AN INDUSTRIAL DYNAMICS ANALYSIS

OF A DEFENSE PRODUCT DEVELOPMENT ORGANIZATION

by
Philip Wood Lett, Jr.

BM.FE., Auburn University
(1944)

M.S., University of Alabama
(1947)

Pn.De., University of Michigan
(1951

SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS OF THE DEGREE OF
MASTER OF SCIENCE

at the

MASSACHUSETTS INSTITUTE COF TECHNOLOGY

1961

Signature of Author e o o o

Sefiool of Industrial Manacement

Certified by .

" TA4ul€y)advisor of the Thesis™



May 6, 1901

Professor Phillip Franklin

Secretary of the Faculty
Massachusetts Institute of Technologzy
Cambridge 39, Massachusetts

Dear Professor Franklin:

In accordance with the requirements for gradua-
tion, I herewith submit a thesis entitled "An Industirial

Dynamics Analysis of a Defense Product Development
Orzanization."

I should like to acknowledge the guldance offered
me in this work by Professor Jay W. Forrester, and Mr.
John M. Wynne, Director of Executive Development Pro-
zrams, both of the School of Industrial Management.

Members of the Industrial Dynamics Research Staff,
in particular Messrs. A, J. Pugh and E. B. Roberts, were
helpful in model formulation and in the latter phases of
the work. Theilr guidance is appreciated sincerely.

The facilities of the Massachusetts Institute of
Technology Computation Center with its IBM 709 Computer
were utilized in this study. Appreciation is due the

staff of the Computation Center for their real coopera-
tion and assistance.

Sincerely yours,

Philip W. Lett, Jr.

r
S PN
o,



AN INDUSTRIAL DYNAMICS ANALYSIS OF A
DEFENSE PRODUCT DEVELOPMENT ORGANIZATION

by
Philip W. Lett, Jr.

Submitted to the School of Industrial Management
on May 18, 1961, in partial fulfillment of the
requirements for the degree of Master of Science.

Abstract

A business system in action is studied in thils thesis,
Flows of informatiorn, material, manpower, equipment, and
money were simulated in a model. Included were feedback
loops that allowed representation of decisions, actions, and
response. Technliques of Industrial Dynamics employing the
Dynamo program were utilized, The model was run on the
IBM 709 computer at the M.I.T. Computation Center.

The purpose of tnis study was to determine what kind
of policles might be adopted by management that would most
likxely enharce possibilities of long term growth and profit-
2bllity of a Defense product development organization.

Since the greatest resource of the engineering organization
at the center of this study was its teckhnical manpower, at-
tentior was concentrated on how best to use this resource.

Four main types of work were performed by the organi-
zation: company initiated research, contract production
engineering work, contract research and development, and
preparation of proposals in answer to requests from the cus-
tomer (the goverrmert in this case)., The technical manpower
of the organization was allocated 1n accordance with priori-
ties for each work area. The priorities were continuously
variable and relative between work areas. The pressure felt
by managerent to do something about the difference between
manpower needed and manpower available in each work area was
1sed as an lndication of management's evaluation of the im-
portance of the wWorkx being performed in each area. Cptimum
choices were not sought but rather an iandica+tion, from study
of benavioral characteristics of the model, that policies (A

@ere nore likely to enhance possibllities of zrowth and
profitability than policies (B).
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Results indicated:

e In the assignment of technical manpower, first
priority should be given company initiated research
whicn leads to unsolicited proposals and negotlated
contracts, These negotiated contracts reflect the
developed competence of the organization and a de-
sire of the customer for continulty of technical
efrorte Tnis priority should apply only to the
resion of small differences between manpower needed
and available (per cent differences less than 15 per
cent approximately).

2. Contract workx snould te accorded a priority
atove all other work 1f the differential in manpower
needed and avallable is significant, l.e., above the
range referred to above when company initiated re-
search nas a slightly higher priority than coatract
WOTXe

3. Strong preference should be given company ini-
tiated research over proposals prepared ln response
10 requests from the customer where these reguests
are received with little or no previous work having
been done by the organmization.

Thesls Advisor: Jay W. Forrester

Title: Professor of Industrial Management
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CHAPTER I
INTRODUCTION

The Art Versus the Science of Management

Management "sclience" has become a reallity. The foun-
iations for this significant metamorphosis were laid practi-
cally speaking in the last twenty years. Two events stand
out. The need became clearly evident, and the resources for
promoting this transformation were developed.

A most important resource, the computer, evolved in
this period. With the accompanying reduction in cost of
arithmetic calculations by a factor of ten thousand to one,
new flelds were opened that previously were untouched,
sealed off primarily by the sheer mass of computations in=-
volved in meaningful investigation.

A second resource was developed coincidentally with
the increasing recognition of the need for a scientific ap-
proach to management, namely a growing body of knowledge and
understanding in the minds of a few forward-thinking manage-
ment scientists. While recognizing that at least 1in part
nanagement will remain an "art", these men have refused to
submit to the i1dea that the control of human and material
resources in the matrix of a business is all "art" and there-

fore not a proper subject for logical inquiry.



Industrial Dynamics

The management research conducted has been aloang two
broad fronts. First studies of human relations and of the
socio-psychological factors that affect the interactions of
people. Though an inexact sclence, much tangible progress
has been made in this field in the last two decades., Sec~-
ondly, intensive efforts have been made to improve the deci-
slon making process of business managers by providing them
with useful information about the nature of the business
system in which they are engaged. In the latter category
the development of the technique of industrial dynamics by
the M.I.T. School of Industrial Management has ranked as an
important step forward. Industrial dynamics allows the study
of a business system in action including its flow of informa=-
tion, material, manpower, equipment, and money. It involves
the programming on the computer of a business system with
1ts essential feedback loops. It simulates environment, de-
clslon, action, and response.

Lest the claims for this technigue be overstated, it
should be pointed out that this simulation technique 1is
still in the early stages of development, that it does not
provide answers as to the optiamum choice or decision. In-
stead it indicates dynamic behavioral characteristics of a
business system. These indications generally show that one

set of policies is better than a second set of policies, or,



cholce A 1s more likely to achieve a desired result than
cholce Be Using an industrial dynamics model, a further
zain is possible by instituting new untried policiles and
studying reactions. Policles can be tried that ordinarily
would not be experimented with in the business enterprise
because of risk, the investment required, or Jjust plain re-
sistance to change.

In a2 number of cases it has been found that a business
system is inherently unstable because of its internal proce-
dures or the time relationship of 1ts internal processes.,
The revelation cf knowledge of this type whick would not be
evident otherwise is a valuable function of industrial dyna-
mnicse The entire emphasis is on studying the performance of
the business system as a whole rather than focusing atten-
tion on the parts. More useful is a little information
about the whole than much information atout the parts with-
out the knowledge of how the parts work together to produce

a2 desired result.

The Purpose and Approach of This Study

To date the more frequent application of industrial
dynamics has been to manufacturing operations, processing
industries, and advertising. In 1360, D. C. Beaumariage, a
Sloan Fellow at M.I.T.'s School of Industrial Management,

submitted a thesis on the application of industrial dynamics
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to a military product development group. Based on the pre-
ceding work, this study has been conducted to determine what
policies should be adopted by the management of a defense
product development group to build up the volume of business
of the engineering organization and the parent division.
Zmphasis 1s placed on the management policies for the engi-
neering group since it 1s felt that the group performs a key
function for the rest of the organization. The term "organ-
i1zation" as used in this study refers to the company funce
tional gzroups, marketing, engineering, finance, factory,
etc., that worx together tc develop and produce defense pro-
ducts. Since it 1s necessary in order to complete the feed-
back loop, the model includes the customer, in this case the
Zovernment or the military. The major flows that exist be-
tween the functional elements of the model are shown in
Tigure 1.

The customer requests proposals, and awards contractis
after evaluatlion of proposals submitted ©y industry. The
crganization submits proposals, recelves contracts, submits
engineering drawings and specifications as well as equipments
+c the customer. What is not shown in this flow dlagram is
the time sequence of operatlons, the delays that exist in
“he varlous parts of the organization, the response to vari-
ous actions, the information flows and the management poll-

cies *ha+t affect in a vital way the operating of the system.
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The industrial dynamics model of the system attempts to in-
clude the more important of the latter with the flows of
material, manpower, equipment, and money.

The most important resource of an organlization whose
primary product ls englneering services 1is the bralnpower
and "know how" represented in its engineers. Based on this
premise, major attention 1s given in this study to the use
of the manpower resources of the technical organization. The
importance attached by management to the needs for technnical
manpower 1n various areas of work is in fact a management
policy of controlling significance-~-~for based on its sense
of urgercy managemert acts to hire new employees, to transfer
nen from one area to another, etc. The effect of these pol-
icles over the long term can be to cause the business to
zrow or, contrariwise, to cause 1t to decline in size and in
income, This is not to say that exogenous factors either
alone or ir combination with internal management policies
cennot cause the same results. However, the existence of
outside factors over which we have no control is not ar ade-
guate reason to fall to seek and apply the management poli-
cles most likely to beneflit the business, to maximize 1its
profits over the long term. Virtually all management deci-
sions are made with incomplete knowledge. Anything that can
be dcne to provide information that will permit more favor-

able decisions i1s obviously a help. The knowledge of the



effects of a decision on other parts of the organization
would no doubt cause many decisions thought to be optimum to
be made differently. To the degree that the organization as
a whole 1s treated, industrial dynamics offers at least a
partial solution to the problem of sub-optimum declslon mak-

ing.

Conclusions
Management policies with regard to utilization of
technical manpower in an Engineering group which is part of
a Defense Product Crganization can affect significantly the
long term profitablility of both the Engineering group and
the parent organization. Results of this study indicated:
(a.) In the assignment of technical manpower first
priority should be given company initlated research
whick leads to unsolicited proposals and negotlated
contracts, This priority should be higher than that
assigned contract work and work on requests for pro-
posal received with 1little or no pre-request effort te-
ing spent by the company. The priority should apply
only to the region of small differences between manpower
needed and manpower available., Long term growth of the
organization is enhanced by increasing and engineering
technical competence which objective can be realized

with greater probability by the policy Just described.



(be) Policles regarding utilization of manpower
should accord contract work a priority sbove all other
work if the gap 1s large between manpower needed and
that available, and second only to company initlated
research if the shortage in manpower is small. There
should be no great difference in the prlorities of
contract work and company initiated research even in
the region where the differences between needed and
avallable manpower are small. Referring to policy (4)
used in this study, insufficlent priority was accorded
contract work in the region where manpovwer needs wWere
relatively small.

(ce) Strong preference should be given company ini-
tlated research over proposals prepared in response
to requests from the Customer where these requests were
received without foreknowledge. The returns to the
organization from the latter type of proposal were

consistently of small magnitude.
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CHAPTER II
THE OBJECTIVES AND POLICIES OF THE BUSINESS

The obJjectives of a business may be definite and ex-
plicit, or as 1s more generally the case, may be a mixture
of implicit and explicit obJectives understood well by some
responsible for managing the business and less well by others.
4 business may or may not have an objJective of making money.
The health of the competitive free enterprise system would
not seem to be improved as the number of the latter in-
creases, Generally, however, the situation is that the
shareholders who own the business purchased stock with the
expectation of receiving a fair returan on their investment.
The men hired to manage the business therefore accept the
obligation to provide this fair return. Every manager,
supervisor, and employee in the organization should recog-
nize this obligation. How well the obJective is recognized
throughout the organization depends on how well management
does its Jjob of orienting all levels.

Given that making money is generally the primary and
"necessary for life" objective of a business, other objec-
tlves ordilnarily exist coincidentally. The managers of the
business have an obligation to the employees. The business
should be efficiently managed to offer a future with opportu-

211ty for advancement and financial security for employees,.
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The business has an obligation to the community, to
the nation, and to soclety at large. This oblligation 1s to
srovide a useful and desired service elther directly or
through its products. The managers of the business should
be leaders in recognizing and meeting these clvic responsi-
tilitles.

Objectives become more restricted in scope as one
goes from top to lower management in an organization. At the
level of plant manager it is impossible for the manager to
make all decisions with full knowledge of the impact on
other parts of the organization and 1lts outside relation-
ships. However, this does not relleve the plant manager
from seeking to gain as much pertinent information as can be
obtained *n the time available before making a decision. His
is a constant responsibility of declding when to act on in-
formation available versus postponing a decision to get more
information, In the latter case he also faces the danger of
decision by postponement, in effect making "mo choice" as the

decision.

MYanagement Decisions at Plant Level

The kinds of decisions made at plant level depend in
large measure also on the character of the plant operation.
A plant whose output is a product will obviously require
nanagement know how and decisions different from those re-

quired in 2 plant whose output 1s a service. Organizations
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whose salable output is a professional service require spe-
cial management skills. This 1s particularly true of an
organization whose outpuf is primarily engineering services.
One of the chief skills required, adeptness in human rela-
tions, willl be considered in this study only as it affects
the pressure felt by management to do something about man-
power shortages or overages 1ln various work areas. Primaery
attention will be focused on the management of technical
manpower as the most important resource avalilable in an en-
gineering organization. How technlcal manpower is utilized
within the organization likewlse represents the pricrity as-
signed by management to each type of work being performed.
The types of work which receive high priority will thus get
prompt attention when needs and problems arise. The converse
is true of the types of work that receive a lower prioritye.
These priorities represent management policies directed to-

ward increasing the long term profitability of the organiza-

tion,

Management Policies Regarding Technical Manpower Utilization
In this study a means has been devised for simulating
maragement policles with regard to technical manpower utili-
zation. This in turn serves as a key to the functioning of
the model. In essence this key 1s a definition of manage-
ment's reaction to shortages or coverages of manpower in each

of the four work areas of the organization. This reaction,
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or pressure felt by management to do something about techni=-
cal manpower needs, 1s a continuously variable function.

Also it is relative in fhat the needs of one area are welghed
against the needs of another area. The pressure felt by mane
agement to meet the requirements for technical manpower in
each work area arlses from the requests of area supervisors,
from management's recognition of the importance of the work
being performed, from communication with customers and

higher management, etc.

Technical Manpower Management Policies (A) and (B

Figures < and 5 represent, respectively, two possible
management policles. Referring to Figure 2, per cent differ-
ential in manpower is plotted along the abscissa against
pressure felt by the management as the ordinate. The three
curves cover the types of work performed by the organization;
the contract work includes production engineering and re-
search and development contracts. Let us assume that at
some particular time manpower shortages existed in each work
area that could be represented by points A, B, and C on the
curves. Proportlonate pressure would be felt by management
to meet the needs of each work area. Acting within the 1limit
of technical manpower resources available, management would
allocate these resources equally, i.e., in such a manrer to
equalize pressure relating to ezch work area. This realloca-

tion of techrical manpower would result in new per cent dif-
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ferentials in manpower in each work area and a new averaged
pressure. The situation could then be represented by polnts
A', B', and C'. The chaﬁge would, of course, not be instan-
taneous but would require time for accomplishment.

Referring to Figure 2, management policy (A4), the
graph depicts a situation in which a small shortage in man-
power in company initiated and proposal work would be viewed
as more serious than a small shortage in contract work.
However, if the difference between technical manpower needed
and available gets sufficlently large, the contract work
takes an increasing priority, even to the point of taklng
21l men from non-contract work in the extreme case. The
craph also states in effect that pressure felt by the manage-
ment about manpower needs in a particular area 1s a maXimum
when manpower available is zero while a definite manpower
need exists in that area,

A different set of management policles 1s depicted in
Pigure 3. Management policy (B) is to give top priority to
contract work, second priority to proposal work, and third
priority to company initiated work with regard to allocation
of technical manpower. As the difference between manpower
needed and availlable gets larger, contract work gets an evern
larger priority, while proposal work recelves a moderately
larger priority relative to company initiated work. Under

normal business conditions the needs for manpower in each area
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will not vary abruptly so that recruiting activitlies can

supply added requirements for men without serious problenms.
Cases do arise, however, where needs for manpower change
suddenly, such as the recelpt or carncellation of a large

contract. In the model this kind of occurrence 1s simulated

by changes in the input.



e .‘;E.M&éﬁﬂ

CHAPTER III

PERFORMANCE OF THE BUSINESS IN THREE SITUATIONS

Situation One, Customer Defense Expenditures
at a Constant Level

Performance of the business was studied under a num-~
ver of conditions. The first situation involved using man-
agement policy (A), followed by substituting management
policy (B), with a steady flow of money being made avallable
to industry by the Customer for the purpose of military pro-
curement., The period of time covered in the simulation run
wvas fifteen years.

Under policy (4A) the long term profitability of the
organization was better than under policy (B)e. This is in-
dicated in Figure 4. As the organization accumulated exper-
ience over the years, its technical competence lncreased at
a greater rate under policy (A) which gave a higher priority
to company initiated work (see Figure 5)., With the increase
in technical competence, proposal worth increased and the
rate of contract awards increased. Inasmucnh as the situa-
tion represents stable conditlions, these lncreases were all
small in magnitude. As the rate of recelving contracts in-
creased, the backlog of work began to grow. This in turn was
reflected in an increased requirement for manpower. As the

Zap between manpower needed and that avallable grew, the
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pressure mounted until action was taken to meet the manpower
needs either by hiring additional personnel or transfer be-
tween departments within the organization.

Under policy (A) a small manpower shortage in company
initiated and proposal work caused a marked pressure increase.
This step up in pressure caused transfer of men from con=-
tract work. This transfer was not as smooth under policy
(A) as it might have been because the management policy does
not regard as serious the manpower differentials for con-
tract work in the range near zero, i.e., where requirements
are met without any excess of manpower. Pressure would
build up until a transfer of men was made. The transfer of
personnel was usually sufficiently large to czuse a notice-
able drop in pressure. Urder policy (A) where the needs of
2 small group of proposal engineers were regarded qulte
21iznly, the transfer of men from the large group on contract
work occurred with frequency.

Under policy (B) where contract work received top
opriority, the engineering organization was operated with
less eXpense because there was less disturbance of the large
sroup of engineers working on contracts. Policy (B), how=-
ever, did not result in technical competence increasing at
qulte the rate that occurred under policy (4).

The optimum policy would seem to be to a modification

of policy (A) where contract work would receive somewhat
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higher priorities with small manpower differentials, but not
as high as those for company initliated work. This modified
policy would provide for a build up of technical competence
over time while maintaining a large group on contract work
with a higher priority than afforded by the original manage-
ment policy (4).

Situation Two, Customer Defense Expenditures Varied

Randomly about a Constant Level

The second situation studied was similar to the first
except that the Customer's outlay of money for military pro-
curements (CICM) was varied in a random manner within lim-
1ts of +5% of the basic monthly rate (see Figure 6). These
1inits could be considered conservative but the random na-
ture of the input more closely approximates reality than a
steady flow. The average monthly flow of CICM, {the mean of
the random inputs, was held constant. Management policies
(A} and (B) were employed,

Under management policy (A) the emphasis on company
initiated work resulted in more unsollcited proposals and a
slightly greater rate of contract awards from this work. Also
over the fifteen-year perlod the number of personnel in the
Zngineering department was increased between 4 and 5 per
cent as compared to an increase between 1 and 2 per cent un=-
der policy (B). Revenues increased at a greater rate under

policy (A) than under policy (B); however, expenses also grew
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faster under (A) than (B), so that the accumulation of pro=-
fits over the fifteen-year period was greater with policy (B).

Pressure on the management varied more frequently and
with less severe fluctuation under policy (A), as shown in
Figure 7 , Likewlise, the total number of men employed in
Ingineering varied more frequently and with less severity
under policy (A). The trend of business measured in yearly
dollar volume of contracts recelved appeared slightly upward
to a greater extent under policy (A) than under policy (B).

In both the first situation and the second, results
indicated that effort expended on class 2 proposals, in re-
sponse to requests recelved without foreknowledg:, was lim-
ited in effectiveness. The great bulk of contracts was nego-
tiated as a result of the technical competence of the organ-
1zation, its ability to maintain competitive prices for
services and hardware, and its capacity to undertake work.

Trom both situations 1t seems clear that effort on
class 1 proposals should be minimized and effort should be
concentrated on company initiated projects and on work under
contract. Work on company initiated projects is a small
scale effort, nominally 3 per cent of the engineering work
force, with a highly selective group. Contract work provides
the revenue, the basic current support of the organizatfon.
It can continue to do so over the long term; however, only

Wwith an avant garde group working in conjunction with it as
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s provided here on company initiated work.

Situation Three, Customer Defense Expenditures Increased at

a Constant Rate to a New Higher Level in a One-Year Period
The third situation investigated was one in which the

Customer's outlay of money for military procurements (CICM)
was increased at a rate of 1 per cent per month for the per-
104 beginning at 12 months and ending at 24 montus from

start of the run. The rate of customer outlay for military
procurements was held at a coastant level before and after
the ramp increase. This 1s illustrated in Figures 8 and 9 .
Yanagement policies (4) and (B) were again employed alter-
nately.

As CICM was increased monthly for one year, three
things happened that were important:

(2+) The dollar volume of the flow of requests for
proposal to the organization increased. This in turn in-
creased the average monthly requirement for proposal engi=-
neers. The backlog of requests for proposal grew larger
than the desired backlog. The total manpower needed for pro-
posal work was then increased as a function of the average
inflow of requests, and by an additional amount needed to
reduce over a period of time the actual backlog to the de=-
sired backlog. Since the manpower available for proposal

work could not be made equal to that needed instantaneously,

the difference created pressure on management. As the pres-
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sure rose, management started to hire new employees, and to
transfer men between departments so as to equallze the pres-
sure,

(be) Simultaneously with an increase in the dollar
volume of the requests for proposal circulated to industry,
the Customer increased the money allocated to negotiated con-
tracts. In this study the rates of increase of these two
was assumed equal. This resulted in an increase in the dol=
lar volume of negotiated contracts awarded the organization.,
These awards were mostly design and development for produc-
tlon contracts but included as well research and development
contracts., Thus the average monthly effort needed for de=-
sign and development for production contracts increased, and
the average monthly effort for research and development con=-
tracts increased. This in turn caused an increase in the
backlog of work in these two areas so that actual backlog
e€Xceeded the desired value. Manpower needed for these two
a2reas of work was then increased first to meet the larger in-
flow of these contracts, and secondly, an added amount nec-
essary to gradually reduce the backlog to the desired level.
Again pressure on management rose due to the inability of
the organization to supply additional manpower in these two
areas as quickly as needed. Hiring was initiated, and steps
taken to equalize pressure in the organization by transfer

of personnel between departments.
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(ce) As needs for manpower increased in the areas of

proposal work, design and development for production, and
research and development, additional personnel were recruited
and hired. As the size of the Engineering group grew, the
number of men assigned to company initiated projects in-
creased since this is nominally a percentage of the engineer-
ing work force. This increase in men needed for company
initiated work thus lagged the increase in requirements for
added manpower in the other work areas. The effect on pres-
sure felt by management to supply lncreased manpower require-
zdents for company initiated work was similar to that previ-
ously described for the other areas of work. As formulated
in the model, ETTC represented an index of engineering tech-
nical competence built up over the years by experience.

This index was made a relative index. Engineering experi-
ence, welghted according to its value, was accumulated over
an elght-year period and this experlience, averaged, compared
with the maximum engineering contract work the organization
could ove receiving currently. The maximum contract work

that could be received currently is dependent on the Custom-
er's outlay for military procurements currently. For this
reason a ramp increase ln CICH nad the effect of decreasing
ZTTC since an eight-year welghted average was compared with
a curreat monthly average of CICM. An expression for rela-

‘ive englneering technical competence that compared CICM
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averaged over an eight-year period with welghted engineering
experience over that perlod would have added to the signi-
flcance of the index ETTC., This point seems applicable to
those situations where CICM is increased somewhat rapidly
rather than to the case where CICM is falrly steady or varies
.n a random manner about some slowly changing average.

Under policles (4) and (B) manpower needed for propo=-
sal work was boosted upward by the increase in CICM that oC=
curred between 12 and 24 months, However, manpower needed
for proposal work reached a maximum at about 36 months and
held steady at that level. This occurred because the man-
power needed for proposal work is a function of the rate at
which requests are received from the Customer. As described,
CICM is held steady after 24 months in the third situation.

In contrast to the requirements for manpower for pro-
rosed work, the manpower needed for the three other areas of
Work continued to increase over the length of the 15~year runm.
Success begets success. As competence of the engineering
organization improved, as capacity for incoming contracts
was maintained, as financial results of operations enabled
attractive price proposals to be made, the business of the
organlzatlion grew, from the initial stimulus of the increase
in CICM, throughout the period.

As business of the organization grew from the stimulus

of an increase in CICM, the marketing effort of the organiza-
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tlion diminlshed somewhat. This effort was stated in the
model as dependent on the ratio of unfilled manpower requests
to the normal backlog of work to be done. Engineering teck-
nical competence declined somewhat for a period of a few
years as described previously after the increase in CICM.
The net effect was to reduce the percentage of requests for
proposal published (in dollar volume) that were sent to the
organization by the Customer. This, however, was a tempo-
rary reductior which the organization remedied by increasing
1ts marketing effort ana technical competence over a period
of time.,

Under management policy (4) slight changes in the
requirements for manpower on proposal and compeny initiated
work caused marked increases in pressure felt by management.
The readjustment of Danpower assignments by transfer from
contract work areas was accomplished in accordance with the
policy that allowed rather large shifts of contract personnel
tefore management became really concerned., This caused lar-
ger fluctuations in manpower assligned to contract work, and
consequently total manpower, than occurred under policy (B).
The time delays in recruiting, hiring, and training person-
rel, coupled with the above situation, meant that overshoot-

ing occurred., That 1s, more men would be hired than neces-

sary; then a lag would occur before new men were requisitioned,

and a shortage would develop before the new men Joined the
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active work force (see Figure 10). This kind of operation
caused some inefficiency in the utilization of manpower, more
pronounced under policy (A) than under policy (B).

The tendency to overhire under policy (A) did provide
in the long run adequate manpower for the important areas of
contract work. This assured the maintenance of engineering
output in these areas with consequent beneficial effects on
the financial performance of the Engineering group and the
factory. Likewlse the priority given company initiated work
under policy (A) insured a high rate of unsolicited propo-
sals and negotiated contracts. Negotiated contracts over
the period increased under policy (A) at a faster rate than
under policy (B). Under policy (A) engineering technical
competence was improved more than under policy (B) due to
the emphasis on unsolicited proposals based on company initi-
ated research. At the end of the perlod, the forecast for
new ousiness consequently was better under policy (A).

The inefficiency mentioned earlier in matching man-
power needs with requirements quickly, and without excess of
personnel, resulted in a less efficient engineering opersation
financially under policy (A). This in turn caused accumu-
lated profits at the end of the fifteen-year period to be
larger under policy (B). Also under policy (B) the output
of engineering information was held much more steady due to

the more stable menpower allocations to these areas of work.
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Priorities under policy (B), however, meant that manpower
needs for company initliated work were not met as fully or as

quickly as occurred under policy (4).



CHAPTER IV
CONCLUSIONS

Management policles regarding the utilization of tech-
niczl manpower in an Engineering group which 1s part of a
Defense Product Organization can affect vitally the long
term profitability of the organization. Suck an Engineering
zroup provides a continuing source of "know how" to the cus=-
tomer. It is therefore logical and to be expected that the
rnajority of contracts received for engineering services are
negotiated.

In general the model used in this study reacted in a
nanner that simulated reality. This is not to imply that
the model contains the same detalls as a business in actual-
ity. Rather, in investigating ore aspect of the business,
the model provided information that was pertinent. The im-
rortant influence of human factors was not represented in
the model except as a reaction on the part of management de-
scribed as pressure when certain events took place. The
zodel's effectiveness depends on the perceptiveness of the
originator in recognizing what 1s important in a business
with relation to the questior being studlied, and secondly,
on the skill of the originator in translating this knowledge
accurately into the model.

Two sets of management policies (A) and (B), relating
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to utilization of technical manpower were studied. These
policles were lncorporated alternately and the dynamic beha-
vior of the busliness studlied in three situations. These
sltuatlons represented Customer defense expenditures at a
normal steady level, a rate of expenditure varied in a ran-
dom manner about a stable average, and a rate of Customer
defense expenditure that was increased steadily to a new
level which was then maintained. Behavior of the model indi-
cated:

(a) Growth of technical competence of the Engi-
neering group over a long period (in excess of five
years) is more assured under policy (A) than under
policy (B). Under policy (A) highest priority in
assignment of technical manpower is granted company
initiated research. The priority is highest in the
area where differences between manpower needed and
that available are small. Also the size of the work
force assigned to company initiated projects is small
and represents the most creative talent in the
organization. Not only 1s technical competence in-
crease more assured but a complementary increase in
negotiated contracts received is also more likely
when company 1initiated work 1s given the priority of
policy (4).

(b.) For increased efficlency and improved earnings



management should assign higher priorities to con-
tract work than that indicated by policy (A). Spe-
cifically management should be more concerned about
differences between manpower needed and manpower
avallable for contract work in the region where
these differences are not yet of major importance.
The performance of the Engineering group on contract
work represents the large share of the group's out-
put., This production engineering is not only per-
tinent to the long term profitability of the factory
but provides the current support for the Engineering
group.

(c.) Effort within the Engineering group should
be concentrated on company initiated research lead-
ing to unsolicited proposals in strong preference to
answering requests for proposal where little or no
Wworx has been done by the organizaticn prior to the
recelpt of the request. The results in contract
awards from the latter effort were demonstrated to

be definltely limited.
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APPENDIX A



A DYNAMIC MODEL OF THE BUSINESS

It is lmpossible to construct a mathematical model of
a business without stopping repeatedly to ask one's self what
is important in the business, what really makes a difference
on how the business prospers. Since no model can represent
a buslness in all its details, no model 1is ever completely
reallstic. What is hoped 1s that the originator has been
sufficiently perceptive in determining what is relevant and,
secondly, that he has accurately translated this knowledge
into the model by means of the equations formulated to rep-
resent the flows of manpower, money, information, etc.

What 1is relevant likewise is influenced considerably
by the purpose of the inquiry. In this study a basic ques=
tion has been underlying--how can engineering effort be uti-
llzed most effectively to stimulate growth of the business,
particularly with regard to long-term profitability?

The model consists of five sectors. The organization
1s made up of four sectors--marketing, finance, engineering,

and factory. The customer 1s the fifth sector represented in

the model.
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CUSTOMER SECTOR

The customer, in this case the government, has a cer-
tain amount of money to spend each year for services and
hardware that can be provided by the organization studied.
Most of this money 1s spent by the Defense Department al-
though agencles like the Federal Aviation Agency also have
procurements in the same market from time to time. The total
amount of money available for services and hardware that
could be provided by the organlization, however, is not open
to bidding to the organization. There are several reasons
for this. One is that incomplete knowledge exists. The
particular govermment office initiating a procurement action
may not know of the interest and capability of the organiza-
tion, and the organization in turn may not be aware of a
procurement action. Secondly, a tendency exists for govern~
ment contractors to become more closely affiliated with one
branch of the service than another. This has the advantage
that the customer knows from experience what an organization
can do. It has the disadvantage of making it difficult for
a contractor to get diversified experience by winning con-
tracts from agencles with which he has not previously con-
ducted business. A firm is likely to have an opportunity to
bid on most of the procurements that are within the capabil-
ities of the organization, initiated by the branch of the

Sservice with which they are most closely associated; but
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infrequently is the firm likely to have as extensive opportu-
nitles from all services. In the model the total amount of
customer money available each month for procurements in the
nilitary product industry of which the organization is a part
ls represented by CICM.

CICM = Customer Income Capital for Military
procurements ($/month)

CRFPO.KL = (CPPO.K)(CICM.JK)

CRFPO = Customer Requests For Proposal that are
sent to the Organization, expressed in
dollar volume ($§/month)

CPPO = Customer Percentage of requests for Pro-
posal forwarded to the Organization (%)

The postscripts KL, K, and JK are defined as follovws:

|

dJd £ L

J, K, and L represent a point in time. DT represents the

tlme interval between computations that are made by the com-
puter. In the model DT is set to equal C.2 of a month. 1In
other words, every equation in the model is calculated five

times a2 month., JK is the time postscript used with a flow
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or rate that exists between two points in time, specifically

between time J and time K. Similarly, KL is the time post-
script used with a flow or rate that exists between time K
and time L.

CRFPC.KL = (CPPC.K)(CICM.JK)

CRFPC = Customer Requests For Proposal that are

sent to Competitors, expressed in dollar
volume (§/month)

CPPC = Customer Percentage of requests for Propo-
sal forwarded to Competitors

CPPC.K = 1 = CPPO.K

CPPO.K = DMESB.JK ¢ DETITC.JK + DTAUW.JK
DMESB.KL = DELAY 3 (AMESB.K, DEME)
AMESB.X = (AME)(MESB.K)

DMESB = Delayed effect of Marketing Effort in

Soliciting Business (% of total percentage
of requests for proposal received)

DELAY 3 = third order delay, i.e., a delayed ef=-
fect that starts gradually and tapers
off near the end of the time interval
involved.

AMESB = Average Marketing Effort in Soliciting

Business (% of total percentage of requests
for proposal receivedg

DEME = Delay of Effect of Marketing Effort, i.e.,
the average time period over which the
aarketing effort has its delayed effect
(months)

AME = welghting factor that Apportions Marketing
Effort to the other factors in determining
percentage of requests for proposal received
by the organization (dimensionless).
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MESB = Marketing Effort in Soliciting Business
Tdimensionless)
DETTC.KL= DELAY 3 (AETTC.K, DEEE)

AETTC.K = (ATC)(ETTC.K)

DETTC = Delayed effect of Engineering Total Tech-
nical Competence in determining the per-
centage of requests for proposal received
(%Z of total percentage of requests for
proposal received)

AETTC

Average effect of Engineering Total Tech~
nical Competence (Z of total percentage of
requests for proposal received)

DEEE = Delay of Effect of Engineering Effort (months)

ATC = Welghting factor that Apportions engineering
total Technical Competence to the other fac-
tors in determining percentage of requests

for proposal recelved vy the organization
(dimensionless)

ETTC = Engineering Iotal ITechnical Competence
ATAUW.K = (AUW) (TAUW.K)

DTAUW = Delayed effect of Iotal Ability to Under-
take Work in determining the percentage of
requests for proposal received (% of total

percentage of requests for proposal re-
ceived)

ATAUW = Average effect of Total Ability to Under-
take Work (% of total percentage of re-
quests for proposal received)

DEAW = Delay of Effect of total Ability to under-
take Work (months)

AUW = weighting factor that Apportions total ability
to Undertake Work to the other factors in
determining the percentage of requests for

proposal received by the organization (dimen-
sionless)
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TAUW.K = EAUW.K + FAUW.K

EAUW = Engineering Ability to Undertake NWork
Tdimensionless) See page 83.

FAUW = Factory Ability to Undertake Work
{dimensionless) See page 96.

MRFPL.K = MRFPL.J = (DT)(CRFPO.JK - PURPT.JK)
DPURPT.KL = PURP.JK + DMPRC.JK

PURP.K = (ACAE)(RRRA)(EPC2.JK)/ (AAPO)

DMPRC.K = (ACAE)(RRRA)(MPRC.JK)/(AAPO)

MRFPL = Marketing Requests For Proposal Level (§)

PURPT = Proposals and Unanswered Requests for
Proposals Iotal, i.e., cancelled proposals
are included with those which the organi-

zation has declined the invitation to bid
($/months)

PURP = Proposals and Unanswered Requests for
Proposal expressed in dollar volume ($/month)

DMPRC = Dollar volume of Marketing Proposal Requests
Cancelled ($/month)

RRRA = factor vased on averaged experience for
converting the value of proposals submitted
in response to requests to the value of the
total number of requests for proposal re-
ceived (dimensionless). In other words, this
is the ratio of the dollar volume of proposal

requests received to proposal requests an-
swered

ACAE

factor based on averaged experience for con-
verting effort of proposal engineers into
effort of engineers (dimensionless). 1In
other words, it is the ratio of engineers
total in the organization to the average num-
ber of engineers employed in preparation of

proposals 1n response to requests from the
customer

1/AAPO = factor based on averaged experience for



converting contract engineering effort
expressed in man months/month into equi-
valent engineering contract work expressed
in §/month ($/man month)., AAPO is, of
ccurse, the converse.

EPC2 = Engineering Proposals Completed of class 2
type, l.e., proposals prepared in response
to specific requests from the customer where
1ittle or no work on the proposal was done
prior to receipt of the request (mesn months/
month of proposal engineering effort)

MPRC = Marketing Proposal Requests Cancelled
man months/month of proposal engineering
effort. ) These are requests the organization
would lllke to answer but cannot due to the
work load and the time limitation on the
submission of a proposal (See page 52)

MRFPE.KL = (AAPO)(CRFPO.JK)/ (ACAE) (RRRA)

MRFPE = Marketing Requests For Proposal Entering

Tman months/montih of proposal engineering
effort)

MCAE.KL = MCAE1.JK + MCAE2.JK
MCAE1.KL = (CCAE1)(CO1.X)(CCPE1.JK)
MCAE2.KL = (CCAE2)(CMCO02.K)(CCPE!1.JK)

MCAE = Marketing Contract Awards Entering
man months/month)

MCAE1 = Marketing Contract Awards Entering from
class 1 proposals (man months/month)
MCAE2 = Marketing Contract Awards Entering from
class 2 pioposals (man months/month)
CCAEl =

Conversion factor for Contract Awards
Entering from class 1| proposals. The
average ratio of coantract awards entering
expressed in man months/month to the en-
Zineering effort assigned to company
initiated work (man months/month of con-
fract work to man months/month of company
initiated engineering effort)



CCAE2 = Conversion factor for Contract Awards
Entering from class 2 proposals. The aver-
age ratio of contract awards entering ex-
pressed in man months/month to the engineer-
ing effort assigned to proposals that were
recelived with little or no preproposal work
having been performed by the company (man
months/month of contract work to man months/
month of proposal engineering effort)

CMCO! = Customer Marketing Contracts QObtained as a
pernentage of class 1 proposals submitted
(% successful of proposals submitted)

CMCO2 = Customer Marxeting Contracts Qbtained as a
percentage of class 2 proposals submltted
(% successful of proposals submitted)

CCPE! = Customer Completed Proposals Evaluated of
the class | type (man months/month of com-
pany initiated engineering effort)

CCPE2 = Customer Completed Proposals Evaluated of
the class 2 type (man months/month of pro-
posal engineering effort)

CMCO1,.,K = Function of EPWi1.K (see Figure 11)

CMCO2.,K = Function of EPW2.K (see Figure 11)

Defense contracts are awarded by the government on the
casis of their evaluation of a number of pertinent factors.
It Ls here assumed that the most important factor 1s the
worth of the proposal submitted where proposal worth 1s de-
fined to include engineering technical competence, abllity
o undertake the work, and price attractiveness. Thd per-
centage of proposals that result in contracts can therefore
Je expected to increase as the worth of prcposals increase.

Tnis relationship is described graphically in Figure il.
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Contracts Received,

CMCOl1 and CMCO2

(percentage of proposals
subtmitted)

Engineering Proposal Worth,
EPW1l and EPWR2
(dimensionless factor)

Figure 11, Contracts Received as a Function of Proposal Worth
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Where there is an increase in the Customer's budget

for nilitary procurements, this change is reflected in two
wayse. First there is an increase in the flow of requests
for proposal that are circulated to contractors, and secondly
the Customer awards more contracts in response to unsolicited
proposalse. The latter are customarily negotiated contractse.

CO01+.XK = (RNC.X)(CMCO1.K)

RNC.K = MRFPA.K/RPN

ANC = Ratio by which the Customer increases or de=-

creases Negotlated Contract awards (dimen-
sionless)

Cco1 Contracts Qbtalned as a percentage of class 1

proposals submitted (%)

RPN = Level of incoming Requests for Proposal under
Normal conditions (man months of proposal
engineering effort)

EPW1.K = (AET1)(ETTC.K) + (AAUW)(TAUW.K) +
(APP) (OCPC.K)

ZPW2.K = (A2)(EPW1.K)

IPW1 = Engineering Proposal Worth of class 1 pro-
posals (dimensionless

EPW2 = Engineering Proposal Worth of class 2 pro-
vosals (dimensionless)

AET1 = An Averaged welghting factor of Engineering
lechnical competence applied to proposal
worth of class ! proposals (dimensionless)

ITTC = Engineering Total lechnical Competence
Tdimensionless)

AAUW = Averaged Ability to Undertake Work, a weight-
ing factor (dimensionless)

TATW

gota% Ability to Undertake Work (dimension-
less



=
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APP = An Averaged welignting factor for Price
Provision (dimensionless)

OCPC = QOperations Control 2Price Constant. This is

an i?dex of price attractiveness (dimension-
less

A2 = The Average ratio based on experience of the
engineering proposal worth of class 2 proposals
to class 1 proposals (dimensionless)

CCPE1.XL = DELAY 3 (EPC1.JK, DCEZP)
CCPE2.,KL = DELAY 3 (EPC2.JK, DCEP)

EPC1 = Engineering Proposals Completed of the

class 1 type (man months/month of company
initiated engineering effort)

EPC2 = Engineering Proposals Completed of the

class 2 type (man months/month of proposal
engineering effort)

DCEP = Average Delay in Customer Evaluation of
Proposals (months)

The flow diagram for the Customer Sector is shown in

Tlzure 1z
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MARKETING SECTOR

The Marketing Sector is responsible for exposing the
organization to as many opportunities for new business as
possible, This involves extensive lialson with the customer
in which knowledge of kis requirements is sought as well as
orlentation of the customer with regard to the organization's
capabllities. Marketing effort in soliciting new business
-s intensified as the backlog of engineering work decreases.

MESB.K = 1.0 = (AMS) (PEUMR.K)/(PNUM.K)

MESB = Marketing Effort in Soliciting Business
T{dimensionTess)

AMS = A constant Marketing Solicitation weighting
factor (dimensionless)

PEUMR = Personnel Engineering Unfilled Manpower
Requests (man months) See page 87

PNUM = Personnel Normal Unfilled Manpower requests
man months) See page 87

Requests for proposal that are received by Marketing
are forwarded to Engineering for action. In certain cases a
sercentage of these requests are cancelled in Marketing where
“ae backlog builds up to the point that due dates for propo-
sals cannot be met,
MIRP.K = MIRP.J + (DT)(MRFPE.JK - EPRE.JK =~ MPRC.JK)

MIRP = Marketing Inventory of Requests for
Proposals (man months)

ZPRE

Engineering Proposal Requests Entering
(man months/month of proposal engineering
effort)



MIRPD.K = DMPP(MRFPA.K)
MRFPA.K = MRFPA.J + (DT)(1/TCAP)(MRFPE.JK - MRFPA.J)

MIRPD = Marketing Inventory of Requests for
Proposal, Desired (man months)

DMPP = Desired Marketing backlog, for Planning
purposes, of Proposal work (%)

MRFPA = Marketing Requests For Proposal Averaged
man months)

TCAP = Time Constant for Averaging the incoming
flow of requests for Proposal (months)

YPRC.KL = CLIP(MPE.K, 0, MIRP.K, MPC.K)

YPE.K = (1/DPCC)(MIRP.K - MPC.K)

MPC.K = (A5)(EPWP.K)

MPE = Marketing Proposals Excess (man months/month)

DPCC = Delay in Proposal Cancellation by tae
Customer (months)

MPC = Marketing Proposal Capability (man months)

A> = Average ratio of a manageable backlog of pro-
posal work to the engineering proposal work
in process (dimensionless)

EPWP = Engineering Proposal Work in Process.
Class 2 proposals result from this effort
(man months)

Wl

The flow diagram for the Marketing Sector is shown in
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ENGINEERING SECTOR

The Engineering Sector of the organization performs
work in four different areas: (a) design and development
for production under contract to the government, (b) research
and development contract work, (c) preparation of proposals
in response to customer requests where little or nc work is
done by the organization prior to receipt of the request,
and (d) company initiated work which consists primarily of
research and engineering that is ultimately submitted to the
customer in proposal form. Many of the latter proposals are
unsolicited. These proposals reflect the engineering tech-
nical competence of the organlization established by experi-
ence., Primarily they achlieve negotiated contracts for the
organization. The contracts received by the organization
are either design and development for production (production
engineering), or research and development.

MCAED.KL = (A3) (MCAE.JK)

MCAER.KL = (A4)(MCAE.JK)

A4 = 1,0 - A3

MCAED = Marketing Contract Awards Entering for
Design and development for production work
Tman months/month

MCAER

Marketing Contract Awards Entering for Re-
search and development work (man months7
month)

A3 = Average ratio of marketing contract awards
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entering for design and development for pro-
duction contracts to the total marketing
contract awards entering (dimensionless)

A4 = Average ratio of marxeting contract awards
entering for research and development con-

tracts to the total contract awards entering
(dimensionless)

The greatest resource of an engineering organization
{s its manpower. By this is inferred not onrnly the quantity
tut the guality of the men, thelr technical competence. In
such an organization it follows that the policies concerning
utilization of manpower represent perhaps the most important
area of management decision.

Management can apply the resource of engineering man-
rower in any proportion felt appropriate to the four areas
of work teing done. The decision affects productivity, cus=
tomer satisfaction, growth and prcfitabdility of the organi-
zation. At any point in time each of the four areas of work
n the organization will, in the opinion of management, have
“oo little, too much, or the right amount of manpower to do
“he work required. As the differential varies from zero,
leee, from the point where the amount of manpower assigned
cquals the amount needed, management feels a pressure to re-
‘urn to the point where needs are fulily met with no excess
zarpower. The pressure felt by management may come from the
requests of the supervisocrs of an area, froem contractual
commitments, from their own appreciation of the importance

Sr urgerncy of a particular kind of work, from communication
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with higher management. The reaction to a shortage of man-
vower will be different for each work area and will change
relatively as the desired manpower grows larger than man-
rower available. Management's reaction to a manpower short-
age, Or excess, 1in each work area represents management
volicy for that area of work. The pressures felt by manage-
nent operating under one set of policies are represented by
Tlgure t4.

Posltive pressure indicates a shortage of manpower;
negative pressure is an indication that actual exceeds de-
sired manpower. In elither case management feels pressure to
tring actual manpower to the level desired in each area of
work. At any particular time the manpower difference between
iesired and actual in each area of work might be represented
oy

contract work, per cent desired - actual manpower =
20

proposal work, per cent desired - actual manpower =
Se

company initiated work, per cent desired = actual
zanpower = Oa

Likewise, pressure felt by management to do something
¢ correct this difference is represented by:

contract work, pressure felt by management Ob!

vroposal work, pressure felt by management = Oc!

company initiated work, pressure felt by
nanagement = 0Oa'
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Contract Work

Proposal Work

oy
- =
-

Company
Initint-
ed Work

Pressure 0
(dimensionles
index)

0

Percent Differential in Manpower

Figure 14, Management Policies
Utilization

er Needed -~ Manpower Available

(Manpﬂ e p labl

Manpower Needed

(A) with Regard to Technical Manpower
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Management then takes steps (a) to equalize pressures
from the various work areas, and (b) to reduce the pressures,
The equalization of pressures is achieved by transferring men
from one area of work to another. Pressure is equalized
along line ep. Points A, B, and C representing the initial
condition shift to points A', B', and C' with their corre-
sponding new per cent differences between desired and actual
manpower.

With regard to reducing tctal pressure, management
starts to hire personnel if personnel are needed (represented
ty a positive pressure), or to face terminations both volun-
tary and forced if actual manpower is greater than needed
for more than a few weeks. This is handled in the Personnel
section of the Engineering Sector. Managemert also may re-
sort to overtime i1f the pressure due to manpower shortages
sets high enough. Resistance, however, exists te increasing
“he work week length. Management will resist overtime be=-
cause of the cost penalties involved. In most cases con-
“racting officer approval is needed for overtime and this is
20t granted without real justification. Also as the work
week gets quite long, resistance from employees is encoun-
tered. The cumulative resistance to increasing the length
3f the work week beyond forty hours is shown in Figure 12,

-t 1s assumed that the resistance reaches an infinite value

cetween 80 and 90 hours a week, considered to be the limit



1l
Resistance
(dimensionless
index)
0 v g 4 %
0 20 40 60 80 100

Work Week Length, WWL
{hours per woek)

Figure 15, Resistance to Overtime
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of endurance of an individual. Length of work week is de=-
termined by equating the total pressure felt by management
to the cumulative resistance to increasing the length of the
work week.

A work week less than forty hours will not be scheduled.
Where insufficient work exists for the work force--and this
appears to be a situation that will exist for some months--
a reduction in force will be made rather than reduce the
work week to less than forty hours for the organization.

Two results are significant as the work week is in-
creased in length beyond forty hours. First, the costs of
ocperation increase. This is reflected in the Financial Sec-
tore The increased costs reduce the price attractiveness of
proposals since the cost of doing business 1s increased by
overtime. Secondly, the output of the organization is in-
creased, However, the increase in output diminishes rela-
tively as the work week gets longer. This relationship is
depicted grzphically in Figure 1%.

The relationship in the above-mentioned figure is de-
{ined by the following equation:

- 105(1'%)1
MUL.K = 1 + 0.64[1 - e
L

ke cutput multiplier is applied to the work in process.
Contracts and requests for proposals received determine
“he requirements for manpower irn these areas of work. How-

2ver, no such definite requirement exists in the czse of the



Multiplication Factor,
Mul, for Increasing
Output due to Over-
time Work

(dimensionless)

Overtime Ratic

( Actual Length of Work Week, WWL
Standard Work Week, 40

Figure 15, The Variation of Output with Overtime

)



“zvz2l 5f effort Lo e applied to company initiated work.
srhapns the most important determinant in the latter case 's

-~2 prospec*t for future contracis. If the

If
034, oae might reasonably =2xpect less effort oa coazpany Iini
-lated worx than would ve the case if prospects indicated a
jezline in ousiness., In the latter case, company initilated

woriz would ve intensified in an effort to change upward the

srolected trend of vbusiness. If we take annual totzal con-
“ract

WwOrk over the past five jears and average 1t, 3siving
~eavier Wweight to the zmore recent years, then compare thls

rerage ~with the total contract worx Ior the past twelve

z2aths, we can establish 2 trend, 2s showa Ln Figure 7.
Tne slope of a trend line s0 =stzblished indicates whether

=)

susirzess Ls increasing or decreasiaz and, extrapolated, iln-
itcates what mizht Te expected i1a the next few years LI no
22tiozn is taken to change tnes trend.

mn-

The sxXpectatlion oI Zuture tusiness serves 10 stimu-

, Or depress to some dezree, *he nominal level of company

-

lzitlated worke The desired level of manpower for company

The equations that follow describe 20w the zmazagement

>lictes conceralnz utilization 29f Techinical marpower are
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Figure |7, The Projection of Business Trends




implemented.

IPRE.KL = CLIP(MNP.K, MAP.K, MAP.K, MNP.K)

ECAED.KL = CLIP(MND.K, MAD.K, MAD.K, MND.K)

ZCAER.XL = CLIP(MNR.K, MAM.K, MAM.K, MNR.K)

ECIP.KL = CLIP{MNC.K, MAC.K, MAC.X, MNC.K)

ZPRE = Engineering Proposal Requests Entering
man months/month of proposal engineering

effort)

ZCAED = Engineering Contract Authorizations Znter-
ing for Design and development for produc=
tion work (man months/month)

ECAER = Engineering Contract Authorizations Znter-

ing for Research and development work
(man months/month)

ECIP = Engineering Company Initiated Project work
Tman months/month of company initiated
engineering effort)

MNP.K = MRFPA.,K + (1/DPA)(MIRPD.K - MIRP.K)

MAP.X = MAP.J + (DT)(TIP.JK - TOP.JK)

MND.X = MCADA.K + (1/DD)(EICDD.X - EICD.X)

MAD.K = MAD.J + (DT)(TID.JK = TOD.JK)

MNR.K = MCARA.K + (1/DR)(EICRD.K - EICR.K)

MAM.K = MAM.J + (DT)(TIR.JK - TOR.JK)

MNP = Manpower Needed for Proposal work. This is
for class 2 proposal preparation (men)

MAP = Manpower Available for Proposal work. This
is for preparation of class 2 proposals (men)

MND = Manpower Needed for Design and development
for production work Tmen)

Oh
N
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MAD = Manpower Available for Design and develop-
ment for production work (men)

5
=
2o}
"

Manpower Needed for Research and development
workx (men

MAM = Manpower Avallable for Military researca aand
development work (men)

MNC = Manpower Needed for Company initiated work
Tuwen)

MAC

i

Manpower Available for Company initiated
work (mern)

Zguations for MNP:
VRFPA.X = MRFPH.J + DT(1/TCAP)(MRFPE.JK - MRFPA.J)
MIRPD.X

(DMPP) (MRFPA.X
MIRP.K = MIRP.J + (DT){(MRFPE.JK - EPRE.JX - MPRC.JX)

DPA = Delay in reducing requests for Proposal inven-
tory, Average (months)

MRFPA = Marketing Requests For Proposal Averaged
{man months)

VMIRPD

Marketing Inventory of Requests for Propo-
sal Desired (man months)

2

Marketing Inventory of Requests for Proposal
Tman months)

TCAP = Time Constant for Averaging the incoming
flow of requests for Proposal (months)

DMPP = Desired Marketing bacxlog, Io
purposes, of Propcsal work (%

r Planning
)
Zquations for MAP:

TIP.KL= (PROP.X)(TOT.JK)

PROP.K = PDTPP.K/SPDT.X

PDTPP.X = CLIP(DTPP.XK, O, DITP.X, O)

SPDT.X = PDTPP.K + PDTPFD.X + PDTPR.K + PDTPC.K



TIP = Transfer of personnel In to Proposal work
Then/month)

PROP = PROportional factor for determining per
cent of total available manpower that will
be transferred into Proposal work (%)

PDTPP = Positive Desired Iransfer of Personnel into
Proposal work (men/month)

SPDT = Sum of the Positive Desired Iransfers of
personnel (men/month)

T0P.XL = CLIP(O, - OUTP.X, DTPP.XK, O)

JUTP.K = DTPP.K/TDTP

2TO0.KL = TOP.JX + TOD.JK + TOR.JK + TOC.JK + TNP.JK
PTO1.KL = PTO.JK + PELE.JK

TOT.KL = PTO1.JK - PELT.JK

TOP = Iransfer Qut of personnel on class 2 Propo-
Sal work (men/month)

JUTP = Transfer of versonnel QUT of Propocsal work
(nen/month)

+3
g
H
g
]

Time Delay in Iransferring Personnel (months)

PT0 = Personnel Iransferred Qut from all depart-
nents (men/montk)

PTO1 = Personnel Iransferred Qut from all depart-
ments plus new hires (men/month)

PELE = Personnel Englineering Labor Enteriag
PELT = Personnel Englineering Labor Terminating

TOT = Rate of transfer of I0Tal personnel bYeing
transferred (men/month)

DTPP.K = DIFP.K - DDP.X
DIFPOK = MNP.K - MAP.K
PDP.K = DIFP.K/MNP.X

-~
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DTPP = Desired Iransfer of Persoannel to or from
Proposal work (men). Positive values 1indi-
cate transfer in desired. Negative values
£o0r this term indicate transfer out desired

DIFP = DIFferential in needed and avallable manpower
on class 2 Proposal work (men)

DDP Desired Differential in manpower needed and
svailable on class 2 Proposal work (men)

PDP Per cent Differential, manpower needed minus
manpower available, in Proposal work (%)

PMDP.K = Function of PDP (see Figure 14)

AP.K = (1/4)(PMDP.K + PMDD.X + PMDR.K + PMDC.K)

DPDP.KX = Function of AP (see Figure 14)

DDP.X = (DPDP.K)(MNP.K)

PMDP = Pressure due to Manpower Differentlal,
needed minus available, in Proposal work
(dimensionless)

AP = Average Pressure (dimensionless)

DPDP = Desired Per cent Differential in manpower
Seeded and available in Proposal work (%)

PMDD = Pressure due to Manpower Differential,

needed minus available, in Design and devel-
opment for production work Tdimensionless)

PMDR = Pressure due to Manpower Differential,

needed minus available, in Research and
development work (dimensionless)

MDC

Pressure due to Manpower Differential,

Deeded minus available, in Company initilated
work (dimensionless)

Zquations for MND:
MOADA.K = MCADA.J + (DT)(1/TCAD)(MCAED.JK - MCADA.J)
TICDD.X = (DMPC)(MCADA.K)

TICD.K = EICD.J + (DT)(MCAED.JK - ECAED.JK)
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DD = Delay in equalizing desired and actual inven-
tory of englneering authorizations for Design
and development for production work (months)

MCADA = Marketing Contract Awards entering for

Design ard development for production werk,
Averaged (man months)

EICDD = Engineering Inventory of Contract authori-
zations for Design and development for
production work, Desired (man months)

EICD = Engineering Inventory of Contract authoriza-

tions for Design and development for produc-
tion work (man months)

TCAD = Time Constant for Averaging the flow of con-
tracts awards entering for Design and devel-
opment for production work (months)

DMPC

Desired Marketing backxlog, for Planning
purposes, of Company initiated work (%)

Equations for MAD:

TID.KL= (PROD.K)(TOT.JX

PROD.K = PDTPD.K/SPDT.K

°DTPD.X = CLIP(DTPD.K, O, DTPD.X, O)

TID = Iransfer of personnel In to Design and devel-
opment for production workx (men/month)

PROD = PROportional factor for determining per cent
of total available manpower that will Dbe

transferred into Design and development for
production worx (%)

PDTPD = Positive Desired Iransfer of Personnel 1into
Desi and development for production work
men/month)

T0D.XL = CLIP(O, - OUTD.X, DTPD.K, O)

OUTD.K = DTPD.K/TDTP

TOD = Transfer Jut of personnel oun Desizn and devel-
opment ror production work (men/monta.



OUTD = Transfer of personnel QUT of Design and
development for production work (men/month)

DTPD.K = DIFD.K - DDD.K
DIFD.K = MND.K = MD.K
PDD.K = DIFD.K/MND.K

DTPD = Desired Iransfer of Personnel to or from

Desi%n and development for production work
Tmen

DIFD = DIFferential in needed and available man-

power on Design and development for produc-
tion work (men)

DDD = Desired Differential in manpower needed and
available on Design and development for
production work (men)

PDD = Per cent Differential, manpower needed minus
manpower available, in Design and development
for production work (%)

PMDD.K = Function of PDD (see Flgure 14)

AP.K = (1/4)(PMDP.K + PMDD.K + PMDR.K + PMDC.K)
DPDD.K = PFunction of AP (see Figure 14)
DDD.K = (DPDD.K)(MND.K)

PMDD = Pressure due to Manpower Differentlial,
needed minus available, in Design and devel-
opment for production worh Tdimensionless)

DPDD

Desired Per cent Differential in manpower
needed and available in Design and develop-
ment for production worx (%)

Zquations for MNR:

MCARA.K = MCARA.J + (DT)(1/TCAR)(MCAER.JK - MCARA.J)
ZICRD.X = (IMPG)(MCARA.K)

EICR.K = EICR.J + (DT)(MCAER.JX - ECAER.JK)
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DR = Delay in equelizing desired and actual inven-
“ory of ergineering authorizations for Ze-
search and development work (monthns,

-~ -~
U};: I =

Marketing Contract Awards entering Zor
gesearch and development work, Averaged
{(man months)

Engineering Inventory I Zoatract auTaori-
zations for Research and developmasn™ WOrk,

Desired {man months)

Engineerinz Inventory oI Zfontract authori-
zations for Ressarcn and developmsant wWorx
‘man montns)

Iime Zonstant for Averazing tue flow oFf
contract awards entering for Researcn and
ievelopzmen: workx {months)

Desired Marketinzg ovacxlog, for 2lanning pur-
poses, of Goveranment research and develop-

ment contracts (%)

Zqaiations for MAM:

(PROR.X) {T0T.JX.
PDTPRL.X/SPDT WK

¥ = CLIP (DTPR.K, 2, DTPR.X, .

TZR = Iransfer of personnsl In 1o Researca and

development wWorx (men/month;

?RC0R = ZRCportional factor for determining per cent
of total avallable manpower that will be
transferred into Researcn and development
work (%)

-DI2R Zositive Desired Iraasfer of Personnel lnto
Research and idevelopment work (men/mocath,

ICR.KL = CLIP [C, - QJUTR.X, DIPR.K, C.



TOR = Iransfer Qut of personnel from Research and
Jevelcrment work (men/month)

OUTR = Transfer of personnel QUT of Research and
develcpment work (men/month)

DTPR.K = DIFR.K - DDR.K
DIFR.K = MNR.K - MAM.K
PDR.K = DIFR.K/MNR.K

DTPR = Desired Iransfer of Personnel to or from
Research “and development work (men)

&
-
)
=4}
1}

DIFferential in needed and available manpower
for Research and development work (men)

DDR = Desired Differential in manpower needed and
available on Research and development work
(men J

PDR

Per cent Differential, manpower needed minus
manpower available, in Research and develop-
ment work (%)

PMDR.K = Function of PDR (see Figure 14,

AP.XK = (1/4)(PMDP.K + PMDD.X + FMDR.X + PMDC.K)

DPDR.X = Function of AP (see Figure 14)

DDR.X = (DPDR.K)(MNR.K)

PMDR = Pressure due to Manpower Differentilal,
needed minus available, in Research and
development work (dimensionless)

DPDR = Desired Per cent Differential in manpower
needed and aveilable in Research and devel-
opment work (%)

Zquations for MNC:

TCW.EZ = TABLE (TIFC, ECHAN.X, =1.0, 1.0, J.1)
(see Figure 13)

CIWN.K = (APEC)(PETA.K.
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Intensification factor for Company initiated
Work (dimensionless multiplier)

FCHALN = Effective yearly percentage CHANge in the
1evel of business (per cent)

CIWN = Company Initiated Work Normal level of acti-
vity (wmen)

g
7

Average Percentage of Engineering work force

assigned to Company 1nitiated work (per cent)

>ETA = Work force Personnel, Engineers Iotal
Available (men)

ECHAN.X = CLIP(1% CHAN.K, CHAN.X, 1] (see Fi-

gure 7)
CEAX.X = CLIP (CHANG, -1, CHANG, -1)
CHANG.X = (12) (PERCH.K)/TEDIF
~ppIF = (1/2)(DTP - RTP)
PERCH.K = (1/WAV5.K)(WAV1.X - JAVS.X)
VAVS.K = WAVS.J + (DT) (1/DTP) (MCAE.JK = WAVS.J)
SAV1.XK = WAV1.J + (DT)(1/RTP)(MCAE.JK - WAV1.J)

ICHAN = Effective yearly percentage CHANge in <the
level of buslness

n

CHAN = Yearly percentage CHANge in the level of
business

CHANG = Yearly per cent CHANGe in the level of
btusiness

PERCH = PERiod CHange, referring to buslness acti-
vity (,'a

7AVS = delghted AVerage of 5 years previous con-
tract work

WAV1 = Heighted AVerage of 1 year's contract work,
1T.e., the year Just past (%)

DTF = Distant Time Reriod (months)

i,



RTP = Recent Iime Period (months)

mPDIF = Time Period DIFference (months)
Equations for MAC:

TIC.KL= (PROC.X)(TOT.JXK)

PROC.K = PDTPC.K/SPDT.K

PDTPC.X = CLIP(DTPC.K, O, DTPC.X, O)

mIC = Transfer of personnel In to Company initiated
work (men/month)

PROC = PROportional factor for determining per cent
of total available manpower that will be
transferred into Company initlated work (%)

PDTPC = Positive Desired Iransfer of Personnel
into Company initiated work (men/month)

TOC.XL = CLIP(O, - OUTC.K’ DTPC.K, O)
OUTC.K = DTPC.K/TDTP

TOC = Transfer Qut of personnel from Company ini-
Tiated work (men/month)

QUTC = Transfer of personnel QUT of Company inil-
tiated work %

men/month ;
DTPC.K = DIFC.K - DDC.K

DIFC.K = MNC.K - MAC.K

DPC.K = DIFC.K/MNC.K

DTPC = Desired Iransfer of Personnel to or from
Company initiated work (men)

DIFC = DIFferential in needed and available man-
power for Company initiated work (men)

DDC = Desired Differential 1n manpower needed and
availzable on Company initiated work (men)

PDC

Per cent Differential, manpower needed minus
manpower available, in Company initiated work

(%)
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PMDC.K = Function of PDC (see Figure 14)

AP.K = (1/4)(PMDP.K + PMDD.K + PMDR.K + PMDC.K)

DPDC.K = Function of AP (see Figure 14

DDC.K = (DPDC.K)(MNC.K)

PMDC

DPDC

Pressure due to Manpower Differential,
needed minus available, in Company ini-
tiated work (dimensionless)

Dessired Per cent Differential 1in manpower

needed and available in Company initiated
work (%)

The average time required to complete a unit of work

varies with the type of work given equal ability on the part

of the engineers doing the work. In the model the delays

DCP, DCD, DCR, and DCC indicate average times to compiete a

unit of work in each of the four sreas.

EPWP.
EDWP.
ZRWP.
ZCWP.

EPWP

EDWP

ZRWP

ECWP

X
K
K
X

= EPWP.J + (DT)(EPRE.JK - EPC2.JK)
= EDWP.J + (DT)(ECAED.JK - EDWC.JK)
= ERWP.J + (DT)(ECAER.JK - ERWC.JK)
= ECWP.J + (DT)(ECIP.JK - EPC1.JK)

Engineering Proposal Work in Process
man months)

Engineering Design and development for
production Work in Process (man months)

Engineering Research and development Work
in Process (man months)

Engineering Company initiated Work in
Process (man months)

IPC2.XL = (MUL.K) (EP2.JXK)

IDWC KL = (MUL.K){(EDW.JK)
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ERWC.KL = (MUL.K)(ERW.JK)

EPC1.KL = DELAY 3 (ECIP.JK, DCC)

EPC2

EDWC

ERWC

=PC1

Ingineering Proposals Completed of the
class 2 type (man months/month of company
initiated engineering effort)

Engineering Design and development for pro-
duction Work Completed (man months/month)

Engineering Research and development Work
Completed (man months/month)

Engineering Proposals Completed of the

class 1 type (man months/month of proposal
enginreering effort)

DCC = Average Delay in Completion of Company ini-

tiated work (months)

EP2.KL = DELAY 3 (EPRE.JK, DCP)

EDW.
ERW.

KL = DELAY 3 (ECAED.JK, DCD)

KL = DELAY 3 (ECAER.JK, DCR)

EP2 = Engineering Proposals completed of the
class 2 type without overtime (man months/month
of proposal engineering effort)

EDW = Eangineering Design and development for pro-
duction Work completed without overtime (man
months/month)

ERW = Engineering Research and development Work
completed without overtime (man months/month)

DCP = Average Delay in Completion of class 2 Ero-
posals (months)

DCD = Average Delay in Completing Design and devel-
opment for production work (months)

DCR = Average Delay in Ccmpleting Research and
development work Tmonths)

MUL.K = 1 4 0,64 | 1 1501 - %%E);

- e
(see Figute 19)



Tl

MUL = MULtiplier for increasing output due to
overtime work (dimensionless)

WWL = Work Week Length (hours/week)

Technical competence of the organization is bullt up
by experience. However, the king of experience is important.
Jork experience in some areas affects technical competence
very little while other kinds of wErk contribute greatly to
competence. It is assumed here that answering proposals in
response to requests that arrive withou: prioxr knowledge of
the competition results in no addition toxigchnical compe=-
tence in the long run. It is further assuméd that work on
current design and development for production has its great-
est vaiue in the year following its completion with a dimin-
‘sning contribution to technical competence of the organiza-
tion as additional time passes. Work on research and
ievelopment contracts is estimated to contribute most heavily
t0 technical competence some three years after the work is
verformed, Company initiated work adds to technical compe=-
sence most significantly some five years after the work 1s
cerformed. These relationships are shown in Figure 1!3.

Engineering experience of the three types mentioned in
the above figure is stored each year in a table. ETC1, ETCZ2,
and ZTC3 represent these tables (box cars) in the model. As
the current year's experience 1s stored, the value for the
engineering work performed nine years ago drops out so that

the table always contains the last elght years! experience,
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Company
R & D Contract Initiated
Work
Work

Weighting Factor
for Fngineering
Work Experience, Production
WlA, W2A and W3A | Eng'r'g.
(dimensionless) | Work

a
e

Time
(years)

Mgure!13 , The Variation in Value of Engineering Experience with the
Passage of Time
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"he work performed each year, in each table, is then multi-
plied by the appropriate weighting factor, reference Fig=-
ure 13 « This gives a weighted engineering experience when
summed. Next this sum of exXperience or work accomplished 1is
compared to the maximum work the organization might conceliv-
2bly have obtained. This then becomes an index of engineer-
ing technical competence. In fact, this is a relative
rather than an absolute index. Relative technlcal compe-
tence, nowever, is the important factor in determining pro-
posal attractiveness to the customer. It is thus assumed

+hat the technical competence of the organization has in-

0

recsed relative to the technical competence of competition

AV]
ct

S tne snare of the market gained by the organization nas
srown. Likewise an absolute gain in technical conpetence
nay nave been experienced by the organization with no change
‘n relative position if the competitlon had the same 3zaln in
~ecanical competence., The eguations follow Zor determining

sne relative index of engineering technical competence, ETTC.

ICHCA.X = ECWCA.J + (DT)(1/TCWC)(EDWC.JK - ECWCA.J)
ZIGRCA.X

EGRCA.J + (DT)(1/TGRC)(ERWC.JK - EGRCA.J)
ISRCA.K = ESRCA.J + (DT)(1/TSRC)(EPC1.JK - ESRCA.J)

ZCWCA = Engineering design and development for pro-
duction Contract Work Completed, Averaged
{(man months)

EGRCA = Engineering Government Research and devel-

opment Contract work completed, Averaged
(man months)



ERCE -

TTC1 =
ITC2 =
ITC3 =

ITC1 =

ETC2 =

ty
—
(@]
W
i

ITC1#1
ITC2%*1
ETC3#1

ITC 131

ZTC2%#1

t2
3
Q
W
f.

= Engineering Speclal Research, Company ini-

Tiated work completed, Averaged (man months)

Time Constant for design and development for
production Work Completed (months)

Time constant for Government Research and
development work Completed (months)

Time coastant for Special Research company
initiated work Completed (months)

BOXLIN (8, 12)
BOXLIN (8, 12)
BOXLIN (8, 12)

Engineering lechnical Competlence from previ-
ous work on design and development for
production contracts (man months)

Engineering Technical Competence from pre-

vious workx on research and development con-
tracts (man months)

Engineering Iechnical Competence from pre-
vious company initiated work (man months)

«K = ECWCA.K
«K = EGRCA.X
«K = ESRCA.K

- Most recent year's experience in design
and development for production work which
1s stored in box car ETC!1 (man months)

- Most recent year's experience in research
and development work which is stored in
box car ETC2 (man months)

— Most recent year's experlence in company
initiated work which is stored in Dbox car
ETC3 (man months)

ZTC1S.X = SUM 2(8,W14A,ETC1)



ETC2S.K = SUM 2(8,W24, ETC2)

ETC3S.K SUM 2(8, W3A, ETC3)
ETCIS = Engineering Technical Competence gained from
design and development for production work

summed over the past eight years (man
months)

ETC2S = Engineering Technical Competence gained
from research and development work Summed
over the past eight years (man months)

ZTC3S = Engineering Technical Competence gained
from company initiated work Summed over the
past eight years (man months)

ETCIW.K = ETC1S.K/WFD
ETC2W.K = ETC2S.K/WFD
ETC3W.K = ETC3S.K/WFD

ETCIW = Engineering Iechnical Competence gained
from design and development for production

work over the past eight years, Weighted
(mnan months)

ETC2W = Engineering Technical Competence gained
from research and development work over the
past eight years, Weighted (man months)

ETC3W = Engineering Technical Competence gained

from company “initiated work over the past
elght years, Weighted (man months)

#FD = Weighting Factor common Denominator for engi-
neering technical competence (dimensionless)

ETCT.K = ETCIW.K + ETC2W.K + ETC3W.K

ETCR.K = ETCT.K/RELF.K

RELF.K = (AAPO){CPPOT)(CICMA.XK)/(NF)

CICMA.K = CICMA.J + (DT)(1/CIP)(CICM.JK - CICMA.J)



32

ETCT = Woighted Engineering Iechnical Competence,
Total (man months)

ETCR = Engineering Technical Competence Relative
Tdimensionless)
RELF = RELativizing Factor for engineering techni-

cal competence (man months)

CICMA = Customer Income Capital for Military pro-
Curements, Aver raged (§)

NF = Normalizing Factor (%/month)

CIP = Customer Income for military procurement
averaging Period (months)

ETTC.K

ETTC.J 4+ (DT)(ETCI.J + 0)
ETCI.X = (INC)(ETCR.X - ETTC.K)

ETTC = Engineering Total Iechnical Competence
Tdimensionless)

ETCI = Engineering Technical Competence Increment
Tdimensionless)

INC = INcrement of change in engineering technical
competence to be applied each computation
(dimensionless)

The relationship of engineering to the factory 1is an

‘nportant one. Engineering prepares the specifications for

naterial produced by the Factory and provides production

enzineering services during the course of production. The

iesign and development for production output of Engineering

cecomes the input to the Factorye.

PSE.XL = (ACSS)(EDW.JK)

PSE = Production Specifications from Engineering
(equipments/month)

ACSS = Constant based on Averaged eXperience Convert-

ing Specifications to equipment Shipments
(equlpments/man month)
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One of the factors considered by the customer in
evaluating proposals 1s the ability of an organization to
undertake additional work. The abllity of Engineering to
undertake additional work is in large measure dependent on
thne backlog of unfinished work. This relationship is de-
picted in Figure 20.

EAUW.X = Function of ETEI (see Figure 20)
ETEI.K = MTBL.K/(PETA.K)(ADPMS)
MTBL.K = MIRPD.K + EICDD.K + EICRD.K + MNCD.K

EAUW = Engineering Ability to Undertake Hork
Tdimensionless)

ETEI = Engineering Times to Exhaust Inventory
Tman monti/man month)

MTBL = Manpower needed for the Iotal BackLog of
work (man months)

ADPMS = Average Delay in reaching Planned Manpower
Size %months)

MNCD = Manpower Needed for Company initiated work,
based on Desired backlog (man months)

Adjustments to the size of the work force to meet the
requirements of the organization are made through the Person-
nel Department. When additional men are needed the Jjodb of
recruiting is aandled by Perscnnel, with a time delay before
new employees actually join the organization. When the work
load drops below normal, personnel will begin to leave. The
nen avalilable for reassignment are the men who are not really
needed for any of the current programs. However, as the

worx load drops below normal, the men that leave are generally
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.
Engineering
Ability to
Undertake
Work, EAUW

0

0 5

Ratio of Backlog to
Engineering Effort, ETEI

Figure 2C, Engineering Ability to Undertake Work as a Function of
Backlog Ratio



35
-ne better men with shorter periods of service rather than
~nose men that would normzlly be made available first., Pro-
vision 1s made in the model for attrition of the work force
vased on work load, i.e., whether there are men without real
work to do. Such action would, of course, occur over a
period of time. No distinction in the model 1s made beiween
voluntary anéd forced terminations but this is not felt to be
significant to the overall behavior being studied.
The equations for the Engineering Personnel Depart-
nent follcew:
PETA.K = PETA.J + (DT)(PELE.JK - PELT.JK)
PELE.KL = DELAY 3(PEHP.JK, DFRP)
PELT.KL = CLIP(PELT1.K, O, MAR.X, AETH)
PEHP.KL = DELAY 3(PERP.JK, DELH)

ty

ETA = Personnel Engineering Total Available (men)

td

ELE = Personnel Engineering Labor Entering
Tmen/month’)

PELT = Personnel Engineering Labor Ierminating
Tmen/month)

PEHP = Personnel ZEngineering Hiring 2olicy
Taen/month)

DFRP = Delay in Finding Replacement Personnel
months)

PELT1 = Personnel Engineering Labor Terminating due
to having a larger work force than work
load (men/month)

AETH = A constant, level of Engineering Iotal man-
power Held excess, above which terminations
begin to occur (men)
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DELH = DELay in Hiring engineering personnel (months)
MAR.K = CLIP(MARN.K, O, MARN.X, O)

MARN.K = PETA.K ~ EPRE.JK - ECAED.JK - ECAER.JK -
ECIP.JK

MAR = Manpower Avallable for Reassignment (men)
MARN = Manpower Available for Reassignment Net (men)
PELP.K = PELP.J + (DT)(PERP.JK - PELE.JK)

PERP.KL = CLIP(PECP.X, O, PECP.X, PECP2.K)

PELP = Personnel Engineering Labor requisitions in
Process (men)

PECP.X = (1/DT)(PECP1.K - MAR,K)

PECP2.K = (0.01)(PETA.X)/DT

PECP1.K = PEMD.X - PETAT.X

PEMDX = PEPWD.K + PECWD.X + PESWD.K + PEGWD.X
PETAT.X = PETA.X + PELF.X

PECP = Personnel Engineering Change Policy (men/mornth)

PECP2 = Personnel Engineering Change Policy allowance
for personnel in process of transfer (men/month,

PEMD = Personnel Engineering Manpover Desired (men)

PETAT = Personnel Engineering Total Aavailable in=-
cluding those in process of entering (men)

PEPWD = Personnel Engineering for Proposal Work De-
sired (men)

PECWD = RPersonnel Engineering for producticn engi-

neering Contract Work Desired (men)

PESWD = 2ersonnel Engireering for Special (company
initiated) project Work Desired (men)

PEGWD = Personnel Engineering for government research
and development Work Desired (men)



PEMRT.KL = MRFPE.JK + MCAED.JK + MCAER.JE 4 MNC.K

PEMRT = Personnel Engineering Manpower Requests
Total (man months/month)

PEMRA.K = PEMRA.J + (DT)(1/DAMP)(PEMRT.JK - PEMRA.J)

PEMRA = Personnel Engineering Manpower Reguests
Averaged (man months)

DAMP = Delay for Averaging ManPower requests (months)
PZUMR.K = PEUMR.J + (DT)(PEMRT.JK - ETWC.J)
STWC.K = EPC1.JK + EPC.JK + ZDWC.JK + ERWC.JK

PEUMR = Personnel Engineering Unfilled Manpower
Requests (man months;

ZIWNC = Engineering Total Work Completed
man months/month)

PNUM.X = PNUMP.K + NBUW.X

PNUMP.X = (DCP)(MRFPA.K) + {(DCD)(MCADA.K) +
(DCR) (MCARA.K) + {(DCC)(MNCA.X)

YBUW.K = (PLAXP)(MRFPA.K) + (PLAND)(MCADA.K) +
(PLANR) (MCARA.X) + (PLANC) (MNCA.K)

PNUM = Planned Normal inventory of Unassigned work
expressed as Manpower requirements, total,

that is including requirements in the pipe~
line (man months)

PNUMP = Pleznned Normal Unassigned inventory of work

expressed as ManPower requirements (man
months)

YBUW = Normal Backlog of Unassigned Work 1in the

planning stage, that is in the pipeline (man
months)

DCP = Delay in Completing Proposal work (months)

DCD = Delay in Completing Design and development

for production work (months)



DCR = Delay in Completing Research and development
work (months)

DCC = Delay in Completing Company initiated work
Tmonths)

PLANP? = PLANning delay

[ S

n Proposal work (months)

PLAND = PLANning delay in Design and development
for production work (months)

PLANR = PLANning delay in Research and development
work (months)
PLANC = PLANning delay in Company initiated work

{months )

The flow diagram for the Engineering Sector is shown

‘n Pigure <21,
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FACTORY SECTOR

Engineering information in the form of drawlngs and
specifications becomes an input to the factory where this
‘nformation 1s utilized for manufacturing. Also the factory
0oids on productior contracts and recelves awards as an inde-
rendert groupe. Flows into the factory include not only
sprecifications for equipment as a result of contract awards
tut also raw materials, assemblies, parts, etc. The factory
tapor force is in fact more of an assembly group than a man-
ufacturing group in the usual sense of the word.

Factory management sets production rates based on
factory orders waiting to bve filled. Available manpower and
facilitles may also affect the production rate., Where an
‘nsufficient labor force exists, output is reduced and invern-
tories of materials build up until adequate personnel can be
employed. Materiel is produced with a time delay for the
srocess of manufacturing. Inccme is then received from the
zateriel delivered to the customer while exXpenses are ac-
crued due to expenditures for labor, material, and burden.

ICWS.KL = PSE.JK + PCS.JK
PSELKL = (ACSS)(EDW.JK)
PCS.XL = (CAS)(PCA.JK)

ECWS = Engineering Contract Work Specifications
equipments/month)

PSE = Production Specifications from Engineering
Tequipments7£onth)



PCS = Production Contract Specifications received
independently of Engineering (equipments/month)

PCA

Production Contract Awards independent of
Engineering, averaged rate ($/month)

CAS = Conversion factor, production contract Awards
tTo Specifications for equipment (equipments/$)

FPSEP.K = FSEP.J + (DT)(ECWS.JK - FSRP.JK)
®SRP.KL = DELAY 3 (ECWS.JK, DSPF)

FSEP = Factory gpecifications from Engineering in
Process (equipments)

FSRP

Factory Specifications Ready for Broduction
Tequipments/month)

DSPF

Delay due to Specificatlions Processing at
the Factory (months)

FUEO.K = FUEO.J + (DT)(FSRP.JK - FECE.JK)
FECE.KL = DELAY 3 (FPRD.JK, DFPM)
FECEA.K = FECEA.J + (DT)(1/TFEA)(FECE.JK - FECEA.J)

FUEC = Factory Unfilled Equipment QOrders (equip-
ments)

PECE

Factory Equipments Completed and Exited
Tequipments/month)

DFPM = Delay due to Factory Process of Manufac-
turing (month)

FECEA = Factory Equipments Completed and Exited
Average (equipments

TFEA = Time constant for Factory Equipment Average
Tmonths)

TUPS.K = FUPS.J + (DT)(FSRP.JK - FPRD.JK)
FEPM.K = FEPM.J + (DT)(FPxD.JK - FECE..

FPRD.KL = CLIP (FPRDD.K, FPRM.K, FPRM.K, FPRDD.K)
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FPRDD.XK = CLIP (FSRP.JK, FPRB.K, FUPSD.K, FUPS.K)

FPRM.K = (PFMP.K){APLF)

FPRB.K = FSRP.JK + (1/DFBA)(FUPS.K - FUPSD.K)

FUPS

PFMP

APLF

Pactory Unordered Production Specifications

Tequipnents)

Factory Equipment in Process of Manufac-
turing (equipments)

Factory Production Rate Decision (equip-
ments/month)

Factory Production Rate Maximum (equipments/
month)

Personnel Factory ManPower (men)

Average Productivity Labor Factor (equip-
ments/man)

FPRDD = Factory Production Rate Decision Desired

FPRB

DFBA

fequipments/month)

Factory Rroduction Rate decision necessary
To eliminate the Backlog of orders (equip-
ments/month)

Desired Factory Backlog Adjustment period
Tmonths)

PUPSD.K = (FSRPA.K)(DNPF)

FSRPA.K = FSRPA.J + (DT)(1/TSPA)(FSRP.JK - FSRPA.J)

FUPSD = Factory Unordered Production Specifications

Desired (equipments)

DNPF = Delay for Normal Planning in the Factory

FSRPA = Factory Specificatlons Ready for Production

m

Average (equipments/month)

TSPA = Time constant for Specifications for Produc-

tion Average (months)
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The Personnel Department is responsible for recruit-

ing employees for the factory. The factory work force is ad-
justed to meet contract requirements, i.e., to the level
needed to produce at the rate required to meet contract
requirements. The hiring of personnel 1is accomplished onliy
with certain time delays, however. Inventorles of material
increase while delivery rate to the customer is less than
iesired until adequate personnel can be applied to the Jjob
of manufacturinge.

Terminations occur when the work load of the factory

drops below the level needed to fully employ the manpower on

the rolls.
The equations follow:
DPFMP.K = PFMP.J + (DT)(PFLE.JK ~ PFLI.JK)
PFLE.KL = CELAY 3 (PFHP.JK, DPFT)
PFLT.KL = CLIP (O, -PFCP.X, PFCP!1.K, -AFTH)
PFMP = Personnel Factory ManPower (men;
PFLE = Personnel Factory Labor Entering (men/month )

PFLT = Personnel Factory Labor Iermirating
Tmen/month)

DPFT

I

Delay due to Personnel Factory Iraining
and recruiting (months)

PFHP.KL = CLIP (PFCP.K, O, PFCP1.K, AFTH1)
PFCP.X = (1/TPFR)(PFLD.X = PFMPT.K)

PFHP = Personnel Factory Hiring Policy (men/month)



o
4~

?F¥CF = Zersonnel Factory Change Policy {(zen/month)

?CP1 = Personnel Factory Change Policy due to the
difference between personnel desired and
personnel available (men)

AFTH = A constant, level of Factory Iotal manpower
Held excess, above whichn terainations begina
vaen

5

TH! = A coastant, level of Factory Total manpower,
short of requirements whicn establishes the
point at wWhich Hiring of additional verson-
nel begins (men.|

(]
LI¥]
baf

R = Iime constant for fersonnel Faciory Recruit-
‘ng (moaths:

2.0 = Personnel Factory Laoor Desired {men.

PT = Personnel ZFaciory ManPower Iozal, that is

inciluding those smployees 'n process of
entering (men,

Assuming a comstant rate 0F productivity, tae desired
vorZz force ls PFLD. The equation Zor 2FLD states zhat ihe
i:sired work force is equal o the averaze =2quipment produc-

-2

--on rate, plus an adjustmeant for dackloz, ovoth divided Gty

.ie lzoor productivity factor.

PFLD.X = FSRPA.X/APLF + [1/DFBA)(FUrS.X -
FUPSD.X)/APLF

YSRPA = Factory Specifications Ready for Eroduction
Averaged {equipmen<s)

APLT = Average Productivity Labor Tactor {egulipments
per month/man)

(]
iy
tu
[
i

gelay in Factory 3ackiog Aadjustment period
\nontns)
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™he process of recrultment and inducilion of new per-

1 is descrived by ths equations for PFLP and PFLE.

ty
[2Y]

LP.X

PFLP.J + [DT)(PFHP.JK - PTLE.JK)
PFLP = Personnel Factory Labor in Process (men)

™e flow diagram for the Factory Sector is shown in

[
n
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INANCIAL SECTOR

The flows of money intco and out of ths orgamization
sre controlled oy the Financial Sector., In this model the
srimary interest has been 0 study the management of techni-

~al manpower rather than Iinancial overations per se. Ihe

b3
Q
2
WO
i )
ct
|9
(0]
p]

efore 3does not deal with cash marnageme=nt, capital
zudzeting or other financial policles, dut rather wita the

=°Fects on financial nealth of eagineeriis management

-ncome OTr revenue is received from the sale of aard-
ware oy whe Factory and Irom <he sale 07 engineering sServ-
tses, Income from the factory is improved slighilly as engli-

~earinz technical competence Ilncreases since as a conse-

Zxpense, ensineering and factory, is charged against
‘roome received to determine profit cefore taxes. Profii Is
-axen sn contract engineering worx and cosis of vro
~reparation are negotiated with the cusiocmer as a reimburs-

2zle part of indirect expense. Indirect expense, and

sen-
:ra]l snd administrative expense are fncluded 1in the eXpense
rate per engineer (ARE).

Tactory expense is made up J2f labor cosis ana COSis

- D=}

(]

® surchased materials, parts, assemblies, and services. The

:Xpense rate per factory employee {AR®) :ncludes overnead as
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well as general and administrative expense.
Tax payments are fizgured as 50 per cent of vefore tax
sarnings. Net or after tax profits are designated as OCNPR.
An important factor in determining desiravility of a
croposal to the customer Ls the price offer for doinz cthe
work. -n the model OCPC nas been used as an index of the

orice attractiveness of proposals. This index or factor nas

~

een formulated so that it s unity when the o>rganization
22s all the men it needs <o dc the wWwork at hand, ard no ex-
>2ss manpower exists, If there 1s a manpower shortage and

Jvertime operations are scheduled, the price factor is dimin-

)~
n
)

ed proportionately. If “he wori price =2xXceeds <the work

.‘
Q
(4]

i wita manpower becoming excess, likewise the price fac-
“or i{s proportlonately reduced since operations would ovecome
tnefficient.

The equations for <The Financial Sector follow:
JCPL.X = OCPL.J 4+ (DT (OCRF.JX = 2CPLT.JX)
JCRP KL

OCZIT.dX = QOCZT.uX

OCPLT.XL = (APLT)(OCRP.JX;

CPL = CJperatloas Control Zrofit Level (§’

OCRP = Qperations Control Rate of Profi: (§/month)
C

PLT = gperations Sontrol Profit Loss tc Iaxes
8/n0onth)

APLT = Average Profit Loss To Taxes expressed as a
“raction of reverus /
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OCIT.KL = OCIE.K + OCIF.K

OCET.KL

OCEF.K + OCEE.X

OCIT = Operations Control Income Iotal (8/month)
OCET = Operatioms Control Expense lotal (§/month)
OCIE.K = (AERP)(ARE)(CWC.K) + (ARE)(PWC.K)

CWC.K = EDWC.JK + ERWC.JK

PWC.K = EPC1.JK + EPC2.JK

OCIE = erations Control Income from Engineering
Tﬁ/month

AERP = Average Engineering Rate of Erofit (%)
ARE = Average Rate for Engineers ($/man month)
CWC = Contract Work Completed (man month/month)
PWC = Proposal Hork Completed (man month/month)
OCIF.K = (FECE.K)(OCRPF.K)(ARFI)

OCRPF.K = ARFP + (ARITC)(ETTC.X)

OCIF = Operations Control Income from the Factory
T%/month)

OCRPF = Qperations Control Rate of Brofit for the
Factory (%)

ARFI = Average Rate for FHactory lIncome ($/equipment)
ARFP = Average Rate of Factory Erofit (%)

ARITC = Average Rate Increase for Technical Compe-
Tence improvement (%)

OCEZF.K = (PFMP.K)(ARF) + (FECE.JK)(ARFM)

OCEF = erations Control Expense from Factory
T% month)

ARF = Average Rate for Pactory personnel (§/man month)

ARFM = Average Rate for Factory Materlal ($/equipment)
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OCEE.X = (PETA.X)(ARE)

OCEE = erations Control Engineering Expenses
T%/month)

OCNPR.KL = OCRP.JK = OCPLT.JK

OCNPR = QOperations Control Net Profit Rate (§/month)
OCPC.K = CLIP (OCP.X, OCO.K, MAR.K, MPT.X)

OCP.K = 1 = EMR.K

EMR.K = MAR.K/PETA.X

0CO.K = 1.3 - (AWR)(R.X)

ReK = WWL.K/40

MPT.X = PPT (PETA.K)

OCPC = Qper?tions Control Price Constant (dimension-
less

OCP = QOperations Control RBrice constant when an
excess of manpower exists {dimensionless)

EMR = ExXcess Manpower Ratio (men/men)

0CO = Qperations Control price constant when short-
age of manpower exists and Qvertime 1s neces-
sary (dimensionless)

AWR = Average Weighting for the Ratio of actual
work week length to a standard forty hour
week (dimensionless)

R = Ratio of actual work week length to the standard
Torst ty hour week (hours per week/hours per week)

MPT = Manpower in Process of Iransfer (men)
PPT = Per cent manpower in Process of Iransfer (%)

The flow dliagram for the Financial Sector is shown in

-2

Jigure 2o

The flow diagram for the overall organization is

saown in Figure 24.
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LIMITATIONS AND SUGGESTIONS

The prevalence of computers in business and institu-
tions today tempts many to ask questions of these machines,
The answers provided depend on the validity of the questlons.
There is always the issue before the model builder, "Are
these the right questiors to ask--have I recognized in the
model the things that are important to the problem being
studied?" This questioning attitude should be the approach
of all iﬁo use the powerful tool of computers, and those who
review the output of computers.

A reccgnized limitation exlsts in this and any similar
attempt to handle by a mathematical model a complex manage-
ment problem that in reality has interwoven human and in-
tangible factors in great profusion. Recognition of this
limitation, however, is not a valid reason for falllng to
learn as much as possible about the dynamic behavior of a
business subjected to a variety of policles. ObJectivity
eliminates in essence the claim that too much rellance 1s
being placed on a mathematical technique. Any information
that aids the manager in making the ‘best decislions possible
in a given situation is worth while.

More specifically a technique was employed, necessary
to a degree in formulating any model, of averaging discrete
events to obtain a flow. This represents generally the real

situation accurately if the time of the averaging perlod 1s
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of sufficient length. For instance, in this study the in=-

flow of contract awards was treated as a flow instead of
considering each contract awarded as a discrete event.

It is recognized that engineers are not always inter-
changeable, that talents as well as personallity are involved
in the assignment of personnel. A simplifying assumption
made was that engineers were interchangeable in the Englneer-
iag group modeled.

Another point concerns the application of overtime.
This is generally applied in practice with selectivity un-
less the majority of the organization is affected. The as-
sumption made in the model was that overtime would be applied
to all but company initiated work if it were required at all.

One might question the intersector constants, first
for being represented as constants, and secondly for thelr
particular assigned value. The particular values represent
the estimate of the writer based on his experience. The
added complexity of making these constants varlable was not
felt to offset the possible galn in reality.

A further development of the godel would include
modification of the formulastion for engineering technical
competence to take into account an averaged value for Cus-
tomer defense expenditures (CICM) over a period of years.
This would enhance the meaning of this index in situatlons

where CICM was lncreasing or decreasing rapildly.
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Likewise a further development of the formulatiou for

recruiting and hiring engineering personnel is needed to as-

sure that the manpower requirements of the organizatlion are

met with timeliness and without overhiring.
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