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FOREWORD

The Operations Research Center at the Massachusetts Institute of
Technology is an interdepartmental activity devoted to graduate education
and research in the field of operations research. The work of the Center
is supported, in part, by govermment contracts and industrial grants-in-aid.
The work reported herein was supported (in part) by the Office of Naval
Research under Contract N00014-67-A-0204-0056.

Alan Sicherman is a research assistant and doctoral student at the
Operations Research Center at M.I.T.

ABSTRACT

This report presents a computer package designed to facilitate the
assessment and use of a decision maker's utility function for multiple
objectives. The nackage provides routines for (1) specifying the decision
maker's preferences over multiple criteria, (2) treating uncertainty in
the consequences resulting from a decision, (3) ranking alternative courses
of action in order of preference, and (4) studying the effects changes in
preferences or uncertainty estimates may have upon the ranking of aiterna-

tives. The routines are designed to be applicable in a variety of prob-
lem contexts.

The paper is organized as follows. The decision analysis approach
which provides the theorctical basis for the program is summarized. This
is followed by a description of existing methods for multiattribute utility
function assessment and use. Then the computer package is presented and
comparcd with the aforementioned methods. Applications of the package to

several problems are illustrated and areas for future improvement and re-
search are suggested.
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1. INTRODUCTION

Many decision-making problems are characterized by two

sources of complexity. First, there are multiple objectives

.on the basis of which the decision should be made. In w2igh-

ing alternative actions, the decision maker must ccnsider the
tradeoffs between the degree of achievement in one objective
and the degree of achievement in others. Second, there is
often uncertaintv about the consequences which wiil result
from any particular action.

Because of these complexities, there is a need for a
formal approach to help in evaiuating alternatives. Decision
analysis is an appic2ch wha.i: explicitlv addresses the multi-
ple objective and uncertaihiy issues. The theoretical basis
for this is well established. However, many practical prob-
lems arise when one tries to apply decision analysis in parti-
cular situations. This thesis deccribes a computer package

for overcoming some of these difficulties.

1.1 The Decision Analysis Approach

Raiffa [14] discusses ~ne philosophy and techniques of
decision analysis in detail. We can think of the decision
analysis approach as consisting of four steps:

l. structuring the problem,

2. quantifying the uncertainties involved,

e e b B Rl S A 22 e s i
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3. quantifying the decision maker's preferences, and

4. combining the first three steps to evaluate the

alternatives.

Structuring includes identifying the decision maker and
the problem objectives. Measures of effectiveness (attributes)
indicati- 3 the Jegree to which each objective is achieved are
also fo: wlated. Let us designate our set of attributes as Xl,
Xgreeers and use x; to indicate a specific amount of attribute
xi. For example, Xl may be profit in 1975 measured in thou-
sands of dollars and X, may be 188. A conseguence will be
denoted by x = (x,,X,,...,X ) and indicates the level x. of
each attribute which results given that consequence.

Quantifying uncertainties involves describing the

uncertainty in the possible consequences of any alternctive.
For each alternative Aj' a probability distribution p. (x)
indicating which consequences might occur and their likelihood
of occurrence is required. The pj may be derived by means of
some analytical or simulation model or by subjective assess-

ments.

Quantifying preferences mezns assessing the decision

maker's utility function u(x) = u(x,,X,,...,x ) which assigns
a number to each of the possible consequences. This function
is called a multiattribute utility function and will be
referred to by the mnemonic MUF. A MUF has two properties
which make it useful in addressing the issues of uncertainty

and trad:coffs between objectives. These properties are:

el
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1. u(x') > u(x") if and only if x' is preferred to x"
and

2. in situations with uncertainty, the expected value
of u is the appropriate guide for making decisions,
i.e., the alternative with the highest expected
value is the most preferred.

This second property follows from the axioms of ration-

al behavior postulated first in von Neumann and Morgenstern([l8].

Evaluiting alternatives involves calculating the

expected utility for each of the alternatives using the Dy and

u from the previous steps. Various parameters of the probabi-
lity distributions and the utility function can be varied to
see how these affect the expected utility of the alternatives,

i.e., how "sensitive" the results are to changes in the para-

meters.

1.2 Statement of the Problem

A major practical problem arises when one tries to
obtain a MUF that is. "tractable" yet appropriate for a parti-
cular situation. The general approach has been to postulate
assumptions about the decision maker's preferences and derive
the restrictions they place on the functicnal form for u. Then,
for any specific¢ problem, the adequacy of the assumptions must
be verified and the parameters for the utility function
assessed and checked for internal consistency. Ideally, the

functional form of the MUF would have the following properties:
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l. be general enough to apply to many real problems,

2. require a minimal number of assessment questicns
to be asked of the decision maker,

3. require assessments which are reasonable for a
decision maker to consider, and

4. be easy to use in evaluating alternatives and
conducting sensitivity analysis with respect to
various parameters.

Even with a convenient functional form for the MUF,

the nature and magnitude of a2 problem can make the assessment,

bookkeeping, and use of quantitative preference informaticn a

formidable task. The computer package described in this
thesis is designed to handle this task for a variety of prob-

lem contexts.

1.3 Organization of the Thesis

Chapter 2 sﬁmmarizes the theoretical development of
the functional forms for MUF's upon which the computer package
is based. Chapter 5 discusses exi.ting methods for assessing
and using MUF's and their difficulties. Chapter 4 describes
the computer package and the manner in which it alleviates the
difficulties mentioned in Chapter 3. Chapter 5 presc-:s
several applications of the package to different proktlems
illustrating the use of the various package routines. Chapter

6 discusses suggestions for improving the package and for

it el s et e A A
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future research. Chapter 7 contains a summary and conclusions
of the thesis.

Five appendices contain detailed information corncerning
understanding and use of the computer package. Appendix A is
a coniise summary of the package commnands. Appendix B is a
listing of the program. Appendix C describes some of the algo-
rithms used in several of the package routines. Appendix D
contains a discussion of the overall program design. Appendix
E explores the tradeoff properties among the attributes implied
by the functional forms used for the multiattribute utility
function. It serves to explain the design and use of some of

the package routines.

o Lk A s WM £ At .
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2. THE ADDITIVE AND MULTIPLICATIVE UTILITY FUNCTIONS

This chapter states the conditions which imply that a
MUF is either additive or multiplicative. None of the condi-
tions require the decision maker to consider preference trade-
offs between more than two attributes simultaneously or to
consider lotteries (specifying various x and the probabilities
of receiving them) with the level of more than one attribute
being varied. Furthermore, the assessments needed to specify
an n-attribute utility functicn are n single-attribute utility
funcﬁions and n scaling constants. Some properties of these
forms are discussed as well as thelr applicability to differeat

classes of problems.

2.1 The Basic Assumptions

The two basic assumptions which we use for both addi-
tive and multiplicative utility functions are referred to as
preferential independence and vtility independence. These are
defined as follows:

Preferential Independence: The pair of attributes

(xl,xz) is preferentially independent of the other attributes
(x3,...,xn) if preferences among (xl,xz) pairs given that
(x3,....xn) are held fixed, do not depend on the level where
(x3,...,xn) are fixed.

Preferential independence implies that the tradeoffs

between attributes xl and X, do not depend on x3,...,xn.

2
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Utility Independence: The attribute Xl is utility

independent of the other attributes (xz,...,xn) if preferences

among lotteries over X1 (i.e., lotteries with uncertainty

about the level of Xy only) given x2""'xn are fixed, do not

depend on the level where those attributes are fixed.

The main result can now be stated.

Theorem 1.

or

where

¥or n > 3, if for some Xi, (xi'xj) is pre-
ferentially independent of the other attri-
butes for a1l j # i and Xy is utility
independent of all the other attributes,

then either

n
u(x) =2

& kiui(xi) ' (1)

n
l+ ku(x) =1

. {1+ kkiui(xi)] ' (2)

1

(i) u and u, are utility functions scaled from zero

to one,

(ii) the ki's are scaling constants with 0 < ki <1,

and

(iii) k > -1 is a non-zero scaling constant satisfying

the equation

n
1+k=1 (1+kk.) . (3)
i=1 1




-16-
The proof of this result is found in Keeney [9]. Alternative

sets of assumptions leading to either form (1) or (2) are

found in Fishburn [3], Pollak {12], and Meyer [l11]. The func-

tional form (1) is referred to as the additive utility function
and (2) is the multiplicative utility function. For the case

of two attributes, the following is proved in Keeney (7 ]:

Theorem 2. For n = 2, if xl is utility independent of

X, and Xz is utility independent of Xl, then the

utility function u(xl,xz) is either additive or multi-

plicative.

Using either (1) or (2), if k. = 1, the utility function

i
o 1

is additive, and if ki # 1, it is multiplicative. When
i=1

NS

i

n n
X ki >1, then 1 < k < 0, and when . k. < 1, then
i=1 i=1 1

0 < k < ®». To use either the additive or multiplicative form,
we need to obtain exactly the same information. We have to
assess the n single-attribute utility funct_.ons ui(xi) and the

n scaling constants ki.

2.2 Nesting Utility Functions

The results concerning the functional forms above are

valid regardless of whether the xi's are scalar attributes or
vector attributes. This means that the xi's can be either
scalars or vectors. In the former case, the component utility
function u, is a uniattribute utility function, whereas in the

latter case, u, is itself a multiattribute utility function.

W
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3 . If xi is a vector attribute, it is possible, subject to satis-

WERT e

fying the requisite assummtions, to use Theorems 1 and 2 con-
cerning u; . In such a case, we will say uy is a nested MUF.
That is, u; is a MUF nested within the MUF u. Our interest in
nesting utility functions will become more appa:eat in the dis-

cussion concerning the applicability of the functional forms.

2.3 Applicability of the Functional Forms

In terms of the required assessments, the additive and
multiplicative utility functions appear to be the practical
i ones:for say n > 4. Discussions on this and the reasonableness
; .. of the assumptions can be found in Keeney {9 ]. Ever when the
requisite assumptions do not precisely held, it may be a good
approximation to assume they do. Furthermore, by nesting one
MUF inside another, additional flexibility in the preference
structure can be achieved.

The effect of nesting multiplicative forms is to
create an extra degree of freedom in the problem:-by having an
extra independent constant. Without nesting, the number of
independent scaling constants is equal to the number of single
attributes. However, suppose u is a MUF nested within u and
1 that u, has three single attributes. Then one would need n
scaling constants for the "outer MUF" and three for the "inner

E - MUF" for a total of n + 3, even though there are only n + 2

single attributes, X,,...,X _, and the three single attributes

in u. The degree of freedom afforded by the extra parameter
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vermits tradeoffs between two attributes to be dependent on a
third. Specifically, tradeoffs between any of the single
attributes in u and those not in U, depend upon the levels of
the other single attributes i . This is discussed in detail
in Appendix E.

Jsing varicus nesting schemes, enough extra constants
could be provided to mecdel situations in which tradeoffs bet-
ween many pairs of attributes depend on the level of other
attributes. That is to say, situations in which the preferen-
tial independence assumption does not hold for all the single
attributes can still be modeled using nesting.

In cese of utility independence violations, the parti-
cular problem may be far mcre sensitive to the scaling con-
stants or tradeoffs among the attributes than to the condi-
tional single-attribute utility function variations. Thus,
even in these cases, the additive or multiplicative form may
provide an adeguate model for the problem.

In summary, the additive and multipli-ative utility
functions are simple enocugh to be tractable and yet, especially
with nesting, robust enough to adequately quantify preferences
for many problems. In practice, however, assessing and using

such MUF's is "easier said than done."
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3. DIFFICULTIES WITH EXISTING METHCDS FOR ASSESSMENT AND USE

In this chapter, existing methods for assessing and
using MJF's are discussed. Difficulties encountered with these
methods include:

(1) the necessity to ask "extreme value" questions to

keup the computational requirements for specifying
a utility function to a manageaple level,

(2) the tedium of calculating compcnent utility func-
tions and scaling constants even in this case,

(3) the lack of immediate feedback to the decision
maker of the implication of his preferences,

(4) the absence of convenient procedures fcr "updat-
ing" the decision maker's preferer.:s and
conducting sensitivity analysis.

In all that follows, we will assume that the assump-

tions implying that.the MUF is either additive or multiplica-
tive hold. The discussion is developed in terms of the steps

customarily followed in assessing and using a MUF.

3.1 Specifying the Preference Functions over the Single

Attributes

Techniques for assessing single-attribute utility
functions have become fairly standard (Raiffa [14]), and
sophisticated computer programs have been developed for

fitting single-attribute utility functions (Schlaifer [16]).
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Such programs provide quick feedback which assists the decision
maker in checking if his assessments and their implications
aprcar reasonable. There is difficulty in using these proyrams
for multiattribute utility applications, since at present, they
do not exist in conjunction with a multiattribute utility

assessment package.

3.2 Assessing the Tradeoffs among Attributes

The issue of tradeoffs among the attributes is add-
ressed by assessing the ki's in the utility functions (1) or
(2). In theory, the general method for doing this is very
simple. If there are n attributes, we want to assess the n
unknown ki's by creating n independent equations with the n
unknowns and solving. An equation is created by (i) having
the decision maker indicate two options, where an option is
either a corsequence or a lottery, between which he is indif-
ferent, and (ii) equating the expected utility of these options
using either (1) or (2). For instance, if the decision maker
finds x' and x" indifferent, then u(x') = u(x") provides one
equation with at most n unknowns.

Because of the difficuisty and tedium in manually zolv-
ing n equations (which are not necessarily linear) with n
unknowns, current practice in assessing the ki's usually
requires sets of equations which are simple to solve. This

basically limits the assessment questions to two types. To

IR SRR o -
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indicate these, let us define x* = (X *s%,*, ... ,x *) and

x1° = (xl°,x2°,...,xn°) as the most desirable and least desir-
able consequences. Then, because of the scaling conventions

given in Theorems 1 and 2,

u(x*) =1 , u(x®°) =0 , (4)

and

ui!xi*) =1 , ui(xi°) =0 , i=1,2,...,n . (5)

Question I. For what probability p are you indifferent bet-

ween
(1) the lottery giving a p chance at x* and 1l-p charce
at x°, and

(ii) the consequence (x° .

If we define the decision maker's answer as Py then vusing
(4), the expectecd utility of the lottery is Py and usina
either (1) or (2), the utility of the consequence is ki.

Equating the expected utilities, we find

ki = py (6)

The second type of question is illustrzted hy

Question II. Select a level of Xi0 call it X' and a level
of xj, call it xj', such that, for any fixed levels of all
the other attributes, you are indifferent between

(i) a consequence yielding xi' and xj° together, and

(ii) a consequence yielding xj’ and xi° together.

[ * -] L]
1ree e X e XF X e aX ).
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Using (5) and either the multiplicative or additive utility

function, the utilities of these two indifferent consequences

can be equated to yield
; ' = 1 y
: kiui(xi ) kjuj(xj ) (7)

and uj are

j(xj) are easily found, so (7) is

a simple linear equation expressing the relationship between

ki and kj.

Once the single-attribute utility functions uy

] assessed, both ui(xi) and u

k A major shortcoming of questions of both types is the

use. of the extreme levels of the attributes, that is the xl*'s

and xi°'s. ~ince the range from Ai° to xi* must cover all the

possiuie xi's, the implications of, and h:'nce preferences for,

B Ty v g

the extreme levels are usually very difficult for a decision

maker to consider. A further difficulty with Question I is

the fact that the effect due to varying all n attributes simul-

T R RS TS

taneously in a lottery must be considered.

Hence, for ccmputa-

: tional ease, we must force the decision maker to .respond to

questions much more difficult to evaluate than would be

1 theoretically necessary.

A common practice in assessing the ki's would be to use
|

a question I to evaluate the largest ki' and then use type II

guestions to evaluate the magnitude of the other k.'s relative

% to the largest k;. Once we have the k,'s, the additive form

y—

holds if they sum to one. Otherwise, the ki's are suostituted

into (3) to evaluate the k for the multiplicative form. This

e i Camn m”m_—-f“—J
Jravecen \ = il
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last task in itself can be difficult using only a calculator.

3.3 Evaluating Alternatives and Sensitivity Analysis

Manual calculations are clearly impractical for evalu-
ating alterﬁatives. With uncertainty, we need to evaluate the
expected value of u using the probability distribution describ-
ing the possible consequences. Even with probabilistic inde-
pendence among the xi's. the computational task is large. It
is alsc clear that sophisticated sensitivity analyses are out
of the question without major computatinnal help.

On the other hand, it is a large requirement to develop
a special computer program to accommodate a particular problem.
Such programminy is ofter inflexible because of the special
problem nature for which it is done. For instance, it would
be difficult to add more attributes, to try different "nesting"
schemes, or explore the preference structure for "hints" of

creative new alternatives to generate.

3.4 Summary of Existing Methods and Their Difficulties

Current methods for assessing and using MUF's require

asking very difficult assessment questions, yield little feed-
back once given the responses requested and are tedious to
implement computationally. These drawbacks can often result
in abandoning the decision theoretic approach in favor of less
expliéit and theovretically well-established but more expedient

methods for dealing with specific problems. The computer
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package to be described in the next chapter is designed to

remedy some of rchese drawbacks.
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4. THE COMPUTER PACKAGE

This chapter desrribes the major features of a computer
package designed to alleviate some of the shortcomings with
existing methods for assessing and using multiattribute utility
functions. The package is referred to by the mnemonic MUFCAP
standing for "multiattribuce utility function calculation and
assessment package.” Steps customarily followed in obtaining
and using a MUF are presented with a description of the MUFCAP
commands appropriate in performing the particular step. Com-
mand usage is illustrated in Chapter 5. A concise summary of
these commands is in Appendix A and the program listing is in

Appendix B.

4.1 Commands to Structure the Utility Function

Structuring a utility function consists of specifying
a functional form,‘its attributes, and the ranges for each of
the attributes. MUFCAP has several commands for'structuring
a preference function. The INPUT command requests a name for
the utility function and asks for the number of attributes
which are arguments of this function. The package then
requests a name, and a range for scalar attributes. The range
consists of two numobers which bound the amounts to be consi-
dered'for each attribute. To specify a vector attribute, one

inputs a range with one bounc equal to the other bound such
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as 0,0. MUFCAP recognizes this as a signal for a vector attri-
bute and notes that the u, associated with that attribute is a
nested MUF. The package then requests the number of attributes
which are arguments of this nested MUF. For each of these, a
name and range is solicited. Further levels of nesting could
be specified if desired and the information requested would be
analogous to the material above. After a nested MUF is com-
pletely specified, the program returns to ask for the names

and ranges for whatever attributes have not yet been covered

in the outer MUF. When all the attributes have been -input,

the structure is complete and MUFCAP requests a new command
from the user.

The INPUT command provides for all the bookkeeping
which will be necessary for information to follow. Each ki
and uy (including those in a nested MUF), can be assessed
using the name of the attribute with which it is associated.
The INPUT command is quite flexible in having no logical limit
to the degree of nesting allowed.

In addition to INPUT, the package has commands for
adding or deleting attributes to or from the utility function.
It also has a command to facilitate "regrouping" of the attri-
butes into various "sub-MUF's." 1In this way, a model fcr a
problem can be conveniently altered in terms of different

nesting schemes.
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4.2 Commands to Specify the Single Attribute Utility
Zunctions

The next step in assessing a MUF involves specifying
the ui's for the single attributes. As noted in Section 3.1,
sophisticated computer programs do exist for assessing single
(scalar) attribute utility functions. One could incorporate
these into MUFCAP. However, for simplicity, several less
sophisticated routines for assessing unidimensional utility
functions (referred to as UNIF's) were developed.

MUFCAP has a command UNISET for c:.ecifying any of
three UNIF types; linear, exponential, and piecewise linear.
Pratt [13]) considers the implications of these forms. The
linear utility function implies risk neutrality. This form
requires nc more information than the range of the attribute.
The.exponential form implies constant risk aversion or con-
stant risk proneness. It requires the specification of a
certainty equivalent for a single lottery. Given this, the
exponential form is fitted and scaled automatica}ly by the
program. The piecewise linear utility function is specified
by providing the abscissa and ordinate values for n points
(3 < n < 15) of the utility function. This form can be used
for non-monotonic or S-shaped utility functions. These three
types provide the user with the means of specifying a UNIF
appropriate for many situations. More forms can easily be

added to the package in the future.

I P g N
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MUFCAP also has commano. which enable a user to quickly
display the assessed UNIF for purposes of checking its appro-
priateness. The command UNICAL calculates the utility for one

Oor a series of attribute levels. INVERSE calculates the attri-

bute level corresponding to a given utility value. LOTTERY
evaluates the certainty equivalent for any lottery with n con-
sequences and their associated probabilities over that attri-
bute, where 2 < n < 15,

To summarize, MUFCAP has commands to conveniently set
those ui's which are UNIF's and to display them for feedback

purposes to check on their reasonableness.

4.3 Commands to Specify the Scaling Constants

Using the attribute names as identifiers, MUFCAP
allows the user to set the scaling constants in the MUF corres-
ponding to each attribute. If Xi is a vector attribute, the
] u; associated with it is a MUF with its own internal scaling
l constants. By referring to the name of this vector attribute,
the user can specify the internal scaling constants for the
associated nested MUF. When all the ki's for a particular
MUF have been set, the Program automatically calculates the
corresponding k using (3).
Once the ui's have been evaluated, the package has .

several commands useful for assessing the ki's in any parti-

cular MUF. The command INDIF?2 takes as input two pairs of

B e an o e el Fa e T
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two indifference consequences each. These consequences can
vary only in terms of the two attributes whose ki's are the
object of assessment. Then, using (2), the program computes

the relc.cive ki's (i.e., the ratio k_i/ki for attributes i and

j) implied by the indifference pairs. With INDIF2, the user

Sl ot it

is not limited to choosing consequences which have one attri-

bute at a least desirable level in order to determine the

astle g

relative ki's.

Once we know the relative ki's, we can assign ki's in
: (2) py arbitrarily setting one k; to a fixed value and the
others in terms of the fixed ki' The command INDIF1l can then
| be used. It takes as input a single pair of indifference con-
sequences and computes the k, and the magnitude of the ki's
P implied by that pair and the currently assigned ki's. It does
this by computing the factor by which the currently assigned
, ki's need to be multiplied to be consistent with the indif-
ference pair just given. MUFCAP provides a routine which
allows the user to multiply the currently assigned ki's for
E any MUF by any factor thus resetting them. In this way,
INDIF]1 enables the calculation of the magnitude of the ki's
using an indifference relation instead of a lottery over all
the attributes at once. For consistency checks, a new indif-

ference pair of consequences can be input using INDIF1l, which

then computes the factor described above. If this factor is

close to 1, the indifference pair is consistent with the cur-

rently assigned scaling factors.
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Once the ki's for a MUF have been assigned, an indif-
ference curve (see Appendix E) over any two attributes in that
MUF can be calculated with the command IMAP. IMAP permits a
user to get immediate feedback on the tradeoff implications of
the ki's or indifference pairs which he has specified. He can
quickly see if the points "claimed" to be indifferent really
appear so to him. If not, the ki's can be changed or other
indifference pairs solicited until they represent more accu-
rately the user's preferences for tradeoffs between those
attributes. If desired, IMAP can be used in conjunction with
INDIF2 and other commands to produce indifference curves over
two attributes before all the other ki's have been assessed.

This is discussed in Chapter 6 and Appendix E.

4.4 Commands for Evaluating Alternatives and Sensitivity

Analysis

Once the ui's and ki's have been set, the utility

function is completely specified and can be used to evaluate
alternatives. MUFCAP has commands for specifyiné two kinds
of alternatives; certain and uncertain. For certain alter-
natives, which are simply consequences, uniattribute amounts
are solicited until the alternative is completely described.
For uncertain alternatives, at present, MUFCAP assumes proba-
bilistic independence and requests a probability distribution
function for each scalar attribute. The probability distri-

bution function currently used is a piecewise linear

i
i
i
}
i
i
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approximation to the cumulative probability distribution for
xi. The user supplies n abscissa-ordinate pairs, where

2 <n <9 to specify the cunulative distribution. The cumula-
tive distribution was chosen rather than the probability den-
sity function because the fractile method of assessing probabi-
lities (see Schlaifer [15]) yields points of the cumulative
distribution Other forms of probability distributions such

as the Gaussian as well as probabilistic dependencies could

be added to the package in the future.

The specified alternatives are given names by the
user. With these names, the user may add, change or delete
alternatives. He may also choose the ones which are to be
evaluated by listing their names with the appropriate commands
about to be described.

The command EVAL is used to evaluate (i.e., compute thLe
expected utility) for any alternative or group of alternatives.
EVAL can compute the expected utility for the overall utility
function or for the utility function associated with any par-
ticular attribute. In the latter case, attribute levels in an
alternative which are not arguments of the particular utility
function are ignored. Typically, EVAL can be used to evaluate
alternatives for the current multiattribute model. Parameters
such as the scaling constants or probability distributions can
then be changed and the alternativcs evaluated again. 1In this

way, we can see how sensitive the rankings are to changes in
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certain parameters. In a group decision-making context, dif-
ferent utility functions and probability estimates of group
members can be used to evaluate and rank the alternatives.
This might help clarify differences of opinion and suggest
certain creative compromises or areas where more precise pro-
bability estimates may be needed.

The command GRAD evaluates the gradient of a utility
function at any number of specified alternatives. The gradient
is defined as the vector (412_. QU _s.c.r _OU

axl ax2 axn

the direction of steepest increase in the utility function at

) and indicates

a specified point. The gradient component tells us which
attribute level changes would yield large incredses in utility.
This could be useful in generating improved alternatives to
the current one. Of course, one must keep in mind the scales
of the attributes in interpreting the gradient.

In addition to the gradient, GRAD also ccmoutes the
vector (—%%I, —gE;""’-{Ei;)' Each component represents the
rate of change of u with respect to a change in the utility u, -
These componenté reveal the attributes for which an increase
in its utility will yield the largest increase in u. The
advantage of calculating these quantities in addition to the
gradient components are (a) components can be calculated for
MUF's as well as UNIF's, and (b) the unit of measurement for a

uniattribute does not distort the magnitude of the component.

Thus in some cases,

33 might give a better picture of
i
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possible improved alternatives than -g&—. MUFCAP makes both
i

available.

T N R A I e v, w
[

Summarizing, EVAL permits the evaluation of alterna-

tives, and along with routines which alter parameters, provides

e

for sensitivity analysis. GRAD makes use of the analytical
formulation of the problem to calculate quantities useful in
i suggesting improved alternatives to the currently specified

ones.

E 4.5 General Command Format and Commands for Facilitating
: . - Use of the Package

: ‘ MUFCAP commands are designed to be concise and are for
3 . the most part no longer than three words. These words may
initiate a dialogue wh2n more information is necessary. The
inpﬁt format is free, i.e., words need not begin in a particu-
lar position on the page. For many commands, the user will be
prompted if he has left out a necessary word.

1 Mistyping causing invalid numbers on input is handled
automatically by the program and a correct number is requested.
Provision is made for the user to terminate a lengthy dialogue
by specifying the word QUIT for the next number to be input.

A new command can then be entered. 1In the future, a help
command could be easily implemented whic i would explain the

! ’ syntax of any other command, give definitions of terms used

x in the program and make suggestions concerning what kinds of

steps to perform in assessing and using the MUF.
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In addition to these features, MUFCAP has the facility
for saving the current status of the multiattribute utility
structure and the current alternatives in a file of the user's
choosing to be read in at a later time. This gives MUFCAP the
capability for filing away several different MUF models as well
as a large number of alternatives for the same problem. It
also allows the user to build up his model over many different
sessions ~t the terminal and restore any status he has saved
away with which he wishes to calculate at any particular time.

Another feature of MUFCAP is the supplying of default
settings when the INPUT command is used to structure the MUF
for the problem. After INPUT, the default for all MUF's is
the additive form, with all the ki's equal to each other, and
for. all UNIF's, it is the linear utility function. With these
defaults, the user is set to calculate immediately after input.
Thus feedback can begin right away without requiring the user
to completely specify everything first. Scaling constants and
utility functions can then be altered after observing some
feedback to refine the model for the problem.

Finally, MUFCAP provides commands to print out the
current status of the assessments. There are routines to dis-
play the ki's and k for any MUF, the range and type for any
scalar attribute utility function, the probability distribu-
tiun of any attribute for any alternative, the multiattribute

utility function structure (i.e., nesting) and the currently
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3 defined alternatives. Commands are also provided for easily .
i changing parameters such as individual ki's or the components §
| a
: of any alternative. |
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5. APPLICATION OF THE PROGRAM TO DIFFERENT PROBLEMS

This chapter presents several applications designed to }
|

show how MUFCAP can be used in Practice. Certain application

descriptions contain computer printouti illustrating the use of

various MUFCAP commands, Each set cf computer printout is

followed by a comments section which summarizes the pertinent

features illustrated by the printout. Reference to Appendix A

when reading the printout and comments is recommended.

5.1 A Simulated Application of MUFCAP:
Airport

The Mexico City

The Mexico City Airport problem concerned the decision
for developing the city's airport facilities in the most

"effective" manner in a multiobjective sense. The analysis

which was done is described in more detail in Keceney [8].
This problem was approached using the existing methods for MUF
assessment and utilized special computer programming to aid in

the calculations. This section pPresents what might have been

done if MUFCAP had been available then.

5.1.1 Attributes for the Problem

The Mexico City Airport problem was defined in terms

of the following attributes:

X

[11]

1 tctal cost in millions of pesos

X

]

2 the capacity in terms of the number of aircraft

& Lol 233 gy E g e
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operations per hour

x3 S access time to and from the airport in minutes

x4 £ number of people ceriously injured or killed per
aircraft accident

XS Z number of people displaced by airport develop-
ment

XG £ number of people subject to a high noise level;

(i.e., 90 CNR or more)
To incorporate time effects of building the airport, attri-
butes were defined using present values or averages where
appropriate. The capacity attribute xz had to be made a func-
tion of capacity for 1975, capacity for 1985, and capacity for

1995, and thus it was a vector attribute.

5.1.2 Summary of the Method Used in the Problem

After verifying assumptions concerning preferential
and utility indeperdence and ascertaining the appropriateness
of the multiplicative model, assessments were begun. First,
the fractile method was used to obtain probabiliéy distribu-
tions for all of the alternatives under consideration. Pro-
babilistic independence was assumed to simplify calculations.
Then uniattribute utility functions were assessed for aitl
eight scalar attributes. The ki's were assessed using the
lottery over all the attributes iliustrated by Question I in
Section 3.2 for bot* th= overall MUF and nes‘ed capacity MUF.

Consistency checks on the relative ki's involving tradeoffs

= = s o s bt




’

} o s

r"‘lv,u S

-38-

of two attcibutes at a time (see Question II, Section 3.2)
were also employed. Special computer programs and graphic
displays were developed for evaluating alternatives and sen-
sitivity analysis. For sensitivity analysis, the program
allowed changes in (a) the endpocints for the fractile cumula-
tive pro!ability distributions and (b) in the scaling factors
ki. Tr.e shapes of the utility functions or the cumulative
probability distributions could not be changed without pro-

gramming adjustments.

5.1.3 A MUFCAP Approach to the Mexico City Problem

The MUFCAP approach would follow the existing methods
scheme in making and verifying the preferential independence
and utility independence assumptions. The INPUT command would
structure the multiplicative function giving names such as
"cost" and "access" to the various attributes along with
ranges for the attribute amounts. Capacity would be put in
as a nested MUF.

Alternatives would be specified by inputting the nine-
point assessed fractile distribution for each uniattribute of
a particular alternative. Utility functions for single attri-
butes would be specified using any of the three forms avai.-
able in MUFCAP.

Assessment of the ki's could be accomplished without
depending upon the supplying of the prokability for a lottery

over all the attributes as waz done. Pairs of indifference

e i bt e
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points for two attributes would be fed into MUFCAP to imme-
diately produce indifference curves for examination and veri-
fication by the decision maker. 1In this way, the relative
3 ki's would be established with the aid of feedback. The mag-
nitude of the ki's could be established using INDIF1l (see
Section 4.3), so a lottery over all the attributes could be
avoided for this purpose. A good consistency check would be
provided by comparing the magnitude of the ki's implied by
each method. Using MUFCAP, all of the initial assessments
3 could be made and stored for later use. The assessments would
é . have been made with the aid of immediate feedback and with no
need for very difficult lottery questions.

After the initial assessments, alternative evaluations
and sensitivity analysis could be performed immediately with

no nced for special programming. Fractile distributions and

\ utility function shapes could also be altered without program-
ming adjustments. .The different assessments of various
individuals and groups could have been filed away for later
reference using MUFCAP's filing capability.

In addition, other possibilities could have been
explored with a minimum of extra effort. New attributes such
as air poliution and political effects could be added into the
analysis with no special programming. The gradient calcula-
tion capability may have been used to support other alterna-

tives for exploration and development. If the preferential
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independence of some attributes are questioned, different

nesting schemes could be tried to see if the ranking of the

alternatives would be affected. Thus MUFCAP could have pro-

vided the analysis that was performed with no special program-

ming and might have been used to explore variations of more

parameters, other multiattribute nesting schemes, and addi-

tions of new attributes.

T T g w—
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5.1.4 Mexico City Airport Illustrations

loson alan size(391) nono
ENTER PASSHORD FOR ALAl-

M20225.11940 ACCOUIT ErNS ARE LOW. SEE USER ARCAUNTS,

ALAN LNGON 111 PROAPESS AT 10:33:40 04 APRIL 29, 1975
NN BROADCAST MESSAGES
READY

allocate file(mexico) dataset{mexico)
READY

call mufcap
TEMPUANE ASSUNMED AS A MEMBER ANE

COMHAIID VORD AND FILE MAMES MUST BE 1! CAPS .
COMMAD?

Illustration 1

READ MEXICO
COMMAND? ¢ DEBHG

STRUCTURE FOR maxico

cost N, L8N

4L.0000NF+ N3 5.00000E+N2
capacity n.60n

cap?5 n.300

5.000n0c+01 _ 1.399700FE+02
cap85 n,s5n01

8.00090E+91 2.0000NE+02
cap9s N.400

1.00000F+N2 2.,5000NE+02
access ' 0.100 :
9.00000E+11 1.20000E+01
safety 1.350

1.000NNF+13 1.00000E+09
displacement 0.130

2.50000F+5 2.50097F+93
nolise N.180

1.50900E+n03 2.000N0E+90

COMMALIN?
Illustration 2

~ O O = = s
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DISPLAY mexico

LISTING nF k EACTORS

cost N.430

capacity n.AON

AcCcess 2.101

safety N.35n0
displacement N.181

noise N.130

BIGK= =0,377 sun g = 1.899
COMMAND? & DISPLAY capacity
LISTI!NG OF K FACTORS

cap?5s 0.300

capils 0.500

capis 0.400

BIGK= -0.453 sSmm k's = 1.200

COIXAAND? : DISPLAY access

RANGE : 90.000 12,909
UTYPE IS CONSTANT RISK U(X)=B(1-EXP(-CX))

B= 1.439 C= 1.183 VARIABLE NORMAL |ZED
RICK AVERSE
COMMAND?

Illustration 3

UNISET access CR

INPUT ANY 50-50 LOTTERY In THE FoBM OF C.E.,Q1 % n2,
62 12 91 '
COMMAND? : UHICAL access

u( 90.0090)= n.onn

u( 74.400) = n.30y

U 58.5800)= 0.5414

3¢ 43.200)= 0.733

U( 27.600)= n.282

u( 12,0090)= 1.00n

COMMAND? : INYERSE access 2

.25 .75
77.463=10V(  0.250)

4).617=11v( 0.750)
COMMAIID?

Illustration 4

PLEASFK
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LOTTERY access 3
LOTTERY ENDPTS. PLEASE?
;0 4o 60
CORRESP. PROPABILITIES PLEASE?
33 b3

CE FOR LOTVERY=
COMMAND?

41.816

Illustration 5

ALTLIST
allone ellthalf a3
cost 500.00n0 2250,9010
cap’5 130,.nnn gn.nnn
_cap85s 200.000 143,911
cap9s 250,000 175.000
access 12,0010 51.0Nn
safety 1.090 500.509
displaceme 2500,90n 126259.0n9 25
nolse 2.900 751.099

"CERT EQUIV. TABLE FNR PROR ALTERN
NO PRNB, ALTERN.
COMMAND?

Illustration 6

EVAL mexico

allone 1.000
allhalf 0.841
al’ 0.855
COMMAND? : EVAL mexico allhalf
allhalf N.841
COMMAND? ¢ EVAL capacity
allone 0.9913
allhaif N.805
a3 1.999
COMMANIN? ¢ EVAL access
allone 1.n00
allhalf n.ARLY
a3 1.n00

COMMAND?
Illustration 7

500.000
130,000
230,000
250.009
12.090
1090.,199
1090.090
159n0.010

e e e e e e e
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KSET mexico ADD

RIGK= n.nnn
COMMAND? : DiSPLAY mexico

LISTING 0% K FACTORS

cost n.254
capacity n.317
access 9,053
safety n.185
displacement N.Nn98§
nolse n,ngs
BIGK= 0.N00 S K'S = 1.000
COMMA'ID? : EYAL mexico
allone 1.700
allhalf N.679
f a3 0.624
1 COMIAND?

Illustration 8

1 READ MEXICO
; COMMAND? : ADDALT all-fourth .25

1 ALTERNATIVE all-fourth SPECIFE,
COMMAND? : EVAL mexico all-fourth
ali-fourth n.G1l6

COMMANN? : NROPALT all-~fourth
COMMALID?

Illustration 9

INDIF1 safety cost

INPUT AN INDIFCERENCE PAIR PLEASE

800 1099 309 2500

IMPLIED NE!I K*S EACTOR(S) 2.370 ( 4.721)
IMPLIED MNEY 316GK= -0,.359
COMMAND?

Illustration 10

Lo e e e
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INDIF2 saf=ty cost
INPUT 2 INDIFFERENCE PAIRS PILEASE

819 1900 309 2500
+:290 3500 750 2590

BIGK= =0,267/K(safety )

INDIF PAIR YIELDS (HIFO ABOUT REL K'S

REL K CHECK. CURPRENT RATIO cost TN safety= 1.571
IMPLIED RATIO = 1.397

COMIAND?

Illustration 11

IMAP safety cost
INPUT IHDIF PT. THROUGH MICH CURYE WILL PASS: 500 2500
INPUT NUMBER OF PTS. FOR MAP: 5
INPUT safety VALUES FOR AP

300 400 500 6NN 70N

INPIFFERENCE °TS

( 300.000, 2922,539)

( 400,000, 2715.855)

( 500,000, 250n,1N2)

( 500.000, 2272.636)

( 700.000, 2n30,779)

UTIL FOR CURVE 'ITH NTHFER ATTR. AT 0 o.bbklb
coMmaMn?

Illustration 12

INTERBK mexico

capacity BIGK= =0.453 INTERBK= -0,526
COMIMAND? ¢

Illustration 13
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5.1.5 Comments on Mexico City Airport Illustrations

Illustration 1

The user logs in, sets up a data file which will be

used and invokes MUFCAP.

Illustration 2

The status of preferences and alternative specifica-
tions in the £ile MEXICO is read in. The multiattribute

utility function structure is displayed.

Illustration 3

Characteristics of MUF's and UNIF's associated with
various attribute names are displayed. Mexico and capacity

have associated MUF's while access has an associated UNIF.

Illustration 4

An example of setting a UNIF is shown. The UNIF for
access is assumed to be of the constant risk type. The UNIF
is fitted in response to the 50-50 lottery certainty equiva-
lent request. UNICAL tabulates the UNIF for various amounts
of access. INVERSE tabulates the amounts of access having
certain utility values. The amount of access having utility
=,25 should correspond to the certainty equivalent for the
50-50 lottery between the amount of access havira utility =.5
and tlat having utility = 0. A check with Keeney [ 8] shows

that the fit for access appears to be very good.
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Illustration 5

An example using the LOTTERY command is shown. A cer-

tainty equivalent for the 3-consedquence lottery is output. f

Illustration 6

Several "certain" alternatives are displayed. |

"allone" has all the attributes at their best levels. “a3
has cost, capacity and access at their best, and safety, dis- |
placement and noise at their worst. "allhalf" has all the

attributes halfway bet:ween their range limits. There are no

uncertain alternatives in this current status.

Illustration 7

This illustrates the use of the EVAL command. The
overall utility function mexico is evaluated for all the

alternativec and then only for allhalf. The MUF associated

with capacity is evaluated for all the alternatives. The UNIF

associated with access is similarly evaluated.

Illustration 8

These lines illustrate a little sensitivity analysis.
The KSET command makes the overall utility function "mexico"

additive but maintains the same relative ki's. The alterna-

tives are then evaluated. Notice the change in rank between

*allhalf" and “a3" with the additive model as opposed to tlre

original model.

—
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Illustration 9

The original model is restored. An alternative all-

fourth is added, evaluated and dropped.

Illustration 10

A check on the magnitude of the ki's is performed
using INDIFl and a sincle ‘ndifference pair. The check shows

that the current ki's agree well with the indifference-pair

check.

Illustration 11

An independent check is made on the relative ki's cen-

cerning "cost" and "safety." The implied ratio agrees well

with the current ratio.

Illﬁstration 12

An indifference curve is tabulated between "cost" and

"safety."

Illustration 13

A check is made on the necessity for nesting capacity
as opposed to using the attributes cap75, cap85 and cap95
along with the others in a single 8-attribute multiplicative
form. The check shows that without nesting the apnroximation
to the tradeoffs among the attributes would be pretty good.

(See Appendix E for a more detailed explanation.)

- A————
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5.2 Evaluation of a Computer Time-Sharing System

This section concerns an example relevant to a manager
of a time-sharing system in formulating a MUF to evaluate dif-
ferent courses of action. The data and formulation is based
on Grochow (4 ]. This problem was also approached using
existing methods and special computer programming. A possible

MUFCAP approach is presented here.

5.2.1 Attributes for the Problem

The following attributes were used in the time-sharing

problem:
A < Availability measured in percentage of successful
logins
RT = Average response time to majority of trivial
requests in seconds
RC = Average response time to majority of compute-

bound requests

5.2.2 Summary of the Method Used in the Problem

The first stage of analysis was to determine what
utility independence relationships existed among the attri-
butes. It was found that RC was utility iadependent of A, and
RT was utility independent of A and RC. But A was not utility
independent of RT or RC, and RC was not utility independent of
RT. Examination of the attributes showed that certain forms

of independence were not to be expected. For example,
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tradeoffs between RC and A may depend on RT since it hardly
pays to be able to log in more often if K7 is very bad.
Grochow's approach was to formulate an overall utility
function involving seven conditional one-attribute ut.lity
functiors and effectively assessing six scaling constants

using existing methods.

5.2.3 A MUFCAP Approach

A possible MUFCAP approach to this problem would be

to try, as an apprcximation, the following nesting scheme:
u(a,rt,rc) = u(ua,ur)

where u, = ur(rt,rc) and u, = ua(a)

This is the multiplicative form with u. as a nested

i MUF. There are four independent scaling constants possible

in fhis formulation. The model is assuming as an approxima-
tion that the various violations of utility independence can
be ignored but that preferences for tradeoffs between avail-
ability and any response time depend on the level of the other
response time. This seems reasonable since tradeoffs between
response times are of concern after the user has logged in.

On the other hand, the value o‘ logging in (e.g., the amount

one is willing to trade to ga : a faster RC) may depend on how

good RT is.
Tc test out this MUFCAP approach, we can calibrate
the MUFCAP model using the graphical data in Grochow [4 ].

This data provides enough information to attempt setting of

= ._“.Mﬂuﬂl
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the scaling constants for the MUFCAP modelf In calibrating
the scalar attribute utility functions, an "average" constant
risk form for each attribute was estimated from the data.

After calibrating the model, various points in the
attribute space (i.e., alternatives) were evaluated and ranked
to see how closely they compared to the graphical data in
Grochow [ 4]. The results illustratc ' in the computer print-
outs following this section were reasonably close to the gra-
phical data and seemed to justif, the MUFCAP approximation
scheme. The agreement seemed reasonable in spite of the fact
that constant risk forms were used for the scalar attribute
utility functions. The graphical data exhibited “jumps"
~hich could be modeled by piecewise linear forms in a more
refined approximation.

If one is satisfied with the MUFCAP approximation, we
can immediately proceed to perform gradient calculations show-
ing which direction cne should take for maximum improvement
of the current state (in the attribute space) as Grochow
suggests. Also; expanding the model to include more attri-
butes (e.g., cost) seems easier with the MUFCAP scher 2 than
with further conditional util.ty functions and "corner point"
(i.e., extreme value) assessments for scaling constants.

To summarize, MUFCAP, with nesting, may be used to
capture the essentizl features of situations which may not

satisfy some of the independence assumptions. When the

i
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apprcximation can be used, graiient calculations, sensitivity

analysis and expansion of tha model to include more attributes

become feasible using MUFCAP.
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5.2.4 Computer Time-Sharing System Illustrations

INPUT grochow
HOW MANY ATTRIBUTES ARC I THIS IMUF?

INPUT NAME AND RANGE FNOR ATTR 1 OF

a.ll
INPUT NAME AND RANGE FOR ATTR 2 OF
:esponse 00
HOY MANY ATTR. ARE IN THIS MUF?: 2
INPUT NAME AHD RANGE FNOR ATTR 1 OF
rt 9 2
INPUT NAME AHND RANGE FNR ATTR 2 OF
:c 120 2
COMMAND? : LEBUG

STRUCTURE FOR =rochow

a 2.500
9,.99999E-92 1,00000E+00
response n.500
rt 0.500
9.00000F+90 2.00N00E+00
re 0.500
1.20000E+n2 . 2.0N003E+900

COMMAND?

Illustration 14

s 2
UTIL FUNC

UTIL FUNC

UTIL FUNC

utiL FUNlC

grochow

grochow

response

response




b

-54~
UNISET a CR

INPUT ANY 50-50 LOTTERY Il THt FORM OF C.E.,QN1 & Q2. PLEASE
.7 .11

COMMAND? : (BIISET rt GR

INPUT ANY 50-50 LOTTERY IN THS FORM OF C.E.,Q1 & 2. PLEASE
59 2
COMMAND? UNISFET rc R

INPUT AlY 50-50 LOTTERY I THE FORM OF C.E.,Q1 & Q2. PLEASE
20 120 2

COMMAND?

Illustration 15

INDIF1 rt rec
INPUT AN INDIFFERFNRE PAIR PLEASE
5120 9 2

INDIF PAIR YIELDS IHED AROUT REL K'S
REL K CHECK., CURRENT RATIN re
IMPLIED RATIO = n.50n

COMMAND? ¢ KSET response
re s :,667
re = :,333

TO rt = 1,000

BiGK= .009
COMMALID?

Illustration 16

INDIF1 rt re
INPUT AN INDIFFERENCE PAIR PLEASE
52 2120

INPLIEDN HEW K'S FACTOR(S) 1.900 (1254.905)
IMPLIED {EY BIGK= J.nny4

Illustration 17
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ADDALT al
IS ALT. PROB? (YES OR N0O): NO

ALTERIATIVE al SPECIF,
! a =2:,5
;
: rt =35

rc ) melyn

T =

COMMALID? ¢ ADDPALT a2

IS ALT. PROB? (YES OR HO): NO

ALTERHAT IVE a2 SPECIF.,
a =4
l.
- rt =
t ' re =240
b COMMAND? : ADDALT a3
IS ALT. PROB? (YES OR {0): HO
\ ‘ ALTERNAT IVE a3 SPECIF.
a =3,7
rt =30
\ .
; re =340

COMMAND? : ADDALT ab
IS ALT. PROB? (YES OR H0): MO

ALTERNATIVE al SPECIE,
a =:.8

rt =37

rc =340

COMMAND? ¢
Illustration 18
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EVAL a

al 0.279
a2 n.191
a3 N.501
al n.6u1
COMMAND? & EVAL response
al 0.409
a2 n.511
a3 0.315
ak 0.228

CoMMAND?

Illustration 19

INDIF2 a response

INPUT UTILITY VALUES
INPUT 2 INDIFFERENCE PAIRS PLEASE

28 .41 .19 .53
+1.5 .315 .64 .23

BIGK= 1.850/K(a )
INDIF PAIR YIELDS I'IFQ ARNUT RELL K'S

REL K CHECK. CURRENT RATIG response TO a = 1.000
IMPLIED RATIO = 1.345

COMMAND? : KS©T srochow
a = :,25
response = .34

BIGK= b.8324
COMMANN?

Illustration 20

INDIF1 a response

INPUT UTILITY vALUSS
INPUT Al INDIFFERENCE 2AIR PLEASE

2501 .315 .64 .22%

IMPLIED {EW K'S FACTOR(S) 0.976 ( -2.3n1)
IMPLIED NEY BIGK= 5.239
COMMAND?

Illustration 21

Ve o “mmm“
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ADDALT a5
IS ALT. PROB? (YES OR il0): NO

ALTERNATIVE as SPECIF,.
a =, 4

re =23

rc =2l

COMMAND? ¢ EVAL srochou a3 ab abs

al . n,237
al 0.298
as N.308

COMMAND?

Illustration 22

CHANGE response X .31

COMMAND? : EVAL grochow a3 ahl as
a3 0.292
al 0.296
as 0.293

COMMAND? : CHANGE response K .34

KSET grochow .75

BIGK= 11.660
COMMAND? : EVAL grochov a3 ali a5

a3 0.262
ah 0.260
as n.261

COMMAND? : KSET grochow 1.33333

BIGK= h.824
COMMAND?

Illustration 23

GRAD grochow al

al n,255
ATTRIB,UTIL. GRAD COMP, AUD ATTR. GRAD COINMP.
a n.,418 3.9€65€E=-N1

response N.hS54

rt n.303 -4 .4K1E-N2

re 0.151 -1.u71E-03

Illustration 24
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ADDALT a7
IS ALT. PRNB? (YES AR NO): NO

ALTERNATIVE a7 SPECIF.
a =:,76

rt ®:0

re =322

COMMAMID? : ADDALT a3
IS ALT. PROB? (YES OR NO): HO

ALTERNATIVE a8 SPECIF.
a =:.1

rt =3

re =:2

COMMAND? : EvAL grochow a7 a3g
a7 0.338

as N.340
CONMMAND? CHANGEALT rc a7

re =:100
COMMAND? @ CHANGEALT rc ag

rc =:10n

COMMAND? : EVAL arochow a7 a8
a7’ 0.1483

as 0.223
COMMAND?

Illustration 25
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ADDALT a9
IS ALT. PRNB? (YES OR NO): YES

ALTERIATIVE an SPECIF,

d0W MANY FRACTILE PTS. (INCL 0 AND 199%) FOR a
(2<=N<=9) : 2

INPUT THE CUM FUNC F(X). X'S FIRST THEN F(X)'S

A1

01

HOW MANY FRACTILE PTS. (INCL 0 AND 170%) FOR rt
(2<=N<=9) : 2

INPUT THE CUM FUNC F(X). X'S FIRST THEY F(X)'s

2 9

N1

MOW MANY FRACTILE 9TS. (IMGL 9 AND 100%)  FOR rc
(2<=N<=9) : 2

INPUT THE CUM FUNC F(X). X'S FIRST THEM F(X)'S
2 120

01
COMMAND? : EVAL srochow ag

as 0,281
COMMAND? : ADDALT al0 .5

ALTERNATIVE al0 SPECIF,
COMMAND? : EVAL grochow a9 alf
a9 0.281

alo 0.232

COMMAND?

Illustration 26

R g p——
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5.2.5 Comments on Computer Time-Sharing System
Illustrations

Illustration 14

The INPUT command is used to structure the multiattri-
bute utility function. "Response" is a nested MUF. The DEBUG

command shows thz defaults present after INPUT.

Illustration 15

All the UNIF's are set using the constant risk form.

Illustrationr 16

The relative ki's are determined between "rt" -ad "rc"
using INDIFl., Notice how INDIFl can aid in calculation when
a Type II Question (see Section 3.2) is asked. The KSET com-
mand sets the relative ki's based on the output from INDIF1l.

The absolute ki's are not yet known.

Illustration 17

INDIF1 is used to determine the magnitude of the ki's.
The results show that our current setting is close to the cne
implied by these indifference points. The nested MUF

"response" has thus been assessed.

Illustration 18

Several alternatives are set up using ADDALT. These

will be used in assessing the scaling constants for the MUF

"grochow."
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Illustration 19
The utility values for "a"
for the alternatives. These will
commands; e.g., ua(.S) = ,279
ur(S, 40) = .409

alternative al is

Illustration 20

and "response" are evaluated

be used in the subsequent

the consequence (.5, 5. 40)

INDIF2 is used to assess the relative ki's petween "a"

and "response." We must use utility values in specifying

indifference points because "response" is a vector attribute;

e.g., to specify that (.5, 5, 40)~(.4, 4, 40) we say

(.279, .409)~(.191, .511]) (See Appendix A, Section A.2).

The KSET command is used to set up the relative ki's implied

by the output frc 1 INDIF2.

Illustration 21

INDIF]1l is used to assess the magnitude of the ki's for

the MUF "grochow." The results show that our current settings

are reasonable. The MUF "grochow" is now set.

Illustration 22

SEVAL is used to rank the alternatives. The rankings

here are essentially the same as in Grochow.

L e 2 it b e e e -
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Illustration 23

Some sensitivity analysis is performed. The CHANGE
command alters the scaling constant for response. The alter-

natives are evaluated and the rankings have changed. The

original model is restored and the magnitude of the ki's for

"grochow" are changed using KSET. Again, the rankings change

from the original model. The original model is restored.

Illustration 24

The gradient for "grochow" is calculated at the alter-
native a,.
Illustration 25

Two "indifferent" alternatives under the current

model are set up using ADDALT. The CHANGEALT command is used

to alter the common value of "rc" for the two alternatives.

They are evaluated again and are no longer indifferent. This

shows that tradeoffs between "a" and "rt" depend on the level

of "rc." Our nesting scheme has captured this facet of the

problem. The tradeoff value of logging in is degraded by the

poorer "rc."

Illustration 26

A probabilistic alternative is input and evaluated.

In this case, uniform distributions are implied by the cumu-

latives which are input.
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Although not shown on the computer printout, the fol-
lowing table is a comparison between the MUFCAP approximation
and the graphs in Grochow (4]). (The scales in Grochow [4]

are not easy to interpret and the following uses my interpre-

tation.)

Consequence 4] U

(a, rt, rc) _ﬂ.F;C__A_P_ M
(1,9,2) 500 500
(1,9,120) 250 290 (2)
(1,2,120) 750 750
(.5,9,2) 221 250
(.5,9,120) 70 60
(.5,2,1290) 373 383
(.5,2,2) 524 494
(1,5,120) 500 490
(1,5,2) 750 740
(1,2,40) 807 915
(1,9,40) 306 282

Table 5.1

A Comparison nf MUFCAP and Grochow Utilitf Functions
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5.3 The Comparison of Dial-A-Ride Algorithms

This section presents elements of a MUFCAP application
to decide between two algorithms used by a computer to sche-
dule Dial-A-Ride service which is a mode of transportztion
being tried in certain cities today. The presentation is con-

fined to aspects of the application which illustrate further

features of MUFCAP.

5.3.1 Attributes for the Problem

The attributes of interest in this section are those
for which preferences are not monotonic. These include:

pickup time deviation

the difference in minutes
between the promised pickup
time and the actual pickup
time

travel time deviation

the difference in minutes
between the promised delivery
time and the actual delivery
time

The utility functions for these attributes were
"assessed and input into MUFCAP making use of the piecewise
linear form. Two other attributes along with these were used
in making up the overall utility function (see Turnquist [17]).

The utility function parameters were assessed and
several certainty alternatives were evaluated to check that

the utility function reasonably represented the preferences
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of the person being assessed. For thic application, however,
the actual alternatives to be evaluated were outputs from a
stochastic simulation program. One hundred outputs for each
algorithm were evaluated using the utility function assessed
via MUFCAP. That is, once the utility function was assessed,
it was coded up in a separate program to process the output
from the simulation runs. An estimate of the expected utility
which was the criteria for choosing between the algorithm was
obtained by taking the average of the one hundred cutput eval-
uations. This represents a way for evaluating the expected
utiiity in a case where the attributes ar ' not probabilistic-
ally independernt of each other. Although the whole evaluation
was not done through MUFCAP, this method for handling a case
in which probabilistic independence did not hold was not too
difficult. This was because sensitivity analysis could still
be fairly easily performed since the utility function had Leen
conveniently parameterized into the multiplicative fcrm via
MUFCAP. It is conceivable that MUFCAP could be given an
option for reading an output file from a simulation model in
a future version of the program. Then evaluations could be
performed within MUFCAP.

The results of the evaluation showed that one algn-
rithm was slightly superior to the other over a wide range of
parameter variations a4 different simulaticn runs. Currently,

a more ambitious effort is being undertaken to assess public
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preferences for attributes germane to this problem as opposed

to one particular individual's preferences.




5.3.2 Dial-A-Ride Illustrations

-67-

UNISET pickdev PL

HOYW MANY PTS.

INPUT THE FUIC., X'S FIRST THEN u(x)'s

<30 0 10 15 39

751 .75 .5 0

u(
u(
U(
u(
u(
U(

Ll L ity

ol B ol |y WAL Bl Bt o i Tl o ] Lidllon Jag bl LT )

‘COMMAND?

30,000)=
18.000)=
6.000)=
-6.000)=
-18.000)=
-30.000)=

COMMAND?

- INVERSE
30.000=11v¢(
27.000= 11V (
21.000=itv(
15.000=1tv(
11.000=114Y¢(

4.,009=INV(
0.000=1nYv(

COMMANDN?

P UTIL FUNC? ¢ 5

¢ UNICAL pickdev

J.000
0.400
n.250
1.950
7.250
1.750

Illustration 27

pickdev
7.00N0)
n.,100)
7.300)
n.51N)
n.700)
9.3090)
1.109)

Illustration 28
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5.3.3 Comments on Dial-A-Ride Illustrations

Iliustration 27

A non-monotonic utility function for pickup deviation
is input using a piecewise linear utility function. Some
sample ut.lity function values are tabulated using UNICAL.

The range of the function was input as 30, -30.

Illustration 28

The INVERSE function shows only positive deviations as
attribute levels having certain utility values. This is
] because MUFZAP, for piecewise linear forms, searches the range
i from the 1st range value to the 2nd range value until it finds
| a level with the appropriate utility. This same feature holds
true when an indifference curve is generated. This has no

effect on the proper evaluation of alternatives.
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5.4 A Sampling of Problems to which MUFCAP Has Been Applied

This section surveys some of the areas where MUFCAP
has been used in a preliminary manner to develop multiattri-
bute utility functions. In all these applications, the var-
ious commands and procedures already illustrated in previous
sections were employed. Chapter 6 further discusses some of

the things which were learned from these experiences.

5.4.1 Evaluating llealth Plans

Four attributes were formulated for evaluating health
plans. These were convenience, quality, cost and personalness
of tﬁe service. Psychometric measures were developed for each
of the attributes and questionnaire assessments were used tc
estimate the utility function parameters. MUFCAP was then
used to calculate k in the multiplicative form and generate
indifrerence curves between certain attributes (see Hauser and
Urban [6]).

5.4.2 Evaluating Policies for Dealing with Prostitu-
tion in the Boston Area

A class project in a decision analysis course at MIT
involved evaluating five options for dealing with the question
of legalizing prostitution in the Boston area. These options
were strict prohibition, toleration or benign neglect, regula-
tion of prostitution, licensing ¢f individual prostitutes and
decriminalization. The attributes w2re chosen to reflect the

prostitute's position, the public attitude, the economics of
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the options, the criminal justice system's opinion of the

options and the political implications of the choices.

The class divided into groups which concentrated on

the specific attribute areas defined above. The groups

assessed expected utility values for their individual attri-

butes for each option. Pseudo-attributes consisting of the

five attribute areas each measured by a utility value on a
linear scale from 0 to 1 were then input into MUFCAP.* A sen-

sitivity analysis concerning ranking of the options was then

performed on the magnitude of the ki's. It showed that regu-

lation was the preferred policy for the particular relative

ki's used in this problem over a large range of their magni-

tudes.

This application illustrates how a complex problem
can be subdivided into smaller problems and the outputs from

these combined in an overall utility function. 1In some cases,

the overall decision maker may not be familiar with the speci-
fic attributes used to represent the objectives of a particu-

lar area or group. If he has a "feel" for associating utility

with that group's preferen.es, however, he may be able to
estimate the scaling constants and conduct reasonable sensiti-

7ity analyses in a manner analogous to what was done in the

class project on prostitution.

*Actually a very early version of MUFCAP. This appli-

cation was repeated with a later version for validation of the
results.
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5.4.3 Evaluating Police Dispatching and Assignment
Policies

Attributes for evaluating police assignment and dis-
patching strategies include cost per person per year, response
time tc various priority calls and distribution of the work-
load among the different police units. While models have
been formulated to predict what workloads and response times
will result from implementi g9 certain strategies, work is just
beginning on evaluating ths tradeoffs between the various
attributes in the problem which go into deciding upon a strat-
eqy. MUFCAP is now being used in preliminary attempts to

structure & utility function for such strategy evaluations.

5.5 Other Problem Setting Amenable to MUFCAP

Many problems which can be cast as multiobjective
decision making problems involving risk might be amenable to
analysis using MUFCAP. This section presents some examples
of current problems and how they might be structured for
MUFCAP analysis. '

5.5.1 Nuclear Power Plant Siting and Setting
Standards for Air Pollution Control

This subsection mentions two areas which have been
formulated as multijattribute decision-making proklems in the
literature. In Keeney and Nair [10!, general objectives are
described for a nuclear power plant siting decision. These

)

include minimizing environmental damage, maximizing human
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health and safety, providing quality service for the customer

:
4
H
i

and maximizing the economics of the company. Explicit attri-

butes might be level of radiation pesr person for human safety

and service interruption in days for quality of service *o the
customer.

Keeney and Ellis [1 ] descr.be the decision problem
faced by New York City in legislating acceptable levels for
sulfur content in fuel to be consumed by industry. The prob-
lem is organized in detail into a multiattribute utility func-
tion structure including attributes which reflect such objec- .
tives as the cost tc the city of any plan, and effects on the
health of the residents.

In both these cases, good descriptions of how to for-
mulate the problem are available. The actual assessment in
detail or implementation of the formulations appear to be

possible through the use of MUFCAP.

5.5.2 Anti-Stagflation and Energy Policy Decisions

Two of the most important multiobjective problem areas
facing the United States are how to deal with the economic and
energy crises currently plaguing the country. A crucial
aspect in these problems has been deciding what tradeoffs to
make between apparently competing objectives.

In the economic area, some of the measures for objec-
tives include the unemployment rate, the consumer price index

and growth in the GNP. The energy area includes cost of fuel

R
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and degree of dependency upon other nations. In addition, the
problem of sharing the burden equitably among the different
groups in the United States such as labor, management, minori-
ties, lower, middle and upper classes, residents of certain
geographical regions, social security recipients, etc., lead
to explicit consideration of the tradeoffs between these dif-
ferent groups in trying to decide upon a policy.

These problems appear to be very diff<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>