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INTRODUCTION

The purpose of this report is to study and understand the research
and development management system and its dynamic behavior. The report
is mainly based on the Ph.D thesis done by Roberts (3) from M.I.T. . An
attempt is made to summarize the mathematical model developed by Roberts.
Some modifications are made in the flow diagrams for each activity in
order to simplify the model and to simulate the possible structure for
failures of R and D management.

Roberts (3) used a quantitative approach to represent the life cycle
of R and D organization. He used the Industrial Dynamics approach to
study Rland D systems. Throughout his simulation work Roberts used
DYNAMO language. The model consists of about 200 variables, 40 initial
conditions and approximately 70 constants. To understand the details of
Roberts' model his simulation results are reproduced. Also some changes
are made in the structure of R and D to simulate the reasons for failures
of R and D management.

Much of the literature available on R and D systems deals with
qualitative rather than quantiﬁative approaches for R and D management
systems,

Hamberg (21) in his book' R & D Essays on the Economics of Research

and Development' described the statistical analysis of the determinants

of the research and development in industry. Howard (22) gave a de-
scriptive approach to R and D organizations in his book. His approach
is mainly concerned to those people in the organization who actually

perform the work of managing the establishment. Marschak, Glennan, and



Summers (23) studied the strategy of a development project and the pro-
cedure for allocating and re-allocating the project resources among
various learning possibilities as the project unfolds and information
accumnlates. Gerstenfled (24) investigated the relationship between
marketing and R and D by examining the outcomes of 91 R and D projects.

In a collection of papers published by American Management Associ-
ation (25), the utilization of unused technology was described. Shannon
(26) in his Ph.D thesis described more about the crucial management de-
cisions of the project selection, evaluation, and allocation of resources
to them. Souder (28) developed a model to evaluate the suitability of
the various existing R and D models. He developed a list of 36 oper-
ationally defined characteristics within five criteria for evaluating
management science model. Based on these characteristics and criteria,
Souder evaluated the suitability of using the 41 existing operations
research models in risky investment planning and decision making.

Most of the works cited above give descriptive approaches to the
R and D systems. Some of them give quantitative approaches to certain
activities like resource allocations, progress control etc., but not the

entire activities together. Dean (27) edited 'Operations Research in

Research and Development' which is a collection of papers on problems of

management systems such as measurement of value of scientific infor-
mation, measurement of scientific research and development and related
activities etc..

Chapter 1 in this report describes some of the structures used by

the PERT and PERT/COST approaches and possible reasons for failures of



systems based on such structures., Also Roberts' (3) Industrial Dynamics
approach to study R and D project life cycle is described and the various
activities that are taking place in the project life are summarized. The
various activities in the project 1life are 1) perception of product
value by both firm and customer, 2) estimation of effort and cost by

both firm and customer, 3) funding of the project, 4) acquisition and
utilization of man-power and 5) control of R and D progress.

Chapter 2 describes the various factors that are influencing the
activities of R and D project life cycle.

Chapters 3,4,5,6, and 7 describe the flow diagrams and DYNAMO equ-

ations for the above activities respectively. The various modifications
made in the flow diagrams are explained at the end of each chapter.
For understanding the diagram symbols and notations used in equations in
these Chapters, the author suggests the reader to go through Chapter 1,
part 1 of reference 3 or Chapters 1 through 10 of reference 18 or Chapter
2 of reference 17.

Chapter 8 presents the results and discussion of the modified model

and a comparison of the results from that of Roberts' model.



CHAPTER 1
STRUCTURE OF RESEARCH AND DEVELOPMENT ORGANIZATIONS

In this chapter, the basic structures used by PERT and PERT/COST
approaches to represent the Research and Development organizations
are explained and the possible reasons for failure of R and D organi-
zations based on such structure are pointed out. Later in this chapter,
the structure used by Roberts (3) to represent the dynamic system of
R and D organizations is described and the various activities that are
taking place in R and D organizations are summarized.

Before an insight is made into the structure of R and D organi-
zations, it is very much essential to know the basic structure of any
organization as viewed by the Industrial Dynamics. Industrial Dynamics
treats any organization as a control system. In general, every organi-
zation will have definite goals to achieve and they adopt certain
policies and procedures to achieve these goals. Each organization con-
sists of smaller control systems. Either this organization or its
component control system can be represented by a single feed back
process as shown in Figure 1.1 (2).

There are four main features that are noteworthy of this feed back
process and they are explained below.

1) Decision Transformation process
2) Distinction between real and apparent achievements
3) Decision making process

4) Recognition of the continuous feed back process of this loop.
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Transformation of decisions takes place through a complex process
which includes the basic structure of organizational, human and market-
relation-ships. The decision transformation process is affected by
delays, noise, bias etc. The real achievements are transformed into
apparent achievements through information channels which contain noise
and bias. The second aspect of this feedback process is to distihguish
these two achievements from one another.

Decision making process is the response to the gap between desired
objectives of the organization and the apparent progress towards those
objectives. Though it is difficult to measure these objectives, each
organization will have its own means of measuring their objectives.
Karger and Albert (1) have suggested some methods of measuring pro-
fessional work in their paper published in I.E. Journal. The final
feature of this loop is its continuous feed back path of Decision-
Results-Measurements-Evaluation-Decision. Due consideration should be
given to these four features while designing any control system.

Before going into the Industrial Dynamics approach used by Rnberts'
(2) to study the R and D control system, let us see the approaches used
by others to study the R and D control system. Out of all approaches
that are used to study R and D control systems, PERT and PERT/COST ap-
proaches are more reeent ones. Most of these approaches use a single
feed back loop system as .shown in Figure 1.2 to describe the basic
gstructure of R and D organization.

As caﬁ be seen from the diagram, the difference between forecast
completion date and desired completion date causes decisions to change

the magnitude or allocation of project resources (man-power, facilities,
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equipment, priorities). As these resources are employed, they are assumed
to produce the progress. that is repofted du;ing the project. These reports
are processed through PERI type of evalu;:iou and fo;ecastipg system to

create the forecastiné chpletiou date. Thus fhe cycle restarts again due

to the gap between desired completion date and forecast completion date.

.The design of an R and D control system based on above structure
will fail because two main factors have been ignored. They are 1) The
tangible precise measurement source and 2) Human elements in the pro-
jeet actions and decisions. The first factor contributes much towards
the error between real and apparent achievement in an organizationm.
The second factor also plays an important role in the organizations
progress. For example the attitudes and the motivations of engineers
and managers, their knowledge of the schedules and the current estimates
in the project, the believed penalty reward structure-all effect the
progress in the organization (2).

"In a study of research managers, scientists, and engineers en-
gaged in large-scale research projects at major companies, Barnes Re-
search Associates found that three basic conditions exist in discour-
aging productivity in industrial laboratories- an unstimulating em—
ployment environment, lack of financial incentives and strong personal
motivation...... For example, Deutsch Shea Inc., a New York agency
specializing in technical recruitment, has found that the financial
considerations, including special monetary awards and the recognition
are the two incentives engineers consider the most helpful in en-

couraging productive efforts..... Similar findings were revealed in



a University of Michigan study in which more than 400 supervisors,
scientists, and executives indicated that the reward most desired is
recognition of professional achievement. Conversely, the failure of
management to recognize individuals for their accomplishments is the
most cited source of dissatisfaction'" (26).

From above findings it is obvious that human elements play an im-
portant role in R and D organizations. Figure 1.3 (2) incorporates
these two factors. Here again the difference between the desired
completion date and forecast completion date create decisions to
change resource allocations. Once the resources are obtained, the
firm hires engineers and supporting man-power. These people produce
progress. The firm perceives the cumulative progress rate which is
reported for further analysis to create a forecast completion date.

In this diagram it is shown that the progress rate in organization
and the rate of reporting the organization's progress are dependent
on engineer motivations.

Figure 1.3 does not represent fully the complex structure of the
R and D organization. In any R and D organization three main things are
involved. They are 1) The product, 2) The customer, and 3) The firm.
So any structure which represents R and D organization should include
the characteristics of the product, the customer and the firm. Figure
1.3 does not include these factors. The main characteristics of the
product, the customer and the firm are enumerated below.
CHARACTERISTICS OF PRODUCT:

a) Intinsic product value
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b) Intrinsic size of the job

c) Change in the growth of technology in the product development
CHARACTERISTICS OF THE FIRM:

a) Managerial and technical ability

b) Willingness to accept risks

c) Previous job size experience

d) Integrity

e) Criteria for project selection

f) Availability of funds

CHARACTERISTICS OF THE CUSTOMER:

a) Confidence in the firm

b) to g) All those factors listed in firm's characteristics

A complex system like R and D must include all these character-
istics. Figure 1.4 represent the basic structure of R and D life cycle
which incorporates all the above characteristics of the product, the
customer and the firm. The various activities that are taking place
in an R and D life cycle are explained below.

The life cycle of an R and D project starts when both customer and
the firm percieve the need for a product and try to estimate the po-
tential value of.the product. This perception process happens due to
the increasing need for a new product.

Both the customer and the firm will consider the techmological
feasibility of the product development and try to estimate the effort
needed to develop the product in terms of man-power. Based on this

effort estimate, both the customer and the firm will estimate the total



12

( 2 ) erofio oyl goeluad SuflTJopun uegsls oynvwl FoT odnuy

J

3x0ddng

Jsuoysn) I0F }senbey 3807 JO uOTREUWTISH
073
JO UOTIUTIST
spung
spunj Jo JO jueur}seAu] £,uItd
Jueur} Tuloo
9,1010351)
geoamosey joefoxd enTeA
a3 pue o7dosg sseadoad 300podd JO eFBWE3SH
Jo uot3ietuboy Jo uopjenTeay pu® 35npoad eyl I04

\ peey Jo uopjdaoaeg
qQop ey} Jo
uotpgjerduo) //l\l\l\\ gseJdoad MaIom

Jo uemysTduoooy
UOTINITS
ploy Butduey)



13

cost of the project.

At this point the firm has two parallel paths for obtaining funds.
The firm can submit a request to the customer for financial support.

The customer will compare the estimated product value to the estimated
cost to complete the project. If this value is favourable to him, he
will commit funds to the firm after a long budgetary delay.

Alternately, the firm can take a decision to invest its own money
in the project. This decision of the firm will involve risk because
the firm is investing its funds even before the customer commits. Both
these paths will provide the firm with funds.

Once the funds are obtained the firm acquires engineers and necessary
personnel to assist them. These personnel accomplish progress on the
job. Both the customer and the firm will try to asses the progress.
They evaluate the state of job completion by comparing their current
interpretations of the results accomplished to date with their current
interpretations of the end results desired. Continuous progress evalu-
ation creates new estimate of work yet to be done on the project. This
estimate is fed back to the closed-loop process described just now.

This continuing cycle of activities take place through out the
project life and will lead to completion of the project or cancellation
of the project at some point prior to full completion.

From Figure 1.4 it can be seen that there are five major activities
that are taking place in the project life. They are 1) Perception of
product value by both the customer and the firm, 2) Estimation of effort

and cost by both of them, 3) Funding of the project, 4) Acquiring and



using the engineering man-power, and 5) Control of project activities.
There are many factors which influence these activities of R and
D life cycle and these factors and their influences are elaborately

explained in Chapter 2,

14
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CHAPTER 2
" FACTORS INFLUENCING THE ACTIVITIES OF R AND D LIFE CYCLE

It is observed in Chapter 1 that there are five major activities
that are taking place in R and D life cycle. They are
1) Perception of product value
2) Estimation of effort and cost
3) Funding of R and D project
4) Acquisition of engineering man power and progress rate by them and
5) Control of R and D progress

The various factors influencing each activity are enumerated in
this chapter and the flow diagrams and DYNAMO equations for each activity
are given in Chapters 3,4,5,6, and 7.

PERCEPTION OF PRODUCT VALUE:

The 1ife cycle of R and D starts with the perception process.
Perception of product value by the firm (or customer) is mainly de-
pendent on two factors: 1) The current value of the product which in-
turn depends on intrinsic product value and 2) The estimate of future
product value of the product under consideration.

People place different values to different products depending on
the need of the product. They will pay certain amount of money, which
they think the product is worth, to buy that product, otherwise they
do not make a buy, 1f the product is not worth that much. The amount
which the people pay to buy a product is known as the intrinsic product

value and it is a characteristic of a product. The intrinsic product
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value (IPV) variles over time as shown in Figure 2.1. Prior to some
point in time, there may not be any value to the product, but its value
increases as time passes and reaches its peak and stays constant for
some time and then the value decreases and reaches zero after a long
time. This kind of behavior is characteristic of all product life
cycles (3).

For example, if we consider the product life cycle of an automobile
(of any make and model) in America, the wvalue of the automobile is zero
when it is not in existence, but its value keeps on increasing when the
manufacture continues and reaches its maximum value when it comes to
market, and this maximum value remains constant for one year and then
drops slowly and reaches negligible value after some time. This kind
of behavior is true with all kinds of products.

Based on the intrinsic preoduct value, the firm will be able to esti-
mate the current value of the product. The firm needs a certain amount
of time delay to notice changes in the wvalue of the product and this
delay time will be different for one company to other and it mainly de-
pends on the technical know-how of the firm.

Firm's (or customer's) perception of product value is dependent
not only on the current value of the product but also on the estimate
of its future value. This future value of the product depends mainly
on the time period over which the firm (or customer) wants to project
the current product value. The time period over which the firm wants
to project the value of the product is termed as projection horizon

of the firm.
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Therefore we can say that the perception process of the firm (or
customer) depends on 1) The current value of the product which in turn
depends on the intrinsic product value and 2) The estimate of the future
value of the product which depends on firms projection horizom, and its
current value of the product.

ESTIMATION OF EFFORT AND COST:

The second major activity in R and D life cycle is the firm's
(or customer's) estimation of effort and cost needed to complete the
project. This process can be divided further into two phases. 1) Esti-
mation of effort needed to develop the product and 2) Estimation of
total cost to complete the project.

Firm's (or customer's) estimation of effort depends on the esti-
mates of 1) Job size, and 2) Future technical effectiveness of the
firm's engineefs. Firm's job size estimate depends on the 1) Intrinsic
size of the job, 2) The relationship of the previous job size experience,
3) Firm's over all tendency to under estimation and 4) Firm's over all
technical and managerial ability. The amount of fully effective effort
needed to translate the existing technical know-how intc a complicated
equipment design is termed as the intrinsic size of the job and it is
the major factor affecting the job size estimation of the firm. Firm
with previous experience on the job will have tendency to over estimate
or under estimate the job size depending on whether the size of the jobs
the firm completed previously are smaller or larger respectively. Firms
usually try to show the Job to be smaller in order to obtain contracts.

This kind of under estimation of job size is a common behavior in all
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firms. But the amount of under estimation of the job size mainly de-
pends on the quality of the firm.

Firm's estimation of future technical effectiveness mainly de-
pends on its current technical effectiveness of the engineers, the
changes in the technological effectiveness available to the firm and
expected time over which the changes in the available technology are
expected to continue.

The firm will estimate the effort needed to complete the project
with the help of the job size estimate and future technical effective-
ness. Estimation of cost by the firm mainly depends on the effort
needed to develop the product and firm's engineering and over head
costs,

FUNDING OF R AND D PROJECT:

The third majer activity of R and D life cycle is funding of the pro-
ject. This activity mainly consists of three phases. They are 1) Fimm's
bid for financial suppert, 2) Customer's evaluation of firm's fund request
and commitment of funds and 3) Firm's investment of funds in the project.

There are three main factors which inflﬁence the firm's request
for financial support. They are 1) The estimated future value of the
product, 2) The estimated total cost of the project and 3) Firm's in-
tegrity. Based on the estimates of future value of the product, total
cost of the project and return on investment criterion, the firm esti-
mates the expenditure rate on the project. The firm requests a fraction
of the expenditure rate from the customer and this fraction depends

mainly on the integrity of the firm. Firms with highest integrity will
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request full expenditure rate from the customer.

Customer's commitment of funds depends on the relationship of
the future value of the product and total cost to complete the project
and also his return on investment criterion and his confidence in the
firm's estimates. The final factor which influence the customer's
commitment of funds is the availability of funds to him.
Firm's investment decision depends on its willingness to participate
in the project, its expected profit rate on the project and the amount

off funds available to the firm.

ACQUISITION AND UTILIZATION OF ENGINEERING MANPOWER:

The fourth activity in R and D life cycle is acquiring of engineering
man power and accomplishment of work progress. This activity can be
conveniently divided into two sub-activities. 1) Acquiring of engineering
man power and 2) Accomplishment of work progress on the job.

There are three policies of the firm which influence the rate of
acquisition of engineering man power. These policies are 1) acquisition
poliecy, 2) training policy and 3) transfer policy. Firm's acquisition
policy determines the number of engineers to be hired in the project
and it depends on the available expenditure rate to the firm. Firm's
hiring rate of engineers is limited by the number of recruiting personnel
in the personnel department and also by the fully trained engineers in
firm. Firm's training policy determines the number of engineers in
training and englneering trainers in the firm. Both are dependent on
the number of fully experienced engineers in the firm. Firm's transfer
policy affects the number of engineers in the project. When the project

nears completion, the firm would like to transfer some or all of its
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engineers to different projects or fire the engineers. But some firms
would hesitate to fire experienced engineers and continue to maintain
a certain amount of stable work force level. So this kind of policies
will affect the firm's acquisition of new engineering man power.

The accomplishment of work progress by the engineers mainly depends
on six factors. They are
1) Firm's technical knowledge in the product development area
2) Experience of engineers on the job
3) The quality of the management
4) Catagories of engineering employees
5) G&ize of engineering work force
6) Ability of the emgimeering managers

Firm's technical knowledge that can be applied to the product de-
velopment, mainly depends on the available tgchnical effectiveness at
the firm and its ahilit& in utilizing the¥&vailéble technical effective-
ness. The later factor depends on~fi;mis technical and managerial ability.
Experience of engineers on the job also influence the productivity of
the engineers to a great extent. The more experienced engineers are
likely to accomplish the job in lesser time than those of the in-
experienced engineers.

The various categories of engineering employees will also influence
the productivity of the engineers. There are four kinds of engineers
in the R and D project. 1) Engineers in training, 2) Engineering trainers,
3) Fully experienced engineers and 4) Engineers leaving the firm either

voluntarily or non-voluntarily. TFully experienced engineers are considered
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to be standard for productivity measurement. The productivity rate of
engineers in training will be considered low compared to the pro-
ductivity rate of fully experienced engineers because they are new to
the project. Engineering trainers are once upon a time fully experi-
enced engineers, but their contribution toward the product development
will be less because most of their time 1s used in training new engin-
eers. Their efficiency shows up in the number of engineers they train.
Lastly the productivity rate of engineers leaving the firm (voluntarily
or non voluntarily) will be very low due to complete immoralization
and their dissatisfaction with the job.

The quality of the engineering management contributes to great
extent to the productivity of the engineers. An organization with
poor management might result in hiring of less competent people, lack
of proper use of technological developments and decreased technical
effectiveness of the firm. A good quality management will influence
the productivity of the engineers in many respects. It will try to
establish penalty-reward structure to improve the productivity of the
firm. It will encourage initiative and creativity of the engineers
through the penalty reward structure. It provides workers with moti-
vations derived from pride and involvement in the work group.

The size of the engineering work force directly affects the pro-
ductivity of the engineers. Above a certain level of engineers, the
additional amount of engineers will cause reduction in productivity
due to the communication delays (4). An organization with a tight

position in engineering personnel may accomplish the job efficiently



23

and in much shorter time., Examples are Sidewinder Missile project
(5,3) and Vangaurd Satellite launching by Von Braun group.

The ability of the engineering manager also influences the pro-
ductivity of the engineers. His improper decision of employing more
number of talented engineers on a job which can be done by a fewer
and less talented engineers will cause a wastage of engineering man
power. More important waste comes from poor management decisions that
provide engineering resources to a high percentage on projects which
never result in satisfactory finished products. 1In the same way the
engineering manager's allocation of his time can have a great effect
on the work productivity of his group.

CONTROL OF R AND D PROGRESS:

The final activity of R and D life cycle is control of its pro-
gress. This acitvity consists of four processes. They are
1) Establishing a criteria for progress measurement
2) Observing the criteria during the project life
3) Evaluating the observed criteria with estimated wvalues and
4) Taking action in response to the gap between process 2 and 3.

Establishing a criteria in R and D project is quite difficult due to
intangible and imprecise measurements and uncertain nature of tech-
nological developments in the product development area. In any company,
manufacturing and accounting divisions-can have tangible and precise
measurements about their progress rate. Counting the daily out put in
a manufacturing division or locking at the financial statements in an
accounting division, the firm can obtain tangible and precise measure-

ments but it 1s difficult to measure the progress of R and D as the
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definition of progress in R and D is not clear. In the past many
schemes have been tried for keeping track of R and D progress including
Gantt Charts, project milestone schedules, sophisticated computer
reporting techniques etc., but these processes depend on subjective
judgement. Peter V. Norden ( 6) stated in his article in IRE trans-
actions that it is easier to specify to a greater accuracy of the
nature and measure of outcomes in a manufacturing division and in basic
research, it is impossible to specify. Nelson ( 7) has pointed out
that there will be considerable uncertainty as to the outcome of R
and D program and the uncertainty is related to the degree of knowledge
in the relevant fields and to the advance sought in the programs. It
is obvious from above that establishing criteria for project measure-
ment is quite difficult because of intangible, imprecise measurements
and uncertain behavior of the technological developments in product
development.

In R and D project, both customer and firm will aim at the develop-
ment of an end product. So the main objective in measuring the R and
D progress would be to see how far the product has been completed. It
was pointed out earlier in this chapter that the ability to recognize
specific job size requirements depends on the general managerial and
technical skills of the firm and the customer and how they use these
capabilities. Also it was pointed out in this chapter (estimation of
effort and cost) that both firm and the customer would try to estimate

the effort needed to develop the product based on the considerations
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of the believed job size and the assessments of the technological ef-
fectiveness of the company's engineers. The progress on a research
and development job is defined as the accumulation over the period of
time of the project of the effective man-hours contributed by the
engineering work force. As the effective effort is applied over time
by the engineer, the job will be completed, but there is no correct
measure for the engineering effectiveness. Therefore it is difficult
to control R and D progress.

In the past some defense contractors have used somé kind of plans
for establishing a criteria for measuring and controlling the progress
of their projects. Bendix Corporation has used project schedule charts
(8), Silvania has used schedules with appropriate mile stones (9) and
General Electric Company has divided the plan into certain operations
and each operation is expressed in terms of lead time to complete that
operation (10). But it is very difficult to use this kind of proceedures
in R and D project control. It is clear from literature (11,12,13,14,15
and 16) that the R and D managers are lacking the ability to estimate
properly the time and effort needed to complete the R and D jobs. RAND
corporation study (11) shows that 2 out of 22 R and D firms estimated
the project costs correctly. Ancother report (12) by RAND corporation
revealed the slippages in development schedules of aircraft engines.

An informal talk by a former chief scientist of the U.S. Air Force re-
vealed that one out of 300 contractors completed the job in the esti-
mated time (13). The data collected by Harvard Business School

Weapons Acquisition Research Project confirms above findings (14). The
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incorrect estimate of project effort is still a current problem in

all R and D projects and it is revealed in the study of R and D con-
tracting experiences by NASA recently (15). From these evidences,

it can be said that it is difficult to establish a meaningful criteria
for measuring progress in R and D efforts. Project performance can be
evaluated, only if it is measurable, to see whether the job is omn
schedule or not. Apart from completion of the job, there are other
factors like elapsed time and cumulative cost in which the project
managers are interested in. Some managers used the above three factors
for measuring the progress of R and D. All these methods explained so
far neglected inclusion of human factors. R and D progress, measure-
ment and control are strongly dependent on human factors and it was
pointed in chapter 1 that R and D erganization will fail due to ignoring
of human factors. Measurement and evaluation of criteria is mainly ef-
fected by the human factors which is neglected in PERT and PERT/COST
analyses used in studying R and D organizétion's progress. The current
methods used for measuring R and D progress by one of the departments
of General Electric Company is to divide the project into six distinct
phases of engineering dewglopment. At the end of each phase, they
review the situation, observe the short comings and correct them (16).
Haine and Lob (17) indicate that there are many short comings when the
progress of R and D is expressed in percent completion of the project.
In order to curcumvent this difficulty the project has been divided

into small bits of tasks which allowed them to prepare more accurate
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estimates of progress evaluation.

Karger and Albrecht (l) suggest that in a company the measurement
of progress of research and engineering personnel can be achieved by
establishing goals for the organization as a whole, for each subunit
of the organization and for each professional in the organization.
However they have not suggested any mathematical formulation of pro-
gress measurement.

Taking corrective action is the final aspect of the control of R
and D progress activity, over optimistic companies respond less fre-
quently to the gaps or error signals in the progress. This kind of
behavior of the firm will cause either failure or serious difficulities
in the project. Some cémpanies respond very quickly to the minor error
signals in the progress. This might result in over expansion and wasteful
haste in the job performance and it might result in unncessarily
large and ultra—expensiverproject, much greater than is really re-
quired by the basic situation. Company%s response to error signals
depends on its own previous job size-experience, its attitude and
upon the insight and ability of its management to understand the under

lying project situation.
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CHAPTER 3
PERCEPTION OF PRODUCT VALUE

INTRODUCTION

In chapter 2, the factors influencing each activity of R and D life
cycle have been enumerated. In this chapter, flow diagrams and equations
for firm's (and customer's) perception process are given.

The perception process by the firm (or customer) is affected by
1) the estimate of current product value and 2) the estimate of future
product value. Firm's revision of current product value estimate de-
pends on the changes in intrinsic product value (IPV) and delay in
recognizing these changes in product value (DRPVF). This delay mainly
depends on the firm's technical know-how. In order to initiate the perception
process, two exogenous input values are fed in, they are intrimsic
product values over time and delay time to recognize the product value
variations which depends on the know-how level of the firm.
FLOW DIAGRAM FOR FIRM'S PERCEPTION PROCESS

Figure 3.1 shows the flow diagram for the firm's perception process.
The numbers in diagram symbols represent equations. The exogenous in-
put values are shown on the top of the diagram. The input values for
IPV are assumed to vary with time as shown in Figure 2.1. The delay in
recognizing the product value is assumed to have an exponential relation-
ship as shown in Figure 3.2. In the initial stages, when the firm's
technical know-how is very low then the delay in recognizing the pro-

duct value will be very high at 66 months and the delay will have a
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minimum value of 6 months irrespective of how high the firm's know how
will be in the future.

The rate of recognized product value depends on the IPV values
and delay in recognizing these IPV values. As the firm obtains in-
férmation about the product, it accumulates a level of the current
value of the product. Based on the rate of change of product value and
current estimate of the product wvalue, the firm tries to project the
value into future (which depends on the projection horizon of the firm)
and tries to estimate the future value of the product. Firm will re-
vise its estimates about the future wvalue of the product whenever it
notices changes in the projected value of the product, and it revises
the estimate after certain time delay. In perception process, the aim
of the firm is to estimate future value of the product.

EQUATIONS FOR FIRM'S PERCEPTION PROCESS
The equations for input values of IPV and delay in recognizing

the product values (DRPVF) are given below

IPV.K TABLE (PVTAB, TIME.K, 0, 180, 6) ' (3-1,A)
IPV - Intrinsic Product Value (dollars)
PVTAB - Product Value TABle, the name of the table of input
values for IPV (dollars), in which values have been in-
serted at six-month intervals from TIME = 0 to TIME = 180
months.
TIME - Simulated project time (months)
DRPVF.K = TABHL (TDVR, KLEVF.K, 0, 60, 5) (3-2,4)
DRPVF - Delay in Recognition of Product Value by the Firm

{months)
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TDVR - Table, Delay in Value Recognition, a table of numbers
that gives an appropriate value of DRPVF for each value
of KLEVF
KLEVF - Know-how LEVel of the Firm (effective man-months of effort)
The rate of recognition of product value (RPVF) is given
by

_ IPV.K - LRPVF.K )
RPVF.KL = e (3-3,R)

RPVF - Rate of recognition of Product Value by the Firm
(dollars per month)

IPV

Intrinsic Product Value (dollars)
LRPVF - Level of Recognized Current Product Value by the Firm
(dollars)
DRPVF - Delay in Recognition of Product Value by the Firm
(months)
The level of recognized current product value (LRPVF) is a con-

tinuous summation of the changes in product value (RPVF)

LRPVF.K = LRPVF.J + (DT) (RPVF.JK) (3~4,L)
LRPVF = 0 (3~4,N)
LRPVF - Level of Recognized Product Value by the Firm
(dollars)
DT - Delta Time (months), the time interval between computer
solutions of the equations.

RPVF - Rate of recognition of Product Value by the Firm

(dollars per month)
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Projected future product value (PFPVF) depends on RPVF, LRPVF,

and PHF, the projection horizon of the firm

PFPVF.K = LRPVF.K + (PHF) (RPVF.JK) (3.5.4)
PHF = 48
PFPVF - Projected Future Product Value by the Firm (dollars)
PHF - Projection Horizon of the Firm (months)
LRPVF - Level of Recognized Current Product Value by the Firm

(dollars)
RPVF - Rate of recognition of Product Value by the Firm
(dollars per month)

The firm revises its estimates of future product value (EFPVF)
when ever it observes changes in projected future product value (PFFVF)
and its previous estiﬁate of future product value (EFPVF). The firm
revises these estimates after certain amount of time delay, DAEVF.

The equation for firm's estimate of future product value (EFPVF) is

given by
DT
= - 3-6,L
EFPVF.K = EFPVF.J + (DAEVF)(PFPVF.J EFPVF.J) ( L)
EFPVF = 0 (3-6,N)
DAEVF = 6 months
EFPVF - Estimated Future Product Value by the Firm (dollars)
DAEVF - Delay in Adjusting Estimate of Value by the Firm (months)

PFPVF - Projected Future Product Value by the Firm (dollars)
In the model only positive values are considered for projected

future product value (PFPVF) and this is accomplished by replacing
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equation (3-5) by the following equations.

LRPVF.K + (PHF) (RPVF.JK) (3-5a,4)

TFPVF.K

PFPVF.K = MAX(TFPVF.XK, 0) (3-5b,4)
FLOW DIAGRAM AND EQUATIONS FOR CUSTOMER'S PERCEPTION PROCESS
Figure 3.3 shows the flow diagram for customer's perception process.
The flow diagram is similar to firm's diagram since the perception
process is common to both., In this diagram, the constants are assumed
to be different from the values of the firm, but rest of the equations
are similar to that of firm's equations.
Customer's rate of recognition of product value (RPVC) is given
in equation (3-7)

IPV.K - LRPVC.K _
DRPVC.K (3-7,R)

RPVC.KL =

RPVC - Rate of recognition of Product Value by the Customer

(dollars per month)

IPV - Intrinsic Product Value (dollars)
DRPVC - Delay in Recognition of Product Value by the Customer
(months)
LRPVC - Level of Recognized Current Product Value by the

Customer (dollars)

Customer's level of recognized current product value (LRPVC) is

given by
LRPVC.K = LRPVC.J + (DT) (RPVC.JK) (3-8,L)
LRPVC =0 (3-8,N)
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LRPVC - Level of Recognized Current Product Value by the Cus-
tomer (dollars)
RPVC - Rate of recognition of Product Value by the Costomer
(dollars per month)
Customer's delay in recognizing the product value (DRPVC) is a

function of his technical know-how (KLEVC) and is given by

DRPVC.K = TABHL (TDVR, KLEVC.K, 0, 60, 5) (3-9,4)

DRPVC

Delay in Recognition of Product Value by the Customer
{months)

TDVR - Table, Delay in Value Recognition, a table of numbers
that gives an appropriate value of DRPVC for each value
of KLEVC.

KLEVC

Know-how LEVel of the Customer (effective man—-months of
effort)

Customer's projected future product value (PFPVC) depends on
LRPVC, RPVC, and customer's projection horizon, PHC.

PFPVC.K

LRPVC.K + (PHC) (RPVC.JK) (3-10,4)
PHC = 36 months

PFPVC - Projected Future Product Value by the Customer

(dollars)

LRPVC

Level of Recognized Current Product Value by the
Customer (dollars)
PHC - Projection Hoarizon of the Customer (months)
RPVC - Rate of récognition of Product Value by the Customer.
(dollars per month)
The estimated future product value (EFPVC) of the customer is given

as



34

DT

= ) = . "11 L
EFPVC.K = EFPVC.J + (DAEVC)(PFPVC J - EFPVC.J) (3 L)
EFPVC = 0 (3-11,N)
DAEVC = 8 month
EFPVC - Estimated Future Product Value by the Customer (dollars)

DAEVC - Delay in Adjusting the Estimate of Value by the Cus-

tomer (months)

AFPVC - Projected Future Product Value by the Customer (dollars)
As done in the case of the firm, only pesitive values are considered

in the model for projected future value of the product (PFPVC) and this

is accomplished by replacing equations 3-10 by the following equations.

TFPVC.K = LRPVC.K + (PHC) (RPVC.JK) (3-10a,A)

PFPVC.K = MAX (TFPVC.K,0) (3-10b,4)

This completes the specification of DYNAMO equations for per-

ception process of customer and firm.

MODIFICATION MADE IN FLOW DIAGRAMS 3.1 AND 3.3

The estimated value of the projected future product value is as-
sumed to depend on the current product value, rate of change in product
value, and the projection horizon of the firm (or customer). Roberts
used an exponentially smoothed value for the rate of change of product
value to estimate the projected future product value. The author used
the actual changes in product value between solution time intervals to
estimate the projected future product value. This modification is
shown in figures 3.1 and 3.3 by indicating the projected future product

value being influenced directly by the rate of change in product value.
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Roberts has shown that the projected future product value depends on
the exponentially smoothed value of the rate of change of product value.
This modification is done to see whether there will be any change in

the estimate of future product value.
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CHAPTER 4

ESTIMATION OF EFFORT AND COST

INTRODUCTION

In this chapter, the flow diagrams and DYNAMO equations for firm's
(and customer's) estimation of effort and cost are given. Firm's process
of estimation of effort and cost is divided into the following three
phases.
1) Firm's estimation of job size
2) Firm's estimation of technical effectiveness and
3) Firm's estimation of a effort and cost.
FLOW DIAGRAM FOR FIRM'S ESTIMATION OF JOB SIZE

Figure 4.1 shows the flow diagram for firm's job size estimzation.
It was explained in chapter 2 that firm's job size estimation depends
on 1) intrinsic size of the job, 2) the relationship of the previous
job size experience and 3) firm's over estimation or under estimation of
the job size which depends on the ability or quality of the firm. These
three variables are used as input values to the estimation process and
they are shown on the top of the diagram. The intrinsic size of the job
is defined in Chapter 2 as the amount of fully effective effort needed to
translate the existing technical know-how into a complicated equipment de-
sign. This intrinsic size of the job, denoted in the diagram as NLKP, the
needed level of know~how for development of the product, is assumed to be
5500 man-months of effort. The firm is assumed to have handled 25% smaller
jobs, hence the value, PDPEF, the percent deviation of past experience of
the firm is set equal to -0.25, and firm is assumed to be extremely able

in estimating the job size, hence the quality of the firm (QF) is assumed
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to be 1.0 which means £irm's estimates are 100% correct. These three
factors are shown on the top of the diagram.

With these three input values, the firm estimates the initial size of
the job, denbte& by believed needed know-how for development of the product
by the firm, (BNKPF). During the project life, these estimates are altered
due to responses to gaps that the organization deteets in the scheduled en-
gineering accomplishment. These gaps exist between the scheduled percentage
completion of the job and the organizations estimate of the percentage com—
pletion.cf the project to date. The fraction of this gap, which affects the
changes in job size estimates, depends on the stage of project completion.
EQUATIONS FOR FIRM'S JOB SIZE ESTIMATION

The estimate for firm's job size (BNKPF) can be represented by a

level equation

BNKPF.K = BNKPF.J + (DT)(RGEJF.JK) _ (4-1,L)
BNKPF - Believed Needed know-how for development of the
Product by the Firm (effective man-months of effort)
RGEJF - Rate of recognition of Gap in Estimate of Job Size at

the Firm (effective man-months per month)
Equation (4-1,L) says that the firm's present estimate of job
size is equal to its previous estimate plus changes in the job size
estimate from its previous estimate. Equation (4—1,N) gives the initial
estimate of job size by the firm.
BNKPF = (NLKP) (1 + PDPEF) / (QF) (4-1,N)
NLKP - Needed Level of Know-how for development of the

product (effective man-months of effort)
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PDPEF - Percentage Deviation of Past Experience of the Firm
(percentage)
QF - Quality of ﬁhe Firm (percentage)
GEAF, the gap in engineering accomplishment is the percentage
deviation between the estimated schedule (ESPCF) and the believed pro-
gress to date (BPPCF) in terms of percentage of project completion and

is given by

ESPCF.K - BPPCF.K
BPPCF.K (4-2,4)

GEAF - Gap in Engineering Accomplishment at the Firm (per-

GEAF.K

centage error)

ESPCF - Estimated Scheduled Percentage Completion of the project
at the Firm (percentage completion).
BPPCF - Believed Percentage of Project Completed by the Firm

(percentage completed).
GEAF is multiplied by BNKPF to obtain the gap in man-months of ef-
fort which then is multiplied by fraction of gap recognized by firm
(FOGRF) to obtain the rate of recognition of gap in job size estimate

at the firm (RGEJF).

RGEJF.KL (GEAF.K) (BNKPF.K) (FOGRF.K) (4-3,R)

RGEJF

Rate of recognition of Gap in Estimate of Job size
at the Firm (effective man-months per month)
GEAF - Gap in Engineering Accomplishment at the Firm (per-
centage error)
BNKPF - Believed Needed Know-how for development of the Product

by the Firm (effective man-months of effort)
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FOGRF - Fraction Of Gap Recognized by the Firm (percentage of
gap recognized per month)
Scheduled percentage of project completion (ESPCF) is a rate of
the actual effective effort expended to the believed effective effort
needed (BNKPF) to complete the job. Actual effective effort expended
is a product of effort expanded to date (TEEF) and its believed effective-

ness (ETEF).

(TEEF.K) (ETEF.K)
(BNKPF.K) (4-4,4)

ESPCF - Estimated Scheduled Percentage Completion of the

ESPCF.K =

project at the Firm (percentage completion).

TEEF - Total Engineering Effort at the Firm (man-months of
effort)
ETEF - Estimate of Current Technical Effectiveness by the
Firm (percentage effectiveness of engineers)
BNKPF - Believed Needed Know-how for development of the Product
by the Firm (effective man-months of effort).

In the initial stages it is difficult for both firm and customer
to detect gaps between real and apparent progress in the organization
because the progress is very small. However, the firm would be able
to detect this gap as it accomplishes continuous progress on the job,.
Hence it is assumed that the fraction of the gap recognized (FOGRF)
by the firm to vary with stage of project completion (PPC).

FOGRF.K = TABLE (IPPGR,PPC.K, 0, 1, 0.1) (4-5,4)

FOGRF - Fraction Of Gap Recognized by the Firm (percentage

of gap recognized per month)
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IPPGR - Influence of Phase of Project on Gap Recognition, a table
of numbers that indicates the value of FOGRF as a function
of PPC

PPC - Percentage of Project Completion (percentage completion)
FLOW DIAGRAM FOR FIRM'S ESTIMATION OF TECHNICAL EFFECTIVENESS
Figure 4.2, shows the flow diagram for firm's estimation of future
technical effectiveness. The changes in the state of art with time are
assumed and fed as input values to this estimation process. The changes

in state of art (TE) is assumed to follow the curve shown in Figure 4.3.

The technological effectiveness in the existing state of art is
thus a time varying factor significant in all technical fields of pro-
duct development (3).
Based on the technical effectiveness in the state of art, and delay
in transmitting the changes in state of art the firm tries to estimate
the rate of change of technical effectiveness available to the firm.
Based on this rate of change in technical effectiveness available to
the firm, it will try to estimate the level of technical effectiveness
available to the firm. Firm's estimate of current technological effective-
ness is a summation of changes in the current technical effectiveness. The

difference between the firm's current technical effectiveness estimate

and realized technical effectiveness will cause the firm to change its
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current technical effectiveness estimate. The realized technlcal ef-
fectiveness by the firm is a ratio of firm's progress rate to the engin-
eers actually at work.

Based on the estimate of current technical effectiveness of engin-
eers in the firm, the rate of change of technical effectiveness avail-
able to the firm and the extrapolated time over which the changes in
technical effectiveness are expected to continue, the firm will estimate

the future technical effectiveness of the firm's engineers.

EQUATIONS FOR FIRM'S TECHNICAL EFFECTIVENESS ESTIMATE
The changes in technical effectiveness (TE) within the state of
art are given in equation 4-6, and it is the input to this estimation

process

TABLE (TETAB, TIME.K, 0, 180, 6) (4-6,4)

T.E.K
TE - Technical Effectiveness with in the state of art (per-
centage effectiveness of engineers)

TETAB - Technical Effectiveness fABle, a table of stored numbers
that will give the appropriate value for TE as a function
of the project life cycle.

Available technical effectiveness to the firm (ATEF) is a summation

of the changes in available technical effectiveness (RCTAF).
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ATEF.K = ATEF.J + (DT)(RCTAF.JK) (4-7,L)
ATEF = TE (4-7,N)
ATEF - Available Technical effectiveness at the Firm (per-

centage effectiveness of engineers)
RCTAF - Rate of Change of Technology Available at the Firm (per-
centage effectiveness per month)
TE - Technical Effectiveness within tge state of art (percentage
effectiveness of engineers)

Initially, the available technology to the firm will be same as the
technical effectiveness within the state of art and is givem in equation
(4-7,N). Over a period of time the firm acquires information
relating to the exogenous state of art (TE) and estimates the rate of

change (RCTAF) in available technical effectiveness (ATEF) to the firm.

RCTAF.KL = TEeX = AIEE.R (4-8,R)
DTITF - 24 months
RCTAF - Rate of Change of Technology Available at the Firm
(percentage effectiveness per month)
TE - Technical Effectiveness within the state of art
(percentage effectiveness of engineers)
DTITF - Delay in Technical Information Transmittal to the

Firm (months)
The estimate of the current technical effectiveness by the firm
(ETEF) is a summation of all changes in the current technical effective-
ness at the firm (RCEEF).

ETEF.K = ETEF.J + (DT)(RCEEF.JK) (4-9,L)
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ETEF = (WARF) (ENPRF) / (ENAWF) (4-9,N)

ETEF - Estimate of current Technical Effectiveness by the
Firm (percentage effectiveness of engineers).

RCEEF - Rate of Change of Estimated current Effectiveness
by the firm (percentage effectiveness per month)

WARF - Willingness to Accept Risks by the Firm (percentage)

ENPRF - ENgineering PRoductivity rate at the Firm (effective
man-months of effort per month)

ENAWF - ENgineers Actually at Work at the Firm (men)

The initial estimate of technical effectiveness by the firm repre-
sents a combination of the influences of the actual effectiveness of the
firm's engineers and firm's relative optimism about its engineers. This
initial estimate of current technical effectiveness by the firm is given
in equation (4-9,N). The rate of change of estimated current effective-
ness (RCEEF) is the difference between realized technical effectiveness
(RTEF) and current technical effectiveness (ETEF) observed over a period,

DRTEF, which is assumed to be 2 months.

RCEEF.KL = RTEF'I;R;E?EF'K (4-10,R)
RCEEF - Rate of Change of Estimated current Effectiveness by
the Firm (percentage effectiveness per month)
RTEF - Realized Technical Effectiveness of the Firm (percentage
effectiveness of engineers)
ETEF - Estimate of current Technical Effectiveness by the Firm

(percentage effectiveness of engineers)
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DRIEF - Delay in Recognizing Technical Effectiveness by the Firm
(months)

The realized technical effectiveness by the firm (RTEF) is the
firm's belief as to the current progress rate divided by the engineers
actually at work (ENAWF). The current progress at the firm is a pro-
duct of the believed progress rate (PRBF) and the believed job size

(BNKPF)

(PRBF.JK) (BNKPF.K)

RTEF.K

RTEF - Realized Technical Effectiveness of the Firm (percentage

effectiveness of engineers)

BNKPF - Believed Needed Know-how for development of the Product
by the Firm (effective man-months of effort)
ENAWF - ENgineers Actually at Work at the Firm (men)

PRBF - Progress Rate Believed by the Firm (percentage completion

per month)
The firm's future technical effectiveness (EFTEF) is based on the
current technical effectiveness (ETEF), the rate of change of available
technical effectiveness (RCTAF) and the extrapolated time (XPTPF) over

which the changes in technology are expected to continue.

EFTEF.K = ETEF.K + (XPTPF.K) (RCTAF,JK) (4-12,4)
EFTEF - Estimate of Future Technical Effectiveness by the Firm
(percentage effectiveness of engineers)
ETEF - Estimate of current Technical Effectiveness by the Firm

(percentage effectiveness of engineers)
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XPTPF - extrapolation Period for Technical Progress by the Firm
(months)
RCTAF - Rate of Change of Technology Available at the Firm (per-
centage effectiveness per month)
The extrapolation period recognizes the fact that if technology
continues to grow at its current rate then, on the average, only half of
the increase in technology from now until the end of the project will

be available for utilization in the project work

XPTPF.K = (BPPIF.K) (30) (4-13,4)
NPD = 24
XPTPF - extrapolation Period for Technical Progress by the Firm
(months)
BPPIF - Believed Percentage of Project Incomplete at the Firm

(percentage)
NPD - Normal Project Duration (months)

FLOW DIAGRAM FOR FIRM'S ESTIMATION OF EFFORT AND COST

Figure 4.4 shows the flow diagram for estimation of effort and cost
by both firm and customer. By adding the total amount of engineering
effort to date (TEEF) to expected engineering effort needed in future,
a complete estimate for effort (EERF) is obtained. Once this effort
is determined, the estimate of total cost of the project (ETCPF) is
obtained by multiplying EERF by the average monthly engineering cost
and overhead rate (MESOH). Estimate of the cost to complete the project
(ECCPF) is obtained by subtracting the cost to date (TECF) from total

cost of the project (ETCPF)
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EQUATIONS FOR FIRM'S ESTIMATION OF EFFORT AND COST

Estimation of total effort (EERF) is sum of effort expended to

date (TEEF) and effort needed in future.

(BPPIF.K) (BNKPF.K)
(EFTEF.K)

TEEF.K +

EERF.K (4-14,4)

EERF - Estimate of total Effort Required by the Firm (man-
months of effort)

TEEF - Total Engineering Effort by the Firm (man-months of
effort)

BPPIF - Believed Percentage of Project Incomplete at the Firm
(percentage)

BNKPF - Believed Needed Know-how for development of the Product
by the Firm (effective man-months of effort)

EFTEF - Estimate of Future Technical Effectiveness by the Firm
(percentage effectiveness of the engineers)

The believed percent of project incomplete (BPPIF) multiplied by
the believed job size (BNKPF) gives the believed amount of man-months
of effort needed in future to complete the project. When this is
divided by the estimated future technical effectiveness (EFTEF) we get
the actual effort needed in future. The monthly engineering cost and
over head rate (MESOH) comes to $2500 per month (3 ), and average absen-
teeism (AVABS) in the R and D firm comes to 11.5 percent (3).

MESOH = 2500

AVABS = 0.115

The expected cost to complete the porject (ECCPF) is given by

equation (4-15).
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MESQH

ECCPF.K = (Izzﬁzﬁg)(EERF.K - TEEF.K) (4=15,A)
ECCPF - Estimated Cost to Complete the Project at the Firm

(dollars)
EERF - Estimate of total Effort Required by the Firm (man-
months)

TEEF Total Engineering Effort at the Firm (man-months)

MESOH - Monthly Engineering Salary and Over Head rate (dollars
per man month)
AVABS - AVerage ABSenteeism (percentage)
Total cost to complete the project (ETCPF) is sum of costs involved
so far (TECF) and the expected cost to complete the project (ECCPF)
ETCPF.K = TECF.K + ECCPF.K (4-16,A)
ETCPF - Estimated Total Cost of the Project at the Firm (dollars)
TECF - Total Engineering Cost to the Firm (dollars)
ECCPF - Estimated Cost to Complete the Project at the Firm
(dollars)
FLOW DIAGRAM AND EQUATIONS FOR CUSTOMER'S JOB SIZE ESTIMATION
Figure 4.5 shows the flow diagram for customers job size estimation.
Based on the intrinsic size of the job (NLKP), his previous experience
effect (PDPEC), and estimation ability (QC) the customer estimates the
initial size of the job (BNKPC). Due to the gaps (GEAC) in estimated
schedule (ESPCC) and believed percent of project completion (BPPCF)
the customer revises his job size estimates. Fraction of customer's
recognition of these gaps depends on the stage of project completion

(PPC). The equations for this job size estimate can be written without
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much explanation as below.

BNKPC.K = BNKPC.J + (DT)(RGEJC.JK) (4-17,L)
BNKPC = (NLKP)(1 + PDPEC)/(QC) (4-17,N)
PDPEC = -0.175
QC = 0.6
GEAC.K = ESECCE 2 BEPCC.X (4-18,4)
RGEJC.KL = (GEAC.K) (BNKPC.K) (FOGRC.K) (4-19,R)
ESPCC.K = (nggéfgm'@ (4-20,4)
FOGRC.K = TABLE (IPPGR, PPC.K, 0, 1.0, 0.1) (4-21,A)
BNKPC - Believed Needed Know-how for development of the
Product by the Customer (effective man-months of
effort)
RGEJC - Rate of recognition of Gap in Estimate of Job size
by the customer (effective man-months per month)
NLKP Needed Level of Know-how for development of the
Product (effective man—-months of effort)
PDPEC - Percentage Deviation of Past Experience of the
Customer (percentage)
QC - Quality of the customer (percentage)
GEAC - Gap in Engineering Accomplishment at the Customer
(percentage error)
ESPCC - Estimated Scheduled Percentage Completion of the project

at the Customer (percentage completion)
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BPPCC - Believed Percentage of Project Completed by the
Customer {percentage completion)

FOGRC - Fraction Of Gap Recognized by the Customer (per-

centage of gap recognized per month)
TEEF - Total Engineering Effort at the Firm (man-months
of effort)

ETEC

Estimate of current Technical Effectiveness by the
Customer (percentage effectiveness)

IPPGR

Influence of Phase of Project on Gap Recognition,
table of stored numbers that gives the appropriate
value for FOGRC for any given value of PPC

PPC

Percentage of Project Completion (percentage completion)
FLOW DIAGRAM AND EQUATIONS FOR CUSTOMER'S TECHNICAL EFFECTIVENESS

Figure 4.6 shows customer's estimation of technical effectiveness.
The diagram is very much similar to that of the firm's flow diagram.

Equations can be written without much explanation.

ATEC.K = ATEC.J + (DT) (RCTAC.JK) (4-22,L)
ATEC = TE (4-22,N)
RCTAC.KL = FTITC (4-23,R)
DTITC = 12 months
ETEC.K = ETEC.J + (DT) (RCEEC.JK) (4-24,L)
ETEC = (ATEC) (CNFC) (WARC) (4-24 N)
CNFC = 0.6
WARC = 0.6
RCEEC.KL = SLEC.K = ETEC.K (4-25,R)

DRTEC



58

Avallable Techindcal
Effecliveness at the
Cus tomer
TE .- ——
( 4=6 }‘: JRR 4=22
N —
% | 4-27,N
N i s 1
'\ } I |
Delay in Teslmical 1 |
Information Transmlttal 1 1
to the Cusiomor DITTC Rate of Change | ]
of Technology | !
\ Available at the |
fmm e 7l Custoser 1
! i
KT 4a23 /| .
Normal Project Duratior e ——————— \
LD ) o) '
) ]
L : .
'
\
i '
1 |
1 I
! |
1
|
i '
' |
' 1
N g )
HE| ]
Vot Estimate of 1
- Future Techni- |
. gal Iffective-
( B 7=17 ) : ness by the | Confidence in Firs
1 Customer \ by the Customer
e mme m e == =T 4=27 : CIFC
[}
: ]
}
\ ! } Willingness to Accept
! | ) Risks by the Customer
A "4 '
| JARC
) Estirate of Current T 51— '
_______ o nical Iffectliveness '
{ by the Customer H
] e = = — —— - ——— T '
1
(]
> EEC  4-24
: ¢ s e PR T=15 )
' ' _4=24,1 i
(]
Delay in Recogmizing ' . '
Technical Effectivensss v 1
by the Customer : :
DRTEC ' -
! H : ffeativeress
: ' 1 by tha Cusiomer
1
1 :
| \ ; e 4=26
1
]
] P.ltsEBof Changa :
| T A of Estizatod ]
= Current Iff~otive- (W T4 );../ % anepe 5
nes3 by the f ‘--( - "L?
Customer 1
RET 4-25 /
]
<D

]
]
[
[}
1
]
1
[}
]
[}
!

e e e == = = meew Se SssmmerTse e ===

Ficure 4.6 Customer's sstimation of teohnical eflfoactivenass



DRTEC

RIEC.K

EFTEC.K =

XPTPC.K

ATEC -

RCTAC

DTITC

ETEC -

RCEEC -

CNFC -

WARC -

RTEC -

DRTEC

PRBC -

59

8 montsh
(PRBC. JK) (BNKPC.K)

(ENAWF.K) (4.26,4)
ETEC.K + (XPTPC.K) (RCTAC.JK) (4.27,4)
(BPPIC.K) (NPD/2) (4.28,A)

Available Technical Effectiveness at the Customer (per-—
centage effectiveness of engineers)

Rate of Change of TEchnology Available at the Customer
(percentage effectiveness per month)

Technical Effectiveness within the state of art (per-
centage of engineers)

Delay in Technical Information Tramsmittal to the
Customer (months)

Estimate of current Technical Effectiveness by the
Customer (percentage effectiveness of engineers)

Rate of Change of Estimated current Effectiveness by
the Customer (percentage effectiveness per month)
Confidence iN Firm by the Customer (percentage)
Willingness to Accept Risks by the Customer (percentage)
Realized Technical Effectiveness by the Customer (per-
centage effectiveness of engineers)

Delay in Recognizing Technical Effectiveness by the
Customer (months)

Progress Rate Believed by the Customer (percentage

completion per month)
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ENAWF - ENgineers Actually at Work at the Firm (men)

EFTEC - Estimate of Future Technical Effectiveness by the
Customer (percentage effectiveness of engineers)

XPTPC - eXtrapolation Period for Technical Progress by the
Customer (months)

BPPIC - Believed Percentage of Project Incomplete by the Cus-
tomer (percentage)

NPD - Normal Project Duration (months)

FLOW DIAGRAM AND EQUATIONS FOR CUSTOMER'S EFFORT AND COST ESTIMATES

The flow diagram for this process is shown in Figure 4.4. The

equations are given below.

_ (BPPIC.K) (BNKPC.K)
EERC.K = TEEF.K + EFTEC.K (4.29,4)
_ (MESOH _
ECCPC.K = GI:EGZES)(EERC'K TEEF.K) (4.30,4)
ETCPC.K = TECC.K + ECCPFC.K (4-31,4)
EERC - Estimate of total Effort Required by the Customer

(mass-months of effort)

TEEF - Total Engineering Effort by the Firm (man-months of
effort)
BPPIC - Believed Percentage of Project Incomplete by the Customer
(percentage)
BNKPC - Believed Needed Know-how for development of the Product

by the Customer (effective man-months of effort)
EFTEC - Estimate of Future Technical Effectiveness by the Customer

(percentage effectiveness of engineers)
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ECCPC - Estimated Cost to Complete the Project for the Customer

(dollars)

MESOH - monthly Engineering Salary and Over Head rate (dollars
per man-month)

AVABS - AVerage ABSenteeism (percentage)

ETCPC - Estimated Total Cost of the Project to the Customer

(dollars)
TECC - Total Engineering Cost to the Customer (dollars)

This completes the specification of equations for estimation of
effort and cost by both firm and customer.
MODIFICATIONS IN THE FLOW DIAGRAMS

It is explained earlier in this chapter that the estimation of initial
job size is influenced by 1) the intrinsic size of the job, 2) percent
deviation of the past experience and 3) the quality of the firm (or the
customer). The author has assumed that the initial estimation of the
job size is directly influenced by the above three factors. These three
factors are shown on the top of Figures 4.1 and 4.5. Roberts introduced
a modifier, the value of which is assumed to depend on the percent devi-
ation of past experience and quality of the firm (or the customer). He
used this midifier and intrinsic size of the job to influence the initial
estimation of the job size.

In figures 4.2 and 4.6 modifications were made in estimating the
current technical effectiveness and future technical effectiveness. The
author has assumed that the revision of current technical effectiveness

is influenced by the rate of change of current technical effectiveness.



Roberts assumed that the revision in current technical effectiveness is
influenced by the rate of éhange in current technical effectiveness and
rate of correction of previous effectiveness. It is expalined earlier
in this chapter that the estimation of future technical effectiveness
of the engineers depend on current technical effectiveness, rate of
change of technical effectiveness available to the firm (or customer)
and the extrapolation period over which these changes are expected to
continue. Roberts used an exponentially smoothed value for the rate of
change of technical effectiveness. The author has used the actual rate

of change of technical effectiveness between solution time intervals.
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CHAPTER 5
FUNDING OF R AND D PROJECT

INTRODUCTION

The third major activity of R & D life cycle is funding of R and

D project. This is divided into 3 phases.

1) Firm's request for financial support

2) Customer's evaluation and commitment of funds.

3) Firm's investment decision in the project.

Each phase is dealt in separately.

FLOW DIAGRAM FOR FIRM'S REQUEST FOR FINANCIAL SUPPORT

Figure 5.1 shows the flow diagram for firm's request for fimancial
support. In this particular activity, the firm decides the rate of
funds to be requested for the project from the customer.

In Chapter 2, it was mentioned that this sub activity is influenced
by 1) the estimated future product value 2) the estimated total cost to
complete the project and 3) the firm's integrity. These three factors
are shown in the diagram at the bottom. The top half portion of the
flow diagram shows the decision rule for requesting increases or de-
creases in project funds. The firm will change its level of project
funding when it finds the expected under run in funds or biddable ad-
ditional funds exceed a fixed percentage of current funding.

Depending on the integrity, the firm differs its cost estimates sub-
mitted to the customer from its original estimates. This estimate is

denoted in the flow diagram as competitive estimate of completion costs
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(CECCF). Based on these competitive costs and the suitability of the
project (IPP), the firm estimates the funds available to the customer
(EACFF). At any time, the firm will request the maximum of the com-
petitive cost and the funds available to the customer.
EQUATIONS FOR FIRM'S REQUEST FOR FINANCIAL SUPPORT

Rate of change of project funding request (RQCPF) by the firm is

a sum of requested increases (RQIF) and decreases (RQDF) in funds.

RQCPF.KL = RQIF.K + RQDF.K (5~1,R)
RQCPF - ReQuested Changes in Project Funding (dollars per month)
RQIF - ReQuested Increases in Funding (dollars per month)
RQDF - ReQuested Decreases in Funding (dollars per month)

Whenever the biddable additional requestable funds (BARFF) exceeds
a fixed percentage of funds requested previously, the firm requests

for an increase (RQIF) in funds

BT'-IS if BARFF > BPFRF
RQIF.K = [ (5-2,A)
0 if BARFF < BPFRF
RQIF - ReQuested Increases in Funding (dollars per month)
BARFF - Biddable Additional Requestable Funds by the Firm (dollars)
BPFRF = Breaking Point in Funds Request by the Firm (dollars)

The desired project funding is a summation of the level of the
project costs (TECF) plus an additional amount which the firm believes
it can request (BCCF). From this desired project funding the firm sub-
tracts the funds previously requested (RFPF) to obtain the additional

biddable costs (BARFF)
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BARFF.K = TECF.K + BCCF.K - RFPF.K (5-3,4)
BARFF - Biddable Additional Requestable Funds by the Firm (dollars)
TECF - Total Engineering Cost to the Firm (dollars)

BCCF - Biddable Costs of project Completion by the Firm (dollars)
RFPF - Requested Funding for the Project by the Firm (dollars)

The amount that the firm believes it should request for further

work on the preject (BCCF) depends on 1) funds available to the customer (EACFF)

and 2) the amount (CECFF) needed to complete the project which taking

into account competitive conditions.

BCCF.K = MAX (EACFF.K, CECCF.K) (5-4,4)
BCCF - Biddable Costs of project Completion by the Firm (dollars)
EACFF - Expected Available Customer Funds for the Firm (dollars)
CECCF - Competitive Estimate of Completion Costs by the Firm (dollars)

The competitive estimate of completion costs by the firm (CECCF)

is given by

CECCF.K = (ECCPF.K) (ICF) (5-5,4)
ICF = 0.9
CECCF - Competitive Estimate of Completion Costs by the Firm (dollars)
ECCPF - Estimated Cost to Complete the Project at the Firm (dollars)
ICF - Integrity Coefficient of the Firm (percentage)
IPP, indicator of project prospects is the maximum of firm's belief
about suitability (SPCBF) and information obtained on customers belief

about suitability (SPINC) of the project

IPP.K = MAX (SPCBF.K, SPINC.K) (5-6,A)



67

IPP - Indicator of Project Prospects (percentage)
SPCBF = Suitability of the Project to the Customer, Believed by
the Firm (percentage)
SPINC - Suitability of the Project for INvestment by the Customer
(percentage)
Firm's estimate of available funds to the customer (EACFF) depends

on IPP and CECFF

EACFF.K = (IPP.K)(CECCF.K) (5-7,A)
EACFF - Expected Available Customer Funds for the Firm (dollars)
IPP - Indicator of Project Prospects (percentage)
CECCF - Competitive Estimate of Completion Costs by the Firm (dollars)

So far the equations represent the firm's request for additional
funds. They describe the situation when the firm thinks it has requested
less funds than it needs for R and D project and its actions. Now the
following equations will represent the firm's request for decrease in
funds. The firm requests a decrease (RQDF) in funds when the expected

underrun (EURFF) in funds exceed a fixed percent of the requested funds

(BPFRF)
R if EURFF > BPFRF.K
RQDF.K = (5-8,4)
0 if EURFF < BPFRF.K
RQDF - ReQuested Decreases in Funding (dollars per month)
EURFF - Expected Under Run in Funds by the Firm (dollars)

BPFRF - Breaking Point in Funds Request by Firm (dollars)
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When the requested funds (RFPF) exceed the estimated cost to com-
plete the project (ETCPF) then there will be an underrun (EURFF) in
the funds. Breaking point in funds request (BPFRF) is a fraction (BP) of

the requested funds (RFPF)

EURFF.K = RFPF.K - ETCPF.K (5-9,4)
BPFRF.K = (BP)(RFPF.K) (5-10,4)
BP = 0,05
EURFF - Expected UnderRun in Funds by Firm (dollars)
RFPF - Requested Funding for the Projzct by the Firm (dollars)
ETCPF - Estimated Total Cost of the Project at the Firm (dollars)
BPFRF - Breaking Point in Funds Request by the Firm (dollars)
BP - Breaking Point percentage (percentage)

The level of requested funds (RFPF) is a summation of requested

changes in funds (RQCPF)

RFPF.K

RFPF.J + (DT) (RQCPF.JK) (5-11,L)

(5-11,N)

I
o

RFPF

RFPF - Requested Funding for the Project by the Firm (dollars)
RQCPF - ReQuested Changes in Project Funding (dollars per month)
FLOW DIAGRAM FOR CUSTOMER EVALUATION AND FUNDING OF THE PROJECT

The second sub-activity of funding of R and D project is represented
in ﬁwo Figures 5.2 and 5.3. Figure 5.2 shows the flow diagram for cus-
tomer evalution and commitment of funds. Figure 5.3 shows the flow dia-
gram for the customer's indirect project control activity. Each diagram

is explained separately below.
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Figure 5.2 examines those aspects pertaining to the customer's
evaluation and approach of the funds request and the actual allocation
of funds. Based on the estimated future product value and estimated cost
to complete the project and return on investment criterion, the customer
decides the amount of funds he is willing to invest in the project. De-
pendiné on the confidence in the firm's estimates, the customer tries to
adjust his internally held value, cost estimates with that of the firm.
The maximum amount of funds allocation by the customer depends on funds
request and funds which the customer is willing to invest in the project.
EQUATIONS FOR THE CUSTOMER'S PROJECT EVALUATION

From Figure 5.2, the estimated total cost acceptable by the customer
(ETCAC) is given as the sum of the cost estimate by the customer (ETCPC)
and fraction of the difference (DECFC) in estimates of the firm and cus-

tomer. This fraction depends on customer confidence in the firm (CNFC).

ETCAC.K = ETCPC.K + (CNFC) (DECFC.K) (5-12,4)
- AD) __ (DECRC.JK - DECFC.J) ;
DECFC.K = DECFC.J + (DRRFC) ( (5-13,L)
DECFC = 0 (5-13,N)
ETCAC - Estimated Total Cost Accepted by the Customers (dollars)
ETCPC - Estimated Total Cost of the Project by the Customer (dollars)
CNFC - Confidence iN the Firm by the Customer (percentage)
DECFC - Difference in the Estimates of Cost between the Firm and

the Customer (dollars)
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DRRFC ~ Delay in Responding to Requests for Funds, by the Customer
(months)
DECRC ~ Difference in Estimated Costs, Rate of Change (dollars)
DECFC is a smoothed average of the difference between the firm's
request and the customer's internal estimate., This averaging in the
difference is done over a period of DRRFC which is assumed to be 3 months.

The rate of change of difference in estimated costs (DECRC) is equal to

DECRC.KL. = RFPF.K - ETCPC.K (5-14,R)
DECRC - Difference in Estimated Costs, Rate of Change (dollars)
RFPF - Requested Funding for the Project by the Firm (dollars)

ETCPC ~ Estimated Total Cost of the Project by the Customer (dollars)
The estimate of product value accepted for use by the customer
(EVAUC) will be equal to the sum of the customer's estimate of product
value (EFPVC) and a fraction of the difference between the estimates of
firm and customer., This fraction again depends on customer's confidence

in the firm (CNFC)

EVAUC.K = EFPVC.K + (CNFC) (FEVPC.K - EFPVC.K) (5-15,4)

EVAUC Estimate of product Value Accepted for Use by the

Customer (dollais)

EFPVC - Estimate of Future Product Value by the Customer (dollars)
CNFC - Confidence iN the Firm by the Customer (percentage)
FEVPC - Firm's Estimate of product Value Presented to the Customer

(dollars)

Firm's estimate of product value presented to the customer (FEVPC)

differs from its original estimate (EFPVF) and it depends on firm's
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integrity.
FEVPC.K = EFPVF.K + (1-ICF)(EFPVF.X) (5-16,4)
FEVPC - Firm's Estimate of product Value Presented to the Customer
(dollars)
EFPVF - Estimate of Future Product Value by the Firm (dollars)

ICF

Integrity Coefficient of the Firm (percentage)

Customer's value cost ratio (VCRC) is given by

EVAUC.K

VCRC.K = ECCPC.K (5-17,4)
EVAUC - Estimate of product Value Accepted for Use by the Customer
(dollars)
ECCPC ~ Estimated Cost to Complete the Project by the Customer

Combined with return on investment criterion (ROICC) and value cost
ratio (VCRC.K) the customer arrives at the suitability of the project

for investment (SPINC)

SPINC.K = VCRC.K/ROICC (5-18,A)
SPINC - Suitability of the Project for INvestment by the Customer
(percentage)
VCRC - Value - Cost Ratio at Customer (percentage)
ROICC - Return On Investment Criterion of the Customer

In the simulation model the value of "SPINC" is made between 0 and
1. There is no meaning to negative values of SPINC, and when SPINC

is greater than 1, it is assumed that the customer will invest in the
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project.

This is done by replacing equation 5-18 by

TPINC.K = VCRC.K/ROICC (5-18a,A)
0 0 > TPINC.K

CONST6.K = [ (5-18b,A)
TPINC.K if 0 < TPINC.K
1 if TPINC.K > 1

SPINC.K = [ (5-18c,A)
CONST6.K if TPINC.K < 1

RCICC is assumed to be 2. This means that customer will invest
in the project only when the expected value is at least twice the ex-
pected cost of the project.

Total funds willing to be committed by the customer (TFWCC) depends on
acceptable completion costs (ETCAC) to the customer and the suitability

of the project (SPINC)

TFWCC.K = (ETCAC.K) (SPINC.K) (5-19,A)
TFWCC - Total Funds Willing to be Committed by the Customer (dollars)
ETCAC - Estimated Total Costs Accepted by the Customer (dollars)
SPINC - Suitability of the Project for INvestment by the Customer

(percentage)

Maximum level of allocation of funds desired (MADC) by the customer
will be equal to the minimum of the funds request by firm (RRFC) and

customer's total funds willing to be committed (TFWCC)

MADC.K = MIN (TFWCC.K, RRFC.K) (5-20,4)
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MADC - Maximum level of Allocation Desired by the Customer (dollars)
TFWCC - Total Funds Willing to be Committed by the Customer (dollars)
RRFC - Recognized Request for Funds by the Customer (dollars)

The level of recognized request for funds by the customer (RRFC) is
a summation of the changes in requested funding

= — DT - -
RRFC.K = RRFC.J + (DRRFC)(RFPF.J RRFC.J) (5-21,L)

RRFC = 0 (5-21,N)

DRRFC = 3

RRFC - Recognized Request for Funds by the Customer (dollars)
DRRFC - Delay in Responding to Requests for Funds by the Customer

(months)

RFPF - Requested Funding for the Project by the firm (dollars)

Actual allocation of funds (AAC) by the customer is equal to previous

allocations plus rate of funds allocation

AAC.K = AAC.J + (DT) (RFAC.JK) (5-22,L)
AAC =10 (5-22,N)
AAC - Actual Allocations by the Customer (dollars)
RFAC - Rate of Funds Allocation by the Customer (dollars per month)

Tunds available to the customer (FAC) is equal to his previously
available funds plus rate of funds input to the customer (FINC) minus

rate of funds allocation (RFAC) since previous funds.

FAC.K = FAC.J + (DT) (FINC.JK - RFAC.JK) (5-23,L)

FAC =20 (5-23,N)
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FAC - Funds Available to the Customer (dollars)
FINC - Financial INput rate to the Customer (dollars per month)
RFAC - Rate of Funds Allocation by the Customer (dollars per month)

An impulse type of financial input is assumed for the customer.

FINC.KL = PULSE (FINVC, INTMC, FRT) (5-24,R)
FINC ~ Financial INput rate to the Customer (dollars per month)
FINVC - Financial INput Value to the Customer (dollars)
INTMC - INput TiMe of the Customer funds (months)
FRT - Financing Replinshment Time (months)

That is the customer is assumed to have FINVC dollars of input to
his funds every FRT time period starting from time equal to INTMC. 1In

the model these constants are assumed to be

FINVC = IEIO dollars
INTMC = 0
FRT = 500 months

Figure 5.3 represents the flow diagram for customer's project control
activities. Customer will have an indirect control over the project
activities by controlling the amount of funds allocation and scheduled
project duration. Top portion of the flow diagram shows the factors
affecting his scheduled project duration and bottom half of the flow
diagram shows his control over allocation of funds.

Rate of funds allocation by the customer is limited by the funds
available to the customer. Desired rate of funds allocation indicates

the customer not to exceed his actual allocation rate by the desired
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allocation rate. The customer can control the project activities by
taking the suitable decision such as to release more funds or to cancel
the previously allocated funds. TFrom the flow diagram, it can be seen
that the customer can not cancel more than the previously unspent al-
locations. Customer needs a certain amount of delay to take decisions
about allocation of funds.

In arriving at the scheduled project duration, the customer tries
to estimate expected scheduled time given the normal project duration
and the percentage of work to be done., The customers strechout or speed
up of the project schedule depends on the index of project suitability.
If the project suitability is higher, the customer would like to speed
up the project in order to obtain the project benefits earlier, and if
the project suitability index is lower, then he would like to strechout
the project duration by decreasing the funds allocation.

EQUATIONS FOR CUSTOMER PROJECT CONTROL ACTIVITIES

From the flow diagram in Figure 5.3, we can write the following

equations. The rate of funds allocation (RFAC) would be equal to the

amount of funds it can deplete in one solution time interval.

TRFAC.K if TRFAC.K < ZACK
RFAC.KL = { (5-25,R)
FAC.K FAC.K
DT if TRFAC.K > "—ST—
RFAC - Rate of Funds Allocation by the Customer (dollars per month)
TRFAC - Trial Rate of Funds Allocation by the Customer (dollars
per month)

FAC ~ Funds Available to the Customer (dollars)
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The trial rate of funds allocation (TRAFC) will be the maximum of the
desired rate of funds allocation (RFADC) and limitation to cancellation

rate of allocated funds (LCRAF)

RFADC.K if RFADC.K > - LCRAF.K _
TRAFC.K = (5-26,A)
-LCRAF.K if RFADC.K < - LCRAF.K

Desired rate of funds allocation (RFADC) will be the difference
between the maximum allocation desired (MADC) and actual allocation by
the customer (AAC) divided by the delay (DLYC2) period necessary for the

customer to take action.

DLYCZ2 = 18
MADC.K - AAC.K

RFADC.K = DIYC2 (5-27,4)

RFADC - Rate of Funds Allocation Desired by the Customer (dollars
per month)

MADC - Maximum Allocation Desired by the Customer (dollars)
AAC - Actual Allocations by the Customer (dollars)
DLYC?Z - Delay in budgeting funds by the customer (months)

Limitation to the rate of cancellation of funds (LCRAF) equals the
difference between the unspent allocations (UCAF) and the accounts pay-

able by the customer (APC) divided by the solution time interval.

UCAF.K - APC.K
DT (5-28,4)

LCRAF.K =

LCRAF — Limitation to Cancellation Rate of Allocated Funds (dollars

per month)
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UCAF - Unspent Customer Allocations to the Firm (dollars)

APC - Accounts Payable by the Customer (dollars)

Customer's level of unspent allocations is a summation of the dif-
ferences between rate of funds allocation (RFAC) and customers actual

rate of expenditures (RECFF)

UCAF.K = UCAF.J + (DT) (RFAC.JK - RECFF.JK) (5-29,L)
UCAF = 0 (5-29,N)
UCAF - Unspent Customer Allocations to the Firm (dollars)
RFAC - Rate of Funds Allocation by the Customer (dollars per
month)
RECFF - Rate of Expenditure of Customer Funds by the Firm (dollars

per month)

The customer's actual rate of expenditures (RECFF) is his normal
payment of the approved billings by the firm (APC), up to the point at

which he runs out of allocated funds

APC.K 1f APC.K i’ UCAF.K
RECFF.KL = ] e pEE = DI (5-30,R)
UCAF.K if APC.K S UCAF.K
DT DPC DT
DPC = 2
RECFF - Rate of Expenditure of Customer Funds by the Firm (dollars
per month)
APC - Accounts Payable by the Customer (dollars)
UCAF - Unspent Customer Allocations to the Firm (dollars)
DPC - Delay in Payments by the Customer (months)



80

The level of accounts payable by the customer (APC) is a summation

of the difference between billing rate (BRC) and actual expenditure rate

(RECFF) by the customer.

APC.K

APC

APC

BRC

RECFF

= APC.J + (DT) (BRC.JK - RECFF.JK) (5-31,L)

0 (5-31,N)

Accounts Payable by the Customer (dollars)
Billing Rate to the Customer (dollars per month)
Rate of Expenditure of Customer Funds by the Firm (dollars

per month)

The firm's project billing rate (BRC) will be the minimum of firm's

current expenditure rate (TCEF) and maximum expenditure rate allowed by

the customer (MREPC)

BRC.KL = MIN (MREPC.K, TCEF.JK) (5-32,R)

and MREPC 1s given by

MREPC.K =

MREPC

TCEF
UCAF
SPDC

MESOH

UCAF.K ¢ UCAF.K _
SPDC.K “' SPDC.K — MESOH
{ (5-33,4)
UCAF.K
0 if EFBETE < MESOH

Maximum Rate of Expenditure Supported by the Customer
(dollars per month)

iotal CGurrent Expenditure rate by the Firm (dollars per month)
Unspent Customer Allocations to the Firm (dollars)

Scheduled Project Duration by the Customer (months)

Monthly Engineering Salary and Over-Head rate (dellars per

man month)
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The scheduled project duration by the customer (SPDC) consists of
two parts. The minimum project completion time (MPCTC) and additional
project completion time (ASPDC). Minimum project completion time is
half the normal time period that is needed to complete the project when
the suitability index of the project is greater than or equal to one.
Additional scheduled project duration is a strechout period in project

schedule when the suitability index of the project (SPINC) is less than 1.

SPDC.K = ASPDC.K + MPCTC.K (5-34,4)
MPCTC.K = (BPPIC.K) (NPD) (0.5) (5-35,4)
ASPDC.K = (NPD - MPCTIC.K) (1 - SPINC.K) (5-36,4A)

SPDC - Scheduled Project Duration by the Customer (months)

ASPDC - Additional Scheduled Project Duration by the Customer (months)

MPCTC - Minimum Project Completion Time by the Customer (months)

BPPIC - Believed Percent of Project Incomplete by the Customer

(percentage)
NPD - Normal Project Duration (months)
SPINC - Suitability of Project for INvestment by the Customer (per-

centage)
It is assumed that under any curcumstances the minimum time (MPCTC) needed
to complete the project would be half the normal time needed to complete
the project and it is given in equation 5-35. In simulation rum, this
minimum time is restricted to DT in order to avoid computational errors,
and it is achieved by replacing the equation 5-35 by the following

equations.
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MPCTC.K = MAX (MPCT1.K, DT) (5-36a,A)

MPCTC1.K = (BPPIC.K)(NPD)(0.5) (5-36b,A)
FLOW DIAGRAM FOR FIRM'S INVESTMENT DECISION

Figure 5.4 shows the flow diagram for firm's investment decision.
Based on the value cost ratio and the return on investment criterion
by the customer, the firm arrives at the believed suitability of the
project. Depending on the suitability of the project, estimated cost
and expected profit rate, the firm estimates expected profit to the
firm. Depending on firm's willingness, it will decide maximum desired
investment from the expected profit. Limited by the funds available
to the firm and maximum desired investment and its anticipated project
duration, the firm decides the maximum desired rate of funds allocation.
The firm has to allocate a basic rate of funds to support the engineers
initially working in the project. The firm cancels the excess alloca-
tions from the unspent allocations once every budgeting period and it is
shown on left hand top corner of the diagram.
EQUATIONS FOR FIRM'S INVESTMENT DECISION

Figure 5.4 shows the flow diagram for firm's investment decision.
From the diagram the following equations can be written. The value cost
ratio (VCRF) of the firm is a ratio of estimated future product value
(EFPVF) and estimated total cost of the project (ETCPF). The value
cost ratio when combined with investment criterion, the firm obtains

its project suitability (SPCBF)

_ EFPVF.K
VCRF.K = Soets (5-37,A)
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_ VCRF.K

SPCBF.K = ROICE (5-38,4)

ROICF = 2.0
VCRF - Value - Cost Ratio of the Firm (percentage)
EFPVF - Estimated Future Product Value by the Firm (dollars)
ETCPF - Estimated Total Cost of the Project by the Firm (dollars)
SPCBF = Suitability of the Project to the Customer Believed by

the Firm (percentage)

ROICF = BReturn on Investment criterion of the Customer, believed

by the Firm (percentage)

Firmk expected profit (EXPRF) can be determined by taking into ac-
count the total cost to complete the project (ETCPF), project suitability

index (SPCBF) and expected profit rate (EPRF).

EXPRF.K = (EPRF)(SPCEF.K) (ETCPF.K) (5-39,4)
EPRF = 0.07
EXPRF - EXpected PRofits to the Firm (dollars)
EPRF - Expected Profit Rate to the Firm (percentage)
SPCBF - Suitability of the Project to the Customer, Believed by
the Firm (percentage)
ETCPF - Estimated Total Cost of the Project by the Firm (dollars)

Depending on firms willingness to gamble (WARF) with the expected
profit, the firm decides the maximum desired investment (MIDF) from the

expected profit
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MIDF.K = (WARF) (EXPRF.K) (5-40,4)
MIDF - Maximum Investment Desired by the Firm (dollars)
WARF - Willingness to Accept Risks by the Firm (percentage)
EXPRF - EXpected PRofits to the Firm (dollars)

Maximum desired rate of allocation by firm (MDRAF) will be the

difference of amount between maximum desired investment (MIDF) and

total actual investment (TAIF) divided by the expected completion time

(EPCTC)
_ MIDF.K - TAIF.K
MDRAF.K = FPOTC K (5-41,4)
MDRAF - Maximum Desired Rate of Allocation by the Firm (dollars
per month)
MIDF - Maximum Investment Desired by the Firm (dollars)
TAIF - Total Actual Investment by the Firm (dollars)
EPCTF - Expected Project Completion Time by the Firm (months)

Trial rate of funds allocation by firm (TRAF) is assumed not to
drop below the basic rate of allocation (BRAF) needed to support

engineers initially. It is assumed that there is one engineer in the firm

initially,
MDRAF.K if MDRAF.K > BRAF
TRAF.K = [ (5-42,A)
BRAF if MDRAF.K < BRAF
BRAF = (LEI) (MESOH) (5-43,4A)

LEI = 1
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TRAF - Trial Rate of Allocation by the Firm (dollars per month)

MDRAF - Maximum Desired Rate of Allocation by the Firm (dollars
per month)

BRAF - Basic Rate of Allocation by the firm (dollars per month)

LEI - Level of Engineers Initially (men)

MESOH - Monthly Engineering Salary and Over Head rate (dollars per

man-month)

The rate of fund allocation (RFAF) depends on trial rate of funds

allocation (TRAF) and Funds available to the firm (FAF)

TRAF K if TRAF.KiFAg,i‘K
RFAF.KL = [ (5-44,R)
EAE-X if Trap.x>ZAEE
RFAF - Rate of Fund Allocation by the Firm (dollars per month)
TRAF - Trial Rate of Allocation by the Firm (dollars per month)
FAF - Funds Available to the Firm (dollars)

The level of available funds (FAF) to the firm is a summation of
financial input rate (FINC) by firm plus actual expenditure rate (RECFF)

by customer minus total engineering expenditure rate (TCEF).

FAF.K = FAF.J + (DT) (FINF.K + RECFF.JK - TCEF.JK) (5-45,L)
FAF = 0 (5-45,N)
FAF - Funds Available to the Firm (dollars)
FINF - Financial INput to the Firm (dollars per month)
RECFF - Rate of Expenditure of Customer Funds at the Firm (dollars

per month)
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TCEF - Total Current Expenditure rate by the Firm (dollars per

month)

Firm is assumed to replenish the funds every financing replenish-
ment time period with FINVF input, starting from time INTMF. Therefore

the financial input rate FINF by the firm is given by

FINF.KL = PULSE (FINVF, INTMF, FRT) (5-46,R)
FINVF = 10E6
INTMF = 0
FRT = 500
FINF - Financial INput to the Firm (dollars per month)
FINVF - Financial INput Value to the Firm (dollars)
INTMF = INput TiMe of the Firm (months)
FRT - Financing Replenishment Time (months)

The level of unspent allocations at the firm (UIAF) is simply the
accumulation of the new fund allocations (RFAF) plus cost reimbursements
from the customer (RECFF) minus the amount of previous allocations
cancelled by the firm (CAF). This level initially equals the base re-
search budget (BRBF) which in turn provides the basic monthly rate of

allocation for the length of the budgeting period (BPER).

UIAF.K = UIAF.J + (DT) (RFAF.JK + RECFF.JK - TCEF.JK - CAF.JK) (5-47,L)

UIAF = BRBF (5-47,N)

BRBF = (BPER) (BRAF) (5-48,N)
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UIAF - Unspent Investment Allocations at the Firm (dollars)
RFAF - Rate of Funds Allocation by the Firm (dollars per month)
RECFF - Rate of Expenditure of Customer Funds at the Firm (dollars

per month)

TCEF - Total Current Expenditure rate at the Firm (dollars per
month)

CAF - Cancellation of Allocations at the Firm (dollars per month)

BRBF - Base Research Budget at the Firm (dollars)

BPER - Budgeting PERiod (month)

BRAF - Basic Rate of Allocation by the Firm (dollars per month)

Cancellation of funds (CAF) takes places at the end of every budget

period (BPER) with an amount of CXAF

CAF.KL = PULSE (CXAF.K, BPER, BPER) (5-49,R)

BPER = 6 months

CAF -~ Cancellation of Allocations at the Firm (dollars per month)

CXAF - Cancellable eXcess Allocations at the Firm (dollars per
month)

BPER - Budgeting PERiod (months)

CXAF is the cancellable excess allocations and is equal to the dif-
ference between the unspent investment allocation (UIAF) and the base

research budget (BRBF)

UIAF.K - BRBF
CXAF.K = DT (5-50,4)

CXAF - Cancellable eXcess Allocations by the Firm (dollars per month)
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UIAF - Unspent Investment Allocations by the Firm (dollars)

BRBF - Base Research Budget at the Firm (dollars)

The level of total actual investment by firm (TALF) is a summation
of the difference between the engineering costs by the firm (TCEF)

and the customers actual expenditure Rate (RECCF)

TAIF.XK = TATF.J + (DT)(TCEF.JK - RECFF.JK) (5-51,L)
TAIF = 0 (5-51,N)
TAIF - Total Actual Investment by the Firm (dollars)
TCEF - Total Current Expenditure rate at the Firm (dollars per
month)

RECFF - Rate of Expenditure of Customer Funds at the Firm (dollars

per month)

The entire equations developed in this chapter complete the specifi-

cation of model equations for funding of R and D project.

MODIFICATIONS IN THE FLOW DIAGRAMS

It is explained earlier in this chapter that the firm's fund re-
quest and customer's evaluation of fund request is influenced by the value
cost relationship and return on investment criterion. Value cost re-
lationship combined with return on investment criterion is denoted in
the model as the suitability of the project for investment. The author
has assumed that the suitability of the project to influence directly
the firm's fund request and customer's evaluation of fund request. They
are shown in Figures 5.1, and 5.2. Roberts assumed some kind of prob-

ability values which vary with the suitability of the project. He used
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these probability values in estimating the firm's fund request and
customer's evaluation of fund request.

In figure 5.3 it is shown that the scheduled project duration con-
sists of two parts. They are 1) minimum scheduled project duration and
2) additional scheduled project duration. The author has assumed that
the additional scheduled project duration depends on the suitability
of the project. Roberts assumed that the additional scheduled project
duration depends on the expected percentage of over expenditure due to
the increased suitability of the project.

In figure 5.4, the author has assumed that the firm's investment
decision is influenced directly by the project suitability index, apart
from other factors described earlier in this chapter. Roberts has as-
sumed certain probability values which depend on the project suitability
index. He used these probability values for determining the amount of

funds to be invested by the firm.
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CHAPTER 6
ACQUISITION AND UTILIZATION OF MANPOWER

INTRODUCTION

In this chapter DYNAMO equations and flow diagrams for acquisition
and utilization of man power are presented. The various factors in-
fluencing this activity are enumerated in chapter 2. This activity is
divided into two sub-activities, 1) acquisition of engineering manpower and
2) productivity of manpower. These two sub-activities are dealt with
separately.

ACQUISITION OF MANPOWER

Figure 6.1 shows an over all flow diagram for the flow of manpower
in the project. Figure 6.1 is further divided into Figures 6.2, 6.3,
and 6.4. Figure 6.2 shows the factors affecting the desired number of
engineers in the project. Figure 6.3 shows the firm's hiring and staff
reassignment policy and Figure 6.4 shows the actual transfer rate of
engineers in the firm. Each flow diagram is explained separately and
DYNAMO equations are written as each flow diagram is explained.

Figure 6.1 shows the firm's flow of engineering manpower. Because
of the firms engineering hiring activity, engineers join the firm. These
engineers undergo a formal training in the firm. As they attain experi-
ence in the firm, some of them are reassigned to training and supervi-
sory roles, Some of them are transferred to different projects or laid

off depending on the need for engineers in the project. The transfer

of engineers needs a short time delay for processing the paper work.
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Some of the engineers who need training still remain in the training.
This continuing flow of engineers into and out of the firm cumulatively
produces two levels:

1) Engineers actually on the project and

2) Expected engineers on the project.

Firm will try to adjust the number of engineers in the project to desired
level of engineers. The desired level of engineers is mainly based on
the stable engineering workforce and supportable engineering force, which
depend on the funds available to the firm.

Figure 6.2 shows the bottom portion of Figure 6.1, and shows the
factors affecting the desired engineers in the firm. Supportable level
of engineers by the firm depends on the expenditure rate available to
the firm. Stable engineering work force level depends mainly on the
estimated cost to complete the project, estimated time to complete the
project and engineering costs and over head rate.

EQUATIONS FOR FACTORS AFFECTING NUMBER OF ENGINEERS DESIRED IN THE PROJECT

From Figure 6.2, the supportable engineers by the firm
(SENGF) is equal to the expected expenditure rate (EERAF) divided by

the monthly engineering and over head rate.

SENGF.K = EERAF.K / MESOH (6-1,A)
SENGF - Supportable number of ENGineers at the Firm (men)
EERAF - Expected Expenditure Rate Available to the Firm (dollars
per month)
MESOH - Monthly Engineering Salary and Over Head rate (dollars

per man-month)



94

Monthly ZSngineering

Salary and Over Head Rate f(E}‘C'iF 7=12 )
MESOH |
P i ECCFF )
’,’ \\ | Il 4-15
Pie s | [}
- ~. ) ’
- - o
- Y

Stable Work
Force lLevel of
Engineers Meeded
by the Firm

Supportable
Number of Engi~
neers at the Firm

STHGF  §-1 ——

Engineers
Desired by the
Firm

ENGDF  6-5

Expected
Expenditure
Rate Available
to the Firm

Expenditure

_EERAF 6-2 Rate Available

Figure 6.2 Factors affecting nurboer of engineers desired in the pcroject »



95

Expected expenditure rate (EERAF) will be the expenditure rate
available to the firm (ERAF) unless it is restricted to the minimum
basic rate of allocation (BRAF) needed to support initial engineers.
Expenditure rate available to the firm (ERAF) will be the maximum of
funds available to the firm (RFAF) and maximum expenditure rate per-

mitted by the customer (MREPC)

EERAF.K = MAX (BRAF, ERAF.K) (6-2,A)
ERAF.K = MAX (RFAF.JK, MREPC.K) (6-3,A)
EERAF - Expected Expenditure Rate Available to the Firm (dollars

per month)

ERAF - Expenditure Rate Available to the Firm (dollars per month)
BRAF - Basic Rate of Allocations by the Firm (dollars per month)
RFAF - Rate of Funds Allocation by the Firm (dollars per month)
MREPC = Maximum Rate of Expenditure Permitted by the Customer

(dollars per month)

Stable work force level of engineers (SWENF) is equal to estimated
cost to complete the project (ECCPF) divided by the cost of engineers

till the time of completion

ECCPF.K

SWENF - Stable Work force level of Engineers Needed by the Firm (men)
ECCPF - Expected Costs to Complete the Project by the Firm. (dollars)
MESOH - Monthly Engineering Salary and Over Head rate (dollars per

man - month)
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EPCTF - Expected Project Completion Time by the Firm (months)

Engineers desired in the project (ENGDF) is given in equation (6.5. En-
gineering gap at the firm (ENGPF) is simply the difference between the

desired engineers (ENGDF) and expected engineers in the firm (EENGF)

ENGDF.K = MIN (SENGF.K, SWENF.K) (6-5,4)
ENGPF.K = ENGDF.K - EENGF.K (G-6,4A)
ENGDF - ENGineers Desired by the Firm (men)
SENGF - Supportable number of ENGineers at the Firm (men)
SWENF - Stable Work force level of ENgineers Needed at the Firm (men)
ENGPF - ENgineering GaP at the Firm (men)
EENGF - Expected number of ENGineers at the Firm (men)

The number of engineers in the firm (ENGRF) is a summation of the
difference between the rate of engineers joining (ENGJF) and rate of

engineers leaving the firm (ENGLF)

ENGRF.K = ENGRF.J + (DT) (ENGJF.JK - ENGLF.JK) (6—7,L)
ENGRF = LEI (6-7,N)
ENGRF — ENGineeRs in the Firm (men)
ENGJF - ENGineers Joining in the Firm (men per month)
ENGLF - ENGineers Leaving the Firm (men per month)
LEI - Level of Engineers INitially (men)

LEI is the level of eingineers initially and it is assumed to be 1 in

the model.
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ENGINEERING HIRING AND REASSIGNMENT AT THE FIRM

Figure 6.3 shows the firm's engineering hiring and reassignment
of staff. Hiring or transferring of engineers depends on the engineering
gap (ENGPF), From bottom of the flow diagram, it can be seen that based
on the engineering gap (ENGPF) and delay in changing the engineering level
at the firm (DCEF) the firm arrives at the desired engineering hiring
rate (DENHF). Depending on the number of experienced engineers (ENFEF)
and engineer trainers (ENATF) and thier training capacity (TPSDF), the
firm estimates the maximum number of engineers (MEITF) it can have in
training. Based on the estimate of maximum number of engineers (MEITF)
and the expected number of engineers in the training (EEITF), the firm
further decides the maximum engineering hiring rate (MENHF). However,
the firm's actual hiring rate (ENGHF) depends on the desired hiring rate
(DENHF) and maximum hiring rate (MENHF)., Based on the expected engineers
in the training (EEITF), the firm estimates the desired trainers (ENDTF)
in the project. Depending on the number of engineering trainers in the
project (ENATF) and the desired trainers (ENDTF), the firm decides the
extra engineers needed for reassignment as trainers (EDRTF).
EQUATIONS FOR FIRM'S HIRING AND REASSIGNMENT

From Figure 6.1, EENGF, expected engineers in the firm is a continuous
summation of the difference between hiring rate (ENGHF) and transfer rate

(ENGTF)

EENGF.K = EENGF.J + (DT) (ENGHF.JK - ENGIF.JK) (6-8,L)

EENGF = LEI (6-8,N)
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EENGF Expected number of ENGineers in the Firm (men)

ENGHF

ENGineering Hiring rate at the Firm (wen per month)
ENGTF - ENGineering Total transfer rate at the Firm (men per month)

LEI Level of Engineers Initially (men)

From Figure 6.3, possible number of engineers in training (MEITF)
is equal to experienced engineers (ENFEF) plus engineer trainers (ENATF)
multiplied by their traning capacity (TPSDF) in terms of engineers they

can train.

MEITF.K = (ENFEF.K + ENATF.K) (TPSDF) (6-9,4)
MEITF - Maximum number of Engineers In Training at the Firm (men)
ENFEF - ENgineers Fully Experienced at the Firm (men)

ENATF - ENgineers Assigned as Trainers at the Firm (men)

TPSDF - Trainees Per Staff Desired by the Firm (men per men)

The training capacity (TPSDF) of the engineers at the firm is equal

to the trainees per staff (TPSF) multiplied by their training efficiency

(TEI)
TELI = 1.0
TPSF = 2.5
TPSDF = (TPSF)(TEI) (6-10,N)
TPSDF - Trainees Per Staff Desired by the Firm (men per men)
TPSF - Trainees Per Staff at the Firm (men)
TEI - Training Efficiency Index (dimensionless)

The level of engineers expected in training (EEITF) is a continuous

summation of firm's hiring rate (ENGHF) minus the rate of engineering
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trainers leaving (ENLTF) minus the firm's transfer rate of trainee en-

gineers (EITTF).

EEITF.K = EEITF.J + (DT) (ENGHF.JK - ENLTF.JK - EITTF.J) (6-11,L)

EEITF = 0 (6-11,N)

EEITF Expected number of Engineers Training at the Firm (men)

ENGHF ENGineering Hiring rate at the Firm (men per month)

ENLTF

ENgineers Leaving Training at the Firm (men per month)

EITTF

Engineers In Training Transferred by the Firm (men per month)

The maximum engineering hiring rate (MENHF) will be the difference

between the possible number of engineers in training (MEITF) minus expected

engineers in training (EEITF),

MEITF.K - EEITF.K

MENHF.K = = (6-12,A)
MENHF - Maximum ENgineering Hiring rate at the Firm (men per month)
MEITF - Maximum number of Engineers In Training at the Firm (men)

EEITF - Expected number of Engineers In Training at the Firm (men)

In the simulation model this MENHF is restricted to positive wvalues

by replacing equation (6-12) by the following equations

MENHF.K = MAX (MEHTF.K, 0) (6-12,a,4)

MEITF.K - EEITF.K

T (6-12,b,A)

MEHTF.K

Hiring will take place when the desired change in the engineering

force (ENGCF) is positive. ENGCF represents the engineer change desired
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by the firm. Desired engineering hiring (DENHF) by the firm is limited
to positive values only and it is given in equation (6-13). Engineering
hiring rate at the firm (ENGHF) will be the desired engineering hiring
rate (DENHF) unless restricted by the maximum hiring rate (MENHF) and

is given in equation (6-19).

DENHF.K = MAX (ENGCF.K,0) (6-13,4)
_ ENGPF.K
ENGCF.K = === (6-14,4)
ENGHF.KL = MIN (DENHF.K, MENHF.K) (6-15,R)
DCEF = 3 months
DENHF - Desired ENgineering Hiring rate at the Firm (men per month)
ENGCF - ENGingeer Change rate desired by the Firm (men per month)
ENGPF - ENgineering GaP at the Firm (men)
ENGHF - ENGineering Hiring rate at the Firm (men per month)
MENHF - Maximum ENgineering Hiring rate at the Firm (men per month)
DCEF — Delay in Changing the Engineering level at the Firm (months)

The level of engineers being recruited (ENBRF) is a summation of the
difference between the hiring rate (ENGHF) and joining rate (ENGJF) of
the engineers at the firm and is given in equation (6-16). Engineers
joining rate (ENGJF) is assumed to be third order exponential delay of
the hiring rate (ENGHF) and is given in equation (6-17).

The level of engineers in training (ENITF) is a continuous summation
of engineering joining rate (ENGJF) minus rate of engineers leaving

training (ENLTF) minus engineers transferred from training (EITTF) and
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is given in equation (6~18). Engineers remaining in the training (ENRIF)
is equal to engineers in the training (ENITF) minus the engineers trans-
ferred from training (EITTF) and is given in equation (6-19). Engineers
leaving the training (ENLTF) will be equal to engineers remaining in the
training (ENRTF) divided by delay (DEIF) in training these engineers and
is given in equation (6-20). The level of fully experienced engineers at
the firm (ENFEF) is a summation of rate of engineers leaving training
(ENLTF) minus rate of fully experienced engineers transferred by the firm
minus the rate of experienced engineers reassigned as trainers (ENREF)

and is given in equation (6-21).

ENBRF.K = ENBRF.J + (DT)(ENGHF.JK - ENGJF.JK) (6-16,L)
ENBRF = 0 (6-16,N)
ENGJF.KL = DELAY3 (ENGHF.JK, DRCE) (6-17,R)

DRCE = 6 months

ENITF.K = ENITF.J + (DT)(ENGJF.JK - ENLTF.JK ~ EITTF.JK)

(6-18,L)
ENLIF = 0 (6-18,N)
ENRTF.K = ENITF.K + (DT) (- EITTF.K) (6-19,4)
ENLTF.KL = §§%§¥§5 (6-20,R)
DETF = 18 months
ENFEF.K = ENFEF.J + (DT)(ENLTF.JK - ENFTF.J - ENREF.JK) (6-21,1.)

ENFEF = LEI (6-21,N)
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ENBRF - ENgineers Being Recruited by the Firm (men)

ENGHF - ENGineering Hiring rate at the Firm (men per month)

ENGJF - ENGineers Joining the Firm (men per month)

DRCE - Delay in ReCruiting Engineers (months)

ENITF - ENgineers In Training at the Firm (men)

ENLTF - ENgineers Leaving Training at the Firm (men per month)

EITTF - Engineers In Training Transferred by the Firm (men per
month)

ENRTF - ENgineers Remaining in Training at the Firm (men)

DETF - Delay in Engineering Training at the Firm (months)

ENFEF - ENgineers Fully Experienced at the Firm (men)

ENFTF - ENgineers Fully experienced Transferred by the Firm (men
per month)

ENREF - ENgineering REassignment rate at the Firm (men per month)

LEI - Level of Engineers Initially (men)

The level of engineers assigned as trainers (ENATF) is a summation
of the difference between engineering reassignment rate (ENREF) and
engineering trainers transfer rate (ENTTF) at the firm and is given in
equation (6-22). Engineers desired as trainers (ENDTF) is equal to the
expected number of engineers in training (EEITF) divided by training
capacity (TPSDF) of each trainer in the firm and is given in equation
(6-23). The desired reassignment rate (EDRTF) is a fraction of gap between
desired and actual no of trainers (ENDTF, ENATF) and is given in equation
(6-24). ENARF, is the largest possible rate of reassignment of fully

experienced engineers (ENFEF) and is given in equation (6=25). The engineering
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reassignment possible (ENRPF) is the minimum of ENARF and EDRTF and is
given in equation (6-26). Depending on the engineering gap (ENGPF) positve
or negative, the ENREF, the engineering reassignment rate will be equal

to ENRPF, engineering reassignment possible or Zero respectively and is

given in equation (6-27).

ENATF.K = ENATF.J + (DT) (ENREF.JK - ENTTF.J) (6-22,L)
ENATF = 0 (6-22,N)
EEITF.K
ENDTF.K = ~TPSDF (6-23,4)
_ ENDTF.K - ENATF.K
EDRTF.K = e (6-24,A)

DRET = 1 month

ENARF.K = SRR (6-25,A)
ENRPF.K = MIN (ENARF.K, EDRTF.K) (6-26,A)
0 if 0 > ENGPF
ENREF.KL = { (6~-27 ,R)
ENRPF.K if 0 < ENGPF
ENATF - ENgineers Assigned as Trainers at the Firm (men)
ENREF - ENgineering REassignment rate at the Firm (men per month)
ENTTF - ENgineering Trainers Transferred by the Firm (men per month)
ENDTF - ENgineers Desired as Trainers by the Firm (men)
TPSDF - Trainees Per Staff Desired at the Firm (men per men)
'EDRTF - Engineers Desired for Reassignment as Trainers by the Firm

{men per month)

EEITF - Expected Engineers In Training at the Firm (men)
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DRET - Delay in Reassigning Engineers as Trainers (months)

ENARF - ENgineers Available for Reassignment at the Firm (men per
month)

ENFEF - ENgineers Fully Experienced at the Firm (men)

ENRPF - ENgineering Reassignments Possible at the Firm (men per
month)

ENGPF - ENgineering GaP at the Firm (men)

FLOW DIAGRAM FOR ENGINEERING TRANSFER RATE

Figure 6.4 shows the flow diagram for firm's engineering transfer
rate. Whenever the firm finds excess of engineers, it will transfer
some of them from project or from the firm. 1In this model it is assumed
that the transfer of engineers will take place first from those employed
as trainers. If further transfers are needed then the engineers in
training will be transferred. If still further transfers are needed then
the fully experienced engineers will be transferred last. This assumption
is shown in Figure 6.4.
EQUATIONS FOR FIRM'S TRANSFER RATE

From Figure 6.4, the total engineers available for transfer (TEATF)
is sum of engineers available for transfer from trainers (ETATF), from
engineers in training (EITAF) and from fully experienced engineers (ENARF)
and is given in equation (6-28). When the firm expects more engineers than
it desires (that is engineering gap (ENGPF) is less than zero), then the
firm transfers ‘at the rate of ENGPF/DT unless sufficient engineers are
not available for transfer. The engineering transfer rate desired

(ENGID) is given in equation (6-29). ENTDF, the
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engineering transfer rate decision at firm, will be equal to ENGID pro-
vided the engineering gap (ENGPF) is greater than zero and is given in

equation (6-30). The maximum rate of transfer of engineers from trainers
(ENATF) and from training (ENITF) would be that rate which can transfer

all these engineers in one solution time interval, and they are given in

equations (6-31), and (6-32). The actual transfer rate (ENGTF) is the sum
of transfer rates from trainers (ENTTF), from engineers in training
(EITTF) and from fully experienced engineers (ENFTF) and is given in

equation (6-33).

TEATF.K = ETATF.K + EITAF.K + ENARF.K (6-28,4)
ENGPF.K . ENGPF.K
- T if - DT < TEATF.K
ENGTD.K = [ (6-29,4)
TEATF.K 1f - E2EX > TEATF.K
ENGTD.K if 0 > ENGPF.K
ENTDF.K = [ (6-30,4)
0 if 0 < ENGPF.K
ETATF.K = L (6-31,4)
DT
EITAF.K = ENEIE.K (6-32,4)
DT
ENGTF,.KL = ENTTF.K + EITTF.K + ENFTF.K (6-33,R)
TEATF ~ Total Engineers Available for Transfer by the Firm (men
per month)
ETATF - Engineering Trainers Available for Transfer by the Firm (men

per month)
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Engineers In Training Available to the Firm (men per month)
ENgineers Available for Reassignment by the Firm (men per
month)

ENGineering Transfer rate Desired (men per month)

ENgineering GaP at the Firm (men)

ENgineering Transfer rate Decision at the Firm (men per month).
ENgineers Assigned as Trainers at the Firm (men)

ENgineers In Training at the Firm (men)

ENGineering Total transfer rate at the Firm (men per month)
ENgineering Trainers Transferred by the Firm (men per month)
Engineers in Training Transferred by the Firm (men per month)
ENgineers Fully experienced, Transferred by the Firm (men

per month)

Transfer of engineers takes place first from trainers, then from

trainees and lastly from the fully experienced engineers. This is shown

in equations (6-34) through (6-38).

ENTTF.K = MIN (ENTDF.K, ETATF.K) (6-34,4)

ENTAN.K = ENTDF.K - ENTTF.K (6-35,A)

EITTF.K = MIN (ENTAN.K, EITAF.K) (6-36,A)

ENTFN.K = ENTAN.K - EITTF.K (6-37,A)

ENFTF.K = MIN (ENARF.K, ENTFN.K) (6-38,A)
ENTTF - ENgineering Trainers Transferred by the Firm (men per

ENTDF

month)

- ENgineering Transfer rate Decision at the Firm (men per

month)
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ETATF - Engineering Trainers Available for Transfer by the Firm

(men per month)

ENTAN - ENgineering Transfers, Additional, Needed (men per month)
EITTF - Engineers In Training Transferred by the Firm (men per
month)

EITAF - Engineers In Training Available to the Firm (men per month)

ENTFN - ENgineering Transfers, Final, Needed (men per month)

ENFTF - ENgineers Fully experienced, Transferred, by Firm (men per
month)

ENARF - ENgineers Available for Reassignment by the Firm (men per
month)

The level of engineers being transferred (ENBTF) is a continuous
summation of engineering transfer rates (ENGTF) minus rate of engineers
leaving the firm (ENGLF). Rate of engineers leaving the firm (ENGLF)

is given by equation (6-40).

ENBTF.K = ENBTF.J + (DT)(ENGIF.JK - ENGLF.JK) (6-39,L)

ENBTF = 0 (6-39,N)
_ ENBTF.K _

ENGLF.KL = == (6-40,R)

DTRE = 1 month

ENBTF - ENgineers Being Transferred By the Firm (men)

ENGTF - ENGineering Total transfer rate at the Firm (men per month)
ENGLF - ENGineers Leaving the Firm (men per month)

DIRE - Delay in Transferring Engineers (months)
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FLOW DIAGRAM FOR ENGINEERING PRODUCTIVITY

Figure 6.5 shows the flow diagram for firm's engineering productivity.
The firm's productivity depends on number of engineers and their pro-
ductivity rates, the general level of potential technological utilization.
The later is dependent on available technology to the firm, and firm's
technical ability in using their available technology. Firms know-how
level is a summation of effective man month of effort put by engineers
actually at work. A fraction of firm's know-how level is transmitted to
the customer to build the customer know-how level. Firm's know-how level
has an effect on the engineers productivity rate. All these factors are
shown in Figure 6-5.
EQUATIONS FOR PRODUCTIVITY OF FIRM'S ENGINEERS

From Figure 6.5, the utilized technological effectiveness (UTEF) is
a product of firm's quality (QF) and available technology (ATEF) to the
firm and is given in equation (6-41). The firm's know-how level (KLEVF)
has a multiplicative effect on the productivity rate (ENPRF) of the
engineers and in order to incorporate this factor, the relationship given
 in equation (6-42) is assumed between the know-how level (KLEVF) and the
multiplier (MEPIK). The relative productivity (REPRF) of different

catagories of engineers is given in equation (6-43).
UTEF.K = (QF) (ATEF.K) (6~41,A)

MEPIK.K = TABHL (TMEPK, KLEVF.K, 0,1, 0.1) (6~42,A)

REPRF.K (PRIT) (ENITF.K) + (PRAT) (ENATF.K) + (PREBT) (ENBTF.K)

+ (1.0) (ENFEF.K) (6-43,A)
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PRIT = 0.4

PRAT = 0.7

UTEF

QF

ATEF

MEPIK

TMEPK

REPRF

PRIT

ENITF

PRAT

ENATF

PREBT

ENBTF

ENFEF

PREBT = 0.2

Utilized Technical Effectiveness at the Firm (pgrcentage)
Quality of the Firm (percentage)

Available Technical Effectiveness at the Firm (percentage)
Multiplier to Engineering Productivity due to Increased
project Know-how (percentage)

Table, Multiplier to Engineering Productivity due to Know-
how

Relative Engineering PRoductivity of the Firm (effective
man-months of effort per month)

PRoductivity of engineers In Training (months of effective
effort per month of work)

ENgineers In Training at the Firm (men)

Productivity of engineers Assigned as Trainers (months of
effective effort per month of work)

ENgineers Assigned as Trainers at the Firm (men)
PRoductivity of Engineers Being Transferred (months of ef-
fective effort per month of work)

ENgineers Being Transferred at the Firm (men)

ENgineers Fully Experienced at the Firm (men)

Percentage of workers actually at work (PWAW) is equal to 100 per-

cent minus average percent of absenteeism (AVABS).
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PWAW = 1 - AVABS (6-44,N)
PWAW - Percentage of Workers Actually at Work (percentage)
AVABS - AVerage ABSenteeism (percentage)

The relative productivity of engineers actually working (RPEWF)

is given in equation (6-45).
RPEWF.K = (PWAW) (REPRF.K) (6-45,A)

RPEWF - Relative Productivity of Engineers actually Working at the
Firm (effective man-months per month)

PWAW - Percentage of Workers Actually at Work (Percentage)

REPRF - Relative Engineering PRoductivity at the Firm (effective

man-months of effort per month of work)

Engineering productivity rate (ENPRF) will be equal to the product
of relative productivity of engineers actually at work (RPEWF), utilized
technical effectiveness (UTEP) and multiplier to engineering productivity
(MEPIK) due to know how level and is given in equation (6-46). Fim's
know how level (KLEVF) is a summation of progress rate by the engineers
and is given by equation (6-47). In order to avoid computational errors,
initially the know-how-level is assumed to be 0,0001. Through its communi-
cations with the customer, the firm transmits a fraction of the acquired
technological know how to the customer. The customer's know-how level

(KLEVC) is given in equation (6-48).

ENPRF.K = (UTEF.K) (MEPIK.K) (RPEWF.K) (6-46,R)
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KLEVF.K = KLEVF.J + (DT) (ENPRF.JK) (6-47,L)
KLEVF = 0.0001 (6-47,N)
KLEVC.K = (PKFTIC) (KLEVF.K) (6-48,4)
PKFTC = 0.8

ENPRF - ENgineering PRoductivity rate of the Firm (effective man-

months per month)
UTEF - Utilized Technical Effectiveness at the Firm (percentage)
MEPIK - Multiplier to Engineering Productivity due to Increased

Know~how (percentage)

KLEVF - Know-how LEVel of the Firm (effective man-months of effort)

KLEVC - Know-how LEVel of the Customer (effective man-months of
effort)

PKFTC - Percentage of Know-how of the Firm Transmitted to the

Customer (percentage)

This completes specification of DYNAMO equations for acquisition
and utilization of engineers in the firm.
Later in the model to introduce randomness in the absenteeism,

equation (6-44) is replaced by the following equations.

PWAW.K = 1 - AVABS.K (6 - 44,4)
AVABS.K = NORMRN (MEAN,STDEV) - (6-44 a,A)
MEAN = 0.115

STDEV = (0.25) (MEAN) (6-44 b,N)
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PWAW - Percentage of Workers Actually at Work (percentage)
AVABS - AVerage ABSenteeism (percentage)

MEAN - MEAN value of the absenteeism (percentage)

STDEV - STandard DEViation (percentage)

NORMRN - A random number generator

MODIFICATIONS IN FLOW DIAGRAMS

In Figure 6.2, the author has assumed that the expected expenditure
rate available to the firm depends on two factors. They are 1) expen-
diture rate available to the firm and 2) the basic rate of allocations
at the firm. Roberts assumed that the expected expenditure rate depends
on three factors. They are 1) the expenditure rate available to the
firm, 2) the rate of change in expenditures available to the firm and
3) the extrapolation period over which these changes are expected to
continue, Also in Figure 6.2, the author assumed that the desired
number of engineers depends on two factors. They are 1) Supportable
number of engineers and 2) Stable work force level of the engineers.
Roberts assumed that the desired number of engineers depends on
1) Supportable number of engineers and
2) Weighted number of engineers which depends on supportable number of

engineers and stable number of engineers.
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CHAPTER 7
CONTROL OF R AND D PROGRESS

INTRODUCTION

In Chapter 2, the various factors influencing the control of R and
D progress were enumerated. Control of R and D progress consists of
four processes 1) Establishing a criteria, 2) Measuring the criteria,
3) Evaluating the criteria and 4) Taking necessary action. The various
outcomes studied in this project simulation are
1) Estimated total cost of the project
2) Estimated future value of the product
3) Percentage of project completed
4) Number of engineers in the project
5) Total engineering costs at the firm

Percentage of project completed directly influences the estimated
time to complete the project. The estimated time to complete the
project and cumulative engineering costs will influence the estimated
total cost to complete the project. Again the value cost relationships
influence the funding of project by both firm and customer. The funding
of R and D project which is controlled by value cost relationship directly
controls the number of engineers in the project. The number of engineers
in the project influence the progress rate in the project and know-how
level of the firm. The firms know-how level influences the estimated
future product value and percent of project completion. Again the per-

cent of project completion influences the estimated time to complete



117

the project and the cycle continues. This kind of control activities
take place through out project life cycle and lead to completion or
cancellation of the job.

FLOW DIAGRAM FOR FIRM'S CONTROL OF R AND D PROGRESS

Figure 7.1 shows the flow diagram for firm's control activity of R
and D progress. As can be seen from top of the diagram the level of
real job accomplishment (denoted as know how level of the firm, KLEVF
in Chapter 6) and intrinsic size of the job produce a measure of actual
percentage completion of the project. This combined with believed per-
cent of project completion will produce a gap in percent completion of
the project. The firm requires certain amount of time delay to reduce
this gap. The gap and the delay directly influence firm's changing
rate of progress.

From the bottom of the flow diagram, we can see that the total
engineering costs are the accumulation of the current expenditure rate,
which depend on the number of engineers in the project and their gyerage
monthly cost including the over head expenses. Total engineering effort
is an accumulation of current rate of effort exerted by the engineers
who are actually at work. The current effort rate of engineers and
estimate of total effort needed for the job produces the firm's be-
lieved progress. The accumulation of current progress rate and change
in believed progress rate gives the firm's believed percentage of project
completion., Compliment of firm's believed percent of project completion
gives the believed percent of project incompletion. From normal pro-
ject duration and believed percent of project incompletion, firm esti-

mates the time to complete the project.
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EQUATIONS FOR FIRM'S CONTROL OF R AND D PROGRESS
From Figure 7.1, the actual percent of project completion (PPC)
is a ratio of know-how level of the firm (KLEVF) and the intrinsic size

of the job (NLKP)

_ KLEVF.K
PPC.K = = e 4
PPC - Percentage of Project Completed (percentage)
KLEVF - Know-how LEVel of the Firm (effective man-months of effort)
NLKP - Needed Level of Know-how for development of the Product

(effective man-months of effort.)

The current expenditure rate (TCEF) is dependent on number of engineers
(ENGRF) and their monthly engineering salary and over head rate (MESOH)
and is given in eduation (7-2). The level of total engineering costs
(TECF) is a continuous accumulation of current expenditure rate (TCEF)
and is given in equation (7-3).

Fraction of engineers at work (PWAW) multiplied by the number of
total engineers (ENGRF) in the firm gives the actual number of engineers
at work and is given in equation (7-4). Total engineering effort (TEEF)
is a continuous summation of effort expended to date by engineers actually
at work (ENAWF) and is given in equation (7-5). Total engineering costs
paid by the customer (TECC) is an accumulation of the rate of expenditure
of customer funds by the firm (RECFF) and is given in equation (7-6).
Progress rate believed by the firm (PRBF) is a ratio of current engineering
effort and estimated effort to complete the project (EERF) and is given

in equation (7-7). The current engineering effort is a product of engineers
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actually at work (ENAWF) and their individual effort rate (MMEEM).

TCEF.KL = (MESOH) (ENGRF.K) (7-2,R)
TECF.K = TECF.J + (DT)(TCEF.JK) (7-3,L)
TECF = (MESOH) (TEEF) (7-3,N)
ENAWF.K = (PWAW) (ENGRF.K) (7-4,4A)
TEEF.K = TEEF.J + (DT)(ENAWF.J) (7-5,L)
TEEF = KLEVF/UTEF (7-5,N)
TECC.K = TECC.J + (DT) (RECFF.JK) (7-6,L)
TECC = 0 (7-6,N)
PRBF.KL = SMH%EE%§?§§WF'K) (7-7,R)
TCEF - Total Current Expenditure rate by the Firm (dellars
per month)
MESOH - Monthly Engineering Salary and Over Head rate (dollars
Per man-month)
ENGRF - ENGineeRs at the Firm (men)
TECF - Total Engineering Costs at the Firm (dollars)
TEEF - Total Engineering Effort at the Firm (man-months)
ENAWF - ENgineers Actually at Work at the Firm (men)
PWAW - Percentage of Workers Actually at Work (percentage)
KLEVF - Know-how LEVel of the Firm (effective man-months of effort)
UTEF -~ Utilized Technical Effectiveness of the Firm (percentage
effectiveness)
TECC - Total Engineering Costs paid by the Customer (dollars)
RECFF ~ Rate of Expenditure of Customer Funds by the Firm (dollars

per month)
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PRBF - Progress Rate Believed by the Firm (percentage of project
per month)

MMEEM - Man-Months of Effort per working Engineer per Month (man-
months per man-month)

EERF - Estimated Effort Required by the Firm (man-months)

GBPCF is a gap between actual percent of project completion (PPC)
and believed percent of project completion (BPPCF) and is given in
equation (7-8). Delay in recognizing actual accomplishment (DRAAF) and
the gap (GBPCF) form the firm's rate of change of believed progress
(RCBPF) and is given in (7.9). The believed per cent of project
completion (BPPCF) is a summation of current progress rate believed by
firm (PRBF) and rate of change of believed progress (RCBPF) and is given
in equation (7-10). Believed percent of project in complete (BPPIF) is
a compliment cf believed percent of project complete (BPPCF) and is

given in equation (7-11).

GBPCF.K = PPC.K - BPPCF.K (7-8,A)
_ GBPCF.K

RCBPF.KL = DRAAF (7-9,R)

DRAAF = 3 months

BPPCF.L = BPPCF.J + (DT)(PRBF.JK + RCBPF.JK) (7-10,L)

BPPCF = PPC (7-10,N)

BPPIF.K = 1 - BPPCF.K (7-11,4)

GBPCF - Gap in Believed Percentage Completion at the Firm (percentage)
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Percentage of Project Completion at the Firm (percentage)
Believed Percentage of Project Completed by the Firm (per-
centage)

Rate of Change in Believed Progress at the Firm (percentage
of project per month)

Delay in Recognizing Actual Achievement at the Firm (months)
Progress Rate Believed by the Firm (percentage of project
per month)

Believed Percentage of Project Incomplete at the Firm (per-

centage)

The value of BPPIF is limited to 100% to 0 % in the simulation run

by replacing the equation (7-11) by the following equations.

TBPIF.K

BPPIF.K

1 - BPPCF.K (7-1la,A)

MAX (TBPIF.K,0) (7-11b,A)

Under normal conditions, the estimate of project completion time

(EPCTF) is a product of normal project duration (NPD) and Believed per-

cent incomplete (BPPIF).

EPCTF.K = (NPD)(BPPIF.K) (7-12,4)

EPCTF

NPD

BPPIF

- Estimated Project Completion Time at the Firm (months)
~ Normal Project Duration (months)

— Believed Percent of Project Incomplete by the Firm (per-

centage)

In the simulation run the minimum value of EPCTF is limited to the

solution time interval (DT) by incorporating the following equations

instead of (7-12).
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TPCTF.K = (BPPIF.K) (NPD) (7-12a,A)
EPCTF.K = MAX (TPCTF.K, DT) ' (7-12b,4)

FLOW DIAGRAM FOR CUSTOMER'S PROGRESS EVALUATION

Figure 7.2, shows the flow diagram for customer's progress evalu-
ation., The diagram is very much similar to the top half of the firm's
flow diagram for control of R and D progress. Hence without much explan-

ation, the equations for customer's progress evaluation are written below.

EQUATIONS FOR CUSTOMER'S PROGRESS EVALUATION

From Figure 7.2, we have

GBPCC.K = PPC.K - BPPCC.K (7-13,4)
_ GBPCC.K
RCBPC.KL = —=ois (7-14,R)

DRAAC = 3 months

_ (MMEEM) (ENAWF.K)
PRBC.KL = ~“rmr ety (7-15,R)
BPPCC.K = BPPCC.J + (DT)(RCBPC.JK + PRBC.JK) (7-16,L)
BPPCC = PPC (7-16,N)
BPPIC.K = 1 - BPPCC.K (7-17,A)

GBPCC ~ Gap in Believed Percentage Completion by the Customer

(percentage)
PPC - Percentage of Project Completed (percentage)
BPPCC ~ Believed Percentage of Project Completed, at the Customer

(percentage)
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DRAAC — Delay in Recognizing Actual Achievement at the Customer
(months)
PRBC - Progress Rate Beleived by the Customer (percentage of project

per month)

RCBPC - Rate of Change in Believed Progress by the Customer (per-
centage of project per month)

MMEEM - Man-months of Effort per working Engineer per Month (man-

months per man-month)

ENAWF - ENgineers Actually at work at the Firm (men)

EERC - Estimated Effort Required by the Customer (man~months)

BPPIC - Believed Percent of Project Incomplete, at the Customer
(percentage)

In the simulation run, the BPPIC is limited to 100%Z to 0 % by re-

placing equation (7-17) by the following equations.

TBPIC.K = 1 - BPPCC.K (7-17a,4)

BPPIC.K = MAX (TBPIC.K,0) (7-17b,4A)

This completes the specification of equations for control of pro-
gress by the firm, and customer evalﬁation of R and D progress.
FLOW DIAGRAM FOR FIRM'S PROFITS

Figure 7.3 provides extra information on firm's profit rate which
was not used in simulation computations. The profit rate (PRF) to the
firm is the percentage of profit allowed on the project billings (PPP)
times the rate of expenditure of customer funds (RECFF) and is given in

equation (7-18). Gross profit to date (PROF) is a cumulative sum of

profit rate (PRF) and is given in equation (7-19). Net profit before
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taxes (NPROF) will be the difference of gross profit (PROF) and total

actual investments by the firm (TAIF) and is given in equation (7-20).

Net profit after tax (NATPF) will be computed after taking the corporate

tax factor (CTR) into consideration and it is given in equation (7-21).

PRF.KL = (PPP)(RECFF.JK) (7-18,R)
PROF.K = PROF.J + (DT) (PRF.JK) (7-19,L)
PROF = 0 (7-19,N)
NPROF.K = PROF.K - TAIF.K (7-20,4)
NATPF.K = (CTR) (NPROF.K) (7-21,A)
CIR = 0.5
PPP = 0.07

PRF - Profit Rate to the Firm (dollars per month)

PPP - Percentage of Profit on Project (percentage)

RECFF - Rate of Expenditure of Customer Funds by the Firm (dollars

per month)

PROF - gross total PROFit (dollars)

NPROF - Net PROFit before taxes (dollars)

TAIF - Total Actual Investment by the Firm (dollars)

NATPF - Net After Tax ProFit (dollars)

CTR - Corporate Tax-Rate factor (percentage)

This completes the specification of equations for profit to the firm.

MODIFICATIONS IN THE FLOW DIAGRAMS

In Figures 7.1 and 7.2 the author assumed that the gap between

actual percentage of project completion and believed percent of project

completion influence the estimates of believed percent of project com-

pletion.

It is shown on the right hand top corner of the diagrams.
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Also a constant delay is assumed (for both customer and firm) to recognize
this gap. Roberts assumed that the delay in recognizing the gap between
the actual percent of project completion and believed percent of project
completion depend on the significance of this gap. The significance of

the gap depends on the fraction of the gap recognized and the gap itself.
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CHAPTER 8
RESULTS - DISCUSSION

RESULTS

The results of the simulation model described in chapters 3 through
7 are shown in Table 8.1 and Figures 8.1 and 8.2. The model was simulated
for a period of 150 months. Table 8.1 presents the simulated wvalues of
the various project outcomes for every 20 month intervals of the project
life of the modified R and D model with uniform absenteeism. The vari-
ables tabulated in Table 8.1 from column 1 are
1) simulated time (months)
2) Estimated future value of the product by the firm (dollars)
3) Estimated total cost of the project by the firm (dollars)
4) Number of engineers in the project (men)
5) Number of engineers actually at work (men)
6) Percentage of project completed (percentage)
7) Suitability of the project to the customer believed by the firm

(percentage)

8) Total engineering cots to the firm (dollars) and
9) Total engineering costs paid by the customer (dollars)

Figures 8.1 and 8.2 show the plotted values of the above variables
(2 to 6 and 8) against the project life of the modified model with uni-
form and random absenteeism respectively. For a comparison of the re-
sults obtained in the present modified model, the results of Roberts (3)
are shown in Table 8.2 and Figure 8.3. Curve 3 in these figures 8.1,
8.2, and 8.3 represent the intrinsic product value in dollars. Curve 3

is an input curve to the model.
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Table 8.3 shows the percent deviation of the simulated values of
the modified model from the results of Roberts. Negative values in
the table indicate an increase while the positive values indicate a
decrease in the estimated values of the modified model from the values
of Roberts' results. The author could not reproduce the results of
Roberts' model for a random absenteeism case. Hence a comparison of
the results of modified model with that of the results of Roberts'

model for a random absenteeism case was not done.

DISCUSSION

In Robert's model, the estimated future product value varied uni-
formly starting from zero value at the start of the project life and
attained its peak value $192.16 millions at 75th month. This value
started decreasing uniformly from 75th month and reached zero wvalue at
about 126th month. The values of the future product value at different
project life time are shown in column 2 of Table 8.2 and curve 2 of
Figure 8.3. 1In the present modified model the future product value has
a zero at the start of the project life and increased uniformly and
attained its maximum value of $219 millions at 58th month. From 58th month
onwards this value decreased rapidly for a while and then decreased slowly
and reached zero value at 121st month. The values of future product
value at different projeét life time are shown in column 2 of Table 8.1.,
and curve 2 of Figure 8.1.

There is about - 81.47%7 to 33.4% variation in the values of the

modified model from that of the Roberts' results. The variations in the
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future product value is due to the following reasons. It is explained

in Chapter 3 that the estimated future product value depends on 1)
current product value, 2) the rate of change in product value and 3)
projection horizon of the firm (or customer). Roberts has used an ex-
ponentially smoothed wvalue for the rate of change in product value. The
author has used the rate of change in product value between solution time
intervals.

In Roberts' model, the estimated total cost of the project has a
value of 62,14 million dollars at the start of the project and remained
constant till 24th month and then the value decreased slowly and reached
$50,9 millions at 40th month which again increased and then decreased
slowly and reached a minimum value of $29.06 millions at 100th month.
From 100th month the value stared increasing and reached a value of $35.42
millions which practically remained constant till the end of the simu-
lation time. 1In the present model the cost curve (1) followed the same
trend. The value of the initial cost estimate is $46.6 millions which
remained constant till 28th month and then with a small rise in cost
which remained till 40th month. From 40th month the cost decreased
slowly and uniformly and attained a minimum value of $23.00 millions at
82nd month. The cost value increased from 82nd month and reached a
value of $33.57 millions at 109th month and then decreased to $32.29
millions at 119th month and remained practically constant till the end
of the project life.

There is about - 1.82 7 to 34.7 % variation in the cost estimates

in the modified model from that of Roberts' results. The main reasons
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for the variations in cost estimates are 1) modifications made in job
size estimation, and 2) modifications made in technical effectiveness.
These modifications were explained at the end of Chapter 4. The cost

curves are shown in Figures 8.1 and 8.3 by the curve 1.

Curve 4 represents the total number of engineers in the firm. Curve
4 in Figures 8.1 and 8.3 have similar trends. In both models (Roberts
and modified) the number of engineers in the firm in the beginning is
assumed to be one. In Roberts' model this curve (4) attained its maxi-
mum value of 759 men at 130th month and decreased sharply and reached a
value of about 1 at 144th month. In the modified model curve 4 attained
a maximum value of 501 men at 117th month and then decreased sharply
and reached a value of one at 124th month. The number of engineers at
any point is more (after 22nd month and till 117th month) in the modified
model than in the Roberts' model, indicating an earlier hiring in the pro-
ject. This is shown by the variations of - 430 %Z to 95 %7 (see column 3
of Table 8.3).

The reasons for these variations are due to the modifications made
in Figure 6.2. The number of engineers desired in the firm is assumed to
depend on two factors only. They are 1) supportable number of engineers,
and 2) stable work force level of engineers. The supportable number of
engineers depend on the expected available expenditure rate to the firm.
The author assumed that the expected expenditure rate available to the
firﬁ depends on 1) expenditure rate available to the firm, and 2) basic
rate of allocations (Fig. 6.2). Roberts assumed that the expected expen-

diture rate available to the firm depends on 1) expenditure rate available
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to the firm, 2) rate of change of expenditure rate available to the firm,
and 3) the extrapolated period over which these changes are expected.
Curve 5 represents the number of engineers actually at work.
Number of engineers actually at work is a fraction of the total number
of engineers at the firm. 8o the curve follows the same trend as the
curve for the total number of engineers, curve 4.
Curve 6 shows the actual percent of project completed. There is
a variation of - 334 % to 35.6 % in the values of the modified model
from that of Roberts' results. The reason for these variations are due
to the modifications made in flow diagrams shown in Figures 6.2 and 6.5.
These modifications were explained in Chapter 6. Modifications in
Figure 6.2 are explained above, Modifications in engineering productivity
(Figure 6.5) contributed to a great extent to the variations in the actual
percent of project completion.
Curve 7 shows the firm's total engineering costs in dollars. This
estimate directly depends on the total number of engineers in the firm.
The estimated values varied from - 179 % to 11.5% (see column 8 of Table

8.3). These variations are due to the modifications made in 1)

estimation of desired number of engineers in the firm (Chapter 6, Flow

diagram 6.2).

The last column in Table 8.1 shows total engineering costs paid by
the customer in the modified model. There is a variation of - 310 % to
12,1 % in these values from that of Roberts' values. This is due to
the modification made in the activity, customer evaluation and commitment

of funds (Chapter 5, Flow diagram 5.2). These modifications are explained
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at the end of the chapter 5.

Figure 8.2 shows the effect of random absenteeism on the project
outcomes. The randomness is shown in the actual number of engineers
at work in the project (curve 5) and also in the total cost curve,
curve 1, The estimated total cost to complete the project is a sum of
total engineering costs plus the estimate of cost to complete the pro-
ject. The cost to complete the project is directly affected by the
number of engineers actually at work and hence the later affects the
total cost of the project. Therefore random behavior is observed in

total cost curve. Remaining curves were not affected.
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MCCIFIED R AND D MODEL

R F SRR RRRFE R TR R AR PR R R SRR L R AN SRR R AR KRR RSB RS AR RO RR AT R R E IR
IN THIS MODEL IT IS ASSUMED THAT THERE IS AN UNIFORM ABSENTEEISM

CF 11.5 PERCENT OF THE ENGINEERS
T T e R L R e e e S e R L T PR L L L L L I L L P R L R e s e Ll

PERCEPTION GF PRODUCT VALUE BY FIRM

IPV.K=TABLE(PVTAB,TINE.K,0,180,8) INTRISIC PRODUCT VALUE
PVTAB#=0/0/ . 5E6/5E6/ i2.5E6/22.5E0/4CE6/62.5E6/B0E6/IVE6/95EL/IT.5E
6/99E6/100ES/100E6/100E6/95E6/80cE/60EL/40E6S/25E6/15E6/10EL/5EG/LE
6/.2E6/0/C/0/0/G

CRPVFK=TABHL{TDVR jKLEVF.K+Q4360,5) DzLAY IN RECOG PRODUCT VALUE
TCVR*=66/45.5/32723.2/1T.3713.5710.49/9.2/8.2/Ta4/T0/b.67/54
RFVF.KL={1/DRPVF.K) [IPV.K-LRPVF.K} RECOGNITION OF PROCUCT VALUE
LRPVF.K=LRPVF, J+{DT)(RPVF+JK+0.3)

LRPVF=0

TEFPVFe K=LRPVF.K+{PHF) (RPYF.JK)

PFF=48 .

WARF=1

EFPVF.K=CFPVF.J+(DT) (L/DAEVF) (PFPVF.J-cFPVF.J)

EFPVF=0

CLEVF=6 CELAY IN ACJUSTING ESTIMATZ OF VALUE

CUSTOMER PCRCEPTION OF PRCDOUCT NEED AMD VALIE

CRPVC.K=TABHL (TDVR,KLEVC.K,0,60,5}) DELAY IN RECOG PRODUCT VALUE
RFVC.KL=(1/DRPVC.K) [IPV.K=-LRPVC.K} RECCGNITION OF PROOUCT VALUE
LRPVC.K=LRPVC.J+(DT) (RPVC.JK+0)

LRFVC=0

TEFPVC.K=LRPVC.K+(PHC) (RPYC.JUK)

PFC=36¢ :

PFPVC.K=MAXITPFPVC .K,Q)
EFPVC.K=EFPVC.J+(pT)(1/DAEVC){PFPVC.J-EFPVC.J) EST UF FUTLRE PV
EFPVC=0

DAEVC=8 DELAY IN CUSTOMERS ADJUSTMENT OF VALUE ESTIMATE

FIRMS ESTIMATE OF JOB SIZE

BNKPF.K=BNKPF.J+{(DT )} IRCEJF.JK)

BANKPF=(NLKP)(1+PDPEF)/QF

NLKP=5500

PCPEF==0.25

QF=1.0

CEAF.K=(ESPCF.K—-BPPCF.K)/BPPLF.K
RGEJF.KL=I(BNKPF .K} (GEAF K} { FCGRF.K)
ESPCFaK={TEEF.KMHETEcF.K)/BNKPF.K
FCCRF.K=TABHL{IPPGR+PPC+K+Osls.1) TIME-SIGNIFICANCE OF GAP
IFPGR#=0/0/0/.05/.127.20/435/.60/.80/.99/1.0

FIRM*S ESTIMATE OF TECHNICAL EFFECTIVENCESS

TEK=TABLEITETABTIME.K,0,180,61})

TETAR¥= 025/ 085/ 0i5/ai5/eb/ecTleiBla30/432/.35/.38/,42/.46/.517.57
Jo637.T07T17.8B27.867489/e31/a93/,94/295/.96/.97/.98/.99/.995/1.0
ATEF.K=ATEF.J+(DT) (RCTAF.JK]}
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N ATEF=TE

R RCTAF.KL=(TE.K-ATEF.K)/DTITF

L ETEFK=ETEFJ+{UT)(RCEEF.JK)

N ETEF={wARF) {ENPRF)/ENAWF

R RCEEF.KL=(RTEF.K-ETZF.K)/DRTEF

A RTEF<K=(PRAF.JK)II{BNKPF.K}/ENAWF oK

A EFTEF.K=ETEF.K+(XPTPF.K )} (RCTAF.JK)

A XFTPF.K=(BPPIF.K) (NPC/2)

c DTITF=24

c NFC=24

c DRTEF=2

NOTE

NOTE FIRMS ESTIMATE OF EFFORT AND CGST

NOTE

A EERF.K=(1/EFTEF.K) (ITEEF.K)(EFTEF.K)+(BNKPF.K)(BPPIF.K))
A ECCPF.K=(SMEC){SERF.K-TEEF.K) cXPECTED ADDITIONAL COST
N SFEC=MESOH/ (1-AVABS) SCALED MunTHLY cNG COSTS

c MVESCH=2500 MONTHLY ENGG SALARY

c AVABS=(.1l15 AVERAGE ABSETEEISH

A ETCPFeK=TECF .K+ECCPF.K ESTIMAT=ZD TOTAL COST OF PROJECT
NOTE

NOTE CLSTOMER'S EXTIMATE CF J0OB SIZE

NOTE

L BEANKPCK=BNKPC.J+(DT)(RGEJC.JK+Q) ESTIMATED 40B SIZE

N BAKPC=(NLKP) (1+PDPEC)/QC

c PCPEC=-0.175

c CC=0.60C

A GEAC.K=IESPCC.K-BPPCC.K)/BPPCC.K

R RCEJC.KL=(BNKPC.K) [GEAC.K) (FCGRC.K)

A ESPCC.K=(TEEF.K)(ETEC.K)/BNKPC.K

A FCCRC.K=TABHL(IPPGRyPPC.Kylr1lsal)

NOTE

NOTE CULSTOMER*'S ESTIMATE OUF TECHNOLOGICAL EFFECTIVENESS

NOTE

L " ATEC.K=ATEC.J+(DT) (RCTAC.JK+(Q) AVAILABLE T.E.

N . ATEC=TE ’

R RCTAC.KL=(1/DTITC)(TE.K-ATEC.K)

L ETEC.K=ETEC.J+(DT)(RCEEC.JK)

N ETEC=(WARC) (ATEC) {CNFC)

C CAFC=0.6 CONFIDENCE IN FIRM BY CUSTOMER

C WARC=0.6

R RCEEC.KL=(1/0RTEC) (RTEC.K-ETEC.K) RATE OF CHANGE OF EST EFFECT
A RTEC.K=(PRBC.JK) (BNKPC.K)/ENAWF . & REALIZED TE BY CUSTOMER
c CTITC=12

C CRTEC=8 DELAY IN RECOGNIZING T.E. AT FIRM

A EFTEC.K=ETEC.K#{XPTPC.K) (RCTAC.JK)

A XPTPC.K=(BPPIC.K)(NPD)/2 EXTRAPGLATION PERIOD FOR TECH PROGRESS
NOTE

NOTE ESTIMATION OF EFFORT AND COST 8Y ThHE CUSTOMER

NOTE

A EERC.K={1/EFTECK)((TEEF.K) (EFTEC.K)+(BNKPC.K)(BPPIC.K))
A ECCPC.K=(SMEC)(EERC.K-TEEF.K) ESTIMATED COMPLcTION COSTS
A EICPC.K=TECC.K+ECCPC.K ESTIMATEL TOTAL COST

NOTE

NOTE FIRMS BID FOR SUPPORT

NOTE

R RCCPF.KL=RQIF.K+RQDF.K

A RCRIF.k=BARFF.K /DT
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RCIF«K=CLIP({RQRIFeKyCyBARFF<K,BPFRF.K)
BﬂRFF.K=TECF.K*HCCF.K-RFPF.K
BCCF.K=MAX({CECCF.KyEACFF.K])
EACFF.K=IPP.K) (CECCF.KI}
CECCF.K=lECCPF.K)(ICF)

IFP.K=MAX (SPINC.K, SPCUF.K)
RCRDF.K=ELRFF.XK /0T
RCCF.K=CLIP(RGROF.K 4L +EURFF.KBPFRF.K)
BFFRF.K=(BP)(RFPF.K)

BF=2.05

ELRFF.K=RFPF K-ETCPF.K
RFPF.K=RFPF.J+(UOT)(RQCPF.JK)

RFFF=0

1CF=0.9

CLSTOMER EVALUATION AND FUNDING OF THE PROJECT

ETCAC.K=ETCPC.K+(CNFC)Y(DECFC.K)
DECFLC.K=DECFC.J+(DT/CRRFC) (DECRC.JK=LECFC.J)
CECFC=v

CRRFC=3

DECRC.KL=RFPF.K-ETCPL.K
EVAUCJK=EFPVCK+{CNFC){FEVPC.K-EFPVC.K)
FEVPC.K=EFPYF.K+(Ll-ICF)(EFPVF.K)
VCRC.K=EVAUC.K/ ECCPC.K
TPINC.K=VCRC.K/ROICC

RCICC=27.0

TFWCCK={ETCAC.K)(SPLIC.K)
SFINC.K=CLIP(LyCONSTO.KsTPINC.K,1)
CONSTEK=CLIP(O,TPINC.K,0+sTPINC.K)
MACCK=MIN(TFWCC.KsRKFC.K)
RRFC.K=RRFC.J+(DT/CRRFC)(RFPF.J-RRFC.J}
RRFC=q

AAC.K=AAC.J+(DTI(RFAC.JK}

ARC=0

FAC.K=FAC.J+ (DT} {FINC.JK-RFAC.JK)

FAC=0

FINC.KL=PULSE(FINVYCyINTML+FRT)
FINVC=1ELOQ

INTMC=C

FRT=5C0

ECLATIONS FOR CUSTOMER PROJECT CONTRUL ACTIVITIES

AFAC.K=FAC.K/DT
RFAC.KL=MIN(TRFAC.K, AFAC.X)
TRFAC.K=MAK(RFADC.K'*LCRAF-K)
RFACC.K=(MADC.K-AAC.K)/DULYL2
CLyC2=18
LCRAF.K={UCAF.K-APC.K)/DT
UCAF.K=UCAF K+ (DT) (RFAC. JK-RECFF.JK)
UCAF=Q

ALFC.K=APC.K/0OPC

DFEC=2

ALCAFJK=UCAF.K/LT
RECFFoKL=MIN{AAPC.K 4 AUCAF.K)

AFC K=APC.J+(DT)(BRC.JK-RECFFaJK)
AFC=0

147



148

MODIFIEC R AND D MODEL 4/24/712

BRC.KL=MIN(MREPC.KyTCEF.JK}

ALSP.K=UCAF.K/SPDC.K
MREPL.K=CLIP{AUSP.K+CAUSP.K,MESUH])
SFLC.K=MPCTC.K+ASPLC .K

MFCTC.K=MAX(MPCT1.K,CT) MIN. PROC COMPLETION TIME
MFCT1.K=(BPPIC.K)(.5){NPD}
ASPCC.K={NPC-MPLTC.K)(i-5PINC.K)

P P> D>R

ECUATIONS FOR FIRM'S INVESTMENT UECISICN

>2=22
[af=Nw]
= ==
mmm

VCRFK=EFPVF.K/ ETCPF.K
TPCBF.K=VCRF.K/ROICF

RCICF=2.0
COAST3.K=CLIP(O,TPCBF.K,0,TPCBF .K)}
EFRF=°I07
EXPRFK=(EPRF)(SPCBFKI(ETCPF.K)
MICF.K=({WARF)[EXPRF.K)

MCRAF o K={MIDF.K-TAIF K}/ (EPCTFaK)
TRAFK=MAX {MDRAF.K ,BRAF)
BRAF=(MESOH)(LEI)

LEL=1

TFAF.K=FAF.K/DT
RFAFKL=MIN(TRAF.Ky TFAF.K)
FINF.KL=PULSE(FINVF, INTMF,FRT)
FINVF=]0E6

INTMF=(

FAFoK=FAF J+(CT)IFINF.JK+RECFFJK=TUEF.JK)
FAF=BRE&F

UIAF.K=UIAF. J+(0T) (RFAF« JK+RECFF o JK-TCEFJK-CAF.JK}
ULIAF=BRBF

BREF=(BPER) {MESUOHI{LEI)

BFER=6
CAF.KL=PULSE(CXAF.K,BPER,BPER)
XUAF.K=(UIAF.K-BREF /DT

TAIF K=TAIF.J+(OT) (TCEF« JK-RECFF.JK)
TAIF=TECF

ZrpeppPp RO ZZrZrOo0d 20 Zp>bbO B0 bb >

NOTE ACQUISITICN OF ENGG MANPOWER

ENCRFK=ENGRFoJ+{(DT}ENGJF « JK-ENGLF . JK) ENGRS IN THE FIRM
ENGRF=LEI

ENGDFaK=MIN{SENGF.Ke¢SWENFK)} ENGINEERS DESIRED
SENGF.K=EERAF.K/MESUH

ERAF .K=MAX (MREPC.K RFAF4JK)

EERAF.K=MAX (ERAF.K, BRAF)

SHENF K=ECCPF. K/ {MPESOH)IIEPCTF.K]) ENGRS NEEDED BY THE FIRM
EENGF ¢ K=EZNGF+J+{DT) IENGHF s JK=ENGTF . JK) ENGRS EXPECTED
EENGF=LE!I '

EMGPFaK=ENGDF.K-EENGF.K ENGINEER ING MANPOWER GAP
MEITF.K=(TPSDF) {ENFEF.K+ENATF.K)} MAXIMUM TRAINEES TO Bc HANDLED
TPSCF=(TEIMTPSF} TPS DESIRED pBY FIRM

TEI=1,0C

TPEF=2.5 TRATNEES PER STAFF cNGINEER AT THE FIRM

EEITF. K=ECITFaJ#{DT){ENGHF « JK=ENLTFa JK=EITTF.J)

EEITF=C

ZZrOOZPPpZr>oepbbZr

OTE
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NOTE PMAXIMUM HIRING RATE

NOTE

MENHF s K=MAX (MNEHTF. K ,40) KEEP MAA4 HIRING +

MEFTFK={ /DTHMEITF.K-EEITF.K]) MAX,HIRIMNG TRIED

CEMHF s K=MAX{ENGCF.K,2) DESIREC ENGRG IiIRING RATE

EMGCF .K=ENGPF.K/OCEF TRIAL CHANGE, FGR FIRING RATE

CCEF=3.0 DELAY IN CHANGING ENGINEERS AT FIRM

ENCGHF.KL=MIN (CENHF K sMENHF «K) ENGINEERING HIRING RATE
ENBRF.K=ENBRF+ J+({DT} |ENGHF « JK=ENGJF,. JK) ENGRS BEING RECRUITEL

ENBRF=(

ENCIF.KL=CELAY3{ENGHF.JK,DRCE) ENGRS «JOINING

DRCE=4

ENITF.K=ENITF.J*+{DT) (ENGJFa JK-ENLTF.JK-EITTF.J+0) ENGRS IN TRG
ENITF=G

ENRTF.K=ENITF.K+(DT) {-EITTF.K) ENGRS REMAINING IN TRAINING
ENLTF.KL=SNRTF.K/DETF LEAVING TRAIMING AFTER COMPLETION
CETF=i8 DELAY IN ENGINEERING TRAINING

ENFEF K=ENFEFJ#+{DT }(ENLTF.JK-ENFTF.J=ENREF.JK+0) ENGRS FULLY EXP
ENFEF=LE]

ENATE K=ENATF  J+ (DT {ENREFLIK-ENTTF.Jd) TRAINEES

ENATF=0

EMDTF.K=EEITF.K/TPSDF DESIREC NUMBER OF TRAINEES
ECRTF.K=(1/DRET} (ENDTF.K-ENATF.K} CESIREDC REASSIGNMENTS
CRET=1.0 DELAY IN REASSIGNING ENGRS TO-+-FROM
EMRPF.K=MIN(EDRTFeKyENARF.K) ENGRG REASSIGNMEWTS POSSIBLE
ENARF.K=ENFEF.K/DT AVAILABLE FCR REASSIGNMENT
ENREF.KL=CLIPIO+ENRPF.KsC,ENGPF.K)} REASSIGHMENT RATE FRUM ENGRG
ENTCFK=CLIP{ENGTD K 0+C+ENGPF.K) TRANSFERR ING DECISION
ERGTD K=MIN(-ENTRF«K,TEATF.K} DESIREC TRAMFCERS
ENTRF.K=ENGPF.K /DT ENGINEERING GLAP TRANSFER RATE
TEATF.K=ENARF.K4ETATF.K+EITAF.K TUTAL AVAILABLE TRANSFER RATE
ETATF.K=ENATF.K/DT TRAINERS AVAILABLE FCR TRANSFER
EITAF.K=ENITF.K/DT TRAINEZS AVAILABE FCR TRANSFERS
ENCTFoKL=ENTTF.K+EITTF.K+ENFTF.K TRANSFERING RATE
ENTTF.K=MINIENTOF.K+ETATF.K) TRANSFERED AS TRAINERS
ENTANSK=ENTDF.K~ENTTF.K ADDITIONAL TRANSFERS NEEDEU
EITTF.K=MIN(ENTAN.KJEITAF.K) TRANSFERRED TRAINEES
ENTFN.K=ENTANK-EITTF.K

ENFTF.K=MIN(ENARF.KENTFN.K)
ENBTF.K=ENBTFJ+(DT){ENGTFaJK-ENGLF. JK) ENGRS BEING TRANSFERED

O Zree>rpepPrIPPBEr P IPPEFPOPRPPZrRZrOXd e ZrOoxZro20re s>

EMNBTF=0
ENGLF.KL=ENBTF,.K/DTRE
CTRE=1
NOTE
NOTE ENGG PRODUCTIVITY
NOTE
A UTEF.K=(QF){ATEF.K) UTILIZED EFFECTIVENESS
A MEFIK K=TABHL(TMEPK sKLEVF.K,C, 1541}
C TMEPK*=1/116/712T/1.3671.42/1.46T7/71450/1.53/1.55/1.56/1.57
A REPRF.K=(PRIT)(ENITFK}+(PRAT){CENnATF.K)+(PREBT) (ENBTF«K)+{1.0)(ENF
X1 EF.XK)
c PRIT=0.%
C PRAT=0.7
C PREBT=C.2
N PhnAw=1~-AVABS PERCENT WORKERS ACTUALLY AT WNRK
A RFEWF.K=(PhAW) (REPRF .K) RELATIVc PRCL OF ENGRS AT WORK
R ENPRF KL=IUTEFK){MEPIKK)(RPEKFaK)
L WLEVFK=KLEVF.J+ (DT} (ENPRF.JK+0U) LEVEL OF KNOW-HOW OF THE FIRM
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N KLEVF=0.0001

A KLEVC«K={PKFTC) (KLEVF.K) KNOWLECGE LEVEL OF CUSTOUMER
c PKFTL=0.80 PERCENT CF KLEVF TRANSMITTEL TO CUSTOMER
NOTE

NOTE CCATRCL OF R AND D PROGRESS

NOTE

PPC.K=KLEVF.K/NLKP PERCENT OF PRUJECT COMPLETED
TCEF.KL={MESOH){ENGRF .K} TOTAL CURRENT EXPENDITURE RATE BY FIRM
TECFK=TECF.J¢t(DT){TCEF-JK+u) TUTAL ENGRG CNSTS AT FIRM
TECF={TEEF ) (MESCH) ENGINEERS ACTUALLY AT wORK
ENAWF.K={PWAW)[ENGRF .K) ENGINEERS ACTUALLY AT WQORK
TEEFK=TEEF.J+(CT)(cNAWF.J+0) TUTAL ENGINEERING EFFORT
TEEF=KLEVF/UTEF

TECCK=TECCJ*{LTI(RECFF.JK+0.0) YOTAL FINANCED BY CUuST
TECC=C

BFFCF.K=BPPCF-J+(DT) (RCEPF.JK+PRBF .JK)

BFPCF=PPC

PREF.KL=(ENAWF.K)({MMEEM) /EERF.K PROGRESS RATE BELIEVED BY FIRWM
MMEEM=1 MAN-MUNTH CF EFFORY PER WORKING-ENGINEER PER MONTH
RCHPF.KL=GBPLF.K/DRAAF

CRAAF=13

CEFCF.K=PPC.K~BPPCF.K GAP IN BELIEVED PERCENT COMPLETIUN
BFFIF.K=MAX(TEBPIF.K,0Q) '

TBPIF.K=1-BPPLF.K TRAILBELIEVED PERCENT OF PROJ INCOMPLETE
EFCTE.K=MAXITPCTF.K,LT) EST PROJECT COMPLETION TIME

TFCTF.K=(BPPIF.K) [NPC) TRIAL PCT
BFPCCK=BPPCC.J+(DT) {RCBPC.JK+PREC.JK)
BFPCC=PPC

FREC.KL=(ENAWF.K}{MMEEMI/EERC.K PRUCRESS RATE BELIEVED BY CUST
CRAAC=8

CEFCC.K=PPL.K~BPPCC.K GAP IN BELIEVED PERCEMT COMPLETICN
BFFIC.K=MAX [TBPIC.K,U)

TEBPIC.K=1-BPPCC.K TRIAL+BELIEVEL P+C<0OF PROJ IMNCODMPLETE

PO O ZrPEPPEPEREORONRZrRZrCZr>pZEZrop

NOTE

NOTE SUPPLIVMENTARY INFORMATION ON PRUFITS TO THE FIRM
NOTE

R PRF KL={PPP)(RECFF . 4K} PROFIT RATE TO THE FIRM
c PFF=0.G7 PERCENTAGE PROFIT ON THE PROJECT

L PRCF.K=PROF.J+{CT} (PRF.JK+0) GRCSS TOTAL PROFIT
N PRCF=(

A AFROF.K=PROF.K~TAIF.K NET PRUFIY BEFORE TAXES
A NATPF.K=(CTR) INPRUOF.K) NET PROFIT AFTER TaX

c CTR=0.50 CORPOURATE TAX RATE FACTOR

NOTE

NOTE #ddabksnkdd ki ddbn s d bkt aadpg ¥ XS AR I e d RS d RS A r b a R R d Rk r ko kd ks

PRINT 1)EFPVF(6.2)/2)EFPVCI6.2)/3)ETCPFI6.2)/4)ETCPCI642) /SYENGRF (UL )/E
Xl EMAWF{G.2)}/TIPPCID4)/B)SPCBFIG.4)/9)TECF(£.3)/10)TECC(E. 3)/1L1)NAT
X2 PF/12)ENBRF

PLOT IPV=V,EFPVF=E{Q+30CEE)/ETCPF=CtLs.c0EE)/ENGRF=G,ENAWF=W(0,6CU)/PPC
X1 =Fl0s2)/TECF=T(CyBQGES)

PLOT SPINC=C,S5PCBF=F,IPP=1(0,1)/VCRC=V,VLRF=R

SPEC DT=0.5C/LENGTH=150/PLTPER=2/PRTPEZR=]

RUN 1
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MGDIFIZC R AMD C MADEL 4/Z4/72
* MCCIFIFD R AND T MDBEL
HOTE

T2 EERREEE 2Rt LR bt bt SR SRR REES AR SESERRER RS RS ERE S
NOTE  IN THIS MOD:L IT IS ASSULNMEC THAT THIRZ IS A RANDCMRM ABSENTECLISM
MOT: st it At R PR 2 LSS AR R R RS RS R R EERRRERRREEREERERESES
NOTE

NOTS  FPERCTPTICN OF PFODUCT VALUE BY FIRM

HOT =

TPVeK=TARLE(PVYTIEyTIMZaKsD43180,8) INTRISIC PRCCUCT VaLU=
PUTABX=0/0/ o S5C/S5 6 L2+5E6/ 224556740 E6/E2e506/L0E6/F0:6/95E6/97«5E
6/G976SIN0IBSILT ZES1ONSE/9526/8G 70 /60 /4056725567 1566/1026/585¢€/1C
&/ lZ6IAIOTINET

CRPVF«K=TAPHL{TT VK yRKLEVFaK 40,860 43) CELAY IN RECCG PRCDUCT VALUE
TCVR*=66/45a5/37/c2e2/ 17037235/ 100975e2/32/Teb/fT1e3/626/ba4
RFVYFeKL=(1/DRPVFeK)IIPV.K~-LRPVF«K) RECCCNITION CF PROCUCT VALLE
LPVFeK=LPPVFaJ+ (DT} (RPVFe JK+{a() ’

A

I

C

X

X

A

C

k

L

N LRFVF=0

A TPFOVFaK=LRPVFsV+(PHF) (RPVFe JK)

C PREF=48

A PFPVFaK=MAX(TPFPVFaK,4C)

C WARF=1

L EFPVFeK=ZFPVF o J+(DTI(L/CAEVFI(PFPVFeJ=-CEFPVFeJ)

N EFPVF=0

C CAEVF=& D=eLAY IH ADJUSTING ESTIMATZ CF VALUE

NCTE

NOT:Z CUSTOFFR PERCEPTICN CF PRLDUCT NEED AND VALIE

pOT=

A CRPVC eK=TABHL{(TTVR4KLEVCeK 0 46%5,45) [CELAY IN RZCCG PRCCUCT VALUE
F RFEVCeKL=(2/DRPVF sK)(IPVK=LRPVLC aK) RECCGNITION OF PRLDUCT VALUE
L LRPVC«K=LPPVCe JH(DT)[RPVCeJK+0)

b LRPY(C=N

A TPFPVC«K=LRPVC ¥ +{PHC)(RFVCeJK)

c PrRC=36

A PFPVCeK=NAX[{TPFTVLeKy)

L EFFVCeK="FPVCeJ+(CTI(1/CAEVCIYIPFPVCeJ-EFPVCedJ) €ST GF FUTURE PV
N FFFVC=0 -

c CarvC=8 DELAY IN CUSTCMERS ADJUSTMENT CF VALUE ESTIVMATE

NOTZ

NOTE FIRMS ESTIMATZ CF JGB SIZE

NUTE

L PNKPFeK=HMNKPFeJ+(DTI(RGEJFsJK)

N BEANKPF=(NLKP) [L+PDPEF)I/QF

C ALKP=55T4

C PLF:iF==0+25

C CF=1al:

A CEAFK=(ZSPCF+K—BPPLF«K)/PPPCFaK

R REEJFeKL=(PNKPFeK) (GEAF+K)[FCGRFaK)

A ESPCFeK={TEEFah Y{ZTEFeR) /BAKPFaK

A FCGRFeK=TABHL{IPPCR,PPCasKyUslsel) TIME-SIGNIFICANCE CF GAP

c IPPGR*=0/0/0/ el Fall/e20/235/60/sb80/a55/10

NOTE

NOTZ FIFM'S ESTIMATE CF TECHNICAL EFFECTIVENKESS

NOTE

& TZeK=TAPLE(TSTAF yTIKE«K(4180,46)

C TETAR*¥=a253/ 4257025725726/ 021/e28/030/a32/e35/e3B/e42/e46/e517457
. 04 Folb2f TN/ eTT ot /00l 0€G /091 /853 /054 a5/ /0G6/e9T7/e98/e99/eG95/1.0
L AT -FeKzATIFeJ+(TTI(ACTAFeJK)

N ATEF=T=
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R RCTAFeKL={TEa K= TCFeK)/CTITF

L ETiEFaK=ET FaJ+({FT)(FCEZFJK)

N ET-F={WARF) [SNFTF)/ :NARF

R PLECFeKL=(RTREFubv=FTEFuK)/CRTEF

A RTEFaK=({PREFeJr ) (BAVEPFabh )}/ ot{AnF oK

A ERT FeK=TEFaK+{XPTPF«K)(RCTAF+JK)

A XFTIPFeK=(RBPPIFK}INPL/2)

c CTITFr=24

C AFL=2¢

C CkT=F=2

NOT:

HOTE  FIRMS ESTIMATE FF  EFFORT AMD CCST

NOT Z

A ECRF oK=L /EFTCF K ) (TEEFeK}{ FFTEFeK )+ {BAKPFeK)IBPPIF«K))
A FCCPFeK=(SFTCY{TERFaK~TEZFaK} EXPEZCTEC ACDITIGNAL COST
N SHEC=MESOH/L1-AVABS) SCALED MONMTHLY ENG CCSTS

C FESNH=250N " MONTHLY ENGC SALARY

A ETCPFeK=TECF«K+TCCPFeK ESTIMATED TGTAL COST CF PROJECT
MOTE

NOTE  CUSTOMER'S SXTIVMATE OF JCB SIZE

NOTS= )

L BNKPC o K=B"KPCoa J+{DT) (RGEJCe JK+() ESTIVMATED JOB SIZE

N EMKPC= {NLKP)Y{1+FCPECY/CQC

C PLFFC==Ce175

C CC=U.60

A CEAC«K=(ZSPCCoK-BPPLCeK)/BPPCCK

] REEJCaKL={RNKPLeK)I{GEACSK)(FCGRCK)

A CSPCCaK=(TESFeKI{:ZTLCoK)/BAKPCK

A FOGRC« K=TAEHLU{IPPGER)PPCeKy0y1lss1)

NOT 2

HBTZ CLSTAMER®'S =STIMATE OF TECHNCLCGICAL EFFECTIVENESS

MOT =

L ATECaK=ATECeJ+(TTI{RCTACJK+C) AVAILABLE TeEe

N ATEC=TE

R RCTAC«KL={(1/CTITCHI{TE«K=ATECaK}

L ETSCaK=FETFL e J+{PTI{KCEECeJK)

b TTEC=AWARCY (AT (CHFC)

C CANFC=D46 CONFTOENCE IN FIRM BY CUSTCHMER

C hARC=N.6

R RCEECeKL={1/CRTITCHI(RTECK=ETEC<K) RATE GF CHANGE OF EST EFFECT
A RTEC«K={PRBC+ JK) [BNKPCaK)/ZKAWFsK REALIZED TE BY CULSTOMZR
c CTITC=12 )

C CRTZC=8 NELAY 1IN RECOGNIZING Tefe AT FIRM

A CFTECeK=CTECK+{XPTPCK)IIRLTACJK)

A XPTPC-K=[EPPIC+¥) (NPD) /2 EXTRAPCLATICN PERICD FCR TECH PROGRESS
NOTE

NOTZ ESTIMATION OQF ZFFORT ANLC CCST BY TES CUSTOMER

NOT =

A EERCK=[1/EFTEC«K)}((TEEF«K)}(EFTECeK)+(ENKPCeK)(BPPICaK})
A ECCPCaK={SMICHI(TRERCeK-TEEReK) ESTIMATED CCMPLETINDN COSTS
A ETCPCeK=TZCCeK+4FLCCPL«K ESTIMATELC TCTAL COST

HOT =

NOTZ FIFMS BIC FOR SUPPORT

RCTE

k FCCPFeKL=RQIFaK+RQDF K

A RLRIF+K=ARFF4Kk /DT

A FCIFeK=CLIP(RORIFeK+0)BARFFaKyBPFARFeK)

A BARFFeK=STECFeK+PCCFeK=RFFFeK
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BCCFaK=MAX(CECCTeK, EACFF oK)
EACFFeK=(IPPK)ICECCFaK)
CECCFek=(ECCPF«¥)(iICF)
IFP«K=MAX(SPINCeK,SPCBF«K)
FCRDFeK=ZURFF<K/0T
RCCFeK=CLIP(RQRTFeK 0y LRFFsK,BPFRF.K)
BPFRFeK=(BP){RFFFaK)

EP=(al5
ELRFFIK=RFPF.K-rTch.K
FFPF«K=RFPFeJ+I(FTI{RQCPFeJK)}
FFFF=0

ICF=0e9

CLSTOMER TSVALUATION AND FUANDING CF THE PRCJECT

ETCACsK=ETCPC«K+(CNFCII(LECFCK)
CECFCeK=DECFCs J*+(DT/CRRFCI(CECRCeJK-CECFCeJ)
CECFC=1

CRRFC=3

CZCRCeKL=PFPFsK~ETCPLCeK
EVAUCeX=ZFPVCaK+4(CNFCY{FEVPCaK=EFPVCaK)
FEVPCaK=zFPVFeK+(1l=-ICF)(EFPVFeK)
VCRC.K=EVAUC.K’FCCpCIK
TPIMNCeK=VCRCK/FOICC

RCICC=2.0

TFRCCeK={=STCACFI{SPINCK)
SPINCeK=CLIPI{1l,MfONSTO6aKyTPINCeK,1)}
CCNSTEK=CLIP(Z+TPINCeKyCyTPINCeK)
FAEC-K‘HIN‘TFNC(UK,RRFC.K)
RRFCeK=RRFC o« J+{PT/CRRFCY(RFPF+J-RRFCelJ)
RRFC=0

AACoK=AACLJ+{DT Y {RFACeJK)

AAC=D

FACeK=FACeJ+(DTI(FINCe JK-RFAL«JK)

FAC=2)

FINCeKL=PULSZIFINVC, INTF¢C,FRT)
FINVC=1ELD

INTMC=0

FRT=5CD

SQLATIONS FOR CUSTOMER FROJECT CONTRCL ACTIVITIES

AFAC«K=FACeK/DT
RFACKL=MI"M(TRFACeKsAFAC.K)
TRFACe K=NMAX (RFATCeK=-LCRAFeK)
RFADCeK={MADCK—AACK}/LLYC2
LLYC2=18
LCRAF«K={LUCAF+K—APCK)}/CT
LCAFaK=UCAFeK+{(TT) (RFACe JK-RECFFasJK)}
UCAF=0

AAFC+K=APCK/LOPC

CPC=2

ALCAF«K=UCAFK/I'T

" RECFFeKL=MIN(AAPC«K,AUCAF«K)

APCeK=APCaJ+(DTY(BRCeJK-RECFFosJK)
APC=D

BRC«KL=MIMNI(MREPC Ky TCSFeJK)
ALSPeK=UCAF«K/STCCeK
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MREPCK=CLIP(AUSP KD, ALSP+KyMZS0H)
SFECeK=MPCTCeK+/SPCCeK

HPCTCah=MAXI(MPCT]1eK,OT) MINe PROU CCMPLETION TIME
MPLTYlaK={BPPICFI{a5)1(NPL)

ASPDCe K={NPD=-MPrTLsKI{L-SPINCs+K)

ECLATIONS FUR FYRM'S IMVESTMINT DECISICN

VCRF«K=CFPVF«K/ETCPFakK
TPCRFoK=VCRFeK/FOICF

RCICF=Z2+9 ‘

SPCBF« K=CLIP(1,fONSTS«K,:TPCBF«K,1)
CONST2eK=CLIP{ s TPCBFekyCyTPCBFeK)
EPRF=0.,07

EXPRFe X =(ZPIAFI(SPCRF«K)IIETCPFaK)
FICFeK={WARF) (EXPRFeK)}
MLRAF4K=({MIDF«K=TAIF«K)/(EPCTFeK)
TRAF«K=MAX(MDRAFK,BRAF)
BRAF={MZSOH)(LET)

LEI=1

TFAFK=FAF.K /DT
RFAF«XKL=MIN(TRAF«KyTFAF«K)
FIANFeKL=PULSE(FINVF,INTNF4FRT)
FINVF=10E6

INTMF=0
FAFoK=FAFoJ+{DTY{FINFa JK+RECFFe JK=TCEFJK)
FAF=BREF

UIAFeK=UTLAF e J+(PT)(RFAFaJKARECFFe JK-TCEFsJK=CAFeJK)
LIAF=BRBF

BREF=(BEPERY (MESPHI{LEI)

BPER=6
CAF+KL=PULSCICXEF+K,BPER,BPER)
CXAFeK=MAX(XUAFaK,0)
XLAFaK={UIAF«K~-FRBFI/DT
TAIF«K=TAIF e J+{TTI(TCEFa«JK-RECFFeJK)}
TAIF=TECF

ACCUISITION OF ENGG MANFCHER

ENCRFeK=ENGRFe J+ (LTI (ENCJFe JK=ENGLFJK) ENGRS IN THE FIRM
ENGRF=LZ1

ENCOF e K=MIN{SEMGF Ky SWENF«K) ENGINEERS DESIRED
SENGFeK=ZERAFK/MESOH

ERAF+K=MAX{MREPC Ky RFAF«JK)

EERAFeK=MAX(ZRAF<K,BRAF)

SHENFeK=ZCCPFeK/({MISOHI{ZPCTFeK)) ENGRS NEEDED BY THE FIRM
EENGFeK=ZENGFe J*+ {DT){CENCFFe JK=ZNGTFe JK) SNGRS EXPECTED
CEAGF=LTI ‘

ENGPFeK==NGDFsK~ZENGFeK - EMGINEERING MANPOWER GAP
MEITF«K=(TPSCFI{ZNFEF«K+ZNATF.K) VMAXIMUM TRAINEES TO BE HANDLED
TPSDF=(TSI){TPSF) TPS CESIREC BY FIRNM

TEI=1l.0

TFEF=245 TRAIMEES PER STAFF ENGIN=ZR AT THE FIRM
EEITFeK=ZEI TFe J*+(CT) IENCFF e JK=CENKLTF2 JK=EITTFeJ)
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ABSTRACT

The purpose of this study is to understand the research and de-
velopment management system and its dynamic behavior. The report is

mainly based on Roberts' The Dynamics of Research and Development.

The structures used by PERT and PERT/COST approaches are explained
and the reasons for failures of R and D organizations based on such
structures are pointed out. Then the Industrial Dynamics approach used
by Roberts to study R and D project life cycle is explained and the
various activities that take place in the project life are summarized.

In order to understand the mathematical model developed by Roberts,
his simulation results are reproduced. A few modifications are made
in the structure of the R and D system to simulate reasons for failures
of R and D management. A comparison of the results of the modified model

with those of Roberts' model is made.



