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EXECUTIVE SUMMARY

The "Trade-off" is a means for examining the interrela-
tionships between various performance, schedule, and cost para-
meters to decide whether or not to improve one element, usually
at the expense of another, to maximize system effectiveness
and/or the probability of mission success. It is desirable,
therefore, to provide guidance to assure that trade-offs are
properly made, especially in the performance area; to quantify
the likelihood of meeting or exceeding performance requirements;
and to assure that changes in the likelihood of meeting these
requirements can be tracked. This quantification and tracking
process is called Technical Performance Measurement (TPM).

Its' purpose is to identify areas of potential difficulty early
enough for corrective action or possible trade-off.

TPM began emerging as a system requirement in 1967. It
was introduced formally by MIL-STD-499 (reference (1) of the
bibliography). Since that time TPM has proven to he a useful
tool for use by systems engineering management in the Air Force.
It has also been proven to be a useful tool in certain projects
of the Navy, the AEGIS project for one. It is considered de-
sirable, therefore, to provide guidance applicable to perfor-
mance measurement factors pertinent to ship acquisitions and,
also, criteria for using TPM outputs and conducting trade-offs

necessary to develop practical and effective ship desien selutions.
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This report describes the general nature of trade-offs which
can be made during each phase of a ship acquisition project,
explains the techniques of TPM, and provides a methodology for
using the outputs of TPM in trade-off studies.

The material for this study was obtained by researching
the literature on systems engineering, especially TPM, and by
interviewing knowledgeable individuals in NAVSHIPS, NAVORD,

and the Defense Systems Management School.
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GUIDELINES FOR MAKING TRADEOFFS: THE

SPECIAL ROLE OF TECHNICAL PERFORMANCE MEASURFMENT *

1. Introduction

According to reference (2), the techniques of systems per-
fermance effectiveness have evolved from endeavors to answer
the question ... "How is effective systems engineering performed
in a real-world environment?" These endeavorse Lave been coupled
to the life cycle costing concept because this concept extends
the horizons of the systems engineering effort beyond the con-
ceptual and development phases and makes operational and sup-
port concepts and cost data a recessary input. Thus, designated
Project Managers impose cost and schedule constraints on sys-
tems engineering management as well as the technical constraints
reflected in operational requirements. Other inputs cover the
Project Management or user estimate of value which is placed
on missions and tasks to be performed by the systems heing de-
veloped, and historical data or feedback related to problems
of failure, repair, accidert, etc.

Systems engineering then must take these inputs, design

a ship, and, eimultaneously, perform effectiveness analysis.

*ABSTAINER

This study represents the views, conclusions and recommendations

of the author and does not necessarily reflect the official opinion
of the Defense Systems Management School nor the Department of
Defense.




In these analyses, approaches/alternatives are varied, aralyzed,

and optimized until an output results wlich i& a weasure of
the extent to which the ship system may bLe expected to satisfy
user requirements at a certain cost. In other words, the life
cycle of any ship includes a continuing series of compromises
and trade-offs. They occur in the early stages of the life
cycle and continue through engineering development, acquisition,
deployment, maintenance, and modification until the ultimate
trade-off decision to discard and replace with a higher perfor-
mance more cost-effective system is made. The principal differ-
ences in these trade-offs concern the relative values assigned
and the applicability, from phase teo phase, of the large number
of variables amenable to trade-off. Naval ships, of all major
weapon systems, present the most complex problem in achieving
meaningful trede-off decisiors. A paval ship is a multi-purpose
system whose active life usually exceeds the life span of con-
tributing shipborne systems by a factor of two or three. Thus,
trade-offs and optimizations of design cannot be done intuitively
by the designers with the various factore being weighted by
personal experience. Instead, all technical and cost factors
as well as development time must be identified and defined, and
the trade-off justified and documented in suitable form.

The guidelines presented herein are intended to enhance
the teclinical performance measurement and trade-off processes

by specifying trede-off items for consideration at verious




stages of the life cycle, by specifying detailed measurement
procedures, and by showing how the outputs can be used in trade
studies.

2. The Nature of Trade-Offs During the Ship Life Cycle

Conceptual Effort/Preliminary Design. Trade-offs con-

ducted at this stage of development ccncern functional capabili-
ty at the highest level of functional indenture, that is, trad-
ing-off among the verious types of propulsion systems, sonar

systems, or weapon systems as system functional requirements

or system performance parameters are varied to obtain accept-
able design solutions. For example, the constraint posed by
the reliability of a prime service-approved shipborne system
candidate may cause a trade-off to a shipborne system with a |
higher reliability. There might also be trade-offs to smve weight,
or, trade-offs resulting from model tests of various hull forms.
The results cof such model tests serve to check and improve the
accluracy of estinates of resistance, speed, power and maneuvera-
bility. Self-propulsion tests may be conducted to determine

the best set of prcopellers and to check the actual staft horse-

power that will be required to drive the ship at cruising and

top speeds. Such model tests might even run beyond the allotted
time assigned to conceptual effort or preliminary design.

System Contract Design (Validation). During this stage,

T TP O O T T Y

attention is directed toward the more detailed aspects of indi-

k vidual systems required to fulfill requirements. Ae design




progresses toward the Total Ship Allocated (Functions) Raseline,

the primary trade-off area shifts to such things as: the signal
parameter; the details of form, fit, and arrangement; the en-
vironmental aspects; weapons and ammunition handling; piping;
ventilation and air conditioning; weights; stability; etc.
Every element of the conceptual development or preliminary de-
sigp is reviewed, checked and refined. Whenever the effect of
going into greater detail dictates, necessary changes or trade-
offs are made. Ergineering feedback on such things as boilers,
turbines, machirery, etc., if especially importart at this stage
so that problems with these areas can be eliminated in new de-
signs.

Detail Desigr and Copstruction. During this stage a ship-

builder and/or a desigr agent develop the thousands of detail
drawings necessary to build the ship. Some drawings, such as
overall system arrangements may require change or trade-offs

as necessary to meet new needs, correct an incompatibility,
etc. As time goes on, however, the latitude for practical
change or trade-cff, to incorporate improvement, narrows. Coet
and delay are very 1 eal considerations at this stage because
shipbuilders and design agents are ohligated by contract, and
changes not only delay material work, but also involves the
slow process of legal approval, acceptence, and compensation.

Deployment and Disposal. The ship as a total system ecan

be expected to have a longer active life than the component




threat~countering or attack systems, support systems, subsys-
tems, and equipmert. As the tlreat changes and technology pro-
vides improvements, continuing analysis is required to ensure
that the total ship system capability is optimized at all times.
As improved compoment systems become available, each is con-
sidered with respect to: the degree of capability erhancement
attainable; compatibility with other component systeme to be
retained in the ship; logistic effects; improvements in fleet
standardization; and costs to procure aird instell with the re-
lationship relative to the remaining effective ship life.
Decisions regarding the degree of alteration, modernization

or conversion to be accomplished are recorded in Navy planning
documents such as the Class Improvement Plan (CIP). When analy-

sis or inspection has established that the s&bip should be dis-

rosed of the decisiorn is recorded and the ratiorale involved
documented.

3. Introduction to Technical Performance Measurement (TPM)

! According to reference (1): "TPM is the continuing demon-
stration and prediction of the degree of actual or anticipated
achievement of selected technical goals or objectives of a sys-
tem or part thereof, together with causal analysis of the vari-
ance between achievement and objective. The purpose of TPM

is to permit appropriate managers to take timely action on in-
dicated problems." Reference (3) states that TPM is the func-

tion by which the status of system performance characteristics




are determined during development, ueing calculations or measure-
ments of system element design parameters. Reference (3) fur-
ther states tlLat the total function consists of parameter model-
ing, planning, neasuring, evaluating aund reporting, and, it

uses normal engineering and management activities and technigues
to the greatest extent possible.

TPM is not really a mystery, as evidenced by the many ref-
erences on the subject in the bibliography. The steps in set-
ting up a syster: will be described in thie paper, however, if
any reader is serious about the subject, and wants to set up a
system he is urged to read references (1), (3), (4), (6) and (8).
Although the objective is the same, there are many rawmifications.
This paper describes a system based on subjective probability
distributions. Such a system is described in reference (4)
and is most advantageous when hardware does not exist, that
is, hardware which can be tested, or measured, to determine
status. of performance characteristics. JIndeed, each new ship
acquisitien, conversion, or fleet modernization project should
plan and execute a TPM effort that is tailored to meet specific
project needs. The effort should be continuous and should con-
stitute the tracking of teclhnical achievement to date versus
a forecast of expected achievement and an analysis of arny varia-
tions. Such a system will contribute to trade studies, as speci-
fically required to support the decision neede of the ship sys-

tems engineering effort.




The steps in measuring and tracking techpnical performance

are:
a. Determine the performance variables essential

for technical success and establish performance functions or
equations which relate performance variables (outputs) to de-
sign variables (inputs). Performance equations which specify
relationships between design variables (inputs) and performance
variables of interest (outputs) may be selected from the Tech-
nical Manual of the Naval Ship Systems Command (NAVSHIPS) or
otherwise developed for use in the TPM program. Typical ship
performance variables are: V, speed in knots (nautical miles
per hour); R, range in nautical miles; and E, endurance in
hours. Ship design variahles are: L, length in feet; W, dis-
placement in long tons (2240 pounds per ton); P, installed
shaft horsepower; and F, weight of fuel in long tons. Typical

ship performance equations are:

(1) Speed
__ jre 1/3
V=K x| PC x(p
i — 1/6
DC (Lw)
Where, is a propulsive coefficiert and

PC
DC is a draft coefficient. These
coefficients vary depending on the

ship type. K° is & constant.




(2) Range

_Ts
R = K1 x F x | PC x 1
p2/5 | B ) '/® x osFC

Where, OSFC depends on power plant type and
represents overall specific fuel con-
sumption in pounds per installed
shaft horsepower per hour. Kl is
a corstant.

(3) Endurance

E=K, xFx 1
2 -
OSFC

Where, K, is a constant.

2
The foregoing example performance equations specify a relation-
ship between design variables and scre performance variakle of
irterest. This reletionship may be known from first principles,
inferred from experimental data, or contain elements of each.
Some of the design variables may be known exactly. In other
cases, knowledge may be much less certain. ®r example, one
might have a technical objective to develop a new power plent.
Hence, OSFC in equations (2) and (3) would not be known exactly.
In ary case, the ultimate objective of developing such relation-
ships is to quantify the likelilood of meeting or exceeding
performance specifications in time to make trade-offs, or take
corrective action,

b. Develop subjective probability distributions for

the design variables, the inputs, by making inquiries of design




personnel. According to reference (4), the interview technique
systematically draws from a man's menory of hie past experierces
(including test results) the information necessary to recon-
struct a range of expected design values (inputs), and the as-
sociated probabilities. For each desigr variable, estimate
ranges of values and probabilities of occurrence over the range.

For example:

Design Variable Range Probability
OSFC .50 - .55 3
.55 - .60 05
.60 - ,65 o2

c. Uee appropriate techniques (e.g., simulation) to deter-
mine the likelihood of meeting techknical objectives, or of ob-
taining desired performance (e.g., speed, range, endurance, etc.).
A sample array for V, R, arnd E, and associated probatbilities,
p(V), p(k), p(E), is given below:

PRGBABILITY DISTRIBUTICNS FOR SYSTEM PERFCRMANCE CHARACTERISTICS
(OUTPUTS) IN A HYPOTHETICAL SKHIP DEVELOPMENT PROJECT

V (knots) 16 17 18 19 20
p(Vv) + 15 .20 .45 .10 .10
R (miles) 4000 5000 6000 7000 8000
p(E) .10 .20 . 40 .25 .05
E (hours) 3800 4000 4300 4400 4500
p(E) +28 «38 .20 .10 .10

d. Track changes in the likelihood of meeting performance
objectives. An example of this tracking process is givern for

ehip speed in Appendix A, Tables I and II and Fipures 1 and 2,

pages A-1 and A-2,




An analogous system was described by K. S. TIMSCN, in reference

(4). Other sample output reports are also shown on pages A-3, 4
and 5 in Appendix A, Figures 3, 4, and 5. These sample reports
were taken from references (3), (6) and (7) respectively.

4, Guidelines for implementing TPM

Yeference (8) contains an excellent summary of TPM imple-
mentation requirements. According to reference (8): "When
you boil it all down the requirements contained in MIL-STD-499
concerning TPM are essentially to plan everything and then to
perform in accordance with the plans. Three basic topics are
evident. The first is planning itself. The parameters to be
measured, to what standard, when, under what conditions, the
values expected, who is responsible, etc., are all to be planned
in detail and documer.ted. Secondly, the evaluation efforts,
obtainiug ohserved values, preparing nredicted values, and
identifying variance at levels below reportin~ elements are
then all performed in accordarce with the TPM plan. 1In fact
all efforts to compare performance with specified values are
to be included in the TPM plan. Likewise the reporting routines,
variance corrective action process, the determination of the
impact of out-cf-tolerance conditions and follow-up management
actions are all conducted in accordance with the same TPM plan.
Certain key elements are necessary in the implementation of a
TPM program. These elements essentially in their order of oc-

currence are:

10




-= Selection of Parameters and Detail Documentation

-- TPM Models
-- Parameter Profiles
-- TPM Plan

-- Crganizational Participation

-- Pepcrts and Formats

-- Apalysis, Predictions, and Impacts"

This paper does not address all of the areas necessary for
TPM implementation. Those individuals who are really interested
should read reference (8) and other more detailed references
on the subject. This paper does address those implementation

areas which are considered most importaunt from a Ship Acquisi-

tion Project Management point of view. TPM matbh models, reports
and formats have already lLieer addressed. TPM plars and organi-
zational participation will not be addressed at all because
plans must be tailored and participants change so frequently.
Suffice to say that plans ard organizatioral responsibilities
must be spelled out. Now let's look at selection of parameters;
parameter profiles, and; analysis, predictions, and impacts.

a. Selection of Paremeters. According to reference (8),

all parte of a Work Breakdown Structure (WBS) which have cost
and schedule factore assigned may not, in fact the majority
probably will not, have TPM parameters associnted with each.
In practice, TPM parameters should be selected for one or more

of the following reasons: mission/task critical; state-of-the-art

11




critical; and/or will be incentive related or be contractually

required. All parameters must be measureable. A mission/task

critical parameter, for example, may be ship speed or range or
endurance, or it may be associated with a subsystem such as a
radar. Importart radar performance parameters are range and
resolution. In any case, the parameter selected for measure-
ment should be important and difficult to achieve. We might
say that the degree of technical risk will be medium-to-high.

In ship acquisition projects, the selection of per-
formance parameters should begin during the conceptual effort.
In fact, where shipborne systens are being developed by other
system commands, "measurement" should begin during the ship
conceptual effort. This can be accomplished by including appro-
priate requirements in Ship Project Directives. The AEGIS
missile system project, for example is already implementing a
comprehensive TPM system. Normally, ship related parameters
should be selected during the contract design or validation
phase. Tt is extremely important to have "potential difficulty"
information, especially on GFE, early enough to institute a
trade~off and fallback to more mature equipment.

Up to the present time a TPM system has not been in
use in Ship Acquisition Project Management Cffices. A more
efficient, more formal, system is considered desireable, however.
This is especially true with respect to complex shipborne sys-

terie. It would be wise, T think, for a Ship Acquisition Project

12




Manager to require that participating managers provide current
information on how they are doing technically. To repeat, this
is especially important in GFE areas that exLibit high risk.
Shipbuilders may alzo be required to provide information on
selected pararmeters by a contract clause such as the following:
"The contractor shall prepare and submit for anproval a list

of TPM parameters consistent with the detail specifications,
ard measure and report thereon monthly in accordarce with
Contract Data Requirements List PData Item _ , Technical Perfor-
mance Measurement Peport'". A sample Data Item Description,

DD Form 1664, "TPM Report" ard asscciated sample reports are
irncluded in Appendix A, peages A-6 through A-14,

b. Parameter Profiles. The sample Data Item: Description

mentioned above, includes a Figure 2 which is a suggested TPM
parameter profile and graphic reporting format., See page A-15.
It shows a line for the planred parameter value, and ar upper

and lower tolerance limit. The lower tolerance limit is the

cnly lire which should trigger a variance aralysis. A value
above the upper limit indicates that specification require-
ments will be exceeded and ro veriance analysis should be re-
quired. Unless au interface will be affected, therefore, it
is suggested that only the lower limit ke showr. In any case,

profiles are necessary and, according to refererce (8), serve |

the following functions:




* Give a visual presentation of progress history and
program goals
+ Relate time, performance and analysis/test events
on one page
* Provide the criteria for variance reporting during
the life cycle of the parameter, and
« Provides a mechanism for presenting predictions
and planned corrective action results,
Here again, the existence of a large tolerance between the mini-
mum profile and the required value line tends to indicate a
greater uncertainty in attaining parameter performance, end
will tend to focus attention on a probable technical risk.
What it says simply is, if I do worse than this minimum perfor-
mance at the particular time shown, I probably can't get there
from here; therefore, some change of plan or corrective actien
is called. for.

c. Analysis, Prediction and Impacts. According to refer-

ence (8): "The ground rules presently proposed for reporting

a variance is, whenever a plerred evaluation or test result
falls below the mipnimum parameter profile, a variance exists

and the variance analysis report is required. Engineering per-
sonnel responsible for the technical parameter in variance must
prepare the analysis, the corrective action plan, and the re-
vised predicted value of the paramneter." In fact, knowledgeable

personnel should provide trade-off recommercatiors, if necesruary,

14




to correct a variance.

The rest of this paper describes scme of the factors
that nust be considered in trade-off studies.

5. Factors to be Considered_in Using TPM Qutputs in Tradeoffs.

Trade-offs are used to obtain a practicel balance between
cost, schedules, and performance of systems. In this context,
cost includes all costs of acquisition and owrnership; perfor-
marcce includes all factors influencing effectiveness in opera-
tional use such as reliability and maintainability; and system
includes all hardware and other required items such as facilities,
personnel, data, trairning, and equipment.

The weight factor or relative value assigned to various
elements and their specific applicability is subject to wide
variation. Depending on the particular program, the accepta-
bility of risk, fiscal or political considerations, or persennel
ceilings may take precedence over each other at any given time.
However, the fundamental considerations are that the approed
choice must be financially acceptable, be technically feasible
and have the required performance capability, be militarily
useful, and be available in a timely manner.

a. Costs and Benefits. Whenever the output of a TPM

system triggers a trade-off study, costs and bhenefits will al-
ways be driving forces. Reference (9) includes pertinent guide-
lines applicable to such considerations. These guidelires are

summarized in the following paragraphs.
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Exceptions to cost-berefit analysis, as well as ex-
anples ¢f investment proposals to which such analysis apply,
should be as specified in SECNAVINST 7000.14 of 30 Jan 1970.
In general, cost-benefit aralysis should be performed when the
specific objective is to identify one of the following:

* The alternative which is expected to produce the
needed benefits or effectiveness for a given cost level.

(The Equal Cost Criterion)

* The least costly alternative of several equally
effective ways to achieve an objective. (The Equal Effective-
ness Criterion)

* The relative cost of various alternatives and the
effectiveness that cer be provided sc a judgrent can be made
as to whether increased effectiveness is worth additional cost.
(The Uneaual Cost/Unequal Effectiveness Criterion)

The definitions, maximum economic lives, the discount
rate, and the discount tahles asscciated with cost-benefit
analysis are to be as specified in SECNAVINST 7000.14 of 30
Jan 1970.

** The Equal Cost Criterion. When benefits are a

determining factor, the alternative which yields the needed
benefits (or effectiveness) for a given level of cost should
be preferred. This criterion should also apply to no-cest
changes. Under this criterion a detailed investigation of

benefite should be undertaken to determine which alternative

provides the needed level of benefits best.
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When uee values are in effect (i.e., benefite not
expressed in dollars) berefits associated with the status-quo
and all options/alternatives may be either listed or scored.
Assuming equal risk, the option/alternative with the greatest
benefits or the highest score is preferred. See the paragraph
followirg dealing with unequal cost/unequal effectiveress for
guidelines appropriate to situatiore of unequal risk.

Usually, market values do not apply (i.e., benefits
expressed in dc llars); however, when they do, it is necessary
to estimate the discounted cash flow income or revenue result-
ing from the specified investment. This requires a prediction
of future volume/demard at a specified unit price. At best,
this requires skill, experience, and luck because there is no
satisfactory way to predict the future. It is recommended |

that mtatistical data on past revenues he collected, or that

E a marketing survey be conducted to obtain sample datz. Cnce
this data is collected, it should be aibjected to statistical
analysis to obtain predictions (at the 95% confidence level)

of future income. Here again, assuming equal risk, the option/
alternative which promises the highest income or revenue is
preferred.

*+ The Equel Effectiveness Criterion. When alterna-

tive investment proposals for achieving a given objective all
! provide a specified level of benefits, the alternative with the

lowest discounted cost is preferred (assuming equal risk).
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This criterion is called the "cqual effectiveress'" criterion.
When this criterion is used it is not really recessary to conduct
a detailed investigation of benefits because it is assumed all
options/alternatives will yield the same henefits. It is neces-
sary to conduct a detailed investigation of costs, especially
life cycle costs, to justify selection of arn option or alter-
rative. In fact, the "savings" resulting from the lowest esti-
mated life cycle cost may be sufficient justification. Unless
contracts or cost estimates for budgets are involved, alterna-
tives may be evaluated/justified on a relative cost basis, as
long as estimates are comparatively correct, and as long as

absolute estimates cannot be develcped by extrapolating the

cost of similar previously developed systems. Wher the new
system, or option/alternative, is radically different from the
L previous cne (and this is becoming increasingly common) abso- 3
lute cost estimates may he nothing more thar educated guesses.
When contracts are involved, it is necessary to get an absolute

estimate of cost from the contractor before an evaluation of

the impact of a change can be made.

In any case, costs must be compared to a comnmon base.
Where systems are in existence, total costis may not irclude
developriental coste tut only procuremert and maintenance coets
over the comparative time periocd. Where systems under develop-
ment are in competition with existing systems, the cost basis

utilized must he such as to ensure that comparability is maintained.
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Where all the competitive alternatives are‘developmental. total
life cycle costs are the preferred basis for comparison. In
making estimates, great care must be exercised to ensure that
assumptions utilized in assessing costs are realistic. In
figuring cost trade-off factors, the relative value of eliminat-
ing or retaining optional functions should be considered.

++ The Unequal Cost/Unequal Effectiveness Criterion.

Generally, there is no all-purpose aiterion for identifying
the preferred option/alternative in cases vhere both benefits
and costs are unequal. Project Managers are confronted with

a large number of competing, and often equally valid, require-
ments which they must reconcile. Usually, they are faced with
options/alterratives tlet cffer increased benefits at ar irn-
crease in cost.

Whetler market values or use values apply, the ratio
of needed level of effectiveness to cost should be used to de-
termine gain per dollar spent. Wher market values apply, it
is necessary to estimate discounted income and costs as indi-
cated in the paregraphs preceding. When use values apply,
benefits associated with the status-quo and all options/alter-
ratives slculd be listed or scored. The percentage change in
the options/alternatives from the status-guc may then be com-
puted. Once this is accorplished the decimal equivalert of
the percentage clange may be added to or subtracted fromn ore,

as the case may be, to obtain an expected value of lLerefite.
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The same procedure may then be followed with respect to costs;
i.e., estimate the cost of the status-quo and all options/al-
ternatives and then compute the percentage change in the options/
alterpnatives from the status-quo. Once this is accomplished,
the decimal equivalent of the percentage change may be added
to or subtracted from one, as the case may be, to obtain a
"scored" value for costs. This value for costs may then be
divided into the value for berefite to obtain a ratio of bere-
fite-tc-cost. Assuming equal risk, the option/alternative with
the highest score or payoff (P) greater than one is preferred.
Yher risk is not equal, the option/alternative with
the lowest risk and the highest payoff is preferred. It should
be obvious, however, that severa) alterretives rmey be aprroxi-
mately equivalert ever thcugl peyoffe and risks are unequal.
Tou this situaticn 1le criterion for establishing pricrities
ard/or for selecting an option/alternative is: choose the op-
tion/alternative for which the ratio of payoff-to-risk is the
highest. For example: an option/alternative with a payoff of
4.1 and a risk of 1.1 is preferred over an optior/alternative
with a payoff of 4.3 and a risk of 1.2, The ratios of payoff-
to-risk are 3.72 and 3,58, respectively. These ratios may be
called "Preference Numbers." In the example cited, they indi-

cate that tle emaller payoff is preferied to tle larger tut

rore variable (hLiglier riegk) payoff.
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b. Risk. Risk may be defined as the subjective proba-
Yility of failure to meet requirerents or chjcctives governing
techrnical characteristice, budgeted funding levels, or schedules.
Wherever trade studies are being conducted, the degree of risk |
associated with eaclh alternetive should be identified and as-
sessed, ard, if a risky alterrnative is selected, that risk must
be controlled. TPM plays a duel role in the risk management
process. First, it helps to identify techtrical risks and eccond,
it Lelps us to coptrol risk by keeping track of teclrical jpro-

gress.

| Technical risks may appear when we attempt to intro-
duce features which have not been successfully developed or
constructed before. Other causes of technical risk are inade-
quate definitior of operational performance objectives (uncer-
tainties in requirements), insufficient hardware demonstration
of GFE, ard lack of trained and experienced technical persconrel.
Because of *‘hese situations there is &lways a chance that per-
formance requirements will not be met, or there will be relia-
bility/maintainability problems, or service approval will be
denied, etc.

Technical risks associated with TFM parameters may
be assessed qualitatively or quantitatively and may be classi-
fied as H16H, MEDIUM, or LCW, here definitions of HIGH, MEDIUM,

and LCW must be geinierally understood and accepted by everyone

associated with a particular project. The degree of risk may be




assessed based on the variance around a TPM profile, or it may
be assessed based on a lack of resources, for example, a lack
of input information, capabilities, or knowledge. The degree
of risk may also be quantified by a simple scoring process.
For example, a score from 1.0 to 2.0 would signify LOW risk --
a score from 2.1 to 3.9 would signify MEDIUM risk -- and a
score from 4,0 to 5.0 would signify HIGH risk. The consequences
of failure to achieve a requisite technical characteristic may
be expressed by a value which represents an increase in cost.
In other words, the consequences of failure to solve a techni-
cal problem may be a large cost increase. Such a technical

problem may be quantified in risk terms as follows:

High Probability % High Cost Impact _ HRIGH
of Failure of Failure -  RISK

1 x 5 5
As noted above, TPM may be used as a means of risk
control because it will help us monitor technical achievement
in design and hardware development in key GFE ard in all other
areas of a ship

c. Operational and Performance Factors. Operational

and performance factors constitute prime areas of consideration
when making trade-offs. For example: operational factors to
be considered are: -- The basic threat which is the basis for

the mission and functional requirements -- mission requirements

for each system in terms of the relationship to other systems --
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and anticipated deployment considerations, such as number of
installations, and operational locations.

With respect tc ship performance, trade-offs must
be made keeping in mind, for example, the mipimum acceptable
values of variables such as speed, range, or endurarnce and other
essential aspects of ship system performance. Also, the func-
tional capabilities of shipborne systems, subsystems, or equip-
ments that must be compared and evaluated against the mission
requirements comprising the performance envelope must be con-
sidered. For example: the functional requirement '"conduct
surface surveillance'" may be satisfied by a relatively simple
short range radar system with a Figure of Merit (F.0.M.) given
in terms of a Performance Measure (P), the Equipment Operational
Readiness (EOR), and cost. The equation is:

Cost Effectiveness (F.0.M.) = (P) x (EOR)
Life Cycle Cost

Where, ESTIMATED ESTIMATED
SYSTEM SYSTEM

P (RADAR) = "1 RANGE & w2 RESOLUTION

ACCEPTABLE ACCEPTABLE

RANGE RESOLUTION

Estimated system range and resolution may be obtained
from the TPM system. In any case, the equation

is a simple two-dimensional performance vector with
weighting factors Wl and w2 assigned to indicate the
relative importance of the respective dimensions.

In effect, these numbers are subjective military worth

assessments which can be conveniently divided into




eleven categories (or any number of categories) as

defined below and in reference (10C).

Weight Regarding Applicability Regarding Importance
1.0 Completely Applicable Extremely Important
0.9 Nearly Always Applicable Highly Important
0.8 Highly Applicable Very Important
0.7 Frequently Applicable Important
0.6 Generally Applicable Fairly Important
0.5 Probably Applicable Probably Important
0.4 Moderately Applicable Some Importance
0.3 Occasionally Applicable Of Little Importance
0.2 Rarely Applicable Very Little Importance
0,1 Nearly Always Applicable Unimportant
0.0 Completely Inapplicable No Importance Whatever

EOR is the probability that a system will operate

satisfactorily throughout an interval of time (t, - to) = L

1
ECR is discussed in reference (11) and is defined by the follow-
ing equation:

EOR = e ~AE
1 +,)03

Where )\ = failure rate
cs = Mean Down Time

d. Physical Parameters and Limits. Even though TPM

only provides outputs in the performance area, physical elements

such as size, weight, and service requirements require careful
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thought when trade-coffs are being considered. For example:

€.

Weights -- Evaluate weight limits and moment affect.
Dimensions -- Size and shape, crew space, cperator
station layout, and maintenance accessibility should
be considered.

Requirements for transport and storage. These require-

ments include such items as tie downs, pallets, battens
and containers.

Durability and ruggedness factors.

Special requirements for safety or health including con-
siderations of explosive, mechanical and sociolegical
effects.

Command and Control Fequirements. Evaluate the require~
ments for support system or equipment inputs necessary
for the system under consideration to function properly.
Vulnerability factors of competing systems including
atomic, chemical biological, radiological, electromag-
netic radiation, fire, and shock considerations.

Reliability. Considerations of reliability are of

major concern in system selection. Expressions of reliability

for evaluation and comparison between competing systems shculd

be expressed in quantitative terms wherever possible. Bowever,

whether the comparison be quantitative or qualitative, the

measurements mugt be to the same criteria for all systems under

consideration.

To the degree feasible, system reliability should

be broken down into the reliability of component subsystems




and equipment. This breakdown will permit ready evaluation of

the effect of trade-offs at the subsystem or equipment level.

r'

Maintainability. Assessment of maintainability for

trade-off purposes should include evaluation of such factors as:

6.

Level of Maintenance required (shipglforce, tender,
shore based repair facility)

Ease of component or unit replacement

Commonality and interchangeability of units
Autcratic test, checkout ard fault location features
Preventive maintenance requiremerts

Spare part logistics

Equipment accessibility

System Availability. Evaluation of the reliability

ard maintainability ccembination. This eveluation will enable

forecasting a system availability at any given time.

h,

Personnel Factors. Personnel factors include an as-

sessment of each competing system in the light of manbing, skill

level,

training and humar engineering requirements or problems.

This estimate also provides an insight into relative system or

equipment complexity.

Manning. Evaluate for each system the manpower required
for both operation and maintenance. Items to be cor-
sidered include: ranks and ratings; job classification;
numbers of perscnnel; and, in cases where alternatives

are being considered to replace an operating system,




changes in marning requirenents.

« Trairing. Evaluate requirements feor specialized train-
ing, prerequisite skills, length of training required,
and other similar factors which may affect the timely
and optimum utilization of the systems being considered.

+ Human Engineering. This area requires evaluation of
any man-machine problem inherent to alternatives under
consideration.

i. Facilities. Evaluate any requirements for construc-
tion, purchase or development of new or different advance base,
training, repair, logistic, and/or other facilities or systems
in order to support an alternative under consideration. The
assessrient should also include an evaluvation for achieving the
objective through modification of existing external facilities
or support capabilities.

jo Compatibility. In the development of a ship system

as an ergineering &end functional whole, the compatibility of
interfacing threat countering or support systems, subsystems or
equipment is of paramount importance. For this reason, and to
ensure that no interfacing parameter is inadvertently cverlocked,
each trade-off aralyses should include a separate assessment

of all factore which affect compatibility. In the conduct of
the compatibility evaluation of competing alternatives, require-
ments may be disclosed which indicate a requirement for buffers

to ensure compatibility. These buffers along with their related
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costs must be included in the overall evaluation of that par-

ticular alternative.

k. Standardization. The defense standardization program

acts as a constraint on the systems engineering effort because
it influences the trade-off decisions made during the effort.
This influence is felt because the program seeks to control
the variety of items required to build and maintain a system.
Specific objectives are: (1) identicality in design ard hard-
ware to the extent necessary to achieve the optimum ir relia-
bility and supportability at least cost, and; (2) maximum
utilization of items already supported by the supply system so
as to avcid ar increase in the range ard depth of items to be
supported. Thus, durirg trade-off studies, Project Managers
should require systems engineering to idertify and exploit
opportunities to use interchangeable items for similar func-
tions in order to achieve optimum commonality within their par-
ticular systems.

1. Safety. Safety nust also le considered during trade-
off studies to assure the protection of individuals from injury
or death and to prevent damage to or loss of equipment or pro-
perty. Alternatives under consideration must not viclate safety
regulations such as those pertaining to classification of ex-
plosives for handlirg purnosee, detection and warning syetens,

etc. Alternatives must also not violate special Project Manage-

ment peeds such as fail-safe, redundancy, crashworthiness,




egress, and rescue and survival procedures.

m. Integrated logistic Support. The alternative selected

during a trade study should reflect the inclusion of reliability,
maintainability, personnel, human factors, safety, support
equipment, spares, training, and facilities considerations.

The alternative should alsc¢ reflect such things as: who sup-
ports what; flow from producers to users; shipboard hardling
tecliniques; provisioning recommendations based on usage rates \
or failures expected per time period and the time ships can be g
expected to he out of rauge of support facilities; inventory
control procedure recommendations relative to slip schedules

ard supply centers; recommendations as to the disposition of
failed parts; functional module substitution concepts; identi-
fication of long lead time equipment; recommendatiors anplicable
to trairning; recommendations applicable to the tactical supply
sy=stem (e.g., vnderway replenishment, ship spares, AE spares,
tracsfer of repair varts and weapons or equipment from dockside

or barge to ship); recommendations applicable to maintenance

i eclelore (e.g., shiptoard, shop, tender, centractor, field en-
gineer, shipyard, factory); and integrated test requirements
based on criteria such as fault detection and correction routines
for all combat systems electronices shall be run daily, or, ex- :
pendable ordrance shall not be tested aboard ship, etc.

i 6. Documenting Trade-Cff Studies. Trade-off studies should

be described in documents such as Proposed Technical Approaches,
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Concept Exploratiorn Reports, Ship Acouisition Plans, Design
Histories, TPM reports or trade~off descriptions. Such re-
perts constitute a continuing historical record of all trade-
off decisions made and the design/capability/cost alternatives
considered during the ship system life cycle. A sarple outlire
of a trade-off description/report is included in Appendix A,
page A-16. All of the entries shown are self-explanatory.

7. A Hypotbetical Example.

Engineering is responsible for the definition and technical
integrity of interfaces. During the ship systerm design process,
system engineers identify and define all the shipborne systems
needed to meet functional performance requirements. Interface
documentation is developed which initially delineates broad
performance descriptions or requiremerts but which is eventu-
ally expanded intc detailed interface descripticns reflecting
a compatible system. The documentation evertually serves as a
basis for Configuration Change Control and Accounting and is
used to demonstrate that compatihbility does exist and that all
appropriate interface characteristics have been examined.
Suffice to say that ergineering interfaces provide fertile
ground for selecting parameters for technical performance
measurerent,

During ship system design, performance requirements may
be allocated to the various functional areas or Work Breakdown

Structure (WBS) elements in terms of interface constraints,

30




that is, support and environmental relationships, space rela-
tionships, or functional relationships. For example:

*+* Support relationships refer to the external services
that must be supnlied té shipborne systems in order that these
systems can satisfactorily perform their intended function
(e.g., they need cooling water, electrical power, etc.).
"Environmental" relationships refer to the limitatiors/constraints
of shipborne systems in areas such as: magnetic fields, temp-
erature, humidity, shock, vibration, ice, wind, precipitation,
noise, degree of enclosure, and salt spray.

¢+ Although not strictly a matter of performance, ary ;
position or distance requirements for a shipborne system/equip-
ment relative to the ship or other system/equipment as may be
necessary to satisfy the intended use or operational require-
ments must be specified. For example: external connections
and dimensions/configuration (length, width, diameter, height,
and associated tolerances); projections and door swings; tray
or module pullout space or removal areas; areas to be clear of
and areas provided for pipes, ducts, and cabling; areas to re-
rain clear for maintenance access, and access perte or doors;
operational areas and arrargemelnits or, orientation; bolt-hole
patterns, mounting hole sizes, mounting pad sizes, thread size,
and bracing requirements, if any; weight and location of the
center of gravity, finish and/or the claracteristics of the

material to which the system/equipment is to be in contact.
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«+« In the electrical/electronic area, functioral consid-
erations pertain to intelligence signals flowing between the
ship and potential targets, or, through shipborne system/equip-
ment interfaces. In the mechanical area, functiornal considera-
tions pertain to the dynamic load - trarsferring capabilities
between shipborne systers c¢r hetween shipborne systems ard the
ship. The primary interest in the electrical/electronic area
is functional integration of the combat system. Performance
requirements are assigned and allocated to the various major
components of the combat syster: in such a way as to meet opera-
ticral requiremnents and achieve functional integration. It
can be surmised, for example, that the power and rarge of a
tracking radar of a surface ship definitely limits the capa-
bilities of the combat system. It is very important, there-
fore, to assign performance requirements to the tracking radar
which will allow the combat system to meet those operatiomnal
requirements pertaining to range (e.g., "the surveillance sys-
tem must be capable of detecting and tracking air targets tra-
veling at mach 3, up to 400K yards in range and 100K feet in
altitude"). In the mechanical area, some shipborne systems,
such as missile launchers and missile handling systems, per-
form non-static functions by engaging or matineg with other
areas. In these cases interface constraints are expressed in
terms such as: configuration/dimensions and teolerances for all

non-permanent mating surfaces; weight and CG location of loads




imposed as a result of engagement/mating and amount ard direc-
tion of forces required to move and to engage or disengage;
specific areas upon which no load may be imposed; overall en-
velope and direction and amount of motion required for engage-
ment or disengagement; and, type, weight, hardness, linear ex-
pansion and susceptibility to erosion of the mating or encag-
ing surfaces.

For this hypothetical example, imagine the interface
between the Poseidon missile and the Trident submarine. This
is a very complex interface between two systems whicl have
not been built before. And, to ccmplicate matters, the two
systems are under the cognizance of two different organiza-
tions. The point I wish to make again is that the interface
area provides fertile ground for TPM., For this example then

let's congider a simple parameter, P within the interface

ll

and assume it is defined as a function of w, that is, Pl =

f(wl, '2""n)'

The steps in the TPM process were described in vages 7,
&, and 9. I have already completed the firat step by select-
ing the parameter, Pl’ for measurement. The rext steps are

to develop subjective probability distributions for Wy W ""n'

2

the inputs, by making inquiries of design perscrnel and to
simulate values for Pl' This process is described on pages
€ and 9 and in reference (1) so0 will not be repeated here. It

is importart to ncte, hLowever, that these simulations should




be scheduled to coincide with important events during the life

of the project, such as preliminary design review. It is also
important to note that target or baseline values of Pl must

be selected as a basis for Wi '2""n and the subjective
probability distributions. For exariple: each value assigned
to a TPM parameter may be a specification or contractually
specified value; a design goal determined by engineering or
project management to represent the best attainable performance;
or the value predicted for rieasurement at a snecified verifi=-
cation event [this is a "planned" value and it may be differ-
ent at each event or it may remain constant with time -- a

plot of planned values versus time is known as the "profile" --
a sample profile is shown on page A-15 of Appendix AJ o K
control value which represents the most likely limit or toler-
ance for a plarned parameter at a specified verfication event
must also be developed, see page A-15.

The last steps are tracking, variarce analysis if required,
and reporting if required to bring a problem to the attention
of manageriert. Here again, this process was described on
pages 9 and 10 and will not be repeated here. Reporting should
be tailored to the needs of the project. Variance analysis,
or compatibility analysis in the case of interfaces, must bhe

performed as required and, if necessary, trade-offs must be

made to assure compatibility.




Conclusions

According to reference (6): Lord Kelvin is quoted as
saying, "When you can measure what you are speaking about and
express it in numbers, you know something about it; but when
you cannot express it in numbers, your knowledge is of a meager
and unsatisfactory kind." In my opinion then the notion of
TPM appears to be very attractive as a tool to measure techni-
cal progress, &and to 1dentily ana control risk., And it ap-
pears to me to be a worthwhile endeavor when we are in the de-
sign stages as well as when we have developmental hardware

available for test.

The benefit of implementing a TPM system should certainly
exceed the cost when technical risk is apparent. And, what is
the cost? 1 cannot provide any rulees of thumb to answer this
question. It would depend on mauy things such as the number
of parameters being tracked and reporting requirements. Cost
must be negotiated 1n each case. My majoer point nere 1s that
tne TPM system seems to bpe worth the eftort in deveiopmental
programs.

Inere are no textbooks dealing with 1PM and trade-ofts.
Thne best source of detailed guidaice tor TPM however, appears
to be reference (3). 'There are no all encompassing, simple
references pertiuneut to trade-otts. It is noped that the gen-

eral guidance provided in this paper will satisfy the needs of

a number of project managers.
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ANNOTATED RIBLICGKAPHY

MIL-STL-499 (USAF), System Engineering Maragement

This standard provides system engineering management re-
quirements which can be tailored to project needs. It

introduced the concept of TPM and includes a description
of requirements applicable to TPM and trade-off studies.

CODSIA, Need Use Analysis, Systerns Engineering

This study emphasized the need for a integrated systems
engineering effort. It was sponsored by DDR&E in conjunc-
tion with the Council of Defense/Industry Associations.

SPACE DIVISION, NORTH AMERICAN ROCKWELL CORPORATION,
Technical Performance Measurement Guide

This guide provides criteria and recommended techniques
which may be used to implement established TPM requirements.

TIMSCN, F.S., Measurement of Technical Performance in
Weapons Syster: Development Programs: A Subjective Proba-
bility Approach. Prevared for ARPA by the Rand Corporation,
December 1968,

This paper presents an exploratory effcecrt to develop the
frarework of a procedure for the collection ard aralysis of
data on uncertainty and progress regarding technical per-
fermance in weapon systen developnent.

UCLA, SCHOOL CF ENGINEERING AND APPLIED SCI1ENCE, Case Studies
in Computer Simulation, TRANSIM, Activity Network Analysis

of Ship Acquisition Project Management. Prepared for the
OGffice of Naval Research by UCLA, Septermber 1S70.

This report describes a Monte-Carlo-type computer simulator
especially evplicable to solving problems associated with
ship acquisition.

TRW SYSTEMS GROUP, Technical Performance Measurement. Presented
by Giyora Doeh at the ASPR Institute Seminar on System
Fngineering Management, Los Angeles, California, December

4, 1969,

This presentation covers a TPM system established by TRW,
Redondo Beach, California.
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7. U.S. ARMY SAFEGUARD SYSTEM COMMAND, Technical Specifica-
tion 705-435, Site Defense of Minuteman, Technical Perfor-
mance Measurement, March 1972,

This specification describes the TPM system used by Martin
Marietta and McDonnell/Douglas in the SPRINT Missile pro-
gram, a part of Safeguard.

8. SPACE DIVISION, GENERAL ELECTRIC CC., Technical Performance
Measurement (TPM), Guidelines for a Compliant System.
Presented by Mr. A.E. Miller at the ASPR Institute Seminar
on System Engineering Management, Los Angeles, California,
December 4, 1969,

This presentation covers a TPM system, compliant with MIL-
STD-449, developed by the Valley Forge Space Division,
General Electric Co.

9. NAVSHIPS NOTICE 4121 dated 6 March 1972, Specifications
Control Board and Cost-Benefit Analysis Procedures.

This notice provides the basic cost-benefit analysis pro-
cedures used by the Naval Ship Systems Command.

10. D.R.J. White, D.L. Scott, and R.N. Schulz, PCED - A Method
of Evaluating System Performance, IEEE Transactions on
Engineering Management, December 1963.

This article described POED (Performance Organization for
Evaluation and Decision) which is an evaluation and deci-
sion technique which permits computing performance of a
device, equipment, system or system complex; compares and
scores this performance against requirements or value judge-
ments representing user's needs; and organizes results in

a useful manner so that assessment of value is readily
achieved.

11. CDR. B.L. Potts, Equipment Readiness, Working paper No. 36
ASW Force Level Study.

This paper describes a computer model which was constructed
for use by the ASW Force Level Study.
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APPENDIX A

SAMPLE TPM TRACKING AND OUTPUT REPORTS




TABLE I

PROBARILITY DISTRIEUTIONS FOR JDLLD OF HYPOTHETICAL SHIP AT
THREE-MONTE INTERVALS DURING DEVELOPMENT

v Elae 0 mo 3 mo 6 mo 9 mo| 12 mo |15 mo | 18 mo 21 mo |
16 knots .15 .20 .15 .10 | .05 .05 .05 .00 :
17 knots .20 .30 .30 3¢ | .30 .25 .20 .20 !
18 knots 45 25 .30 o3 .35 ho .50 55 5
19 knots .10 &5 25 25 | <35 .25 .2 .20 | 4
20 knots .10 .00 .00 .00 | .05 .05 .05 .05 |
TABLE IT
INFORMATION FOR EVALUATION OF PROGRESS AND STATUS OF HYPOTHETICAL
SHIP DEVELOPMENT PROJECT SHOWN IN ABOVE TABLE
i
time 0 mo 3 mo 6 mo 9mojl2mo | 15 mo | 18 mo 21 mo :
Item !
P(V)>17{knots} .75 .€0 .85 .90 | .95 .95 .95 1.00
p(V)>19(kxnots} .00 .CO .00 .00 | .05 05 .05 .05
4 (V) (knots) T 17.6 TS LB T . 18.0 18.0 18.3
o (V) (xnots) ot .6 .5 4 b 3 - al
Dollars Con- negli-{ 6 10 12 13 13 15 15
sumed (Mil- gible
lions)
Time Interval
(mo) o 3 3 3 3 3 3 3
Dollars +mizin
ing (Millions)| 100 ol 8l T2 59 L6 31 16
Time Remaiuing
(mo) 2k 21 18 15 12 9 6 3

where, « (V) is the meun value of speed and ¢ (V) is the standard deviation
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PROBABILITY OF MEETING OR EXCEEDING MINIMUM REQUIREMENTS AND PROBABILITY

OF BEING WITHIN MAXIMUM AND MINIMUM REQUIREMENTS LIMITS
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L p(V) >17
!
0.50 il p(V) >17 =~ p(V) >19
o L i . i i i L —
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TIME (mo)
FIGURE 1

MAGNITUDE OF STANDARD DEVIATION AT THREE-MONTH INTERVALS

1.0 T

MAGNITUDE OF THE STANDARD DEVIATION

UNCERTAINTY
REMOVED
2 B (PROGRESS )
L
3 L
L —
) k.
3 6 9 Ve 15 18 21 2k
TIME (mo)
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AGENCY HUMDL M
 ENETR IS By
Technical Performance Measurecment Report (U)s-1¢2-/
ODESCRIPTION/VURPOSE i

i

4. APPHROV AL DATCL

To provide visibility to the program/project manager on thg 11 August 1669

stato of cngincering accomplishment toward the contract S BFFICE RS Ty
requirements as compared with planned and recquired values, e aRONA LY
Prevides a basis for projecting nceded supporting efforts, | AFSC

6. DDC REQUIRED

8. APPROVAL LIMITATION

7.

APPLICATION/INYERREL ATIONSHIP Pcnding publ ication in

These data are related to the design rcquirements (Part I the ADL, ('[) Dig/cfyr
4

‘of the specification) for the Configuration Item (CI) and

to its critical elements and design paramcters. The 9. REFERENCES (Aandafory ee cited in

reportable CI elements and parameters to be included in kit

this report will be those listed in the System Engincering| MIL-STD-499
Management Plan incorporated as a contract rcquirement and -
will be identificd on the DD Form 1423 e¢ithcer by attachment
or refercnce to the SEMP, This DID will normally be used
only when MIL-STD-499 is a contractual requircment; other-
wise, DD Form 1664 S-102 should be used, Should this DID
be preferred to S-102, when MIL-5TD-499 is not a contrac-
tual requirement, the task effort for generating this data

nust be zncluded in the contract work stateient. iy

19,

PRECARAYION INSTRUCTIONS

1., The contractor shall prepare a TPM report(s) on designated parameters. The

DD Form 1423 will specify whether a particular report will cover ali péramctcrs

;f a system clepcnt, and indiQidual parameter, or Selccted groupings of parameters.
2. For each parameter selected for TPM reporting,reports shall include:

2. The demonstrated value, planned value, and cdemonstrated variance for th

design at the time of the TPM, plus the currcnt estimate, the current specification

. requirement and the predicted variance for the end product., Determination of the

cuprent estimate shall be based on the demonstrated vialue and the changes to the

parameter value which can be attainod within the remaining schedule and cost baseclinc

The format shall be as described in paragraph 3 below,
b. Status of the configuration design and discussion of design and enginecring
"‘dnvestigations (e.g. experiments and tests performed) and analyses which support

the demonstrated valuo, and discussion of the technical effort which supports the

e R, ——— . e

t

|
|
{
'.
{

L]
/

FORM it
D 1 JUN e 1 064 : e Rl APECoAAFR-WABKLOLe  pacp e O L

PAGES




< —to2-l
(" S-&2¥ (Continued)

Preparation Instructions (Continued) ' ol
p :dicted profile lecading to the curreat estimato,
¢. Variance Analysis to include discussion of design, development, and/or

foorication problems encountcred which cause demonstrated or predicted performance

o tside the planned tolerance band. When this occurs a revised planned value

el e preseried e
profile will be deweloped as shown in Figure 2. The contractor will report

i pacts on higher level parameters, on interface requirements and on system cost

e“fectiveness if appropriate., For performance deficiencies, alternate and proposed

recovery plans and associated configuration changes will be reported with the

Sendd et et

} rformance, cost, and schedule implications of each,. For performance in excess

f
:
!

of requirements, possibilities for rcallocation of parameter requirements and i
t .dgets will be reported, ‘
g 4
{

d. Drawings, layouts, graphs, etc. as appropriate to support the above., =
e. When discussion called for by this data item is covered by another repert

: *quired by the DD 1423, reference thereto in lieu of repctition shall be made.

3._ The performance comparison will be in tabular and graphical fbrm, with the
webulation as shown in Figure 1 and the graph as in Figure 2. The system eclements
id reportable parameters/parameter planned-value-profiles as exemplified in

'Figures 1 and 2 will be defined either in the SEMP, the task description on

or uSs .
1e Cl-subsytem, spdeswdiicbs. an attachment to the CDRL.

v
) s Definitions:

a. System Element., A discroie"portion of a system, A product element of

ne Work Breakdown Structure (WBS) at any level is o system element,




‘Ws-1e2-l -
W58=1438 (Continued)

Preparation Instructions (Continucd) .

b. Planned Value. The anticipated valuc of a parameter at a given point in

he dovelopment cycle. A plot of thesec versus time is known as the Planned Value
Profile. In addition to the planned value profile, it may be desirable to indicate

. range of acceptable values versus time. Wher this range is shown, it is known

+s & tolerance band. .

c¢. Demonstrated Value. The demonstrated value of a technical parameter is

:he value which is estimated or measured in a particular test and/or analysis.

"d. Specification Requirement. The value or range of valuss contained in a

sontractual performance specification or allocated from such a specification,

iith a verification requirement for the end product.

¢. Current Estinate. The value of a paramcter predicted for the end product

-

»f the contract,

f. Demonstrated Technical Variance. The difference between the Planned

Value and tke demonstrated value of 2 parameter.

g Predicted Technical Variance. The difference between the Specification

Requircment and the Current Estimate of the Parameter,

-




s e e —— e T
\
i
_ :
| ($) Louororysg
I+ L8 88 + S8 8 ! y surqanp
{
_ O}3eY 2INSSI1d
=-0- 1:8 18 £°0+ 1:6°L 1:8°L Jossdxduo) . JSNHL o
| o s, ORI
: / / 5 .
=0- ¥0° v0° S00°0+ e Sy0° m qQl-IH/sql “24S
: i
; : ~ (., 3uauo13 wassks,, ay3
cot- 000S 006% oo1- 00SS 00ts sqr ‘3ydroy ST wa3sdsqng/1d ay3
‘9sed syl uy :010y)
0001~ 0000¢ 00062 0002z~ 0008 00092 na~..um=ugk SIS INIONT
“
sooucrtIes( s3juowdxTnboy{ozewilsy oouvTaTy onyup anyup ad3durexed IUDWITI WOISLS
" po1dypazg!l wotT3edT3139dgl JudIIN [ palraisuowd( | pouLrTd | PIILIISUOUN( .
1dnpold pugj (9uo3soryly 40 23¥() Ndl STUL

NOSIUVAR0D ININIUNSVIN HONVIROJYHd TVIINHOAL, -




UNCLASSIFIED

*S$,4Q) JO) P333jugns ‘/y| Q) ‘s3idy leuy Wey u| pajsodas se Iduewsoysad W371808d wUZQSEOqu&uﬁm
rOuonum_uom 40j ©]433140 dempiey pPIIII|IS yIY UO pIseq suojien|eA3y . SILONLOOS 3718Vv1d300V wuz<2¢0umwn-‘
S31VQ NOIL31dWOD— ) e vkl
/000£62891 Bz891L [91891]58891| (SAL)P08IL pZ10L [50L01L||+——u38WNN 3INOLSIUW
r
i i 0 5 0 Y O 0 1 P i Y o 0 |
5 R R M O s 51 0, LS 1 |
T R O O R O Y e O N n
m| S G O A A e Ly
e O e S e S e O o O o O S o ==
)
<
0 o 0 e ) e O, e 7p)
0 R O R O R ) O e RS | _.
*sdy 09 :uollen|ead oL |€°26 || s4y oS da1W waishs 19| @ (n) C ¢
migMeweny) M M ) [ A A =
G6° :uoilen|eAd| 8S6° - §26°  |(ov) A3jl1qe| teay z | ()
e . L R e i s =
§6° :uoiilen|ead) 586" % Nmm.L 96° [(tv) Ailtiqeiteay| @ | (n)
whl# 8@ 3udadny ] M) Ty e s e B JUa1ayu| wIIsk
SHdYWIY t 18A3[ 1eA3[ [-WAY |-WAYYYD 3] 1-WAY| S187 [ ¥@) | ¥ad
SINIAT IN3WIAIIHIY ys3y| yo3yf Inox] owaq (| 3e3|j3ed| 113e] 133 | 192 W
ERRVALELE L Anep| 43u0)] £-Wad AABN [€-WA3|1-WG3| L-WaFIseT (IS8T | 3nTvA H313Wvavd 2
S3NOLS3ITIW LOV4LINOD -] s 4 - 3] a 32l s v_| vouvaisoaas| A3 ._F
S31vd 31NA3HIS | SL76[SL/8 w76 wI/V T wl/1 w78 [ €L/0RL/T [0L/0
.40 Sv gy g @ -H33NION3 AN
€461 Aaenuer (g Viva USSR "L gqa N naS3N 000/100-10 SaMm|
Aaenuep ‘HLNOW (vh/(¥)€€BL-SM) S193V "0 QOW [ NW ‘wa3isAs suodeay NOILAINIS3A
13043y AN3NWdINO3

AVWANS INBWIAIIHOV WO INHOAL S193V




UNCLASSIFIED

9L Wig
“S,3vg 43 iM W318CHd 3ONvWHO03¥34-(X]
Palejd0sse 3J0u - |//z| PuUe 0//0| 9pew suollen|eAd wiialu|y . SILONLOOS 378V.1d320V wuzﬂszumwn-‘
S3.v0 NOIL3ITGWOI— TL/TIRL/ZL [2l/L | 1L/6 ] 1L/9] 1L/ [oL/01| OL/6] 0L/
0€€CicS0EC| 92EEE] V' N|EEE2E) 1p0EZ |02 LE2 |SSOEE [pE0EZ [£00E L||-——HIBWAN INOLSITIW
1 O o o O o O U e OO T e O S
[t 1 1
0 R O A s, N o 00 o 0 i 0 0 v 0
2 s A o A s R 1 i S O e
90 1 o O T N o O (R ) O o R !
5 0 o | o e e (N B (Y
0 o O 0 T o e G S O i |
= (M)
: = - | 8L°5/81°S| 0% = |0 Ty - N aamog ybinl €
T 2 O 1 S O T B o R | A 3 ‘Inding Jamog 4
(s44)
- - L A - -| 79 <| n6° e (wa1s4s) 21
JJJHJT.IPJIAJ — ¥l
SJy
- - 06 06:3 - -1 ghl= -~ _nel SL I
O o O 7 e R ) 5 0 O e e s
SHYvw3y ¢ |dwojiidwoy | dwo)| y@) 13Is? 35911 Myl ouwsql 359
SIN3A2 LIN3W3A3IHOVY I 3eJl 3e3(| 3ejf |duey _mzwwumcm ubsqg| aqny| JMd!H ¥ad w
3ONVYWH0343d [-AdS| 3uy| Jlwx| 99x3 y4) @SByd! 45, ¥4I P amva H313WTXVd 3
1
S3Lv0 3IN03WIS  [€4/9 pL/zt|zLszi|zL/v | /6 | wu/m | iLsifolson oese| osg|[O IR o |
£ienue ‘40 SV ] "433NION3 A3
€61 Adenuef |€ v.iva UBWSSOJY g M  3IGISNOJSIY 200/290-£0 SEM|
Kaenuep ‘HLNONW w/1L86-SM) |-AdS -AQ *dnoun 135 Jepe INOILdI¥IS3a
14043y : ¢ ; 4 L A 1N3WdIN03

AIVWANS INSWIAIIHOY TWOINHOAL SI193V

(n)

(n)

(n)

A-11

UNCLASSIFIED

Mot st




-~ o o o b st

LY9L wio

[(3991(ams)] < =x30N1 30NVWEO¥3d WDINHIIL
“
0°06|0°06| 0°06| 0°06{ 0°06| 0°06| 0°06| 0°06 0°06| 0°06| 0*06 oot
F m ke al
| S g - S
(@) Sy (Sw | S | STw{sw | Sw | Sw| stw|stw| stw|sy 6 | s v | ™ semog wewm| o | o @)
N ‘3Inding Jamod 3y (n) N
I )
S6h PS5 7S [ utS | wts | eS| wS | v | TS eS| ntS | nS 6 | 9 |55 wa3shs  yLW | A | (n) )
(s34)
GreL (STEL | §rg1| S STEL| ST€L| ST€1] S°€U S€1| S°€U SU€L 6 H 74 a9 | | (n)
] Wuww ib3u 1end .m: mm mwuu:owu mwwwgmwwm (392) (3ms) .m‘
4 00 haeS3| a1 vial T3sT 958! Sanid 2297 |lamstimes| e | amwa O
€771 R/ RN [ L70V] 2176 TL73[TL7T | TLT9 [ TL7S[ L7 [ SL7E]|| H3eur fouvounasouridoiss I
: . Ve "H33NION3 200/290-€0 A3
. 0706 Hdd Uewssody "8 "H  3qgisNOdS3Y Sam
"HLNOW (%/1L86=SM) 1=AdS/ =A0 ‘dnoag 335 Jepey 'NOILdI¥IS3a
EL6L Adenuer - a3y IN3WdINO3

XANI 3ONVW” ™3d TWOINHOAL SI93VW




(Y91 wWio 3
T S b N e [(300004m9)] < =X30N! ONUWNOS¥3 TVOINKIIL 1
0°88| 0°88| 0°gg o.wL 0°8g| 0°g8| 0°gg 0°’% | 0°88| 0°8H S°48 ool
e o L
ol o a3
7 . D
w 0°L | g-z|0L| 0°L|oL|o0L| 0L]|0"L [0°L| 0°L]| 0L L ol 008 (s4y) sam| 2| () N
3 mu..;
PSS | S| ontSs| S | wtS | ntS|wtS | wtS| wS| S 6° 9 0°1 (wa3sAs) yuuw| 11| (n)
159 Bo707 I59 W
A REE 2936, i1 | - B e 3
bns | |sleis Lot | online e L | b
gr/1fed/ele slessonlzLse | et/gl et/l | et/9]el/s [ el | eL/E L
3 ; S "¥33NION3 ¥ AN
0°88 1dl ASLLIM *1 °3 3181SN04S3Y 200/210-£0 Sam
*HLNOW s W MW ‘wd3sAg uo13I941q uodes, -NOILdI¥IS3a
€/61 Asaenuep i (Vq/49L86-SM) 0 QOW Zl S M e
XANI IONVWION3d TWIINHOIL S193V ’




UNCLASSIFIED

*uoi3oe AAYN/VYIY bBuipuad paisuajysp usaq aAey juswdo|aAsp

18 MW 34yl 404 pauue|d sabueyd ubisop sofew |e13U3304 *poazZA|BUB pueR pBAlPDad S|

ejep p|a)) Jejle] Se Spew 9q || IM SIUDWSSISSE PINUIIUO) “BIEp p|D14 pallwli|
pue uoi3d1paid uo paseq (3QS) 42342Au0) eleq |eubig Byl 40y AIl|iqel[as
.40 9jew35d padnpaJ e O3 Snp IQGNOp JWOS Ul S| SINOY Q0§ JO JgLW Iuswbas sam |

Z1 MW ‘walsAg uoildsa)g uodesM :uo13diadsag juawdinbzy

-

i)

J40day sisA|euy wa|qody

€/61 Asenuep (g

-A-14

UNCLASSIFIED




L : z 2an334
(S3NOLSITIN) 3HWIL . 3
\
% .Y
A :
- bR e P A eneA . B
e ST ORN G SR po3viIsuowa(
S tite e g R U TR
: s 2 e P . . L st Kt ’ :
= i i
8 . . 5 o : -
. g Vv 2wIl 3® g e e SRR ‘ -
93jewyis3 L SeRviewag eipjeda '.w - b - cvg
ua1Iny . S S : \\\. . ] ssuergox ~ .
" i i P 1e2TUY23d “PaIeIISUOTIT - w.d?uqom :
=% \\j s TN 3 -
2 v - ~
saxynbay . ) 5
voI3ed :
-33193ds o A
?dueyep -
1e27uyd9l PI3I2TP31d s -
IJ!C” 3 . 3 .o
e \ i
-V (3NOLSAIIN) 3WIL IV - ol i
4 il .7 RIL ¥ 20 NOILVMISQTII ‘ . "ty

A




N
.

W
.

I~ N R

«®

TRADE-QFF REPORT QUTLINE
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Assurmtions and Criteria
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