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USING PREFERENCE/UTILITY CURVES IN
THE CREATION OF A COMPUTER PROGRAM
FOR DECISION EVALUATION DISPLAY
ANALYSIS

SECTION 1.0 - INTRODUCTION

SECTION 1.1 - BACKGROUND/MOTIVATION

During the course of a life-cycle cost (LCC) analysis, many decisions must be
made. The different phases of the program must be broken out e.g., acquisition, produc-
tion, operations, maintenance, and disposal/retirement, then the appropriate cost and
multifactor parameters must be defined. Cost parameters include research and develop-
ment, production and construction, operation and support, and retirement/disposal.
Multifactor parameters include mean time to repair, speed, weight, and many others.
One way for the analyst to obtain an understanding of the project's or program's non-cost
performance against its life-cycle cost is to use the decision evaluation display (DED).
The DED (Figure 1) uses life-cycle cost as the x-axis and the multifactor criteria as the y-
axes. Each alternative has a life-cycle cost line drawn with its multifactor criteria noted.
The DED allows the analyst insight into the performance or effectiveness indicators
(usually non-cost parameters) of various alternatives against their LCC.!

After working with life-cycle cost analysis and decision evaluation displays
(DEDs) in both ENGR 5004, Systems Engineering and ISE 5434, Economic Evaluation
of Industrial Projects, I became frustrated with the lack of a formal method for evaluating
mutually exclusive alternatives which were close in both their life-cycle costs and in their
effectiveness measures (performance indicators). Selecting the final alternative almost
always fell back to the "gut feel” method. While taking ISE 5144, Performance and
Productivity Measurement and Evaluation, I became acquainted with a method for deal-
ing with multifactor criteria which seemed to supply the means for analytically dealing
with the multifactor criteria of the DED. This method was called the multicriteria

1Blanchard, Benjamin S., and Wolter J. Fabrycky, Systems Engineering and Analysis. Englewood Cliffs,
N.J.: Prentice-Hall, Inc., 1990.



performance/productivity measurement technique (MCP/PMT). Thus, I chose as the
basis for my project and report to write a program in "C" which allows the analyst to
enter the basic data for a standard decision evaluation display and then produce a utility
curve based DED. Hopefully, this program will help other students avoid the same type
of frustration I encountered.

SECTION 1.2 - REPORT DESCRIPTION

This report is divided into three parts: the body, a program user's guide
(Appendix A), and a programmer's guide (Appendix B). The body describes the
background and motivation behind choosing this particular project, the basic theoretical
concepts involved, a general program description, advantages and disadvantages of using
the program, suggestions for possible enhancements to the program, conclusions, and a
reference list. The user's guide provides a detailed description of the program's user
interface, the calculations performed, the program's capabilities, and the available report
formats. An example problem is also included. The programmer's guide which is
provided to help individuals who may wish to modify the computer program describes
the "C" program, the basic programming philosophy, provides a data dictionary, and
contains the source code listings for the program.

SECTION 2.0 - THEORETICAL CONCEPTS

ECTION 2.1 - LIFE-CYCLE COST
Life-cycle cost is a concept which over the past 10-15 years has gained attention
and respect in both the Department of Defense and commercial marketplaces. Life-cycle
cost tries to identify the total cost of a project or product from its inception through
usage, repair, and finally disposal. The purpose of evaluating LCC during design is to
minimize the total project/product cost by identifying potential problems in the design
phase where they are less costly to fix.

There are three important concepts used in life-cycle cost analysis: time value of
money, earning power of money, and purchasing power of money. The time value of
money describes the relationship between interest rate and time. Money can earn interest
at a certain rate through its investment for a given period of time; therefore, a dollar



received at a future date is not worth as much as a current dollar. Money also has earning
power. A dollar invested today will have a greater worth than a dollar a given number of
years from now. Since money has a value which differs with time, equal dollar amounts
have different values at different points in time. Money also has purchasing power
which is dependent on the inflation rate and varies with time. In times of high inflation,
money has less purchasing power.2

To account for the variations in the worth or cost of a dollar, an extensive set of
equations has been developed to allow an analyst to determine the equivalency of differ-
ent sums of money at different times with differing interest rates. In most cases, a
project or product being evaluated will have numerous money flows with various interest
rates; reducing them to a common basis is critical in order to compare various alterna-
tives.

There are three factors which relate to the equivalence of sums of money: the
sum amounts, the time when the sums occur, and the interest rate. Since interest
formulas take into account time and the interest rate, they are useful conversion factors

for calculating the equivalence of various sums occurring at different points in time.3

ECTION 2.2 - THE DECISION EVALUATION DISPLAY

SECTION 2.2.1 - SETTING UP THE DISPLAY

To set up the DED, the analyst must have identified several optimized mutually
exclusive alternatives with their associated equivalent LCCs and multifactor
(performance indicator) values.

A mutually exclusive alternative is one in which the acceptance of it will preclude
the acceptance of any other alternative. These types of alternatives generally exist when
there are a number of alternatives which will fulfill a given need. In addition, when

2 Fabrycky, Wolter J., and Benjamin S. Blanchard, Life-cycle Cost and Economic Analysis. Englewood
Cliffs, N.J.: Prentice-Hall, Inc., 1991.

3Fabrycky, Wolter J., and Benjamin S. Blanchard, Life-cycl st and nomic Analysis. Englewood Cliffs,
N.J.: Prentice-Hall, Inc., 1991.



reviewing the list of alternatives, the analyst must identify those alternatives which are
contingent upon the acceptance of other alternatives. In that case, those contingent alter-
natives must be taken out of consideration until or if the alternative upon which they are
contingent is selected. 4

The second step in setting up the DED requires the analyst to calculate the
equivalent LCC for each alternative based on its respective money flow. The analyst
must then determine if any of the equivalent LCCs exceed a given monetary limitation (if
there is one). If any of them do, they must be removed from consideration.

The third step is to identify the desired performance indicators and their values
for each of the alternatives. In many cases, a minimum or maximum level for each per-
formance indicator will be defined. These levels usually refer back to some identifiable
need or requirement. In the case of derived requirements, the analyst will need to
employ some type of iterative method to determine the sensitivity of each of the alterna-
tives for the given parameter.

Once the analyst has identified the final set of mutually exclusive alternatives,
calculated their equivalent LCCs, and determined their performance indicator values and
any hard requirement levels, a DED can be created to assist the analyst in making a final
selection.

SECTION 2.2.2 - USING THE DED

The DED (Figure 1) uses as its x-axis an equivalent life-cycle cost. The analyst
can use present equivalent worth/cost, annual equivalent worth/cost, or future equivalent
worth/cost. However, one of them must be selected and used for all of the mutually ex-
clusive alternatives to be compared. The y-axes are the effectiveness or performance
measures (indicators) which the analyst has selected. These performance indicators are
often non-monetary, but design to cost or investment cost could also be used.

4 Fabrycky, Wolter J., and Benjamin S. Blanchard, Life-cycle Cost and Economic Analysis. Englewood
Cliffs, N.J.: Prentice-Hall, Inc., 1991.
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In the DED, the values for the various alternatives are plotted for the performance
indicators along a vertical line which matches the equivalent LCC for that alternative. In
he best case scenario, one alternative would provide the most desirable values for the
performance indicators with the lowest equivalent LCC. This seldom occurs. Usually,
the number of alternatives can be reduced to just a few, but then the analyst must make a
"gut feel" decision on which one of the remaining is the "best.” In addition, there is no
way to formally weight the performance indicators to help the analyst determine which
alternative provides the best multifactor performance.

SECTION 2.3 - THE UTILITY DECISION EVALUATION DISPI.AY

SECTION 2.3.1 - UDED DESCRIPTION

A utility decision evaluation display (UDED) maps the multiple y-axes
(performance indicators) of the DED onto a single utility scale axis, thus allowing indica-
tors with different measurement units to be evaluated on a common denominator basis.
This allows the analyst to make a more meaningful comparison between two indicators
which could have very different measurement units. Figure 2 shows an example of a
generic utility DED.

SECTION 2.3.2 - MUL TICRITERIA PERFORMANCE/PRODUCTIVITY
MEASUREMENT TECHNIQUE (MCP/PMT)

The multicriteria performance/productivity measurement technique is normally
used as an integral component of the normative productivity measurement methodology
(NPMM). NPMM is a tool used in designing, developing, and implementing productiv-
ity/performance measurement systems in a participative manner. The MCP/PMT is used
to aggregate unlike productivity measures using a utility scale for each productiv-
ity/performance indicator. The utility scale provides a common denominator for the
multifactor criteria. Figure 3 shows an example of a MCP/PMT worksheet.
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Sum to get Performance
Index= 455

Figure 3. An Example of a MCP/PMT Worksheet®

6 Sink, D. Scott, Productivi

Management: Pl

ning, Measuremen

Improvement. New York: John Wiley & Sons, Inc., 1985, p. 202.



The values for 0, 5, and 10 on the utility scale have special meaning. The level 0
represents the lowest level of productivity or performance possible for a specific produc-
tivity/performance indicator. The level 5 represents an acceptable level of productivity
or performance, and the level 10 represents the best possible level (excellence). The
actual utility curves are then determined based on the desired values for 0, 5, and 10 and
on a group consensus regarding the proper curve shape.

A list of productivity/performance indicators is generally identified through the
use of the nominal group technique (NGT) which is a participative, round robin, brain
storming technique. The list of productivity/performance indicators must then be ranked
based on their importance. The most important indicator is ranked as number one (1).

A more precise measurement of the importance of an indicator is its rating. The
rating value can range from 100 for the most important indicators to 1 for the least
important. If 0 were used, the indicator would not be considered at all. A productiv-
ity/performance indicator weighting is then calculated based on the given indicator’s rank
divided by the total for all of the productivity/performance indicator rankings.”

Productivity or performance for a specified period is calculated by entering the
values for the productivity/performance indicators for that period, determining the utility
value for each, multiplying by the productivity/performance indicator weighting values
to obtain a weighted value for each indicator, and then totaling the values. The totalled
value can then be compared on an aggregate scale to determine the overall productivity
or performance for the period.

SECTION 2.3.3 - TAILORING MCP/PMT

The same basic process described above was used in the development of the
utility decision evaluation display computer program with the following exceptions. For
the UDED, the emphasis is on performance rather than on productivity, thus for the
remainder of this paper, the phrase performance indicator will be used. =~ The curve fit
type is not controllable by the analyst. A second or first order least squares curve fit is
implemented by the computer program to determine the equation for each of the perfor-

7 Sink, D. Scott, Pr tivity M ement: Planning, Measuremen
Improvement. New York: John Wiley & Sons, Inc., 1985.
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mance indicator utility curves based on the values entered for the benchmarks of 0, 5,
and 10 on the utility scale. The utility values for the performance indicators are then
calculated for each of the alternatives from these equations.

ECTION 3.0 - THE UTILITY DECISION EV ATION DISPILAY
PROGRAM

ECTION 3.1 - GENERAL DESCRIPTION
The utility decision evaluation display computer program is written in the "C"
language. It is made up of six basic modules: DEDMAIN, PERF, ALT, CALC, REPORT, and
SETUP. Module names will appear in capital letters throughout this paper; structure
names will be in italics.

SECTION 3.2 - MODULE DESCRIPTIONS
DEDMAIN is the main module from which all of the other modules are accessed.
It sets up the main menu, and loads any existing data into PERF and ALT.

PERF is typically the first module into which data would be entered. This module
allows the analyst to add the performance indicator name, rank, rating, and
benchmark values (0, 5, 10) which are based on the tailoring of the MCP/PMT
process. The analyst can also edit, delete, or save the performance indicator
data.

ALT is the module where the data for the mutually exclusive alternatives is
entered. The analyst can add the alternative name, life-cycle cost, and the performance
indicator values for the given alternative. The analyst can also edit, delete, or save the
alternatives data.

CALC is the module where all of the calculations or conversions are performed.
The analyst has the option of allowing alternatives which do not meet all of the multi-
criteria requirements (utility curve value 5) to be processed through the utility conversion
to obtain a weighted score or to have those alternatives removed from consideration. The
CALC module calculates the weighting for each performance indicator, converts the
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values for each alternative's performance criteria into utility values, calculates a weighted
score for each performance indicator for each alternative, and finally calculates the
weighted index for each alternative. The module saves the calculation data
automatically.

REPORT is the module where the analyst can view on screen or print out the data
entered or the results of the calculations. The report types include: performance indica-
tors, alternatives, alternatives' utility values, and weighted score report.

The final module is SETUP. SETUP allows the analyst to enter the file name to be
used in the other modules. It also allows the user to define the type of LCC which will
be entered e.g., present equivalent worth (PEW) or annual equivalent worth (AEW).

There are numerous cross-checks between modules to verify data integrity. For
example, if a performance indicator is deleted after an alternative's data has been entered,
that same indicator values will be deleted out of the alternative's data.

For a more detailed description of actual program usage, please refer to Appendix
A, the User's Guide. For more information regarding the program code or data defini-
tions, please refer to Appendix B, the Programmer's Guide.

SECTION 3.3 - ADVANTAGES OF THE UDED COMPUTER PROGRAM

The advantages of using the utility DED program are: simplification of selection,
deterministic process, automatic evaluation of requirements criteria, and built in sensitiv-
ity or "what if" capability. Making a selection of an alternative from a standard DED is
usually not a simple process of picking the alternative with the highest performance for
the lowest cost. Since the multifactor criteria are reduced to a single utility value in the
UDED program, the analyst can at a glance evaluate cost versus performance.

The basic DED does not allow the analyst to formally rank the importance of the
performance indicators nor provide a weighting factor. Thus, the analyst must make a
more subjective assessment of the cost of an alternative versus its perceived performance.
For the UDED, in cases where the weighted indexes are close or where there is a large

difference in two alternatives e.g., low cost and minimal performance versus high cost



12

and high performance, the individual weighted scores for the alternatives can be com-
pared to obtain a more precise understanding of the driving factors. This allows the
analyst to make a more informed decision.

The analyst must often tradeoff cost against non-cost criteria such as mean time
between failures (MTBF), availability, speed, weight, or mean time to repair (MTTR).
This tradeoff analysis may involve reevaluating program baseline and derived require-
ment limits, the perceived importance of a multifactor criterion, or the cost limitations to
be imposed. The UDED program allows the analyst to perform sensitivity analyses on
the limits of the requirements and the ranking/rating of the performance indicators
simply by changing the data and re-running the calculations.

SECTION 3.4 - DISADVANTAGES OF THE UDED COMPUTER
PROGRAM

The disadvantages of using the Utility DED program are: some loss of insight
into individual performance indicator affects, loss of curve fit tailoring based on past
history, and defining performance indicator benchmark endpoints may be difficult (0,
10). While the utility/preference scale simplifies the final analysis of the DED, it also
has a tendency to mask the individual traits/impacts of the performance indicators. This
is especially true if the analyst chooses a moderate ranking for a performance indicator
since the weighting factor will further cloud that indicator's impact on the final weighted
score for each alternative.

One of the biggest program limitations is in the area of curve fitting. In some
cases, historical data may be available which the analyst would want to use in generating
the utility curve; however, the UDED program will not allow that data to be entered.
The analyst is basically constrained to straight lines or curves with a single inflection
point i.e., second order (x2) curves.

Initially, defining performance indicator benchmark endpoints seems to be
straightforward. Answering what is the worst level that is possible, and what is the best
level that can be achieved would seem to be easy. However, only an analyst with a
strong understanding of the individual multifactor criteria can make those judgments
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realistically. Fortunately, since there is a computer program involved, tweaking the best
and worst values does not require extensive time.

ECTION 3.5 - ENHANCEMENTS

Several enhancements to the basic UDED program are possible which would
expand its usefulness. The area with the greatest potential for improvement is the curve
fitting routine. Currently, at most, only a second order curve fit is allowed. Expanding
the curve fitting routine to include sine waves, exponentials, logarithms, and third or
higher order curves or allowing for piecewise curve fitting would provide the analyst
additional "what if" capabilities and could better reflect any historical data which might
be available.

Another place where enhancements could be beneficial would be in providing
graphical forms of the DED and UDED as well as showing the utility scale curve fits for
each performance indicator. Increasing the number of performance indicators and alter-
natives allowed would also be advantageous when using the program for a large project.

Allowing data to be imported or exported into/out of the program could allow the
user more flexibility. By allowing for the export of data, another program could be used
to provide a graph of the DED or UDED.

To enhance the "what if" capability of the UDED computer program, the ability
to change the filename and keep past data would be invaluable. The analyst would not
have to reenter data or as a minimum exit to DOS to copy the file to another name in
order to reuse it.

ECTION 3.6 - CONCLUSION
The utility decision evaluation display (UDED) program has several limitations
both conceptually and in implementation; however, the ability to perform "what if" eval-
uations and to reduce the multifactor criteria to a single value is a useful and useable tool.
The limitation in the curve fitting routine, the lack of graphical representations, and the
limited number of performance indicators and alternatives allowed can be overcome by
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enhancing the basic program. The conceptual limitations such as losing insight into how
a specific performance indicator affects the outcome must be recognized by the analyst.
The analyst can in turn perform sensitivity analyses to gain a firmer understanding of the
affect of a specific indicator, but this requires the analyst to have a broad understanding
of the interactions between the rating and the benchmarks selected.

This computer program like any other is only as good as the data entered and the
human analysis of the results provided. It enhances and, in some cases, simplifies the
decision making process which must be undertaken, but it cannot think nor evaluate data
the way a human would.
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APPENDIX A
UTILITY DECISION EVALUATION DISPLAY
COMPUTER PROGRAM
USER'S GUIDE

SECTION 1.0 - INTRODUCTION
The purpose of this user's guide is to provide a basic understanding of how to use the
utility decision evaluation display (UDED) program and to describe some of its limitations.

SECTION 1.1 - BACKGROUND

The decision evaluation display (DED - Figure A1) is a useful method for comparing
mutually exclusive alternatives based on their life-cycle cost (LCC) and other multifactor
criteria. The multifactor criteria can include mean time between failure (MTBF), speed,
weight, design to cost (DC), or any other parameter which provides needed information
about an alternative.’

There are several problems in using the standard DED: the inability to weight
criteria based on their importance and the non-deterministic process used in evaluating the
display. This program allows the user to weight the various multifactor criteria based on
their importance (ranking). It then uses a utility curve to translate the multifactor criteria
with differing units, e.g. pounds, miles per hour, seconds into a non-dimensional value found
on the utility or preference scale. These utility values are then weighted according to the
user's specifications and a total indicator is calculated for each alternative. Thus, a single
two-dimensional graph can be formed with LCC on the x-axis and the total indicator
(weighted utility value) on the y-axis (Figure A2).

The final choice of alternative must in some cases still be a subjective one based on
the evaluator's "gut feel." A judgement will need to be made on how much increased
"performance” is worth in increased LCC. However, the set of alternatives which must be
evaluated in this manner is reduced.

5 Blanchard, Benjamin S., and Wolter J. Fabrycky, Systems Engineering and Analysis. Englewood Cliffs,
N.J.: Prentice-Hall, Inc., 1981.
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1Pabrycky, Wolter J., and Benjamin S. Blanchard, Life-cycle Cost and Economic Analysis. Englewood Cliffs, N.J.:
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SECTION 1.2 - EQUIPMENT REQUIREMENTS/L OADING THE PROGRAM

In order to use the utility decision evaluation display (UDED) program, you will need
as a minimum an IBM PC compatible computer with 512k of memory and one 360k disk
drive. A monochrome monitor can be used although a color monitor is desirable.

The UDED program can be executed simply by typing in UDED at the DOS prompt
and hitting return.

SECTION 2.0 - PROGRAM CONFIGURATION

The UDED program is setup in six (6) basic modules. They are the main menu, multifactor
(performance) criteria, mutually exclusive alternatives, calculations, reports, and program
setup.

ECTION 2.1 - USER INTERFACES

SECTION 2.1.1 - MAIN MENU

The main menu which is shown in Figure A3 allows the user to select one of the
remaining five modules, quit the program, or get help. Selections can be made by pressing
the appropriate key (1-6) or by using the up or down arrow keys to reach the desired option
and pressing return.

The data drive and directory are displayed for the user's information in the lower
right hand comner.

SECTION 2.1.2 - POP UP MENU

The basic pop up menu shown in Figure A4 is common to the multifactor
(performance) criteria and the alternatives modules. The pop up menu is called by pressing
F2. The user then uses the up- or down- arrow keys to reach the desired selection and then
presses return. All four of the possible selections (ADD DATA, EDIT DATA, DELETE
DATA, SAVE CHANGES) are context sensitive for the particular module. In order to leave
the pop up menu, the user presses ESC.
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Alternatives
. Calculation

Reports

Setup

Quit

Figure A3. UDED Main Menu

Figure A4. Pop Up Menu






















































































































































































































































