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ABSTRACT

This report describes calculator and computer programs to aid in
carrying out multiobjective decision analyses. The programs assume that
an additive or multiplicative utility function is valid and that the
conditional utility functions over each attribute are constant or
constant proportional risk averse. The attributes are assumed to be
continuous and, once the alternative is specified, probabilistically
independeqt. The Pearson-Tukey approximation is used to calculate ex-
pected utilities. The calculator program is written for a Hewlett-
Packard HP-25 calculator, and the computer program is written in Level

F PL/I.
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CALCULATOR AND COMPUTER PROGRAMS FOR

ELEMENTARY MULTIOBJECTIVE DECISION ANALYSIS

The usefulness of multiobjective decision analysis has been estab-
lished by a number of successful applications. (See, for example, [2,
4,5].) However, applications work would be simplified by easy-to-use
computational aids, since the calculations needed in applications are
sometimes tedious. The calculator and computer programs discussed in
this report aid in a rapid preliminary analysis of a multiobjective de-
cision problem. They assume a multiplicative or additive utility func-
tion is valid [6] and that the conditional utility functions over each
attribute are either constant or constant proportional risk averse [11].
Also, the attributes are assumed continuous and, once the alternative is
specified, probabilistically independent. The Pearson-Tukey approxima-

tion [9] is used to carry out the expected utility calculations.

Short calculator programs are used to determine basic parameters of
the problem. These are then input to an interactive computer program
which carries out the expected utility calculations required for a de-
cision analysis. Sensitivity analysis can be done and the data for a

particular decision problem can be stored for future use.

1. THEORETICAL BACKGROUND
Suppose a58ye 0.3y, are the available alternatives in a decision

problem and Xl’XZ""’XN is a set of attributes, or measures of

effectiveness, which describe the possible consequences of the alterna-

tives. Then, if the axioms of decision theory [12] are to be obeyed



the alternative a should be selected which maximizes the expected

utility

E[ulam] =~/...;/~u(xl,x2,...,xN)fm(xl,xz,...,xN)dxl,dxz,...,de (1)
X, "Xy ‘

where fm is the probability density function over {Xl,xz,...,XN} given

that a is selected, and u is the von Neumann-Morgenstern utility function.

Utility function structure. The programs described in this report
assume that for any alternative the attributes are mutually probabilis-

tically independent [1] so that

N

£ (X%, %) = ﬂfg(xn) 2)

n=1

where fg(xn) is the marginal probability density function over Xn given
that a is selected. Also, the attributes are assumed mutually utility

independent [7, Theorem 6.1] so that either

N
u(xl,xz, cee ,xN) = Z knun(xn) (3a)
n=1
or
N
ku(xl,xz,...,xN) +1 = l ! [kknun(xn)+l], (3b)
n=]1



where un(xn) is a conditional utility function over Xn’ and the kﬁ's are

scaling constants. The scaling constant -1<k # 0 is the solution to

N
k +1 =1—_[(kkn+l). €3]
n=1

If (2) and (3) hold then (1) can be rewritten as either

N
E[ulam] =Z knE[un(xn)lam] (5a)
n=1
or
. N ‘
KE[ula_]+1 =W{kknﬁ[un(xn)|am]'+1} (5b)
n=1
where
Elu_(x)a ] = /X' o (x)E2(x ) . (5¢)
n

Expected utility calculations. The single attribute expected utili-

ties defined by (5c) are evaluated using the Pearson-Tukey approximation

[9]

05

.50 .95 .
E[un(xn)|am] -3 0.630un(x nm) + 0.185[un(x nm) + un(x om

)1 (6)



where x'05 = 0.05-fractile of fn(x )
nm m n
220 = 0.50-fractile of £%(x ), and
nm m n
x'2° = 0.95-fractile of £2(x ).
nm m n

Empirical work [3,10] indicates (6) is an accurate approximation for a
wide variety of probability distributions.

Single attribute utility functions. Three different types of

utility functions can be used for each attribute:

i) Constant risk averse [7,11] with increasing preferences:

“Cn*n
-e c >0
un(xn) v xR cn=0 (7a)
“Cn*n
e c <0

ii) Constant risk averse [7,11] with decreasing preferences:

“n*n
- c >0
n
un(xn) v X cn=0 (7b)
€%
e c <0



iii) Comstant proportional risk averse [7,11] with increasing

preferences (for this case x, must be positive):

-(c_-1)
-X n c >l
n
un(xn) v o { log X cn=1 (7¢)
\ l-cn
X c <1

(In these expressions " means ''is strategically equivalent to,"

and c, is an unspecified constant.)

Examination of (5), (6) and (7) shows that the expected utilities
of the available alternatives will be completely determined if kn, .o
05 50 95

, X', x'""; n=1,2,...,N; m=1,2,...,M, are speci-

n=1, 2,...,N, and x'
> = 7 d nm nm nm

fied where N is the number of attributes and M is the number of

alternatives.
2. PROGRAM USER'S GUIDE

The programs described here include a calculator program and a
computer program. The calculator program assists in determining the
cn's and kn's. These, along with the fractiles for the probability
distributions are input to the computer program. This calculates the
expected utilities for the various alternatives. 1In addition, it allows
the input data to be changed easily so that sensitivity analyses can

be carried out.



The use of the programs will be explained with an example. A
Decision Maker (DM) was considering a change in the process that his
company used to manufacture widgets. His options were to select either
of two new processes or to continue using the current process. A De-

cision Analyst (DA) was called in to aid in analyzing the problem.
2.1 Data Collection

DM and DA decided there were two attributes of interest, Xl = number
of defects per batch of widgets and X2 = cost, in dollars, to manufac-
ture a batch of widgets. The ranges of interest for these were 0 <X
. < 20 and $5000 <X §_$10,000.l For a preliminary analysis DA assumed
X1 and X2 were mutually utility independent and that preferences were

constantly risk averse and decreasing in each attribute.

DM decided on the following certainty equivalents:

(x, = 20,x

1 2)
(x1 = 14,x2) n

(x1 = O,xz)

and = 10,000)

(xl,x2 = 8,000) ~

= 5,000).




DA then used a calculator program to determine the risk aversion
coefficients ¢y and ¢y for ul(xl) and uz(xz). This program is discussed
in detail in Appendix A. It calculates the certainty equivalent for a
two fork lottery for a utility function with a specified risk type (either
constant or constant proportional risk averse) and risk aversion co-
efficient. The program can be used to calculate the risk aversion
coefficient by trial and error if the certainty equivalent is known.

For c, DA assumed constant risk aversion and tried 0.1, 0.05, 0.08 and

1
finally 0.09, and for c, he also assumed constant risk aversion and tried

2
4 4 4 4 4 4

, 1.5X10 ', 2X10 ', 1.8 X 10 ', 1.6 X10 ', 1.7 X 10 ' and

finally 1.65 X 10—4. Then, following the procedure discussed in

1X10
Appendix A, he used the calculator to plot ul(xl) and uz(xz). These are
shown in Figure la.

The scaling constants kl and k2 were then assessed using Keeney and

Raiffa's procedure [7]. In particular, DM decided (20,6000) ~ (0,10,000)

and
(0,5000)
(20,5000) ~
(20,10,000).
Thus, kl = k2u2(6000) and k2 = 0.7. From Figure la, u2(6000) = ,7 and
thus k, = 0.49.

1
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Figure 1. DECISION PROBLEM DATA



The marginal cumulative probability distributions were assessed
for each alternative using standard techniques [14]. The resulting
distributions are shownvin Figure 1b. (Note that ay is the current
manufacturing process and there is no uncertainty about its attribute
values. Loosely speaking, a, is a high quality, high cost option while
ag is a lower quality, lower cost alternative.) From Figure 1b the

fractiles required for the Pearson-Tukey approximation were determined.
2.2 Expected Utility Calculations

After determining the utility and probability data DA left DM and
went to a computer terminal to input the data to the computer program
described in Appendix B. The data input session is recorded in Exhibit I.
Note that the program requests data from the user in an interactive
fashion. In general Exhibit I is self-explanatory. The program re-
quests that files be attached to devices INP and STORE. INP is the file
that will be used if the user tells the program to read the decision
problem data from a file. (The use of this feature will be described
later.) STORE is the file where the data for the current problem will

be stored at the end of the computer sessiom.

After specifying these two files the user must type "space RETURN"
to start execution of the program. Numerical data entry is free-format,
i.e., decimal points can be entered or not as desired. However, each
number, including the last one on a line must bé followed by a blank.

(If you forget the last blank before RETURNing enter it on the next



EXHIBIT I

DECISION PROBLEM COMPUTER INPUT

e
ER

<

.
-
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EXHIBIT I (concluded)

ENTER FRACTILES FOR al.TERMATIVED L AND aTTRIBUTES
FEGO FEOG TEO0

3 ‘..f
A

(RIS

FOR ALTERNATIVED 3 AND ATTRIBUTE:
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line and RETURN.) The program does a limited amount of error checking on

input data, however, a serious error will terminate execution.

Since DA is entering a new problem he tells the program he does not
want to read the data from a file. It then prompts him to enter the re-
quired data. RISK TYPE can be any of the three shown in Figure 2.
CONSTANT is the value of the risk aversion coefficient co and RANGES
are the lower and upper limits of the range over which un(xn) will be
assessed. SCALING CONSTANT is the value of kn for the specified attri-

bute. The required FRACTILES are the 0.05, 0.50 and 0.95.

After the data is collected the program summarizes it in tabular
form and calculates expected utilities for each alternative. This out-
put is shown in Exhibit II. INDIVIDUAL ATTRIBUTE EXPECTED UTILITY

VALUES refers to E[un(xn)lam] as defined in (5a) and (5b).

After seeing this output DA signed off the computer. When the pro-
gram terminated execution it stored the data for the decision problem

in file WIDGET which DA had earlier specified as his STORE file.
2.3 Sensitivity Analysis -

The computer program allows changes to be made in the data for a
decision problem without re-entering the entire problem. Three types of

changes can be made:

i) Additional alternatives can be added,

12



Risk

Type Explanation Equation
-C Xy
1 Constant risk aversion -e c >0
with increasing preferences
u (x )v { x c_=0
n''n n n
-C_X
e 0T c_<0
c X,
2 Constant risk aversion -e c >0
with decreasing preference
n - =
un(xn) X n 0
<X,
e c_<0
-(cn-l)
3 Constant proportional risk -X c >1
aversion with increasing
> n -
preferences (xn 0) un(xn) logxn < 1
1-c
X c_<1

Figure 2.

ALLOWABLE RISK TYPES

13



EXHIBIT II

DECISION PROBLEM COMPUTER OUTPUT

ook MULTIATTRIBUTE DECISTION ANALYSIE ook
ATTRIBUTES ¢ 2
ALTERNATIVES ¢ 3

-0-0-0-0-20 -

e INFORMATION ABOUT UTILITY FUNCTION
RAaANGES

ATTRIRBUTE RISK TYFE CONSTANT LOWEST HIGHEST
1 ' F,0000E~02 0.00 20,00

10000.00

[[8 30 o8]

2 Q00,00

1.4500E~04

~

———= SCALING CONSTANTS

4700
+ 7000
= =0.,3540

—=—=INFORMATION AROUT FROBABILITIES

ALTERNATIVE 1
ATTRIRUTE
1

~

ALTERNATIVE 2
ATTRIBUTE
1

~

-~

ALTERNATIVE 3
ATTRIBUTE
1

-

a

08 FR&CT
10.0G¢
7500.00

05 FRA&CT
1.00
7500.,00

+ 05 FRACT
8.00
5500.00

30 FRACT
10.00
7500.00

S0 FRACT
4,00
8300.,00

+ 50 FRACT
14,00
6000.,00

14

95 FRACT
10,00
7500, 00

Q8 FRACT
1400
500,00

+ 98 FR&CT
13,00
7000.00



EXHIBIT II (concluded)

meme INDEVIDUAL ATTRIBUTE EXFECTED UTILITY VALUES
ALTERNATIVE: 1
ATTRIBUTE EXFECTED UTTLITY
1 $7109
2 L6017
ALTERNATIVES 2
ATTRIRUTE EXFECTED UTILITY
1 L 8500
2 3023
ALTERNATIVES 3
ATTRIBUTE EXFECTED UTILITY
1 LA978

2 8430

—=—e EXFECTED UTTLITY FOR EACH ALTERNATIVE

ALTERNATIVE

rY

(]

ENTER 1 IF YOU WANT SENSITIVITY ANALYSIS. ZERO IF NOT
0

$FEXECUTION TERMINATED
¥

15



ii) Additional attributes can be added, or

iii) Any of the data for the current alternatives and attributes

can be changed.

Only one of these three types of changes can be made at a time. Follow-
ing the changes, the new data and expected utilities are printed out,

and further changes can then be made if desired.

DA returned to DM with the computer analysis results. After study-

ing them DM said, "So a, has the highest utility. That's interesting,

3
but I've been thinking, and I believe we need another attribute — some-
thing to do with worker complaints. I think there will be different
numbers of complaints for the three processes." After discussion DM and
DA decided to use the attribute X3 = number of worker complaints per
batch of widgets. The range of this was -5 (i.e., five compliments) to
15. Using the same procedure as for Xl and X2 the conditional utility
function and marginal probability distributions were assessed for X3.
These are shown i? Figure 3. Also, the addition of the new attribute
required that the scaling constants be reassessed. This was done and

= 0.6, k, = 0.42 and k, = 0.39.

they were found to be k 9 3

1

DA entered the changes during the computer session shown in Exhibit
III. The resulting output is shown in Exhibit IV. After looking this
over DM remarked that he may have been overly optimistic about the

number of complaints that would result from ag. He decided that the

16



uz (x3)

1.0
T~ ¢3=.122

0.54

F(X3)

.

1.0 4 —e
/I'O..

0.5+

J -----—‘
5 10 15

5 0 5
X3

Figure 3. ADDITIONAL ATTRIBUTE X3
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EXHIBIT III

NEW ATTRIBUTE INPUT

FEXECUTION BEGINS

TINF

=~ SPECIFY FINGME OR SEND END-0F-FTLE

TUIDGET
STORE = SFPECIFY FINAME OR SENI END-OF-FILE
TWINGIN

ENTER
i

1TF YOU WANT TO READ FROM FILE, ZERQ IF

ook MULTIATTRIBUTE DECLISTON ANALYSTSH sadoks

3]

ATTRIBUTES 3
ALTERNATIVES ¢ 3

=0 =0 =0=0=0 -

~eeeee s INFORMATION ARQUT UTTLLITY FUNCTIOM

ATTRIBUTE RISK TYPE CONSTENT
1 2. 0000E~02
2 1446500E-04

[ JN o84

—=--= GUALING CONSTANTS
1 4900
2 + 7000

Xk K o= -0.5340

18

NOT

L+ +f2 ol

LOWEST
0,00
S000.00

HIGHEST
20,00
1000000



EXHIBIT III (continued)

e PREFORMGTION AL0OUT FPROBARTILITIES

AL TERRNATIVE 1
ATTRIRUTE Q8 FRACT G0 FRACT
1 10.00 10.00
2 7500.,00 7500400

ALTERNATIVE 2
ATTRIBUTE + 05 FRACT + 50 FRACT
1 1.00 4,00
2 7500.,00 8500.00

ALTERNATIVE I
ATTRIRUTE 05 FRACT S0 FRACT
1 8.00 14.00
2 5500.00 4000.00

——== INDIVIDUAL ATTRIBUTE EXFECTED UTILITY VALUES
ALTERNATIVE: 1
ATTRIRUTE EXFECTEDR UTILITY

1 +710%
2 + 6017

ALTERNATIVE?D 2

ATTRIRUTE EXFECTED UTILITY
1 + 8500
2 W 3B33

ALTERNATIVED 3
ATTRIBUTE EXFECTED UTILITY

1 4978
2 8430

==—-= EXFECTED UTILITY FOR EACH ALTERNATIVE

ALTERNATIVE EXFECTED UTILITY
1 16883
2 ’ 6229

3 W 7543

19

98 FRACT
10400
7500.00

+ 93 FRACT
14,00
?500.00

RS FRACT
L8400
7000.00



EXHIBIT III (concluded)

ENTER L IF YOU WANT SENSITIVITY ANALYSIS, ZERO IF NOT
i

ENTER 1 IF YOU WANT TO ADD MORE ALTERNATIVES,ZER0O IF HOT
0

ENTER 1 IF YOU WANT TO ADD MORE ATTRIBUTESy ZERO IF NOT
1

HOW MANY MORE ATTRIBUTES®?
1

ENTER RISK TYFPEy» CONSTANT AND RAMGES FOR NEW ATTRIRBUTED 3

2,122 -5 195
NOW, FLEASE ENTER &LL THE SCALING CONSTANTS

ENTER SCALLING CONSTANT NUMRERS 1

42

ENTER SCALING CONSTANT NUMRERS 2
v b

ENTER SCALING CONSTANT NUMBERS -3
+ 39

ENTER FRACTILES FOR ALTERMATIVED 1 AND HEW ATTRIBUTED 3
888

ENTER FRACTILES FOR ALTERNATIVED 2 AND NEW ATTRIRBUTIES 3
-1 38

ENTER FRACTILES FOR ALTERNATIVED 3 AND NEW ATTRIRUTE?D 3
6 10 12

20



EXHIBIT IV

NEW ATTRIBUTE OUTPUT

AR AR Aol AR iR ORIk ol ok sk

SENSITIVITY ANALYSIS

0 S S

KRR AR AR ROk R R Rk

favokst MULTIATTRIBUTE DECISTOM AMNALYSTE ko

<

ATTRIBUTES ¢ 3

L.

-
a4

ALTERNATIVES

—0=0=-0=0=-0-~

meme INFORMATION ARBOUT UTILITY FUNCTIONS
RoA
AT Hd RUTE RISK TYPE CONSTANT LOWEST
2 QDO -0 Q.00
2 1o SEQOE-04 000,00
2 1220001 -5 Q0

Y

[ S S I

—=ee GEALTHG CONSTANTS
i 4200
2 - 16000
3 + 3900

gk K= ~0.7064

21

N

(i

[
L GHE ST
D 00
1GaQ0, 00
1500



EXHIBIT IV (concluded)

=== INFORMATION ABOUT FROBARILITIES

ALTERNATIVE L

ATTRIRUTE + 05 FRACT + 30 FRACT 95 FRACT
1 10.00 10.00 10,00
2 7500.,00 7500,00 7500.00
ALTERNATIVE 2
ATTRIRUTE +03 FRACT +30 FRACT 28 FRACT
1 1.00 4,00 14,00
2 7500.00 83500.00 9500.00
ALTERNATIVE 3 .
ATTRIEUTE 05 FRALCT + 50 FRACT + 925 FRACT
i 8.00 14.00 18400
2 5500.00 6000.,00 7000.090

—==—= INDIVIDUAL ATTRIGBUTE EXPECTED UTILITY VALUES

ALTERNATIVES: 1

ATTRIBUTE EXFECTED UTILITY
i + 7109

ALTERNATIVE: 2

ATTRIRUTE EXFECTED UTILITY
1 +8500
2 tﬁ{ 3833

ALTERNATIVE: 3

ATTRIRUTE EXFECTED UTILITY
1 4978
2 <8430

-—m= EXFECTED UTILITY FOR EACH ALTERNATIVE

ALTERNATIVE EXFECTED UTILITY
1 16883
2 46229
3 V7543

22



whole distribution for X.3 given aq should be moved up by one. This was
done, and Exhibits V and VI show the computer input and output for this

case.

After seeing the results and noting that aq was still the preferred
alternative with all of the changes, DM concluded that he should select
that alternative. DA commented that they might do a more detailed analysis
with a more completely assessed utility function, however, DM felt the

analysis just completed was sufficient.
2.4 Data Files

Some analysts may wish to set up or modify data files for the com=-
puter program directly rather than using the interactive assessment pro-
cedure discussed above. Copies of the data files that resulted from
each of DA's two sessions on the computer are shown in Exhibit VII.
Comparing this with Exhibits II and VI will show how the data is stored

in the file.

3. CONCLUDING REMARKS

The programs described in this report are an intermediate option
between doing hand calculations or using a more sophisticated computer
program such as MUFCAP [8,13]. They do not provide some of the advanced
capabilities of MUFCAP, such as hierarchical structuring of utility func-
tions. However, the capabilities provided should be sufficient for many

analyses.

23



EXHIBIT V

ADDITIONAL COMPLAINTS INPUT

ENTER 1 IF YOU WANT SERSTTIVITY AMNALYSISy ZERO IF NOT
1

ENTER 1 IF YOU WANT TO ADD MORE ALTERNATIVES.ZERD IF NOT
0

ENTER & IF YOU WaRT T0O A00 HORE ATTRIBUTES: ZERQ IF NOT
0

TF YOU WANT T0O CHANGE SOME D FOLLOWING VALUES %
RIGK TYFE, CONSTANT OR RANGES, ENTER Ly ZERO TF NOT
0

TF OYOU WANT VO CHARNGE SOME FRACTILE VALUES ENTER 1y ZERD IF WNOT
1

OKy HOW MANY CHANGEST
1

CHANGE & 13 PLEASE ENTER ALTERNATIVE & ATTRIBUTE & ARD FRACTTLES
337 1113

IF YOU WANT TO CHANGE SOME OF THE SCALING CONSTANTS
¢ ENTER 1y ZERQ IF NOT
0

24



EXHIBIT VI

ADDITIONAL COMPLAINTS OUTPUT

Stk okt ok Rk R ok ok Skl kB ok kok kR
SENSITIVITY ANALYSLS

ANkl stk Stk oI ootk ok sl s okl ookeiotoioleiook ook

sdsor MULTIATTRIRBUTE DECISION ANALYSIE i
ATTRIBUTES § 3
ALTERNATIVES ¢ 3

= INFIORMATION ABOUT UTILITY FUNCTION
ReaNGES
ATTRIBUTE RIGK TYFE CONSTANT LOWEST

1 2 9. 0000E-02 G 00 20
2 s 1+6GQ0E~G4 H000.00 10600 GG
) 2 1o 2200E-01 -85 Q0 18 Q0

e GEALTNG CONSTANTS
1 14200
2 + 6000
3 3900

Xkk K= =Q+7064

25



e TNF ORMAT LON

ALTERNAGTTVE 1
ATTRIRUTE
1

NN

ALTERNATIVE 2
ATTRIBUTE

[ S B S

ATTRIBUTE
1

e
XL

3

EXHIBIT VI (continued)

ELOUT PROBAEYLITIES

O FRACT
10,00

7500, 00
8.00

08 FRACT
1400
ZEOQ, 00

~1.00

08 FRACT
8.00

SE00.00
7400

a0 FRACT

10.00
7500, 00
8,00

S0 FRACT

4.00
GEO0 00
300

G0 FRACT

14,00
&HQOO 00
1100

90 FRACT
1G 00
750000
8,00

P8 FRACT
14,00
PEQO GO
8,00

95 FRACT
1800
7000, 00
13,00

O INDEVIDUAL ATTRIBUTE EXFECTED UTILITY ValUES
ALTERN&TIVES 1

ATTRIBUTE EXPECTED UTILITY
1 7108
2 AQLT

3 cH2P]
ALTERNATTIVES 2

ATTRIBUTE EXPECTED UTILITY
1 «BE00
2 <3033

3 L8208

(S5

AL TERNATTVES

ATTRIBUTE EXFECTED UTTLITY
1 WAP78
2 + 8430
3 WA347

26



EXHIBIT VI (concluded)

o= EXPECTED UTILITY FOR EACH ALTERNATIVE

ALTERNAT TVE EXPECTED UTTLITY
1 7277

3

LN
¢ n
LT I S

-y
&

N T
PO,
NENG

&

.
[

ENTER 1 IF YOU WANT SENSITIVITY ANALYSISy ZERQ IF NOT
0

FEXECUTION TERHINATED
i
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EXHIBIT VII

DATA FILES
i)  For output in Exhibit II

0
2 2 9.0000E-03 0,00 20,00
3 2 1.4B00E-04  HO00.00 10000, 00
4 10.00 10,00 10400

5 FEOOL00  THO0.00  7HOC

28

& 100 400

kL IST ?IﬂGET

S R

7 Q0,00 HE00.00
& 8,00 1400
4 HEG0.00 OO0, 00
1O » A5

& 11 » FO00

FEND OF FILE

4

ii) For output in Exhibit VI

LIST WIDGTN
0 1 33

e oo

e L

SOO0,00

Y
4 & L d200E-01 e 0
B 1000 10,00 L8 OO
& FEGDL 00 ; FEO0

' .00
8 L G0
g FEHOQO, 00
¥ =1, Q0
1 .00 14, GG
s SEG0L.00 HOQOG, QO
3 _ Fa 00 TG0
4 ¢ 4200
$ HO00

s AF00

28
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APPENDIX A

CALCULATOR PROGRAM

The calculator program described in this appendix was written for
the Hewlett-Packard HP-25 calculator. A virtually identical program
should run on any calculator with an automatic stack.

Constant risk aversion. The first segment of the calculator pro-

grém, stored in program steps 1 to 23, calculates the certainty equiva-
lent for any two-fork single attribute lottery if preferences are con-
stantly risk averse and increasing in the attribute and if the risk
aversion coefficient is specified. This program can also be used to
find thé certainty equivalent for a two-fork lottery assuming constant
risk aversion and decreasing preferences. To do this reverse the signs
on the attribute values for the two forks before entering them and also
reverse the sign on the certainty equivalent calculated by the program.

Constant proportional risk aversion. The second segment of the

program, stored in program steps 25 to 48, calculates the certainty
equivalent for any two-fork single attribute lottery if preferences are
constant proportionally risk averse and increasing in the attribute
and if the risk aversion coefficient is specified. (Fof this case all
attribute values must be positive.)

The equations for all three cases handled by the program are
given in (7).

Program uses. The program can be used for two different tasks.

First, a utility function can be found that fits an assessed certainty
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equivalent for a specified lottery. This is done by trial-and-error

as discussed in Section 2.1. To do this the lottery is input, the type
of utility function to be fit is selected and different values of the
risk aversion coefficient are tried until the calculated certainty
equivalent for the lottery equals the assessed one.

The second use of the program is to plot a specified utility func-
tion. To do this enter as the attribute values on the two forks of the
lottery the extremes of the range over which the utility function is to
be determined. Then use the calculator program to find the certainty
equivalent of the lottery for different probabilities of obtaining the

more desirable fork. Then, of course,

u(certainty equivalent)
= pu (most desirable fork)

+ (1-p)u (least desirable fork).

If the utility function is scaled so that u (most desirable fork) = 1
and u (least desirable fork) = 0, then u (certainty equivalent) = p.
By varying p the utilities of as many points as desired can be found.

Example problems. Instructions for using the calculator program

and a listing are given at the end of this appendix. To check that the
program has been properly entered the following three examples may be

used:

i) Constant risk aversion with increasing preferences
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p' = 0.5
' =

x 18 certainty equivalent
"o_

x' =16 = 16.95

¢c =0.1

ii) Constant risk aversion with decreasing preferences.

p' = 0.5

x' =16 certainty equivalent
x" =18 = 17.05

c =0.1

iii) Constant proportional risk aversion

p' = 0.5

'x' = 18 certainty equivalent
x" = 16 = 16.95

¢ =1.70
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APPENDIX B

DESCRIPTION OF COMPUTER PROGRAM

This appendix describes the computer program MULAT which aids in
carrying out multiobjective decision analysis. This program is inter-
active and written in Level F PL)I. It uses no system dependent fea-
tures and should run on any computer system which supports this language.
The program consists of a MAIN procedure and six subprocedures. The
calling hierarchy and program organization are shown in Figure 4.

General description. The program handles decision problems with

the structure shown in Figure 5. That is, single stage multiattribute
problems with continuous probability distributions can be analyzed. A
maximum of twenty attributes and twenty alternatives can be accomodated.
The allowed types of utility functions and probability distributioms are
discussed in Section 1. Briefly, mutual utility independence of the
attributes is assumed along with constant or constant proportional risk
aversion for each attribute; In addition, for each alternative the
attributes are assumed mutually probabilistically independent. The
Pearson-Tukey approximation is used to calculate the required expected
utilities.

As discussed in Section 2, the decision problem data can be stored
in a data file for future use. Also, changes can be made to an exist-
ing problem's data in order to carry out sensitivity analyses.

The program provides error recovery for the following types of

€rrors:
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MAIN

GTINFQ

INEXUT

UTIFUN

KCONST

FUNCT

EXUTAL
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Figure 5. DECISION PROBLEM



- attribute or altermative number specified is greater than the
total number previously specified
- a fractile is outside the range previously specified
- more than 500 iterations of the solution algorithm are needed
to calculate the scaling constant k.
The remainder of this Appendix describes the functions of each

procedure in MULAT. A listing of the program is furnished in Appendix

C'
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PROCEDURE NAME: MAIN

Procedure call: none

Parameters: none
Description: This is the main program for the multiattribute decision

analysis.

Functions

- Opens files.

- Calls GTINFO to ask user for problem data.

- Calls INEXUT to compute individual attribute expected utilities
for each altermative.

- Calls KCONST to compute the value of scaling constant k.

- Calls EXUTAL to compute the expected utility for eacﬁ
alternative

- Prints out the analysis results.

- Changes data for sensitivity analysis, if desired, and repeats
sequence of subprocedure calls needed to calculate expected
utilities.

- Prints final problem data into a file before terminating
execution.

Subprocedures called:

GTINFO, INEXUT, KCONST, EXUTAL
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PROCEDURE NAME: GTINFO

Procedure call:

CALL GTINFO(NU_AT,NU ALT,TYPE,C,XW,XB,XL,XM,XH,KI)

Input parameters: nomne

Qutput parameters:

NU_AT: number of attributes

NU_ALT: number of alternatives

TYPE: risk types for attributes (vector)

C: risk constants for attributes (vector)

XW: lowest values of attribute ranges (vector)
XB: highest values of attribute ranges (vector)
XL: 0.05-fractiles (two-dimensional array)

XM: 0.50-fractiles (two-dimensional array)

XH: 0.95-fractiles (two-dimensional array)

KI: attribute scaling constants (vector)

Description: This procedure obtains input data interactively from user.
Functions:

- Asks user for source of data (either data file or terminal)

- Obtains data from specified source.

Subprocedures called: none
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PROCEDURE NAME: INEXUT

Procedure call:

CALL INEXUT(NU_AT,NU ALT,TYPE,C,XW,XB,XL, XM, XH, EXUTI)

Input parameters:

NU_AT: number of attributes

NU_ALT: number of alternatives

TYPE: risk types for attributes (vector)

C: risk constants for attributes (vector)

XW: lowest values of attribute ranges (vector)

XB: highest values of attribute ranges (vector)

XL: 0.05-fractiles (two-dimensional array)

M: 0.50-fractiles (two-dimensional array)

XH: 0.95-fractiles (two-dimensional array)

EXUTI: expected utilities for each alternmative/attribute

combination (two-dimensional array)
Description: This procedure calculates the expected utility for each
attribute for each élternative.
Functions:
- For each alternative
- For each attribute
- For each fractile
- Call subprocedure UTIFUN to compute single attribute
value.
- For each alternative

- For each attribute
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- Compute single attribute expected utility using Pearson-
Tukey approximation.

Subprocedures called: UTIFUN
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PROCEDURE NAME: UTIFUN

Procedure call:

UTIFUN (TY,C,X,Y1,Y2)

Input parameters:

TY: risk type

C: risk constant

X: attribute value for which utility is desired
Y1: lowest value of attribute range

Y2: highest value of attribute range

Qutput parameters: none

Description: This function calculates the single attribute utility for
a specified value of the attribute.
Functions:

- Identifies the risk type of the utility function.

- Computes the utility for the specified attribute value.

Subprocedures called: none
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PROCEDURE NAME: KCONST

Procedure call:

CALL KCONST (NU_AT,KON,KI)

Input parameters:

NU_AT: number of attributes
KI: attribute scaling constants (vector)

Output parameters:

KON: value of scaling constant k.
Description: This procedure uses the method of bisection to find the

solution to the equation

f(k) = l l[KON*KI(n) +1] - (KON + 1) =0

n=1

Functions:

Computes sum of scaling constants to find region where k will

lie.

Computes value of f£(k) at midpoint of regiomn

Iflf(k)|<10-5 at the midpoint return.

Otherwise, shrinks the region, calculates the value of f(k)
at the midpoint of the new region and repeats the test.

Subprocedures called: FUNCT
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PROCEDURE NAME: FUNCT

Procedure call:

FUNCT (X,NU_AT,KI)

Input parameters:

X: attribute value for which £(X) is desired
NU_AT: number of attributes
KI: attribute scaling constants (vector)

Qutput parameters: none

Description: This function computes the value of

NU_AT
£(X) = I ' [X*KI(n) + 1] - (X + 1)

n=1

Subprocedures called: none
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PROCEDURE NAME: EXUTAL

Procedure call:

CALL EXUTAL (EXUTI,KON,KI,NU AT,NU_ALT,EX UTI_AL)

Input parameters:

EXUTI: expected utilities for each attribute/alternative
combination (two-dimensional array)

KON: scaling constant k

KI: attribute scaling constants (vector)

NU_AT: number of attributes

NU_ALT: number of altermatives

EX UTI_AL:expected utilities for alternatives (vector)
Description: This procedure computes the expected utility for each
alternative.

Subprocedures called: none
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APPENDIX C

COMPUTER PROGRAM LISTING
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9PROCESS ('NOATR, NOXREF') ;
MOLAT: PROCEDURE OPTIONS (MAIN) ;

DCL (K, J,NU_AT, NU_ALT) FIXED BIN(31):

DCL (C(20),XW(20),¥B (20)) FLOAT DECIMAL;

DCL (XL (27,27),¥M(2C,20) ,XH (20,2C),KI (29)) FLOAT DECIMAL;
DCL (EXUTI (29,29),EX_UTI_AL(20)) FLOAT DECIMAL ;

DCL KON  FLOAT DECINAL ;

DCL TYPE(3)  FIXED BIN(31);

DCL (SW,SW2,SW3,SWl4 ,SW5,SH6) FIXED BIN(31);

DCL (NEW_NO_AT, N NEW N CHAN, ATTR_NU,NU_CHAN_Q,ALT_NU,AT_NU,

NU_CHAN_K, NU_CON) FIXED BIN(31):
DCL NEW_NU_ALT FIXED BIN(31);
DCL L (20) LABEL;
DCL 2 : FIXED BIN(31);

/% e e e 22 v ok ok 3k ok Ak vie sk 3k ok ok o it e e Xk e ale Sk ek v 3 e o ofe ok K dje ok 3k K ok ak XK 4k ok ok ok ok kK */
OPEN FILE(INP) INPOT;
OPEN FILEZ(STOPZ) JUTPUT;
OPEN FILE(DATA) TITLE('SCARDS') INPUT;
ON CONVERSION BEGIN;:
PUT SKIP EDIT ('%%* ERROR: INVALID DATA, TRY AGAIN') (A);

[ S e N e S T 3
QWO dOANEWN—-2O0OOVDIINWNEWN =

21 PUT SKIP;

22 GO TO L(2);

23 END;

24

25 /* ASK FOR INFORMATION */

26 .

27 CALL GTINFJ (NU_AT,NU_ALT,TYPE,C,XW,X3,XL,X4,XH,KI);

28

29 /* COMPUTE THE INDIVIDUAL EXPECTED UTILITY VALUES */

30 '

31 INIPRO:

32 CALL IWEXUT (NO_AT,NU_ALT,TYPE,C,XW,XB,%L,X¥,XH,EXOTI);
33

34 /*COMPUTYE THE SCALING CONSTANT K */

35

36 CALL KCONST (NU_AT,KON,KI);

37 :

38 /% COMPUTE THE EXPECTED UTILITY FOR EACH ALTERNATIVE X*/
39

89 CALL EXUTAL (EXUTI,KON,KI,NU_AT,NU_ALT,EX_UTI_AL);

81

42

43

4y

us

46 .

47 /% PRINT OUT THE ANALYSIS RESULTS SUMMARY */

48 v

49 POT SKIP(5) EDIT('***** MULTIATTRIBUTE DECISION ANALYSIS x*xkxx%x!)
50 (X(13),2);

51 PUT SKIP(2) EDIT('ATTRIBUTES :*,NU_AT) (X(27) ,A,F(2));

52 PUT SKIP(2) EDIT('ALTERNATIVES :!,NU_ALT) (X(27),A,F(2));
53 PUT SKIP(2) EDIT('- Q0 - 0 <~ Q0 =0 = 0 =") (X(24),A);

54 PUT ?KIP(Q) EDIT('=~-=-- INFORMATIQN ABOUT UTILITY FUNCTION )
55 (X(5),A);3

56 PUT SKIP EDIT('R A N G.E S') (X(53),7);

57 PUT SKXIP EDIT('ATTRIBUTE','RISK TYPE','CONSTANI','LOWEST','HIGHEST')
58 (R (1) (AL X(3) A, X () ,A,X(6),A,X(7),A);

59 DO J=1 TO NU_AT;

60 PUT SKIP EDIT(J,TYPE(J),C(J) ,X¥(J) ,XB(J))
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112
113
114
115
116
117
118
119
120

X(12),F (), x(1NH,F(2),X(4) ,E(13,8),%(3),F(10,2),
X(2) ,F(1C,2) )
END;
PUT SKIP(4) =DIT('-=--- SCALINVG CONSTANTS') (X(5) ,A);
DO J=1 TO NU_AT;
POT SKIP EDIT (J,RI(J)) (X(13),F(2),X(S),F(5,B));
END;
PUT SKIP(2) EDIT('*** X = ! RON) (X(19),A,P(10,4));
PUT SKIP(4) EDIT('-~--=-INFORMATION ABOUT PROBABILITIES') (X{5),A):
‘DO K=1 TO NO_ALT;
POT SKIP(2) EDIT('ALTERNATIVE',K) (X(5),A,F(2)):
POT SKIP ®DIT('ATTRIBUT®E',',05 FRACT','.50 FRACT!','.95 PRACT!)
(X () LA, X(7) A, X(T),A,X(7),A)s
DO J=1 TO NO_AT;
PUT SKXIP EDIT(J,XL(K,J),XM(K,J),XH(X,J)) (X(12),P(2),
(3) (X(7) ,F(10,2)));
END;
END;
PUT SXIP(4) EDIT('-=--- INDIVIDUAL ATTRIBUOTE EXPECTED UTILITY VALUES')
(X(5) ,A) 3
DO X=1 TO NU_ALT; .
POT SKIP(2) EDIT('ALTERNATIVE:',K) (X(29),A,X(1),F(2));
PUT SKIP(2) EDIT('ATTRIBUTE',!'EXPECTED TTILITY')
(X (20) ,A,X(10),A);
DO J=1 TO NOU_AT;
PNT SKIP EDIT(J, EXUTI(K,J)) (X(23),F(2),X(18),F(5,4));
END;
END;
POT SKIP(4) E=EDIT('---- EXPECTED UTILITY FOR EACH ALTERNATIVE')
(X(5),3); -
PUT SKIP(2) EDIT('ALTERNATIVE!,'EXPECTED UTILITY') (X(16),A,X(6),A);
DO K=1 TO NU_ALT; .
PUT SKIP EDIT (K,SX_UTI_AL (K)) (X(19),F(2),X(15),P(5,8));
END;

/% ek ol de o ek ok ok ok e ok R kot ol o SR SR A e ek sk R Rk KR K/
/* SENSITIVITY ANALYSIS */

PUT SKIP(12) EDIT('ENTER 1 IF YOU WANT SENSITIVITY ANALYSIS, ZERO!,
' IF NOT') (A,A);
PUT SKIP;
72=1;
L(1): GET LIST(SW);
IF SW=0 THEN G50 TO ENDPROC;

/* ASK FOR CHANGES IN NUMBER OF ALTERNATIVES */

PUT SKIP(2) EDIT('ENTER 1 IF YOU WANT TO ADD MORE ALTERNATIVES,') (A):
PUT EDIT('ZERO IF NOT') (A);
PUT SKIP:
GET LIST(SW6);
I? SHW6=1
THEN DO;
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121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
1u8
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

PUT SKIP(2) EDIT('HOW MANY MORE ALTERNATIVES ?2') (R);
PUT SKIP;
GET LIST(NEW_NU_ALT) ;
/* ASK FOR NEZW FRACTILES */
DO ¥=1 TO NEW_NU_ALT;
NEW=N+NU_ALT;
DO J=1 TO NU_AT;
PUOT SKIP(2) EDIT('ENTER FRACTILES POR NEW ALTEIRNATIVE:
NEW,!' AND ATTRIBUTE: ',J) (A,F(2),A,F(2));
PUT SKIP;
VER9: GET LIST(XL(NEW,J) ,XM(NEW,J) ,XH(NEW,J));
IP (XL (NEW,J)<XW(J) |[XH(NEW,J)>XB(J))
THEN DO; ,
CALL SYSERR('#** ERROR: FRACTILE 00T OF RANGE, TIRY',
* AGAIN') .3
GO TO VER9;
END;
END;
END;
NU_ALT=NU_ALT+NEW_NU_ALT;
GO TO INIPRO;
END;

/* ASK FOR CHANGES IN NUMBER OF ATTRIBUTES */

PUT SKIP(2) EDIT ('ENTER 1 IF YOU WANT TO ADD MORE ATTRIBUTES, ZSRO?',
' IF NOT') (A,A)s
PUT SKIP ;
7=2:
L(2): GET LIST(SW2);
IF SW2=1
THEN DO
POUT SKIDP(2) EDIT('HOW MANY MORE ATTRIBUTES?') (A);
PUT SKIP;
2=3;
L(3): GET LIST (NEW_NU_AT);
DO N=1 TO NEW_NU_AT;
NEW=N+NU_AT;
/* ASK FOR NEW RISK CONDITIONS =/
PUT SKIP(2) EDIT('ENTER RISK TYPE, CONSTANT AND RANGES',
' FOR NEW ATTRIBUTE:',NEW) (A,A,F(2));
PUT SXIP;
%=4;
L(4): GET LIST(TYPE(NEW),C(NEVW),XW (NEW),XB(NEX)) ;
END;
/* ASK FOR SCALING CONSTANTIS */
PUT SKIP(2) EDIT ("NOW, PLEASE ENTER ALL THE SCALINS CONSTANTIS')

(A) 5
PUT SKIP;
DO N=1 TO (NEW_NU_AT#NU_AT);
PUT SKIP(2) EDIT('ENTER SCALING CONSTANT NUMBER:',N)
(A, F(2)) 3 '
PUT SKIP;
72=6;
L(6): GET LIST(KI(N));
END;
/* ASK FOR NEW FRACTILES */
DO K=1 TO NU_ALT;
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181
182
183
184
185
196
187
188
189
190
191
192
193
194
195
196
197
198
199
200
291
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
200

DO N=1 TO NEW_NU_AT;
NER=N+NU_AT;
PUT SKIP(2) EDIT('ENTER FRACTILES FOR ALTERNATIVE:',K,
' AND NEW ATTRIBUTE:',NEW) (A,F(2),A,F(2));
PUT SKIP;:

53
5):

VER3: GET LIST (XL (K,NEW) ,XM(K,NEW) ,XH (K,NEW));
IF (XL(K,NTW)<XW (NEW) | XH (K, NE¥) >DXB(NEW))

TREN DO

CALL SYSERR('*** ERROR: FRACTILE OUT OF RANSE, I'RY AGAIN');
GO TO VER3;
END;
END;

END:

/* RETURN TO THE MAIN PROCEDURE */
NU_AT=NU_AT+NEW_NU_AT;

GO TO HEAD: ‘
END;

Z
L

—

/% CHANGES IN RISK CONDITIONS AND RANGES */

PUT SKIP(2) EDIT('IF YOU WANT TO CHANGE SOME OF THE FOLLOWING ',
YVALUSS * ') (A,A);
PUT SKIP;
PUT EDIT('RISK TYPE, CONSTANT OR RANGES, ENTER 1, ZERO IF NOT') (A);
PUT SKIP; ‘
2=7;
L(7): GET LIST(SW3);
IFP S¥3=1 :
THEN DO}
POT SKIP(2) EDIT('OK, POR HOW MANY ATTRIBUTES?') (A);
PNT SKIP;
7=8;
L(8): GET LIST(NT_CHAY);
DO J=1 TO NU_CHAN;
PUT SKIP(2) EDIT('CHANGE # !',J,': PLEASE ENTER THE ',
' ATTRIBUTE NUMBER, RISK TYPE, CONSTAXNT ',
'AND RANGES') (A,F(1),A,A,A);
PUT SKIP;
72=9;
L(9):
VER8:. GET LIST(ATTR_NU,TYPE (ATTR_NU),C (ATTR_NU),KW (ATTR_NU),
XB(ATTR_NT));
IF (ATTR_NOD>NO_AT)
THEN DO3
CALL SYSERR('*** ERROR: ATTRIBUTE OUT OF RANGE');
GO TO VERS;
END;
END;
END:

/* ASK FOR CHANGES IN FRACTILES */

POT SXIP(2) EDIT('IF YO WANT TO CHANGE SOME FRACTILE VALUES!,
' ENTER 1, ZERO IF NOT') (A,A);
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241
242
243
204
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

PUT SKIP;
2=10;
L(10): GET LIST(SWU);
IF Swiy=1
THEN DJ:
PUT SKIP(2) EDIT ('OK, HOW MANY CHANGES?') (A);
PUT SKIP;
2=11; '
L(11): GET LIST(NU_CHAN_Q);
DO J=1 TO NU_CHAN_Q;
PUT SKIP(2) EDIT('CHANGE % ',J,': PLEASE ENTEP',
' ALTERNATIVE #, ATTRIBUTE %# AND FRACTILES')
(R,F(2),A,7);

POUT SKIP;
2=12; _
L(12):

VER6: GET LIST(ALT_NU,AT_NU,XL(ALT_NU,AI_NU) ,XU(ALT_NU,
AT_NU) ,XH(ALT_NU,AT_NU)) ;
IF (ALT_NU>NU_ALT|AT_NU>NU_AT)
THEN DO;
CALL SYSERR('*** ERROR:ALTERNATIVE NUMBER JR ATTRIBHUTE!
' NUMBER IS OUT OF RANGE, TRY AGAIN');

GO TO VERS;
END;
IP (XL(ALT_NU,AT_NO)<XW(AT_NU) [ XH(ALT_NU,AT_NO) >XB(AT_NU))
THEN DO;

CALL SYSERR('*** ERROR: FRACTILE OUT OF RANGE, TRY ',
YASAINY) ;
GO TO VERS6;
END;
EYD:
END;

/* ASK FOR CHANGES IN SCALING CONSTANTS */

PUT SKIP({2) EDIT('IF YOU WANT TO CHANGE SOME OF THE SCALING ‘',
YCONSTANTS') (A);
PUT SKIP;
PUT EDIT(', ENTER 1, ZERO IF NOT') (A);
PUT SKIP;
Z=133
L(13): GET LIST(S¥5);
IFP SW5=1
THEN DO
POT SKIP(2) FDIT('OR, HOW MANY CHANGES?') (A):
PUT SKIP; -~
GET LIST (NU_CHAN_K);
DO J=1 TO NU_CHAN K;
PUT SKIP(2) EDIT('CHANGE # ',J,' ENTER NUMBER OF THE °',
YSCALING CONSTANT AND THE NEW VALOE')
(A,F(2) ,A,A);

PUT SKIP;
2=14;
L (14) : GET LIST(NU_CON,KI (NU_CON));
ENDg
END;
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301

302 /* RETURN TO THE MAIN PROCEDURE */

303

304 HEAD:

305 PUT SKIP(5) EDIT (! kioksksksokksdok kb ok dok kR dokkk kKKK K XREKRRK KK KRRAKY )
306 (X (13),A);

307 PUT SKIP: '

308 PUT SKIP(2) EDIT(' SENSITIVITY ANALYSIS ') (X(19),A);

309 PUT SKIP;

310 PUT SKIP(2) EDIT (%% koo s o ook dokok ok ok ek K Rk kKKK KK KKK AR )
31 X (13) ,A)

312 POT SKIP;

313 GO TO INIPRO:;

314

315

316

317

318

319 /* SUBROUTINZS SECTION */

320

321 GTINFO: PROC (NT_AT,NO_ALT,TYPS,C,XV¥,XB,XL,XN,XH,KI);

322 DCL (NU_AT,NT_ALT,IYPE(3)) FIXED BIN(31);

323 DCL (C(20),X¥W(290),XB (20) ,XL(20,20) ,X4(20,20) ,XH (20,20),KI (20))
324 FLOAT DECIMAL;

325 DCL (K, J) FIXED BIN(31);

326 DCL 2 FIXED BIN(31);

327 DCL L(29) : LABEL;

328 J RER AR R ek R KKK R K Rk KK KK K R KRR KRR R KRR K KRR KKK KK KKKKKE K/
329 /* ASK IP THE OPTION OF READING FROM FILE SHOULD BE USED */
330 ON CONV BEGIN;

331 PUT SKIP EDIT ('*** ERROR: INVALID DATA, TRY AGAIN') (A);
332 PUT SKIP:

333 GO TO L(Z);

334 END;

335 ON ENDFILZ (INP) 50 TO ALLDONE;

336 PUT SKIP EDIT('ENTER 1 IF YOU WANT TO READ FROY FILE, 23RO IF NOT')
337 (A) s

338 PUT SKIP;

339 Z=15;

340 L(15): GIT LIST(S);

341 IP S§=1

342 THEN DO

343 GET FILE(INP) LIST(NU_AT,NU_ALT);

344 DO J=1 TO NU_AT;

385 GET PILF (INP) LIST(TYPE(J),C(J),X¥ (J),%B(J));

346 END;

347 DD K=1 TO NU_ALT;

348 DO J=1"TO NU_AT;

349 GET FILE (INP) LIST(XL(K,J),XM(K,J),XH(X,J));

350 END;

351 END:

352 DO J=1 TO NU_AT;

353 GET PTILE (INP) LIST(KI(J));

354 END;

355 GO TO ALLDONE; .

356 END;

357 /* ASK FOR NTMBFR OF ATTRIBUTES AND ALTERNATIVES */

358 PUT SKIP(S) EDIT('ENTER NUMBER OF ATTRIBUTES AND ALTERNATIVES')
359 (A) 3

360 PUT SKIP:
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361 Z=183.

362 L(16): GET LIST (NU_AT,NU_ALT);

363 /* ASK FOR RISK TYPE, CONSTANTS AND RANGES */

36U DO J=1 TO NO_AT;

365 PUT SKIP(2) EDIT('ENTER RISK TYPZ, CONSTANT AND RANGES FOR?',
366 * ATTRTBUTE:',J) (A,A,F(2));

367 PUT SKIP;

368 2=17:.

369 L(17): SET LIST(TYPE(J),C(J),X4(J) ,XB(J));

370 END; .

371 /* ASK FOR SCALING CONSTANTS */

372 DO J=1 TO NU_AT;

373 PUT SKIP(2) EDIT('ENTER SCALING CONSTANT NUUBER:',J) (A,F{2));
374 PUT SKIP:

375 72=18;

376 L(18): GET LIST(KI(J)) ;

377 END;

378 /* ASK FOR FRACTILES */

379 DO K=1 TD NU_ALT;

330 D0 J=1 TO NU_AT;

381 PUT SKIP(2) EDIT('ENTER FRACTILES FOR ALTERNATIVE:',X,' AND?',
382 ' ATTRIBUTE:',J) (A,F(2),A,A,F(2));
383 PUT SKIP;

388 Z=19;

385 L(19): :

386 VERIF: GET LIST(XL(%K,J),X¥ (X,J),XH(K,J));

387 IP (XL(K,J)<XT(J) JXH (K,J) >XB(J))

388 THIN DO;

3893 CALL SYSERR('*** ERROR: FRACTILE OUT JF RANGE, TRY AGALN!
390 GO TO VERIF;

391 END;

392 END3 .

393 END;

394 ALLDCYNE:

395 END GTINFO;

3986

397

398

399

400

401 INZXUT: PRIC (NWU_AT,NOU_ALT,TYPE,C,XW,XB,XL,XH,XH,EXUTI);

402 DCL (JU_AT,YU_ALT) FIXBED BIN(31);

493 DCL (C (%), XW (*) ,XB (*)) PLOAT DECIMAL;

ucy DCL TYPE (%) FIXED BIN(31); ,

405 DCL EXUTI (27,20) "PLOAT DECIMAL:

ucs DCL (XL (20,2%), XM(20,29) ,X8(20,20Q)) FLOAT DECIMHAL;

407 DCL UTIL (23,20,3) PLOAT DECIMAL;

4n8 DCL {K,J) - PIXED BIN(31);

409 NDCL UTIFUN ENTRY(FIXED BIN(31),FLOAT DECIMAL,PLIAT DECILMAL,
410 FLOAT DECIMAL,PLOAT DRECIHAL);

411 DCL (YL,Y¥,YH,Y1,Y2,C1) . FLOAT DECIMAL;

412 DCL TY FIXED BIN(31);

413 /* ek o 3 e e ve de ok viedk ok vk ek dke e e ok ok e ook Ak e e ok ik e e ok K e e ik ok ok e ok e ok e ke ok ok o ok Rk */
414 /% COMPUTE THE EXPECTED UTILITY VALUE FOR EACH ATR FOR EACH ALT */
41s /* CO"PNTE (UTILITIES */

416 DO K=1 TD NU_ALT ;

417 DO J=1 TO NU_AT;

418 TY=TYDE (J);

419 C1=C (I ;

420 YL=XL (K, J);
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421 Yu=x1u(X,J);

422 YH=XH (K, J) ;

423 Y1=XW (J) 3

424 ¥2=XB(J) ;

42s UTIL(X,Jd,1) = OTIFUY(TY,C1,YL,Y1,Y2);

426 OTIL(K,J,2) = UTIPUN(TY,C1,YM,Y1,Y2);

427 UTIL(X,J,3) = NTIFON(TY,C1,YH,Y1,Y2);

428 END;

429 END;

430 /* USE PEARSON-TUKEY FOR EXPECTED UTILITY VALUES */
431 DO K=1 TO NU_ALT;

432 DO J=1 TO NU_AT;

433 ‘BXUTI (K,J)=,.63*0TIL(K,J,2)+.185% (UTIL(K,J,1) +UTIL (K,J,3)):
43y BEND; '

435 END;

436

437

438 .

439 UTIFUN: PRDC(TY,C,X,Y1,Y2) RETURNS(FLOAT DECIMAL);
440 DCL X FLOAT DECIMAL;

441 DCL (Y1,Y2) FLOAT DECIMAL;:
442 DCL C PLOAT DECIMAL;

443 DCL TY FPIXED BIN(31):

444 DCL (A,B,UT) PLOAT DECIMAL;:

45 /% koo et de ek sk o ke deokte o oK K oK ok Rk e K KKK KKK KRk Kk kR kK K/
by /* SELECT AND COMPUTE THE APPROPIATE UTILITY FUNCTION */
447 IP TY=1

448 THEN IF C>0

449 THEN DO;

450 A= (=EXP (=C*X)) = (=EXP (=C*Y1)) ;

451 B= (=EXP (=C*Y2)) = (=EXP (=C*Y1));

452 UT=A/By

453 RETURN(UT) s

454 "END;

455 - ELSE IF c<9

454 THEN DO;

457 A= (EXP (C*X)) = (EXP (C*Y1))

458 B=(EXP(C*Y2)) - (EXP (C*Y1));
459 UT=A/B;

460 RETORN (UT) ;

461 END;

462 BELSE

463 DO;

46U UT=(X=-Y1) / (¥Y2-Y1) ;

465 RETURN (UT) ;

466 END;

467 IF TY=2

468 THEN IF C>0--

469 THEN DO;

470 A= (#EXP (C*X) )= (~EXP(C*Y2));

471 B=(-EXP (C*Y1)) - (~EXP (C*Y2)) ;

472 UT=A/B;

473 RETURN(UT)

474 END;

475 ELSE IF CK)

476 THEN DO

u77 A= {EXP (C*X) ) = (EXP (C*Y2));

478 B= (EXP (C*Y1) )~ (EXP (C*Y2)) ;

479 UT =A/8;

480 RETORN(OT)
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481
482
483
ugu
485
486
487
488
589
490
491
492
493
49y
gas
496
497
498
499
500
501
5072
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540

END;
ELSE DO;
UT= (-X+T2) /(-Y1+4Y2);
RETURN (UT) ;
END;
IP TY=3
THEN IF C>1
THEN DO;
A= (=1/K**(C=1)) = (= 1/¥1%* (C-1));
B= (=1/12%* (C=1) ) = (=1/Y1%%(C=-1)) ;
UT=A/B;
RETARN(OT) 5
END:
ELSE IF CK1
THEN DO
A= (X** (1=C) ) = (Y1** (1-C));
B= (Y2%% (1=C) )= (Y1**(1-C)) ;
OT=A/B;
RETURN (UT) ;
END;
ELSE IF C=1
THEN DO;
A=LOG (X) -L0OG (Y1) ;
B=LOG(Y2)=LOG (Y1) ;
UT=A/B;
RETURN(UT) ;
END;
ELSE IF C=
THEN DO
OT=(X=Y1)/ (Y2-Y1);
RETURN (UT) 3
END
END UTIFUN;
END INEXUT;

KCONST: PROC (NU_AT,KON,KI);

DCL (I, J,NU_AT) FIXED BIN (31);

DCL KI (20) PLOAT DECIMAL;

DCL (P, XA) FLOAT DECTIMAL;

DCL FUNCT ENTRY.(FLOAT DECI4AL,FIXED BIN(31),(*) FLOAT DECIMAL);
DCL X1 ' FLOAT DECIMAL ;

DCL X2 FLOAT DECIMAL ;

DCL DELTA PLOAT DECIMAL INIT(.00001);

DCL KON - PLOAT DECINAL;

/% ko ek Kk dkosk ok ks ok ok ok koK e ok o 3k e ek ek Kok o ok Rk ok ko k ok kok Kk kk Rk kdkkk Rk k Kk /

/* COMPUTE THE CONSTANT K BY BINARY SEARCH */

/* CALCULATE SUM JFP THE CONSTANTS */
sSuM=0;
DO J=1 TO NU_AT;
SOM=SUN+KT (J) ;
END;

I=20;
/% SUM OF TH® CONSTANTS IS LESS THAN ONE */
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541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
57¢
571
572
573
574
575
576
577
578
579
589
581
582
583
584
585
586
587
588
589
590
591
592
593
S9u
595
596
597
598
599
600

IF SnM<1
THEN DO;
X1=0;
X2=15;
INITSTP: F=FONCT(X2,NU_AT,KI);
IP PO
THEN DO;
X2=X2+1;
IP X2>3)0 THEN GO TO NOTFOUND:
GO TO INITSTD;
END;
/* FPIRST MIDDLE POINT */
XA=(X2+%X1)/2
1L00P: P=PUNCT (XA,NU_AT,KI);
IP ABS (F) < DELTA
THEN DO
KON=YXA;
50 TO END_PROC;:
END;
IF I>500 THEN GO TO NOTFOUND:
I=I+1;
IF P>0
THEN DI
X2=¥A;
XA=(X2+4X1) /2;
G0 TO 10OP;
END
ELSE DO;
X1=X2a;
XA=(X2+X1) /2;

GO TO LOOP;
END
END;

/* SUM OF THE CONSTANTS IS GREATER THAN ONE
IF SOM1
THEN DO;
11==-1;
12=0;
A= (X2¢X ) /2;
LOOP2: F=FUNCT (XA,NU_AT,KI);
IF ABS(F)< DELTA
THEN DO;
© KON=XA;
GO TO END_PROC;
END;
IF I>5)) THEN-30 TO NOTPOUWND;
I=I+1;
IF PX0
THEN DO;
X1=XA;
XA= (X2+X1) /23
GO TO LOOP2Z;
END;
ELSE DO;
X2=X14;
XA= (X2+X1) /2
GO TO LOOP2;
END:

58

*/



601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660

END;
/* SUM OF THZ CONSTANTS IS EQUAL TO ONE */
IF sou=1
THEN DO;
KON=0;
GO TO END_PROZ;
END;
PUNCT: PROC(X,NU_AT,KI) RETURNS(FLOAT DECIMAL):;
DCL X _ FLOAT DICIMAL;
DCL (J,NU_AT) PIXED BIN (31);
DCL RI(*) FLOAT DECIMAL;
DCL (PROD,FUY) FLOAT DECIMAL;

JE kdokdeokd ok ok e kok e 3ok ok R R kOR KR K RRRRK KRR R AR KRR RERK KR KKK k)
/% COMPUTE TH®E VALUE OF THE FUNCTION */
PROD = 1;

DO J=1 TJ NU_AT;

PROD=PRON* (X*KI (J) +1) ;

END; -
PUN=EROD=-(X+1) ;

RETURN (FON) ;
END FUNCT;

NOTPOUND: PUT SKIP LIST ('K VALUE NOT FOUND');
END_PROC:
END KCONST;

EXUTAL: PRIC (EXUTI,KON,KI,NU_AT,NU_ALT,EY_NUTI_AL);

DCL KI (%) FLOAT DECIEAL;

DCL EXOTI (*, %) FLOAT DECINAL;
DCL (KON,PROD) FLOAT DECIMAL;:
DCL S FLOAT DECIHAL;

DCL (K,J,NU_AT, NU_ALT) FIXED BIN(31);:
DCL EX_UTI_AL(29) PLOAT DECIXAL:

/% dokodok ddeol ke gk Aok sk ol ok i ke ek deole ok ok R kR ok Rk Iok R R Rk Rk Rk kR kR KX kX kKK KKK K* /

/* ADDITIVE CASE */

IF KON=0
THEN DO;
DO K=1 TO NU_ALT;
S=03
DO J=1 TO NO_AT;
S=S+KI(J)*EXUTI (K,J);
END;
EX_UTI_AL (K)=S;
ENDs
GO TO DONE;
END;

/* MULTIPLICATIVE CASE */
/* COMPUTZS EXPECTED UTILITIES FOR EACH ALTERNATIVE */
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661
£62
663
664
665
666
667
6683
669
670
671
672
673
674
675
676
677
678
679
689
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
€96
697
698
699
700
701
702
703
704
705
706
707

END OF FILE

DO K=1 TO NU_ALT;
PROD=1;
DO J=1 TO NU_AT;
PROD=PROD * (KON*KTI (J) *EX 0TI (K,J) +1) ;
END
EX_UTI_AL (K)=(PROD=1) /KON;
END;
DONFE:
END EXUTAL;

SYSERR: PROC(MZS,MES2);
DCL MES CHAR (%) ;
DCL MES2 CHAR(¥) ;
/* 3 e o e K kR K Kk Yeode xk ok v vk R 3 ook e 3k ek 3K ke e v Xk i Xk i ok o e ok Xk ok ok o ok K R */
PUT SKIP EDIT (MES,MES2) (A,A);
PUT SKIP;
END SYSERR:

/* FINAL PROCESS BEFORE FINISH, STORE DATA IN PILE */
ENDPEOC:
PUT FILE(STORE) EDIT(NU_AT,NU_ALT).(X(1),?(2),X(1),F(2)):
DO J=1 TO NO_AT;
PUT SKIP PILE(STORE) EDIT(TYPE(J),C(J) ,X¥(J) ,XB(J))
(X(H,F(N,X(N) ,E(13,8),X(1) ,F(10,2) ,X(1),F(10,2));
END;
DO K=1 TO NU_ALT;
DO J=1 TO NU_AT;
PUT SKIP FILE(STORF) EDIT (XL (K,J),X¥(K,J), XH(K,JH
((3) X(1),¥(10,2)));
END;
ENDs )
DO J=1 TO NU_AT;
PUOT SKIP FILZ(STORE) EDIT(KI(J),' Y O (X(3),F(5,4),17);
PUT SKIP;
END;
CLOSE FILE(STORE);
CLOSE FILE(INP);
END MOLAT;
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