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CHAPTER 1
MULTI-YEAR PROCUREMENT

Multi-year procurement (MYP) is a "generic term which
describes procedures for acquiring needed items over several
years through one contract [7:126]." MYP aliows the Depart-
ment of Defense (DOD) to award procurement contracts with
dura*ions of up to five years. Althocugh not a new concept,
MYP has not been usedwﬁa{ several years due to statutory
restrictions. In 1981, with the urging of the Reagan Admin-
istration, Congress authorized DOD to use MYP for major sys-
tem acquisition (39).

The Defense Department hdas already moved to imple=~
ment MYP, On 26 January 1982, the U.S. Air Force (USAF)
awarded General Dynamics a four year contract for 480 F-16
fighter aircraft; USAF stated the MYP coniract. would cost

$350 million less than four annual contracts (16:64). The

FY 1983 Defense budget proposed 13 new multi-year programs,

which included the A-AE attack aircraft, the Novstar naviga-
tion satell:ite, and the CH-53 helicopter., DOD anticipates
) total cost savings of $2.3 billion over the next five years

(12:1773.




BACKGROUND

Restrictions of MYP

Pricr to passage of the 1982 DOD Authorization Act,
MYP was not used due to restrictions on contract canceiia-~
tion ceiling, reimbursable costs, and advanced kuys of mate-
rials.

After 1970, the maximum contract cancellation ceil-
ing (maximum Government iiability in the event of cancella-
tion) wcs $5 million unless Congress approved “such cancel-
lation ceiling by statute [40:34-35]," This Congressional
restriction virtually eliminated multi-year contracts be-
cause of the impracticability of seeking specific statutory

exceptions (40:35).

DOD was also prohibited from including certain costs
in the cancellation ceiling. Recurring costs are "any costs
3 of labor and materials, or other expenses, which might be in-
k curred for performance of suksequent program year regquire-

‘ ments [40:36]." Non-recurring costs are one-time expendi-
tures, such as Jdesign and training costs, mock-ups, and

ma jor tccling. The Defense Acquisition Regulatlon (DAR)
does not authorize reimbursement of recurring costs in the
event of program cancellat’'en; only non-recurring costs are
reimbursed. This reimbursement policy places a burden on
the contractor, since any investment in recurring cost ltems

{(such as labor saving eqguipment and material) for use in
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cther than the current program year will not be reimbursed
if the program is cancelled, although savings would be passed
on to the Government (39:36).

Buying material in advance to cut costs is specifi-
cally prohibited by the standard DAR multi-year contract:
"items only qualify for advance procurement if they have sig-
nificantly long production lead times [7:31].” A contractor
attempting to beat inflation (and lower program cost) by
advanced material buys stands to lose the investment if the

program is cancelled (39:36-37; 7:31).

Advantages of MYP

Multi-year procurement has been identified as a
policy needed to reform the weapons acquisition process (10).
The following potential MYP benefits have been identified in
the DAR and in testimony before Congress (14:p.1-39; 40:33):

1. Reduced costs;

2. Increased standardization;

3. Reduced administrative and labor costs through
longer term contracts;

4. Increased productivity;

5. Stabilized work force;

6. Plant modernization;

7. Increased competition; and

8. Improved industrial surge capability.

Costs are reduced through economies of scale, higher

learning rates, economic quantity buys, and more efficient

T T T T W TR TR
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production rates (40:32-33). Guaranteed program stability
increases productivity and steadies labor force levels. The
opportunity to amortize investment costs over a long term
contract encourages plant modernization, and makes defense
contracts more attractive, thereby encouraging competition
(40:22,33). Since MYP encourages advanced material buys and
modernized plants, the U.S. defense industry can better re-

spond to a national emergency (7:84).

MYP Drawbacks

Enthusiasm for multi-year procurement is not univer-
sal. Decision makers with reservations about MYP most often
cite the rollowing considerations (7:88-97;:

1. Decreased budget flexibility;

2. Cancellation liability;

3. Front-loaded costs;

4. Lessg competition; and

5. Production rate.

The House Appropriations Committee is concerned
that widespread use of MYP will place a large portion of
the defense acquisition budget beyond its, as well as DOD's
and OMB's, control. Although it does not object to MYP in
principle, the Committee feels that multi-year contracts
should constitute a limited portion of the total procure-
ment program (7:90-91). Some DOD managers fear that the
prospect of a large cancellation settlement will prevent the

termination of programs that are no longer in the nation's

4

T W T g T T T T et alnud Sttt D e taas Sena. s Jufed iy A ashc BRAR. §



.

F————

best interest, due to contractor performance or a change 1in
the threat (20). Other managers are wary of the large appro-
pri- °ns required at the reginning of a program to finance
advanced material buys and plant modernization {4). There is
additional concern that awarding long term contracts will
limit bidding opportunities and therefore decrease competi-
tion in the defease industry (37:93-94). Also, some managers
are concerned that a contractor's optimum production rate

may exceed the Government's ability to deploy the produced

units, resulting in additional storage costs (37:94).1

Program Selection Criteria

Anticipating that Congress would remose restrictions
to MYP, Deputy Secretary of Defense Frank C. Carlucci issued
a 1 May 1981 "Policy Memorandum on Multi-year Procurement"
to senior DOD managers. The memo included broad guidelines

for selecting candidate programs for multi-year contracts.

1. Benefit tc the Government. A multi-year
procurement should yvield substantial cost avoid-
ance or other benefits when compared to annual
contracting methods. MYP structures with greater
risk to the Government should demcnstrate increased
cost avoidance or other benefits over those with
lower risk. . .

2. Stability of Requirement. The minimum
need for the production item or service 1s ex-
pected to remain unchanged or vary only slightly
during the contemplated contract period in terms
of production rate, fiscal year phasing, and total
quantities.

b

Breary (7) offers a detailed discussion o’ Mvy. ad-
vantages and disadvantages.
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3. Stability of Fur ling. There chould be a
reasonable expectation that the program is likely
t0 be funded at the required level throughout the
contract period.

4, Stable Configuration. +The 1tem should be
technically mature, have completed RDT&E [test and
evaluation! with relatively few changes in item
design anticipated and underlying technology should
be stable. . .

5. Degree of Cost Confidence. There siould be
a reasonable assurance that cost estimates for both
contract costs and anticipated cost avoidance are
realistic. Estimates should be based on prior cost
history for the same or similar items Or proven
cost estimatinyg techniques.

6. Degree of Confiderce in Contractor Capa-
bi1itz There should be confidence that the po-
tential contractor can perform adequatelv, both in
terms of Government furnished items and the firm's
capabilities. . . (1l:Enclosure 2].

Funding Issues

Currently, the most vocal debate concentrates on how
to fund multi-year contracts. Colonel Richard Johnson of
the Air Force Comptroller's Office said it was the position
of the DOD and USAF comptroller's staffs to support full
funding (23), in which "funds are available at the time of
contract award to cover the total estimated cost to deliver
a given quantity of complete militarily useful end items [7:
126]," to include a fully funded cancellation ceiling (7:128).

The Office of the Secretary of Defense (0SD) and
HQ USAF acquisition staff officers interviewed {4; 20) ad-
vocate incremental funding, where "funds are not available

at time of contract award to cover the total estimated cost
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to complete delivery in a finished and militarily useatle
form [7:126]." 1In this case the cancellation ceiling is
not funded.

Both of the above fuading methods have compelling
arguments in their favor. Incremental funding zdvocates
contend that full funding would severely limit the use of
MYP due to the large first year appropriation rneeded to
cover first year end items and the cancellation ceiling.
They also fear that the large initial appropriations would
squeeze out other programs (4:20). Full funding proponents
feel that fiscal responsibility demands that the Government
buy end items, not pieces. Although the total contract
price is known in both funding methods, full funding ad-
vocates say that the use of incremental funding would make
the appropriation levels for individual contract years de-~
pendent on contractor expenditures, rather than weapons man-
ufactured; this results in uncertain future funding commit-~
ments (23).

One potential compromise seeks to satisfy the full-
funding advocates' desire for buying end items, while also
decreasing first year appropriations. In th's proposal
(See Figure l.la), the Congress would annually fund the
purchase of end items and contractor billings for future
advanced waterial buys. The cancellation ceiling, made up
of nonrecurring costs and unbilled recurring costs, would bhe

unfunded. The appreciable decrease in first yrar funding

4
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requirements, as shown in Figure 1l.lh, wouird appeal to incre-
mental funding advocates by making funds available to other
programs, as well as diminishing the fiscal impact of a rulti-
year contract (4). DOD calls this alternative "funding to
termination liability [117.n

Current DOD policy dictates full funding. Full
funding is required by OMB Circular A-1l and DOD Instruc-
tion 7200.4 (40:37). However, a3 5 October 1981 memo from
the Under Secretary of Defense for Research and Engineering
(USDR&E), R. D. Delauer, directs the services te budget
based on full funding with termination liability funding for
out year material buys (13), The funding issue is not cur-

rently resolved.
CURRENT STATUS OF MULTI-YEAR PROCUREMENT

DOD Initiatives

The Department of Defense supports multi-year pro-
curement. A DOD policy memorandum (11) states that property
and services should be obtained by the most economic means.
The acqu-sition methods should result in reduced "costs to
tl.e goverrment and provide incentives to contractors to im-

P
.

Ll

prove productivity through sound investment. . .[11:1,
The memorandum continues to stacte that the benefits should
be weighed against the potential risks involved.

The memorandum specifically addresses funding alier-

natives. ~t states that full funding is the preferred
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methcd, but it acknowledges that advanced multi~-year con-

cepts "permit more economic and efficient acquisitions of

weapons systems. . .[11:2]." The advanced multi-year con-
cepts are:

1. Full funding with expanded advanced buy. The

Government purchases a single year's end items, but prcvides
for advanced material buys for anticipated future production.

2. Multi-vear with expanded advanced buy. The

Government commits to end item purchases over several years,
with provision for advanced material buy.

3. Funding to termination liability. Discussed cn

page & (11:2-3).
It is important not to confuse the concept of full funding
discussed earlier with the first contract type explained
above. It should also be mentioned that botn "full funding
with expandea advanced buy"” and "multl-year with expanded
acvanced buy" are fully fanded (11:2).

A policy letter from Richard DeLauer, Under Secie-
tary of Defense for Research and Engineering, encourages the
use of termination liability funding in choosing multi-year

programs (13).

Conqressional Actions

Congress has approved both the DOD Appropriations
Hill and the Authorizations Act cf 1987, The latter aurhor-
rees DOD Lo use multi-year contract  whenever (33:304-107303
L. Suadly contract woild promote national Jecurity

X

ansi reduce total costyg




2. There would ke a continuing requirement for the
item to be purchased in quantities during the contract
period;

3. There would be a low risk of contract cancella-
tion; and/or

4. Technical risks are not excessive.

The Authorization Act allows the use of all three
advanced multi~-year concepts. The cancellation ceiling has
been raised to $100 million and now inciudes both recurring
and non-recurring costs. In the event a higher ceiling is
required, the Committee ¢n Armed Services and Appropriations
must be notified, in writing, thirty days prior to contract
award (38:165).

The FY 82 Appropriations Act also requires that all
MYP contracts for major weapon systems be approved by Con-
gress (35:53). Advocates of MYP se+ the Aporopriations Act
requirement as an unnecessary restriction that may hinder
the use of multi-year procurement (5).

Furthermore, the Authorization Act states that MYP
is not a panacea for the defense industry, but with proper
implementation it can save both the Govarnment and contrac-
tor money, while bolstering the defense industr.al base (306:
166).

The Appropriations Act recognizes the benefits of
MYP, but with an added caution. It urges careful implementi-

tion of multi-year contracting for <everal reasons. The

11




savings are not automatic; further, since MYP has front
loaded costs, substantial savings may not be realized until
the latter years of the contract. If a contract is cancelled
early, the Government may actually 10s2 money on a major
program. In addition, the loss of program flexikility, tte
inflation rate, and the decrease in the discretionary de-
fense dolia. may offset the actual benefits of MYP (37:185-

190).

F-16 Contract

The F~16 contract is the rirst major Air Force ac-
guisition under the new MYP guidelines. The contract is a
multi-year with expanded advanced buy type. The F-16 pro-
gram was selected for MYP for several reasons: (1) the USAF
had a firm requirement for 1388 aircraft, (2) the F-16 is a
mature program with stable technical requirements, and (3)

a *otal of 559 deliveries have been made as of October, 1981
with reliable cost performance history. The F-16 System
Program Office projects a $350 million savings from the initial
multi-year contract with another $650 millicn in savings from
two follow-on contracts (34:22).

The F-16 fully funded cancellation ceiling includes
the follzwina [(2:17):

1. Non~recurring costs;

2. Out year recurring cost, The term out year re-
fer- to "the four fiscal years following the target vear

L1:504j;”




3. Reversionary cost impact on non-cancelled air-
craft. In the event of program cancellation, the settle-
ment will allow for renegotiation of unit price due to the
shortened production runj;

4., USAF manufacturing line closing costs. Due to
large foreign military sales orders, the USAF is liable for
only its portion of closing costs; and

5, Profit on claim amount. In the event of program
cancellation, contractor profit will be based on final pro-

gram cost
STATEMENT OF THE PROBLEM

Although the Department of Defense used multi-year
procurement in the 1960's, it has not been used for a major
weapon system since the early 1970's (7:44). Historical data
on multi-year procurement for a major system is at least ten
years, and perhaps more important, four administrations and
six def :nse secretaries old. MYP research is handicapped by
this absence of empirical data on contractor performance
under multi-year contrrcts. As the first major multi-year
contract (the F-~15) was awarded at the end of 1981, it will
likely be some years before such data is available.

Due to the Lack of recent quantitative data, Con-
gyressional and DOD policy making has been understandably
conservative and ambiguous. For example, Congress, in ap-

proving multi-year procurement in the FY 82 DOD Authoriszation

13




Act, declared a multi-year contract appropriate when an
agency head finds

. » +» that there is a reasonable expectation
that throughout the contemplated contract period
the Department of Defense will request funding
for the contract at the level required to award
contract cancellation;

« « . that there is a stable design for the
property to be acquired and that the technical
risks associated with such property are not ex-
cessive; and
+ + . that the estimates of both the cost of
the contract and the anticipated cost avoidance
through the use of a multi~year contract are
realistic 36 :22].
The FY 82 DOD Appiopriations Act further restricted multi-
year by requiring specific Congressional approval for multi-
year contracts (35 :53).
Similarly, DOD's approach to MYP has been cautious.

Deputy Secretary of Defense Frank Carlucci outlined six

criteria for MYP in a memorandum to senior DOD management

(11). His criteria are: (1) benefit to the Government; (2)

J

p— stability of requirement; (3) stability of funding; (4)
E stable configuration; (5) degree of cost confidence; and
L (6) degree of confidence in contractor capability (11).

Notice the relatively high abstraction level of criteria 5;

There should ke a reasonable assurance that
cost estimates for both contract costs and antic-
, ipated avoidance are realistic. Estimates should

L te based on prior cost history for the same or
similar items or proven cost estimating technigues
[llenclosure 2.

g DCD currently plans to insure configuration stability and a

nigh degree of —ost confidence by using MYP only on mature

14
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programs. As a conseguence, DOD may sacrifice industrial
improvements that would save money throughout the production
cycle (20). To maximize the benefits of modernization, the
contractor should modernize his industrial plant prior to
the start of production. If the multi-year contract is not
awarded until production year three or four, the contractor
may delay or diminish his capitalization efforts, unit cost
would rise, and industry modernization would suffer (4).

The financial and political stakes involved in
multi-year procurement policy have made stabkility the most
important consideration in choosing multi-year candidates
(20)., DOD acquisition executives (4:13) fear that a $100
million cancellation settlement would jeopardize MYP. As
more empirical and analytic data of MYP become available,
DOD may be more willing to accept the risk of early multi-
year contract award,

This research will address the fnllowing problems
the anticipated benefits of MYP have not been subjected to
rigorous empirical/analytic evaluations. In order to make
objective and gquantitatively based MYP policy, DOD managers

need evidence that projected MYP benefits are substantiated.
RESEARCH OB.JECTIVES

This research concentrates on the following two

ob jectives:

onry
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1. Develop a system dynamics model of an aero-

space contractor and use it to evaluate certain anticipated

MYP benefits.

System dynamics is a systems modeling technique de-
veloped by the Systems Dynamics Group at the Massachusetts
Institute of Technology. Initially articulated by Jay W.
Forrester (17), system dynamics techniques are applicable
to systems that change over time and are capabie of internal
reaction to performance, referred to as feedback (31:9).
Initially developed as "industrial dynamics [9:478]," this
technigque has been appiied to world population growth, com-
munity drug addiction programs, and urban decay (9%9:478).

The model developed in this research was designed to
demonstrate the impact of MYP on a contractor's industrial
modernization, advanced material buys, production costs,
work force stability, and surge capability.

2. Survey contractor attitudes and opinions about

anticipated benefits of MYP.

The survey attempts to gather empirical data the
following MYP benefits: advanced material buys, reduced pro-
duction costs, stabilized work force, increased productivity,
plant modernization, increased competition, increased stand-
ardization, and improved surge capability. The survey was
administered through students in the Air Force Education

With Industry (EWI) program.

16




SCOPE AND LIMITATIONS

Survey

Due to time limitations, the survey was administered
through the Air Force Education With Industry (EWI) program.
There was insufficient time available for a direct survey
of contractor personnel to be approved and conducted. The
Education With Industry program offered a medium through
which a survey could be administered, although the survey
sample was limited by the number of EWI students.

The responses to the survey questionnaire were based
on the attitudes and impressions of the key contractor per-
soanel with which the EWI students interact. Since MYP is
yet to be fully implemented, most responses were based on
what contractors anticipated MYP will do, rather than actual
experience. Response accuracy was dependent on the time that

contractor managers spent with the EWI student on the survey.

Model

The modet developed in this research effort repre-
sents a Government products division of a major aerospace
contractor. This model is a refinement and extension of a
modlel of the sameé firm constructed by Brechtel (8). Changes
Lo Brecntel’s work were based upon the experience and atti-
tudes of USAP and contractor management personnel. Although
the model represents the strategic policy making structure

of only ono Tizam, 1t still should possess general

17




applicability since the firm is one of the ten largest in
the industry and is engaged in a major production program.
The ability of the model to demonstrate the effect
of MYP cannot be validated against actual data, since MYP
is only now being implemented. If simulation results show
no evidence of an anticipated MYP ben2fit, that does not
mean the benefit does not exist. It may well be that the
model lacks the accuracy and sophistication necessary to

reflect that aspect cf MYP.

18
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CHAPTER 2
METHODOLOGY

Qverview

This research used two separate approaches to evaluiate
the predicted MYP benefits. One approach used a survey of
Government contractor managerial personnel. The other ap-
proach involved a simulation model of a Government aero-
space contractor. The research design used the complementary
nature of both methods to conduct the overal: MYP study.

The survey offered access to a broad range of opin-
ions about the eight predicted MYP benefits listed in Figure
2.1. The :=spondents included middle managers and eXxecutive
managers from 34 contractor locations throughout the United
States; the products manufactured at these contractor loca-
tions range from large transport aircraft tc small submuni-
tions. The survey identified the areas of industry-wide con-
sensus about MYP benefits. It also identified areas wf dis-
agreement that deserved further study with the other research
method, simulation.

Simulation study allowed the researchers to concen-
trate on specific issues. Although the simula*tion model was
based on the policy making structure of a single Government

aerospace contractor, the simulation experiments allowed the
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researchers to evaluate the impact of different company

policies on MYP benefits. The simulation study also allowed
the researchers to indepandently evaluate the f5ﬁr MYP bene-
fits identified by a "Yes® in the rightmost column »f Figure

2.1.
SURVEY

The Education With Industry (EWI) program sponscrs
132 students assigned to 70 industrial firms located through-
out the country {(2:1). Not all of the firms were applic-
able to this research. As a selection criteria, the re-
searchers chose those firms to which are assigned a Govern-
ment program office or a Defense Contract Audit Agency (DCAA)
representative (15). Appendix A lists the r:rme surveyed.
Each EWI student was railed one guestionnaire to be completed
by the highest ranking executive, one dealing with defense
contracts, to which the EWI student had access.

The survey questionnaire consisted of four sections,
the first of which was demographics. This section was in-
tended to define the managerent level, experience, and MYP
background of the sampled managers. The researchers used
this information to judge the validity of the survey results,
and to perform data analyses comparing the opinions of various
demographic categories.

The ten questicns which comprise Section II relate
to MYP issues. The responses were based on a seven-point

Likert scaie that ranged from strongly disagree (1) to
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strongly agree (7). A& seven-point scale was chosen because
it offers more reliakility than smaller scales and less
complexity than larger scales {26:595-596; 33).

Secticn IITI consists of four questions which were
applied to two situations: annual contracting and MYP con-
tracting. The responses were based on a seven-point per-
centage scale that reflected the percentace change for each
type of cost between the two situations.

In Section IV, the effects of MYP and annual con-
tracting are compared. Twelve of the fifteen questions in
this section are presented with two answer scales. The
first answer scale was for the response under situation T,
annual contracting. The second scale was for the response
under situation II, MYP contracting. The last three ques-
tions addressed a modified version of the MYP situation. In-
stead of the Government reimbursing the firm for materials
purchased for use up to two years in the future, the mod-
ified situation only provided for advanced buy reimbursement
in the event of contract cancellation.

Since the goal of this research was to evaluate the
stated advantages of MYP, the researchers designed the null
nypothesis to state there is no difference between MYP and
anrual contracting. The alternative hypothesis was that MYP
is better than annual contracting; that is, MYP promotes the

predicted advantages. The researchers grouped the survey

3]
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questions {(as shown in Figure 2.2) to evaluate each pre-
dicted benefit. The survey questionnaire is provided in

Appendix B.

Predicted MYP Benefit Survey Questions
Modernization of Plant Facilities 14, 33
Stabilized Work Force 13
Lower Production Costs 8, 10, 11, 18-21
Advanced Material Buys 30, 31, 34, 35
Improved Surge Capabkility 17, 24, 27-29, 32, 36
Increased Competition 15, 16, 22, 23, 25, 26
Increased Standardization 9
Improved Prodictivity 12

Figure 2.2
Sorvey Direakdaown

Statistical Apalysis

The Statistical Package for the Social Sciences
(SPSS) was used to analyze the data (22). Two analytical
tools were used, frequencies and t-tests,.

Frequency distributions were obtained for each sec-
tion to verify the transfer of data from the questionnaires

to the data file. These frequencics also provided the re-

{ searchers vith the demographics of the sample. The subpro-
gram FREQUENCIES of SPSS uses one way frequency distribhitici:s

with descriptive statistics including the mean and standard

23
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deviation (22:194). This information allowed the responses
to be reviewed for anomalies. A visual inspection was per-
formed to ensure the response distribution could be approx-
imated by a normal distribution. Analysis of responses to
questions in Sections III and IV of the survey instrument
required specific statistical tests.

A one~tailed t-test was used to analyze the data
from Section II{ of the guestionnaire. Focr each gquestion in

Secticn TII, the test hypotheses were:

The null hvpothesis, Ho’ states that +he mean response, u,
refleccs either no change or an increase in cost due to MYP,
The alternate hypothesis, H_, is that the mean response in-

dicates s decrease in cost due to MYP,

The t statistic used In the Section YI{ data analy-
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critical value to t, the null hypothesis (Ho) was accepted,
implying that MYP had no effect on cost. If the t value was
less than the critical value of t, the null hypothesis was
reiected, indic;ting a cost reduction due to MYP.

The researchers used paired sample t-tests to
analyz= the data from Section IV of the questionnaire.

Paired sample t-tests in SPSS are based upon a paired dif-

ference variable, Dj;

D = Xl—X2

where X, = response to situation I and
X, = response to situation II
D is normally distributed with mean §.
For Questions 22, 23, 30, 31, and 32, a negative
valve of D would support the predicted MYP benefits. For

these yuestions, ti.e test hypotheses were formulated as

follows:

Thes= hypotheses wer« tested Wwith a one-tailed t-test at
a = .05,

Questions 24, 25, 26, 27, 28. 29 and 33 were phrased
sc that positive values of D supported the proposad MYP

benefits. For these questions, the test hypotheses were:
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These hypotheses were also tested with a one-tailed t-test
at a = .C5.

The researchers used Questions 34, 35, and 36 to
obtain contractor opinions regarding the importance of
advanced material buy reimbursement (progress payments) to
certain MYP benefits., Since the objective of the questions
wis to determine ,! advanced material buy reimbursement was
an important issue, a two-tailed t-test (a = .05) was used

to test the following hypotheses:

In this case, rejection of the null hypothesis indicated
that advanced material buys reimbursement was an important
;E issue to the surveyed contractor managers.

{ For all statistical tests of data from Section IV of

the questionnaire, the t statistic was calculated with the

;g following equation (22:270):
' _d -6 .
t = 3 » With n-1 degrees of freedom,
. “d
3
where n = number of pairs,

d = sample mean paired difference,

Ty
.

6 = mean paired difference ©of the null

n

. hypothesis (6 0), and

Sa = sample standard deviation

‘ The SPSS program computed the two-tailed probability of the

occurrence ©f a t value greater than that calculaced above

20

e




~—rm——

g v

(22:172). This two-tailed probability value was then used
in the hypcthesis testing of data from Section IV of the
survey guestionnaire.

For Questions 22, 23, 30, 31, and 32, a one-tailed
t-test was performed by dividing the two-tailed probability
by two, yielding the appropriate one-tailed probability.
This one-tailed probability was then compared to the desired
significance level (a = .05). If the one-tailed probability
was less than .05 arnd the t value was negative, the null
hypothesis was rejected (22:271).

The hypotheses for Questions 24, 25, 26, 27, 28, 29,
and 33 were also tested using the one-tailed probability.

In this case, the null hypothesis was rejected if the one-
tailed probability was less than .05 and the t value was
positive (22:271).

The researchers used a two-tailed t-test for Ques-
tions 34, 35, and 36. If the two-tailed probability cal-
culated by SPSS was less than .05, the null hypothesis was

re jected (22:271).
MODEL

The goal of the modelirg phase of this research ef-
fort was to develop a system dynamics model of an 3erospace
contractor and use it to evaluate MYP benefits. The overall
research plan was to build a model capable of demonstrating

cor.ractor performance in both annual contracting and MYP
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environments. This model was thea used to compare the effects
of annual contracting and MYP on an aerospace contractor.

Richardson and Pugh identified seven stages to sys-
tem dynamics model formulation:

1. Problem identification and definition;

2. System conceptualization;

f, 3. Model formulation;

E 4, Analysis of model behavior;

F‘ 5. Model evaluation;

t? 6. Policy analysis; and

7. Model use or implementation [31:16],

! The research methodology was developed within this frame-

vwOork.

& Model Development
' In 1964, Packer (27) published a monoaraph that
dealt with a system dynamics model of corporate growth.
q Packer used system dynamics concepts to describe both inter-
%‘ actions between the firm and the market and the relationships
within the f;rm that affect organizational expansion and
¢ contraction; of particular concern was the process of re-
source acguisition.
Building upon the work of Packer and others, Brechtel
¥ developed a system dynamics model of a specific aerospace

1 contractor in 1981 (8). Brechtel's mouel describes the stra-

i tegic policy making structure of a firm accempting to grow

( in a Government dominated, technology-oriented market. Like

28




Packer, Brechtel's mod«#l emphasized the importance of re-
source-acquisition policies to a firm's growth and stabil-
ity (8:19),

Brechtel constructed a seven sector model, as 3hown
in Figure 2.3. The market sector responds to production and
engineering performance, as well as the firm's professional
capability (engineers and managers). The financial 3ector
responds to other sector needs by providing necessary funds.,
The design sector serves both the market sector and the pro-
duction sector with product designs, as well as research
and development effort. The firm's professional sector rep-
resents "the firm's professicnal effort, the acquisition and
departures of professional employees, and the amount of effort
actuaiiy expended in activities creating potential demand for

the firm's products. . .[8:80]." The production sector,

responding to the market sector, manufactures production
units subject to the constrazirts of money, material, engi-
F neering design completion, and production capacity. The
g material sector prcvides production with the necessary raw
E materials and components. The pressure-for-expansion sector
7 considers the firm's performance within the environment, and
] initiates expansion, steady-state, or contraction policies
as appropriate (8:242-370),

Brechtel's work provided an excellent basis for the
advancement of MYP research for two major reasons. First,

, i1t was a comprehensive model that recreatad the actual
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Macro Structure of Brechtel's Model (8:248)
3N




behavior of the modeled firm (8:389). Second, the modeled
firm is engaged in a military production program that has
been chosen for MYP. The firm was in the early stages of
MYP policy making, and actual data about contractor perform-
ance under MY will be available in the near future to

compare with model predictions.

Necessary Modeling Effort

As explained in Chapter 1, the modeling phase of
this research was aimed at evaluating five predicted MYP
benefi:s; plant modernization, advanced material buys, de-
creased@ production costs, improved work force stability, and
improved production surge capability. The researchers rec-
ognized that Brechtel's model needed several enhancements
before MYP evaiuation could be performed.

The researchers identified and prioritized the nec-
essary model modifications. They are listed here, in prior-
ity, with a brief discussion of their purpose.

1. Modify the financial sector to reflect invest-

ment in plant modernization. Brechtel's model did not in-

clude a financial sector capable of investment decisions.
This modification allowed the model to arrive at investiment
decisions based upon project value, capital costs, and con-
tract incentives.

2. Modify the production sector to account for the

separate contributions of labor, plant, and modernization to

production capacity. Brechtel's model treats production
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capacity as an indivisible element. An evaluation of MYP
benefits required separate consideration of labor, plant, and
productivity programs.

3. Modify the marketing sector to allow for multi-

year contracts. Model refinement was necessary for con-

sideration of the effect of long term, stable order rates.

4, Modify the material sector to account for advanced

material buys. Such a model modification would take into

account both potential cost savings and possible reductions
in lead time.

5. Modify the financial sector to reflect invest-

ment in advanced materials. This enhancement was very similar

to item 1 above. Advanced material buys would be treated
much like a plant investment.

6. Modify the model to afford closer study of coskts.

This last step would allow the researchers to study cost
flows within the firm, as well as the effect of unit cost cn
the market sector.

The researchers concluded that incorporation of the
first four modifications would provide an adequate basis for
evaluation of the predicted MYP benefits. Due to time con-
straints, only these first four model modifications were
undertaken. As will be discussed in Chapter 3, the advanced
materiai buy modification was not completed. Therefore,
advanced material buys ‘rere not studied with the researchers’

MYP model, as shown on Figure 2.1,
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Initial Model Work

The first modification to the financial, production,
and market sectors was based upon commonly used capital in-
vestment models, early MYP contract provisions, and informa-
tion gathered at an Aeronautical Systems Division (ASD) Sys-
tem Program Office (SPO) that works with the modeled con-
tractor. These data sources were usod to determine system
characteristics that represent the strategic policy struc-
ture associated with MYP decisions.

Once the system conceptualization was accomplished,
the model formulation was expressed in the DYNAMO simulation
language. DYNAMO was written by Alexander Pugh to support
system dynamics {(31:x). The researchers' DYNAMO rrogram was
merged with Brechtel's DYNAMO model of a Government con-
tractor. Following initial model debugging, model testing
was begun.

Richardson and Pugh identify four iterative phases
in model development: understanding model behavior, sensi-
tivity analysis, refinement and reformulation, and model
validation (31:267). Early modaling efforts were largely
concerned with these issues. The researchers were especially

concerned with model sensitivity to parameters used in the

financial sector. Model validation is addressed in Chapter 4.

! Interviews
; The researchers conducted interviews with man-

agement personnel of the modeled firm. The primary
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ob jective of this methodology step was to evaluate model
structure and model behavior. A secondary objectise was to
gather data necessary for modeling advanced material buys and
cost flows,

The interviews were conducted using the interview
guide shown in Appendix . Section I of the interview guide
contains questions regarding the manager 's background, posi-
tion in the company, and MYP involvement. In Section II,
the interview subjects evaln=+.d the accuracy of the re-
searchers' model structure and parameters. The interviewees'
opinions of each model modification were recorded on a five-
point scale, with responses ranging from strongly disagree
to strongly agree. The researchers chose a five-point scale
due to the abstract nature of portions of the model; it was
felt a five-point scale would make it easier for the inter-
viewees to respond to questions. The researchers also re-
corded specific contractor criticisms of the model, as well
as suggestions for improvement. Section III of the inter-
view guide is devoted to the interviewee's evaluation of the
model's ability to demonstrate contractor perfcrmance in an
MYP environment. As in Section II, interview subjects were
encouraged to make specific criticisms. Section IV of the
interview guide was designed to acquire information about
advanced material buys and contractor cost considerations.

The researchers then calculzted the mean response

for every interview guide question. A meau response score
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of 4.0 or greater was interpreted as full support for the
model structure or Lehavior (8:166). Mean scores of less
than 4.0 indicated a lack of agreement and meant model re-
design might be necessary, using the specific interviewee

comments relevant to that issue.

Model Refinement and Validation

The intent of this modeling step was to incorporate
interview results into the model structure, analyze the be-
havior of the revised model, and evaluate model validity.

At the end of this phase, the researchers planned to have a
developed model that could be used for MYP policy analysis.

A major modeling effort involved demonstrating model
validity. Richardson and Pugh define validation as "the
formal processes that lead people to place cunfidence in a
model [31:310]." Specific model validation issues addressed

in this research project are discussed in Chapter 4.

Policy Analysis

The last step in the simulation study was actual
policy analysis. The policy analysis phase of this re-
search effort concentrated on three policy areas:

1. Comparison of contractor performance under annual
versus MYP contracting;

2. The effect of varying cancellation ceiling
levels; and

3. The effect of cost sharing ratio on contractor

investment.




The researchers addressed the first policy area by conducting
simulations with MYP and annual contracting profiles. These
profiles included representative order rates and contract
cancellation ceilings. The second policy area was evaluated
by assuming MYP profiles for all simulation experiments and
changing only the cancellation ceiling. Likewise, the third
policy area was studied by varying cost sharing ratios in an
MYP profile.

The MYP model was also used to investigate specific
issues raised from the results of the research survey. Dis-

cussion of this policy analysis is included in Chapter 5.
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CHAPTER 3

MODEL FORMULATION

Introduction

This chapter explains the conceptualization, assump-
tions, and coding of the MYP model. The chapter begins with

a discussion of overall system conceptualization, as well as

the causal structure of each modification to Brechtel's con-
tractor model. There is then a brief summary of DYNAMO
symbology, followed by the actual DYNAMO equations ~- with
supporting text -- for the three modified sectors: financial,
market, and production., Discussion of the cther model sec-

g‘ tors can be found in Brechtel (8). Portions of the three

” modif ied sectors that are substantizlly unchanged are dis-
cussed in brief, followed ry a specific reference to Brechtel's

&! dissertation.
' SYSTEM CONCEPTUALIZATION

As explained by Richardson and Pugh (31:19-66),
system conceptualization is a necessary step in model for-

mulation. Tc aild in descriking the system conceptualization

S——

of this research, 1ic is useful to discuss the use of causal-

locp diagrams in system description.
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Causal-~Loop Diagrams

Causai-loop diagrams used in this chapter were built,
in part, using causal links. A positive causal link is

shown as
/———-—-—-\+
A D p

and means that an increase in A reslts in an increase in B.
It also means that a decrease in A causes a decrease in B,

On the other hand, a negative causal link is depicted as

A — T

and implies that an increase in A would result in a decrease
in B A negative causal link also implies that a decrease
in A would cause an increase in B. A causal-loop diagram
results when the relationships among several variables aie

displave usiny causal links (31:26-27).

MYP Causal-Loow Structure

The first step in the conceptualization process was
tn ldenticy the unique attributes of an MYP contract and to
isolate the effect of these attributes on contractor deci-
sion making. The result of that ccnceptualization is shown
in Figure 3.1.

In this diagram, the firm analyzes the USAF MYP program
and the non-USAF market to estimate futur.: program revenue.

This estimated future revenue 1s then an input to the
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investment decision, along with the cost of capital and
pertinent contract provisions (such as cancellation ceilings).
The investment decision directly affects the level of plant
modern.ration and advanced material buys. Advanced material
buys are also influenced by specific material provisions of
the MYP contract.

Production orders are determined by the non-USAF
market and the MYP contracted order rate. A production order
rate rise tends to increase material backlog. As mate-
rial backlog increases, so will material order rate. An
increase in material order rate causes thce material delivery
rate to increase. Material deliveries increase material
availability, which then decreases the material backlog.
Advanced material buys also increase material availability.

An increased production backlog increases production
rate and has a positive effect on labor force and plant
capability. Plant capahility is also influenced by the
modernization program; a more modern plant should require 2
smaller labor force. Production rate is constrained by ma-
terial availability, labor force, and plant capability. 1In-
creased production rate will decrease the production backlog
and material availability. Unit delay (the time the customer
waits for delivery) is positively influenced by production
backlog and negatively influecnced by production rate. A
decre..te in unit delays should tend to increase the non-USAF
orders, so unit delay and the market are connected by a nega-

tive causal 1ink.

-10




The next conceptualization step was to divide the
causal-loop structure into sectors for more detailed ana-
lysis. The result is depicted in Figure 3.2: a four-sector
diagram composed of financial, material, production, and

market sectors.

Financial Sector

In the svstem conceptualization, the financial sec-
tor decides on modernization and advanced material invest-
ment. in light of the cost of capital, estimated future re-
venue, and anticipated investment return. The financial
sector also considers contract provisions and incentive pay-
ments when making investment decisions. A detailed causal
flow diagram of the financial sector is presented in Figure 3.3.

The investment decision begins with an estimate of
future revenue by the market sector. Once the estimate is
made, the financial sector can select those projects for which
the return on investment exceeds the total cost of capital,

resulting in an optimum modernization investment level.

This optimum level is compared with the firm's existing
e modesnization investment and the MYP coutract cancellation
; ceiling to arrive at a decision regarding new modernization
investment. An important consideration in this last step
is the company's aversion to risk of corporate funds for
modernization programs.

The firm will also, under cost plus incentive fee

J
BG contracts and high interest rate conditions, probably have
}
;
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to negotiate modernization incentive payments from the cus-
tomer awarding the MYP contract. Such incentive payments
are necessary because of the effect of cost-sharing ratios
upon: the contractor's investment cash flow. Cost-sharing
ratio includes the contractor's share of those program
costs exceeding a target cost called for in the contract;
in a 70-30 cost-share arrangement, the Government pays 70
percent of costs beyond the target while the contractor ab-
sorbs 30 percent. At the same time, a 70-30 cost-sharing
ratio also means that the contractor receives only 30 per-
cent of cost reductions below the target cost.

As an example, a contractor may be considering a $1
million dollar modernization investment with an annual rate
of return of 20 percent, which, assuming a cost of capital
of 15 percent, would generate net savings (return minus
capital costs) of $50,000 per year ($200,000 - $150,000).
If the contractor operates under a 70-30 cost-charing ratio,
then the firm's annual return is cut to $60,000 (.3 x
$200,000). Allowing for a 50 percent tax reduction for in-
terest expense, the contractor's cash flow becomes a nega-
tive $15,000 ($60,000 -.50 X $150,000). A contractor is
therefore motivated to seek incentive payments from the
customer that will at least prevent modernization investment
from causing negative cash flow.

The model makes advanced material buys in much the
same manner, except for an additional centract considera-

ticn. [he F-16 MYP contract provides for funds for
44
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advanced material buys, in addition to the contract cancel-
lation ceiling {3 ). The availability of this money should

have an impact on advanced buys by the contractor.

Production Sector

————

The production sector of an MYP model should have the
ability to show the effect of steady order rate and long
term contracts on plant capability and the labor force. The
causal flow diagram of Figure 3.4 attempts to characterize
production capacity as a function of work force size, plant
capacity, modernization investment, and maximum labor hours
per worker.

Figure 3.4 shows that production backlog is increased
by production orders and decreased by production rate. As
production backlog increases, work force size and plant ca-
pacity will tend to increase; work force size has a direct
effect on production capacity, while increased plant capac-
ity increases effective plant capacity. Effective plant
capacity is also increased by productivity enhancements re-
sulting from investment in plant modernization. Production
rate is a function of production backlog, production capac-
ity, and material availability. Labor hours per worker, the
average number of labor hours per worker per week, 1is in-
creased by larger production rates, but decreased by a
growing work force and enhanced plant capacity.

An important facet of this sector formulation is the

effect of a decrease in production backlog. As backlogy
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decreases, work force size and plant capacity will tend to
contract. A decreasing production backlog will also decrease
production rate, decreasing labor hours per worker, fur‘her

encouraging a work force decrease.

Market Sector

Figure 3.5 illustrates how the contractor's market
sector estimates future revenue. The market factors fall
into three basic categories: MYP, non-MYP, and potential
follow-on MYP.

The MYP contract orders represents orders from the
Government agency oOr service that is the primary customer
for the contractor's product. The model assumes that this
market is not affected by the contractor's performance. In
other words, the primary customer is committed to meeting
its requirements with the contractor's product. In calcu-
lating estimated future MYP revenue, the contractor applies a
confidence factor; this confidence factor is the contractor's
estimate of the probability that the MYP contract will be
fulfilled.

The market sector may believe that a follow-on MYP
contract may be awarded by the primary customer. The poten-

tial follow-on MYP market category allows the model to ac-

count for this possibility. As in the MYP market, the con-
tractor applies a confidence factor to the future follow-on

MYP revenue estimates,

0 e b e
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The non-MYP market accounts for orders that arise
simultaneously with the MYP contract. These orders caa come
from many sources: foreign military sales, additional orders
from the primary customer, and orders from other Government
agencies or military services. This non-MYP market is in-
fluenced by the perceived time the customer must wait for
its order to be filled, which is a funct‘on of production
rate and production backlog. As the delay decreases, the
non-MYP orders should increase; long production delivery de-
lays should slow the non-MYP order rate. In calculating
estimated future non-MYP revenue, the model uses an average
non-MYP order rate, the estimated production program life
remaining, and a confidence factor that is a function of

program life remaining.

Material Sector

Initial detailed modeling of the material. sector was
not possible due to the lack of information available on
advanced material buy decisions, as well as potential return
on investment. Gathering relevant information was an objec-
tive of the interviews with contractor executives and will

be discussed later in the thesis.

DYNAMO MODEL

System conceptualization was followed by mrodel for-
mulation in the DYNAMO simulation language. As discussed in

Chapter 2, the highest modeling priorities were redesign of
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Brechtel's financial, market, and production sectors. De-
tailed discussion of the model will be preceded by a summary

of DYNAMO symbology.

DYNAMO

The DYNAMO simulation language is based upon the flow
of information, funds, material, and orders. These flows
collect at levels; a level is "a variable that accumulates
over time an inflow and/or an outflow [31:76]." A level may
represent the number of workers in a firm, the inventory on
hand, or the number of units in production backlog. The
"valves" which control the flows between levels are known
as rates (31:76-80).

As an example, the hiri..j and dismissal of production
personnel are symbolically represented in Figure 3.6. In
this case, the box represents a level (the number of em-~
ployees). The top "valve" is the flow into the level -~
hiring rate; the bottom "valve" is the flow out of the level =-=-
employee attrition.

In DYNAMC, flow gquantity is determined by rate equa-
tions. Rate equations are based on a variety of factors
and can be gquite long and complexX. To help make the model
more understandable, DYNAMO features auxiliary variakles,
which act as blocks of information upon which rate equations
are built. An auxiliary variable generally represents a
meaningful piece of informatiocn used in controlling a sys-

tem (31:80-81). One often used type of auxiliary variable
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is a smoothed, or averaged, variable. Smocothed variables
are appropriate when the system acts on trends, rather than
on instantaneous variable values (31:109-111). DYNAMO also
accounts for delays, such as manufacturing time or shipping
time (31:103).

Figure 3.7 illustrates the DYNAMO concepts discussed
above. Here, inventory is acquired at a rate determined by
a smoothed value of demand. The inventory departure rate is
based solely on the quantity in the inventory level. Mate-
rial arrival at Inventory Level 2 is delayed for six months,
and the material quantity in the pipeline between Level 1
and Level 2 is assigned the variable name IPL.

The above summary should allow the reader to under-
stand the sector diagrams that accompany the model discus=-
sion. For information on the format of DYNAMO equations, the

reader 1s referred to Introduction to System Dynamics

Modeling with DYNAMO (31) or the DYNAMO User's Manual (29).

Macro Structure

The macro structure of the MYP model is presented
in Figure 3.8, Comparison with Brechtel's model (Figure 2.3)
reveals that three 1inks have been added. Firs:, the market
secror provides the financial sector with an estimate of
future production revenue. Second, the production sector
sends the financial sector an estimate of annual direct
labor cost. Last, prcduction veceives fractional rncreases

in productivity from the financial sector's investments in

wl
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modernization. The only other change to Brechtel's model

formulation is that the pressure-for-expansion sector input

to production has been changed to a more specialized variable.
Formulation of this MYP model involved changes to

only three sectors of Brechtel's model. For this reason,

this chapter describes only those three sectors in detail.

A complete model listing is available in Appendix E, and a

detailed discussion of the unaffected model sectors can be

found in Brechtel (8).

Market Sector

The market sector of the MYP model has three basic
functions: generatior of research and development (R&D)
orders, generation of production orders, and estimation of
revenue potential in the market. The first two functions
are virtually identical to those identified by Brechtel
(8:274-284); the last function is a modification designed
for this research.

The structure of the market sector is shown in
Figures 3.9a and 3.9b. R&D orders are essentially dependent
upon the firm's professional effort and engineering design
delay. Likewise, a portion of the production order rate is
determined by professional effort and produrtion delay. This
pcrtion of the total production orders is referred to as the
contingent orders, those orders contingent on the firm's
professional effort and production delay. The remaining

production orders are assumed to be dictated by the primary
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Government customer. The primary Government customer can
award either annual or MYP contracts, both having order rates
that are independent of the firm's professional effort and
production delay.

The R&D and contingent markets are influenced by pro-

fessional effort:

A RDPD.K=(PREIM.K) (PRDGPR) MK-1
C PRDGPR=2 MK-~2
A CONPD.K=MAX (PREIM.K*PDGPR, CONFDM ) MK-3
C PDGPR=.005 MK -4
c CONPDM=15 MK -5

RDPD--R&D Potential Demand
(engineering designs/month)

PREIM--PRofessional Effort Influencing the
Market (workers)

PRDGPR-~Potential R&D demand Generated by
PRofessional effort
(engineering designs/man-month)

CONPD--CONtingent Production potential Demand
(units/month)

PDGPR--Potential production Demand Gererated
by PRofessional effort
(units/man-month)

CONPDM--CONtingent Production potential Demand
] Max imum
(units/month) (8:277)
Professional effort influencing the market 1s deter-
mined by the professional capability and the time necessary
for that capability to have an effect on the market. The

model assumes it takes 24 months for professional effort to

affect the market.
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L PREIM.K=PREIM.J+(DT) (1/TPREM)

(PRC.J=-PREIM.J) MK -6
C TPREM=24 MK -7
N PREIM=1600 MK -8
PREIM--PRofessional Effort Influencing the
Market
(workers)

TPREM~-~Time for PRofessional Effort to influence
the Market
(months)

PRC-~PROfessional Capability
(workers) (8:278-279).

The actual R&D and contingent production order rates
are a function of the potential demand and the effect of
delays.

R RDOR .KL=(RDPD.K ) (FEDEM.K ) (RDEXOG.K) MK-9

A CONOR .K=(CONPD.K ) { PDDEM.K ) (PEXOG.K) MK-10

RDOR--R&D Order Rate
(engineering designs/month)

RDPD--R&D Potential Demand
(engineering designs./month)

FEDEM--Final Engineering design completion De-
lay Eflect on Market
(dimensionles:)

RDEXOG--R&D EXOGenous input
(dimensionless)

CONOR~=-CONtingent production Order Rate
(units/month)

CONPD --CONtingent Production potential Demand
(units/month)

PDDEM~-Producticn Delivery Delay Effect on
Market
(dimensionless)

PEXOG—-Prqduction EXCGenous input
(dimer.sionless) (8:.79-280)
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The effect of engineering design and production de-

lays are calctlated using the table functions below.

H o 1

FEDEM.K=TABHL(TFEDEM, FEDDR0O.K,0,3.5,0.,5) MK-11
PDDEM.K=TABHL(TPDDEM, PDDRO.K,0,3.5,0.5) MK-13
TPDDEM=1/t 9/. 8_/.6/-5/04/-35/-3 M<-14
FEDEM--Final Engineering design completion De-
lay Effect on the Market
(dimensionless)
TFEDEM~~Table for FEDEM
FEDDRO--Final Engineering Design completion De-
lay Ratio Observed
(dimensionless)
PDDEM--Production Delivery Delay Effect on Mar-
ket
(dimensionless)

TPDDEM~-~Table for PDDEM

PDDRO-~Production Delivery Delay Ratio Observed
(dimensionless) (8:281-282).

The effect of the design and production delays on

the market are determined by comparing the delays to their

normal values, which are two months for design and thirteen

months for production.

A

C

FEDDRO.K=FEDCDO.K/FEDCDN MR-15
FEDCDN=2 MK=-16
PDDRO .K=PDDO.K /PDDN MK~-17
PDDN=13 MK-18
FEDCDO.K=FEDCDO.J+(DT) (1/TFECDO)
(FEDCD.J-FEDCDO.J ) MK~-19
TFECDO=3 MK-20
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N FEDCDO=FEDCDN MK-21

L PDDO.K=PDDO.J+(DT) (1/TPDDO)

(PDD.J-PDDO.J) MK--22
. C TPDDO=4 MK-23
N PDDO=PDDN MK-24

FEDDRO--Final Engineering Design completion De-
lay Ratio Observed
(dimensionless)

FEDCDO--Final Engineer.ng Design Complet.ion De-
lay Observed
(months)

FEDCDN-~Final Engineering Design Completion De-
lay Normal
(months)

FEDCD--Finali Engineering Design Completion De-
lay
(months)

PDDRO~-Production Delivery Delay Ratio Observed
{dimensionless)

FDDO~~Production Delivery Delay Observed
(months)

PDDN-~-Production Delivery Delay Normal
(months)

TFECDO--Time for Final Engineering design Com~-
pletion Delay Observation
(months)

TPDDO--Time fcr Production Delivery Delay
Observation
(months)

PDD--Production Delivery Delay
(months) (8:282-284).

The MYP model estimates the expected revenue from
contingent orders by considering the average contingent

order rate of the past twelve months, the unit price, the

1 ©0




program life remaining, and a probability estimate that varies

with program life remaining. The estimated program life in

this case is twelve years, or 144 months. The model assumes

a constant unit price of $10 million.

A

CONREV.K=(REVPR.K) (UNIPR.K) (PROREM.K)

(SCONOR.K) MK=-25
SCONOR .K=SMOOTH (CONOR .K, SORTIM) MK ~26
SORTIM=12 MK =27
PROREM.K=PROLIF-TIME.K MK-28
PROLIF=144 MK-29
UNTPR=10000000 MK-30

CONREV--expected future CONtingent order REVenue
(dollars)

REVPR--contingent REVenue PRobability
(dimensionless)

SCONOR-~Smoothed CONtingent Order Rate
(units/month)

CONOR--CONtingent production Order Rate
(units/month)

SORTIM--Smoothing ORder TIMe
(months)

PRCREM--PROgram time REMaining
(months)

PROLIF-~--PROgram LIFe
(months)

UNIPR~--UNIt PRice
(dollars)

The probability estimate used in the calculation of

CONREV represents the estimated probability that the smoothed

contingent order rate, SCONOR, will be maintained over the

remaining life of the program. This probability estimate is
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a function of time: the greater the program life remaining,
the lower the propability of maintaining the order rate.
The TABHL function in equation MK-31 is used to maintain a
minimum probability of .5.

A REVPR.K=TABHL(TREVPR, PROREM.K,0,120,12) MK-31

T TREVPR=1/.95/.9/.85/.8/.75/.7/.65/.6/
.55/.5 MK-32

REVPR-~-contingent REVenue PRobability
{dimensionless)

TREVPR--Table for REVPR

The expected future revenue from potential follow-on
MYP contracts depends upon the number of units to be ordered,
the unit price, and the contractor's confidence that the
orders will, in fact, be placed. The contractor estimates
that the follow-on MYP contract will be.for 500 production
un.its. The contractor's estimate of the probability of a
follow-on MYP contract equals .5 early in the program, and

increases linearly with time as the follow-on contract draws

nearer.
A FMYREV.K=(AFFLN.K) (FLWFAC.X) (UNIPR.K) MK-33
A AFFLN.K=(FLWCG.K) (FLWORD) MK-34
A FLWCO.K=CLIP(0,1,TIME.K, 84) MK-35
C FLWORD=500 MK -36
A FLWFAC.K=.5+MAX(TIME.K-24,0)*.4/60 MK-37
FMYREV--expected Follow-on Multi-Year contract
Revenue
(dollars)

AFFLN--Air Force FoLlow-oN
(units)
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FLWCO-~FoLloW-oN COefficient
{dimensionless)

FLWORD~-units expected in FoLloW-on ORDer
{units)

FLWFAC~-contractor FoLloW-on conf idence FACtor
(dimensionless)

The CLIP function in the equation for FLWCO is used to set
FMYREV to zero when the potential MYP contract actually takes
effect. The complex equation for FLWFAC reflects the in-
creasing probability of a follow-on MYP contract as the pro-
gram progresses.

The firm estimates potential revenue from its primary
Government customer by considering the present order rate,
the contract time remaining, the unit price, and a confi-
dence factor. The contract time remaining is calculated hy
comparing the present time value with the expiration time of
the present contract; MYP contracts end at the 84 and 144
month points. The contractor's estimate of the probability
of the first MYP contract is .5 until the contract is actually
awarded. The probability estimate then becomes .95. The
MYP order rate is introduced via a TABLE function.

Although the variable names below refer to MYP, the
equations are designed to allow for annual contracting pro-
files.

A MYREV.K=(MYOR,.K) (MYREM.K) (UNIPR.K)

(MYFAC.K) MK-38
A MYREM.K=MYDUR.K~TIME.K MK=-39
A MYDUR.K=CLIP(144,84,TIME.K, 84) MK-490
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A MYFAC.K=.5+STEF( .45, 24) MK-41
A MYOR .K=TABLE (TMYOR,TIME.K,0,144,12) MK-42

T TMYOR=0/10/10/10/10/10/10/10/10/
10/10/10/10/10 MK-43

MYREV--expected Multi-Year contract REVenue
(dollars)

MYREM--Multi-Year contract time REMaining
(months)

UNIPR-~UNIt PRice
(dollars)

MYFAC--Multi-Year confidence FACtor
(dimensionless)

MYDUR~--Multi-Year contract DURaticn
(months)

MYOR-;Multi—Year contract Order Rate
(units/month)

TMYOR--Table for MYOR
The CLIP function above reflects the expiration time of each
MYP contract. The STEP function in MK-41 shows the increase
in the confidence factor when the first MYP contract is
awarded. Each MYP contract calls for an order rate of ten
units per month,

The expected future program revenue is the sum of the
expected revenues from the primary Government custoner
(MYREV), other customers (CONREV), and potential follow=-oi
MYP contracts (FMYREV).

A FUTREV , K =MYREV , K+FMYREV . K+CONREV . K MK 44

FUTREV--expected FUTure program REVenue
(dollars)

MYREV--expected Multi-Year contract REVenue
(dollars)
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FMYREV~--expected Follow-cn Multi-Year contract
REVenue
(dollars)

CONREV~-expected future CONtingent order REVenue
(dollars)

This completes the market sector formulation.

Financial Sector

The financial sector of the MYP model ensures that
the production and design sectors are provided with suffi-
cient operating funds. It also decides upon appropriate
levels of investment in plant modernization and other pro-
ductivity enhancements. Brechtel (8:265-288) discusses
funding of design and production.

The heart of the financial sector modification is an
investment model based upon average discounted cash flows
for modernization projects (30). If the cost of investment
capital is less trnan the quotient of average discrounted cash
flow divided by the cost of the project, then the MYP model
considers this a desirable investment from the standpoint of
cash flow. Actual investment in desirable projects depends
upon contract cancellation ceilings, existing debt, corpor-
ate willingness to take risk, and incentive payments for
modernization.

This investment model represents a compromise between
accepted analysis techniques and mcdel simplicity. The
primary drawbaci of the above investment mode. is thuat it 1s

not one of the two widely used capital expenditure models,




Godlle Sa o o

internal rate of return and net present value (20:39-43).
The researchers chose their investment model based upon its
ease of translation to the DYNAMO language. Net present
value or internal rate of return calculations in the MYP
model would have involved much more computation, and hence
more comnputer time.
The financial sector formulation is diagrammed in
Figure 3.10. The discussion of financial sector equations
will deal first with concepts used by Brechtel (Figure 3.10a)
followed by modifications used in the MYP model (Figure 3.10b).
The financial sector initially estimates the funds

necessary for R&D and production based upon the work backlog.

A ECCRDE .K=(ETRDE.K) (RPED) (MCRDE) F-1
C RPED=.01 F-2
C MCRDE=1 F-3
A ECCPE.K=(ETPE.K) (RPPU) (MCPE) F-4
c RPPU=10 F-5
C MCPE=1 F-6

ECCRDE--Estimated Cost to C~mplete R&D Effort
(million dollars)

ETRDE--Estimate of Total R&D Effort
(engineering designs/month)

RPED--Revenue Per Engineering Design
(miliion dollars/engineering design)

MCRDE--Months to Complete R&D Effort
(months)

ECCPE--Estimated Cost to Complete Production

Effort
(units/month)

b6
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ETPE~--Estimate of Total Production Effort

(units/mecnth)

RPPU--Revenue Per Production Unit
(million dollars/unit)

MCPE--Months to Complete Production Effort

(months) (8:287-288).

The model then determines the availability of funds.

The initial value of R&D funds available is $10 million, and

initial production funds availability is $100 million.

L

N

N

RDFA.K=RDFA.J+ (DT ) (RDFAR.JK~-RDFDR.JK)
RDFA=RDFI

RDFI=10

PFA ,K=PFA,J+{DT) (PFAR.JK-PFDR.JK)
PFA=Pr1l

PFI=100

RDFA-~-R&D Funds Availability
(million dollars)

RDFAR--R&D Funds Acquisition Rate
(million dellars/month)

RDFDR-~R&I' Funds Departure Rate
(million dollars/month)

RDFI--R&D Funds Initial
{million dolla.s)

PFA--Producticn Funds Availability
(million dollars)

PFAR-~Production Funds Acquisition Rate
(miilion dollars/month)

PFDR--Production Funds Departure Rate
(million dollars/month)

PFI--Production Funds Initial
(million dollars) (8:289-290).




The acquisition of operating funds is determined by

the firm's overall pressure-for-expansior.,

R RDFAR .KL=(RDFA.K) (FIRDF.K) F-13
R PFAR .KL=(PFA.K) (FIPF.K) F-14
A FIRDF .K=TABHL(TFIRDF,PE.K,~1,5,1) F-15
T TFIRDF=,005/.01/.02/.05/.1/.2/.3 F-16
A FIPF .K=TABHL(TFIPF,PE.K,-1,5,1) F-17
T TFIPF=.005/.01/.02/.05/.1/.2/.3 F-18

RDFAR--R&D Fun.s Acquisition Rate
(million dollars/month)

RDFA--R&D Funds Availability
(million dollars)

FIRDF--Fractional Increase of R&D Funds
(1/month)

PFAR--Production Funds Acquisition Rate
(million dollars/menth)

PFA--Production Funds Availability
(million dollars)

FIPF--Fractional Increase of Production Funds
(1/month)

FIRDF--Fractional Increase of R&D Funds
(1/month)

TFIRDF--Table for FIRDF
(1/month)

TFIPF--Table for FIPF
(1/month)

PE--Pressure for Expansion
(pressure units) (8:290-291),.

TABHL functions are used to account for the limit on funds
acquisition rate, despite extreme values for pressure-for-
expans:on. The same rationale applies to the equations dis-

cussed in the next paragraph.
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As above, decreases in operating funds are also

driven by pressure-for-expansion.

R RDFDR .KL=(RDFA.K) (FCRDF .K) F-19
R PFDR.KL=(PFA.K) (FDPF.K) F-20
A FDRDF .K=TABHL(TFDRDF,PE.K,-5,1,1) F-21
T TFDRDF=.3/.2/.1/.05/.02/.01/.005 F-22
A FDPF . K=TABHL(TF DPF,PE.K,-5,1,1) F-23
T TFDPF=.3/.2/.1/.05/.02/.01/.005 F-24

RDFDR--R&D Funds Departure Rate
(millien dollars/month)

RDFA--R&D Funds Availability
(million dollars)

¢
ﬁ FDRDF~~Fractional Decrease of R&D Funds
[ (1/month)

PFDR--Production Funds Departure Rate
(million dollars/month)

- y

PFA--Production Funds Availability
(million dollars)

FDPF -~Fractional Decrease of Production Funds
(1/month)

FDRDF -~-Fractional Decrease of R&D Funds
(1/mornth)

— 18

TFDPF--Table foir FDPF
( TFDRDF--Table for FDRDF

! PE-~Pressure for Expansion
(pressure units) (8:291-292).

{ The next group of equations determines whether funds

1 will constrain R&P and productiorn, and if so, how much.

A RDFR.K=RDFA.K/ECCRDE.K F-25
A RDFRMleMAX\RDERlK’ 13) f""26
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A RDFRC.K=CLIP(1.0,RDFPM,.K,RDFRM.K,1.0) F-27

A PFR.K=PFA.K/ECCPE.K F-28
A PFRM.K=MAX(PFR.K, .3) F-29
A PFP\C 0K=CLIP(1lO’PFRM-K,pFRMuK, 1-0) F"3O
RDFR--R&D Funds availabilicy Ratio
(dimensioniess)
RDFA--R&D Funds Availability
(million dollars)
ECCRDE~-Estimated Cost to Complete R&D Effort
(million dollars)
RDFRM--R&D Funds availability Ratio Minimum
(dimensionless)
RJFRC--R&D Funds availability Ratio Clipped
o (dimensionless)
} PFR--Production Funds availability Ratio
(dimensionless,
PFA--Production Funds Availability
ig (million dollars)
ﬁ ECCPE--Estimated Cost to Complete Production
ﬁ Effort
(million dollars)
t!g PFRM--Production Funds availability Ratio
= Minimum
- (dimensionless)
PFRC--Production Funds availability Ratio
Clipped
° (dimensionless) (3:292-29%),
L The MYP model determines an optimum modernization
. investment level by considering the cost of capital, the
3 o .
™ annual discounted cash flows from the projects, and the
; estimated future revente. The DYNAMO formulation assumes
that optimum investment is directly propcrtional to the
£ estimated future revenue. The formulation 150 assumes that
72
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modernization opportunities are independent of previous
modernization projects. For example, if the model imple-
ments a $10 million program with a 20 percent rate of return
at year one, the model assumes an identical opportunity will
arise at the 36 month point, once the first investment is
fully implemented. In actual model operation within plausi-
\
ble parameter ranges, such repeat investments are not actu-
ally made due to other constraints.

In the equations below, the cost of capital averages
ten percent and the annual rates of return for available in-
vestment projects range from O to 25 percent. The TABLE
funciion defining OPMOR assumes a linear relationship be-

tween investment rate of return and investment level.,

A CAPCST .K=CAPI+CAEX0G.K F-31
c CAPT=.,10 r -32
A OPMOR .K=TABLE (TOPMOR, CAPCST.K, 0, .25, .05) F-33
T TOPMOR=,0167/,0133/.01/.0067/.0033/0 F-34
A OPM{D.K=(OPMOR.X ) (FUTREV.K) F-35

CAPCST-=-CAPital COST
(percent)

CAPI--CAPital cost Initial
(percent)

CAEXOG~--CApital cost EXOGenous input
(percent)

OPMOR=--0OPtimal MOdernization Ratio
(dimensionless)

TOPMOR=--Table for OPMOR

OPMCD~-0OPtimal MODernization investment level
(dollars)
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FUTREV~~estimated FUTure REVenue
(dollars)

Once the optimum investment level is determined, the
model calculates the actual investment level warranted by
the contract cancellation ceiling, contract cost-sharing
ratio, and the company's willingness to take investment risks.
The model assumes that if the optimum modernization level
exceeds the contract cancellation ceiling, then the firm
will invest to at least the cancellation ceiling level. In-
vestment beyond the cancellatiosn ceiling is then influenced
by cost-sharing ratio and the corporate risk factor.

The equations below reflect a cost-share ratio of
70-30. This cost-share ratio is converted to investment in-
centive through a table function. The firm is represented
as being willing to invest 10 percent of the optimum invest-
ment level without the benefit of cancellation ceilings, so
MODRSK eguals .1 (24). The capital cancellation ceiling
profile is input through a table function, and was based upon
interviews with membkers of the Office of the Secretary of
Defense staff. The maximum cancellation ceiling in this pro-

file is $1U million,

A INC.K=TABHL(TINC,MYINC.K,0,1.0,.2) F-36
T TINC=0/.5/.7/.9/1/1 F-37
C MYTNC=.3 F-38
C MODRSK=,1 F-39
A MCDOP, K=MODCC . K+ (MODRSK ) ( INU. k)
{OPMOD . h ~MODCC . 1) F-40
744
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A MODCC.K=TABLE(TMODCC,TIME.K, O, 144,3) F-41
T TMODCC=10E6 /10E6 /10E6/10E6 /10E6/10E6 /10E6 /
10E6/10E6/10E6/10E6/10E6 /90E6 /
90E6 /90E6 /90E6 /75E6 /75E6 /75E6 /715E6 /
50E6/50E6 /50E6 /50E6 /20E6 /20E¢6 /20E6 /
20E6 /100E6 /100E6 /100E6,/100E6 '90E6/
90E6 /90E6 /90E6 /75E6 /75E6 /75E6 /T5E6 /
50E6/50E6 /50E6 /50E6 /20E6 /20E6 /20E6 /
20E6/20E6 F-42

A MODES .K=CLIP(MODOP.K,OPMOD.K,OPMOD.K,
MODCC.K) F-43

INC~--INCentive from cost-share ratio
(dimensionless)

TINC--Table for INC

MYINC--Multi-Year contract cost -sharing INCentive
(dimensionless)

MODRSK~--corporate willingness to incur
MODernization RiSK
(dimensionless)

MODCC--contract MODernization Cancellation Ceiling
(dollars)

OPMOD~-OPtimal MODernization investment
(dollars)

MODOP--MODernization OPportunity
(dollars)

MODES--MOdernization DESired
(dollars)

TMODCC--Table for MODCC

The model then compares the modernization desired
with modernization already implemented and corporate funding
limitations to determine the new rfunding necessary for mod-
ernization investment. The model assumes that the contrac-
tor's corporate policy limits modernization investment to $25
million per vear ($2.1 million per month). This value, (ORMAX,
was based upon interviews with managers cf the modeled contractor.
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A MODDIF .K=MODES.K-MODPL.K-MODLEV.K F-44
A MODREQ .K=MAX (MODDIF.K, 0) F-45
A MODPRO .K=MODREQ .K /DT F~46
R MODEXP ,KL=MIN(MODPRO .K, CORMAX) F-47
C CORMAX=21E5 F-48
N MODEXP=0 F-49
A MODDEC .K=(MODEXP.JK) (DT) F=50
MODDIF --MODernization DIFference
(dollars)
MODES=--MOdernization DESired
(dollars)
MODPL--MODernization in PipeLine
(doliars)
MODLEV--MODernization LEVerage
(doliars)
MODREQ--MODernization investment REQuested
(dollars)
MODPRO--MODernization rate PROposed
(dollars/month)
MODEXP--MODernization EXPenditure rate
(dollars/month)
CORMAX --CORporate MAXimum investment rate
(dollars/month)
§ MODDEC=--MODernization DECision
¢ (dollars)

The MAX function in F-45 assures that investment sperding

will be non-negative. The MIN function in F~47 maintains

P. investment spendiag at or below the corporate maximum.
The MYP model assumes that modernization investment
funds are spent over a 24-month period, at the end of which
o
X
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the total amount of the investment is incurred as a liability.
The MYP model assumes this liability is paid off at the rate
of ten percent per y.ar.
R MODINP.K=DELAYP(MODEXP.JK,MODDEL,MODPL.X) F-51
N MCDPL=0 F-52

c MODDEL=18 F=53

t

MODLEV .K=MODLEV.J+ (DT ) (MODINP.JK~
DETRET.JK) F-54

MODLEV=0 F-55

=

DETRET.KL=MODLEV.K/RETTIM F-56

(@]

RETTIM=120 F=57

b

MODIMP.K=MODREQ .K+MODPL.K F-58
A MODSTA.,K=MODIMP.K+MODLEV.K F-59

MODINP--MODernization IN Place
(dollars)

MODEXP--MODernization EXPenditure
(dollars)

- MODDEL--MODernization DELay
- (months)

F! MODPL--MODernization in PipeLine
s (dollars)

MODLEV--MODernization LEVerage
(dollars)

DETRET ~--DEWT RETirement rate
{ (dollars/month)

RETTIM~--RETirement TIMe .eriod
1 (moniths)

] MODIMP--MODernization being IMPLemented
(dollars)

1 MODSTA-~MODernization STAtus
] (dollars)
4
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Once the modernizacion investment decision has been
made, the MYP model calculates the improvement in produn-
tivity that will result. This is accomplished via a three-
step process: (1) determine the rate of return of the latest
investment, (2) calculate the annual direct labor cost, and
(3) arrive at the productivity increase that will realize
the rate of return.

The DYMNAMO formulation determines the annual rate of
return of the latest investment by using a table function
very similar to that used to find the optimum investment
level. In this case, however, investment level is the in-
dependent variable, and rate of return is the dependent
variable. Rate of return is assigned an initial value Oof

.25 for averaging purposes.

A MODRAT .K=MODIMP.K/FUTREV.K F-60
A ROR .K=TABLE (TROR, MODRAT.K, 0, ,0165,.0033) F-61
T TROR=.25/.2/.15/.1/.05/0 F-62
A A\ROR .K=SMOOTH(ROR .K, .5) F-63
N ROR=,25 F-64

ROR~-Rate of Return
(percent)

TROR--Table for ROR

MODRAT--MODernization to revenue RATIio
(dimensionless)

MODIMP--MODernization being IMPlemented
(dollars)

FUTREV--estimated FUTure REVenue
(dollars)
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AROR--Average Rate Of Return
(percent)

The MYP model then calculates the quantity that re-
presents the annual burdened direct labor cost. The model
assumes (via the CLIP function in F-66) that for the first
two program years the firm uses an estimated annual burdened
direct labor cost of $300 million; after that point, the firm
uses presenu labor force data to make the labor cost calcula-
tion. The burdened direct labor rate includes an allocated
share of indirect labor and general and administrative ex-
penses.

A ANDLCI.K= (BWR)(43)(EDLC.K)*52 F-65

A ANDLC.K=CLIP(ANDLCI.K,300E6,TIME.K, 24) F-06

ANDLCI--ANnual Direct Labor Cost Initial
(dollars)

BWR--Burdened Wage Rate
(dollars/hour-worker)

EDLC-~Effective Direct Labor Capacity
(workers)

ANDLC--ANnual Direct Labcr Cost clipped
(dollars)

The fractional increase in productivity resulting
from the investment decision is now calculated and injected
into the pipeline to the plant. The MYP model expresses
productivity increases from modernization as a multiplier of
plant capacity. The model formulation uses a delay time of
24 months from investment decision to actual effect on plant
productivity.

A PROACQ .K=(AROR .K) (MCDDEC.K ) /ANDLC.K F-67

7.




R MODR .KL=PROACQ .K /DT F-68
N MOLDR=0 F-69
R IPR.KL=DELAY3(MODR.JK,MODDEL) F-70
L FIPR.K=FIPR.J+(DT)(IPR.JK) F~71
N FIPR=1.0 F=-72

PROACQ-~PROductivity being ACQuired
(dimensionless)

AROR--Average Rate Of Return
(percent)

MODDEC-~MODernizatic:. DECision
(dollars)

ANDLC--ANnual Direct Labor Cost clipped
(collars)

MODR--MODernization Rate
(dollars/week)

IPR--Increase in PRoductivity
(dimensionless.month)

FIPR--Fractional Increase in PRoductivity
(dimensionless)

The next portion of the financial sector accounts for
any Government incentive payments necessary to proceed with
plant modernization. Such incentive is necessary when the
contract cost-share ratio causes negative investment cash
flow to the firm for even the most productive investments.

In these cases, it is nccessary for the Government to pro-
vide the contractor with incentive payments Lo prevent nega-

tive cash flow over the five vear business horizon of the

firm. The MYP model assumes the Government will provide

100 percen: of proposed incentive payments.

' A CFSF .K=(CAPOST,K-MYINC .K*AROR K )
(MODEXP,JK *DT ) *5 F-73
30
&
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R AFINC.KL=MAX (CFSF.K,0)/DT F-74
L TAFINC.K=TAFINC.J+ (DT ) (AFINC.JK) F-75
N TAFINC=0 F=76

CFSF~~Cash Flow Short Fall
(dollars)

CAPCST-~CAPital CoST
(percent)

MYINC--MultiYear contract cost sharing INCentive
(percent)

AROR--Average Rate of Return
(percent)

MODEXP-~-MODernization EXPenditure
(dollars/month)

AFINC--Air Force INCentive payment
(dollars/month)

TAFINC--Total Air Force INCencive payment
(dollars)

The MAX function of F-74 is designed to preclude negative in-
centive payments.

This completes the financial sector formulation.

Production Sector

The production sector of the MYP model combines labor,
plant capacity, and material to build the finished product
of the firm. The production rate is driven by production
backlog and 1is constrained by material inventory, funding,
engineering design completion, and production capacity. The
flow diagram of the production sector is shown in Figure 2.11la
and 3,11b.

The MYP wocdel mndifies Brechtel's model by accounting

for the impact of plant mocernization and by making

81




3DLD Burdened Direct
Labar Dollars

BWR Burdened Wage

Rate
”~
3DR <
Burdened Direct o~ o~
Lahor Rate h \ T~ = >
. ™ pipect Labor
oro N Gvertims PS
. \ o
Fad
MOOTH \ ~. e ?roduction
T ; \\\ - Starts
Smoothed T el -7
by Diract Labor ‘ -~ -
Meilie ad by
| \ Utilication DLU }Dlrut Labor .
. Utilizacion _yt@ BS
, N . / e £0 Preoduction
e Starts
Fractional De- 7 ‘Di:ect Labor / -

creazse jin . Ipeprrture 7 ‘\ s
Jirect 'Labor - ~ DLDR |Rate /
[Utilization — =~ ! | 4
Y . - - MDL | s
l / / ’ ulti- ty
! plier foc/|
N Dir.ct
\ / Eif,:c' \Labae 7/ |
( - Direct /|
= TIEOr Capa~ / | Iffective Production
\ city Capacity
Direct ~
lLabor \ s B Direct
Capacaty' Direct] 4 L Labor
| \ \Labor 3‘1"Bocom.mq ‘ ] PCOR FPlant Capacity
\ Baing * Ac- NALE 5 Effective, - - \qua::u:s Rate
|y quired DELAY ! ' \ / ~ -~
' N ' Vo N =~
1 mu‘l .é... i } \\
FIDLY N Maximum Direct | / ot N \ Tt
\ ' - - - - ¢, lLabor Houre P d P N\ w::p:cit!
. ) T\ per veek X Plant N A
|oemeigeese | T L [gmen] s
\ Ut:ilization : EBLC | . - ~ E—*I.C’:‘A"f \
st - y
/ ; 5 / \
4 ~...»"f b N 4 1
\ / , Effacrive f ¢ L S ,
,; Prant Capacaerd 8 g% Flant Capscisy g
\ / , N e1ng Absorbed
/ &= FTPR ELAY / '

) Fractional Incressa n
\ /_{ in ProducEivity l relane “a“‘cJ

\ » ity Beccming |

Fractional Decraase in | . Effecuive i
¥DOL | Direct Labor PREE o1
\ P PCAR  Plant Cap

~

ag= |
FIDL ) ity Acquwztxon//"““i\

Rate

[ #1pc 3

.
\—R/Fractxonal In=\ / BN !
Crease 'n . [ roee g ;
. Direct Lagor ' { i ~ \ ’\\__n/’
\ E [ ~
N \ Yomenr” ~“?race.onai In-
N \ ¢ fractional Decreasg. 7 crease .n Plant
N N S 0o Plang — Capacity
~ - Nl 'v__‘pag’v."“.

Pressure Jor Ixpansion,
Proquction

Figure 3.11la

Procduction Sector M»odel Structure, 1

82




Sl e

Rahealh i

TAPOR
Time to Average

Production Order
\ Rate

|

APOR

Fract:ion of
Average Pro-

CONOR .1 Contingent Order Rate

Multi-vear Contract ngguggig; 82&1‘,—

MYOR o\ Order Rate erved
LN ~pDDd
\ [ eop
\ Production
Average Pro~ ™ 3 PRODOR Delivery

ductinn Order Delay
Rate Production

Order Rate \

duction Crder Rate -~ - D
'APOR Requ:red "‘”‘ BUO Backlog : goons
of Unfilled " ted
\ Orders custuga by
pMoR | Potencial Material. Sstimatl ?;,_et: ;;::-
Ordar Rate MBLD of Total duction
\ \ Ve Product:on Ef- “
fort TAPSR
Materycl 3e':.very < \ /Months of Back- I Time to— ¥
Dalay - 10g Desireda Averace /p
r / [Average Prec
~ »OR \ [duction ,
> thp-
. Average Pro-
--w'--— aaterlal,! / : B [
MDD ] 7 Order Rate\ mucslgz Shippang  pep ga.\:g
Water).a.l De- / 1 a
veIy Delay his)ele] = =
(‘cs‘;rvcd‘- h =~
/ / PSR Product:ion Shipping Rate
e 0
e Fggb‘dater‘a /Produc..ﬁ Desired Muiti- DM:H‘PC-«?--
551,,,",\, belay * Desirad " plier for Iaventory
Sbsarvation ‘ Mater.al/Parts/ /
: ‘ L Compon~ N,
onts ( NIMBC

Mater:al Deiiv-{ MPDRO
2Ly Delay Ratio
Chserved

fargrial De~
Livery Delay
Z¥fect oh the

Production pr .
\ Fiaishes Sormas Inven

X tory of Materia®
ETAT T Parts/&:ompcnenus;
N

\'ﬂi !

=

-~ R T Dq’@r -
7 “production

Inventory
of “Vatge

rial/

varket -y Starta Parts/
! 3 s /Inventory | Comporents
o wf Material, rio
Rar.o of Fir . MPZ “ ars
Al /Parts /Compon< P
Ingineer.ng REEZAg ents i
Jas Lgn Complet . ons { . \ i
Avallaple / ¢
Froduct.on P¥ R ’ \ ,\
- . o ’ sTl
Funds Avaiiavilioy / Inventory Acqui- IAR —— =
Ratio $:t.0n Fite \ /.-rac':‘ana.L
/ . Snoreagse n
, = . tnveacory
7 Mater:al Shippily Rate ! <
TFfantive EpC "I Normal
Frouuction Cacaciny :J_\*ocucc RS P APROT
-
-
Product.vicy From PRGU\T
Pragrur -3 0r ~ax an. \-.‘,.,/’;
<
g10n A
Va
4
[ vpog Yu.tizl.er on
Proauteavis
Preszare <or Sxpansion, - EARAAEE
rraduction -

igure 3.,11b

Production Sector Model Structure, I1

83




production sector growth more dependent upon production
backlog. The MYP model also accumulates labor cost to aid
in policy evaluation.

The effective direct labor ca)acity represents those
workers who are trained and are working on the production
program. However, labor force decisions take i:.1.0 account
those workers being recruited and trained. The nodel as-
sumes a maximum direct labor force of 9000, a' ¢ & training/
recruiting period of three months. The initj.:! labor force

size is 2000 workers.

L EDLCI.K=EDLC.J+(DT)(DLBE.JK-DIT': ,717) P-1
A EDLC.K=MIN(EDLCT.K, 9000) pP-2
N EDLCI=2000 P-3
R DLBE.KL=DELAY3(DLAR.JK,DADL) P-4
C DADL=3 P-5
L DLBA.K -DLBA.J+ (DT ) (DLAR .JK-DLBE.JK) P-6
N DLBA=100 P-7
EDLCI--Effective Direct Labor Capacity
Intermediate
(workers)

1 EDLC--Effective Direct Labor Capacity
F ) (workers)

i DLBE--Direct Labor Becoming Effective
(workers)

DLDR~~Direct Labor Departure Rate
' @ (workers/month)

DI.AR--Direct Labor Acquisition Rate
(workers/month)

! DADL--Direct labor Acquisition Delay
.. (months)
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DLBA--Direct Labor Being Absorbed
(workers)

The MIN function in P-2 prevents a work force of more than
9000,

Plant capacity is defined as the units per month
that could be produced in a single shift operation with a
4400 worker direct labor force averaging a 43 hcur work week.
This defini:ion assumes a constant technclogy level. Ef-
fective plant capacity refers to plant capacity multiplied
by the procductivity increases of modernization. The model
assumes an l8-month delay in acquiring new plant capacity

and an initial plant capacity of 18 units per month.

L PLC.K=PLC.J+(DT) (PCBE.JK~PCDR.JK) pP-8

N PLC=18 P-9

R PCBE .KL=DELAY3(PCAR.JK,DAPC) P-10
C DAPC=18 P-11
L PCBA,K=PCBA,J+(DT) (PCAR.JK-PCBE.JK) P-12
N PCBA=1 pP-13
A EPLC.K=(PLC.XK)(FIPR.K) P--14

PIL.C--"Lant Tapacity
(units/month)

PCBE--Plant Capacity Becoming Effective
(units/month-month)

PCDR--Plant Capacity Departure Rate
(units/month-month)

PCAR--Plant Capacity Acquisition Rate
{(vnits/month-month)

DARC.--Delay for Acquiring Plant Capacity
(mcnths)




¢

PCBA-~Plant Capacity Being Absorbed
(units)

EPLC--Effective PLant Capacity
(units/montl.)

FIPR--Fractional Increase in PRoductivity
(productivity units)

Production capacity results from the combinaticn of
labor and plant capacity. The DYNAMO model converts the
labor force into a multiplier of plant capacity. The TABLE
function for MDL is designed so that labor is most efficient

when organized into 4400 worker shifts,

A EPC.K=(FPLC.K) (MDLH) (MDL.K) P-15
C MDLH=50 P-16
A MDL.K=TABLE(TMDL,EDLC.K,0, 8800,1100) P-17
T TMDL=0/.0025/.0075/.017/.923/.G28/.033/
/04/.047 pP-18
EPC--Effective Production Capacity
(units/month)
EPLC--Effective PLant Capacity
(units/month)
MDLH--Maximum Direct Labor Hours per worker per
week
(hours)

MDL-~Multipler for Direct Labor
(1/hours)

TMDL~-~-Table for MDL
Direct labor utilization shows how much work the
average production worker actually performed in a given
period. It is calculated by comparing actual production
starts to effective production capacity and expressing work

done in huurs per worker.
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A DiU.K=PS.JK/(EPLC.K*MDL.K) P~19

DLU=-~Direct Labor Utilization
(hours/week)

PS~~Production Starts
(units,/month)

EPLC--Effective PLant Capacity
(units/month)

MDL--Multiplier for Direct Labor
(week/hcurs)

The burdened direci labor cost per month is the prc-
duct of the effective labor force, burdened wage rate, over-
time per worker (direct labor utilization - 40 hours per week),

and the average weeksin a month (4.33).

A DLUD.K=DLU.K~-40 P-20
A DLO.K=MAX (DLUD.K,O) p-21
R BDLR.KL=4.33(EDLC.K) (BWR)

(40+1.5*DLO.K) /DT p-22
c BWR=35 pP-23
L BDLD.K=BD7.D.J+(DT)(BDLR.JK) P-24
N BDLD=0 P-25

D;.UD-~Direct Laber Utilization Difference
(hours/worker ~week)

DiU--Dirzct Labor Utilization
(hours/workar-week)

DLO=--Direct Lalbior Overtime
(hours/worker-week)

BDLR~~Burdered LCirect Lzbor Rate
(dollars,/montl,

EDLC--Effective Direct Labor Capacity
(workers)
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BWR=--Burdened Wage Rate
{dollars/hour-worker

BDLD——Burdened Direct Lakor Dollars
{doilars)

The MAX function in P-21 prevents negative overtime frcm
being used in wage computations.

The model then ascertains the impact 27 direct labor
utilization on the size of the direct labor force. Average
work weeks of less than 38 hours will tend to decrease the
force size, while work weeks of moure than 43 hours will tend
to cause an increase in the work force. The model uses a six-

month labor utjlization average to make the labor force decision.

A SDLU.K=SMOOTH(DLU.K,SDI™:M) P-26
C  SDLTIM=6 P-27
A FIDLU.K~TABHL(TFIDLU,SDLU.K, 42,60,3) P-28
T TFIDLU=.005/.007/.014/.022/.029/.035/.04 P-29
A FDDLU.K=TABHL(TFDDLU, SDLU.K, 33,45, 2) P-30
T  TFDDTU=.03/.029/.025/.017/.007/0/0 p-31

SPLU~=Snmoothed Direct Labor Utilization
(hours/week )

DLU~--Direct Labor Utili:ation
(nouzs/week)

SDLTIM-~-Smoothing of Direct Labor over TiMe
(months)

FIDLU-~Fractional Increase in Direct Labor due
to Utilization
tdimensionless)

TFIDLU-~Table for FIDLU
FDDLU-~Fractional Decreasg in Direct Labor due

te Utilizatioe
(dimenzionles

s o3

}
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TFDDLU~-~Table for FDDLU

TABHL functions are used in all production capacity deci-
sions, because the firm can only absorb a given proportion
of new capacity, no matter how great the need.

Tne size of the direc. labor force s also influenced
b the pressure-for-expansion acting upon the production sec-
tor. Unlike Brechtel's formulation, in which only the aggregate
firm's pressure-for-expansion affected production capacity
(8:313), the MYP mcdel gives equal weight to the more im-
mediate consideration of production backlog. The firm uses
a six-month average of pressure-for-expansion in its iabor

force decision.

A  PEDL.K=SMOOTH(FEPR.K, INDEDL) P-32
C  INDEDL=6 P-33
A FIDL.K=TABHL(TF1DL,PEDL.K,-1,5,1) P-34
T TFIDL=.005/.007/.014/.022/.029/.035/.04 p-35
A  FDDL.K-TABHL(TFDDL,PEDL.K, -5,1,1) pP-36
T TFDDL=.09/.087/.076/.05/.02/.007/.005 P-37

FEDL--Pressure-for-Expansion acting upon Direct
Labor
(pressure units)

PEPR--Pressure~for~Expansion acting upon PRoduc-
tion
(pressure units)

INDEDL-~INput pressure DElay Direct Labor
(monthe)

FIDL--Fractionat Increase in Direct Labor from
pressure~for~expansion
7 .
{1/month




TFJDL-~Table for FIDL
FDDL--Fractional Decrease in Direct Labor from
pressure-for-expansion
(1/month)
TFDDL-~~Table for FDDL
The actual rates of direct labor acquisitions and
departures are determined by the total work force (those
actually woriing plus those workers being recruited and

trained) and the joint influence of pressure~for-expansion

and direct labor utilization.

A DLC.K=EDLC.K+DLBA.K p~38
R  DLAR.KL=(DLC.K){FIDL.K+FIDLU.K) P-39
R DLDR.K=(DLC.K) (FDDL.K+FDDLU.K) P-40

DLC--Direct Labor Capacity
(workers)

EDLC--Effective Direct Labor Capacity
(workers)

DLBA--Direct Labor Being Absorbed
(workers)

DLAR--Direct Labor Acquisition Rate
(workers/month)

FIDL-~Fract‘'onal liicrease in Direct Labor due to
pressure-for-expansion
(1/month)

FIDLU=-~Fractional Increase in Direct Labkor due to
Utilization
(1/month)

DLDR--Direct Labor Departure Rate
(workers/month)

FDDL~-Fractional Decrease in Direct Labor due to

pressure-for-expansion
(1/month)
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FDDLU-~Fractional Decrease in Direct Labor due to
Utilization
(1/month)

The decision to change plant capacity is based only
upon the pressure-for-expansion affecting production. The
plant capacity decision further differs from the lzbor deci-
sion in that ar 18-month pressure-for-expansion average is

us<d.

A PEPC.K=SMOOTH(PEPR.K, INDELP) P-41
C INDELP=13 pP-42

T TFIPC=.0005/.0007/.0C14/.0022/.0029/.0035
. 004 P-44

T TFDPZ=.,009/.0087/.0076/.005/.002/.0007/
.0005 P-46

A PLCT .K=PLC,K+PCBA.K pP-47
R PCAR ,KL=(PLCT.K) (FIPC.K) pP-48

R PCDR.KL=(FLCT.K)(FDPC.K) p-49

PEPC--Pressure-for-Expansion affecting Plant
Capacity ‘
(pressure units)

" 4 PEPR--Pressure-for-Expansion affecting Produccion
p (pressure anits)

INDELP~--INput pressure DELay for Production
(months)

[ FIPC-~Fractional Increase in Plant Capacity
] (1 /month)

TFIPC~~Table for FIPC

; FDPC-~Fractional Decrease in Plant Capacity
P4 {1/month)
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TFDPC~--Table for FDPC

PICT--PLant Capacity Total
(units/month)

PLC--PLant Capacity
(units/month)

PCBA--Plant Capacity Being Absorbed
(units)

PCAR-~Plant Capacity Acquisition Rate
(\inits/month)

PCDR-~Plant Capecity Departure Rate
(units/month-month)

The production se~tor attempts a production rate
that will maintain a 13-month backlog of orders. The sec~-
tor's ability to maintain such a production rate may be con-
strained by productivity changes arising from pr2ssure-~fo. -
expansion, material, operating funds, engineering design

completions, and effective production capacity.

A  Fl.K=MIN(PROD.K,PFRC.K) P-50
A  F2.K=MIN(F1.K,RFEDAC.K) P51
A  F3,K=MIN(F2.K, IMPCM.K) p-52
A  PP.K=(EPC.K)(F3.K) P-53
A PD.K=BUOC.K/MBLD P-54
R  PS.XL=MIN(PP.K,PD.K) P-35
N Ps=10 P56

Fl--Factor 1 for production starts
(dimensionless)

PROD--PRCDuctivity arising from pressure-for-
expansion
(dimensionless)

PFRC--Production Funds availabil:ty Ratic Clipped
(dimensionless)
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F2-~-Factor 2 for producticn starts
( dimensionless)

RFEDAC-~Ratio of Final Engineering D.sign
completions Available Clipped
(dimensionless)

F3--Fz2ctor 3 for production starts
( dimensionless)

IMPCM--Inventory of Material/Parts/Components
Multiplier
(dimensionless)

PP--Production starts Pos:ible
(units/month)

EPC--Effective Production Capacity
(units/month)

PD--Production starts Desired
(units/month)

BUOC--Backlog of Unfilled Orders Clipped
(units)

MBLD-~Months of Backlog Desired
(months)

1 PS--Production Starts
a (units/monuh) (8:315).

g! The MIN functions above serve to assure that only the multi-
plier of the most severe constraint acts upon the desired

production rate.

PE——Y

Y| Pressure~-for-expansion has an impact upon the pro-

ductivity of the work force.

: A PROD.K=(NPROD)(MPRO.K) P-57

{. C  NPROD=1 P-58

E A  MPRO,K=TABHL(TMPRO, PEPC.K,~-5,5,1) P-59
T

TMPRO=.6%,/.65/.75,'.85/.9/1/1.1/1.2/1.25/
3

1.2/1, P-60
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PROD-~PRODuctivity arising from pressure-~for-
expansion
(units/unit-month)

NPROD--Normal PRODuctivity
(units/unit-month)

MPRO--Multiplier on PRODuctivity
(dimensionless)

PEPC-~-Pressure-for-Expansion affecting Plant

Capacity
(pressure units) (8:316).

The next portion of the production sector determines
material requirements and the extent of the material con-
straint upon production. First, normal inventory is de-~
fined as that sufficient to support two months production
at effective capacity. The a:tual inventory on hand is then

compared to the normal inventory to yield the inventory

ratio.
A NIMPC.K=(DMIMPC) (EPC.K) pP-61
Cc DMIMPC=2 pP-62
L IMPC.K=IMPC.J+(DT) (IAR.JK-PS.JK) P-63
N Iv” (=EPC P-64
A IMPCR.K=IMPC.K/EF 1.K P-65
NIMPC--Normal Inventory of Materia',Parts/
Components
(units)
DMIMPC--Desired Multiplier for Inventory of
Material/Parts/Ccmponents
e (months)
[ EFC--Effective Product.on Capacity
1 \un.its/month)
[ IMPC--Inventory of Material/Parts/Components
e (units)
r
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IAR~~Inventory Acquisition Rate
(units/month)

PS--Production Starts
(units/month)

IMPCR--Inventory of Material/Parts/Components Ratio
(dimensionless) {8:317-318).

The inventory acquisition rate is driven by the
material shipping rate and the production sector's need for

material as measured by the inventory ratio.

R IAR.KL=(MSR.JK) (FII.K) P-66
A FII.K=TABHL(TFIT, IMFCR.K,0,3.5,.5) p-67
T TFi1=1/.9/.6/.45/.35/.3/.27/.25 P-68

IAR--Inventory Acquisition Rate
(units/month)

MSR--Material Shipping Rate
(units/month)

FII--Fractional Increase of Inventory
(dimensionless)

TFII--Table for FII
IMPCR-~-Inventory of Material/Parts/Components

Ratio
(dimensionless) (8:318-319).

The availability of material in inventory is an
important ceonstraint in starting production. The model ex-
presses this constraint as a multiplier that can reduce

production starts by up to 70 percent.,

A IMPCA.K=IMPC.K/PD.K P-69
A IMPCAM.K=MAX{IMPCA.K, .3) P-70
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IMPCA-~Inventory of Material/Parts/Components
Available
(mcnths)

IMPC-~Inventory of Material/Parts/Components
(units)

PD--Production starts Desired
(units/month)

IMPCAM-~-Inventory of Material/Parts/Components
Available Minimum
(months)

IMPCM~-Inventory of Material/Parts/Components

Multiplier
(months) (8:320).

The MYP model assumes a production time of 13 months.

It also assumes a one-month delay from unit completion to

shipment.,
R  PF.KL=DELAY3(PS.JK,DP) P-72
Eﬁg C DP=13 P-73
- N  PF=l0 F-74
- L  UNITSF.K=UNITSF.J+{DT) (PF.JK) P-75
b} N  UNITSF=0 P-76
R  PSR.KL=DELAY3(PF.JK,DPFUN) P-77
E C  DPFUN=1 P-78
o N  PSR=10 P-79

—

FF-=Producticon Finishes
{units/montch)

PS--Production Starts

,. {units/month)

! DP-~Deluy for Production
| {months)

¥

b o IMIITSE~=UNITS ¥inishnd

- (uriits)
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PSR-~Production Shipping Rate
(units/month)

DPFUN~--Delay in Processing Finished Units Normal
(months) (8:321-322).

The backlog of unfilled orders is a key value in
determining production rate and pressure-for-expansion. The
firm attempts to maintain a backlog eguivalent to 13 months

production.

R  PRODOR.KL=CONOR.K+M1UR.X P-80
L  BUO.K=BUO.J+(DT) (PRODOR.JK-PSR.JK) P-81
N  BUO=(MBLD) (AP) P-82
C MBLD=13 P-83
A BUOC.K=CLIP(BUO.K,.5,BUO.K, .5) P-84

PRODOR~-PRCDuction Order Rate
(units/month)

CONOR--CONtingent Order Rate
(units/month)

MYOR--Multi-Year Order Rate
(units,//month)

BUO--Backloy of Unfilled Orders
(units)

PSR--Production Shipping Rate
(units/month)

1 MBLD--Months of Backlog Desired
(moniths)

] AP--Average Froduction rate
] {units/month)

1 BUOC-~Backlog of Unfilled Orders Clipped
(units) (8:322).
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The material order rate depends upon the average
production order rate of the last three months and the effect

nf delays in the material sector.

L APOR.K=APOR.J+(DT) (1/TAPOR)

(PRODOR.JK~APOR.J) P-85
c TAPOR=3 pP-86
N  APOR=10 pP-87
A  PMCOR.K=(APOR.K)(FAPOR) P-88
c FAPOR=3 P~89
R MOR.KL=(PMOR.K)(MDDEM.K) P-90
APCR--Average Production Order Rate
(units/monti)
TAPOR-~-T .me to Average Production Order Rate
«months)
PRODOR~-~PRODuction Order Rate
(units/month)
PMOR--Potential Material Order Rate
(units/month)
FAPOR-~Fraction of Average Production Order Rate
required
(dimensionliess)
MOR--Material Order Rate
(unite/month)
K MDDEM--Material Delivery Delay Effect on the
) Market
(dimensionless) (83:322-325).
i The effect of material delivery delay on the market
® . . . . X ) .
! allows for difficulties in procuring material from suppliers.
Mate:rial delays areater than one month adversely cffect the
] miaterial order rate,
&
3
5 9y
.
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TMDDEM=1/.9/.6/.45/.35/.3/.27/.25 P-92
MDDRC .K=MDDO, K/MDDN pP-93
MDDN=1 P-94
MDDEM--Material Delivery Delay Effect on the
Marlket
(dimensionless)

TMDDEM~~Takle for MDDEM

MDDRO--Material Delivery Delay Ratio Observed
(dimensionless)

MDDO~--Material Delivery Delay Observed
(months)

MDDN-~Material Delivery Delay Normal
(months) (8:325-326).

The model assumes that it takes the market three

months to notice material delivery delays.

MDDO.K=MDDO.J+(DT) (1/TMDLO)

(MDD .J-MDDO.J) P-95
TMDDO=3 P-96
MDDO=MDDN P-97
MDDO--Material Delivery Delay Observed

(months)
TMDDO~~T ime for Material Delivery Delay

Observation

(months)

MDD--Material Delivery Pelay
(months)

MDDN--Material Delivery Delay Normal
(months) (8:326-327).

The production delivery delay is an important in-

formation input into the market sector. Production
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delivery delay is a function of production backlog and aver-

age production shipping rate.

A PDD.K=BUOC.K/APSR.K P-98
1. APSR.K=APSR.J+(DT){1/TAPSR)

(PSR.JK-APSR..T)} P-99
C  TAPSR=3 P-100
N  APSR=10 P-161

PDD--Production Delivery Delay
(months)

BUOC--Backlog of Unfilled Orders Clipped
(units)

APSR~~-Average Production Shipping Rate
(urits/month)

TAPSR--T'ime to Average Production Shipping Rate
(months)

PSR--Production Shipping Rate
(units/month) (8:327-328).

Finally, the production sector estimates its forecast
of total production effort for the financial sector; this
estimate is based upon a comparison cf existing versus de-

sired production Backlog.

A ETPE.K=BUOC.K/MBLD P-102

ETPEw-Estimate of Total Production Effort
(units/month)

BUOC--Racklcg of Unfilled Orders Clipped

o Jun =2 Sa Te ) 1 v

(units)
’ MBLD-~Months of Backlog Desired
(months) (8:328)
. This completes the production sector formulation.
!
L
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Additsonal Modifications

As mentioned earlier, the MYP model also includes
changes to .iechtel's pressure-for-expansion sector.
Brechtel's model (8) calculated one overall pressure-for-
expansion value that encompassed the entire firm.

The researcher's MYP model uses a "customized”
pressure-for-expansion variable for the production sector.
The customized pressure-for-expansion value accounts equally
for both the firm-wide pressure and the state of the produc-
tion sector.

A PEPR .K={PE.K+6 *PEB.K) /2 PE-52

PEFR--Pressure-for-Expansion, PRoduction
(pressure units)

PE--Pressure-for-Expansion, firm-wide
(pressure units)

PEB--Pressure-for-Expansion, production Backlog
(pressure units)

The researchers designed a model modification that

permits the evaluation of the firm's ability to respond to a

production surge requirement. This modification involves

changes to equations in the market and production sectors.

i Two step functions introduce a 20-unit surge requirement over
a one=-month period,

. A CONCR .K=(CONPD.K) (PDDEM.K ) (PEXOG.K)+SURCE.K MK-10

:‘ A  SURGE.K=STEP(20,60)+STEP{~20,61) MK-45

The surge equations make the surge requirement a high

\ priority hy making the surge requirement a direct input in




cetermining production starts. The equations also account

“or the surge units introduced into production.

R FS.KL=MIN({FP.K,PD.K+3L.K) P-55
L SL.K=SL.J+(SURGE.J~-SR.J) {(DT) P-103
N SL=0 P~104
A SR.K=MAX (0,PS.JK-PD.K) P-135

Ps-~Production Starts
{(units/month)

PP--Production starts Possible
(units/montn)
PD--Production starts Desired

(units/month)

SL-~-Surge Level
(units)

SURGE~--SURGE order rate
(unics/month)

SR-~-Surge level Reduction
(units/morth)

Summary
The researchers meodifiad three sectors of Brechtel's

contractor model to allow evaluation of four predicted MYP

benefits. These modifications of the market sector, finan-

cial sector, and production sector were then tested for rroper
use of the DYNAMO language. The next step was to evaluate

F @ model usefulness.
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CHAPTER 4

MODEL EVALUATION

Introduction

In Richardson and Pugh's outline of the steps in the
system dynamics approach, model formulation is immediately
followed by analysis of model behavior and model evaluation
(31:16). These steps include the familiar concepts of sen-
sitivity analysis, model verification, and model validation.

Forrester and Senge have integrated the above steps
into an overall model validation procedure (18), They de-
fine validation as "the process of establishing confidence
in the soundness and usefulness of a model [18:210]." The
researchers used Forrester and Senge's outline in the
confidence building process for this research pro ject.

The researchers conducted tests of the model struc-
ture, model behavior, and policy implications. These tests
were accomplished via interviews with managers of the modeled
contractor, examination of model structure, and analysis of
simulation results. This chapter will discuss model eval-
uation by considering the results of the researchers'
examination of model structure, model behavior, and policy

implications.
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Model Structure

Forrester and Senge {18) propose five tests for
establishing confidence in model structure. First, the

structure ver_fication test compares thec structure of the

model with the structure of the real system. Likewise, the

parameter verification tcst compares model parameters to

actual system parameters. The third test, extreme condi-

tions, evaluates the ability of the model structure to deal

with extrene variable values. The bcundary adeguacy rest

is designed to determine if the model structure is adequate

to the model purpose. Last, a dimensional consistency test

involves examining the DYNAMO equations to ensure correct
dimensional algebra {18:211-216). The researchers conductec
all five tests, which will be discussed in the above order.

Structure-Verification Test. The researchers

verified MYP model structure by interviewing managers from
the modeled contractor using the interview guide in Appendix
G. Section II of the interview guide concentrates on model
structure and is organized into questions about the market
sector, financial sector, and production sector.

The researchers interviewed one contractcr repre-
sentative about the market sector. The manager indicated
agreement or strong agreement with all interview guide ques-
tions dealing with the market sector structure.

Two contractor managers answered gquestions about the

financial sector. Both managers agreed with the basic
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sector structure, but both alsc stated that technicail
modernization incentive payments should be incorporated into
the financial sector structure. The researchers included
this concept into the model, as previously discussed in
Chapter 3.

Four managers w2re interviewed about the production
sector. The managers provided the researchers with more ac-
curate information on the firm's direct labor requirements;
this interview-derived information was incorporated into the
production sector of the model. No other necessary structure
changes were identified in the interview process.

Parameter-Verification Test. The researchers also

used the contractor interviews to verify the accuracy of
several model parameters. The interview findings provided
the model with an accurate figure for the Burdened Wage
Rate (BWR) and also identified parameters for special atten=~
tion during sensitivity analysis. These parameters, corpor-
ate willingness to take risk and time necessary to hire 2.4
train new workers, were points of disagreement or uncer-

tainty among the interviewees. The result of this sensi=-

tivity anaiysis 15 discussed later in this chapter.

Extreme-Cond.tions Test. The researchers conducted

Ladis a0 2 ae cny

the extreme~conditinns test on the MYP model modifications

-
L}

by determining the effect of extreme level variuble values
on rate eguations. This procedure is valuable in discovering
model flaws and expanding the useful range of the model

(18:214).

{ aidh 2~ 4
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The extreme-condition test revealed one area of comn-
cern. Zero or negative inventory will not bring production
to a halt; it will only reduce production by 70 percent.

The researchers felt that a 70 percent reduction in produc-
tion is a reasonable approximation for a production halt,
since the purpose of the researchers' MYP model was not to
evaluate plant shutdowns.

Boundary-Adequacy Test. Forrester and Senge main-

tain that a successful boundary-adequacy test results when
the modeler is unable to develop a plausible hypothesis re-
quiring additional model structure (18:215). The researchers
could not identify any other structure necessary to evaluate
the MYP benefits of plant modernization, labor stability,

and surge capability. It can be argued that the present

MYP model does not extensively account £or certain cost
types, such as overhead and administration. The researchers
maintain., however, that the model is sufficient to evaluate
MYP's akility to reduce cost, in the aggroyate.

Dimensional Consistency Test, I'he researchers

checked ail equations in the modified sector. {(production,

finan~ial, and market) to ensure dimensional consistency.,

This check conri.med the proper use of variable dimens.rms.

¢ Model Behavior

The reseavchers subjected model behavior to five of

i Saniiiiie e Salbie s ety 2

Ol

ts., irst, behavior .ests sustan-

o

Forrester and Sence's te;

>

N ticted the abkility of the model to repruduce nast systenm

{ 10%




behavior. Behavior prediction tests, likewise, explored the

model's capability to forecast system behavior. Third,

searching for behavior anomalies helped the researci.ers un-

cover flaws in model structure. Introducing extreme policies
into the model strengthened the researchers' ccnfidence in
the model's ability to respond to . wide range of MYP op-
tions. Finally, the researchers investigated the model's

sensitivity to parameter changes.

Behavior-Reproduction. Brechtel demeonitrated the

ability of his contractor model to reproduce the modeled
firm's behavior over a period of 20 y2ars (8). The MYP model
modifications do not. impair this capability; the researchers’'
MYP model was used to enharce portions of Brechtel's proven
model structure.

Figure 4.1 is a graphical representation of a ten-
year system simulation. In this experimenv, the researchers
irput an annual contracting profile throuch an order rate
that varied from 19 to 10 units per month in a three-year long
cycle. n the graph, where production starts are represented
by the letter P and labor force by the letter L, production
and labor display a significant instability--with the same
cycle period as the order rate. Here, the model reproduces
the contractor benavior which has led to the push {or MYP.

Behavior-Prediction. Figure 4.2 is graphical output

from another ten-year simulation. For this experiment, two
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consecutive five-year MYP contracts (awarded at the 24 and
84 month points) maintained a constant primary customer
order rate of 10 units per month. Contingent order rate
rose as high as 12 units/month within sixty months of the
start of production. Note the smoother build-up of labor
force (L) and production rate (P) as compared to the annual
profile (Figure 4.1). Figure 4.3 shows the modernization
liability curve (symbol I) for the simulation. Notice the
large investment increase at month 24, the start of the first
MYP contract. A smaller increase in investment occurs at
month 84, the beginning cf che second MYP contract.

Using Section TII of the interview guide (Appendix G),
the :researchers questioned three contractor managers about
the behavior reflected bv the graphs of labor and moderniza-
tion investment. The managers all expressed agreement with
the general behavior of the labor and modernization curves,
although they had reservations about the sharp spikes in
investment at the MYP contract start points. These invest-
ment spikes were reduced in the model by accounting for the

corporate limit on annual modernization spending obtained

; in the interview process.
The interviewees disagreed with the market sector be-
havior dewonstrated in Figure 4.4. The managers felt that
: the build-up of the contingent order rate (represented by
f the letter F; G is the MYP order rate) was too gradual.

Changing the value of the narameter PDGPR--Potential Production
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Demand Generated by Professional Effort--from .003 to .005
resulted in the market behavior shown in Figure 4.5; here,
~ontingent order rate build up is 24 months faster tnan in
the curve to which the managers objected (Figure 4.4).

Since the researchers developed the revised market behavior
(Figure 4.5) after the contractor interviews, contractor
reaction to the results shown in Figure 4.5 was not obtained
in this study.

The interviewees' reaction tc¢ the simulation results
shows the model is generally compatible with what the con-
tractor thinks will happen under an MYP contract. The in-
terviews demonstrated the plausibility of MYP model predic-
tions, but only actual MYP experience can prove or disprove
prediction accuracy.

Extreme Policy. The extreme policy test attempts to

build confidence in the model by evaluating model behavior
vhen the model is subject to policy extremes (18:221). The
researchers conducted this ertreme pclicy test by subjecting
the model to a variety of investment policies and contract
cancellation ceilings.

As an example, the researchers tested model behavior
by setting MODEXP, the rate determining modernization invest-
ment, egual! to zero. Although no profound change in model
behavicor was expected, the researchers did expent an increase
in labor force requirements. This was the case; the labor

force was about five te eight percent bigger with no
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modern.zation investment. Also, labor force size peaked
some four months later with the changg and production rate
build-up was slightly more erratic. Similar extreme policy
tests with other policy variables provided similar support
for overall model predictability.

Behavior Sensitivity. The researchers conducted

sensitivity analyses on a variety of parameters and table
functions. Of particular interest were the table function
describing investment opportunity (TOPMOR), the table function
describing the firm's contingent market evaluation (TREVFR),
the time required to acquire new workers (DADL), and the time
used to evaluate changes in labor requirements (SDLTim and
INDEDL).

The researchers found that investment level was

sensitive to changes in investment cpportunities. However,
the behavior of modernization investment and the rest of the
key response variables was essentially unchanged.

F! The model was insensitive to changes in the shape of
! table function TREVPR., Changing TREVPR from its original
linear shape to the S-shaped curve suggested by an inter-

1 viewee resulted in no change in investment level,

Changing the time required to acquire direct labor
from six to three months had no major effect on the model.
There wis little numerical sensitivity, and the only behav-
ioral sensitivity was a two months earlier peak in the work

force level,
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The most significant (and surprising) result of sen-
sitivity analysis was model reaction to a change in the
smoothing constants for direct labor force decisions (SDLTIM
and INDEDL). Reducing the two constants from six to three
months caused smoother but more rapid work force changes.
Since the researchers could not determine which value (three
or six months) was more accurate, the researchers conducted

all policy tests using hoch values.

Policy Implicatiors

Forrester and Senge discuss several tests of policy
implications. Unfortunately, two tests--system improvement
and changed-behavior-prediction--are based upon the actual
implementation of recommendations from simulation study. N
Although these two tests are certainly relevant to long term
use of the MYP model, they have little immediate utility in
model va.idation (18:224-225),

The researchers did subject policy inputs to sensi-
tivity analysis. As previously mentioned, each policy ex-
periment was conducted with two values for SDLTIM and INDEDL,

the labor policy smoothing constants. Sensitivity analysis

in the policy testing phase also included examination of the
effect of different values of corporate willingness to take
,' risk. The researchers found numerical sensitivity only for

the MYP model.

NPT
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Conclusion

Several authors (18:29) repeat the theme that model
validation is a continuous process; and that a model should
never ke pronounced "validated." If this approach is neces-
sary for system dynamics models in general, the researchers
believe it to be particularly appropriate for the MYP model.

Since the MYP model is designed to evaluate new
policy, rather than to understand the effects of an existing
policy, user confidence in the model must depend upon comHar-
ison of model output with actual future system behavior.
Prudent use of the MYP model must be based upon this real-

ization. As the results from MYP implementation become

available, the MYP model should be updated to maintain its

—

usefulness. Before unquestionable conclusions can b2 made

about the MYP model's utility, additional MYP model valida-

e

tion in follow-on research is necessary.
The researchers believe that model testing has

demonstrated the model structure and behavior to be consist-

ent with the actual system. Also, extreme policy and param-

TETTPEET T
-

eter values have had predictable effects on simulation re-

¢

& sults. The researchers' MYP model can be a promising in-
-

- strument with which to evaluate MYP benefits.
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CHAPTER 5
RESULTS/ANALYSIS

As outlined in Chapter 2, the research methodology
was desigred around two complementary approaches. The re-
searchers surveyed 34 firms to determine contractor opinions
about 8 presumed MYP benefits. A computer model was also
developed to further evaluate four MYP berefits by studying
the impact of MYP on 4 single aerospace contractor.

This chapter presents the results of this research.
In this chapter, survey results are reported first, followed

by a discussion of siimulation findings.
SURVEY RESULTS

The researchers distributed eighty-eight sarvey ques-
tionnaires, but due to reproduction of the qguestionnaire by
one firm (call it Firm X) a total of 103 survey instruments
were distrikbu.ed. Of the 103 guestionnaires, 62 were re-

turned, for a return rate of 60.2 percent. The response

from Firm X represented 27.4 percent of the survey respondents.
Becavse of this large input from Firm X, the re-

searchers tabulateu two data files to determine the effect

of the large response by Firm X. The first data file con-

sisted of 61 cases; nne questionnaire was rejected because
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it was completed by a military Education with Industry studeat.
The second data file did not include the seventeen cases from
Firm X for a total of 44 cases. Identical analyses were
performed using both data files; the results from the two

data sets were not significantly different. Therefore the
substantial input from Firm X did not bias survey results.
Accordirgly, all sixty-one valid responses were used for

data analysis purposes.,

The demographics of the research sample are summarized
in Appendix H. Over one-third (36 percent) of the responses
came from executive managers; greater than nine-tenths
(93.4 percent) of the respondents were at least middle man-

agers. Of the suivey group, 93.4 and 78.9 percent nave at

least ten years experience in the defense indastry and with
their firms, respectively. Just over half of the sample,
54.1 percent, claimed actual MYP contract experience wi*hin

the last five years.

The data analysis was performed using two different
methods. In the first method, the researchers analyzed the
sample as one group. For the second method, the sample was
B divided into two groups: those who claimed MYP contract ex-
perience within the last five years, ard tbose who did not.

The results are summarized in Appendices I ard J.

Analysis of the Entire
Population

q Appendix I groups the survey results accoraing to
each projected MYP benefit. Appendix I ic organ.zed as
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follows. For each predicted benefit, the first column lists
the gquestion numbers that applias to that particular benefit.
The secofid coiumn lists the calcwrlated t-values for gqurs-
tions from Section< III and IV of the survey. The third column
is the two-tailed probability value calculated by SPSS for
questions in Section IV. This probability is the significance
of the t-value; the researchers chose 0.05 as the signifi-
cance level for hypothesis testing. The mean response for
each question iz listed in the fourth c¢olumn. In Section IV
of the questionnaire, gquesiions 22 through 33 had two answer
scales each, $0 both means are iisted in the fourth <olumn.
“he first value is the mean of the responses f¢r situation
one, annual contracting. 7The second value is the mean (£ the
responses for situatior two, MYP contracting. For sxample,
Question 30 (under advunced material buys) lists the means

as 19.125/51.339, Thre value 13,125 indicates approximately
19 percent of the materials wil) be purchased as advanced
buys under an annual contract, while the value 51.332 in-
dicates approximately 51 pecrcent of the materials will be

purchased as advanced material buys under an MYP contract.

The D values, listed in the fifth cclumn of Appandix
[, are the diffeorences petwert the two means ahd thervforve
will only be lis.ed for Questiens 22 khrough 33 of tha survey,
The D values wrdicate the magnitude and direction of the dif-
ferances hefJdeer the mean rzaponsas.  The nexXt to last col-

1 s of Appendly [ondlicates the monker of responses (ol




possible) for each particular gquestion. The last column
reflects whether the null hypothesis was accepted (an A), or
rejected (an R). A rejection of the null bypothesis indi-
cated that MYP had an impact upon that predicted benefit.
No statistical tests were performed for Section II of the
survey; therefore, a dash (~) appears in the last column for
these questions.

Next, the survey results for each projected benefit
are discussed.

Modernization of Plant Facilities. The survey

sample was of the opinion that MYP will help increase the
tecrnology level of the production facilities. The mean of
Question 14 fell between the slightly disagrec and disagree
responses, indicating that the sample did rot agree with the
researchers' statement that an "MYP contract would decrease
modernization of production capability."” The results of
Question 33 indicate that MYP contracting would result in the
techiolocgy level of the firms' production facilities being
approximately two years (1.836) more advanced than under
annual coocracting. The null hypothes:is of Question 33 was
rejected.

Stabilized Work Force. The mean r~sponse for Ques-

tion 13 rell between the slightly agree and the agree re-

sponses, indicating the sample agreed with the statement

that MYP will help stabilize production manpower loading.

° Lower Production Costs. The survey data indicated

Miaine 4

that MYP should lower production costs. The means of
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Questions 8 and 11 reflect the opinion of the sample that
MYP will reduce average unit cost over the life of the con-
tract, and that MYP will reduce labor costs. Question 11 was
one of the question reverse worded to guard against the
acquiescence of response sets, i.e.,"firewalling” (21:451-
452). The researchers can only state that the sample dis-
agrees with the statement "MYP will increase contract admin-
istration costs." The means of Questions 18 through 21 in-
dicated the sample believes MYP will reduce four types of
costst (1) a mean estimate of a 6.5 percent decrease for
direct labor cost per unit produced; (2) for manufacturing
overhead cost per unit produced, a mean decrease of 4.3 per-
cent was estimaied; (3) the mean estimate for contract
administration cost decreased 7.6 percent; and (4) material
and subassembly cost per unit was down 9.3 percent. The
null hypothesis pertaining to lower production costs was

re jected.

Advanced Material Buys. The mean responses to Ques-

tion 30 and 31 indicated tre sampie believes that
under MYP the percentage of material and subassemblies pur-

chased as advanced buys would increase by an estimated 32,2

and 28.4, respectively. The nul! hypothesis was rejected for
Questions 30 and 31.

The researchers also investigated the importance of
p advanced material progress payments to the contractors.

] Questions 34 and 35 posed a situation in which advanced
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material buys would only be reimbursed in the event of con-
tract cancellation; in other words, there would be no
advanced material buy »rogress payments. The responses to
Questions 34 and 35 were paired with the MYP responses of
Questions 30 and 31 for paired sample t-tests.

The results showed that advanced material buys would
not be increased without advanced material buy progress pay-
ments. There was essentially no difference in mean responses
between the MYP with no progress payments and annual con-
tracting scenarios of Questions 30 and 31. The null hypo-
theses were re jected, since the means of the MYP responses
were not equal to the means of the MYP with no advanced
material buy progress payments responses.

Improved Surge Capability. The survey questionnaire

contained three questions diracte«d at the issue of MYP's
impact on surge capability. Responses to two questions re-
flected strong support for the prediction that production
surge capability will be enhanced by MYP. However, the re-
sponse to the third questior indicated only marginal sup-
port by the sample for improved surge capahility.

The sample believed that MYP will reduce the time
required to surge from a peacetime to a wartime production
rate by a mean estimate of 5.4 months (Question 24). Those
sampled believed wartime production could be supported 4.1
months longer under MYP than under annual contracting with

the material and subassemblies on hand (Question 32).
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Without advanced material progress payments (Question 36),
the survey group felt that wartime production rates coculd be
supported only 2 months longer under MYP than under annual
contracting.

‘When asked about the statement that surge capability
would be improved under MYP, the respondeats gave only
slight support for the statement. The mean response fell
between the reutral and the slightly agree responses. The
remaining three gquestions (27, 28, and 29) were directed
more toward surge constraints rather than surge capability.

Again, the sample felt that MYP will lessen the ef-
fect of the three constraints: material and subassemblies,
direct labor, and the technology level of the production
facilities. Although the difference in the means was sig-
nificant, MYP does not substantially alleviate any of the
three constraints. For materials (Question 27), the means
feil on either side of the "a major constraint" response.
The labor means fell just past "a minur constraint" response.
The last se¢t of means -- technology -- fell on either side of
the "a mincr constraint" response.

Increased Competition. The sample felt that MYP may

increase competition among their subcontractors while not
affecting the surveyed firms likelihood to bid for more de-
fense contracts. This is supported by the reutral response

o the statement (Question 15) that widespread use of MYP

will increase the respondent's firm's 1likelihood to compete
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for more defense contracts. (Question 16 applies the same
statement to vendors competing for a firm's subcontracted
effort., The mean to Question 16 reflects a slight agreement
to the latter statement that competition may be increased
for subcontracts.

The results were mixed for the other questions (22,
23, 25 and 26) in th’s area of competition, but overall those
surveyed do not believe that MYP will increase competition.

When asked what percentage of bids the respondent.’'s
firm would respond to under an MYP versus annual contract,
the difference was orly one percent (Question 22). However, the
sample estimated that 64 percent of subcontractors would bid
for defense work in an MYP environment, as opposed to 54 per-

cent in an annual contracting environment. The results

compare quite favorably to thuse responses of Questions 15
- and 1€, which 1mplied MYP would not affect competition for
» the surveyed firms but would increase competition for their
;!ﬂ subcorntractors., The means for Questions 25 and 26 indicated
that the type of contract did not affect the responses made

] by the sample population. When asked if the firm would not

®
3 compete for a production contract due to a lack of antici-
: pated profit (Question 25), both mean responses were neutral.
p
[' When asked 1f the firm would not compete for a production
] contract because the firm anticipated being locked-in to a
i long cerm contract, bcth means indicated a disagreement to
& ]
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the statement. This disagreement appears to indicate that
the sampled firms would not be more hesitant to compete
for long term contracts.

The overall results concerning increased coupetition
indicate that there is no significant difference between MYP
and annual contracting in the effects upon the surveyed con-
tractors' likelihood to compete. However, there did appear
to te a significant difference in the degree of increased
competition among subcontractors.

Increased Standardization. The sample disagreed

with the statement that MYP will decrease standardization.
The mean response (Question 9) fell between the slightly
disagree and disagree responses.

Improved Productivity. Those sampled agreed that

MYP wili increase productivity. The mean response (Question

13) fell between the slightly agree and the agree respcnses.

Analysis of MYP Experience

The researchers analyzed the data to determine the
effect of MYP experience on survey respo.ases., Appendix J
lists the results of this analysis. A description of
Appendix J follows.

Column 1 shows the question being analyzed. The
second and third columns show the t-value and two tailed
probability (calculated by SPSS), respectively. Again, the
researchers used /1 significance level of 0.05. The number

of cases, from each group, is shown in the last column. The
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first number is the number of cespondents from Group 1 (MYP
experience), and the second value is the number in Group 2
(no MYP experience). ™he maximum size of each grecup is
33/28, respectively. For example, guestion 27B has a sig-
nificance level of .016; 28 peoplie from Group 1 and 26 people
from Group 2 responded to this question. The "B" attached
to the question number indicates that the MYP response
(second answer scal2) was used for this analysis. An "A"
would indicate the response under the annual contracting
situation was used.

The survey responses wece significantly different
for five questions: 9, 15, 20, 27B, and 31B. The means four
Quest.on 9 indicated that those respondents with MYP ex-
perience expressed slightly more disagreement with the state-
ment "implementation of MYP will decrease standardization."
Question 15 averaged a neutral response overall but was
rated differently between the two groups. Those experienced
in MYP slightly agreed that MYP contracting would result in
their firm competing for more defense contracts, waile
Group 2 (no MYP experience) slightly disagreed with the sState-
ment. Those with MYP experience felt contract administra-
tion costs wculd decrease by 9.8 percent, while the non-
experienced group averaged a meanh response of a 5 percent
decrease. For Question 27B, Group 1 (MYP experience) thought
materials and subassemblies would be more of a maijor con-

straint in an emergency production surge than Group 2 (no
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MYP experience). When asked the percentage of subascsemblies
that would be purchased as advanced buys, the experienced
MYP group estimated 53.226 percent, while the other group

averaged a mean of 39.2 percent.

Survey Corments

In this section the researchers will present the com-
ments that some of the sample wrote on their questionnaires.
Some of the comments wvere directed at specific questions,
other comments concerned the survey in general.

Mcst of the survey comments were directed at the
situations presented in Sections III and IV of the question-
naire (Appendix B). Ten percent of the respondents believed
the situations were too general. One of the respondents
added that due to the lack of specifics, many of the survey
questions were "indeed academic." The researchers would like
to point out that the situations were designed to be general.
If a situation was too specific, it would have hindered the
generalization of the research results,

The modified situation of MYP was also commented on
by survey respondents. One respondent stated:

In my opinion this is now the same as an annual
contracting situation except for the administration
benefits of gone contract versus five. All benefits
derived from the quantity buys and escalation avoid-
ance are passed on to the customer. This situation
asks the prime and/or subcontractor to subsidize
customer with cost of money, inventory, and risk.

The above comment suppcrts the survey results pertaining to

the urportance of advanced material buy progress payments,
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Improved surge capability and increased competition
were two areas that caused problems for the respondents,
These problems were identified by the number of comments re-
ceived and the number of respondents who did not answer the
questions in the above two areas.

Question 24 caused some ten percent of those who
commented on this survey to state that surge time depends on
the nature of the product or just the circumstances in
general., The researchers agree that surge respcnse depends
on the circumstances but felt that a general response to
Question 24 could have been given.

A large number of comments were directed towards
Questions 22 and 23 (inrreased competition). The comm2nts
for the two questions were similar in nature, therefore the
researchers will review the specific comments received for
Question 22.

The majority of the respondents who ccmmented felt

that the type of contract would not affact the firm's deci-

sion to bid. The respondents indicated that the decision
woculd be based on [actors such as: the product; the compati-
bility with existing product lines; the firm's interest and

capabilities; the capacity of the plant; or the risk involved

i o a4 g )

and the probability of capturing the contract. The researchers
understand that the above two questions could be misconstrued

since the type of contract may not be (and is not) con-

T

. sidered an important factor for such decisions. The

wa e
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researchers wanted to determine if MYP could make a differ-
ence, The statistical analysis supported the rull hypo-

thesis that MYP would make no difference in competition. As
one respondent put it: "The only thing worse than a govern-

ment contr-ict, is not having one.”
SIMULATION RESULTS

The researchers used simulatiocn to evaluate four
predicted MYP benefits: increased plaut modernizatiun, im-
proved labor stability, increased surge c¢ipability, and re-
duced production cost. For each predicted henafit, the re-
searchers compared the behavic~ of key model variables in an
annual versus an MYP environment. In most cases, the ef=-
fect of policy variations and different financial environ-
ments on MYP benefits were also investigated.

Since the modeled contractor was awarded an MYP con-
tract at a point relatively early in the contractor's cur-
rent. production program, there was little historical data
upon which to base annual contracting order rate profiles.
Therefore, the production order rates used in the annual
profiles of this chapter were designed by the researchers to
represent plausible annual contracting scenarios. These
scenarios were based upon the program histories of similar
weapon systems (8:22). The reader is reminded that the
simulation results are preliminary because additional valida-

tion for the MYP model is necessary.
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The simulation results are presented by discussing
each benefit individually. The discussion includes the ~
specific modeling steps used in conducting che experiments,
as well as the numerical and graphical outcomes of illus-
trative simulation runs. The MYP benefit evaluation will
conclude with a discussion of implications of the simula-
tion results.

The researchers have used numerical results in the
text only so that the effect of different policies may be
compared. The MYP model was not intended to be used to
predict specific results, so the numbers presented should

not be taken for actual predictions. Rather, the numerical

results are meant to represent model behavior.

Plant Modernization

MYP is predicted to increase plant modernization by
providing contractors with a stable business base. Large
contract cancellation ceilings can also provide incentive
for investment in manufacturing technology (40:32).

The researchers desigred plant modernization simula-
tion experiments to isolate the effccts of business base and
large cancellation =—eilings upon modernization inves‘ment.,
Annaal and MYP order profiles wer=2 run with contract capital
cancellation ceilings of both $10 million and $100 million.

The annual contracting profiles used the following
productior. order rates, listed by year.

Year 1 -~ 16 units/month VYear 6 -- 25 units/month




Year 2 -- 20 units/month Year 7 -- 25 units/month
Year 3 -- 20 units/month Year 8 -- 10 units/month
Year 4 -- 10 units/month Year 9 -- 10 units/month
Year 5 -- 10 units/month Year 10 -~ 10 units/month

(The contingent order rate, CONOR, was set equal to zerc.)
When the modernization cancellation ceiling was set
at $10 million, modernization investment after 10 years

totaled $21.8 miliion. The researchers then introduced a

$100 million cancellation ceiling at month 24; the ceiling
decreased linearly to $10 million by month 96. After in-

: troducing the $100 million cancellation ceiling, moderniza-
Id tion investment totaled $111 million after 10 years. Th»
cumulative investment curve for this latter annual scenario
is shown by the dashed line in Figure 5.1.

A constant order rate of 20 units/month served as
: the MYP profile for modernization evaluation. A constant
$10 million cancellation ceiling yielded a cumulative invest-
ment of $25 million, an increase of some 14 percent over the
annual profile. The $100 million rancellation ceiling pro-

file resulted in a total of $129 million of investment, 16

-’

percent more than the annual situation. The cumulative in-
vestment curve of the MYP, $100 million cancellation ceiling-
L profile is displayed by the solid line in Figure 5.1.

Figure 5.2 presents the cumulative Government incen-

tive payments necessary to provide the contractor with suf-

ficient cash flow to make modernization investment feasible.
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A3 in Figure 5.1, the dashed line represents the annual pro-
file, and the solid line is the result of the MYP profile.
Note that about $21 million was regquired in the MYP profile.

Decreasing the cost of capital from an average of
ten percent to an average of five percent dramatically re-
duced reguired incentive payments (Figure 5.3); note that
cumulative incentive payments for both annual and MYP pro-
files were reduced to below $1.5 million. The capital cost
decrease had a less dramatic effect on investment level,
causing an increas2 of only $7 million in cumulative invest-
ment for the MYP profile.

The simulation results indicated that the effect of
a firm's willingness to take investment risk will be more
evident with smaller cancellation ceilings. When the con-
tract cancellation ceiling was $100 million, increasing the
corporate willingness to take risk (MODRSK) from .1 to .3
had little effect upon cumulative investment for both the
annaal and MYP scenarios. However, when the cancellation
ceiling wvas $10 million, the increase in willingness to
take risk resulted in 40 percent more investment under both
MYP and annual profiles. These resuits imply that the finan-
cial aggressiveress of the contracto.” may be a factor in
negotiating contract cancellation ceilings.

The researchers also investigated the effect of a
different cost-sharing ratic upon investment. &ll the pre-
vious simulations in this study used a 70-30 Government-con-
tractor cost-sharing ratio. A 80-20 share ratio caused
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little difference in investment levels, but, like capital
cost. necessary incentive payments were markedly changed.
Total required incentive payments were increased some $14
million with a $100 million cancellation ceiling and about
$5 million with the smaller ($10 million) cancellation ceiling.
These simulation results indicated that the churacter-
istic of MYP that contributes most to plant modernization
may likely be large canéellation ceilings for capital invest-
ment (with accompanying incentive payments). However, the
more stable business base provided by MYP did result in sig-
nificantly increased investment, conmpared to the annual
profiles. This research implies that while the stablie busi-
ness base of MYP may have some positive influence on plant

modernization, large plant modernization programs will re-

quire large contract cancellation ceilings.

Work Force

The researchers tested for work force stability by
comparing labor strength curves for MYP versus annual con-
tracting scenarios. These work force tests included invest-
igation of the effect of the size of the non-primary customer
market (contingent market) and the effect of contractor labor
policies.

The first experiment was an annual contracting pro-
file with a maximum contingent market of five units per month.
The primary customer (such as the U.S. Air Force in the F-16
program) had an order rate that averaged 15 units per month.

The actual order rates, listed bv year, are shown below:
137
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Year 1 -- 14 units/month Year 7 -~ 12 units/month
Year ~= 16 units/month Year 8 -- 19 units/month
Year -=- 11 units/month Year 9 -- 12 units/month

-= 20 units/month Year 11 -- 18 units/month

2
3

Year 4 -~ 11 units/month Year 10 -- 16 units/month
Year 5
6

Year 6 -~ 19 units/month Year 12 -- 15 units/month
This simulation run resulted in the labor force curve shown
in Figure 5.4.

Figure 5.5 was the result of an experiment with a
maximum potential contingent order rate of 15 urits per
month and an average primary customer order rate of 10 units
per month. Relative order quantities, from year to year,
were che same for this experiment as for the first experi-
ment. The labor force size curve of Figure 5,5 was.smoother
in nature for this experiment, as compared to Figure 5. 4.

The MYP experiment used a constant order rate (MYOR)
of 10 units per month, and a contingent order potential
{CONPDM) cf 15 units per month. Figure 5.6 summarizes the
result of this simulation. Labor force rises with produc-
tion rate, then steadies at approximately 5100 workers by
month 50.

The researchers also conducted experiments using
labor force decision times (SDLTIM and INDFDL) of three
months rather than six months. Although there was a slight
smoothing of the labor force and production start curves, the

basic navure of each experiment result was unchanged.
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The ability of constant order rates to steady a
contractor's labor force strength seems apparent from the
simulation results. As will be discussed later, this con-
stant order rate has a direct impact on production expenses.
It is also important to note the effect of a large con-
tingent market (foreign military sales, other military
services, etc.) on a firm's production rate/labor stability.
The smoother nature of the curves in Figure 5.5 as compared
to Figure 5.4 suggests that the labor force steadying ef-
fect of MYP would be less pronounced for a firm with a

large outside market for its product.

Production Costs

MYP proponents believe that MYP will lower produc-

tion costs through great2r work force stability, plant

modernization, and lower material costs through advanced
buys (7:121). Although the MYP model was unable to evaluate

the cost savings of advanced material buys, the researchers

were able to study the potential of MYP to reduce costs
through production stability and technological productivity
&£ enhancements. The simulation study was designed to isolate
the impacts of stability and modernization.

The first simulation experiment with production

T PTETET?

{ costs was a repeat of the first labor force stability experi-
ment: an annual contracting profile with an average order
rate of 15 units per month; a maximum outside order rate of

' 5 units per month; and a maXimum capital cancellation
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ceiling of $10 million. After 120 months, 2,048 units were
finished with a burdened labor cost of $3,092 billion, or
$1.51 million per unit.

The second production cost experiment was an MYP
profile of 10 units per month with a maximum cancellation
ceiling of $10 million and a maximum outside market of 15
units per month. At month 120, the model had recorded 2,276
production finishes at a total burdened labor cost of $3.361
billion. The average burdened labor cost per unit was $1.48
rmillion.

The last planned experiment involved a 10 year MYP
scenario with a 10 units/month order rate and an outside
market potential of 15 units/month. The intent of this ex-
periment was to gauge the effect of large modernization in-
vestment, so a $50 million capital ceiling was used. After
10 years, 2,248 aircraft were produced with a cumulative
burdened labor cost of $3,254 billion, an average of $1.45
million per unit.

At this point, the researchers chose to repeat the
first experiment, this time with a maximum contingent order
potential of 15 units per month (this is the same scenario
as experiment two of the labor stability evaluation). This
simulation yielded 3246 aircraft with $3.32 billion in labor
costs. The average labor cost per unit of $1.48 million per
unit was identical to the MYP scenario with the same ($10

million) cancelilation ceiling.
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These simulation results support the earlier
finding that MYP may have less impact on a program with a
large outside market. At the same time, MYP had a signifi-
cant cost advantage over annual contracting when the scenario
involved a smaller outside market. Finally, enhanced modern-
ization resulting from a moderately large cancellation
ceiling ($50 million) further reduced labor costs.

Once again, the researchers point out that these
research results do not take advanced material buys into
account. Interviews with managers of the mudeled firm in-
dicated that cost savings of more than five percent per air-
craft are expected from advanced material buy savings alone.
No analysis of MYP cost savings can be complete without con-

sidering advanced material procurement.

Surge Capability

MYP has been proposed as 2 step to increase the
ability of defense contractors to surge production rates when
defense requirements warrant. This enhanced surge capabil-
ity is expected to result from reduced component and
material lead times, enhanced manufacturing technology, and
a stable production rate (40).

Although former Under Secretary of Defense for Re-
search and Engineering William J. Perry definred surge
capability as the ability to "double the prcduction rate
.« + « in three or six months [40:121]," the researchers

settled upon a less ambitious operational definition of
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surge capability. Based upon interviews with Aeronautical
System Division System Program Office managers who monitor
the modeled contractor, the researchers defined surge
capability as the time necessary to enter 20 additional
high priority units into production; this would, for example
be equivalent to one fighter squadron.

The researchers conducted two surge experiments on
both annual and MYP scenarios. In all cases, the require-
ment for 20 additional units was levied upon the contractor
within a one month period. Little evidence was found for
reduced material lead times resulting from MYP, so surge
experiments used normal material lead times.

Figure 5.7 is graphical output from the first surge
experiment. This was an annual profile with a maximum out-
side order rate of 15 units per month. The annual order
input rates averaged about 10 units per month, with the
following yearly values:

Year 1 -- 10 units/month  Year 7 -- 10 units/month

Year 2 -- 10 units/menth  Year 8 -- 6 units/month
-- 6 uni.s/month Year 9 -- 11 units/month

Year

~- 12 units/month Year 11 -~ 7 units/month

3

Year 4 -- 6 units/month Year 10 -- 10 units/month
Year 5
6

Year 6 -- 14 units/month Year 12 -- 7 units/month.
On the graph, the dashed line represents the number of surge
units waiting to enter production. The surge was ordered at
month 60, hence the jump in surge univs from O to 20, The

first surge unit enters production at month 82 under the

145



(syzuow) awrty

09 U3lUow 3e SbHiang

LG @anbtyg

0wm cwﬂ 001 08 09 op 0z 0
] l 1 1 |
i ] I I | | |
~ >t 0
\ N [
\
\ <
‘ ~
[ ~ o1
\
9TTJ0ad Tenuuy {
\
9TTIOI3 dANW
- o¢
pbututrwey

Py

A b d

o ) B

vavavava

sa3tun abang




|
-

Riaat)

T abaal ik o e dheidode
. ‘ B

L g oy o

-y

R T Ty e
-

¥
i
|
[

annual profile, and all units have entered production by
month 92. Since the modeled firm's production time is 13
months, all ?0 units would have been completed by month 105,
a 45-month wait following surge implementation.

The researchers then made an identical surge input
into an MYP profile. This profile was based on an MYP con-
tract order rate of 10 units per month and an outside market
potential of 15 units per month. These simulation results
are represented in Fugure 5.7 by the solid line. The surge
units began entering production immediately, with all units
having entered production ny month 68. In other words, all
units "rould have been completed by month 81, a waiting time
of 2. montius from surge implementation.

Figure 5.8 shows the result of an annual scenario
receiving a surge input at month 80; again, the annual pro-
file is represented by the dash.d line. Since the previous
annual scenario received the surge input when order rates
were increasing, the researchers timed this surge require-
ment for an order rate decrease. The first surge units
entered production at month 86, and the last unit was com-
plete at month 107, a waiting time of 27 months.

The last surge experiment wWwas an MYP profile with a
20 units surge at month 80. As the solid line in Figure 5.8
shows, surge perfornance was the same as in the previous
MYP scenario (Ficure 5.7),

The researchers found that reducing in-plant material
inventory (NIMPC) from two month's to one month's production
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requirements had no effect on the 20-unit surge. Further
inventory reductions did begin to constrain surge cepability.
The simulation results support the contention that
MYP will enhance a firm's ability to increase production in
a national emergency by eancuuraging a stable production
schedule. 'This s:.able production schedule provided a margin
of labor capacity that allowed the immediate introduction of

surge units into production.
SUMMARY

These simulwtion results supporting the four MYP
benefits must be considered in light of the fact that tlie re-
searchers' MYP model is not y=2t fully validated. However,
the combination of the simulation results and the survey re-
sults do provide some evidence about the impact of MYP, as

is discussed in the next chapter.
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CHAPTER 6
FINDINGS, ORSERVATIONS, AND RECOMMENDATIONS

Introduction

This research effort was based upon a dual methcd-
ology in which the researchers used a survey of Government
contractors and a simulation model to evaluate eight pre-
dicted benefits of multi-year procurement. Previous chapters
have described the survey, the simulation model, model valida-
tion, and research results. This concluding chapter pre-
sents a summary of the research findings, the researchers'
observations about the research, and proposed directions for

further research into MYP.

Findings

This research effort found substantial support for
seven of the eight predicted MYP benefits. Six of the pre-
dicted MYP benefits were fully supported by the survey re-
sults; the seventh predicted MYP benefit .i.e., improval
surge capability) was fully supported by results from the
simulation model. As mentioned previously, the reader 1is
cautioned that the simulation model used in this research is
not fully validated. S0, the reader must interpret the
simulation results accordingly. However, since the survey

results also provided slight support for the MYP Lenefit
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"improved surge capability,” the researchers considered the
survey and simulation results to jointly indicate full sup-
port for this seventh MYP benefit. For the other MYP bene-
fit areas, the simulation recults were generally consistent
with the survey results. Negligible -upport was found for
the expected increase in competition for deiense work due to
MYP, Figure 6.1 summarizes the research results,

The researchers found strong evidence that MYP will
have a favorable impact on the modernization of plant facil-
ities. The surveyed managers felt that manufacturing tech-
nology would be significantly more advanced in an environ-
ment where MYP was widely used. Simulation study indicated
that large capital cancellation ceilings would greatly ex-
pand plant investment, while the stable business base pro-
vided by MYP would have a smaller, but still significant,
impact on investment.

Model results supported the results obtained from
the survey sample that MYP would have a stabilizing effect
on a firm's work force level. Simulation showed that MYP's
impact may be greater for programs for which there is a
small outside market.

The contention that MYP will reduce production costs
was also supported. The survey sample's mean estimates of
cost savings were substantial: 6.5 percent savings in direct

labor, 8 percent for material, and 4.5 percent for overhead



s3TNS9Y 3O Airvunmg

1°g @anbtr g

1 3a04ddng K3tarjonpoiad pasoaduy

uotrjezIpaepuels
3I0ddns paseaIdu]
afqeot1ddy 30N 3xoddns uotjtyadwo) posearoul

: 21qTbT1baN £

ad 3x0ddng £3r11IqRde)
3locansg YBTTS abang paao1durg
21qedTTw¥7 30N 3axoddang SAng TerIajel paduespy
330oddng 3I0ddng 3500 uoTjonpold IaMO]

IybTTS

2 xoddng 3aoddng 921043 3jyIoM pa3Z2iTIqels
jaxoddng qaoddng SaT3TTIOoRd Jueld

3O uotrjeziuxapoyl

JI0SHT TAdOHW

JINSII ATAUNS

LIJAN3D dAH d3LO IA3dd

152




per unit. Modeling results showed smaller savings, but the
model results did indicate that MYP would reduce labor cost.

Simulation results were clearer in evaluating MYP's
impact on production surge capability. MiP greatly reduced
the time necessary for the modeled contractor to produce 2U
addicional units on a surge basis. The survey group sup-
ported these results by agreeing that production rate in-
creases to wartime levels would be faster in an MYP environ-
ment.

The managers completing the questionnaire (Appendix
B) felt quite strongly aboui the necessity for advanced
material progress payments in encouraging advanced material
buys. The percentage of material to be bought in advance was
virtually identical for annual contracting and MYP without
advanced material progress payments, about 18 percent in
both cases. When the MYP contract was accompanied by
material progress payments, a mean estimate of some 50 per-
cent of material needs would be filled with advanced material
buys.

The one predicted MYP benefit for which only neg-
ligible support was generated was increased competition,
The consensus of the survey sample was that their firms
would not be more likely to compete for a defense contract
under MYP than under annual contracting. However, the sample
felt that roughly 20 percent more subcontractors would bid

for work on MYP programs than would bid for annually
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contracted programs. The researchers believe that the na-
ture of the sample could have been a factor in the foregoing
research results. This issue will be discussed in the next

section.

Observations

The research methodology of two complementary ap-
proaches allowed the researchers insight into the unique
strengths and limitations of each research approach. This
secticn presents an evaluation of the value of the survey
and the simulation model to this study of MYP.

Survey. Because the researchers were unable to
distribute the survey questionnaire to firms that are vendors
and suppliers for defense contracts (i.e., lower tier con-
tractors), the survey results reflected the opinions of
larger firms whose involvement in defense programs is suf-
ficient to warrant Government representation at their plants
(14). Therefore, it is likely that the firms surveyed will
compete for defense work under most circumstances, Since
the disenchantment of lower tier vendors and suppliers has
been identified as a key factor in the deterioration of the
defense industrial base (19:126), tnhe wiliingness of these
vendors and suppliers to compete in the defense marketplace
is an important issue that shouild be addressed in more depth
than was possible in this research effort.

This research was designed to validate the benefits

of MYP to the Department of Defense. Accordingly, the survey
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was oriented toward those issues of concern to the Government.
The researchers received a letter from an Education With In-
dustry student that outiined the concerns of industry about
MYP contracis. The letter statec that these contractor
concerns are "the real issues and problems of MYP. . .”

Those issues and problems included:

1. Minimization of risk through economic price
ad justment for labor, material, profit, bus '.ness base, and
overhead costs;

2, Amortization of non-recurring costs;

3. Program selection for MYP;

4. Termination liability funding/canczllation
ceiling price;

5. Clauses and regulations; and

6. Unforseeable risks which cause profit erosion,
such as interest rates and acts of Government,

Although the survey instrument allowed the research-
ers access to a wide range of viewpoints and expertise, sup-
plementing the survey with a well-designed interview program
would have allowed further study of specific issues of in-
terest, such as the advanced material buy decision and the
decision to compete for defense contracts. Comments about
the questionnaire by the responding contractor managers
illustrated the limitations of the survey instrument in

addressing complex MYP issues. Interviews would nave allowed
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the researchers to pose questinons specific enough to permit
more precise responses by contractor personnel.

Model. The most conspicuous limitation of the
modeling used in this research was that only four of eight
MYP benefits were evaluated using a simulation model that
requires more validation. Although the original intention
was to include advanced material buys in the model, the re-
searchers were unable to get enough information to adequately

define the advanced buy process. Adequate treatment of

advanced buvs and defense contract competition would likely
require a comprehensive model involving the entire market
for defense contracts and material needs.

The market sector of the MYP model may not provide a

T

-

™ ba

complete description of the firm's outside (contingent)
market. Although the market scector was adequatz for this

F evaluation of MYP, a more rigorous modeling of the genera-
tion of production ordars would be useful in future MYP

F model applications.

The researchers believe that the MYP model developed

for this thesis effort is a useful instrument for the study

7

of MYP and cther acquisition issues. As an example of the

model's fidelity, the cumulative plant modernization for a

T Ty

simu’ tion experiment wac $111 million with an annual con-
5 tracting profile and a $100 million contract capital can-
cellation ceiling. The actual experience of the fimm's

technology modernization program, with $100 million in Air
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Force investment coverage, was a cumulative investment level
of $112 million., Although the model is not guaranteed to
produce high numerical accuracy, this research result speaks

well for the model's basic economic assumptions.

Recommendations

The rapid commitment to MYP by DOD (12) makes the
understanding of the risks and benefits of MYF of obvious
importance. The researchers consider this research effort
to have been an early step in the accumulation of knowledge
about multi-year procurement.

Over the length of this thesis work, many areas of
interest and importance for future MYP research have become
apparent. The researchers propose the following directions
for further study:

1. The impact of MYP upon the defense industrial
base depends largely upon the suppliers and vendors (40).
An important research objective would be to understand the
opinions anc attitudes of these firms about MYP through in-
terviews, surveys, or a combination of both.

2. As discussed earlier in this chapter, :the survey
instrument used in this thesis primarily addressed the con-
cerns of the Government. A worthwhile research objective
would be to find out what concerns industry about MYP,
using the issues addressed in the Observations section of

this chapter as a guide.
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3. The next step in developing the researchers' MY.?
model is to conceptualize the system that encompasses
advanced material buys and competition among subcontractors
and vendors, and then incorporate this system conceptualiza-
tion into a validated MYP mndel. Such a modeling project
would be a major research ~ffort, but it promises a sub-
stantial expansion of knowledge about the defense industry,
as well as MYP.

4, The MYP model could be used, with little modifica-
tion, to study the effects of DOD-sponsored plant moderniza-
tion programs. The implications of Government policy re-
garding incentive payments and the effect of capital costs
would be of particular importance.

5. The researchers strongly urge continued exam-
ination of the MYP model. These examinations would serve
to both enhance model validity and improve model accuracy.
All adaptations of the MYP model should includz such an

examination.

158




APPENDICES

: 159



........
- . - Y.

APPENDIX A

LIST OF SURVEYED FIRMS
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AEROJET ELECTROSYSTEMS COMPANY

Azusa CA 91702

AFROJET STRATEGIC PROPULSION
COMPANY
Sacramento CA 95813

AVCO LYCOMING DIVISION
Stratford CT 06497

BOEING AEROSPACE COMPANY
Seattle WA 98124

CHEMICAL SYSTEMS DIVISION
Sunnyvale CA 94088

GENERAL DYNAMICS CORPORATION
Fort Worth Division
Fort Worth TX 76101

GENERAIL ELECTRIC COMPANY
Re-Entry Systems Division
Philadelphia PA 19101

HERCULES INCORPORATED
Hercules Aerospace Division
Magna UT 84044

HUGHES AIRCRAFT COMPANY
El Segunde CA 90245

IBM CORPORATION ‘
Federal Systems Division
Owego NY 13827

LOCKHEED MISSILES & SPACE
COMPANY, INC.
Sunnyvale CA 94086

MARTIN MARIETTA ORLANDO

AEROSPACE
Orlando FL 32855

McDONNELL DOUGLAS CORPOFPATION

McDonnell Douglass Astronautics

Comparny
Huntingtcn Beach CA 92647

AEROJET LIQUID ROCKET COMPANY
Sacramento CA 95813

AEROJET TACTICAIL SYSTEMS
COMPANY
Sacramento CA 95813

AVCO SYSTEMS DIVISION
Wilmington MA 01887

BOEING VERTOL COMPANY
Philadelphia PA 19142

GENERAL DYNAMICS CORPOURATION
Convair Division
San Diego CA 92138

GENERAL ELECTRIC COMPANY
Aircraft Engine Group
Cincinnati OH 45215

GRUMMAN AEROSPACE CORPORATION
Bethpage NY 11714

HONEYWELL, INC.

Space & Strategic Systems
Operations

Avionics Division
Clearwater FL 33516

HUGHES AIRCRAFT COMPANY
Tucson Manufacturing Division
Tucson 27 85734

LOCKHEED-GEORGIA COMPANY
Marietta GA 30063

MARTIN MARIETTA DENVER AERO-
SPACE
Denver CO 30201

McDONNELL DOUGLAS CORPORATION
Douglas Aircraft Company
Long Beach CA 90846

McDONNELL DOUGLAS CORPORATION
McDonnell Aircraft Company
St Touis MO 63166




NORTHROP CORPORATION
Hawthorne CA 90250

PRATT AND WHITNEY AIRCRAFT
GROUP

Manufacturing Division

East Hartford CT 06108

ROCKWELL INTERNATIONAL

Collins Cormmunications Systems
Division

Richardson TX 75081

VOUGHT CORPORATION
Dallas TX 75265

162

PRATT AND WHITNEY AIRCRAFT
GROUP

novernment Products Division

West Pzlmn 2each FL 33402

RCA MISSIJE AND SURFACE
RADAR
Moorestown NJ 08054

ROCKWELL INTERNATIONAL
Electronic Systems Group
Anaheim CA 92803

WESTINGHOUSE ELECTRIC
CORPORATION

Defense Electronics Systems
Center

Baltimore MD 212C3



APPENDIX B

MULTI-YEAR PROCUREMENT QUESTIONNAIRE

ey~ g
”e




REMLY TO
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SUBJECT

DEPARTMENT OF THE AIR FORCE
AIR FORCE INSTITUTE OF TECHNOLOGY (ATC)
WRIGHT-PATTERSON AIR FOQRCE BASE, OH 45433

29APR 1982

LSB (Maj Rasch, Autovon: 785-4549)

Multiyear Procurement Questionnaire

Education With Industry Students

1. The attached qurstionnaire is part of an Air Force Institute of Technology
rasearch project studying multiyear procurement concepts. The purpose of this
questionnaire is to gather information concerning contractor opinions about
multiyear procurement concepts.

2. This survey is authorized by AU survey control number AU SCN 82-23,
Your participation is voluutary, and your anonymity is guaranteed, so please
angwer frankly. The report that results from this research will be available
through the Defense Technical Information Center.

3, The success of this research effort is totally dependent on your coopera-
tion. Your views are naedad to ls surs to avoid mislesding conclusicns.
Please raturn the completed questionnaires by 21 May 1982. Please take a

few minutes from your schedule to share your knowledge with uas.

ALAN R, STOUT, Lt Col, USAF 1 Arch
Acting Dean Questionnaire
School of Systems and Logistics

4U S5CN 82-23 (Expires 1 May 83)




DEPARTMENT OF THE AIR FORCE
AIR FORCE INSTITUTE OF TECHNGLOGY (ATC)
WRIGHT-PATTERSON AIR FORCE BASE. OH 45433

AEPLY 10

ammvor CI 5 April 1982

susecr  Survey of Educecrion With Industry Students

1o LS
I fully support the multiyear procurement survay proposed by Maj Rasch's

research team at AFIT/LS. The researchers have briafed me on their
methodology ard expected results.

\ Qe ian /\/C]Jk/
JAMES H. HAVEY. JR., Colonpl/ USAF
AN

Civilian Institution PrOframs
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SPECIAL NOTES

1. Please circle the appropriate response on the question-
naire itself.
2. Section I questions refer to the company level at which
you are currently working.
3. All references to "your firm" refer to th=2 contractor
location to which you are currentlv assigned.
4, Address the completed questionnaires tos

Ma jor Ronald H. Rasch

AFIT/LSB
Wright-Patterson AFB, Oh. 45433

-
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SECTION I

In this section, you are asked questions concerning

your background and experience.

1.

Select the answer below that most nearly describes your
area of responsibility in the firm.

a.
b.
C.
d.
e.
f.
g.
h.

Manufacturing/Operations Management
Financial Management

Contracts

Engineering/Research and Development
Personnel/Management

Program Management

Marketing

Other, (please specify)

Which choice below best describes your position within

the

a.
b,
C.
d!

How

a.
b.
CO
d.
e.
f.
g'
h.

How

firm?

Executive Management

Middle Managemenc

Foreman/Line Supervisor

Other, (please specify)

man;’ years have you been in your present position?

Less than 1 year
1 to 3 years

3 to 5 years

5 to 7 years

7 to 10 years

10 to 15 years
15 to 25 years
over 25 years

many years have you been employed by your firm?

Less than 1 year
1 to 3 years

3 to 5 years

5 to 7 years

7 to 10 years

10 to 15 years
15 to 25 years
cver 25 years




T

5. How many years have you been employed in the defense

industry?

a. Less than 1 year
b. 1 to 3 years

c. 3 to 5 years

d. 5 to 7 years

e. 7 to 10 years

f. 10 to 15 years
g. 15 to 25 years
h. over 25 years

6, In your job, which of the following activities consumes
the most time?

a.
b.
Cl
d.
e.
fl

Planning

Supervising \
Dealing with Government Representatives
Production/Mzi ufacturing

Budgeting

Other, \pleuse specify)

Multiyear procurement (MYP) allows the Department

of Defense to award production contracts of several years

duration (up to five years), as opposed to the mandatory

annual contracts currently in use. A multiyear procurement

contract can include provisions for advance buys of material

and subassemblies to reduce costs; it can also include con-

tract cancellation provisions that allow reimbursement of

the contracter for both recurring and nonrecurring costs.

7. Have you worked on a multiyear procurement contrack
within the last five years”

Ao

Yes b. No -

[
(s}
o8]




SECTION II

The foilowing questions relate to multiyear pro-
curement issues. Please answer each of the ten statements
below by circling one of seven responses. These seven re-
sponses are displayed on the answer scale that follows each
Statement.

8. For my firm's defense contracts, implementation of MYP
will reduce average unit cost at the life of a program.

L

.i__ L L

U
(o))

2 3 4 7
Strongly Neutral Strongly
disagree agree

9., For my firm's defense contracts, implementation of MYP
will decrease standardization.,

L L 1 1 1. L |

1 2 3 4 5 6 7
Strongly Neutral Strongly
disagree agree

10. For my firm's defense contracts, implementation of MYP
will increase contract administration costs.

! } ! {
1 2 3 4 5 5 7

-

Strongly Neutral Strongly
disaqgree agree
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11. For my firm's defense contracts, an MYP contract will
result in reduced labor costs.

1 2 3 4 5 6 7
Strongly Neutral Strongly
disagrae agree

12, For my firm's defense contracts, implemeniation of MYP
will increase productivity.

T P! 3 4 5 5 7
Strongly Neutral Strongly
disagree agree

13. For my firm's defense contracts, implementation of MYP
will help stabilize our productiocn manpower loading.

L [ | - . A |

1 2 3 4 5 6 7
Strongly Neutral Strongly
disagree agree

14, For E.y firm's defense contracts, an MYP contract would
decrease modernization of production capability.

-

i

1 2 3 4 5 6} 7
Strongly Neutral ‘ Strongly
disagree agree

15. Widezpread use of MYP contracting would result in my
firm competing for mor= defense contracts.

1 2 3 4 5 6 7
otres gly Neutral Stronely
Quooaren daree
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16. Widespread use of MYP contracts would result in more
vendors competing for my firm's subcontracted effort.

[ — N 1 1 L i J

1 2 3 4 5 6 7
Strongly Neutral Strongly
disagree agree

17. MYP contracts will improve my firm's ability to
rapidly increase (surce) production during a national

emergency .

| - L A 1 — L J

1 2 3 4 5 O 7
Strongly Neutral Strongly
disagree agree

ey

TS

e e o
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SECTION ITI

In this section, you are asked to compare multi-
year procurement and annual contracting. All questions will

be asked in the context of the situations below,

Situation I. Your firm is engaged in a long term
production program for the U.S. Air Force; USAF estimates
.another eight years of production life. You anticipate that
annual contracting will be used for the remaining production

years.

Situation II. The same as Situation I, except
that the USAF has offered you a MYP contract with the fol-
lowing provisions: a five year contract; USAF will reim-
burse you for materiais purchased for use up to two years
in the future, and the contract cancellation ceiling has

p.uvisions to cover noinrecurring costs.,

The scales below represent a percentage change for
each type of cost. Based on recollection of your largest

(dollar-value) production contract of the last five years,

please estimate the cost impacc that woiild be the result of
t Situation II (MYP) compared +o Sitnatics I ‘annual con-

tracting).
L
: 18. Direct labor cost per unit produced?

| a ! | | | 1

q 30% 15% 5% no 5% 195% 309%
: or \crease change Decrease or
1 more more
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19.

20'

21,

Manufacturing overhecad cost per unit produced?

30% 15% 5% no 5% 15% 30%

or Increase change Decrease or
more more
Contract administration cost?

| | | ] ! | ]

30% 15% 5% no 5% 15% 30%

or Increase change Decrease or
more more
Material and subassembly cost per unit?

i 1 - 1 i 1 U |

30% 15% 5% no 5% 15% 30%

or change or
more more
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SECTION IV

In this section, you are again asked to compare
anriual contracting and MYP. Each qguestion in this section
w1ill have two answer scales. Use the first scale to give an
answer appropriate for annual contracting, and use the sec-
ond scale for MYP. As an aid to comparison, Situation I
and Situation II are outlined below. Please answer the

questions as they relate to your firm.

Situation I. Your firm is engaged in a long term

production program for the U.S. Air Force; USAF estimates
another eight years of production life. You anticipate that
annual contracting will be used for the remaining production

years.

Situation II. The same as Situation I, except
that USAF has offered you an MYF contract with the following
provisions: a five year contract; USAF will reimkurse you
for materials purchased for use up to two years in the future;
and the contract cancellation ceiling has provisions to

cover nonrecurring costs,
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22.

What percentage of Department of Defense Request for
Proposals (RFP) and Invitations for BID (IFB) would

your firm respond to?

a. Annual contracting

10 25 20

50 80

4
-4

75 90
oy or
less more

b. Widespread MYP use
| 1 ) | | ! ]
10 25 40 50 60 75 90
or or
less more

What percentage of qualified U.S. firms would bid for
subcontracts awarded by your firm for defense programs?

a. Annual contracting

(. 1 _ 1 | 1 |

10 25 40 50 60 75 90

or or
less more
b. Widespread MYP use

1 55 25 50 ) 75 50

or or
less more
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24, How long would it take to surge from a peacetime to a
wartime production rate?

a. Annual contract (Situation I)

] - i [l " L -
4 mos 6 8 i2 18 24 30 mos.
or less or more
b, MYP concract (Situation II)
| L 1 1 b ! —
4 mos 6 8 12 18 24 30 mos.
or less or more

25. Your firm would not compete for a production contract
because it anticipates a lack of sufficient profit.

a. Annual contract (Situation I)

1 2 3 4 5 & 7
- Strongly Neutral Stron3zly
F disagree agree:

b. MYP contract (Situation II)

; !. } ~d . de 'y

1 2 3 4 5 6 7
3 Strongly Neutral LHtrongly
E disagree agree
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26. Your firm would not compete for a production contract
because it anticipates being locked into a long term
pro ject.

a. Annual contract (Situation I)

1 2 3 4 5 6 7
Strongly Neutral Strongly
disagree agree

b, MYP contract (Situation II)

1 Z 3 4 5 6 7
Strongly Neutral Strongly
disagree agree

27. How much of a constraint would material and subassenblies
be in an emergency production surge?

a. Annual contract (Situation I)

1 2 3 4 5 6 7
no i minor a major the ma jor
factor constraint constraint constraint

b. MYP contract (Situation II)

- { i ! H i 1 i

1 2 3 4 5 S 7
no a minor ¢ major the ma jor
factor constrainc constraint constraint

bt el L )
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78, How much of a co::traint would direct labor be in an
emergency production surge?

a. Annual contract (Situation I)

1 2 3 4 5 6 7
no a minor a ma jor the major
factor constraint constraint constraint
b, MYP contract /J‘tuation II)
i i 1 ] i 1 1
1 2 3 4 5 3] 7
no a minor a ma jor the ma jor
factor constraint constraint constraiiit

29. How much of a constraint would the technolegy level of
your firm's production facilities be in an emergency
production surge?

a. Annual contract (Situation I)

| ¢ H § !

b 1 2 3 4 5 6 7
{ no a minor 8 major the major
4 factor constraint constralint constraint

b. MYP contract (Situation II}

3 i { ; { s i §
: 1 2 3 4 5 6 7
no a minor a major the major
factor oconstraint constraint constraint
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30l

What percentage of material would be purchased as

advance buys?

a. Annual contract (Situation I)

10 25 40 50 60

or or
less more
b. MYP contract (Situation II)

) — H A i i. J

10 25 40 50 60 75 G0
or or
1ess more

What percentage of subassempblies would be purchased

as advance buys”?

a. Annual contract (Situaticen 1)

\ i L. 4 4

10 25 4Q 50 60 75 90
or or
less more

b. MYP contract {Situation II)
! | ; ! g { i
10 25 40 50 60 75 20
or or
less LOrs
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32,

33.

How many months of wartime production could you support
with the material and subassemblies in inventoery or
readily available from suppliers?

a. Annual contract (Situation T)

[ ] I 1 i U o
% or 2 4 6 8 10 12 or
less more
b. MYP contract (Situation II)
3 fren L i 1 5 . . e}
%3 or 2 4 6 8 10 12 or
less more

The technology level of my firm's prrduction facilities
would reflect the state of the art.

a., Annual contract (Situation 1)

i 1 1 } 1 1
now 2 yrs 4 yrs 6 yrs 8 yrs 10 vrs 12 or
age ago ago ago age more
years
ago

k. MYP contract (Situation II)

now 7 yrs 2 yrs 6 yrs 8 yés 10 yrs M2 or
ago ago ago ago ago more
years
4go
18u




In Situation II, advance material buys are encouraged and
your firm is reimbursed by the government for advance pur-
chases. What if the multiyear contract did nct provide for
routine reimbursement of advance material Luys, but rather
provided for advance buy reimbursement only in the evenv cf
contract cancellation?

34, In this case, what percentage of materials would be
purchased as advance buys?

10 75 20 50 60 75 *90
or or
less more

35. In this case, what percentage of subassemblies would be
purchased as advance buys?

3
. -

10 25 40 50 60 75 90
or or
less more
36. In this case, how many months of wartime production
could you support with the materials and subassemblies
1 in inventory or readily available for suppliers?
¢
‘ i I I [ I I 1
t 4 mos € 8 12 18 24 30 mos.
o or less Oor more
E
X
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APPENDIX C

STATISTICAL ANALYSIS PROGRAMS

182

B e e




RUN NAMF MYP

PRINT BACK CONTROL

UARIABLE LIST Q1 TO Q21,0224,0225,023,G238,0244,0245,0254,025E,G26A,
Q248 ,6274,0278,0254 ,0238,0296 ,G298 0304 ,3308,,G31A,0318,
@324,0328,0334,0338,034,035,034

INPUT MEDIUM  DISK

N OF CASES UNKNOWN

INPUT FORMAT  FIXED(7A1,10F1.0,4F3.0,4F2.0,10F1.6,4F2.6,2F4,1,5F2.8)

RECODE Q1 TO G7 (“A’=1) (/B’=2) (/C’=2) (‘D’=4) ("E=5) (‘F’=4)
(6/=7) (“H’=8) (“1/=9) (EL5E=0)

VAR LABELS Q1,AREA OF RESPONSIBILITY/Q2,POSITION/Q3,YRS IN POS/
@4.YRS WITH FIRM/QS5,YRS IN DEFENSE/G$,MAJOR TIME/
@7 WORKED MYP/GS,AVE UNIT COST/G?,STANDARDIZATION/
@18, CONTRACT ADMIN COST/Q11,LAROR COST/G12,PRODUCTIVITY/
@13,MANPWR LOAD/Q14,MODN PROD CAP/Q1S,FIRM/S COMP/
Q14,VENDOR’S COMP/G17,NAT’L EMGY SURGE/Q13,0DL COST/
Q19,MFG OH COST/G28,CONTRCT ADMIN COST/G21,MAT’L COST/
022A,FI_M RESP-A/Q22B,F1RM RESP-M/Q23A,SUB RESP-A/
023B,SUB RESP-M/Q24A ,SURGE-A/024B ,SURGE-M/Q254 ,PROFIT-A/
258, PROFIT-M/026A,LOCK IN-A/0248,LOCK IN-M/
@274 ,MAT“L CONST-A/G27B ,MAT’L CONST-M/028A,0L CONST-A/
@288,DL CONST-M/Q29A,TECH CONST-A/G298,TECH CONST-M/
@304,MAT’L BUY-A/Q30B,MAT’L BUY-M/Q31A,3UB BUY-A/
@31B,SUB BUY-M/Q32A,WAR MAT’L-A/Q32B WAR MAT/L-M/
833A,TECH LUL-A/Q338,TECH LVL-M/G34, MAT’L BUY/
@35,CC SUB BUY/034,CC WAR MAT/L/

MISSING YALUES Q1 TO @17,0234 TO 0298(8) /G18 TO 024B,G39A TO 035(99)

FREQUENCIES  GENERAL=ALL

: OPTIONS 3,8,9

g STATISTICS 1,3,5,4

: READ INPUT DATA
FINISH

FREQUENCIES/STATISTICS PROGRAM

183




RUN NAME
PRINT BACK
UnRIABLE LIST

INPUT MEDIUM
N OF CASES
INPUT FORMAT
ReCOD

\'AR LABELS

MISSING VALUES
T-TEST

MYP

CONTROL

e1 76 021,0228,0228,3.254,0238, 0244, 0248, 0254, 0258, 0244,
Q248,077A,027B,6284,0298,0294, 3278, @284 ,0368, 083 14,0318,
@32A,9%28,033A,0338,034,035,035

DISK

UNKNOWN

FIXED(7A1, 10F1.8,4F3.8,¢F2.0,10F1.8,¢F2.0,2F4.1,5F2.8)
@1 TO Q7 (“A"=1) (“‘B/=2) (T =3) {'D’=4) (“E’=5) ('F’=4)
(‘6% 7) (*H’=8) (/1/=9) (ELSE=D)

@1,AREA OF RESPONSIBILITY/G2,POSITION/G?2,YRS IN POS/
Q4,YRS WITH FIRM/GS,YRS IN LEFENSE/Q6,MSJOR TIME/

07 ,WORKED MYP/Q8.AVE UNIT COST/09,STANDARDIZATIGN/

@18 ,CONTRACT ADMIN COST/Q11,LABOR COST/Q12,PRODUCTIVITY/
Q13,MANPHR 1.0AD/Q14,MODN PROD FAP/Q15,FIRM’S £OMP/

Q16 ,VENDOR’S LOMP/Q17 ,NAT L EMGY SURGE/G18,0L CI3T/
Q19,MFG OH COST/Q29,CONTRCT ADMIN COST/u2i,MAT’L COST/
@224,FIRM RESP-4/G22E,FIR¢ RESP-1/G234,5UB RESP-A/
8238,5UB RESP-M/G24A ,SURGE~S/G24B,,SURGE-H/Q25A ,PROFIT-A/
0258, PROFIT-M/0288,L0CK N-A/Q24R,LOCK IN-M/

Q27A,MAT’L CONST-A/Q278,MAT'L CONST-M/G28A.DL CONST-&/
@28R,0L CONST-M/Q2%A,TECH FONST-A,G298,TECH CONST-M/
Q358 ,MATL BUY-A/Q36E,MATL BUY~M/Q81m,50C BUY-A/
031B,SUR BUY-M/Q32A,WAR MAT/L-A/Q32E ,WAR MAT/L-M/
@33A,TECH LVL-A/0338,TECH LUL-M/Q34, MAT'L BUY/

@35,CC SUB BUY/G35,CC WAR MAT/L/

@1 TO 17,0254 TO 029B(P)/0i% TO G24B,Q304 TO Q34(99,
GROUPS=G7(1,2) /UARIASLES=GS TO 034/

PAIRS=022A WITH QZ2B/G23A WITH @238/024A WITH @248/
Q254 WITH GISB/G24A WITH 024B/G27A WITH G27B/0234 WITH
Q738/029A4 WiTH N29B/0384 WITH Q308/031A WITH G316/
@324 NITH 3225/03%4 WITH Q33B/Q34 WiTH Q30B/

935 WITH G31B/034 WITH Q328

READ INPUT DATW

FINISH




APPENDIX D

SURVEY DATA FILE
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DATA/COLUMN KEY

MISSING
QUESTION* COLUMNS _VALUE _
1 1 0
2 2 0
3 3 0
4 4 0
5 5 5
6 6 0
7 7 0
8 8 0
9 9 0
10 10 0
11 11 0
12 12 0
13 13 0
14 14 0
15 15 0
1€ 16 0"
17 17 0
18 18 - 20 99
19 21 - 23 99
20 24 - 26 99
g 21 27 - 29 99
4 224 30, 31 99
' 225 32, 33 99
g 23A 34, 35 g9
; 238 36, 37 99

¥ For Questicns 1 through 7, an "I" indicates multiple
I eSpOnSES .
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DATA/COLUMN KEY

MISSING
QUESTION* COLUMNS _. VALUE
24A 38, 39 99
24p 40, 41 99
25A 42 0
25B 43 0
20A 44 0
26B 45 0
27A 46 0
278 47 0
28A 48 0
28B 49 0
29A 50 0
29B 51 0
30A 52, 53 59
3CB 54, 55 99
31A 56, 57 99
31B 58, 59 99
32A 60 - 63 99
32B 64 - 67 99
33A 68 - 69 99
33B 70 - 71 99
34 72 - 73 99
A 35 74 - 75 99
36 76 - 77 99
;' * For Questions 1 through 7, an "I indisates multiple
3 responses.
137
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HBCFFARE225842544~ 15-15-30-15759046070 18854442644233254082535804.,063.064064
g:333896225562452-03-05-85—1858685660121233328055331825182582.004.884041
gggggFA6225662566-15 8-15-8599999779242444224533111050185062.004.08600 1
ségggF86315?62455—15-05-15-15909866982412?53253535325?8185009.506-6&3881
gé3?:ﬁé?l!4??47?7-15-15-38-1510481050128471715353111075107562.812.006801
gégg:CB7266562655-38-1?—15-1559755875068644215533336860101800.500.502021
gégg:AA6225641455-05-15-15—157575506024245521764333254860?588.012.084022 ’
gggg:l86216552455-83-03-15-9568?55975121244115355441010101$84.010.802001
gégggaﬁ4324575772-15~15-15~05405025601318443253545318?51G7518.012.962802
SégaaFA711?7?1477-15-05-20-1599999997241262327354531845104506.812.80793!
3&23:986435?64464~10-10-15-1550?550?50804224453535325?5257502.016.0@2695
gggggﬁA5424663444 ?9 99 99 ?999999799797900008000805999779979.099.0899799
g;g::0ﬁ3355554544-05-05-85-0598989090999933330003889999999999.&99.099999
zzg::DA?O1??614?4-10-05-i5~1099999999120688447555111048192562.004.898$41
gé283887126??1;22-15+05-05-0510i8101018127?115453521025l62502.806.008841
gé32:8ﬁ7426654444-05 08-85-0578989390999935336000001018131077.299.8999%1
g223388622357!465-15-15 00-20404050875242474137433222525252585.004.624902
ggggéFA3063331246880068-15-180088000888985544?733291818!51512.012.900001
g%gggIBé32$6626$5-l5-65-15~851025255012064442?3323!1860251084.012.064602
353338A71177?1666-15“15-15-155668506024182211653232495&254906.012.884006
gggéglh7117762456-65 80-15-15757575981208451175322210848 18 1084 ,083.803181
§%§§§IA7117?6?456-65 9-15-157C737=981208545117=32221050101004.008.808304¢

DATA FILE
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v

IBBGHABS 114541255 @ 0-05-85181056046;082411115333:2i480186012.¢12.802021
3;853385412331464 @ 8 0-1575755050824125511555533108501.7604,012.605001
g;gggGQ52157?1545-10-10-10-289?999???18884322?3535325?025?006.012.312042
s

Egsgélﬁél15551455-35-85-15-1525256060121223332766521108104884.0883804041
22333185324661154-05-05 8-1099997999976000000090779997977797.077.09797%
;z;gzg85335553455-85 0 0-85005085050241244228243324046102506.012.0084049
g;zngA6246662445-16 8 0-1570909090128400227433441690107960.506.501011
3;323F86325562455+10+05+lSi184040586018123232544443102519158d.010.602801
?égggIA6335561554-05 8-95-10909846075181244216543321075104963.210.000001
g;gg:FBé4266?1445-15-15-38-0599999999999?441166553399??99999?.09?.692809
:ESZ:AA22443535!1 6 8 © 05850101064041111953533531890254012.2:2.200085
g::::AA6323553455-85 e 6*5?999950501818662255333340604866@6.068.802821
g;ggglﬁ6214772456-85-05-05-1890909890!21222114453321098109600.512.002005
gggéglﬁ5333553454-05 0-03-0354340 10 10030844323444431056 187502.0086.834921
2&:231A?117?7?405-15-15 8-10999999999997080854434410840 134099.099.0997%7
EZEZZA85345552265—55 8 8-1599995075999760006322111825105682.010.000001
gégggBA6536662544-95 e 0-1025304050060656226633221825}82506.010.002022
gggéSABSZ24662445 8-05-05-1590909690181277114444441056 10 1000 ,560 ,580001
gé§22896225561466-05 6-15-3090709999799944330033111040 104699.0699.00301¢9
g;ézzsﬁ62325?l4é?—15-35-15-1540402525120844327632!l1025104694.812.806021
gé22208524556345$ 8 6 0-0599999999121233115534552560102500.562.6040461
8;22388i464662416-85-05 6-05701890501808825224435222540254002.082.012121
gé223885355562256~85 0 0-1090707596301811116434431075107504.812.00848061
Z%§§§FB?425342142—05-05 @-0550505050 120433224433334640-464005.968.002021

DATA FILE
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AABHHDBS225842455~85-65~-15-0590789090 1818442254224325584050846.0 12,80304 1

S;Sg:FBJL,sssqzss-es—15-es-essoéasa¢e13331111 5554541050 102503.€ 12.804021
HADHHABS 32546246405 15-05- 154050254025 183222435544 1048 102502, 064 004021
WABFFAATIASTAINNS O O 0-0540405056301844447533331040 195000 .504.00800
gégggsssaa«zssms 8-05 8-054875)07518044343=;53434075507504.012.006028
IACGOAB7DISAA1243 0 0 8-0599599979999908009000009999999999 09789999
FACHNBATIA4562472-05 B 0-5599995090999942117732335090759402. 002, 064025
BABHNFE 6725563415-05-05-05-05505050 5020 194922744392 1050 109006..0 12.084021
B00068A5225542366 8405405 89090759030 1844 11332244507=507564.005.002024
g ggggé%e4454555454oes+as+as-es10102525361244444455771040104000.596.894941
E g;233887245552465-85-05-05-1890?89090241544136443114898165504.812.008804
3 g;gggnasxxas72257-es 8-30- 159050903630 1266367433 1125502550060 10002029
\ S;ggng4335553335-a5 8-85-0590909090242425145333445898409002. 8 (8.08200 1
: §é§§§aasa4sséssss—as @ 0-057540567512124454544444 1040 105009, 565.00202
é! CABFGABS333353424  8-05-05~0510102540 151200 114533221040 192500 .504. 08404 |
T3

DATA FILE
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MYP MODEL LISTING

-

LAR A ok il s, i st o

v
-

191




¥ GOVERNMENT AERQSPACE CONTRACTOR--MULTI-YEAR PROCUREMENT

NOTE

NOTY 1. STUDY OF THE CORPORATE GROWTH PROCESS

NOTE 2. ORIGIMAL RESOLRCE ACQUISITION MODEL
3. MULTI-YEAR PROCUREMENT MODIFICATIONS

NOTE

NOTE

NOTE MARKET SECTOR

NOTE

A RDPD , K= (PREIM.K) (PROGPR) MK -1
c PRDGPR=2 M2
A CONFD . K=MIN{PREIM,K%¥PDGPR , CONPDM) MK=~3
c PDGPR=,885 MK=-4
c CONPDM= 1S MK=~5
L PREIM.K=PREIM.J+(DT) ¢ {/TPREM) (PRC.J-PREIM.J) MK =&
c TPREM=24 MK-7
N PREIM= 1400 MK~8
R RDOR.KL=(RDPD .K) (FEDEM.K) ¢(RDEX0G.K) MK -0
3 A CONOR . K=( CONPD . K) (PDLEM.K) (PEX0G.K) MK-1@
- A FEDEM.K=TABHL(TFEDEM,FEDDR0.K,0,3.5,0.5) MK~=1 1
F T TFEDEM=1/.9/.6/.4%/.35/.30/ .27/ .25 MK=12
. A PDDEM, K=TABHL ( TPDDEM,PODRO.K,8,3.5,8.5) MK~13
T TPDDEM=1/.9/.68/.6/.5/.4/.35/.3 MK-14
& FEDDRO.K=FEDCDO.K/FEDUDN MK=1%
1 c FEDCDNa2 MK-16
A PODRC , K=PDDO . K/PDDN MK=-17
c PDDN= 1 3 MK=-18
3 L FEDCDO . K=FEDCDO.J+<DT) ¢ \/TFECDO) <FEDCD.J-FEDCDO.J>  MK=-1%
- c TFECDO=3 MK-28
1 N FEDCDO=FEDCDN MK-21
L PODO . K=PDDO.J+({DT) ¢ {/TPDDO) (PDD.J~PDDO.J) MK~22
c TPDDO=4 MK-23
N PDDO=PDDN MK~-24
A CONREY . K= { REUPR . K) (UNIPR.K) ( PRCREM. ) ( SCONOR.K} MK~2S
F A SCONAR , K=SMOOTH( CONOR . K, SORT IM) MK-2&
c SORT IM=12 MK=~27
A PROREM . K=PROLIF-TIME . K MK-28
! c PROLIF=144 MK -29
i c UNIPR=1820808060 MK -30
A REVPR ., K=TABHL ( TREVPR, PROREM. K, 0, 126, 12) MK-31
, T TREVPR=1/,98/.9/.85/.8/.75/.78/.4%/ .60/ .55/ .%8 MK=-32
" A FMYREY , Km(AFFLN, K (FLWFAC . K) (UNI PR, K> MK-33
3 A AFFLN, K= { FLMCO . K> ( FLWORD? MK~34
3 A FLWCO RaCLIPCE, |, TIME K, 84.9) MK =35
P C FLWORD=586 MK =36
! & FLWFAC . K=, S+MEX(TIME . K=~24,8) %, 4/48 MK=-37
F A MYREV . K={PTOR ., JK} (MYREM . ) (UNIPR (K (MYFAS . K3 MK =38
! b FYREM ., KeMYDUR , K- TIME , K MK =39
3 A MYDUR , K=CLI#( 144,84, TIME. K, &% MK -3 8
s A MYFAD K, 5+STEP( 15,24, 8) MK -4}
& MYOR,K=TABLE (TMYOR, TIME K, 8, 184, 12D MK~42
T THMYOR=6.18/16./ 16/ 18718718, 18/18/18,/18/18/ 18 MK ~4%
; A EUTREV, KsMYREV , K+ FMYREY . K¢ CONREV L K MK~ 4
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FINANCIAL SECTOR

ECCRDE . K=(ETRDE . KY ( RPED) (MCRDE)

RPED=.81

MCRDE= 1

ECCPE . K=(ETPE . K) (RPPU) (MCPE)

RPPU=18

MCPE=1

RDFA . K=RDFA . J+ (DT) (RDFAR . JK=RDFDR . JK)
RDFA=RCF1

RDFI=18

PFA . K=PFaA, J+ (DT) (PFAR . JK-PFDR . JK)

PFA=PF 1

PFI=100

ROFAR . KL= (RDFA . K) (FIRDF . K)

PFAR . KL=(PFA.K) (FIPF.K)

FIRDF .K=sTABHL(TFIRDF,PE.K,~1,5, 1)
TFIRDF=.085/.01/.82/.85/.1/.2/.3
FIPF.K=TABHL(TFIPF,PE.K,~1,5, 1)
TFIPF=.005/.81/.02/.85/,1/.2/.3
RDFDR.KL=(RDFA.K) (FORDF ,+) °

PFDR . KL= (PFA.K) ( FDPF.K)

FORDF . K= TABHL ( TFDRDF ,PE. K, =5, 1, 1)
TFDRDF=.3/.2/.1/.05/.82/.01/.8@5

FDPF . K=TABHL{TFDPF ,PE.K,-%,1, 1)
TFDPFu.3/.2/.1/.85/.82/.01/.885

RDFR . K=RDFA . K/ECCRDE . K

RDFRM . K=MAX (RDFR K, . 3)
RDFRC.K=CLIP( 1.8 ,RDFRM.K,RDFRM.K, 1.8
PFR.K=PFA .K/ECCPE .K

PFRM. K=MAX( PFR.K, .3)
PFRC.K=CLIP( .8 ,PFRM,K,PFRM.K, 1.90)
CAPCST . K=CAPI +CAEX0G. K

CaPl=, 10

OPMOR . K=TABHL (Y OPMOR , CAPCST .K, 8, . 2%, .0%)
TOPMOR=.2147/.8133/.081/.6067/.00833/8

OPMOD . K= OPMOR . K) ( FUTREV , K>

INGC . K=TABLE(TINC,MYINC.K,0,1.8,.2)
TINC=8/.5/.7/.9/1/1

MY INC=.3

MODRSK= . 1

MODOP . K=MODCC . K+ (MODRSK) ¢ INC . K) ¢ OPMOD . K-MODCC . K»
MODCL . K=TaBHL ( TMODCC , TIME .k, 4, i44,3)
THODCC=18E&/ 10ES/ 18E 6 18E&/ 18E6/ 10ES 10ES/ 10ES/
18BES/ 19BES/ 180E S/ 18054/ POES/FBES/PBES/FOES/
7SES/PSES/ PSES/ 7BESSBE S/ SRES/ SBES/ HIES/
20E6/28ES4/20E&L/20E 6/ 100E 4/ 10AES/ 180ES. 18BES/
POES/FBES/ PRES/POES/ 7SES/7SEL/ PSES/ 7SES/
SOES/SBEG/SBEC/SOES/20E 6./ 20E4/20E6/20F6/28E6
MODES . k=CL I P{MODOP , K, OPMOD . K , OPMOD . K ,MODCC , K>
MODLUF , K=MODES . K-MODPL . K~MODLEV . K

MODRED , K=MaX (MODDIF LK, 8, 8)
MODFR . KeMODREQ . K/ DT

'ﬂ‘ﬂ'ﬂ'l"l":'l'ﬂ‘ﬂ'ﬂ"ﬂ
CONOWUD WHN e
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MODEXP . KL=4IN(MODPRO . K , COPMAX)

CORMAX=21ES

MAODEXP=0

MODDEC . K= (MODEXP . JK) (DT?

MODINP , KL=CELAYP{MODEXP . JK ,MODDEL ,MODPL . K}
MODPL=6

MODDEL=18

MODLEV, K=MGDLEV, J+¢(DT) (MODINF . JK-DETRET . JK)
MODLEV=8

DETRET . KL=MODLEV.K/RETTIM

RETTIM=120

MODIMP , K=MOGREQ . k+MODPL . K

MODSTA . K=MODIMP , K+MODLEV .K

MODRAT . K=MODIMP . K/ FUTREV . K

ROR . K=TABHL ( TROR ,MODRAT .1, 8, .0 145, ,8833)
TROF=.25/,26/.15/.16/,85/8

ARDR, X=SMIOTH(ROR.K, . 5)

ROR=, 25

ANDLCI . K= ( BWR) (43) (EDLC. ) (52)

ANDL.C . K=CLIP(ANDLCI .K,300E&, TIME. K, 24)
PROACR . K= { AROR . K» (MODDEC . K) /ANDLE . K

MODR . KL=PRO&CQ. K DT

MODR=

1PR . KL=DELAY3(MODR. JK ,MODDEL)
FIPR.K=FIPR,J+{DT) ¢ IPR.JK)

FIPRm1,8

CFSF ., K= (CAPCST . K=MY INC . KXAROR . K) (MODEXP . JKXDT) (5)
AFINC.KL=MaX(CFSF .K,8) /DT

TAFINC . K=TAF INC. J+ (DT) (AFINC . JK)

TAFINC=0

DESIGN (ENGINEERING) SECTOR

EDEC.K=EDEC.J+(DT) (DECBE . JK~DECDR. JK)
EDEC=DECI

DECI=1008

DECBE . KL=DELAY3(DECAR . JK , DDEC)

DDEC=4

DECBA . K=DECBA . J+ (DT) (DECAR . JK~-DECBE , JK)
DECBA= 130

DECAR . KL=/ DEC.K) (FIDEC.K)
DEC.K=EDEC.K+DECBA.K

FIDEC.K=TABHL (TFIDEC,PE.K,-1,5, 1)
TFIDEC=.805/.8U7/.026/.853/.062/.842/.043
DECDR. KL=(DEC ,K) ¢ FDDEC . k)

FDDEC .K=TABHL (TFDDEC ,PE. K, ~5,1, 1)
TFDDEC=.8%9/.887/.874/.85/.82/.687/.085
F4, K=MIN(DEPROD.K,RDFRC. K)

IEDS . KL=(EDEC.¥) (FA.K

DEPROD . K= (NDEPRD) (MDEPRD . K)

NDEPRO=Z

MDEPRD . K=TABHL CTMDEPR , PEL K, ~5,5, 1)
TMDEPR= .65/ .65/ .75/ .85/ .9/1/ 1. 1/1.2/1.25/1.3/1.3
IEDT . RL=DELAY3( IEDS . JK,DISDO)

DE-!
DE~2Z
DE-3
DE-~4
DE-%
DE~-&
DE-7
bE~-B
DE~-%
DE~18@
DE-11
LE~12
DE-IZ
DE-i4
DE-1S
DE~1é
DE-17
LE-i8
DE~-1?
DE-28@
DE~-21
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c DIEDC=2 DE-22
L BURDO . K=BURDO . J+ ¢ DT) (RDOR . JK=PFEDC . JK) DE-23
N BURDO=(MRDBLD) (AFEDCR) DE-24
c MRDBLD= 12 DE-25
A BURDOC . K=CL1P¢BURDO.K, 1868 ,BURDO .K, 1888) DE-26
L ARDOR . K=ARDOR . J+ ¢DT) ¢ 1/TARDOR) (RDOR . JK=ARDOR . J) DE-27
c TARDOR=3 DE-28
N ARDOR=RDOR DE-~29
A EDCH.K=(RDOR . JK) ¢ FREDCH) DE~-38
c FREDCH=. 18 DE-31
A NEDCH . K=(ARDOR . K) ( FEDCHN) DE-32
c FEDCHN=. 18 DE-33
A EDCHR . K=EDCH . K/NEDCH. K DE-34
R FEDC.KL=1EDC.JK-EDCH.K DE-35
A RFEDA . K=FEDC . JK/1EDC, JK DE-36
A RFEDAM . K=MAX { RFEDA . K , . 3) DE-37
A RFEDAC . K=CLIP( 1.8 ,RFEDAM.K,RFEDAM.K, 1.8) DE-38
- R PFEDC . KL=DELAY3( FEDC . JK , DPFEDN) DE-39
A ¢ DPFEDN=1 DE-48
o N FEDCD . K=BURDOC . K/AFEDCR . K DE-41
. L AFEDCR. K=AFEDCR. J+ (DT) ¢ 1/ TAFECR) (PFEDC.JK-AFEDCR.J) DE-42
" c TAFECR=3 DE-43
; N AFEDCR=308# DE-44
- A ETRDE . KmBURDOC . K/MRDBLD DE-45
NOTE
NOTE PRODUCTION (MANUFACTURING) SECTOR
! NOTE
; L EDLCI .K=EDLC.J+ (DT ¢( DLBE . JK~DLDR . JK) P-1
!E 4 EDLC.K=MINCEDLCI . K, 7080) F-2
! N EDLCI=200¢ P-3
5 R DLBE . KL=DELAY3(DLAR. JK , DADL) P-4
b - c DADL=3 P55
L L DLBA . K::DLBA . J+ (DT (DLAR . JK=DLBE . JK) P-6
. N DLBA= 180 Pe7
E! L PLC.K=PLC.J+(DT) ( PCBE . JK-PCDR. JK) P-8
k N PLC=18 p-9
, R PCBE . KL=DELAY3(PCAR. JK , DAPC) P-10
» c DAPC= 18 P11
- L PCBA . k=PCBA . J+ (DT) (PCAR . JK=PCBE . JK) P=12
» N PCBA= | P-13
o8 A EPLC.K=(PLC.K) (FIPR.K) P-14
o A EPC.K=(EPLC .K) (MDLH) (MDL .K) P-15
- c MDLH=%0 P-15
A MDL . k=TABLE ¢ TMDL ,EDLC.K,8,8888, 1108) Pe17
T TMDL=0/.80825/.0875/.017,/.823/.828/.833/.04/.047 P-18
A DLU.K=PS . JK/ (EPLC . K¥MDL . K) P-19
A DLUD . KnDLU . K~48 p-20
™ A DLO. K=MAX(DLUD.K, 8 .8) p-21
. R BOLR.KL=4.33% (EDLC.X) (BWR) (40+1.5%XDLO.K) /DT P-22
1 C BiNR=35 P-23
L EDLD . K=BDLD . J+ ¢ DT) (BDLR. JK) P-24
N BDLD=@ p-25
A SDLU . K=SMOOTH(DLU . K, SDLTIM) P-24
o c SDLTIM=& P27

195
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FIDLU.K=TABHL(TFIDLU,SDLU.K,42,48,3)
TFIDLU=.085/.807/.814/.822/.829/.835/.684
FDDLU.K=TABHL { TFDDLU, 8DLU.K, 33,45,2)
TFODLU=.63/.629/.825/.817/,8087/8/6

PEDL . K=SMOOTH( PEPR. K, INDEDL)

INDEDL=6

FIDL.K=TABHL (TFIDL,PEDL.K,~1,5, 1)
TFIDL=.885/.867/.614/,822/,829/.835/.84
FDDL . K=TABHL (TFDDL , PEDL .K,~5, 1, 1)
TFDDL=.89/.887/.876/.85/.82/.067/.805
DLC.K=EDLC.K+DLBA.K

DLAR ., KL=(DLC.K) (FIDL .K+FIDLU.K)
DLDR.KL=(DLC.K) (FDDL .K+FDDLU.K)

PEPC . K=SMOOTH(PEPR. K, INDELP)

INDELP=18

FIPC.K=TABHL (TFIPT,PEPC.K,~1,5, 1)
TFIPC=.005/.8687/.6614/.8822/.6029/.0035/.804
FDPC,K=TABHL (TFDPC,PEPC.K,~S,1, 1)
TFDPC=,089/.0887/.6876/.805/.882/.00807/.08085
PLCT .K=PLC.K+PCBA . K

PCAR.KL=(PLCT.K) (FIPC.K)

PCDR . KL={PLCT.K) (FDPC.K)
F1.K=MIN(PROD.K,PFRC .K>
F2.K=MINCF1.K,RFEDAC.K)

F3.K=MIN(F2.K, IMPCM.K)

PP, K= (EPC.K) (F3.K)

PD . K=BUOC . K/MBLD

PS.KL=MINCPP.K,PD.K)

PS=18

PROD . K=(NPROD> (MPRO . K>

NPROD= 1

MPRO . K=TABHL ( TMPRO, PEPC.K,~5,5, 1)
TMPRO=, 65/ .65/ .75/.85/.9/1/1.1/1.2/1.25/1.3/1.3
NIMPC . K= (DMIMPCY (EPC.K)

DMIMPC=2
IMPC.K=IMPC . J+ (DT) ( 1AR . JK=PS . JK)
IMPC=EPC

IMPCR . K=IMPC ,K/EPC . K
1AR.KL=(MSR . JK) (F11.K)
FI1.K=TABHL(TFI1,IMPCR.K,8,3.5,8.5
TFII=1/.9/.6/.45/.35/.30/.27/.25

IMPCA . K=1MPC ,K/EPC. K

IMPCAM. K=MAX ( IMPCA . K, . 3)
IMPCM.K=CL1P( 1,8, IMPCAM.K, IMPCAM.K, 1.8
PF .KL=DELAY3(PS.JK,DP)

DP=13

PF=10

UNITSF . K=UNITSF . J+(DT) (PF.JK)

UNITSF=8

PSR, KL=DELAY3(PF .JK,DPFUN)

DPFUN= |

PSR=1@

PRODOR . KL=CONOR . K+MYOR . K

BUG . K=BUD, J+ (DT ( PRODOR . JK-PSR. JK)

196

P-28
p-2¢
P-30
P-31
P~32
F"us
P-34
P-35
P-36
P-37
P-33
p-39
P-4
P-41
P-42
P-43
P-44
p-25
P-46
F-47
P-4&
P-4%
F~-S0
p-%1
pP-52
p-53
P-54
P-5%5
P-Se
=57
P-58
F-5¢%
pP-4@
P=-é1
P-~&2
P-43
P-é4
P-435
P-é4&
F-&7
P-48
FP=4%
pP-7@
P-71
p-72
pP-?3
P-74
P-7S
P-7é
P-?7
pP-78
P-79
P-88
P-gi
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BUG=(MBLD) (AP)
MBLD=: "~

BUO' ..~CLIP(BUC.K,.5,BU0.K,.5)

APf 2.K=APOR.J+ (DT) ( 1/TAPOR) (PRODOR . JK-APOR . J:
TAPOR=3

APOR=18

PMOR . K=(APOR , K) { FAPOR)

FAPOR=3

MOR . KL=( PMOR . K) {MDDEM. K}

MDDEM . K=TABHL ( TMDDEM,MDDRO.K,8,3.5,8.5)
TMDDEM=1/.9/.6/ .45/ .35/ .30/ .27/ .25

MDDRO . K=MDDO . K/MDDN

MDDN= 1

MDDO . K=MDDO . J+ (DT) ¢ 1/TMDDO) (MDD . J-MDDO. 1)
TMDDO=3

MDDO=MDDN

PDD . K=BUOC . K/APSR . K

APSR . KmAPSR . J+ (DT) ¢ 1/TAPSR) (PSR . JK-APSR . J)
TAPSR=?

APSR= ;8

ETPE . K=BUOC . K/MBLD

MATERIAL SECTOR

EMPC . K=EMPC . J+(DT) (MPCBE . JK-MPCDR . JK)
EMPC=MPCI

MPCI=20

MPCBE . KL=DELAY?{MPCAR . JK , DAMPC)

DAMPC=4

MPCBA . KeMPCBA .."+ (DT) (MPCAR . JK~MPCBE . JK)
MPCBA=2

MPCAR . KL=(MPC.K) (FIMPC.K)

MPC , K=EMPC . K+MPCBA . K

PEMPC . K=SMOOTH(PE . K , INDELM)

INDELM= 12
FIMPC.KsTABHL(TFIMPC,PEMPC.K,~1,5, 1
TFIMPC=.00%/.0087/.214/.022/.825/.835/.84
MPCDR . KL={MPC .K) (FDMPC.K)

FDMPC . K=TARHL (TFDMPC , PEMPC . K, =%, 1, 1)
TFDMPC=,089/.887/.074/.85/.82/.807/.885
MPS, KLa:( (EMPC.K) {RFEDAC.K)) /WDF

MPS=15

WDF=1

MPF , KL=DELAY 3(MPS , JK , DMP)

DMP=28

MSR . KL=DELAY3(MPF , JK , DPFMN)

MPF=15

DPFMN= {
BUPO.K=BUPO. J+ (DT> (MOR . JK~-MSR. JK)
BUPO=(MMBLD) (AMP)

MMBL D=2

BUFOC .K=CLIP(BUPO.K, 18 ,BUPO.K, 18)

MDD . K=BUPOC , K/AMSR . K

AMSR ., K=AMSR . J+ (DT) ¢ 1L/TAMSR) (MSR . JKk-AMSR ,
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TAMSR=3
AMSR=5

PROFESSIONAL SECTOR

PRAR . KL=(PRE.K) (FIP.K’
PRE ,K=EPRE . K+PEBA . K

FIP.K=F1PE.K+FIAP.K
FIPE.K=TABHL(TFIPE,PE.K,-i,5, 1)
TFIPE=.685/.887/.814/.8227.827/.635/.,A4
F1AP.K=FPRD.K/TAPR

TAPR=14

FPRD.K=( 1/PRE . K} ( FRED .K~PRE . K>

PRED . K=(DRDEC) (DEC.K) + { DRPRC) (EPC.K) + (DRMPC) (MPC.K)
DRDEC=¢3158) /DEC

DRPRC=(588) /EPC

DRMPC=( 450) /MPC

PRDE . KL=/ FDPR.K) ¢ EFRE. 1)

PRDA . KL=¢ FDPR. K) ¢ PEBA. KD

FDPR.K=TABHL (TFDPR,PE.K,=5,1, 1)
TFDPR=.89/.887/.876/.85/.82/.007/.005
EPRE.K=EPRE . J+(0T) (PEBE . JK~PRDE . JK)
EPRE=PEE]

DEEI=4200

PEBE,XL=PEBA . K/DAPE

F... '=PEBA,J+(DT) (PRAR.JK~PEBE. JK~PRDA . JK+8)
P = _Q8@

D"~ . K=TE.BHL (¢ TDAPE ,PRE . K, @ , 6308, 700)
TDAPE=3/4/5/6/9/ 12/ 17/20/22/24

PREA .K=(EPRE . K) (PREF .K)

PREF .K=TABHL (TPREF ,FPRA.K,9,.8,. 1)
TPREF=1/.9%/.,9/.75/ .68/ .45/ .35/ .28/ .25
FPRA . K=PEBA . K/PRE . K

PRC.K=PREA . K-PRER . K
PRER.K=(FIP.K) (PRE.K) (RCE)

RCE=@ .5

PRESSURE-FOR-EXPANSION SECTOR

PERCE . K=TABXT ( TPERNE,RDBLRO.K, 8,4, .5
TPERDB=~1/~.5/.%/2/3.2/3.7/4/5/é
PEB.K=TABHL(TPEB,BLRO.K,8,4, .5
TPER=-1/-.5/,5/2/3.2/3.7/3.9/4/4
PEME.K=TABHL ( TPEME ,MBLRO.K,8,4,.5)
TPEMB=-1/~.5/~.1/.3/1/1.571.8/2/2
KDBLRO.K=RDBLRO.J~{DT) ¢ 1/TRBLRO) (RDELR.J-RDBLRO.J)
TRBLRO=3

RDBLRO=ROUBLR
BLRO.K=BLRO.J+(DT) ¢ 1/TBLRD) {BLR.J-BLRO.D
TBLRO=3

BLRO=BLPR
MBLRO.K=MBLRO.J+{DT) ¢ 1/TMBLRO) (MBLR.J-MBLRO.J}
TMBLRO=3

PE~1
PE-2
PE-3
PE-~4
PE-S
PE-6
PE-7
PE-8
PE-¢
PE-1@
PE-1!
PE~-12
PE-13
PE-14
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MBLRO=MBLR

RDBLR . K=MRDBL . K/MRDBLD

BLR.K=MBL . K/MBLD

MBLR . K=MMBL. . K/MMBLD

MRDBL. . K=BURDOC . K/AFEDCR . K

MBL . K=BUOC . K/TPC . K

MMBL . K=BUPOC . K/AMP . K

AP JK=AP . J+CDT) ( 1/TAP) (PF . JK-AF . ]

TaP=2

AP=18

AMP . K=mAMP , J+ (DT ( 1/TAMP) (MPF . JK-AMP . J)

TAMP=3

AMP= 18

PEIMPC.K=TABHL(TPEIPC, IMPCRO.K,8,2, .25
TPEIPC=2/1/.5/.25/.1/~.25/=.,5/=.75/-1

IMPCRO . K=IMPCRO. J+ (DT) ( 1/T1PCRO) ¢ IMPCR ., J=IMPCRN . J)
TIPCRO=Z

IMFCRO=IMPCR

PERDFA , K=TABHL ( TPERFA ,RDFRO.K, 8,2, . 25)
TPERFA=4,/4/3.9/3.7/3.2/2/.5/~.5/1

PEPFA . K=TABHL (TPEPFA, PFRO.K 6,2, .25)
TPEPKA=A/4/3.9/3.7/3.2/2/ 5/ ~.5/=1

RDFRO . K=RDFRO.J+ (DT ( 1/TRDFRO) (ROFR.J-RCERG . J)
TROFRO=2

RDFRO=RDFR

PERC . K=PFRO . J+(DT) ( 1/TPFRO) (PFR.J~PFRG.J)
TPFRU=Z

PFRO=PFR

PEEDCH . K=TABHL (TPEECH,EDCHRO.K, 6,2, .25
TPEECH==-1/=.5/~.1/.3/1/1.5/1.8/2/2

EDCHRO. k=EDCHRO . J+ (DT) ¢ 1/TECHRQ) (EDCHR . J-EDCHRO . J
TECHRO=3

EDCHRO=EDCHR

PECW . k=PERDB.K+PEB . K+PEMB . K+PEIMPC . K+PERDF& . K+
PEPFA . K+PEEDCH. K
PE.X=PE.J+ (DT) ¢ 1/TPES) (PEC , J=PE. )

TPES=3

PE=5

PEPR.K={PE.K+&%PEB.K) /12

EXOGENDOUS INPUT FACTORS

ROEXDG.K=1+FPDNOIS,.K+RDSINE . K
PEXOG.K=1+PNOIS.K+PSINE.K

RDNOIS ., K=SAMPLE (RNORNS . K ,RDINT ,RDISAM)
RDINT=12

ROISAM=0
PNOIS.R=SAMPLE(PNORNS . K, PINT,PIfar)
PINT=12

PisAM=0

RNORNS . K=1, 8 ENORMRN ( RDMEAN , RDESTDV)
RDMEAN=S

RDSTDU=9

PNORNS , =1 , BXNORMRNY PMEAN , PETIWD
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c PHEAN-@

c PSTDV=E

& RDSINE . K= {RSMNAMP) XSINC (3. 1417 (TIME.K) /RDPER}
C RENaME=8

< ROPER=12

= PSINE . M= PSNAMP) XSIM( (3. 1417 (TIME .K) /PPER?
< PSiNpaPa G

c FPER=12

A CAEXOG, Ke ,82X3INC ., 283X TIME . K/R&8)

NMOTE

NGTE SUPPLEMENTARY INFORMATION

NOTE

NOTE

KNOTE PPINT AND PLOT SPECIFICATIINS

PRINT 1. CONPD,CONOR,FUTREV,MODIMP, TATING

PRINT 2)EDLC,PLC,FIPR,EPC,BOLD

PRINT 3) °8,PDDO,UNITSF,PREIM

PRINT 4)0FPT,RFEDAC, IMP(M

Pl 0T EDLL=I/PSxF

PLOT HODSTA=I/TAFINC=A

PLOT CONOR=E,/MYOR=G

NOTE

NOTE  BASIT SYSTEM-—-CRIGINAL PARAMETERS
NOTE,

SPEC DT=0.25/LENGTH=128./PRTPER=&/PLTPERS2
RUN
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Variable
Name

AFFLN
CONOR
CONPD
CONPDM
CONREV

FEDCD
FEDCDN
FEDCDO
FEDDRO
FEDEM

FLWCO
FLWFAC

FLWORD
FMYREV

FUTREV
MYDUR
MYFAC
MYOR
MYREM
MYREV
PDDEM

PDDN
PDDO
PDDROC
PDGPR
PEXOG
PRC
PRDGPR
PREIM

PROLIF

MARKET SECTCR
VARIABIZ LIST

Variable Description

Air Force FoLlow-oN

CONtingent production Order Rate
CONtingent Potential Demand
CONtingent Production potential Demand
expected future CONtingent order
REVerniue

Final Engineering Design Completion
Delay

Final Engineering Design Completion
Delay Normal

Final Engineering Design Completion
Delay Observed ‘
Final Engineering Design completion
Delay Ratio Observed

Final Engineering Design completion
Delay Effect on Market

FoLloW=-on COefficient

contractor FoLloW-on confidence
FACtor

units expected in FoLloW-on ORDer
expected Follow-on Multi-Year
contract REVenue

expected I'UTure prcgram REVenue
Multi-Year contract DURation
Multi-Year FACtor

Multi~Year Order Rate

Multi-Year contract time REMaining
expected Multi-Year contract REVenue
Production Delivery Delay Effect on
the Market

Production Delivery Delay Normal
Production Delivery Delay Observed
Production Delivery Delay Ratio
Observed

Production Demand Cenerated by
PRofessional effort

Production EXQGenous input
PRofessional Capability

Potential R&D demand Generated by
PRofessional effort

PRofessional Effort Influencing the
Market

PROgram LIFe
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Units of
Measure

units

units/month
units/month
units/month

dollars
moniths

months

months
dimensionless

dimensionliess
dimensionless

dimensionless
units

dollars
Jollars
aonths
dinensionle« o
nits/me
months
dgllare

dimen:. e 9
months
months

dimensionless
units/worker-
month
dimensionless
workers
designs/
WOrKer -month

workers
pontns




MARKET SECTOR
VARTABLE LIST CONT'D

Variable Units of
Name Variable Description Measure

PROREM PROgram time REMaining nonths
RDEXO0G R&D EXOGenous input dimensionless
RDOR R&D Order Rate a2signs/month
RDPD R&D Potential Demand designs/month
REVPR contingent REVenue PRobability dimensionless
SCONOR Smoothed CONtingent production

Order Rate units/month
SORTIM Smoothing ORder TIMe months
TFECDO Time for Final Engineering design

Completion Delay Observation months
TFEDEM Table for FEDEM dimensionlesc
TIME TIME months
TMYOR Table for MYOR dimensionless

, TPDDEM Table for PDDEM dimensionless
\ TPDDO Time for Pruduction Delivery

Delay Observatiocn months
TPREM Time for PRofessional Effort to

influerice the Market months
TREVPR Table for REVPR dimensionless

;‘ UNIPR UNIt PRice dollars
1
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FINANCIAL SECTOR
VARIABLE LIST

Variable Units of
__Name Variable Description Measure
AFINC Air Force INCentive payment dollars/month
ANDIC ANnual NDirect Labor Cost clipped dollars
ANDLCI ANnual Direct Labor Cost Initial dollars
AROR Average Rate JOf Return percent
BWR Burdened 1 ige Rate dollars/hour-
worker
CAEXO0G CApital cost EXOGenous input percent
CAPCST CAPital CoST percent
CAPI CAPital cost Initial percent
CFSsr Cash Flow Short Fall dollars
CORMAX CORporate MAXimum investment rate  dollars/month
DETRET DEbt RETirement rate dollars/month
ECCPE Estimated Cost to Complete
Production Effort million dollars
ECCRDE Estimated Cost to Complete
R&D Effort million dollars
EDLC Effective Direct Labor Capacity vorkers
ETPE Estimate of Total Production Effort units/month
ETRDE Estimate of Total R&D Effort engineering
designs/month
FDPR Fractional Decrease of "roduction
Funds 1/month
FDRDF Fractional Decrease of R&D Funds 1/month
FIPF Fractional Increase of Production
Funs ‘ 1/month
FIPR Fractional Increase in PRoductivity dimensicnless
FIRDF Fractional Increase of R&D Funds 1/month
FUTREV Estimated FUTure REVenue dollars
INC INCentive from cost share ratio dimensionless
IPR Increase in PRoductivity dimensionless/
month
MCPE Morths to Cumplete Production
Effort months
MCRDE Months to Complete R&D Effort months
MODCC Contract MODern.zation Cancellation
Ceiling dollars
3 MODDEC MODerrnization DECision dollars
f MODDEL MODernization DELay months
{ MODDIF  MODernization DIFference dollars
- MODES MOdernization DESired dollars
! MODEXP MODernization EXPenditure rate dollars/month
¢ MODIMP MODernirzation being IMPlemented dollars
1 MODINP MODernization IN Place dollars
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Variable

Name

MODLEV
MODOP
MODPL
MODPRO
MODR
MODRAT
MODREQ
MODRSK

MODSTA
MYINC

OPMOD
OPMOR
PE
PFA
PFAR
PFDR

PFI
PFR

PFRC
PFRM
PROACQ
RDFA
RDFAR
RDFDR
RDFI
RDFR
RDFRM
RETTIM

ROR
RPED

FINANCIAL SECTOR
VARIABLE LIST CONT'D

Variable Description

MODernization LEVerage
MODernization OPportunity
MODernization in Pipeline
MODernization rate PROposed
MODerrization Rate

MODernization to revenue RAT:io
MODernization investment REQuested
corporate willingness to incur
MODernization RiSK

MODernization STAtus

Multi-Year contract cost sharing
INCentive ,

OPtimal MODernization investment
level _

OPtimal MOdernization Ratio
Pressure for Expansion

Production Funds Availability
Production Funds Acquisition Rate

Production Funds Departure Rate

Production Funds Initial
Production Funds Availability
Ratio

Production Funds availability
Ratio Clipped

Production Funds availability
Ratio Minimum

PROductivity being ACQuired
R&D Funds Availability

R&D Funds Acquisition Rate

R&D Funds Dep2* Lure Rate

R&D Funds Initial

R&D Funds availability Ratio
R&D Funds availability Ratio
Minimrum

RETirement TIMe period

Rate Of Return .
Revenue Per Engineering Design
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Units of
Measure

dollars
dollars
dollars
dollars/month
dollars/week
dimensioconless
dollars

dimensionless
dollars

dimensionless

dollars
dimensionless
pressure units
million dollars
million dollars/
month

million dollars/
month

million dollars

dimensionless
dimensionless

dimensionless
dimensionless
million dollars
million dollars/
mcnth

million dollars/
month

million dollars
dimensionless

dimensionless
months

percent

million dollars/
engineering
aesign




FINANCIAL SECTOR
VARIABLE LIST CONT'D

Variable Units of
Name Variable Description Measure
RPPU Revenue Per Production Unit million dollars/
unit
TAFINC Total Air Force INCentive payment dollars
TFDPF Table for FDPF dimensionless
TFDRDF Table for FDRDF dimensionless
TFI1PF Table for FIPF dimensionless
TFIRDF Table for FIRDF dimensionless
TINC Table for INC dimensionless
TMODCC Table for MODCC dimensionless
TOPMCR Table for OPMOR dimensionless
TROR Table for ROR dimensionless
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Variable
Name

AFEDCR
ARDOR
BURDO
BURDOC
DDEC

DEC
DECAR

DECBA
DECBE
DECDR
DECI

DEPROD

DIEDC
DPFEDN
ECCRDE
EDCH

EDCHR
EDCHRO

EDEC
ETRDE

FA

FDDEC

DESIGN (ENGINEERING) SECTOR
VARIABLE LIST

Variable Description

Average Final Engineering Design
Completion Rate
Average R&D Oxder Rate

Backlog of Unfiiled R&D )rders

Backlog of Unfilled R&D Orders
Clipped

Delay for absorbing Design
(Engineering) Capacity

Design (Engineering) Capecity
Design (Engineering) Capacity
Acquisition Rate

Design (Engineering) Capacity
Being Absorbed

Design (Engineering) Capacity
Becoming Effective

Design (Engineering) Capacity
Departure Rate

Design (Engineering) Capacity
Initial

Design (Engineering) PRODuctivity

Delay for Initial Engineering
Design Completions

Delay in Processing Final
Engineering Designs Normal
Estimated Cost to Complete R&D
Effort

Engineering Design CHanges

Engineering Design CHanges Ratio
Engineering Design CHanges Ratio
Observed

Effective Design (Fngineering)
Capacity

Estimate of Total R&D Effort

Factor Allowance ratio

Fractional Decrease of Design
(Engineering) Capacity
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Units of
Measure

engineering
designs/month
engineering
designs/month
engineering
designs
engineering
designs

months

design engineers
design engineers/
month

design engineers
design engineers
month

design engineers/
month

design engineers
engineering designs/
design engineer-
month

months
months

million dollars
engineering
designs/month
dimensionless

dimensionless

design engineer:
engineering
designs/month
engineering des.gns/
design engineer-
month

1/month




Variable

Name

FEDC
FEDCD
FEDCDO
FEDCHN
FIDEC
FREDCH
IEDC
IEDS
MDEPRO
MPS
MRDEL
MRDBLD
NDEPRO
NEDCH

PE
PFEDC

PS
RDFR
RDOR

L RN TR TR I AT T TR Y F TR TR

DESIGN (ENGINEERING) SECTOR
VARIABLE LIST CONT'D

Variable Description

Final Engineering Design Comple-
tions rate

Final Engireering Design Compla-
tion Delay

Final Engineering Design Comple-
tion Delay Observed

Fraction of Engineering Design
CHanges Normal ‘
Fractional Increase of Design
(Engineering) Capacity

Fraction of Engineering Design
CHanges

Initial Engineering Design
Completions

Initial Engineering Design Starts

MYultiplier on Design (Engineering)
PROductivity

Material Production Starts

Months of R&D BackLeg

Months of R&D Backl.og Desired
Normal Design (Engineering)
PROductivity

Normal Engineering Design CHanges

Pressure for Expansion

Processed Final Engineering Design
Completions

Production Starts

R&D Funds availability Ratio

R&D Order Rate
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Units of
Measure

engineering
designs/month

months
months
dimensionless
1/month

dimensionless
engineering
designs/month
engineering
designs/month

dimensionless
units/month
months

months
engineering designs/
design engineer-
month
engineering
designs/month
pressure units
engineering
designs/month
units/month
dimensionless
engineering
designs/month




Variable

AP
APOR
APSR
BDLR
BUO
BUOC
BWR

CONOR
DADL

DAPC
DLAR
DLBA
DLBE
DLC

DLDR
D1.0

DLU
DLUD
DMINMPC
DF

EDIC
EDLCY

EPC
EPLC
ETPE
¢ F1
F2
F3
FAPUR

° FDDL

FDDLU

FDPC

B A b At o i e Y

FIDL
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Name

PRODUCTION SECTOR
VARIABLE LIST

Variable Description

Average Production

Average Production Order Rate
Average Production Shipping Rate
Burdened Direct Labor Rate
Backlog of Unfilled Orders

Backlog of Unfilled Orders Clipped
Burdened Wage Rate

CONtingent Order Rate

Delay for Acquisition of Direct
Labor

Delay in 2cquiring Plant Capacity
Direct Labor Acquisition Rate
Direct Labor Being Absorbed
Direct Labor Becoming Effective
Direct Labor Capacity

Direct Labor Departure Rate
Direct Labor Overtime
Ttilization

Direct Labor

Direct Labor Utilization
Difference

Desired Multiplier for Inventory
of Material/Parts/Components
Delay feor 2roduction

Effectire Direct Labor Capacity
Effective Direct Laboi Capacity
Tniermediate ‘ ‘
Effective Production Capacity
Effective PLant Capacity

Estimate of Total Production Effcrt
Factor 1 for production starts
Facror 2 for production starts
Fartor 3 for oroduction starts
Fraction of Average Produztion
Order Rate required

Fractional Decrease in Direct
Labor from pressure~for-expansion
Fractionai Decrease in Direct
Lakor doe to Utilization
Fractional Decrease in Plant
Capacity

Fractional Increase in Direct
Labor from prassure-for-expansion
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Units of
Measure

units/month
units/month
units/month
dollars/month
units

units
dollars/hour-
worker
units/month

months

months
workers/month
workers
wvorkers/month
workers
workers/month
hours/worker-~
wveek
hours/worker-
week
hours/worker~
week

months
months
workers

workers
units/month
units/month
months
dimensionless
dimensionless
dimensionless
dimensionless
dimensionless
dimensionless

dimensionless

dimensionless



Variable

Name

FIDIU

FII
FIPC

FIPR

IAR
IMPC

IMPCA
IMPCAM
IMPCM
IMPCR
INDEDL
INDELP
MBLD
MDD
MDDEM
MDDN
MDDO
MDDRO
MDL
MDILH
MPRO
MSR
MYOR
NIMPC

NPROD
PCAR

PCEA
PCBE

PCDR

PRODUCTION SECTOR
VARIABLE LIST CONT'D

Variable Description

Fractional Increase in Direct
Labor due to Utilization
Fractional Increase of Inventory
Fractional Increase in Plant
Capacity

Fractional Increase in PRoductivity

Inventory Acquisition Rate
Inventory of Material/Parts/
Components

Inventory of Material/Parts/
Components Available
Inventory of Material/Parts/
Components Available Minimum
Inventory of Material/Parts/
Components Multiplier
Inventory of Material/Parts/
Components Ratio

INput pressure DElay Direct Labor

INput pressure DELay for Production

Months of BackLog Desired
Material Delivery Delay
Material Delivery Delay Effect
on the Market

Material Delivery Delay Normal
Material Delivery Delay Observed
Material Delivery Delay Ratio
Observed

Multiplier for Direct labor

Maximum Direct Labor Hours

Multiplier on PROductivity
Materia? Shipping Rate
Multi-Year Order Rate

Normal Inventory of Material/
Parts/Components

Normal PRODuctivity ‘

Plant Capacity Acquisition Rate

Plant Capacity Being Absorbed
Plant Capacity Becoming Effective

Plant Capacity Departure Rate
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Units of
Measure

dimensionless
dimensionless

dimensionless
productivity
units

units

units

months
months
moriths

dimensionless
months
months
months
months

dimensionless
months
months

dimensionless
week-worker/
hour
hours/veek-
worke:r
dimensionless
units/month
unite/month

units
dimensionless
wiits/month-
month
units/month
units/month-
mor.th
units/month-
month




Variable
Name

PD
PDD
PEDL

PEPC
PEPR

PF
PFRC

PLC
PLCT
PMOR
PP
PROD

PRODOR
PS

PSR
RFEDAC

SDLTIM
SDLU
TAPOR
TAPSR

TFDDL
TFDDLU
TFLPC
TFIDL
TFIDLU
TFII
TFIPC
TMDDEM
TMDDO

TMDL
TMPRO
UNITSF

PRODUCTION SECTOR
VARIABLE LIST CONT'D

Variable Description

Production starts Desired
Production Delivery Delay
Pressure~-for-Expansion acting upon
Direct Laber
Pressure-for-Expansion affecting
Plant Capacity
Pressure-fov-Expansion acting upon
PRoduction

Production Finishes

Production Funds availability
Ratio Clipped

PLant Capacity

PLant Capacity Total

Potential Material Order Rate
Production starts Possible
PRODuctivity arising from pressure-
for-expansion

PRODuction Order Rate

Production Starts

Production Shipping Rate

Ratio o Final Engineering Design
completions Available Clipped
Smoothing of Direct Labor over
TIMe

Smoothed Direct Labor Utilization

Time to Average Production Order
Rate

Time to Average Production
Shipping Rate

Table for FDDL

Table for FDDLU

Table for FDPC

Table for FIDL

Table for FIDLU

Table for FII

Table for FIPC

Table for MDDEM

Time for Material Delivery
Delay Observation

Table for MDL

Table for MPRO

UNITS Finished

Units of

Measure

units/mor.th
months

pressure units
pressure units

pressure units
units/month

dimensionliess
units/month
units/month
units/month
units,/month

dimensionless
units/month
units/month
units/month

dimensicnless

months
hours/worker-
week

months

months

dimensionless
dimensionless
dimensionless
dimensionless
dimensionless
dimensionless
dimensionless
dimensionless

months
dimensionless
dimensionless
units




Variable

Name

AMP
AMSR
BUPO
BCPOC

DAMPC

DMP
DPFMN

EMPC
FDMPC
FIMPC
IMPC
INDELM
MDD
MDDO
MMBL
MMBLD
MOR.
MPC
MPCAR
MPCBA
MPCBE
MPCDR
MPCI
MPF
MPJ
MSR
PE
PEMPC

PRED

MATERIAL SECTOR
VARIABLE LIST

Variable Description

Average Material Production rate
Average Material Shipping Rate
Backlog of Tnfilled Purchase Orders
Backlog of Unfilled Purchase Orders
Clipped

Delay for Absorbing Material
Production Capacity

Delay for Material Production
Delay for Processing Finished
Material Normal

Effective Material Production
Capacity

Fractional Decrease of Material
Production Capacity

Fractional Increase of Material
Production Capacity

Inventory of Material/Parts/
Components

INput pressure DELay for Material
Material Delivery Delay

Material Delivery Delay Observed
Months of Material BackLog
Months of Material BackLog Desired
Material Order Rate

Material Production Capacity
Material Production Capacity
Acquisition Rate

Material Production Capacity
Being Absorbed

Material Production Capacity
Becoming Effective

Material Production Capacity
Departure Rate

Material Production Capacity
Initial ‘

Material Production Finishes
Material Production Starts
Material Shipping Rate

Pressure for Expansion

Pressure for Expansion delayed
for Material Production Capacity
PRofessional Effort Desired

Units of
Measure

units/month
units/month
units

units

months
months

months
units
1/months
1/months

units
months
months
months
months
months
units/month
units

anits/month
units
units/month

units/month
units

units/month
units/month
units/month
pressure units

pressure units
men




Variable

Name

RFEDAC
TAMSR

TFDMPC
TFIMPC

WDF

MATERIAL SECTOR
VARIABLE LIST CONT'D

Varialk:le Description

Ratio of Final Engineeriny Design
completions Available Clipped
Time tc Average Material Shipping
Rate

Table for Fractional Decrease of
Material Production Capacity
Table for Fractional Increase of
Material Production Capacity

Work Distribution Factor
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Uuits of
Measure

dimens tonless
monthis
1/months

1/months
months




PROFESSIONAL SECTOR
VARIABLE LIST

Variable Units of
Name Variable Description Measure
DAPE Delay for Absorbing Professional
Effort mor..ns
DEC Design (Engineering) Capacity design engineers
DRDEC Desired Ratio of professional men/design~
effort to Design (Engineering) engineer
Capacity
DRMPC Desired Ratio of professional
effort to Material Production
Capacity men/unit
DRPRC Desired Ratio of PRofessional
effort to production Capacity men/unit
EPC Effective Production Capacity units/month
EPRE Effective PRofessional Effort men
FDPR Fractional Decrease of PRofessional
effort 1/months
FIAP Fractional Increase of professional
effort from Availability of Pro-
fessional effort 1/months
FIPE Fractional Increase of Professional
Effort from pressure for expansioan 1/months
FIPR Fractional Increase of PRofessional
effort 1/months
FPRA Fraction PRofessional effort being
Absorbed dimensionless
FPRD Fractional PRofessional Deviation dimensionless
MPC Material Production Capacity units
PE Pressure for Expansion pressure units
PEBA Professional Effort Being Absorbed men
PEBE Professional Effort Becoming Effec-
tive men/month
PEEI Professional Effort Effective
Initial men
PRAR Profescional Acquisition Rate men/month
PRC PRofessional Capability men
\ PRDA PRofessional Departures from
- Absorption men/month
PRDE PRofessional Departvres from
] erfective Effort men/month
PRE PRofessional Effort men
3 PREA PRofessional Effort Available men
1 PRED PRofessional Effort Desired men
PREIM PRofessional Effort Influencing
the Market men

214

Lauia i S i 2




T TS P T~
- . -

e
r 3

variable

__Name

PRER
RCE

TAPR
TDAPE

TFDPR

TFIPE

TPREF
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PROFESCIONAL SECTOR
VARIABLE LIST CONT'D

Variable Description

PRofessional Effort Recruiting
ReCruiting Effectiveness

Time to Adjust PRofessional effort
Table for Delay for Absorbing
Professional Effort

Table for Fractional Decrease of
PRofessional effort

Table for Fractional Increase of
Professional Effort from pressure
for expansion

Table for PRofessional EFficiency

[
b
(]

Units of
Measure

men
man~months/
man

months

months
1/months

1/months
dimensionless
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Variable
Name

AFEDCR
AMP
AP
BLR
BLRO
BUO
BUOC
BUPO
BUPOC

BURDO
BURDOC

EDCHR
FDCHRO

FDDEC
FDEMC
FDPC
FDPF
FDPR

FDRDF
FIDEC

FIMEC

PRESSURE~FOR~EXPANSION SECTOR

VARIABLE LIST

Variable Description

Average Final Engineering Design
Completion Rate

Material Production rate
Production rate

Ratio

Ratio JObserved

Average
Average
BacklLog
BackLog
Backlog
Backlog
Backlog
Backlog
Clippsd
Backlog
Racklog
Clipped

of
of
of
of

of
of

Unfilled Orders ‘
Unfilled Orders Clipped

Unfilled Purchase Orders
Unfilled Purchase Orders

Unfilled R&D Orders
Unfilled R&D Orders

Engineering Design CHanges Ratio
Engineering Design CHanges Ratio

Chserved

Fractional Decrease of Design
(Engineering) Capacity

Fraction
Producti

al
on

Fractional

Capacity

Fractional

Funds

Fractional

effort
Praction
Fraction

al
al

Decrease of Material
Capacity
Decrease ¢f Production

Decrease of Production

Decrease cf PRofessional

vecrease of RAD Funds
Increase of Design

(Enqipeeringz Capacity
Fractional

Producti
Frac'.ion
Capacity
Froction

on
al

al

Increase of Material
Capacity
increase of Froeduction

Increase of frofessional

£ffors from pressi re for expansion
Fract.onal

Funrls

increase of Production

Tractional increase of R&D Funds

Inventory of Material/Pasts,’
Components Ratio
Inventory of Material/Parte,
Conponents Ratio Observed
Months »f Batklog

Units of
Measure

engineering
designs/month
units/month
units/month
dimerisionless
dimensionless
units

units

units

units

engineering designs

engineering designs

dimensionless
dimensionliess
1/months
1/months
1/months
1 /monthe

1 /months
1/ months

1/months
i/menths
1 /mont hs
1/months

1/mort hs
1/ months

gimensioniess

dimensionless
months




ey N et a0

g

Yrvvv'v'v-v
&

Variable

___Name

MBLD
MBIR
MBILRO
MDEPRO

MMBL
MMBLD
MPF
MPRO
MRDBL
MRDBLD
PE

PEB
PECW

PEEDCH
PEIMPC
PEMB
PEPFA
PEPR
PERDB
PERDFA
PF

PER
PFRO
RDBLR
RDBLRO
EDFR
RDERO

TA?
TAMP

TBLRO
TECHRO

PRESSURE~FOR~-EXPANSION SECTOR
VARIABLE LIST CONT'D

Variable Description

Months of BackLog Desired

Material BackLog Ratio

Material BackLog Ratio Observed
Multiplier on Design (Engineering)
PROductivity

Months of Material BackLog

Months of Material BackLog Desired
Material Production Finishes
Multiplier on PROductivity

Months of R&D BackLog

Months of R&D BackLog Desired
Pressure for Expansion

Pressure for Expansion from Backlog
Pressure for Expansion Currently
Warranted

Pressure for Expansion from
Engineering Design CHanges

Units of
Measure

months
dimensionless
dimensionless

dimensionless
r.onths

months
units/month
dimensionless
months

months
pressure units
pressure units

pressure units

pressure units

Pressure for Expansion from Inventory

of Ma.2rial/Parts/Components

pressure units

Pressure for Expansion from Material

Backlocg

Pressure for Exgansion from Pro-
duction Funds Avallanility
Pressure for Expansion affecting
PRoduction

Pressure for Citpansion from R&D
Bazklug

Pressure for Expansion from R&D
Funds Availability

Production Finishes

Production Funds availabi.ity Ratic
Production Funds availability Ratio
Observed

R&D BackLog Ratic

R&D BackLog Ratio Observed

R&D Funds availability Rat1n

R&D Funds availability Rataio
Observed

Time to Average Production rate
Time to Average Materia' pProduc-
tion rate

Time for BackLog Ratio Observation
Time for Engineering design
CHanges Ratio Obserta' ™
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pressure units
pressure units
pressure units
pressure units
pressur2 units
units/month
dimensionless
dimensionless
dimensionless
dimensionless

dimensionless

dimensionless
month.

months
months

months
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Variable
Name

TIPCRO
TMBLRO
TPEB

TPEECH

TPEIPC

TPEMB
TPEPFA
TPFRDB
TPERFA
TPES
TPFRO
TRBLRO

TRDFRO

PRESSURE~FCR~-EXPANSION SECTOR

VARIABLE LIST CONT'D

Variable Description

Time for Inventory of material/

Parts/Components Ratio Observation

Time for Material BackLog Ratio
Observation

Table for Pressure for Expansion
from Backlog

Table for Pressure for Expansion
from Engineering design CHanges
Table for Pressure for Expansion
from Iinventory of material/Parts/
Compcnents ‘
Table for Pressure for Expansion
from Material Backlog

Table for Pressure for Expansion

from Production Funds Availability

Table for Pressure for Expansi.n
from R&D Backlog

Table for Pressure for Expansion
from R&D Funds Availability
Time for Pressure to Effectively
Stimulate a~tion _
Time for Production Funds Ratio
Observaticn

Time for R&D BackLog Ratio
Observation

Time for R&D Funds Ratio
Observation

Units of

Measure

months
months
pressure

pressure

pressure
pressure
pressure
pressure
pressure
months
months
months

months

units

units

units
units
units
units

units




EXOGENQUS INPUT FACTORS
VARIABLE LIST

Variable Units of
Name Var’able Description Measure

CAEX0G CApital cost EXOGenous input percent
PEXOG Production EXOGenous input dimensionless
PINT Production sampling INTernal months
FISAM Production Initial wvalue of SAMple dimensionless
PMEAN Production noise MEAN dimensionless
PNOIS Production NOISe dimensionless
PNORNS Production NORmal NoiSe ' dimensionless
PPER Production sine PERiod months
PSINE Production SINE wave function dimensiocnless
PSNAMP Production SiNe wave AMPlitude dimensionless
PSTDV Production noise STandard DeViation dimensionless
RDEXO0G R&D EXOGenous input dimensionless
RDINT R&D sampling INTerval months
RDISAM R&D Initial value of SAMple dimensionless
RDMEAN R&D noise MEAN dimensionless
RDNOIS R&D NOISe dimensionless
RDPER R&D s3ine PERiod months
RDSINE R&D SINE wave function dimensionless
RDSTDV R&D noise STandard DeViation dimensionless
RNORNS R&D NORmal NoiSe dimensionless
RSNAMP R&D SiNe wave AMPlitude dimensionless
TIME TIME months
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CONTRACTOR INTERVIEW GUIDE
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SECTION I
Intecviewee's Name
Interviewee's Job Title
Number of Years Employed By:
Overall Corporation
Government Aerospace Division
Other Government Aerospace Contractors
All Other Government Contractors
Commercial Contractors
Government Organizations

Most Familiar with Finance, Market, or Production

Date of Interview
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DIRECTIONS

Please respond as accurately as possible to the following

items using the key below:

Answer Descristion
1 If you Strongly Disagree
2 If you Disagree
3 If you are Uncertain
4 If you Agree
5 If you Strongly Agree
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Production

1. The MYP model assumes that a direct labor work force of
2000 people is needed to produce 20 aircraft gper month in a
single shift operation with an averags 43 hour work week.
Is this realistic?
1 2 3 4 5

Comments

2. The MYP model uses a maximum work week of 5C hours per
worker per week. Is this accurate?

Yes

No, a better figure is

comments

3. The MYP model uses an average direct labor wage rate of
$15 per hour. Is this accurate?

Yes

No, a bettes figure is

Comments

223




;- ‘
o~ D "
SR

T e pa—" rivv w

4, The MYP model assumes that it takes six months to hire
and train new production workers. Is this realistic?

Yes

Nn, a better figvre is

Comments

Market

5. In a MYP environment, the market for your product can
adequately be described by identifying three market groups:
a government provided MYP contract, a possible follow-on MYP
contract, and an outside market that responds to your firm's

capability and performance.

Comments

6. The MYP model calculates future revenue from the ongoing
MYP contract by multiplying unit price, order rate, contract
life remaining, and a probability estimate. This adequately

describes my firm's MYP revenue estimate.

1 2 3 1 3

Comments
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7. The MYP model uses a MYP probability estimate of .95.
Is this number accurate? If the answer is no, please give a
more reasonable estimate.

Yes

No, a better estimate is

Comments

8. The MYP model calculates projected revenue from the
potential follow-on MYP contract by multiplying unit price,
estimated production units, and a probability estimate.
This adequately describes my firm's follow-on MYP reverue

estimates.

[
N
(o9
oS
(8]

Comments

9. The MYP model uses a follow-on MYP probability esti-

mate of .5. Is this figure accurate? If the answer is no,
please give a more reasonable figure.

Yes

.y

No, a better figure is

Comment.s

ey
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10. The MYP model calculates potential revenue from the
outside (non-USAF) market by multiplying unit price, average
order rate of the last year, estimated program life re-
maining, and a probability estimate. This adequately

describes my firm's outside market revenue estimate.

1 2 3 4 5

Comments

11. The MYP model uses Figure 1 to derive the outside market
probability estimate. In the graph, the probability esti-
mate decreases with longer program life remaining. IS
this an accurate representation? If the answer is no,
please explain your objections.

Yes

No

Comments

Finance

~

12. Figure Z shows the modernization investment decision

process used in the MYP model. Does this adequately

describe the modernization investment process of your firm?
1 2 3 4 5

Comments
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PROBABILITY ESTIMATE
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Rate of Return
of Available

Projects
Cost of
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Future
//// Revenue
Step One \V
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Optimum
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Contract Ratio
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Corporate
Willingness to
Take Risk
Step Two i
Proposed
Investment
Decision
’ Existing
Liability

Step Three

Actual New
Investment

Figure 2
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13. The MYP model uses the graph shown on Figure 3 to
accomplish Step One. The vertical axis represents the

annual rate of return (casb flow divided by investment
capital) of available modernization projects. The horizon-
tal axis represents the investment costs of available modern-
ization proiects. Does the saape of this curve adequately
describe your modernization investment opporturities? If

not, please draw a more descriptive curve on Figure 3.

Yes
No

Comments

14, If your firm estimated future revenue for a product to
be $5 billion and capital was cost~-free, what dollar value
of modernization investment wouid result in maximum savings

over the life of the project?

15. What i3 the annual rate of return of the most desirable

modernization investment?




Sema b M aae, &

Rate of RKeturn

25%

20%

15%

10%

5%

! { {

{

i I I
$16 mil. $33 mil. $50 mil.

TECH~-MOD INVESTMENT
($5 billion program)

Figure 3
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i6. The effect of contract cost-sharing ratio is ecuated to
a coefficient by the graph sl.own of Figure 4, Is this con-

cept accurate?

Comments

17. Corporate willingness to take risk in investment is
reprasented as a coefficient used to multiply the difference
between the optimum investment level and the contract cancel-
lation ceiling. The present MYP model uses a value of .1.

Is this figure accurate?

Yes
No

Comments

18. The MYP nmodel's first version assumes that all the bene-
fits of modernization are realized in reduced direct iabor
requirements., In percentages, what is a more accurate
breakdown of mocdernization benefits?

Direct labor

Variable overhead

Fixed overhead

Commentcs
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Firm's Willingness to Invest

1-0 L wad
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04.--
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20-80 40-60 60-40 80-20 100

Contractor~Government
Cost Share Ratio

Figure 4
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19, The MYP model uses an average modernization implementa-
tion time of 18 months., Is this figure accurate?

Yes

No, a better figure is

Comments

20. The MYP model assumes that your firm will invest in
tech modernization at least to the level of the cancella~
tion ceiling if all the projects show a positive net return.

Is this accurate?

Comments

SECTION III

The computer cenerated graphs reflect the results of an MYP
model simulation run over a ten year time span. MYP con=-
‘racts of 10 aircraft per month are awarded at the 24 and
84 month points, Remember that the MYP inodel assumes all
modernization projects serve to reduce direct labor require-
ments.,
21, Is the liability for modernization curve accurate?

1 2 3 4 5

Comments
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22, How well does the labor force curve reflect your firm's

likely labor force behavior?

Comments

23. Does the total production order curve accurately repre-

sent expected market behavior?

1 2 3 4

(8]

Comments

SECTION IV

24. What investment models does your firm use in advance

material buy decisions?

25. Given your firm's model, what is the expected cost

savings of advance buy investments?

{ 26. What is the average productinn period supported hy a

"typical” material order using MYP?

T




27. What type production schedule do you exXpect your sup-
pliers to use: accelerated or a schedule designed to just

support your requirements so as to reduce inventory costs?

28, The MYP model uses a material order to final assembly
lead time of 20 months. Do you realistically think this

will be reduced by MYP. If so, how much?

29, Can advance buys increase your firm's ability to surge
production if you maintain your present shipset inventory

policy?

30. What if you decide to reduce your shipsets on hand?
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SURVEY DEMOGRAPHICS
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Number of

Responses
1. AREA OF RESPONSIBILITY
Manufacturing/Operations Management 4
Financial Management 8
Contracts 23
Engineering/Research and Development 1
Personnel /Management 8
Program/Management 2
Market ing 11
Other (write-ins)
Director of Multi-year Proposals 1
Business Planning 1
Law 1
Logistics 1
Purchasing 1
Material Cost Control M
Manufacturing Material Management 1
Procurement and Subcontracting 2
Spare Provisioning «nd Management 1
Material Cost Analysis 1
Total* 68
* total includes multiple
responses
2., POSITION WITHIN FIRM
Executive Management 22
Middle Management 35
Foreman/Line Supervisor 2
Contract Administration (write-ins) -2
Total 61
3. YEARS IN PRESENT POSITION
Less than 1 year 4
1l to 3 years 17
3 to 5 years 10
- 5 to 7 years 8
7 to 10 years 4
i 10 to 15 years 11
H 15 to 25 years 6
; over 25 vyea.s 1
1 Total 61

— kd
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Number of
Responses

4., YEARS WITH FIRM

Less than 1 year 2
1 to 3 years 4
3 to 5 years 0
5 to 7 years 2
7 to 10 years 0

10 to 15 years 9
15 to 25 years 25
over 25 years 15

Total 61

5. YEARS IN DEFENSE INDUSTRY

Less than 1 year 0
1 to 3 years 1
3 to 5 years 0
5 to 7 years 2
7 to 10 years 1
10 to 15 years 8
15 to 25 years 24
over 25 years 25

Total 61

6., ACTIVITIES WHICH CONSUME MOST OF TIME

Planning 16
Supervising 19
Dealing with Government Representatives 2
Production/Manufacturing 2
Budgeting 1

Other (write-ins)
Coordinating with vendors and internal managers 1
Contract proposals, negotiations, and

definitiocns _
Contract administration
Status Analysis (
Contract Analysis/review
Performance measurement
Accounting
Administracion
Risk and business analysis

lu—‘l—Jr—'D—'Nl—‘Nl—‘

Total*

(%)}
—

* Total does not include missing or
me .tiple responses.
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Number of

Responses
7. WORKED MYP CONTRACT WITHIN PAST 5 YEARS
Yes 33
No 28
Total 61

ey

e A L B e aun ant o ek 4
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APPENDIX I

RESULTS OF THE ANALYSIS
OF THE ENTIRE SAMPLE
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APPENDIX J

RESULTS OF THE ANALYSIS BY
MYP EXPERIENCE

Clatt s e ey
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_Question __t-Value Total Prob. Number of Cases

8 .81 .419 33/28

9 2,12 .039 31/27

10 -1.06 .293 33/28

11 1.26 .214 33/28

1 1,82 .073 33/28

13 .97 .334 33/28

14 .18 . 856 33/28

15 2.60 .012 33/28

16 1.04 .304 32/28

17 .83 .409 33/28

18 -.97 .335 32/28

19 .33 .746 32/28

20 -2.06 .044 32/28

21 -1.53 .131 32/28

22A 1.13 . 266 25/23

22B 1.15 . 255 25/23

23A .18 .858 26 /24

23B -.15 ., 878 26 /24

24A -1.13 .266 27/24

24B -.14 . 887 27/25

25A .33 .740 29/24

25B .66 .512 29/24

26A 1.93 ,059 31/25

26B 1.47 .146 31/25

27A 1.57 122 28/26

27B 2.48 .01€ 28/26

: 28A -.56 .577 30/26
{ 2738 -1.43 .158 30/26
5 29A -1.61 113 30/27
29B -1.64 .106 30/27

30A -.60 .553 31/25

30B -.34 .738 31/25

31A .90 .370 31/25

31B 2.07 ,043 31/25

{ 32a .50 617 28,725
3 32B .23 . 816 28/25
: 334 -.81 410 29/26
» 33B ~-.86 .396 29/26
34 .85 .398 29/24

35 . 9% ,343 29/24

36 .02 .983 27/24
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