with certain types of mathematical models which describe 
the behavior of a complex system on a digital computer 
over extended periods of time (Naylor,   1971). 

Within the computer simulation context,   answers were sought to two specific 
questions; 

• Is it reasonable to think that computer simulation meth- 
ods can provide answers in the areas of interest? 

• If yes,   how can such a simulation be approached? 

< 'ii r r <• n I    Slain s   o (   Cofflpu t e r   S i m u I u I I o n 

The current status of the stochastic computer simulation technology is such 
that this approach represents an accepted tool for system effectiveness prediction. 
This holds whether economic,   social,   man-machine,   or other systems are involved. 
Standard texts in industrial design (e. g. ,   Forrester) recommend the use of the tech- 
nique,   as do current texts in human factors engineering (e. g. ,   McCormick).    For hu- 
man involved systems,   various agencies have come to rely more and niore on the use 
of such models.    Examples of the use of prior models by the military include sonar 
system and aircraft design in the Navy,   advanced aircraft design in the Air Force, 
communications system investigation in the Army,  and fire control system design in 
the N'avy.    All of these applications include circumstances in which the use of other 
types of predictive methods are untenable,   uneconomical,   or impossible.     For exam- 
ple,   in a modificatior   of a human oriented digital simulation model developed for the 
Office of Naval Research,   the Air Force developed predictions of the effects of radia- 
tion on pilot effectiveness in achieving attack goals.   , 

Nelson,   Gay,   and Roll (1974) in £ program completed for the Defense Advanced 
[Research Projects Agency strongly supported the need for computer simulation mod- 
e's in manpower planning.    They stated: 

Whac   is   needed   is  a  model  or   set  of models   that  can  predict 
the  relationships  between different mixes  of  inputs  and  a 
(maintenance)   group's productivity.     Computer  simulation 
models of the    operations of a military unit are potentially 
valuable  in  this  regard,   (p.22)    (parentheses added) 

Research should be undertaken to develop models of military 
units (where appropriate), to validate the models and to ap- 
ply   them  to   the  evaluation  of manning   standards,    (p.23) 

O     ! It 
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("•urrenlly   Available   Simulation   Models 

In view of the recent history of the development and application of computer 
simulation models,   the question may be asked: "Why hasn't a model been already 
developed which will achieve the advanced technological objectives suggested here?" 
At least two possible answers may be given to this question.    One possible answer 
lies in a general reluctance,   in the past,  to forecast technological change and the im- 
pact of such change.    Ayres (1969) stated the situation as follows; 

As businessmen,  bankers,   actuaries,  or government offi- 
cials,  we can make quite good aggregate estimates of such 
things  as  the  future  labor  force,   employment  level,  demograph- 
ic distribution,   birthrate,   annual inflation rate,   gross na- 
tional  product,   life  expectancy,   agricultural production,   high- 
way death rate,   and demand for housing,   fuel,   electricity,   trans- 
portation and education.... In  short,   forecasting,  both explicit 
and  implicit,   is  deeply woven  into the  fabric  of  twentieth-cen- 
tury Western civilization. 

The  forecasting of technological  as opposed to economic or 
demographic change is not yet so universally practiced.     In part, 
this  logic  is due   to a belated recognition of  the extent of  the 
impact of technological change on  society,   and in part  is due to 
a rather widespread notion  that  technological  change  is  inherent- 
ly unpredictable   (p.3) 

A second possible answer to the question lies in the inadequacy of current 
simulation models when one thinks in terms of post year 2000 ships.    The reasons 
for this lack of adequacy rest on the fundamental structure and content of such cur- 
rent simulation models. 

• Current behaviorally oriented models rest,  on the one hand, 
on detailed input data customarily derived from task analytic 
procedures.    These task analytic procedures rest,  on the 
other hand,  on a somewhat detailed knowledge of the equip- 
ment system design,  its ope rational/maintenance procedures 
and requirements,  and the missions the system is to accom- 
plish.    Detailed data of these types are not available for the 
advanced long term systems on which the present work fo- 
cuses. 

• The behavioral variables included in the current simulation 
models address themselves to current Navy operational/ 
maintenance tasks and methods.    There is reason to believe 
that different tasks,  as anticipated for future systems,  will 
rest on behavioral variables that are different from those 
included in current models. 

' 
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• The simulation logic of the present models,  essentially 
the serial simulation of subtask or event performance, 
is not possible for advanced technological prediction. 

Overview   of   Approach 

In order to come to grips with the problems of whether or not a computer 
simulation approach can possess potential for providing reasonable answers to the 
problems at  hand,  it seemed necessary to gain some concept relative to the possi- 
ble characteristics and functions of ships of the future.    To this end: (1) available 
literature relative to advanced automation trends in ships was reviewed and analyzed, 
and (2) a set of semistructured interviews was held with scientists and engineers con- 
cerned with advanced technological research and development in the Navy.    The indi- 
cations of the interviews and of the literature were synthesized to yield a set of in- 
sights relative to the character of post year 2000 ships.    Chapter II of this report 
synthesizes the indications of the literature review and analysis,  along with results 
of the interviews, into a panoramic overview of anticipated changes.    The review em- 
phasizes automation effects in view of the current trend in this direction.    Automa- 
tion is considered in the broadest possible terms including elimination of human ac- 
tivity from the operational and/or the maintenance links and integration of functions 
both within and across ship systems.    Chapter III presents the conclusions vis-a-vis 
the feasibility of computer simulation models in the manning predictive technology 
area,  and Chapter IV describes four possible approaches to such modeling.    Conclu- 
sions and recommendations are summarized in the final chapter. 

a 
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II.   LITERATURE INDICATIONS AND INTERVIEW RESULTS 

Fundamentally,   the present study is concerned with predicting how the utili- 
zation of Navy personnel in the future will necessarily be different from today's 
practices as a result of changing functions and of technological developments. 

At least two factors seem to be responsible for the anticipated change.    Both 
may yield a similar resultant effect.    First,  the complexity of modern and advanced 
weapons and the pace of occurrence of events which require a tactical response are 
such that the time available for collection,   integration,  and processing of informa- 
tion may be less than that required for human data processing.    Hours or even min- 
utes of warning may not be available in the foreseeable future.    Second,   manual 
operations aboard ship are costly and such costs may be impractical in the future. 
According to Gaites (1974),   personnel costs now represent 42 per cent of the oper- 
ating budget and 26 per cent of the total budget of the Navy.       He also pointed out 
that each man in a modern destroyer size ship requires five tons of ship occupy- 
ing five hundred cubic feet.    Construction costs for this amount of structure approx- 
imate $25, 000.    This structure must then be maintained for the 30 year life of the 
ship. 

Automatic devices present a very attractive alternative to high ship manning. 
They do not become inattentive on the job,  and they are nearly error free.    Such 
devices can perform many tasks more rapidly and accurately than man and do not 
require feeding,  berthing,  support of dependents,   retirement benefits,  and the like. 

Kaplan (1966),  after an analysis of current enlisted Navy ratings,   indicated 
that the enlisted manpower of a Navy of fixed size could be reduced by 86. 3 7 percent 
under current manning concepts through adoption of a degree of automation which is 
presently foreseeable.    Estimation of officer manpower required in an automated 
Navy was considered by Kaplan to be more difficult,  and was not undertaken. 

Automation is clearly one of the most pervasive of the technological trends. 
Its overall impact on manning will probably be equal to that of any single advance in 
weaponry,   sensing capability,  power source,  or other technology. 

In order to set the nature of the naval ship of the early twenty-first century 
into its proper perspective as a knowledge backdrop for a model which will predict 
manning requirements in post year 2000 Navy ships,  forecasts ,  predictions,  as- 
sessments of current trends,  etc. ,  were obtained from two sources; review of per- 
tinent literature,  and interviews with selected scientists and engineers working at 
high levels within advanced technological development in the Navy. 
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Literature   Review 

Many sources were searched to obtain literature which discusses the ship of 
the twenty-first century.    References were found through the Psychological Abstracts 
and the Government Reports Index.    Various journals (e. g.,   Naval Engineers Journal, 
U. S. Naval Institute Proceedings,  Scientific American,  Naval Research Reviews), 
newspapers,  and other popular publications were also searched.    Many extremely 
valuable references were loaned from the personal libraries of persons at the Office 
of Naval Research and other agencies.    A Defense Documentation Center computer 
search- was also completed.    In this computer search,  broad and unclassified cover- 
age for the time period 1965 to present was requested relative to; 

automation/integration of equipment systems relative to prob- 
lems  of:    (1)   reducing manning requirements  through  automation/ 
integration,   (2)   predicting manning/personnel  requirements for 
Navy  systems in  tne post 2000 A.D.era,   (3)   predicting the re- 
quired characteristics of operators of automated/integrated 
systems,    (4)   projecting  the  required  characteristics  of equip- 
ment  in  automated/'integrated systems,   and   (5)   determining the 
effects of computerization on personnel  requirements. 

Inl e r v i e w s 

Publications describing possible future ships often present an atomistic point 
of view which fails to consider the total ship system and other constraints such as eco- 
nomic considerations,   societal views,  manpower availability,  and the conservatism 
of decision makers themselves.    In order to obtain a more rounded portraiture,  in- 
dividual interviews were completed with a number of civilian and uniformed persons 
occupying positions of responsibility and authority in advanced naval research and de- 
velopment.    These persons were asked to discuss,   relative to a set of system cate- 
gories,   their expectations of the naval ship of the early twenty-first century, especi- 
ally with reference to advances in automation.    The system categories included were: 
sonar, fire control, food, navigation and ship control,  administration,  communication, 
system maintenance,   radar,  combat information center,  air operations,  facilities 
maintenance,  and "other. "   The interviewees were also asked for a judgment of the 
degree of automation currently characteristic of the various system categories and 
their twenty-first century correlates.    These judgments were made with reference 
to the five point categorical scale shown below: 

:; 

None (fully manual) = 0 
Slight = 1 
Moderate = 2 
High = 3 
Fully automated = 4 

*The results of a  second Defense Documentation Center  search were kindly provided 
by Dr.   David Meister. 
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: 

Each interviewee was also asked to describe the specific change(s) which he 
anticipated in each system category. 

The predictive ratings of each interviewee are presented in Table 1, along 
with the corresponding ratings of the interviewees relative to the automation level 
of each system category at the present. Table 1 also presents the differences be- 
tween the mean present and future ratings. 

Current systems were rated on the average to be at about & "slight" (mean = 
0. 98) degree of automation and a gain by the year 2000 to between "moderate" and 
"high" automation (mean gain =  1. 2) was anticipated.    The average percentage of in- 
crease in automation relative to the present level of automation was 119 per cent. 

In order to assess the extent of agreement among the ratings across inter- 
viewees,  Pearson product-moment correlation coefficients were calculated among 
all possible pairs of interviewees.    The obtained values are shown in the matrices 
of Tables 2 and 3.    The obtained correlation coefficients indicate a considerable va- 
riety of levels of correlation between pairs of raters.    While most of the Table 2 and 
Table 3 values are positive and,   in some cases,  high,  there is also a substantial 
number of negative correlational values.    The overall correlation among rater judg- 
ments relative to the degree of automation of present systems was , 36 and the over- 
all agreement correlation coefficient for future systems was .23.    Both of these val- 
ues are statistically significant below the . 01 level of confidence.    These data support 
a contention that there appears to be some,  but not high,  agreement among the experts 
interviewed relative to the present and the anticipated degree of automation of Navy 
systems. 

The reasons for this lack of high agreement among interviewees relative to 
current systems are not entirely clear.    One possible explanation is that the inter- 
viewees were asked to make judgments relative to the degree of automation of all sys- 
tem categories--those within their area(s) of expertise as well as categories outside of 
their area(s) of competence.    Quite obviously,  judgments in the latter case would be 
subject to considerable random error.    Second,  it is also possible that the categorical 
scoring distorted the data.    Use of the lowest (zero) and highest (four) scale catego- 
ries would not be anticipated for most current system categories.    Table 1 supports 
this conjecture.    Accordingly,  there is a range restriction which is known to reduce 
correlation.    Finally,  the categorical scoring can distort minor differences and make 
them appear larger than they actually are in the minds of the persons involved. 

On the other hand,   some degree of disagreement relative to conjectures about 
post year 2000 systems would be anticipated.    Still,  the inter-interviewee correlation 
coefficients for the post year 2000 estimates could suffer from the same distortions 
mentioned above for the current status correlation coefficients. 
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Table 2 

Product  Moment Correlations Among  Interviewees Relative  to 
Degree of Automation of Current Navy  Systems 

Interviewee 2 3 4 5 6 7 8 9 

1* — — ~ — — — — 
2 -.60 .52 .47 .12 .14 -.11 .40 

3 .09 -.07 .12 .14 .56 -.27 
4 .60 .43 .45 .43 .59 

5 .45 .14 .56 .74 

6 .82 .35 .72 

7 .23 .50 

8 .11 

♦Insufficient data available for correlation 

Table 3 

Product Moment Correlations Among Interviewees Relative to Degree 
of Automation of Post Year 2000 Navy Systems 

Interviewee 
1* 
2 
3 
4 
5 

6 
7 
S 

2 3 

.16 60 .29 .31 .14 
74 .26 .40 .48 

.34 .78 .78 
.17 .49 

.84 

21 -.10 
58 -.11 
34 -.24 
30 .14 
31 -.33 
38 -.39 

-.62 

♦Insufficient data available for correlation 
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In terms of estimated current level of automation,  the discussed system cate- 
gories fell quite neatly into two groups.    Six system categories were rated as between 
"none" and "slight" in current degree of automation; system maintenance,  facilities 
maintenance,  administration,  food,  intelligence (mentioned by one interviewee),  and 
air.    The current level of automation of sonar,  fire control,   radar,  communications, 
navigation,  propulsion,  and C1C were rated between "slight" and "moderate" in cur- 
rent level of automation. 

As a group,  the more highly automated systems of today were projected to in- 
crease slightly more in automation than the currently less automated systems.    The 
higher rated system categories were expected,  as a group,  to increase 1.25 units, 
to a point between "moderate" and "high" automation.       The less automated system 
categories were estimated to advance to "moderate" levels of automation and to gain 
1. 08 rating scale units,  as a group.    The stated reasons for high or low expectations 
of advances in automation in each of the system categories involved will be discussed 
in subsequent portions of this chapter,  along with the literature indications relative 
to each system category. 

Sonar 

The mean rating of the interviewees for the degree of automation of current 
sonar systems was 1. 19 (between "slight" and "moderate").      This value is approx- 
imately at the median of the various system categories considered.    Twenty-first 
century sonar was expected by the interviewees to be automated by slightly more 
than one rating scale unit  (between "moderate" and "high" ).     Less increase in auto- 
mation was expected only in the case of facilities maintenance.    This thinking par- 
allels that of Crowder (1974),  who considered increases in sonar system capability 
to be unlikely,  except in the area of signal processing.    According to Crowder: 

Sonar development appears  to have realized asymptotic  lev- 
els.... The remaining possible areas of  large gain  in  the 
sonar  field is   (sic)   sophisticated signal processing. 

:l 

Similarly,  Kaplan (1964E) argued that present sonar tasks are largely heuris- 
tic operations.    He indicated that such tasks are very difficult to automate and,  ac- 
cordingly,   suggested that sonar will be among the last systems to be automated. 
Siegel and Williams (1974) similarly indicated, for example,  that setup of a multi- 
faceted sonar system represents a task which cannot be performed in a determinis- 
tic way.     Accordingly, novel  methods of training sonar supervisors in the use of 
such systems were suggested in order to provide a new, heuristic style of sonar 
operation.    Prompting of supervisors by computer has already been incorporated 
in the AN/BQQ-5 system (Siegel & Williams,   1974).    Such prompting will probably 
be used to an increased extent to avoid the adoption of stereotyped system configura- 
tions which are less than optimal for specific operational situations. 
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From the search,  detect,   and track points of view,   increases in signal proc- 
essing capability would probably lead to increased operator unburdening and increased 
capability to handle multiple targets.    However,  classification is fundamentally a heu- 
ristic process and,   following Kaplan,  a large degree of automation and complete oper- 
ator unburdening relative to classification can probably not be anticipated with confi- 
dence. 

A further trend is the development of remotely piloted sonar hydrophone units. 
Crowder (1974) described such units for high speed craft.    Sonar personnel will be re- 
quired to dictate the successive drop point positions for such units on the basis of tar- 
get behavioral data,  oceanographic conditions,  and the like.   These decisions are like- 
ly to be made with computer assistance. 

In summary,  current sonar was rated by the interviewees at approximately 
the median of the system categories considered in terms of current level of automa- 
tion.    Some slight increase in level of automation seems indicated,  but both the liter- 
ature and the interviewees seemed to agree that a quantum jump will not occur.    New 
sonar functions may add to the job requirements.    Some unburdening may be antici- 
pated relative to the detection and track problem,  but full automation relative to the 
classification problem may not be easily achievable. 

Radar 

• 

Currently,   radar was perceived by the interviewees as the most automated 
of the discussed system categories (mean value =  1,48; between "slight" and "mod- 
erate").    In the early twenty-first century,  according to the interviewees,   radar 
will also be relatively high in degree of automation (mean value = 2. 78; approaching 
"high").    The difference between the ratings of post year 2000 radar systems and 
present systems was 1. 3 scale units. 

To some degree,  the anticipated increases in automation may have been con- 
founded with estimates of increases in capability as a function of nonradar,  but ra- 
dar mimicking,  technological advances.    For example,   Fulton (1974) discussed fu- 
ture systems which will make use of infrared radiation for search and track of air- 
borne targets.    The advantages lent by an ability to search and track without making 
active transmissions are clear. 

Availability of these various additional systems for detecting and prosecuting 
airborne targets will have the disadvantage of bringing sonarlike problems of mode 
selection to the "radar" operator.    Mode selection,  at least in the case of sonar, 
was not believed to be easily automated.    Similarly,  the classification problem can 
be partially automated,  but full automation does not seem to be anticipated.    Sub- 
stantial automatic search and track capability already exists in radar and a continu- 
ation of this trend seems probable.    As for sonar,  advances in signal processing 
capability will probably continue,  and there is reason to believe that these will re- 
sult in changes relative to the roll of the radar operator from the search,  detect, 
and track points of view. 
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Radar maintenance will probably benefit from general advances in the elec- 
tronic maintenance concepts.    Such trends are discussed subsequently under "sys- 
tem maintenance and repair. "   Similarly,  advances in computer capability (also dis- 
cussed in a subsequent section) will serve to unburden the radar system operator. 
According to Crowder (1974),   radar units will be deployed on RPV's.    Use of these 
RPV's,  which will be able to remain floating on station for days,  will allow use of 
active sensors without revealing the position of the mother ship. 

In summary,   it seems that advances in electronic and electronic related arts 
could result in some further unburdening of the radar operator/maintainer.    Full 
automation of the radar function,  which was perceived by the interviewees to be rela- 
tively high on present degree of automation,  does not seem to be anticipated either on 
the basis of the literature or the interview indications.    However,  a continuation of 
the relatively high degree of automation of radar functions seems indicated. 

Fire   Co n t r o1 

Fire control functions were considered by the interview group to be relatively 
high on automation at present (mean value =  1. 46; between "slight" and "moderate"), 
and L .-e control received the highest automation rating for the years post 2000 (mean 
value = 2. 83; approaching ''high").    This appears to be a highly supportable predic- 
tion.    Present fire control functions include computation of relative position of own 
ship and target in fast-time, aiming or programming of weapons, providing aiming in- 
formation,  and actual weapon selection,  firing,  or launching.    All of these functions 
are sufficiently determined that they may be more rapidly and accurately performed 
by computer in future systems.    We may even see automation of the decision to fire 
a weapon in certain situations.    As a step in this direction,   Pettitt (1974) points out 
that: 

NWP-31,   the antisMp missile defense doctrine,   specifies  that 
commanding officers  should delegate  firing authority to eval- 
uators during a high  threat situation....COs do need to know 
how to delegate authority to defend their ships  in rapidly 
developing high  threat  situations....The necessity to com- 
press drastically the time required  for recognition of a 
threat through  its evaluation,   consideration of weapons cap- 
abilities,  weapons assignment and analysis of weapon perform- 
ance,   until  final kill,   makes  it evident that bold steps must 
be taken.     Henceforth,   reactions will be measured in seconds 
rather than minutes.     Decisions,   as well as evaluations,  will 
undoubtedly be required  from the officer  "on scene"  at the 
time the threat evolved,   since  time will no longer permit the 
old  "detect-evaluate-disseminate"  routines  established in World 
War  II. 
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As pointed out by one interviewee,  in the eventual case of weapons which ar- 
rive at the speed of light,  even speed of light analysis and reaction may not be fast 
enough.    In fire control systems under development,  such as the MK113 MOD 10 
submarine fire control system,  target motion analysis is performed through an in- 
teractive effort involving the operator and the system (Naval Ordnance Systems Com- 
mand,   1971,   1972).    For future surface systems,  it seems that, human input will not 
be needed for these analyses. 

There also seems to be a trend toward the integration of sonar and fire con- 
trol functions on underwater crafts and possibly sonar-radar-fire control integration 
on advanced surface ships.    The Naval Underwater Systems Center has already spon- 
sored a series of studies into the feasibility of such integration (Williams & Siegel, 
1972; Siegel & Williams,   1972; Siegel & Williams,   1973) from the man-machine in- 
tegration point of view. 

Consider the MK 113 MOD 10 fire control system in which there is a distribu- 
tion of responsibility between sonar and fire control.    Information of value to the so- 
nar supervisor for the tactical utilization of thermal layers to manage detectability 
and detection capability is received from the fire control system operators.    Critical 
delays in changes of sonar configuration may result from the necessary passing of in- 
formation from fire control or command personnel to the sonar superri^or.    Addition- 
ally,   Siegel and Williams (1972a) demonstrated that periods of high activity of subma- 
rine sonar and fire control operators may occur at intermeshing periods of time. 
This intermeshing indicates a level of inefficiency in information availability and a 
need for function consolidation. 

Following the same logic,  functional consolidation might be anticipated in cer- 
tain surface ship sonar-radar-fire control-combat information center functions.    At 
least on the general level,  fire control seems to be dependent on complex data derived 
from many sources.    The data must be manipulated in sophisticated manners and ac- 
tion taken on the basis of the results of these manipulations.    All of this must be quick- 
ly and accurately performed.    Accordingly,  fire control seems to represent a prime 
candidate for automation/integration.    This thinking was probably reflected by the in- 
terviewees when they rated fire control as one of the systems in which automation will 
probably be greatest. 

Communication 

The interviewees rated current communication systems as "slight" in degree 
of automation.    In the early twenty-first century,  they indicated that the automation 
level of systems in the communications category would be slightly above "moderate. " 
Advances were foreseen in transmission rate and laser communications systems, with 
their high channel capacity,  were thought to contribute to this increase.    Lasers would 
also provide a means for "narrowcasting" (a narrow laser beam as opposed to the 
broad beam of even the best radio broadcasting) with a resulting difficulty of hostile 
interception.    However,   such a system is strictly line of sight and would be subject 
to scattering by any nonideal weather conditions. 
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Automatic encryption and deencryption were considered to be highly possible. 
The interviewees also foresaw automatic setup and warmup of communication gear. 
To these,  the possiblity of automatic channel monitoring,  message recording,   and 
message processing can be added. 

Closer interaction with higher command levels will probably become a reality. 
Marshall (1974) described the Secure Imagery Transmission System (SITS),  which has 
demonstrated the feasibility and practicality of transmitting combined visual and voice 
information in a real-time secure mode.    Installation of this system in the fleet awaits 
only the availability of sufficient communication satellites,   in Marshall's opinion. 
Data links such as those of the FLTSATCOM system,  which link shipboard and land- 
based computers,  are also to be expected. 

The interviewees seemed to think that the volume of communication expected 
in future periods will make automatic operation of communication systems mandatory. 
Such a trend,  it was indicated,  will necessitate the adoption of formatted,  addressed 
messages and systems which will respond selectively to message heading information. 
The General Address Reading Device (GARD) reported by Wilcox (1975) seems to pos- 
sess automation features which can be anticipated to be commonplace in future sys- 
tems.    Such systems would allow only messages directed to a given ship to be copied 
by its communication systems.    The masses of nonpertinent material now processed 
by communications personnel would be ignored by the system. 

Wilcox (1975) and Cram (1967) also described a fullv automatic,   redundant proc- 
essing,   Message Processing and Distribution System (MPDS).   The MPDS automatical- 
ly logs traffic and prepares and stores microfilm copies of each message.    It then 
prints the message on a remote terminal at the appropriate duty station. 

Another advanced message transmittal system,  applicable to submerged sub- 
marines,  was described by Kruger (1972).    Kruger described the SANGUINE system 
which relies on extremely low frequencies for transmission of only high priority oper- 
ational messages.    Within such a system,  it seems reasonable to anticipate automatic 
channel monitoring and immediate presentation of messages at the command level. 

In summary,  the trend seems to indicate that manual operations in twenty-first 
century communication systems will be largely limited to channel and mode selection 
and message input.    Quite obviously,   such automatic processing of messages allows 
considerable reduction in manning and increases the reliability of transmission. 

System  Maintenance   and   Repair 

Maintenance and repair of systems (facilities maintenance is treated separate- 
ly) in current ships is almost completely manual,  in the opinion of the interviewed 
persons.    In the next 30 years,  however,  advances in system maintenance will be 
greater than those in any other discussed system category,  as measured by change 
in rating.    Specifically, according to the interviewees, early twenty-first century sys- 
tem maintenance will be "moderate" in degree of automation,  and the potential exists 
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for more basic changes in philosophy,  procedures,   etc. ,  than any other class of ship- 
board activity.    These changes may or may not be classed as automation,  but they will 
strongly influence the nature and amount of system maintenance activity performed by 
ship crew members.    M^ny of the anticipated maintenance procedures rely on the avail- 
ability of digital computers for controling system check,   system analysis,  and fault lo- 
cation functions.    Crowder et al.   (1974) estimated that by the year 2000 "The large 
computers of today will be about the size and cost of today's hand calculators. "    Ac- 
cordingly,   one can anticipate extensive use of digital computational equipment for the 
purposes indicated,, and one may optimistically foresee automatic self-tests perform- 
ed on a scheduled basis. 

Additionally, some interviewees anticipated a very high level of reliability for 
miniaturized,   highly integrated circuitry in the foreseeable future.    High reliability 
would decrease maintenance requirements. 

1 

Loy et al.   (1975) presented curves showing the anticipated use of automatic 
test equipment (ATE) and built in test equipment (BITE) as a function of the advent of 
microelectronics.    They also presented a prediction of the use of ATE and BITE from 
1970 onward.    The Loy et al. curves are presented in Figure 1.   Qu'te obviously,   such 
a trend would have direct effects on qualitative and quantitative manning requirements. 
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Figure  1.    Effects  of microelectronics. (From   Loy et al.,1975) 
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Although the Loy et al. work was performed with reference to fire control sys- 
tem maintenance, there is little reason to believe that the trend does not apply to oth- 
er advanced systems. 

Cuinouter control could also be employed,   the interviewees stated,   to switch 
in a module   or a failed module and to type out a message indicating what module has 
failed. 

Fulton (1974) supported these contentions.    He indicated that the technology 
required for self-testing,   self-diagnosing,   and "self-healing" circuitry is already 
available,   and Steckman (1973) described an approach,  based on today's technology, 
which allows test functions to be provided through software routines. 

Kaplan (1966b) foresaw major developments in microcircuitry.    He anticipated 
that these advances will "automate electronic maintenance as we know it out of ex- 
istence" (p.  10).    He expected that future microelectronic systems will be very com- 
pact,  light in weight,  operate at very low power levels,  produce very little heat, and 
require ver;, few components and connections,   as compared with current systems. 
These systems,  according to Kaplan,   will be built at very low cost and will be highly 
reliable and maintainable.    He contended that ships could carry highly redundant sys- 
tems,   which are broadly distributed onboard,   and that maintenance could be done 
ashore by poorly skilled individuals who are provided with flow charts and large diag- 
nostic computers.    "The skills and knowledges now associated with electronic main- 
tenance will no longer be required'   (Kaplan,   1966b,   p. 9), 

The trend toward superminiaturization will,  in itself,  aid in simplification of 
electronic maintenance.    Present day discussions (e.g.,  ITT,   1973) of diagnostic sys- 
tems commonly mention isolation of faults to the level of the smallest replaceable 
unit.    In the twenty-first century,   powerful large scale computers are anticipated 
which can be held in the palm of thr» hand and production cost is anticipated to be min- 
imal (Toffler,   1971), 
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The maintenance requirements for mechanical and electromechanical compo- 
nents were also considered by the interviewees.    The consensus seemed to be that 
these requirements will also be considerably lowered by the year 2000.   Interviewees 
mentioned the development of superior materials, bearings, and lubricants which will 
reduce the amount of maintenance needed for these types of equipment.    It was also 
suggested that advances in knowledge of materials will allow more accurate prediction 
of the useful life of parts.    This would increase the effectiveness of preventive main- 
tenance programs and reduce the need for onboard maintenance. 

It was indicated that fully automatic repair by mechanical manipulators,   al- 
though conceivable,   is not highly probable for the time period under consideration. 
The reasoning seemed to be that the cost of building and installing such devices to 
perform card or module replacement is not Likely to compare favorably with costs 
associated with provision for automatic switching to redundant modules. 
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Overall,  it seems that the quantity of system maintenaace required aboard 
ship will tend to decrease as we approach the twenty-first century,  and the neces- 
sary maintenance skill level requirements,  as we know them today,  are anticipated 
to decrease correspondingly.    However,  we note that this anticipated trend is not 
substantiated by Air Force data.   Loy et al.   (1975) summarized the time spent on 
duty for various skill levels on aircraft which have entered the Air Force inventory 
since 1959.    All the data relate to fire control system flight line checks.    The data 
of Loy et al.  are presented as Figure 2,  and fail to indicate a qualitative difference 
after entry of the  F-4C aircraft into the Air Force arsenal. 
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Figure 2.    Time spent as a function of skill level for AF systems introduced between 1959 and 1968 
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Persons inverviewed expected that manual control would be retained during 
docking,  battle conditions,  and close maneuvering.    They seemed to think that taking 
fixes by sextant would continue,  although navigation would normally be an automatic 
function.      Feldman,  Seidlemann, and Barton (1974) discussed the design of remotely 
controlled automated sextants which may be used in any weather and at any time of 
the day.    According to these authors,   current advances in low light level TV,  night 
vision telescopes,  and microcircuitry make such devices feasible.    Feldman, Seidle- 
mann,  and Barton also pointed out that celestial navigation is a necessary backup to 
inertial and radio navigation systems,  in order to correct errors,  as well as to pro- 
tect against failures. 

Kaplan (1966a, b) indicated that automatic navigation is already operational 
(SINS) and is feasible based on LORAN,   SHORAN.   sonar,  and radar. 
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Facilities   IVIa in t enanre   and   Repair 

According to the interview data, facilities maintenance is presently very low in 
automation and will remain relatively low in automation in the twenty-first century. 
Some persons anticipated automatic fabrication,  welding,  and inspection of structures, 
but these are primarily shipyard innovations. 

However,   some interviewees indicated that changes in onboard facilities main- 
tenance requirements may result in the near extinction of such duties.       Fulton (1974) 
and Kaplan (1966b) agreed with the majority of the interviewed persons on this prem- 
ise.    Advances in multilayer paints were said to be expected to preclude the need for 
txte rorrosior. preventive maintenance.    Future ships were expected by these 
per- '■> be quite well sealed environmentally,  and Fulton implied that good design 
of ; r.iiji.iing deck hardware could do away with nearly all remaining deck maintenance 
tasks.    Within two years,  two demonstration type destroyers will be in service which 
will have no facilities maintenance functions performed by the crew (Gaites,   1974). 
These functions will be performed during two to three day layovers exclusively. 

Little interest was found in the retention of "character-building" facilities 
maintenance tasks,   in either the literature reviewed or the interview data. 

:> 

■Navigation   and   Ship   Control 

According to the interviewees,  navigation and ship control represent a system 
category which is relatively modest in automation at the present (mean rating =  1. 25; 
somewhat higher than "slight").       In ships of 30 years in the future,  the degree of 
automation in this area was expected to be exceeded only by the radar and fire control 
systems.    Both the literature (Gaites,   1974; Price,   1974; COMDESDEVGRU, 1973; etc. ) 
and the interviewees indicated the Navy to be very interested in reduced shipboard 
navigation and ship control manning.    The interviewees agreed that automatic navi- 
gation steering devices will guide naval ships from point to point and that inertial guid- 
ance and satellite data will provide position information.    The result would be reduced 
manning because of the abolition of lookouts,  helmsmen,  and similar personnel. 
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Such current navigational aids as radio beacons,  OMEGA,  DECCA,   sonar bea- 
cons,  and comparison of accurate echo soundings with precise depth charts could also 
provide input to automatic navigation equipments (Pryor,   1966).    Wendt (1970) pointed 
out that collision avoidance will be a severe problem in unconventional ships with 
cruising speeds of 50 to 100 knots.    Collision avoidance problems are currently under 
investigation by the Maritime Commission (1975) and following their lead,  it seems 
that high speed transit collision problems will be resolvable in the era under consider- 
ation.    Collision avoidance functions may be performed by radar/fire control systems. 
Collission avoidance systems are included in the integrated bridge concept developed 
for the DE-1052 class ship (Moe & Rogers,   1974; Puckett,  Gowen,   & Moe,   1975). 

Other trends relative to ship control integration are found in the work of the 
Canadian Navy (Lewis,  de la Riviere,   & Logan,   1966),  which has tested a system in 
which control is exercised over the engine and rudder from novel controls installed 
on a projecting portion of the bridge.    Maneuvering precision was said to be superior 
using this system,  as compared with the traditional system.    Other purported advan- 
tages of this integrated system were that misinterpretation of commands was avoided 
and the speed of implementation of commands was greater.    More importantly,  from 
the point of view of the present analysis, the integrated bridge eliminated certain 
traditional bridge and engine room personnel requirements because lookouts were un- 
necessary,  the captain comrolled the helm directly,  and there was no need for an en- 
gineroom telegraph. 

Other analyses of automated bridge functions and modifications of personnel 
responsibilities have been sponsored by the U. S. Navy.    COMDESDEVGRU (1973) 
analyzed the effects of the availability of various automatic devices on required bridge 
manning of destroyers.    They found that an automatic bell logger relieved the need 
for a lee helmsman.    A fog signal timer,  autopilot,  and a radio message recorder 
were found to each save one manned station on particular watches.    Moe and Rogers 
(1974) presented a new integrated bridge design for the DE-1052 class destroyer. By 
effective design and addition of a degree of automation,  they achieved a reduction of 
normal bridge manning level from 14 to 3.    They also maintained that there is no ex- 
pected loss of efficiency in the automated/integrated design. 

Projecting the current trend,   it appears as if there will be a high automation 
level in ship control and navigation functions in post year 2000 ships.    The number 
of personnel assigned to these functions will probably be considerably lower as com- 
pared with current practice,  and the responsibilities of each man will probably be un- 
like those of current bridge personnel. 
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Propulsion 

The problem of supplying motive power to future naval vessels seems to have 
taken on new dimensions in recent years.    The persons inverviewed reflected this 
trend.    The interview derived data indicated that the group expected the year 2000 
level of plant automation to approach "high1, and to be exceeded only by the radar and 
fire control categories.    One individual pointed out that optimization of speed,   fuel 
consumption,   etc.,  could be more effectively attained under automatic control. 

Nuclear propulsion will not be dominant in ships of the twenty-first century 
(Crowder et al.,  1974).    Large and small ships might benefit from the low frequency 
of refueling,  constant ship draft,  etc. ,  which would be afforded by nuclear propulsion 
systems.    However,  Crowder pointed out that nuclear power plants are far heavier 
than conventional plants in sizes needed for small and medium-sized ships.    This 
drawback,  along with life cycle costs,  make nuclear power a desirable choice only 
for very large or very specialized ships,  according to Crowder. 

Manne (1975) expressed concern over the realism of assuming that power plants 
of current types will be usable in the twenty-first century,  especially in view of the 
present fuel crisis.    Manne's analysis suggested that,  assuming necessary research 
and development activities,  new sources of energy for nonstationary plants will be- 
come available.    As petroleum reserves fall,  he anticipated transition,  first,  to coal 
based synthetic fuels,  as an interim measure,  and then to hydrogen.    Manne further 
stated his expectation that synthetic fuels will be used on a large scale in the 1990^, 
and that transfer to hydrogen power will begin shortly after the year 2000. 

While power sources may change,   the literature reviewed provided little which 
suggested that the twenty-first century navy will rely on other than turbine and piston 
engines of reasonably traditional form.    Both Murphy (1970) and Crowder (1974) an- 
ticipated propulsion plants as hybrids of various combinations of steam (nuclear or 
nonnuclear),  diesel,  and gas turbine.    Final propeller drive was anticipated to be 
gear or electric.    Superconducting propulsion machinery is an attractive possibility, 
according to Edelsack (1975).    If problems of high amperage requirement and brush 
materials can be overcome, he expects that superconducting motors will bring the 
"flexibility and simplicity of d. c.  electric drive to ships.    Superconducting engines 
should allow higher shaft horsepower than is allowed by the current electric motor 
technology, and significant reductions in physical plant weight and volume may be ex- 
pected.    Control over these engines can be projected to be fully,  or near fully,  auto- 
matic.    Near full automation of propulsion systems is an operational fact today in 
certain merchant marine applications.    Current supertankers possess completely 
unmanned steam propulsion plants (Gaites,   1974),  and a Russian ship has demon- 
strated practical automatic restarting of engines (Tiknomirov,   1972),    In a similar 
vein,  Rasmussen (1968) argued that reaction to breakdown must be automatic in order 
to minimize damage.    He also noted that under normal conditions,  an engineman has 
very little to do. 
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From the point of view oi manning reduction due to automation,  Hauschilst 
and Ward (1973) pointed out that,  due to reduced manning,  automated machinery con- 
trol can reduce initial and life cycle ship costs.    For example,  at least nine operat- 
ing engineering personnel could be eliminated from a single screw gas turbine plant 
by use of computer control.    The projected cost savings include the cost of provid- 
ing berthing and hotel costs,  as well as the various personnel costs.  Hauschilst and 
Ward also suggested that such decreases in manning requirements could result in a 
reduction in ship size.    They did not anticipate a completely unmanned plant in naval 
ships,  even in the long term future,  and they indicated that a knowledgeable watch 
Stander will be on hand to take control by computer override instructions or remote 
control.    This "Engineer of the Watch" will necessarily be entirely competent to run 
the plant himself.    Seelinger and Bullock (1966) agreed that all engineroom watch per- 
sonnel will not be eliminated in naval ships because the costs of that degree of auto- 
mation are too great. 

Some trend towards engine control integration is seen in the new DD 963 
(Spruance class) destroyer (Litton,   1973).    In this ship,  turbine control is almost 
completely accomplished by one man seated at an integrated console.    This trend 
seems likely to continue with a resultant decreased manning requirement. 

Air   Support 

The interview data indicated that the ship functions in the air category (e. g., 
launch,   recovery,  control) to be currently at a "slight" to "moderate" level of auto- 
mation.    They anticipated this level to increase to between "moderate" and "high" 
in future ships,    bhip involvement, with air vehicles depends on military doctrine 
relative to aircraft.    Air warfare of some type seems logically to be involved in 
post year 2000 battle. 

There seemed to be a number of trends in the literature which indicated in- 
creased and modified air operations.    However,  little was found relative to automa- 
tion of ship functions associated with such operations.    Landing and taking off from 
a DE-1040 or DE-1052 class ship should be possible with current helicopters up to 
Sea State 6 (Kolwey & Coumatos,   1975).    Aircraft carriers are likely to be smaller 
(Finney,   1975; Levine,   1975),  and are likely to employ VTOL aircraft.    Design 
studies for such an aircraft/ship systems have been performed (Kusewitt,   1972).    As 
stated above,  the literature indicated little in terms of automating the ship functions 
associated with such aircraft,  although it seems that the potential for manning re- 
ductions in these areas could be considerable.   The advent of remote piloted vehicles 
(RPV's) for sonar,   reconnaissance,  and other use (Crowder,   1974) will add functions 
and manning requirements not currently involved.    The task of controlling these units 
will be rather unlike any current naval tasks.    Control of these RPV's will be com- 
puter aided; they will not be flown via joystick,  as are today's radio controlled model 
aircraft.    Accordingly,  their control should be less taxing.    However,  it appears rel- 
atively unlikely that deck operations concerned with the launch and the recovery of 
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these RPV's will be automated.    This interpretation was supported by some of the in- 
terviewees who said that they expect advances to be made in automation of piloting 
tasks,  but there were no references made to changes in tasks of ship crew members. 

To summarize,  there was little found in the literature which would suggest a 
large trend toward automating the manual deck work concerned with air operations. 
Accordingly,  manning increases might be anticipated in this area, 

Admini st rat ion 

The interviewees judged the degree of automation of present administrative 
tasks to be very low for present ships (mean = 0. 45; between "none" and "slight"). 
As a group,  they rated the year 2000 level of automation in this category at I. 6,  mid- 
way between "slight" and "moderate. " 

Certainly,  the technology is and will be such as to allow automation of routine 
administrative functions by the year 2000.    Record keeping,  payroll processing,  in- 
ventory management,  preparation of duty rosters,  etc. ,  could all be automated,  and 
Fulton (1974) stated that he expects that 72 per cent of current administrative func- 
tions will be transferred to tenders or shore based organizations or automated by the 
ISSO's. 

Automatic logging of engineroom readings and bridge events is already being 
tested (Moe & Rogers,   1974),    The Coast Guard has successfully transferred the task 
of maintaining damage control books on one class of cutter to a computerized process 
(Natemeier & Kraine,   1974).    This change has; (1) yielded more accurate and legible 
documents,  (2) released a considerable volume of storage space at Coast Guard Head- 
quarters, and (3) relieved ship crews of a very unpleasant and time consuming task. 

It would seem unlikely that a maximal level of automation of administrative 
functions will be implemented.    Many administrative tasks,   such as duty roster prep- 
aration,  are primarily involved with people.    Maximal automation of these tasks would 
seem to "dehumanize" a shipboard environment and might well lead toward undesir- 
able changes in crew morale.    Automation of many administrative tasks is to be ex- 
pected by the year 2000,  but we should expect that a degree of human review or super- 
vision of these processes will be retained. 

:; 

Combat Information Center 

Interviewed persons agreed with literature projections that Combat Informa- 
tion Center (CTC) personnel will receive considerable aid and prompting in their in- 
formation handling tasks,  but that actual (firing) decision making will remain a human 
function.    The interviewees,  as a group,   rated the year 2000 level of CIC automation 
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at 2. 29 (between "moderate" and "high").    This level is almost identical to the rating 
for the sonar and the communications categories,   in which man may similarly be aid- 
ed,  but not replaced.    The mean present automation level of C1C systems for the inter- 
viewee group was 1. 12 (between "slight'   and "moderate"). 

Increases were predicted to occur in the volume of information to be processed 
and in the speed requirements for processing this information.   To achieve the speed/ 
volume information processing requirements,  automation was seen as a solution.    Al- 
so,  novel situational displays,   such as that described by Fulton (1974),  were projected. 
Fulton described displays to portray radar and sonar contacts on a Single monitor. 

CIC functions were probably not projected to receive full automation for sev- 
eral reasons.    The need to retain a creative style of tactical decision making seems 
to preclude full automation (Kaplan,   1966).    Also,  according to Phillips (1970),  com- 
puters cannot form decisions based on incomplete,  ambiguous,  or inconsistent data. 
The computer has no judgment,   and programming of a function analogous to human 
judgment is not foreseeable.    Problems also were said to exist relative to an unwill- 
ingness to delegate critical military decisions to computing machinery.    Full certifi- 
cation of complex software was said to be a very critical problem,  as demonstrated 
by the BMEWS alert triggered by the rising of the moon,  and the failure of the SKY- 
SHIELD system during a planned exercise (Boehm & Haile,   1972), 

Pettitt (1974) also pointed out that the requirement for 24-hour quick-reaction 
capability will call for a new type of CIC officer.     According to Pettitt,  the Tactical 
Action Officer will: (1) have complete command of the ship during his watch,   (2) be 
heavily trained in rapid,  effective processing of large quantities of information,  and 
(3) have full authority to act on the available data.    He will be highly skilled in inter- 
active,   computer aided problem solving.    Newmann (1966) demonstrated that human 
information processing capability is vastly aided by such interactive processing. 
Boehm and Haile (1972) predicted that direct voice data input to computers will be 
available in the 1980ls,    The feasibility of biocybernetic communication,   direct com- 
munication between brain and computer,  has been at least partially demonstrated. 
Pinneo,   Hall,   and Wolf (1973) were able to program a computer to identify a limited 
variety of nonvocalized words through changes in electrical potential of facial mus- 
cles.    The median estimate of RAND Corp,  scientists was that useful biocybernetic 
communication will be possible by the year 2020 (Toffler,   1970). 

Advances in communications,   such as those previously outlined,  will allow 
close interaction between on-scene commanders and remote staff personnel,   Marshall 
(1974) foresaw a capability for Pentagon offficials to oversee immediately operations 
at any point on the globe.    Necessary high channel capacity,  secure audio,  video,  and 
data links will certainly be available by the year 2000 (Marshall,   1974),    These links 
may be expected to be utilized fully on rare occasions. 

All of this seems to suggest some trend towards automation of CIC functions. 
But,   considering volume and requirements increases,   the effects on manning may be 
qualitative rather than quantitative. 
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Food 

Food handling and management were rated by the interviewees between "none" 
and "low" in automation at present,  and the group anticipated that the level will rise 
to almost "moderate" in the early post year 2000 era.    Some interviewees indicated 
that while the preparation of crew meals and allocated tasks have a great potential 
for automation,   this potential may be deliberately neglected,  in order to retain crew 
morale.    The "home cooking" aspect of food preparation seemed important to these 
persons.    Interviewees described "Autochef, " a computer driven meal preparer.    In 
this system,  a person would request the foods and portion size desired for a meal by 
push buttons.    Food stored by advanced methods such as freeze drying or irradiation 
would be drawn,   reconstituted,  cooked by microwave,  and served under computer 
control.    One interviewee suggested that the "Autochef" might maintain a record of 
the foods consumed by each crew member and might present to each person only 
choices consistent with the maintenance of a balanced diet.    No one would be permit- 
ted to eat exclusively potato chips and ice cream for extended periods. 

Especially on large ships,  the more conservative interviewees indicated that 
a more traditional system for the preparation and serving of foods would be employed 
because of the previously mentioned perceived need to retain the psychological bene- 
fits of "home cooking" and a standard meal time.    However,  microwave cooking and 
labor saving devices such as peelers,  trimmers,  and choppers,  are now available 
and were anticipated to remain commonplace.    A single machine which would remove 
and dispose of garbage,  clean and sort utensils,  tableware,  trays,  etc, ,  and return 
them to storage areas has already been described by the FMC Corp.   (FMC Corp. , 
1963a,   1963b). 

The futuristic idea of providing all required nutrients in pill form was not held 
to be highly likely.    So-called "elemental" foods,   reconstitutable powdered mixtures 
of the amino acids,  vitamins,  etc. ,  necessary for proper nutrition,  were rejected by 
the astronauts (Doane,   1975) because they were held to be unpalatable. 

Overall   Trends 

What then does the interview derived information of the present study and the 
literature reviewed tell us about the possible nature of Navy ships in the early post 
year 2000 era? 

There were a number of trends indicated relative to information processing. 
These trends were particularly evidenced in such areas as sonar,   radar,  CIC,  and 
communications.    It seems that data processing can be heavily automated in these 
areas and the performance of deterministic information processing by humans will 
be seldomly relied on. 
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Maintenance was anticipated to change both in nature and in time requirements 
over the foreseeable future.    The information sources indicated that from the elec- 
tronic equipment maintenance point of view,  fault location will be highly automated. 
This,  along with increases in reliability,  was anticipated to decrease manning re- 
quirements in the long term.    From the facilities maintenance point of view,  ad- 
vances in materials,  sealants,  and coatings were anticipated to reduce requirements 
for much of the hull,   rigging,  and associated maintenance which currently takes place. 

Integration across various ships systems was also anticipated.  Examples are 
integration of sonar and fire control functions or integration of fire control and radar. 
Within current systems,   integration/automation was also evidenced for individual 
ship stations.    An example here is the integrated bridge manning concept. 

While little modification of traditional propulsion system concepts was antici- 
pated for the time period under construction,  major changes towards automation of the 
monitoring and the control functions were anticipated.    Considerable progress in this 
direction has already been evidenced in the DD 963 (Spruance Class) destroyer. 

There was also some indication that new manning requirements, not found on 
current ships, will evolve. Examples of the new functions are control of PPV's and 
CIC activity. 

Considerable change in administration seemed indicated.    Most of the routine 
record keeping was indicated as being delegated to digital computers.    This would 
yield additional personnel and space savings along with considerable dollar savings. 

These and associated changes could induce a decided change in the number and 
nature of officer and enlisted billets.    Kaplan (1966) discussed this trend and indicated 
that persons filling billets in ships of the future will need to be innovative decision 
makers who can occupy fairly general billets. 

However,  a requirement will remain for manual performance of many physi- 
cal tasks.    Tasks related to aircraft,   such as fueling,  parking,  tying down,  etc. , will 
remain manual jobs,  whether the particular aircraft is piloted or not.    Loading of 
weapons,  docking,  anchoring,  etc. ,  are also expected to remain manual tasks.    It 
does not seem likely that it will be economically feasible to automate all of the tasks 
required in these classes of activities. 

As indicated by Saklem,   Castle,  and Weiler (1971),  freeing the crew from 
many of the tedious aspects of day-to-day shipboard activity may not be without as- 
sociated morale problems associated with boredom.    Thus,   these authors advocated 
various habitability design features to promote a sense of well being and comfort 
aboard ship. 
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Of course,  there may be many reasons for automation.    Even apparently sim- 
ple decisions of whether or not to automate may be elective in some cases and man- 
datory in other cases.    For example,   replacement of men in performance of simple 
functions may depend on the operational priorities and the resources available.   Con- 
sider an automatic food service.  On a supply ship,  the decision to introduce this auto- 
mation may be elective.    On a very complex,  specialized vessel,  where space is at a 
premium,  the decision to automate could be mandated by the simple fact that the space 
required for human performance of this task, as well as space for the quarters of food 
preparation personnel and the space required for their support, cannot be justified. 

Automation of complex,   tedious jobs which are presently performed by humans 
might generally be expected to proceed in an evolutionary manner.    In some cases,  it 
may not be possible to produce an automatic system to replace the human links in a 
cognitive/deductive system,  but automation of other human functions may be possible. 

It is to be expected that for a vessel to survive in a hostile twenty-first cen- 
tury environment there will be need for systems to make conceptually simple deci- 
sions with extreme rapidity.    An example would be a system to detect the presence 
of forged radar echoes which are actually being directly transmitted by a hostile force. 
The evaluation of apparent radar echoes would be made by computer analysis, perhaps 
with a direct link between the pulse analysis system and the radar transmitters and 
receivers.    It should be noted that such systems would not contain a man in the opera- 
tional loop,  but they could very possibly require very highly trained personnel to ex- 
ercise them and to check their performances. 

Finally,  we note that the projections of the interviewee group (on the average) 
were more conservative than the literature indications.    Less change and slower 
change was anticipated by the scientists interviewed than by the various system pro- 
ponents and change advocates who write for the publications reviewed.    The reason(s) 
for this disparity is (are) not entirely clear.    It may be that the scientists with deeper 
perspectives are more apt to perceive the problems associated with automation.    Or, 
they may be more familiar with scientific manpower shortages,   budgetary limitations, 
and the like which will tend to limit the speed and extent of change.    Nonetheless, 
those who anticipate vast change in the relatively near future might review their think- 
ing against the data backdrop provided by the interviewees included in the present 
study. 
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III.   DIGITAL SIMULATION OF AUTOMATION EFFECTS 

The prior chapter attempted to place into some perspective current trends 
in Navy system automation and to extrapolate these trends into the early post year 
2000 time frame.    The analysis also possesses a number of implications relative to 
any stochastic computer simulation model which hopes to forecast manpower require- 
ments for ships of the era involved.    Chapter III first attempts to weigh certain of 
the indications of Chapter II relative to a stochastic simulation model which will pro- 
ject manning requirements for Navy ships in the post year 2000 era.    Then,   certa n 
contraindicative considerations are presented.    Finally,  the positive and the negative 
considerations are reconciled into a recommendation favoring the development of such 
a model for the use under consideration. 

Automation   Implications 

The Chapter II discussion yielded a number of considerations which serve to 
characterize the requirements for a stochastic model built to predict the manning of 
post year 2000 ships. 

First,  while any such model must consider the trend toward automation/inte- 
gration of various ship systems,  in view of the noted conservatism of Navy planners 
and in view of other constraints,  it seems that such a model should m^Jerate the 
state of the art/science extrapolation in terms of what can be with some conserva- 
tism relative to what it seems realistic to anticipate.    Second,   such a model cannot 
be a discrete event simulator.    While the general character of the crew tasks to be 
performed on ships of the period under consideration can be stated,  the elemental 
and specific equipment related details of task performance are not now available. 
Third,  consideration must be given to the trend towards operator unloading and sys- 
tem integration.    Accordingly,  although equipment systems may become more sophis- 
ticated to meet advanced requirements,  it does not follow that the increased sophisti- 
cation will mean that more men or even better trained men will be required.    Fourth, 
such a model must be comprehensive enough to accommodate a wide range of techno- 
logical change across a wide variety of system categories.    Unfortunately,  as one 
builds comprehensiveness into a model,  he also tends to lose validity.    Fifth,   such 
a model should provide as output alternate sets of manning mixes.  It does not seem 
that,  when the total ship system goals are relatively unspecified,  a one "best" type 
of manning mix should be prescribed.    It would be better to provide the planner with 
a mix relative to each of the various possible goals of an anticipated system.    Sixth, 
the model should be flexible enough to allow simulation of either individual subsys- 
tems or the total ship system.    This flexibility seems required because advances may 
be implemented on a piece meal basis,  e. g.,  a sonar advance may be implemented 
without a corresponding advance in fire control. 

O 
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Applicability   of   Digital   Simulation 

Certainly,  digital simulation models can be built which possess most,   if not 
all,  of the characteristics described above.    Such models have been built in the past 
and the methods for achieving such simulations are well within the state of the art. 
Accordingly,   this analysis supports contentions favoring the potential of stochastic 
simulation models for manning prediction.   However,  there are a number of other 
considerations which must be held in mind relative to the total potential of digital 
simulation models for the purpose under consideration. 

Other   Considerations 

Note,  first,  that the characteristics described above say little about the valid- 
ity and the accuracy of the forecasts of the model.    While it seems reasonable to ex- 
pect that a model which possesses the attributes described above will not be entirely 
unreasonable,  it will not be possible to verify its predictive validity in the usual sense 
of the word. 

Models are not psychometric tests,  and some disagreement exists as to how 
much and what kind (construct,   content,  concurrent,  or predictive) of validity a sim- 
ulation model must show.    It may,   in fact,  be best to judge a model on the basis of 
utility rather than on the basis of validity.    Nevertheless,  the validity concept must 
be included in any discussion of a model which is under consideration for use as a 
tool for providing the decision maker with information which will help him to reach 
the required decisions. 

Some modelists have evidently held the point of view that predictive validation 
is not necessary for a model.    For example,  a recent volume by Charnes,  Cooper, 
and Niehouse (1972) presents a number of sophisticated civilian manpower planning 
models.     Yet,  there is no mention,  within the volume of validational efforts relative 
to any of the models presented.    Similarly,  most econometric models remain unvali- 
dated.    Others have argued that construct validity represents a reasonable approach 
to model validation.    However,  to rest the total argument supporting the validity of 
a model on construct validational contentions seems to be,  at best,  a "cop out. "   If 
the purpose of the model under consideration is to predict the required manning of 
post year 2000 ships,  then the predictive validity of the model remains the item of 
interest. 

::   : 

Blanchard (1972) recently also stressed the importance of predictive valida- 
tion in the mind of the model user.    He interviewed a number of users of behavioral- 
ly based models and,  as a result,   noted that: 

One of the basic problems noted was that the models devel- 
oped in the past have not been carried to final,   refined 
state or have  they been  subjected to vigorous validation 
studies,   (p.36) 
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and Levy (1969) contended: 

...Since quantitative prediction  seiims  to be the basic 
purpose of applied models,  predictive v  lidity would  seem 
to be  the most  important consideration,    (p.   3-9) 

It is possible,  however,  that the model under consideration could be validated 
by using historic data.    For example,  data from automated merchant ships might be 
employed to determine whether or not a developed model matches the known manning 
for the automated condition. 

ij ;: 

Related to the problem of model validity is the consideration of the accuracy of 
the predictions.   Linus Pauling described his use of the word "stochastic" in the April 
1955 American Scientist.   According to Pauling,  the word is derived from a Greek stem 
which,  in the original,  meant "good at hitting a target or at guessing. " Quite obvious- 
ly, a model's predictions should be something more than a guess.   Skinner in a similar 
vein noted that with any predictive model,  one must be careful in interpreting the out- 
put.   He said that it is important to differentiate between "currently probable" and 
"eventually certain. "  Quite obviously, the closer the output of the model to the "even- 
tually certain" end of the continuum,  the greater is the value of the model's predic- 
tions.    Yet,  a model which targets its prediction 2 5 or more years into the future is 
dealing with information which is more in the "currently probable" class than in the 
"eventually certain" class. 

Simulation fidelity is also a matter of interest.    Bacon admonished,   "Study 
nature,  not books. "  A stochastic digital simulation model is neither nature nor a 
book.    To the extent that it incorporates nature,  a model can be held to possess face 
validity.    This incorporation applies both to the variables included in the simulation 
and to their interaction within the model.    A model which hopes to simulate the ship 
of the post year 2000 era will,  at best,  only partially consider all of nature.    The 
totality of nature is just not known.    To this extent,  a model which aims to predict 
25 years into the future will suffer. 

Even if one is interested in building a model with a less ambitious look into 
the future,  he will find little to guide him relative to how many and which variable-:- 
to include.    And,  no model can incorporate all aspects of the nature it mimics.    This 
is a nontrivial consideration from the point of view of acceptance of the model by var- 
ious users.    No matter which variables are built into the model,  some users will not 
be satisfied because a variable which they consider to be significant is missing. 

Any computer simulation model,   including one which looks 25 years into the 
future,  is not a model in the sense of a facsimile,  a physical model,  or a manikin. 
It is a set of abstract representations which are manipulated by some formal disci- 
pline,  such as logic or mathematics.    In developing such abstract representations of 
the real world, a number of transformations must necessarily take place.   Such trans- 
formations must necessarily serve to reduce the acceptability of the model to most 
users. 

29 

.,^:. .-.,■,. ^  ............ 

  '■     UM     ■-■-■- :-,^^ 



_p <1Jf»* 
■■■"— "" 

iJimiJW.,i,i!i.i«i(p!|||| UlllWiMllUIW||M(l»!.«ilJI!>: TOWK^gwswfBHiB^s' '■,:,"5 ?r!">'^\-^-- n 

Feasibility   of   Computer   Simulation   Model   for   Predicting 
Manning   Requirements   of  Post   Year   2000   Ships 

What then can be said relative to the utility and feasibility of a computer sim- 
ulation model which will predict the manning requirements for post year 2000 ships? 
Certainly, the development of such a model is possible. The introductory section of 
this chapter indicated few requirements which cannot be met, and the section headed 
"Applicability of Digital Simulation1' supported stochastic models for manning predic- 
tion. On the other hand, the section titled "Other Considerations" implied a number 
of reservations.    How then may the two sections be reconciled? 

The system planner needs the type of information provided by such models. 
Such a digital simulation model would provide a variety of information needed for 
planning purposes.    Moreover,   such information is not available from other sources. 
While the output of such models may be more at the "currently probable" than at the 
"eventually certain" level,  the information provided by such a model will be better 
than nothing at all,  possib'.y better than some might anticipate,  and certainly superi- 
or to "engineering judgment, "   While such a model may be imperfect,   it will probably 
be sufficiently perfect to allow the development of the insights required for system 
planning purposes. 
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IV.   POSSIBLE MODEL CONCEPTS 

Prior chapters attempted to place into perspective current automation trends 
in Navy ship systems and the implications of these trends for a stochastic digital 
simulation model which will predict manning requirements for the post year 2000 
era. 

The current chapter presents overall descriptions of conceptual approaches 
to models which seem to possess potential for providing the required manning esti- 
mates.    Four different approaches are described: (1) a volumetric approach,   (2) a 
technological extrapolative approach,   (3) an automation approach,   and (4) a linear 
programming approach.    It is not held that the approaches are mutually exclusive 
and no attempt is made to evaluate comparatively the various approaches.  In fact, 
the "best" approach may be some combination of the several approaches.    For ex- 
ample,  the linear programming approach cannot stand on its own and is best con- 
sidered as a component of one of the other concepts.    Moreover,  the approaches 
presented are based on the creative thinking,  knowledges,  and predictions of the 
present program team.    Others may conceive parallel or even radically different 
approaches. 

The  Volumetric   Model 

There were several specific indications in Chapter II that a number of 
changes can be anticipated which will affect the space required for each ship sub- 
system function: 

• the space required for equipment will vary,  depending 
on the state of automation 

• the number of operators required to man each ship sub- 
system function,  and hence their requirements for space, 
will vary with automation/integration 

• maturing technologies will result in combining formerly 
separate functions which can be performed with common 
equipment 
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The volume required for each ship subsystem,   changing through time as a 
function of these factors,  is a matter of concern because of the very limited degree 
to which the volume of a ship can be modified,  once the ship has been built.    Super- 
structures can be added and hulls lengthened,  but only at great cost and at the risk 
of impairing performance. 

Co n r e p I s 

In principle,  it should be possible to forecast the changes over time in the 
space required by the equipment which performs each function.    These changes in 
required space result from advances in the degree of automation.    Likewise,  it 
should be possible to forecast the changes in the number of crewmen required in 
concert with hardware volume changes.    Given a fixed total volume,  the space avail- 
able for each crew member can then be computed. 

This calculation is complicated by the fact that the space required per crew 
member for the performance of his work will vary with the function.    In addition, the 
degree to which each function is impaired by a reduction in the number of personnel 
performing the function will also differ from one to the next. 

Approarh 

The primary difficulty to be overcome is that forecasting volumetric and man- 
ning requirements of each ship function rapidly becomes a matter of conjecture and 
opinion as one looks much further than a few years into the future.    As indicated by 
the interview data reported in Chapter II,  it is doubtful that even two specialists in 
the technology of a given function would independently make similar predictions be- 
yond the next five or ten years. 

As a means of overcoming this problem,  the volumetric approach would sim- 
ulate changes for a large number of hypothetical functions.    Each such function would 
be characterized by a number of parameters throughout the desired time interval. 
The simulation would then compute the volume available for each crew member for 
each ship subsystem function throughout the interval of time (say,  25 or 50 years). 
Enough information would be provided to estimate the effectiveness of performance 
of each ship  subsystem function as it varies during the period of time studied. 

Typical curves representing the variation with time of the volume required 
for the hardware associated with a ship subsystem function are presented in Figure 3. 
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Figure 3.   Curves representing voriotion In equipment volume over time. 
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• curve (a) shows a dramatic increase followed by a slow 

decrease.    This behavior typifies data processing,  in 
which early computers were very large,  but later be- 
came more powerful and physically smaller. 

• curve (b) might represent a mature shipboard subsys- 
tem function, such as food service,   in which fast cook- 
ing ovens and availability of conveniences reduce prep- 
aration space requirements 

• curve (c) represents a function which is consolidated 
with another,   e. g,,  the consolidation of two computer- 
ized functions into the same computer 

• curve (d) represents an entirely new function which tech- 
nology has brought to life and which is gradually reduced 
in size through improved maintenance,  packaging,  and 
miniaturization 

.. 

•  curve (e) might be a shipboard subsystem function which 
has been extended in scope and capability so that it re- 
quires more equipment.    An example might be a new type 
of sonar with greater sensitivity,   range,  or discriminat- 
ing ability. 

It is likely that additional models of volume change over time can be devel- 
oped.    Furthermore,  combination curves can be synthesized,   since several types of 
change can be expected to occur within a single shipboard subsystem function over a 
period of 25 years or more. 

Different models for the variation in the number of crew members for a ship- 
board subsystem function with time can also be constructed.    In many cases,  varia- 
tions in the number of men required will parallel the variations in equipment Size. 
For example,  the introduction of a new equipment type may require a corresponding 
increase in crew size to use and to maintain the equipment.    As the equipment be- 
comes more reliable and more automated,  fewer men would be needed for manual 
control and maintenance [e. g.,  volume curve (d)],    In other cases [e, g, ,  volume 
curve (b)],  the number of crew members might remain constant,  indicating that a 
reduction in size is taking place,  but not an increase in automation.    In still other 
cases,  there might be a significant increase in manpower with time.    This might be 
due to a rapidly growing versatility of the function,  providing for more information 
requiring human processing,  presumably with a sufficiently high payoff to justify the 
additional personnel. 
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No difficulty shoud rise from the fact that the hypothetical functions do not di- 
rectly correspond with real functions.    The mimicking of real function variation with 
time becomes very tenuous when one considers the future.    By postulating a number 
of hypothetical functions,   each characterized by plausible behavior patterns,  the over- 
all effects of automation can be estimated. 

Furthermore,   real curves can also be implemented.    For example,  a careful 
analysis of the fire control subsystem function may produce a real curve for a period 
of,   say,  25 years.    Data for this curve can be added to that of the hypothetical func- 
tions. 

I    '■ 

Assump t ions 

The problem in any simulation is to simplify the model without rendering it 
meaningless or distorted.    One assumption that has been made is that crowding fac- 
tors can be uniformly distributed as shipboard subsystem volume requirements in- 
crease and decrease in time.    In effect,   ±e assumption is equivalent to having a sig- 
nificant degree of flexibility in the internal arrangement of a ship.    This might be 
brought about either by relocating bulkheads,  by relocating functional areas,  or some 
combination of the two. I 

Another assumption is that the relative space required per crew member is 
invariant as available space expands and contracts.    For example,  if the navigation 
function requires 1. 5 times as much space per crew member as the CIC function, 
this ratio is constant,   regardless of the degree of crowding.    The only exception is 
that there is an irreducible amount of space below which the space per crew member 
may not fall. 

I 
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Input Description 

Within such a predictive model,  a number of input variables are required to 
describe the general conditions of each run: 

1. run identifier 
2. date 
3. experimenter (optional) 
4. comments (run description) (optional) 
5. initial year simulated 
6. duration of run (in simulated years) 
7. intervals between successive volume computations 

(in simulated years) 
8. maximum crowding coefficient (maximum degree of 

crowding of crew members to be permitted) 
9. chronological print suppression key (if set,  results 

will not be printed out year by year) 
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Any number of ship subsystem functions,   real or hypothetical,  may be simu- 
lated,  up to some realistic total.    Each shipboard function consists of data which are 
constant throughout time and a large body of data which varies with time.    The con- 
stant data for each function are; 

1. function name (optional) 

2. urgency of function - The urgency parameter will be 
used in the computation whenever the number of men 
required for optional manning exceeds the space avail- 
able.    In this case,  the number of men associated with 
less urgent functions will be reduced proportionally. 

3. function print code - This code determines whether data 
for this function will be printed throughout all years at 
the end of the simulation. 

time. 
The bulk of the data describing each shipboard function are variable with 

For each shipboard function,  the variable data consist of; 

1. time (year) 

2. equipment volume (cubic feet) 

3. number of personnel required 
for optimal performance 
for satisfactory performance 
for emergency performance 
for maximum performance 

4. space required per crew member 

The number of persons in the various categories in item (3) are initially spe- 
cified to providt a means to reduce the number of personnel manning the various ship- 
board subsystem functions,   under the condition that, overcrowding would otherwise 
result.    Initially an attempt is made to man all functions with the optimal number of 
personnel.    If space is insufficient,  the least urgent functions are selected,  and the 
number of personnel in each is reduced from the optimal number to the satisfactory 
number.    If this results in a feasible solution,  no further reductions are required. 
Otherwise,  additional personnel are deleted,  a process that continues until the crowd- 
ing condition has been alleviated. 

The variable in item (4) provides the amount of space required by each crew 
member to perform his duties.    Normally,  this will vary from one ship subsystem 
function to another.    It is also somewhat elastic,   so that if it is reduced, the func- 
tion can still be performed.    This is described in greater detail below. 
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The simulation also assumes tlat when crowding occurs,  it is distributed 
uniformly across all   shipboard system functions.    The limit on crowding is reached 
when the degree of crowding is greater than that which is permitted by the maximum 
crowding coefficient.  No further crowding is permitted; instead,  the number of crew 
members performing one or more functions must be reduced. 

Processing   Method 

Figure 4 presents an overall flow chart of the volumetric model simulation. 
All data required for a simulation run would be read in for each run.    The alterna- 
tive,  embedding much of the data in the program,   seems too inflexible.    However, 
entry of required data from a file or data base is possible,  provided that storage is 
available and the data are not subject to many changes. 

Because of the errors which can enter into input data preparation,  a number 
of error detection verifications are made.    Examples of the types of checks which 
might be made are; 

• interval between years is smaller than run duration 

• if chronological print suppression key is set,  the func- 
tion key for at least one function must be set (otherwise 
no output is generated) 

• function urgency has permitted value 

• all volumes are positive 

• for numbers of personnel in a given year,  the sequence 
of optimal,   satisfactory,   and minimum numbers must 
decrease 

Any errors detected result in an explanatory message being generated 
and the termination of the run.   The print cover page subroutine (Figure 3)printsthe 
run identification information.      The compute initial year volume subroutine fixes 
the total volume.       This volume remains constant throughout the run.      The com- 
putation consists of summing the equipment volumes for all functions for the initial 
year.    To this is added the optimal number of crew members required for each func- 
tion,  multiplied by the space required for each crew member performing the function. 
If the chronological print suppression key is set,  the print results of year module is 
skipped.    Otherwise,  the space required for equipment and crew members for each 
function is tabulated and totaled from input. 
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The determine next year to be studied step (Figure 3) simply implements the 
next higher value.    Assuming that the newly computed year is within the space of this 
run,  the compute equipment volume requirements for the current year are summed. 
If the input did not contain equipment volume data for this year,  a linear interpolation/ 
extrapolation would be made. 

If the total equipment volume exceeds the total available volume,  then clearly 
an unfeasible situation has resulted,   since no space is available for crew members 
and an unfeasible situation printout is generated.    This printout is generated even if 
printing is normally suppressed.    Control then passes back to the time incrementing 
mechanism. 

If the equipment complement for the current year is less than the volume of 
the ship,  volume required for the crew in the current year is computed.    The initial 
calculation assumes the estimated optimal number for all functions. 

An attempt is made to crowd the crew into the available crew space.    This is 
considered to be the difference between the total ship volume and the volume required 
for the equipment.    First,  the ratio of available crew space to required crew space 
is taken.    If the ratio is unity or greater,  the space available is sufficient,   and the re- 
sult can be printed out.    If not,  it will be necessary to reduce crew size.    According- 
ly,  two different measures were included in the input to provide a stepwise and se- 
lective way to reduce the number of crew members: 

• a measure of the relative urgency of each shipboard func- 
tion 

• four levels of manning each function.    These vary from 
optimal,  through satisfactory,  to minimal. 

Crew size reduction takes place one step at a time. After each step, a com- 
putation is made to determine whether crew size has been reduced sufficiently to fit 
the available space.    The stepwise reduction proceeds as follows: 

1. ail crews in the function of least urgency are reduced 
from their optimal size to satisfactory size 

2, same for all crews in r.    + least urgent function 

(n)   same for all crews in most urgent function 

(n+2)   repeat for stepwise reduction from satisfactory to 
marginally acceptable 
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Since the safeguard exists that at least some space must be available for the 
crew,  the above process will eventually terminate.    Then the results for that year 
are printed out.    At the conclusion of simulations for all years,  the simulated his- 
tories of designated functions are provided as output.    This printout is basically the 
same information printed in the chronological summaries, but sorted and reprinted 
for each function of interest in turn. 

Output 

Three distinct outputs are generated by the simulation.    The first output sum- 
marines the basic information about the run,  containing optionally any comments 
whicn the experimenter wishes to include. 

An extension of the record is a set of error messages related to the data 
validation step.    If any such errors are found,  the run is terminated at this point. 

.. 

U 

A second printout (if not suppressed) contains yearly results starting with the 
first generated base year and continuing for every interval thereafter.    It provides 
the following information for each snip subsystem function; 

1. function name 
2. equipment volume 
3. manning level (optimal,   satisfactory,   etc. ) 
4. number of men 
5. total crew volume 
6. percentage of total volume dedicated to the function 

For the time simulated,  the overall crowding factor and total volume of the ship are 
given. 

A special section of this type of printout is required when no feasible solution 
is possible. It consists simply of an explanatory message, the total volume, and the 
computed equipment volume. 

;■ 

A third printout provides,  for each shipboard subsystem function explicitly 
flagged,  a tabulation of the history of the function.    This consists of the year plus 
items (2) through (6)   above. 

In the event of an unfeasible solution in any given year,  items (2) through (6) 
are replaced by an explanatory message. 
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Risk   Assessment 

There appears to be little question as to whether or not implementation of the 
model is feasible.    The program structure is straight forward and the contents of 
individual program blocks are fairly simple.    Note also that alternative algorithms 
for crew size reduction,  crowding,  etc. ,  can be substituted without requiring more 
than minimal changes to other program blocks (primarily the verification and print- 
out subroutines). 

The primary advantages of such a model is its relative simplicity.    It has a 
strightforward structure,  containing a number of mutually independent,   replaceable 
modules.    The input parameters are easy to prepare and to change,  and the outputs 
are simple to interpret.    The learning time required for effective use should be 
limited to a few hours.    The running time required is also relatively minor.    Thus, 
many insights into the possible implications of automation on ship accommodation 
may be gained at minor costs in time and computer utilization. 

The primary disadvantage of the model is the reverse of its primary ad- 
vantage; the simplicity of the model results from its simplifying assumptions.    One 
basic assumption was that volumetric changes on shipboard brought about by automa- 
tion can be approximated by a large number of hypothetical input functions,  changing 
independently but interacting.    This,  of course,  is a weakness of the input more than 
of the model.    However,   if trustworthy input cannot be obtained,  the value of the mod- 
el itself becomes questionable. 

Another assumption which must be examined carefully is the assumption that 
the space can be allocated among functions in such a manner that crowding can be 
distributed uniformly throughout all functions.    The volumetric model could accom- 
modate a more realistic algorithm for the distribution of crowding, but such an al- 
gorithm would require a prioritization of the importance of each function relative to 
the various goals of the ship simulated. 
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The   Automation   Level   Model 

The automation level model is based on the concept of extrapolating levels of 
automation into the future for various ship functions,  so as to enable future ship man- 
machine effectiveness values to be estimated by calculation.    The essential purpose 
of this simulation model is similar to the others presented—the numerical prediction 
of manning requirements for ship/crew systems which may be implemented more than 
2 5 years in the future. 

The approach first involves determination of the total amount of effort requir- 
ed to be performed over all of the various shipboard subsystem functions during one 
watch or shift on the ship to be simulated.    The determination is made as a function 
of the level of automation of each ship subsystem function for the time period to be 
simulated.    This workload requirement is then used to evaluate how well the actual 
assigned crew complement does its job,  taking specified environmental,  mission, 
and related conditions into account. 

In this approach,  the following factors are considered in each stochastic com- 
puter simulation: 

J 

ship type/capability/class 
type of mission 
length of simulated shift (watch) 
personal characteristics of crew 
level of automation of ship functions,  or year(s) to 
be simulated 
environmental conditions 

In defining the scope of this approach,  it is pointed out that the following are 
not considered:  personnel tasks and rates,  level of expendable (consumable) supplies, 
leadership qualities of personnel (except as inherent in their proficiency ratings), 
navigation (ship location,  except as inherent in the geographic zone simulated),  dis- 
tance traveled,  and the physical dimensions of system stations,  or the ship itself. 

Input 

D 

The types of data required as input to this model are given,  together with a 
brief description of each,  in Table 4.    The concept is one in which an analyst is pro- 
vided with the opportunity to request individual computer simulation runs either 
through terminal keyboard entries   or submittal of input card decks.    A run consists 
of a single ship/mission simulation,  in which input values are used as provided; or, 
a stries of simulations in which several ship simulations are made during which val- 
ues of selected inputs are varied over the simulations in some prespecified way.    In 
each simulation run,  the user sets conditions by specifying values for the input data 
items shown in Table 4. O 

42 

^^^^^ ^^.  w,^.^^ —-— 

s 



mmr* wimvmiumm. |||ptp|||PI||f^pp^^JMfTO»fJWt^.g°r^'-^^ 

—— i 
PAlIiippip 

■ 

■ 

Input Label 

Ship Type/Class 

Duration 

Mission Type 

Ship Functions 

Number of Men 

Average Crew Speed 

Per Cent Crew Fully 
Qualified and in Training 

Cross Training 
Probabilities 

Sea State 

Level of Automatic a 

Teach 

Run Identifiers 

Output Detail Outputs 

Table 4 

Types of Input Required 

Description of Input Data 

One of a preselected set of ship types. Either name or 
abbreviation will be acceptable. 

Number of hours (1-8) to be simulated. The simulation 
of a single operational^watch is believed to be adequate 
for the type of global results desired. 

One of a preselected set of mission types. 

Ship functions to be simulated; when "unknown" functions 
are specified, the techniques described in the volumetric 
approach may be used to select functions to be simulated. 

The number of men which are required to man the corre- 
sponding ship f.mctions today,   i.e.,  at currc.l levels of 
manning. 

A value which identifies the work pace of the average 
man in the crew to be simulated. 

Two values from 0 to 100 to specify the proficiency of 
the crew. 

A matrix indicating the likelihood of each personnel type 
being cross trained with each other type. 

A code from 1 to 9 indicating the soa conditions to be 
considered. 

Either: (1) the desired year of simulation, or 
(2) specified models for each ship function 

(see volumetric model) or 
{?.) specific values of the automation levels for 

each ship function to be simulated selected 
from the following: 

0 -   fully manual 
1 -   slight automation 
2 -   moderate automation 
3 -   high automation 
4 -   fully automated 

A request for instruction by the analyst on how to pro- 
vide input data for this model. This allows the analyst 
to request either the computer's extrapolation of automa- 
tion levels or to provide specific values. 

Date, experimenter, or other simulation run identification. 

Level of detail of printed results. 
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Thus,  we conceive of sessions during which the analyst would submit sets of 
data representing requests for a series of runs so as to compare results which are 
geneicueJ by virtue of different input parameters.    In this way,  the analyst would be 
able to determine the effect of changing one (or more) input parametric values such as: 

• greater or lesser values of automation 
• better or poorer qualified crews 
• level of mission difficulty 
• the future year which is to be studied 

Proc e ssi n|{ 

Utilizing the input data provided for each mission/watch simulation run,  the 
automation level model would perform the sequence of calculations shown in Figure 5. 
In Figure 5,  the major program modules are named.    A brief description of each 
module follows; 

Initial 

Read 

Reset 

Performs initialization of variables/arrays required for the 
start of each simulation run. 

Scans and reads and checks syntax of input requests and data. 
Sets up default (unspecified internal values).    Reports any er- 
rors noted.    Usually will terminate if these are errors. 

Sets appropriate initial values of all global data items for each 
iteration of the run. 

Extrapolate Projects the level of automation to be simulated for each ship 
subsystem function.    This is required only if option (1) of lev- 
el of automation input is selected.    If option (2) is selected,  the 
automation levels given are employed.    The technique proposed 
is elaborated on here due to its high relative importance to the 
model.     Consider an automation level P,  v/hich has values be- 
tween 0 and 1,  such that; 

where n is the number of men needed and N is the number of 
men needed for the no automation case.    Thus, 2. is the frac- 
tion of the men required for automated operation as compared 
to "manual" operation • 

n = N(l - P) 

0 
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If HQ men are required for an automation level of PQ,  then 

N = 
n0 

1 - Pr 
and n = ^0 

1  - Pr 
(1 - P) for any 0 < P < 1. 

'0 —-0 

Suppose that when automation equals. 2,  4 operators are needed. 

n0 = 4'   P0 2,   so n = 5(1 - P) 

Then,  if P = .6,  n = 5(1 - . 6) = 2 operators are needed.   If n 
is not an integer,  this would imply time sharing of men (round- 
ing to integer value). 

In Chapter II,  values of automation were estimated for the pres- 
ent time and for some future time.    These yield two points on 
the automation-as-a-function-of-time curve; 

(0,   Pn), and (t,,  P^. 0 1' 

If a suitable function is fitted to go through these points,  it is 
possible to interpolate and extrapolate the values of automa- 
tion level.    It is suggested by Ayres (1969) that "Qualitatively, 
one can see from Figure 5. 4 that the curve of progress in a 
field is likely to have a stretched-out S shape.    A phenomeno- 
logical model developed by A, L. Floyd based on concepts akin 
to the foregoing (discussed in Chap. 7) tends to confirm this sur- 
mise" (p. 84). 

On p.   123,  Ayres lists several growth law formulas.    These 
were investigated for their behavior and ease of curve fitting. 
The logistic (Pearl) curve,  an S-shaped curve whose range is 
from 0 to 1 (not inclusive),  as t goes from - « to + <»,  was con- 
sidered best suited to the representation of automation levels. 
The curve is asymptotic to the lines P = 0 and P =  1 so that 
the no automation and complete automation cases are never 
actually achieved.    The formula is: 

8 

1 + Äexp(-kt) 

If at t = 0,  P = P..  and at t = t     P = P , the formula becomes: 
U 1 i 

p =  rp   (i-pjlt   • po and pi > 0- 
+ (.L. i)   po (1   ^V — 

Pi(i-P2) 

This allows the calculation of P for any other value of t. 
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Examples; Suppose P   = PQ = 0. 25 at the present (t = 0) and 
P, = P   = 0. 5 when t - t- - 25 yrs. (from now) 

Then P 

' + 4Y 
CASE A 

Suppose P   = 0. 25 and P1 = 0. 75 when t   = 25 
(years into the future) 

Then P 
1+ 3/<s-Vä w or 

1 + 3(3)"^ 
CASE B 

Suppose P   = 0. 1 and P   = 0. 8 when ^ = 25 

1 1 
Then P 

1 + 9 ikY 
or CASE C 

1 + 9(36pf 

Each of these is plotted in Figure 6.       In the first two examples, 
the curves between the given points are practically linear. 

If t = 0 represents the year 1975,  then t = 25 represents the year 
2000.    Note that the inflection point appears to occur when P = 
0. 5, 

The data from Chapter II indicate that,  based on a sample esti- 
mate of nine advanced scientists.  Case A (25 per cent automa- 
tion now and 50 per cent automation in 2 5 years) is a useful ini- 
tial approximation. 

47 

   ■_....■.  .    . u^jr   imtitfM'rMfaia^^rfMliMill* mwtWW w^'U« W W WÄlBBB|BWBBipppwp»i!SWB — — ^  



w* SU uni mmmMmmmmmmm. iw^iipiMfiii ii IIIIIIII|II iiiipiiipiiiiiniiniiii n  iiiniuiii i iiijWiiHBpilii'    i*1   '    " 

Ü 
1.01 

.9 

_) 
ÜJ > 

z g 
P < 
O 

0 
-60 

CASE C 

ffO-Po)] 

X)   CALIBRATION POINTS 

(EITHER(0,%) ORitpP,)) 

PRESENT 
PAST, | , FUTURE 

0 20 

TIME t 

Figure 6.   The Logistic (Pearl) Method for extrapolation of the future levelsot automation. 
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Workload Calculates the manpower workload (including sleep and relax- 
ation) which must be devoted to each ship function for satisfac- 
tory ship system performance. This is determined as a func- 
tion of the automation level to be simulated in the input data. 

Set Calculates and assigns specific values of speed and proficiency 
from input averages.    Determines cross training for each man 
in view. 

i: 

Assign Determines the allocation of each crew member to one or more 
ship functions (see linear programming approach,  page 64). 

How well Determines how well each ship function is performed as a func- 
tion of the men assigned and the manpower workload required. 
Also taken into account are sea state,  crew qualification levels, 
and crew speed.    Output measures may be in the form of accu- 
racy,  thoroughness,  or responsiveness. 

Sumshift Summarizes the results for the current crew and automation 
levels. 

Outshift Generates tabular or display output of current crew/automation 
level iteration. 

Change Steps parameters for crew size or automation level for next 
iteration. 

Sumrun Summarizes results over all iterations. 

Outrun Generates tabular or display output of all specified iteration 
simulated runs. 
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Output 

Following the basic calculations of each simulation, output recording would 
take place at a variety of levels of detail. Examples of the general levels of detail 
to be available are; 

• function results 
• end of simulation results 
• end of run results 

Output would be available either at the terminal where the analyst submitted 
his input or,  for local batch runs,  at the computer center. 

The following information would be available: 

1. run/simulation identification information 
2. level of automation projected for each function 
3. crew performance by ship subsystem function as a function 

of manning 
4. ship system efficiency values as a function of manning 
5. minimum, average,  and maximum data values as a function 

of manning 
6. distribution of personnel time by function/duties as a func- 

tion of manning 
7. assigned values of psychosocial values for each crew member 
8. areas of over or under manning 
9. utilization of personnel in crosstrained specialties as a func- 

tion of manning 

0 
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The   Technological   Extrapolat i v e   Model 

Each of the two prior approaches,  the volumetric model and the automation 
model,  to the problem of forecasting the ship manning requirements for the post year 
2000 era rested on extrapolations and insights relative to trends towards automation. 
The technological extrapolative model rests on a similar set of extrapolations.    How- 
ever,   in this case,  the extrapolations are based more on individual technological de- 
velopments and less on automation,  per se.    Accordingly,  the technological extrapo- 
lative model is introduced with a set of coijectures relative to changing technology. 
These are introduced as examples of the types of thinking which underlies the belief 
that technological changes will impact what crew members do aboard ship.    Although 
the two concepts,  automation and technological change,  possess something in com- 
mon,  there is also a difference between the two.    Specifically,  by technological ex- 
trapolation we mean the effects of an increased scientific and production capability 
regardless of whether or not the function served by the capability is automatically or 
manually performed.    The manning requirements resulting from technological changes 
will necessarily be different from manning changes which result from automation. 

Elect ron irs 

The conclusion may possibly be drawn that virtually all the information con- 
cerned with the day-to-day operation of a ship will be handled,  at least to some ex- 
tent,  by electronic processes in the post year 2000 ship.    This information process- 
ing may be as simple as the video transmission of a championship football game or 
as sophisticated as the validation of the genuineness of an apparent command deci- 
sion.    There are a number of trends in the electronic arts which support this conclu- 
sion.    Remarkable miniaturization has been made possible by integrated circuits. 
At this point in time,  the ability to build general capability into moderate size inte- 
gration gives us essentially a powerful user defined minicomputer which may be pro- 
grammed to do a host of apparently related tasks (ranging from automative non-skid 
brake systems to devices to interpret a whole body radioisotopic scan).    This trend 
may be expected to continue.    LSI (large scale integration) techniques are very likely 
to make available powerful medium size (size here refers to year 1975 size) compu- 
ter systems which by the year 2000 would actually occupy very little space.    This 
physically small,  but powerful,   computer would probably have the capability of per- 
forming many of the essential information processing steps which will be needed on 
the ships of the twenty-first century. 

;; 
Additionally,  analog advances cannot be ignored relative to electronic develop- 

ment,  although the need for consideration of analog circuitry may not be obvious.   The 
actual information,   unless it is of a very simple nature (e. g. ,  number of times a door 
opens and closes) or unless it is transmitted through a data link,  is analog in nature. 
Significant,  but much less widely publicized,  advances are occurring in analog data 
collection and manipulation.    One of the reasons for this is the advent of a number of 
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very high gaia operational amplifiers which,  when used with the proper high levels of 
negative feedback,  produce highly believable amplifiers.    The field of analog signal 
processing has received major help from the idea of active filtration (using an ampli- 
fier to actually filter out unwanted signals) and phase lock amplifiers (the ability to 
tell an amplifier,  on a continuing basis,  which signal component to amplify).    The 
full impact of these and other new analog devices is probably not yet realized even 
by specialists.    These analog devices (operational amplifiers,   active filters,   and 
phase lock amplifiers) have been attempted for some time but the rapid practical 
development did not occur until the development of integrated circuits.    The follow- 
ing difference seems noteworthy.    The advent of digital circuit integration has led to 
much smaller digital devices with broad,  but not new,  capabilities.    On the other hand, 
for analog devices,   circuit integration has led to qualitatively different,  previously 
unavailable,  analog devices. 

However,  the major impact will be realised when the new sophisticated analog 
signal acquisition and processing techniques are teamed with powerful but small digi- 
tal computers.    The result could be routine performance of signal acquisition/proc- 
essing/interpretation on a scale not now projected by most people. 

Electronic   Signal   Processing 

By electronic signal processing,  we mean,   in the present context, the educ- 
tion of information from noisy repetitive signals.    Some of the presently available 
signal processing techniques which are likely to be of future utility are signal aver- 
aging,   signal correlation,  and signal anticorrelation. 

Signal averaging takes a noisy signal in which the desired information may be 
totally unrecognized because Jie signal to noise ratio is very low (much less than one) 
and: 

1. processing it faithfully on an analog basis so that minimum 
degradation of the signal takes place,   then 

2. converting from analog to digital format,  and then 

3. feeding the digitized information repetitively into a digital 
computer with a time domain memory 

Signal enhancement occurs because noise (being randomly both positive or negative, 
but not both simultaneously) tends to cancel on successive passes through the compu- 
ter,  but repetitive signals build up on each pass through the computer. 

One obvious application could be passive sonar where a low sound of a moving 
ship is picked up,  the signal processed,  and then averaged signals compared with a 
library of known signals by an identification system.    For this purpose, the human 
would be out of the signal acquisition loop because he would not be able to detect the 
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presence of useful information until after it had been found by the signal averager. 
While skilled operators might still be needed,  their role would be to exercise such 
systems and verify that they are operating properly.    Human operators might also 
be used to establish the search parameters to fit a given tactical situation. 

Signal correlation and signal anticorrelation are also powerful techniques 
which probably have very advanced uses.    Until recently,   signal correlation and anti- 
correlation have been mostly laboratory techniques.    Simply stated,  a signal correla- 
tor looks for some signal which possess a correlation with a known event.    This cor- 
relation is often temporal.    A signal anticorrelator looks for signals which do not 
have a correlation with a known event.   The use of these two techniques would seem 
to have considerable potential for applications in many new and existing systems such 
as IFF,  detecting and recognizing signals from countermeasures (both active and pas- 
sive),  and validating the authenticity of received command messages.    Again,   such 
systems could require highly trained personnel to serve not as links in the signal proc- 
essing,  but to perform system test,  exercise,  and monitoring roles. 

Computer   Systems'        . 

The subject of digital computer capability and availability was mentioned in a 
number of prior sections of this report and need not be elaborated on here.    However, 
we again note that: (1) speeds of individual operations are increasing,   (2) memories 
are expected to become much larger,   more flexible,  and faster,   (3) large scale semi- 
conductor memory will certainly be possible,  and (4) large scale more exotic memo- 
ries,   such as magnetic bubbles,   seem likely. 

Commun i c at i ons 

Communications needs to be dealt with on two levels: secure and nonsecure. 
The distinctions between underwater and surface vessels is also important. 

Underwater communications schemes in which either end of the link can initi- 
ate contact with the other end without compromising the security of the mission seems 
to be a difficult task.    Progress on this problem is not known to the present authors. 
Accordingly,  the remainder of this section is confined to surface vessel communica- 
tions. 

< 

By using satellites,  nonsecure communications should be possible at any time 
at the desire of either end of the link.    Subject to the limitations of line-of-sight trans- 
mission and dependence on atmospheric conditions,  the ship-borne laser-satellite link 
can provide a communication link with an enormously high information density.    It 
should be noted that such a communications system could not be depended upon,  by 
either end,  as a call anytime system. 

Secure transmissions pose two problems: 
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1. anyone,  friend or enemy,  may break the cypher,  and 

2. secure transmissions impose the requirement for detect- 
ing forged messages. 

With the availability of many large scale computing systems,  there is currently a 
sophisticated program of intercept/decypher taking place.    There is,   unfortunately, 
no way for one to know who is trying to,  or succeeding in,  breaking his cyphers.   It 
should be noted that many individuals have access to large scale computing systems. 
The probability of any one person breaking a cypher may be very low but,  historical- 
ly,  cypher breaking has happened many times.    One suspects that cyphers are broken 
more often than is usually admitted. 

If secure communications can be assumed,  there are many implications rela- 
tive to both the number of system operators/maintainers needed and their skill re- 
quirements.    With a secure communication system,  much equipment monitoring,   rou- 
tine check,  and malfunction diagnosis could be performed by a land based system.    In 
addition,  the secure communications could be used for personnel skill maintenance 
and upgrading.    The need for security is obvious during either system or human con- 
versations with the land based system.    We also note that such a system would need 
to include precautions against forged messages. 

u 

Lasers I 

Possible communications uses of lasers have been mentioned previously.    By 
the year 2000, laser based systems will probably be relied on extensively for defense 
capability.    Radar controlled laser ray systems may well be the only way to defend 
a surface ship against a supersonic aircraft/missile attack.    Large attack ships may 
have laser weapons for short range or even medium range offensive use.    Efforts are 
now in progress to develop a gamma ray laser system.    There are some reasons to 
believe that such a system can be achieved.    If it can be made intense enough,   a gam- 
ma ray laser could represent a very significant device,  because it could have great 
penetrating power and not be visible to the eye.       The device would be as serious a 
consideration as gamma rays from nuclear devices but would have the added impli- 
cations of coherent radiation.     Some possible uses would include antipersonnel use, 
antielectronic system use,  and antiwarhead use.    However,  we note that the idea of a 
gamma ray laser is speculative at this time.    Laser systems are quite inefficient in 
converting electrical energy into optical energy.  Accordingly,  if lasers are to be used 
for either defensive weapons or for offensive weapons,  they will require large supplies 
of electrical energy. 

:: 

o I 

Miscellaneous 

There are a number of other present technologies and some probable technol- 
ogies which could effect the manpower needs of a naval ship of the post year 2000 era. D 
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1. Display Systems--A number of versatile,  high visibility dis- 
play systems which do not use a cathode ray tube are being 
developed.    Much more progress can be expected in this re- 
gard.    Many of these systems use a laser or lasers to allow 
a legible information display. 

2. Nonmetallic Technology--A number of non-metallic materi- 
als of high strength are under development.    These could be 
used,   for example,  to make small drone aircraft which would 
be very hard to detect and to defend against.    Such aircraft 
could be used for reconnaissance,  to carry counterrneasures, 
for signal jamming,  and the like. 

3. Satellite Surveillance--A fully operational satellite surveillance 
system would seem to have major implications for surface ships. 
Such a system could almost completely negate the historical elu- 
siveness of ships on a large body of water.    Conversely,   a friend- 
ly surveillance satellite could not warn of an impending aircraft 
attack,   for example,   if its field of view is obscured by unfavor- 
able weather conditions. 

Approach   Details 

In the development of the technological extrapolative model,  we begin with a 
consideration of ship types and ship manning levels currently known and employed or 
scheauled for deployment and identify those technologies of primary interest,   Then, 
the current state-of-the-art in these technologies and the potential for still further ad- 
vances of these levels are considered,  along with such questions as: 

What advances in these technologies can be projected? 

Which are of importance  to ship subsystem design? 

Are there other new technologies which can be expected 
to evolve during the time period under consideration? 

This model has its predominant impact in the prediction of technological ef- 
fects on levels of manning.    As a result,  this approach can be merged with one of the 
other models presented. 

This model,   too,  does not consider personnel ranks/rates,   expendable supply 
levels,   personnel leadership qualities,   ship geographical location,   distance traveled 
or ship dimensions. 

:   ! 
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For the purposes of model description,   the technologies listed in Table 5 have 
been identified as those which are expected to have principal impact on ship subsys- 
tem designs over the next 50 years.    A more exhaustive list would need to be devel- 
oped if this modeling approach was to be actually implemented.    It is also noted that 
there is some interaction or interrelation between the technologies.    Definition and 
description of this interaction would also need to be the subject of further work. 

Table 5 

Examples of Technology Areas 

Technology 

Electronics 

Signal Processing 

Computational Sciences 

Communications 

Materials 

Satellite Support 

Energy Utilization 

Lasers 

Displays 

Comments 

integration,  components 

signal enhancement,  correlation,  anticorrelation 

computer architecture,   signal processing,  programming 

operator interface devices,  voice recognition,  displays, 
radio,  linguistics 

chemical,  metallurgical,   optical,   nonmetsls 

space technology 

atomic,  chemical,  solar,   engine design acoustics 

communication,   offensive weapons 

improved man/machine interface 

! 

■ 

.■ 

Input 

This section presents a brief description of the types of input data wHch would 
be required by the technological extrapolative model.    Here,  as with the automation 
level model,  the concept of simulating a ship/system by one or more simulation runs 
applies.     The input would be composed of such items as: 
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Ship Type/Class one of up to n preselected ship types 

Duration number of hours of watch to be simulated 

Mission Type 

Technological 
Capability 

Technological 
Availability 

one of n preselected types of missions 

data presenting the expected limit of the technological capabil- 
ities for each area of technology.    A sample curve presenting 
this in graphic form for one technology is given in Figure 7. 

data presenting the expected level of technology actually avail- 
able for each technology.    These data indicate the extent of the 
average time lag between invention or technological proof of 
feasibility and the implementation of the technology.    The 
lower curve of Figure 7 presents an example of such data. 
Periods of time in which the two curves show greater separa- 
tion indicate periods of greater lag between "discoveries" in 
the sciences and incorporation of these results into engineer- 
ing technology. 

Ship Functions/Tech- a matrix similar to that shown in Table 6,  which selects those 
nological Dependence   ship subsystem functions to be included in the simulation and 

estimates the level of dependence of each ship subsystem on 
each technology area.    Values selected as illustrative entries 
represent level of importance of the technological area to the 
functions.    This includes an input defining the year (decade) to 
be simulated. 

Number of Men Now    the total number of men required to man the corresponding 
ship subsystem functions at current (1975-1980) level of im- 
plemented technology 

Average Crew Speed    a value specifying the speed of the average man in the crew to 
be simulated 

Crew Size to Simulate   an initial estimate of the total number of men to be assigned to 
the ship of the future for simulated prediction of ship/crew per- 
formance 

Per Cent Crew Fully  value which specifies the overall proficiency of the crew 
Qualified 

Sea State a code indicating the sea condition to be considered 

Output Detail Options    instructions to specify the level of detail desired on printed 
output tabulations and/or displays 
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Technc logical 
Capability 

and 
Availability 

1900 1950 2000 2050 

Figure 7.    Technological  capability and availability data. 
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'roress ing 

Utilizing the input data, the technological extrapolative model would execute 
the sequence of operations shown in Figure 8, Figure 8 shows each major program 
subroutine.    A brief description of each of these subroutines follows; 

1 

Initial 

Read 

Techcapab 

Techlevel 

8 

•• 

■'--—^  - 

performs initialization of variables/arrays required for the 
start of each simulation run. 

scans,   reads,  and checks the syntax of input run requests 
and data.    Sets up default values and reports on input errors. 

determines an interpolated value of technological capability 
from data provided for each technology area for the time peri- 
od to be simulated (see Figure 7).    Also determines technology 
gap from availabilility data for each technology, 

determines the technology level predicted for each ship sub- 
system function based on the dependency data (Table 6) and 
on the technology capability and availability gap value de- 
scribed above.    This will result in a numerical value repre- 
senting the extent of technology employed for each ship sub- 
system function at the projected time period of interest. 

The contention here is that the level of manning on a military 
ship is a function of the technology level for each ship func- 
tion and the ship type/mission.    This is not to imply that 
greater technology utilization per se will result in reduced 
manning.    In fact,  this has not proven to be the case.    Cer- 
tainly,  with the initial introduction of new technology to a 
ship subsystem function manning has often increased—for 
maintenance if not for operation.    Also,  the history of mil- 
itary vessels seems to show that new technology generates 
new methods to implement ship subsystem functions with regu- 
larity (for example,   satellite navigation,  atomic fuel propul- 
sion,  radar detection).    This may also generate new ship sub- 
system functions.    All of this introduction of new technology 
seems to generate at least "temporary" (5 to 20 years) need 
for an increase in manning in the ship subsystem function 
which is the beneficiary of the new technology.    Thus,  we con- 
clude that manning increases in periods following times of 
high technological productivity in scientific fields which are 
useful to the ship designer and commander.    The derivation of 
mathematical relationships to reflect these conditions will be 
part of any model development effort using the technological 
extrapolative approach.    It will result in the calculation of lev- 
el of technology for each ship subsystem function as a function 
of: 

60 

D 



I'!"*. J^WTO»^^ 

4? 

z 
UJ 
2 

z 
u. u. 

S 

UJ o 5 ?- 

K 
W  Q. Ö 00   — — 

z fc ^ CD l- 
UJ 
H   O Z 
<  UJ o 

Q 
<t 

3 
•*. 
O 

QC 
O 
U. 

H a & 
i- z 
? o 

or en 

UJ 
N H 
DC  tf) U. 

** n X 

is v> 
2 

3  UJ 2 
(A   QC (/> 

>- 
<t 
_l «n 

z 
3 

O  </> a: 
^   Ul »- 
H a 3 
5 z O 
ac 3 a ac 

Ö (/> 
V) z 
b o 
Z3 t- 
<r> < 
UJ QC 
CE Ul 

H UJ 
N 
a. y 
< a. 
2 i- 
2 

en 

_i 

s 

r 
z 

(T   3 
O   QC 
U.   _ z ,. o _j UJ   = 
N  1- 4 

15 Z 
t 2 ^ 
? 55 

1 

ÜJ       5 

A
V

A
IL

A
B

 
M

E
E

T 
E

M
E

N
T

S
 

JN
C

T
IO

N
 

Z 
(9 
(0 

S
IG

N
 

N
T

O
 

Q
U

IR
 

IIP
 F

l < 

en ui tu x 
< 2 a w 

5 

j o 
**- 
c o I 
3 
E 
'5 

.1 
o 
o a. o 

a 
o 
o« 
5 
o 
c 
£ 

00 

3. 

61 

,.».^  ^.w^...-^^,.. - •^■— - i  -^...^.^i^- ■■- ■■■■ ..^^.^...^^.^1 



lia^MaMaMMMMiiMr<MMRHHfiiH>«aMaMwaiMaBMHarwiiMitNW 

mvwa m: ••muma'^imw^r-'^'^f up« 

1. technological capability value 
2. recent changes in technological capability 
3. gap between capability and availability 
4. year to be simulated 

Workload 

Set 

Assign 

How Well 

Sumshift 

Outshift 

for those technologies which are believed to affect the specific 
ship subsystem functions. The technique for the extrapolation 
and automation level into the future, described under the auto- 
mation level model approach,  would also be useful here. 

armed with values for technology levels and other input data 
such as the present day manning requirement for ships of 
similar types and the missions to be simulated,  the next pro- 
gram subroutine determines the number of men required to 
operate adequately and maintain equipment representing each 
subsystem function.    This will probably be accomplished in 
such a way as to report the results for each of a small num- 
ber (say 20 to 25) types of personnel. 

calculates and assigns specific values of speed and proficiency 
to each crew member using average values provided as input. 
Determines the crosstraining for each man in the crew. 

determines the allocation of each available crew member to 
one or more ship functions.    Personnel type and crosstrain- 
ing are taken into account,  but of greatest interest in accom- 
plishing the assignment is use of available personnel to the 
maximum and to distribute any shortage over the ship func- 
tions in some reasonable way. 

determines how well each ship subsystem function is perform- 
ed/manned during the simulated watch.    This determination is 
based on the manpower allocated vs.  assigned,  the sea state, 
and personnel proficiency.    Output measures may be in the 
form of accuracy,  thoroughness,  or responsiveness. 

summarizes and generates desired statistics relating to the 
results for the current crew and other input parameter values 

generates tables of output of current crew/ship/mission simu- 
lation 

X 
: 

:: 

Change steps values of the selected input parameter for the next simu- 
lation 

Sum run 

Outrun 

summarizes the results of all simulations 

generates tabular or display output of all specified ship sys- 
tem simulations in the run 

62 

 •■"-''" ■-»Imirnrinitiirri mmm ^■^---  ■ ..■.,.;„....„...^...^.A,u^.^w.^-. 



^WipPI|IPW!!W»i^PPW«PWFp«PIIBP?PiPPPI^ ^uyiJW.^rtippjp.i(^ 

i 

Output 

Results of all processing would be made available to the analyst at a variety 
of optional levels of detail including: 

1. each ship function 
2. end of each ship/system simulation 
3. end of a run of several ship/system simulations 

Output would be available either at the terminal where the analyst submitted 
his input or, for local batch run requests, at the simulation computer center. The 
following indicates the types of results to be programmed: 

run/simulation identification information 
crew performance by ship subsystem function 
predicted technological levels by ship subsystem 
distribution of crew work/idle/sleep times by ship 
system function 
crew assignments and rate of utilization of personnel 
in crosstrained specialties 
areas of over/under manning 

Average values per man per ship subsystem function and per hour would be 
displayed,  together with pertinent ranges of values,  maximum values,  frequencies, 
and the like. 

Consideration would also be given to the feasibility of automatic plotting either 
in a display or hard copy form of selected variable vs.  time or vs.  another variable. 
This is believed desirable when the number of simulations per run is a reasonable 
value. 
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The   Linear   Programming   Model 

Linear programming is essentially a standard technique for solving for the 
intensity of various activities such as maximization or minimization of an objective 
function,  while satisfying certain constraining inequality conditions.    In the present 
context,  the objective function to be minimized,  for example,  might be cost and the 
constraining inequality conditions might be the level of manning of the various ship- 
board subsystems.    The technique can be employed independently,  but in the present 
application,  it is probably best viewed as a subroutine embedded within one or sever- 
al of the concepts previously described.     For example,  wherever in a model the re- 
quirements to assign crew members to ship subsystem functions occurs,  there is the 
possibility of treating this as an optimizing problem and applying the technique of line- 
ar programming. 

To set up a linear programming problem,  it is necessary to specify: 

1.  a set of tasks or shipboard subsystem functions considered 
essential t 

2. a potential manpower supply of various capabilities and 
specialities from which the crew is to be chosen 

3. some kind of cost parameters for each type of person- 
nel.    This provides a basis for preferring one manpower 
assignment over another when either assignment will 
satisfy all the requirements for accomplishing essential 
functions 

We do not suggest assigning a cost in the usual monetary sense,  but,  at least 
initially,  we suggest assigning a cost of unity to each individual man.    The method will 
then solve the problem of finding the minimum number of crew members sufficient to 
accomplish all essential tasks represented in any given run of the model. 

Concep ts 

As a simplified example to aid in the explanation of the concepts,  consider 
Figure 9,    Four essential functions are represented in the four columns.    The vector 

c =  100,   100.   100,   100 

represents the requirement of 100 per cent completion of each of the four essential 
functions.    The first row of the figure represents the information that one man of 
type 1 can accomplish 20 per cent of ship function 1 and 10 per cent of ship function 2 
during any time period to be simulated.    The second row represents the information 
that one man of type 2 can accomplish 50 per cent of ship function 1 and 5 per cent of 
ship function 2.    Similar statements apply to rows 3 and 4 with appropriate numbers. 
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Use men, type 1 

Use men, type 2 

Use men, type 3 

Use men, type 4 

Essential Ship Functions 

12    3    4     Cost Per Man 

20 10 0 0 1 ! 

50 5 0 0 1 1 

0 0 25 50 1 1 
10 10 10 10 1 j 

100 100 100 100 

Figure 9.    Simplified example of minimum problem. 

It is obvious that there are many feasible assignments of manpower that are 
sufficient to accomplish all essential ship functions. 

Let wl, w2, w3, and w4 be the number of crew members of types 1, 2, 3, and 
4 respectively. Then, the condition that all essential functions are adequately manned 
is expressed by the inequalities 

I 

.Sw^-c,      ;j=  1,   ....   4 

where A^ is the matrix of technological coefficients and the total cost (which is to be 
minimized) is 

g = S w.b 
i i 

f 

In this particular example,  the minimum cost solution is to assign 10 men of 
type 4 and no other men. 

..    i 

i 
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The   Technique   of   Linear   Programming 

Given a matrix A of technological coefficients,  a column vector b of costs, 
and a row vector c of requirements,   the problem is to find a vector w with com- 
ponents specifying the number of each type of personnel assigned to the crew such 
that the total cost 

g = wb 

will be a minimum,   subject to 

wA > c 

w > 0 

The standard method of solution is the simplex algorithm. 

It is inherent in the mathematical structure of linear programming that, 
for every particular set of values of A,  b,  c in the minimization problem, there is 
also a dual problem which is a maximizing problem.    Both problems are solved at 
one time by use of the simplex algorithm. 
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The   Simplex   Algorithm 

There is a conventional matrix format for the simplex method called the sim- 
plex tableau.    This is shown in Figure 10. 

A  Labels 

Al     A2 

Row 
Labels'* 

Eni    aml   ain2 

E  Labels 

hi 1    hin • 

0   0 

E 

,0     0 

Figure 10.  Initial simplex tableau. 

G 

Figure 10 is formed from the values of the A matrix,  m rows and n columns; a set 
matrix,  m rows and m columns; the column vector b of m rows; the row vector -c 
of n columns; and the remaining positions filled in with zeros. 

The A labels and E labels are also conventionally used,  and their proper ma- 
nipulation is essential for the maximizing problem. 

The method of solution consists of manipulation of the values of the tableau. 
Figure 11 describes the steps of the method.    This flowchart is the natural prelimi- 
nary to writing a computer program. 
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# 1 
INPUT A.b.C,   INTO 

INITIAL TABLEAU 

*2 
ANY NEGATIVE 

INDICATORS ? 

NO 
# 8 
OUTPUT 
TABLEAU Q 

YES 

#3 

SELECT A NEGATIVE INDICATOR COLUMN J 
CALL COLUMN J THE PIVOTAL COLUMN, 

#4 
CHOOSE A ROW I SUCH THAT  bj/Qj . 

IS A MINIMUM VALUE OF bj/djj 
FOR ALL i   SUCH THAT a,, < 0 
CALL OJJ THE PIVOT, 

iJ 

#5 
DIVIDE I-TH ROW OF OLD  TABLEAU 
BY THE PIVOT, OJJ , AND ENTER RESULT IN 
I-TH ROW OF NEW TABLEAU 

#6 
LABEL ROW I OF THE NEW TABLEAU 

WITH THE (A ORE) LABEL OF THE PIVOTAL 
COLUMN J. 

#7 

FOR EACH i (EXCEPT I )  SUBTRACT Ojj TIMES 
THE Hh ROW OF THE NEW TABLEAU FROM l-th ROW 
OF OLD TABLEAU, ENTER RESULT IN Wh ROW OF 
NEW TABLEAU. 

GOTO #2 

■■ 

Figure 11. Steps In linear programming calculation. 
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The output tableau,   Figure 12,  contains the values to be interpreted 
as the solution of the problem. 

.An       E1. 

Final A 
or E 
Labels 

Optimum vector w0 for 
minimizing problem 

Final value 
of total 
costs 
ex0 = w0b 

Figure 12,    Interpretation of final tableau. 

o The results of interest in the present application are indicated in Figure 12 
by w , which is the optimum number of crew member assignments and v, the total 
number of crew members assigned.    These appear as the last row of Figure 12. 

Accordingly,  the stated optimization problem is carried through by linear 
programming and yields the crew assignment which is sufficient to accomplish all 
essential tasks with the minimum total number of crew members. 

• 
': 
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V.   RECAPITULATION.   DISCUSSION,   AND C ONCLUSIONS 

The present report attempted to set into perspective trends in automation in 
Navy systems and stochastic computer simulation modeling approaches associated 
with modeling these trends from the point of view of predicting manning requirements 
in post year 2000 Navy ship systems.    The extent and speed of projected automation 
was indicated to vary from ship subsystem function to ship subsystem function and 
from technology to technology.    Fire control,   radar,  and propulsion were anticipated 
to be the most highly automated ship subsystem functions on the Navy ships of the post 
year 2000 era.    These are also functions which are relatively high on automation at 
the present.    The ship subsystem functions which were indicated to be lowest on auto- 
mation during the time period under consideration were facilities maintenance,  air 
support,  and administration.    It seemed quite reasonable to assume that stochastic 
digital simulation techniques could be employed to predict manning requirements for 
the automation condition on the ships of the post year 2 000 era.    There seems to be 
sufficient information available for deriving required input provided the predictive 
model is not made highly specific or dependent on the detailed simulation of individual 
events.    Such a manning predictive model would resemble an economic system simula- 
tion model more than the customary man/machine simulation model. 

There is another similarity between the forecasts of such a manning prediction 
model and economic system modeling.    Specifically,  the predictions of the manning 
model would represent forecasts over time as does the output of most economic mod- 
els.    These similarities to economic economic system modeling possess both advan- 
tages and disadvantages.    The advantages revolve around the history of experience 
with such economic system models and the general acceptance of such of numerical 
predictive methods among the society in general and specifically with economists. 
One disadvantage lies in the problem of validating economic system models.    Typical- 
ly,   economists have validated their predictive models through a historical method. 
That is,  model output has been retrospectively compared with real data for a given 
time interval.    However,   such retrospective comparisons can only compare a model's 
forecasts with the actual course of action.    Consequences and predictions of conse- 
quences of untaken courses of action cannot be compared.    This type of validation par- 
allels in logic that of a personnel  selection system in which only selected candidates can 
be followed in terms of on-the-job success.    Nothing can be said about those job appli- 
cants who are rejected but who would have been successful if accepted. 

The problem of what constructs to build into an advanced simulation model 
weighs heavily when one considers the validity of a model.    For example,  policy con- 
siderations will probably weight heavily in the determination of whether and how fast 
the Navy can and will automate.  Yet,  none of the models considered in the present re- 
port included policy considerations.    How does one validate a policy construct built 
into a model?   Modelists have argued against the separate validation of the internal 
constructs included in a model.    For example,  Milton Friedman has argued that critics 
of methods of validation have missed the point by focusing on the internal constructs of 
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a model. Friedman contended that the validity of a model rests not on its assumptions 
and constructs but on its ability to predict dependent variables," 

The difficulty in the social sciences of getting new evidence 
for this class of phenomena and of judging its conformity 
with the implications of the hypothesis makes it tempting to 
suppose that other, more readily available,evidence is equally 
relevant to the validity of the hypothesis-to suppose that 
hypotheses have not only "implications" but also "assumptions" 
and that the conformity of these "assumptions" to "reality" is 
a test of the validity of the hypothesis different from or 
additional to the test by implications.  This widely held 
view is fundamentally wrong and productive of much mischief. 
Far from providing an easier means for sifting valid from in- 
valid hypotheses, it only confuses the issue, promotes misunder- 
standing about the significance of empirical evidence for 
economic theory, produces a misdirection of much intellectual 
effort devoted to the development of consensus on tentative 
hypotheses in positive economics [13, p. 14]. 

i 

Discussion   and  Conclusions 

Computer simulation,  whether the equipment aspects or the man/equipment 
interactive aspects of an evolving system are considered,   represents an established 
technique for providing decision makers with information which can form a basis for 
required decisions.    Such modeling can provide information which is not otherwise 
available.    As such,  a model which can predict manning requirements in ships of the 
future could make a considerable contribution.    Moreover,  the full development of 
such a model seems to be within the current state of the art from the technical points 
of view.    However,  problems exist relative to the content and approach to such model- 
ing as well as with how such models should be verified (validated). 

Automation and technological change are certain in the Navy.    From the man- 
power effects points of view,  we must either come to grips with such problems or 
leave the effects to luck.    Certainly,  the latter course is foolhardy.  Simulation repre- 
sents one technique for approaching such problems.    The present report described 
four computer simulation modeling approaches which might possess potential for 
achieving the desired end result.    We do not hold that any one of these approaches 
will achieve the desired end result by itself.    Other approaches are possible and,   in 

Friedman,   M. 
1953. 

Essays in positive eoonomias,     Chicago:    University of Chicago Press, 
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fact,   other approaches were developed during the course of the present work.    We 
do not suppo * one of the described approaches over another.    Rather,  we tend to be- 
lieve that a symphonic orchestration of two or three of the separate approaches would 
produce a usable tool.    Would the tool produce forecasts which are always "eventually 
certain"?   Probably not.    Would the simulation model produce dependent variable in- 
dications which are "currently probable"?   Probably so.    Prior results with other 
computer simulation models both in the man/machine interactive sphere and in other 
areas tend to support this point of view.    As few as 15 years ago,   it was held that 
simulation of the human component in a man/machine system was impossible,   im- 
practical,  and nondefensible.    Yet,   in recent years,  the feasibility and utility of such 
human-equipment performance interactive modeling have been demonstrated in a wide 
variety of applications.    Siegel and Wolf (1969) describe a number of su^. h applications 
and developments.    Accordingly,   it seems that while the development of a model which 
possesses the general purpose of predicting the manning requirements of post year 
2000 ships is not without risk,   such a development is desirable and possible. 
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