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Table 4.2: Input Format for Cash Flows, Qualitative Flows, and Interest Rates

YEAR YEAR YEAR YEAR YEAR

BREAK 1] BREAK 2 BREAK 3 BREAK 4 BREAKS
Pessimistic =~ PM value PM value PM value
Project ML value ML value ML value
Length OP value OP value OP value
Most-Likely PM value PM value PM value PM value
Project ML value ML value ML value ML value
Length OP value OP value OP value OP value
Optimistic =~ PM value PM value PM value PM value PM value
Project ML value ML value ML value ML value ML value
Length OP value OP value OP value OP value OP value

PM - Pessimistic ML - Most Likely OP - Optimistic

340
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300 -
280 -
260..
240
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180 -
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Figure 4.2: Cash Flows as Pessimistic, Most Likely, and Optimistic for Varying
Project Lengths
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4. A frequency histogram of each NI, with mean and variance.

5. A frequency histogram of each objective: Pecuniary, Strategic, and Tactical,

with mean and variance.
6. The Composite Programming score for all computed cases.

7. A frequency histogram of the Composite Programming score, with mean and

variance.

One thousand samples of the MI and NI, were determined. Ten bins were
used to determine the distributions. An analysis of using a larger sample size is
presented later in this section.

The results for the mean and variance of the Composite Programming scores
p are shown in Table 4.3. The values of the objectives are provided in Table 4.4.
The mean and variance of the values in the attribute versus alternative matrix are
shown in Table 4.5. A frequency plot of the distributions of g for each alternative
are provided in Figures 4.3 through 4.5. Frequency plots of the objectives for each
alternative are provided in Appendix J.

In order to determine if a larger sample size would provide different results, the
example was analyzed using a sample size of 2,000. Since the final score p is de-
termined from the distribution of the Pecuniary, Strategic, and Tactical objectives
using the joint probabilities, the analysis will be performed using the results from
the attribute versus alternative matrix. These are presented in Table 4.6. The
following tests were performed to determine if the means of the attribute versus

alternative matrix of the two sizes of n are different:



Table 4.3: Mean and Variance for Final Scores 5

ALTERNATIVE MEAN VARIANCE

Manual

Semi-Automatic
Automatic

54.73
33.55
28.98

1.68
0.81
0.99

Table 4.4: Mean and Variance for the Objectives

ALTERNATIVE PECUNIARY STRATEGIC TACTICAL
MEAN VAR MEAN VAR MEAN VAR
Manual 20.20 176.77 1,653.73 1,400.49 1,322.93 805.78
Semi-Automatic 93.79  775.98  464.13  334.73  569.46 243.26
Automatic 178.95 1,577.74  275.31 174.60  386.12 221.03

Table 4.5: Mean and Variance for Attribute vs. Alternative Matrix

INDEX MANUAL SEMI-AUTO. AUTOMATIC
Mean Var Mean Var Mean Var
MI 0.8572 0.0024 0.6806 0.0023 0.5564 0.0025
NI -0.2680 0.0002 0.1516 0.0008 0.1290 0.0007
NI, -0.2158 0.0017 0.1496 0.0012 0.3774 0.0013
NI; -0.3450 0.0008 0.3584 0.0003 0.6612 0.0003
NI, -0.4998 0.0000 0.1287 0.0003 0.2860 0.0014
NIy -0.2668 0.0010 0.4196 0.0001 0.6243 0.0002
Nlig -0.8992 0.0002 0.3004 0.0003 0.6109 0.0003
NI, -0.0004 0.0000 -0.0004 0.0000 0.1996 0.0000
Nig -0.5985 0.0005 0.0818 0.0007 0.3381 0.0013
Nig -0.4026 0.0007 0.1194 0.0005 0.2874 0.0011
NI -0.1503 0.0004 0.2445 0.0005 0.3358 0.0006
NIy 0.0931 0.0007 0.4096 0.0001 0.2747 0.0007
NI, -0.3896 0.0004 0.1603 0.0007 0.3909 0.0010

153
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Figure 4.3: Frequency Distribution of g - Manual Alternative
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H, : m@:moo) = m(n:ZOOO)

H, : m(n:looo)?ém(mzooo)
and

Hy : N Ik(n:lOOO) = -N—Ik(n=2ooo)

Hy ¢ Nlin=1000) # Nkn=2000)

Since the distributions of the MI and NI are not known, the Mann-Whitney-
Wilcoxon Rank Sum Test is used. The test statistic is determined using the
assumption that the sum of the rank numbers is normally distributed. The pro-
cedure used is that presented in Pearson and Hartley [102). Two experimental
groups of size | and m (I £ m, [+ m = N) are combined and ranked in ascending
order of magnitude. Each item is assigned a number in order from 1,2,...N,
where ties are assigned an average of the rank numbers associated with the tied
values. Let W be the sum of the rank numbers in the smaller group of size [.
When [ and/or m are greater than 25, an adequate approximation is obtained by

taking W as normally distributed with:
1
VIW] = Solm(N +1)

Using a correction for continuity, we have:

W + 0.5 — E[W]

& (z2) =
) NG

where ®(z) is the standard normal distribution. The rank sums (W) for the final

scores are shown in Table 4.7, along with the corresponding values for ®(z).
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Table 4.6: Mean and Variance for Attribute vs. Alternative Matrix, n = 2000

INDEX MANUAL SEMI-AUTO. AUTOMATIC
Mean Var Mean Var Mean Var
MI 0.8555 0.00256 0.6792 0.0024 0.5559 0.0025
NI -0.2769 0.0002 0.1524 0.0008 0.1298 0.0008
NI -0.2160 0.0018 0.1495 0.0012 0.3773 0.0013
NI -0.3445 0.0009 0.3587 0.0003 0.6615 0.0004
NI, -0.5000 0.0000 0.1297 0.0003 0.2860 0.0015
NI -0.2675 0.0010 0.4198 0.0001 0.6245 0.0002
NI -0.8995 0.0002 0.3007 0.0003 0.6107 0.0003
NI, -0.0002 0.0000 -0.0002 0.0000 0.1998 0.0000
NIy -0.5991 0.0004 0.0819 0.0007 0.3381 0.0014
NIy -0.4029 0.0007 0.1199 0.0005 0.2880 0.0011
NI, -0.1509 0.0005 0.2449 0.0006 0.3359 0.0006
NI 0.0926 0.0008 0.4067 0.0001 0.2751 0.0007
NI, -0.3902 0.0004 0.1602 0.0008 0.3913 0.0010

The value of E[W] is 1,500,500.0 and V[W] = 500, 166,666.7. At a 0.05 level

of significance (—1.96 < z < +1.96), the null hypotheses are accepted that the

means are the same. Therefore, there is no benefit for using a larger size of n.

A review of the results of the independent case shows that the score for the

automatic alternative is lowest. The manual alternative has the highest score, and

also the highest variance. It is clear that the semi-automatic and automatic alter-

natives are preferred to the manual alternative, but is there a difference between

the semi-automatic and automatic alternatives? From an observation of the data

it seems that there is a difference. In order to verify that the means are different,

a statistical test is performed. The test is as follows:

Hy

H,

! Psemi~automatic — Pautomatic

¢ Psemi—automatic 7& Pautomatic
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Table 4.7: Rank Sums for the Attribute vs. Alternative Matrix

Rank Sum (W) Standard Normal (z)

INDEX  MAN SEMI AUTO MAN SEMI AUTO
MI 1,485,260.0 1,481,910.0 1,480,671.0 -0.6814 -0.8312 -0.8866
NI, 1,500,492.5 1,478,613.5 1,478,524.0 -0.0003 -0.9786 -0.9826
NI, 1,518,772.0 1,508,945.0 1,508,415.0 0.8170 0.3776 0.3539
NI 1,514,167.0 1,486,533.5 1,488,084.0 0.6111 -0.6244 -0.5551
NI, 1,515,664.0 1,494,394.0 1,492,772.5 0.6780 -0.2730 -0.3455
NIy 1,515,606.0 1,494,5290.0 1,491,103.0 0.6754 -0.2669 -0.4201
NI, 1,513,083.5 1,495,060.5 1,503,144.0 0.5626 -0.2432 0.1182
NI, 1,472,065.5 1,472,065.5 1,472,091.5 -1.2714 -1.2714 -1.2702
NI, 1,517,899.5 1,502,945.5 1,500,742.0 0.7780 0.1093 0.0108
NI, 1,513,387.0 1,487,217.5 1,486,744.0 0.5762 -0.5938 -0.6150
NI,  1,518,823.0 1,493,430.0 1,493,221.0 0.8193 -0.3161 -0.3254
NIL;  1,515098.0 1,502,157.5 1,489,610.5 0.6527 0.0741 -0.4868
NI,  1,520,621.0 1,496,239.0 1,495546.5 0.8997 -0.1905 -0.2214

Using the Mann-Whitney-Wilcoxon Rank Sum test, E[W] = 1,000,500.0 and
V[W] = 166, 750,000.0. At a 0.05 level of significance (—1.96 < 2z < +1.96), the
null hypothesis is rejected. The rank sum of the semi-automatic alternative is
1,496,715.5 and for the automatic alternative the rank sum is 504,284.5. ®~1(z) =
+38.43 and clearly it is concluded that the average score (7) of the semi-automatic
and automatic alternatives are different.

The mean of the M for each alternative supports earlier comments that on
a financial basis only, the manual alternative is preferred. The variances of the
MT between the alternatives is similar. The NI) show some trends between the
attributes which may suggest that certain attributes be given more attention in
the analysis. The highest variances for all alternatives occurs for NI, (Market
Position). Therefore, particular attention should be paid to this attributes in any

further analysis. Additionally, NI5 and N5 (Mission, Public Relations) show high
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variability for the manual alternative, NI;, NIs, and NIy, (Internal Relations,
Flexibility, Producibility) show high variability for the semi-automatic alternative,
and NI, NIg, NIy, and NI, (Organization, Flexibility, Integration, Producibil-
ity) show high variability for the automatic alternative. This also indicates that
these areas within each alternative may require further analysis or should be stud-

ied carefully before any final decisions are made.

4.5 Risk Under Dependence

An example of handling a situation of dependent cash flows was presented in
Section 2.8. However, the example assumed that the interest rate and duration
of the project were deterministic. This model considers the interest rate and
duration of project to be random variables. Hillier [56] nicely summarized handling
dependence with the following, “...the dependent case is very much more difficult
than the independent case, so that it will not be possible to state a single result
which completely solves this problem.” The problem Hillier [56] refers to is the
determination of the distribution of NPV for a project with dependent cash flows,
deterministic (and constant) interest rate, and deterministic project duration.

Since a single result for the distribution of the Monetary and Nonmonetary
Indices, along with the rankings, cannot be stated to completely solve the AMST
evaluation problem, another approach must be chosen. The approach taken in
this research is to determine the distributions for the rankings and the objec-
tives through an enumeration of samples from the distributions of the cash flows,
qualitative flows, interest rates, and project duration. The calculations for this
enumeration will be carried out on a personal computer. Time dependence will be

allowed between cash flows and qualitative flows of a single attribute. However,
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independence between the attributes is still assumed.

The steps delineating this enumeration are similar to those presented in the
previous section, except that cash flows, qualitative flows, and interest rates will
be dependent along time. The dependence will be modeled using a multivariate
normal distribution, where the number of variants is dependent upon the length
of the project.

As in the independent case, the decision maker will specify a pessimistic, most
likely, and optimistic length for the project life (T) Next, for each of the three
project lengths, a pessimistic, most-likely, and optimistic value for Cu, Qu, 1,
and h, will be provided. This allows the cash flows, qualitative flows, and interest
rates to vary according to the length of the project. The data will be represented
by a minimum of one point, or a maximum of five points, as previously shown in
Table 4.2. In this manner the decision maker may specifiy a constant value, or a
declining, rising, and declining curve representing typical trends which occur over
the life of a project.

To clarify this scheme for the dependent case, refer to Figure 4.6. The figure
shows three curves which represent varying cash flows for three different project
lengths in a typical product life cycle [111]. Each curve is a most likely estimate,
and as such each curve has associated with it a curve representing the pessimistic
and optimistic estimates. An example of this representation is provided in Fig-
ure 4.7.

The pessimistic, most likely, and optimistic values provided by the decision
maker reflect a triangular distribution. As discussed in Section 4.3, the triangular
distribution is commonly used to estimate data [78], [4]. The pessimistic and opti-

mistic values provide worst and best case bounds on the estimation, and the most
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likely value is the decision maker’s estimate, based on research and knowledge,
of the most likely value which may occur. The decision maker may specify the
pessimistic and optimistic values in equal distances from the most-likely value,
thus yielding a symmetrical triangular shape. This symmetrical shape will be as-
sumed to be normal such that dependence can be modeled using a multivariate
normal distribution. The number of variates will be dependent on the length of
the project.

In making the assumption that the symmetrical triangular distribution will
estimate a normal distribution, it is important to note the effect of the tail proba-
bility introduced from this assumption. The mean and variance of the triangular
distribution are:

a+b+c
Hiri = —3———
a?+ b+ —ab—ac - be
18

where a is the pessimistic estimate, b the optimistic estimate, and ¢ the most likely
estimate. Since the triangular distribution will be symmetrical, the length of the
interval [a,c| will equal the length of the interval [¢,b]. Therefore,c—a =b—c¢

and the mean and variance are simplified to:

a+b

l,Ll"' = 2 (4-1)
a — b)?

Tt g“‘z“;f)" (4.2)

Since a and b are the tails of the triangular distribution, the triangular distribution
can be related to the normal distribution using the standard normal distribution.

Refer to Figure 4.8. At the left tail:

a — Knorm — —-CI)_I(z)

anorm
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Figure 4.8: Tail Probabilities of the Triangular Approximation to the Normal

and at the right tail:

b - #norm = @_1(2)

Onorm

Solving for a and b, and replacing the results into Equations 4.1 and 4.2 yields:

Hiri =  Hnorm
atzr: =

6

Therefore, in order for the variances to be equal, [#7!(2)]* = 6 and z = +2.45.

Analyzing the left end of the triangular distribution, the straight line forming the

left bound has an equation of:
f(z) = 0.16666z + 0.40816

This line intersects the normal curve at three points: z = —2.27, —1.01, and —0.06.

Of interest here is the area in the tails of the distributions. The decision maker
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has provided pessimistic and optimistic limits which are the tails of the triangular
distribution. By using the assumption of a normal distribution, values beyond
the pessimistic and optimistic limits may occur. The probability that a value will

exceed the pessimistic limit is given by:

/—-2.45 1 1 2d
e 2% dx
-0 V2

which is 0.0071. Thus using the normal distribution, 1.42% of the time values

will arise which exceed the pessimistic and optimistic limits. Since the limits are
estimates provided by the decision maker, it is feasible that these limits may be ex-
ceeded. This is exceedance deemed acceptable for the evaluation being performed.

Using these mean and variance estimates for the normal distribution, a co-
variance matrix (V') and mean vector (&) is constructed which is used to generate
samples from a multivariate normal. The C’tk, @,k, %, and F; are assumed to follow

a linear first-order Markovian model of the form: [16]

Cyo = 90(1:—1)!: + 6+ ¢

where:
6 - the one-period lag coefficient, || < 1.
) - trend constant.
€ - random variable with mean zero and variance o2.

Therefore, with the assumption of a Markovian process, the autocorrelation coef-

ficients are computed as: [16]

Quty = gha-ul

Using this autocorrelation coefficient, the covariance matrix (V') is determined as

shown in Table 4.8. When the decision maker specifies § = 1, the model exhibits
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Table 4.8: Determination of the Covariance Matrix

1y
2 2 T~1
1 (o2 000,;0'0“ 6 0C1,TC3y GT 0C1x9Crx
-1
2 0002k OC TC, 0002'; OCk ¢ TC3,9Cy,
3 . . . .
H M . H 2
T . . . . aCTk

perfect correlation. Mathematically —1 < 6 < 1, however a positive correlation
for the flows is assumed with 0 < 6 < 1.

Based upon the mean vector (&) and covariance matrix (V'), random samples
for cash flows, qualitative flows, and interest rates are generated based upon the
multivariate dependent normal distribution. The dependence of these cash flows,
qualitative flows, and interest rates is with respect to time. As such, the number
of variates is determined by the length of the project. An algorithm for generating
these samples is presented in Bratley et al. [11]. Given & and V', a lower trian-
gular matrix C is determined such that V = CC’. The matrix C is determined
using Cholesky factorization. Next, a vector z of T independent standard normal

variates is determined, and @« is calculated using:
z = +Cz (4.3)

The procedure used in the enumeration of the dependent case parallels that of
the independent case. The exception is in the determination of Cu, Qu, s, and

h:. Since the means of the triangular distribution are known, the mean vector

@ for each Gy, Qu, %1, and h, is determined by calculating the means of each
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associated triangular distribution. The covariance matrix (V') is determined by
computing the variances of the triangular distributions, and constructing the ma-
trix as previously described. Using the mean vector and covariance matrix, a
vector of dependent values is generated using Equation 4.3. This is done for all

Cuk, Q,k, %, and hy. Using these values, the MI, NIk, and p are computed.
The following algorithm is employed for the dependent analysis:

get analysis parameters;
normalize weights;
for m = 1 to sample size
determine random sample of project length (7},) from a
Triangular distribution;
save 1), for later use;
for 7 = 1 to number of alternatives
read input data for alternative j;
open output file for NPV;;
determine a random dependent vector of 44, t = 1,...,T,, from a
multivariate Normal distribution;
initialize Y}; to zero;
for k = 1 to number of Pecuniary elements
determine a random dependent vector of Cy;, t =1,...,T,
from a multivariate Normal distribution;

Yi; =Yy + Cui(1 ~ ) + Dy
Tm

Y;;
NPV; =) ——2—;
= LA

if (m=1)

NPVjy,x = NPVj;
NPVjyn = NPV}
lf(NPV; >NPV1'MAX) NPVjyax = NPV
if (NPV; < NPVjyy) NPV y = NPVj;
write N PVj to output file;
close output file for NPVj;
for n = 2 (Strategic) to 3 (Tactical objectives);
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open output file for NI;,;
for m =1 to sample size
recall T,,;
determine a dependent random vector of hy, t = 1,...,T},

from a multivariate Normal distribution;
T,
m, 1
Ryi =)  =———;
tz=; H;c:O(l + ht),
for k = all of elements in n
determine a dependent random vector of Qu;, t =1,..., T,

from a multivariate Normal distribution;

NPQR, =3 Qi
=1 (1+ k)

NIy = S5
write NPQF}; and NIi; to output file;
if(m=1)
Nlijpax = Nlyj;
Nlijpgn = Ny
if (Nij > NijMAX) NijMAX = Nij;
if (NIkJ' < ‘NijMIN) NijMIN = NIkJ';
close output file for N1I,;
determine the maximum NPV over all alternatives (N PVprax);
determine the minimum NPV over all alternatives (N PVuin);
RMI mmx(|NPVMAx| 'NPVMIND;

for 7 = 1 to number of alternatives

NPVJMAX NPV-"MIN
delta = |—pibiax — —piu

for i =1 to Bins
Distributionp[i] = —Aﬂm + (7 * delta);

p) a/p

P\ 9/P
PECyiN = B (Ofu ) )

delta = |PECpax — PECyn| + Bins;
for z =1 to Bins
Distributionpgc|i) = PECypin + (i * delta);

<+ Bins;

NPV;
1— J

Ry
2

PECmax = P (au

NPV;
1— k)

By
2




open input file for N PV};
initialize Count|] array to zero;
initialize Count2[] array to zero;
for m = 1 to sample size
read NPV from NPV; file;
MI= %—Z‘l’;
for i =1 to Bins;
if (MI < Distributionpli])
Count[i] = Count[i] + 1;
break;
PEC = p (0111 Il:zﬂl‘lp)q/p;
for : = 1 to Bins;
if (PEC < Distrz’butionpgc[i])
Count2[i] = Count2[i] + 1;
break;
close input file for N PV};
divide all bin counts (COUNT][], COUNTZ2[]) by sample size to
determine the cell probabilities p;;

adjust bin limits of Distributionps to the center of the bin;
Bins

mean = Y p; * Distributionp[i);
'=lBina

variance = Y (p; * Distributionp[i]*) — mean?;

1=1
open output file for MI;;
for : =1 to Bins
write Distributionp[t] and cell probabilities p; to file;
write mean and variance to file;

close output file for M I;;

adjust bin limits of Distributionpgc to the center of the bin;
Bins
mean = Y, pi * Distributionpgclil;
'=lBina
variance = Z (pi * Distributionpgc(i]?) — mean?;
i=1
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open output file for PEC};
for i =1 to Bins

write Distributionppc(i] and cell probabilities p; to file;

write mean and vartance to output file;
close output file for PECj;
for n = 2 (Strategic) to 3 (Tactical objectives);

open NI, file;
for k = all of elements in n
delta = |.NijMAX - NIkJ'anl + Bins;
for i = 1 to Bins
DistributionNIkJ. [z] = Nlgjpn + (z * delta);
initialize County;[] array to zero;
for m =1 to sample size
read NIy, from NI;, file;
for ¢ =1 to Bins;
if (NIi; < Distributionyy,,[i])
County;[i] = County;[i] + 1;
break;
close NI;, file;

divide all bin counts (COU NT};[]) by sample size to determine

the cell probabilities p;, i = 1,..., Bins;
adjust bin limits of Distributionyy,; to the center of the bin;

Bins
mean = Z pi * Distributionyy,[4];
=1 Bins
variance = Y (p; * Distributionyy,,[i]*) — mean®;

=1
determine lower limit of objective n (Objjnp;n )i

determine upper limit of objective n (Objjny.x);
delta = |Objjnpax — Obfinsan| + Bins;
initialize Count,[] array to zero;
for i =1 to Bins
Distributionoy;,,[t] = Objjny,y + (¢ * delta);
for all combinations of NI, over the number of elements;
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. 1 — Distributionny,,
Ob]jn = ﬂn (Z Qg D) 5
kGSg

compute the joint probability p; for the above Obj;n;

for = 1 to Bins;
if (Objjn < Distributionoy;;,[i])
Count,[i] = Count,[i] + 1;
accumulate the joint probabilities for bin i;
break;
open output file for NI;; distribution;
open output file for Obj;,;
write Distributionyy,; to output file;
write Distributionoy;;, to output file;
close output file for NI;; distribution;
close output file for Obj,;y;
open input file for Pecuniary distribution (PEC;);
open input file for Strategic distribution (Obj;2);
open input file for Tactical distribution (Obj;3);
read Pecuniary distribution (Py);
read Strategic distribution (.S, );
read Tactical distribution (T});
determine lower limit of final score pj,,, 3
determine upper limit of final score pj,, , ;
delta = |pjpax — Pirrn| + Bins;
for : =1 to Bins
Distribution,,[i] = pjpy + (2 * delta);
initialize p;, ¢ = 1,..., Bins to zero;
for f =1 to Bins
for ¢ =1 to Bins
for h =1 to Bins
p=(Pr+ 8+ Tu)'/s;
compute joint probability for p; p = (pp, * ps, * p1,);
for i =1 to Bins
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if (p; < Distribution,[i])
p; =p; tp
Bins
mean = Y _ (p; * Distribution,,[i]);

i=1
Bins

variance = ) (p; * Distribution, [i]*) — mean?;
1=1
write results to output file;
This yields a mean and variance for the evaluation scores, which indicates a
stability of the rankings to the decision maker. This, in association with the mean
and variance of the objectives, and the Monetary Index and Nonmonetary Indicies,

provide the decision maker with the necessary information to evaluate all of the

alternatives.

4.6 Example of Risk Determination Under De-
pendence

The cash flows and qualitative flows from the numerical example presented
in Section 4.4 have been modified for analysis of risk under dependence. The
deviations from the most likely values for the pessimistic and optimistic values are
the same as those used in Section 4.4, however the flows for each project length have
been tailored to show dependence of the cash flows to the project length as shown
in Figure 4.6. Detailed input data used in this analysis is provided in Appendix
K. The algorithm presented in the previous section is part of the “AMSTEP-R:
Advanced Manufacturing System Technologies Evaluation Program - Risk.” The
output from the program are the same as described in Section 4.4.

A sample size of 1,000 was used, and each distribution was constructed using
ten bins. The execution time increased from 8 hours for the independent case to

18 hours for the dependent case, due to the added overhead of the dependence
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Table 4.9: Mean and Variance for Final Scores 3, § = 1.0

ALTERNATIVE MEAN VARIANCE

Manual 55.96 2.34
Semi-Automatic 34.74 2.19
Automatic 29.81 3.24

determinations.

The results for the mean and variance of the evaluation scores p under perfect
correlation (6 = 1.0) are shown in Table 4.9. The values of the objectives are
provided in Table 4.10. The mean and variance of the values in the attribute versus
alternative matrix are shown in Table 4.11. A frequency plot of the distributions
of p for each alternative are provided in Figures 4.9 through 4.11. Frequency plots
of the objectives for each alternative are provided in Appendix L.

The results are consistent with the independent case in that the automatic
alternative is preferred, followed by the semi-automatic and manual alternatives.
However, the variances of the scores for the dependent case are greater than for
the independent case as would be expected. For example, the variance of the
score for the automatic alternative is three times greater than the variance in
the independent case. This yields a more accurate result on the riskiness of the
automatic alternative, measuring the potential expected deviation (loss) from the
ideal point. The attribute versus alternative matrix is also consistent with the
independent case, except that again the variances are seen to be greater. Note
that the objective scores differ somewhat compared to the independent case. This
is a result of the dependence of the cash flows and qualitative flows on the length

of the project, as discussed in Section 4.5.
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ALTERNATIVE  PECUNIARY STRATEGIC TACTICAL
MEAN VAR MEAN VAR MEAN VAR
Manual 93.42 2,694.40 1,705.24 3,701.80 1,336.80 2,714.93
Semi-Automatic  171.88 5,598.62  460.45  902.15 573.97 854.68
Automatic 237.58 7,90244  271.79  520.80  382.87 633.37

Table 4.11: Mean and Variance for Attribute vs. Alternative Matrix, § = 1.0

INDEX MANUAL SEMI-AUTO. AUTOMATIC
Mean Var Mean Var Mean Var
MI 0.6921 0.0087 0.5742 0.0097 0.4969 0.0096
NI -0.3144 0.0012 0.1515 0.0012 0.1518 0.0012
NI, -0.2210 0.0081 0.1680 0.0074 0.3767 0.0074
NI3 -0.4224 0.0038 0.3608 0.0021 0.6616 0.0020
NI, -0.4997 0.0004 0.1289 0.0007 0.2865 0.0018
NIy -0.2613 0.0013 0.4210 0.0009 0.6255 0.0010
Nlig -0.9008 0.0017 0.2993 0.0018 0.6094 0.0018
NI, -0.0008 0.0004 -0.0008 0.0004 0.1992 0.0004
NIg -0.6000 0.0041 0.0770 0.0035 0.3359 0.0044
NIy -0.4192 0.0031 0.1226 0.0029 0.2877 0.0035
NI -0.1477 0.0008 0.2446 0.0011 0.3361 0.0011
NIj; 0.0684 0.0019 0.4047 0.0010 0.3038 0.0020
NI, -0.3898 0.0024 0.1509 0.0024 0.3896 0.0027
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Table 4.12: Mean and Variance for Final Scores g, § = 0.5

ALTERNATIVE MEAN VARIANCE

Manual 55.68 1.87
Semi-Automatic 34.19 1.31
Automatic 29.21 1.75

In order to show the effect of changing the correlation coefficient, the AMSTEP-
R program was run again with the same data, except that 6 was changed from 1.0
to 0.5. The results are shown in Table 4.12 through 4.14. A frequency plot of the
distributions of p for each alternative are provided in Figures 4.12 through 4.14.

Frequency plots of the objectives for each alternative are provided in Appendix L.
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ALTERNATIVE PECUNIARY STRATEGIC TACTICAL
MEAN VAR MEAN VAR MEAN VAR
Manual 63.92 1,089.44 1,702.92 2,168.41 1,334.18 1,169.67
Semi-Automatic  140.08 2,567.21  458.71  355.17  572.30  329.74
Automatic 203.74 3,809.43  270.10  228.71 38137  311.55

Table 4.14: Mean and Variance for Attribute vs. Alternative Matrix, 8 = 0.5

INDEX MANUAL SEMI-AUTO. AUTOMATIC
Mean Var Mean Var Mean Var
MI 0.7448 0.0054 0.6133 0.0055 0.5307 0.0055
NI -0.3137 0.0009 0.1523 0.0008 0.1526 0.0009
NI -0.2186 0.0029 0.1691 0.0023 0.3773 0.0022
NI -0.4219 0.0027 0.3605 0.0007 0.6614 0.0007
NI, -0.4998 0.0027 0.1288 0.0003 0.2867 0.0014
NI -0.2629 0.0007 0.4197 0.0003 0.6243 0.0004
Nig -0.9000 0.0005 0.3002 0.0006 0.6102 0.0006
NI; 0.0000 0.0001 0.0000 0.0001 0.2001 0.0001
NIy -0.5982 0.0011 0.0785 0.0010 0.3380 0.0018
NIy -0.4191 0.0013 0.1226 0.0009 0.2877 0.0016
NIy -0.1477 0.0004 0.2448 0.0006 0.3364 0.0007
NIy 0.0671 0.0011 0.4032 0.0003 0.3023 0.0014
NIig -0.3878 0.0007 0.1517 0.0010 0.3903 0.0013
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As expected, the variances in this case are smaller than when 6 = 1.0. The
mean scores of the three alternatives are similar to the case when 8 == 1.0, as are
the values of the Strategic and Tactical objectives, and the NI;. The means for the
Pecuniary objective (and subsequently the M) are different than for the case of

= 1.0. This is attributed to the formula used to determine the MI. Recall from
Chapter 3 that MI; = %—%, where Rp; = max (l ?E?NP%I,,I?&XNPV;O.
Determining the NPV with a different covariance matrix yields different values of
the NPV. Therefore, |minje; NPV;| and | max;e; NPV;| will differ, causing the
M T and subsequently the Pecuniary objective to differ. In order to verify this, the
NPV'’s for each alternative when 6 = 1.0 and 8 = 0.5 were recorded. The means
of these NPV’s are shown in Table 4.15.

Upon observation, the means of the NPV’s seem to be similar. Using the

Mann-Whitney-Wilcoxon Rank Sum Test, the following tests are performed for
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Table 4.15: Means of the NPV’s for § = 1.0 and 6 = 0.5
=10 =05

NPV anval $3,010,139. $3,020,937
NPVsemi—automatic $2,494,960 $2,486,406
NPV qutomatic $2,158,250. $2,149,915

Table 4.16: Rank Sums for the NPV’s when 6 = 1.0

Rank Sum (W) Standard Normal (z)
MAN SEMI AUTO MAN SEMI AUTO

991,371.0 1,008,900.0 1,009,339.0 -0.7069 +0.6505 +0.6845

each alternative j:

H, : NPV(o:x.o) = NPV(0=0.5)

-Hl : NPV(0=1,0) % NPV(0=0.5)

The rank sums for the NPV’s when 6 = 1.0, along with the corresponding values
for ®~1(2) are provided in Table 4.16. The value of E[W] = 1,000,500.0 and
VW] = 166,750,000.0. At a 0.05 level of significance (—1.96 < z < +1.96),
the null hypothesis is accepted, and it is concluded that NPV’s calculated when

6 =1.0 and 8 = 0.5 are the same.

4.7 Summary

This Chapter presented two risk based methodologies for use in the proba-
bilistic evaluation of AMST. One methodology assumed independence of the cash
flows, qualitative flows, and interest rates along time, the second assumed the more

realistic case of dependence along time. Both analyses yielded similar results, ex-



180

cept that the dependent case exhibited larger variances. These larger variances
impact the range of potential scores of the alternatives, which could have an affect
on the final results if the distribution of the two alternatives overlap in a significant
manner.

The distributions of the Monetary and Nonmonetary Indices provide insight
into those indicies which may require further analysis by the decision maker. The
indicies with larger variances indicate a greater riskiness of those elements, which
could drive the final score further away from the ideal point. Therefore, having a
distribution of the scores and indicies allows the decision maker to fully analyze
the alternatives and select that alternative which matches the objectives of the
company.

Both methodologies were developed into a software program for PC-AT type
compatible computers. Interfaces to “LOTUS 1-2-3” allow for ease of data input
to the program, and availability of the software allows an efficient means for a

practitioner in the manufacturing environment to utilize this technique.
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Chapter 5
Case Study

“We do not see things as they are. We see things as we are.” [14]

This chapter presents an analysis using the proposed methodology with a “real
world” example. The example originated from a study performed at the Hughes
Aircraft Company in Tucson, Arizona [64] [65]. Although the example is real, the
data are outdated. No representation of accuracy of the data is intended, and the
data are provided solely for illustrative purposes. The data do not reflect current

Hughes Aircraft Company systems, nor do they reflect current vendor systems.

5.1 Background

In the past several years Hughes Aircraft Company Missile Systems Group
(MSG) has investigated issues which are aimed at improving the ability of MSG

to meet current and anticipated customer requirements. These issues include:
o Product Quality

e Management Systems and Procedures

Modern Quality Philosophies
e Worker Support to Enhance Quality
e Work Instructions (accuracy and compliance)

e Product Design

The investigations showed certain limitations to implementing the “Quality

First” policy presented by Hughes Aircraft Company management. Certain of
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these limitations are related to quality information systems, along with the tools
and techniques necessary to monitor and analyze product and work cell perfor-
mance.

While existing quality information systems have served well in the past, the cur-
rent emphasis on higher quality and productivity is demanding greater application
of statistical quality assurance techniques and improved communications of prod-
uct status and production problems. Of particular concern is the test/inspection

information system, whose limitations include:

e High rates of data errors due to manual data entry.

Incomplete data capture.

Non real-time and batch oriented systems.

e Systems oriented for data collection versus data analysis.

High occurrence of down times and limited terminal access.

Inadequate systems integration, or ability to integrate.

In order to overcome the limitations of the existing test/inspection informa-
tion system, a new hardware/software system to support the implementation of a
modern test/inspection information system has been proposed. Specific areas of

improvement which the new system will provide include:
e Real-time data collection and documentation.
e Collection of data reflecting workmanship/process related defect trends.

e Failure history supporting troubleshooting prioritization and repeat problem

identification.
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e Corrective action documentation and feedback of test-discovered workman-
ship defects to assembly and inspection personnel and to project operations

management.
e Inspection data feedback system.
o Consistency of the determination of problem cause.
o Effectiveness of audit and feedback of corrective action.

The improvements address not only the manual systems and procedures, but also
the existing hardware and software tools used to support the quality activities.
Knowing the limitations of the current systems, the tasks for improvement

include:
e Establish a modern, effective product and failure/defect tracking system.

e Establish an on-line system for identifying, categorizing, and communicating

production problems and causes.
e Provide timely, accurate, and efficient data collection techniques.

¢ Provide real-time test/inspection statistical analysis tools to production per-

sonnel and management.

e Provide integrated access to production-related plant site information sys-

tems.
e Provide controlled on-line test and inspection instructions.

e Provide technical administrative support capabilities.
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5.2 Alternatives

Three alternatives are proposed for the test/inspection information system.
The first is do-nothing, or maintain the current operations. The second is to
acquire a development system, and the third is to acquire an entirely new test/in-
spection information system.

The current system requires manual data entry which totals $1,350,000 per
year. This is the only monetary cost associated with the current system. It is
anticipated that Internal Relations will decline with the current system as pres-
sures to improve productivity are placed on the work force, yet the limitations of
the current system provide for little improvement opportunities. Market Position
is expected to decline as the ineffectiveness of the existing systems may make it
difficult to obtain future contracts. The current systems do not coincide with man-
agements’ “Quality First” plan. Organization is anticipated to decline due to the
decreased ability for effective information management with the current system.
There is no anticipated effect to Public Relations, and Technology is expected to
decline as the current system is continued into the future because no advance can
be made toward the company’s technological position.

Flexibility is anticipated to remain constant with the current system, while
Integration is projected to decline due to the poor communications and data use-
fulness provided. Material is expected to decline slightly due to poor control, and
Personnel is expected to decline due to the use of employees for the monotonous
task of data entry. Specific cash flows and qualitative flows for the current opera-
tions are provided in Table 5.1 and 5.2.

The first alternative is to acquire a computer development system appropriate

to support the design, development, and implementation of application software,
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Table 5.1: Cash Flows for the Current Operations
2 5

1 3 4
Labor ($1,350,000) ($1,350,000) ($1,350,000) ($1,350,000) ($1,350,000)

Table 5.2: Qualitative Flows for the Current Operations

STRATEGIC 1 2 3 4 5

Internal Relations 0 -2 -4 -6 -8
Market Position 0 0 -5 -5 -10
Mission 0 -5 -10 -15 .20
Organization 0 -6 -9 -12 -15
Public Relations 0 0 V] 0 0
Technology -10 -10 -12 -14 -186
TACTICAL 1 2 3 4 5
Flexibility 10 10 10 10 10
Integration 15 12 9 9 9
Material 15 15 10 10 10
Personnel 15 10 10 10 5

work station interfaces, and communication links for & Product Test/Inspection In-
formation System (PTIIS). The resulting software and interfaces will subsequently
be transported to target, project dedicated area processors, which ultimately will
make up the distributed host systems for PTIIS.

The PTIIS development system will be a resource to allow advanced effort
for the design and development of application software and interfaces for the fu-
ture PTIIS. Three major efforts are identified: software development, hardware
development, and software maintenance/system upgrades.

Software activities supported by the proposed development system include cod-
ing, editing, compiling, testing, and debugging of custom software applications.
Also included will be evaluations, benchmarking, and integration of applicable

commercial software. The functional software systems to be implemented are:

o Product and failure/defect tracking system.
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e Data collection system for test/inspection work stations.
e Analytical system.
e Personal computer support system.

Controlled document access system for test/inspection instructions.

e Electronic problem notebooks.
e Communication system.

Data Base Management System/security system.

Computer-Aided troubleshoot interface for “expert” product failure diagno-

sis system.

Hardware activities will be related to interfaces, techniques, and equipment
to support real-time data collection from production test and inspection work
stations, and to support communication with other related computing systems.

Specific tasks include:

e Real-time data collection interfaces to automatic test and inspection equip-

ment.

e High-performance data entry and instruction display for manual test and

inspection stations.

e Evaluation and interfacing of voice recognition, touch screen, and other data

collection/display equipment.

Upon completion of the development system, results will be transported to

PTIIS area processors for full scale implementation. The development system will



187

Table 5.3: Cash Flows for the Development System

] 1 2 3 4 5
Labor (81,080,000)  ($675,000) ($270,000) ($270,000) ($270,000)
Depr Invest ($700,000) ($1,120,000)
Maintenance ($20,000)  ($20,000)  ($20,000)  ($20,000)  ($20,000)
Operating Cost ($250) ($250) (8250) (8250) ($250)
Software (8140,000) (870,000)
Labor/Setup ($320,000) ($320,000) ($320,000)  ($50,000)

then be utilized for continuing software configuration control activities as well as
system upgrades and modifications.

The development system is anticipated to reduce the manual data entry activity
by 20% the first year, 50% in year two, and 80% thereafter, which marks the
estimated completion of the development system. Equipment costs, maintenance,
purchased software, and labor are as shown in Table 5.3. The labor required to
setup the system includes programming, installation, etc.

It is anticipated that Internal Relations will be low initially due to the es-
tablishment of a new system and related employee concern over job security and
retraining. As the development system is established and comes on-line, Internal
Relations will improve as employees understand the system. Market Position is
expected to improve as the system is developed due to the improved capabilities
which the system provides. The development system coincides with management
“Quality First” plan, and as such improves the Mission as the project is com-
pleted. Organization is anticipated to start low, and as the system is implemented
will improve as the ability for effective information management improves. Public
Relations is expected to improve as the word gets around about the advances and
modernization of the information system. Technology is expected to improve as
knowledge is gained with the development system, and enhanced as the engineers

learn from the development.
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Table 5.4: Qualitative Flows for the Development System

STRATEGIC 1 2 3 4 5
Internal Relations -4 -2 5 12 18
Market Position 65 10 10 10 15
Mission 5 8 15 25 40
Organization -5 0 10 20 30
Public Relations 10 10 15 15 20
Technology 156 18 30 35 46

TACTICAL 1 2 3 4 5
Flexibility 10 15 30 30 30
Integration 10 12 25 35 40
Material 15 20 40 45 60
Personnel 10 10 15 20 25

Flexibility is anticipated to improve as the system comes on-line and the infor-
mation benefits are realized. Integration is projected to improve due to enhanced
communications and data usefulness. Material is expected to improve due to bet-
ter control, and Personnel will improve due to the reduction of the employees’
requirement to perform monotonous data entry tasks. Specific qualitative flows
for the development system are provided in Table 5.4.

The second alternative is to implement PTIIS without a development system.
This would result in a reduction of manual data entry of 40% the first year and
80% thereafter. Equipment, software, and labor costs are the same as for the
development system. Maintenance is anticipated to be $200,000 per year due to
inefficiencies of operation and resulting system crashes resulting from the large
scale implementation. The cash flows for this alternative are given in Table 5.5.

Internal Relations will be lower than for development system due to the ex-
pected frequent crashes, which will make it more difficult to gain acceptance of
the new system. Market Position will also lag due to the problems encountered
during start-up with the full system. Mission will be improved as the full system

better meets the “Quality First” plan. Organization will be lower because of the
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Table 5.5: Cash Flows for the Full System

0 1 2 3 4 5
Labor ($810,000)  ($270,000) ($270,000) ($270,000) ($270,000)
Depr Invest ($700,000)  ($1,120,000)
Maintenance ($200,000) ($200,000) ($200,000) ($200,000) ($200,000)
Operating Cost ($250) ($250) ($250) ($250) ($250)
Software ($140,000) ($70,000)
Labor/Setup ($320,000)  ($320,000) ($320,000)  ($50,000)

inefficiency of operations. Public Relations will be higher than for the develop-
ment system due to the announcement of intentions to implement a full system,
but then decline as difficulties are encountered. Technology is anticipated to be
the same as for the development system.

Flexibility will be lower as a result of the inefficiencies. Integration will fall
behind that of the development system due to the frequency of crashes, and then
improves as the bugs are worked out. Material will be affected by data problems,
causing an impact on process control. Personnel will initially be higher than the
development system due to the existence of a complete system, and then will fall as
problems arise. As the problems are resolved, Personnel will improve as the system
becomes accepted. Specific qualitative flows for the full system are provided in
Table 5.6.

The weights used in the deterministic analysis are listed in Tables 5.7 and 5.8.
The monetary interest rate used is that reported in Shinnar et al. [119] for General
Motors, which is 6.1% (since Hughes Aircraft Company is part of General Motors).
The nonmonetary interest rate will be the same as the monetary rate (6.1%), and
the tax rate is 34.0%. The ACRS rate is 7 years, and a value of 2 is used for p and
q. The length of the analysis period is 5 years, and the range for the minimum

and maximum NPV will be determined by the algorithm.



Table 5.6: Qualitative Flows for the Full System

STRATEGIC
Internal Relations
Market Position
Mission
Organization
Public Relations
Technology

TACTICAL
Flexibility
Integration
Material
Personnel

1
-12
15
10
-14
20
15

4 5
5 10
7 5

40 40
10 20
10 10
35 45
4 6
30 30
30 40
40 50
15 20

Table 5.7: Attribute Weights

ATTRIBUTE WEIGHT NORMALIZED
Monetary 100 100
Internal Relations 80 16
Market Position 95 19
Mission 85 17
Organization 75 15
Public Relations 80 16
Technology 95 19
Flexibility 90 26
Integration 90 26
Material 80 23
Personnel 85 25

Table 5.8: Objective Weights

OBJECTIVE WEIGHT NORMALIZED

Pecuniary
Strategic
Tactical

100
80
80

38.5
30.8
30.8

190



191

5.3 Deterministic Analysis

The case study was initially analyzed deterministically using the AMSTEP-D
software package. The final results are summarized in Table 5.9. The preferred
alternative is that of the development system, followed by the full system, and
finally the current operations. The attribute versus alternative matrix is shown
in Table 5.10. From Table 5.10 it can be seen that based solely upon a monetary
measure, the development system alternative would be preferred as it minimizes
the cash expenditure. However, note that the interest rate of 6.1% would most
likely not be used in a monetary analysis. An interest rate with adjustments for
risk would be used instead. The rate used at Hughes was 15%. When the risk
adjusted interest rate is used in the monetary analysis, the net present values for
the three alternatives are as shown in Table 5.11. Under this analysis, the pre-
ferred alternative is the current operations, as this alternative minimizes the cash
expenditure. Thus, by removing risk from the interest rate, the preferred alterna-
tive on a monetary basis using a deterministic approach becomes the development
system. Handling of risk will be addressed in the next section.

The sensitivity of the weights in this analysis is analyzed using a mixture
experiment as described in Chapter 3. In accordance with mixture experiment
terminology, « (strategic/tactical weights) and g (objective weights) were normal-
ized to sum to unity. This does not significantly alter the model as the desired
effect remains the same, only the resulting score will differ by a constant. Addi-
tionally, for the mixture experiment the value of ¢ in the Composite Programming

equation was changed from 2 to 1 to create a linear equation in the objectives.

Initally, the analysis is performed on the objective weights (8,, n = 1,2,3).

The £,’s were varied between 0 and 1, while the oy, values were used as shown



192

Table 5.9: Results and Rankings

ALTERNATIVE EVALUATION RANK

Development System 67 1
Full System 68 2
Current Operations 73 3

Table 5.10: Attribute versus Alternative Matrix

Attribute CURRENT DEVELOPMENT FULL
Monetary -1.0000 -0.9069 -0.9320
Internal Relations -0.0376 0.0512 -0.0167
Market Position -0.0017 0.0976 0.1031
Mission -0.0941 0.1758 0.2499
Organization -0.0797 0.0994 0.0080
Public Relations 0.0000 0.1371 0.1535
Technology -0.1221 0.2769 0.2769
Flexibility 0.1000 0.2234 0.1717
Integration 0.1098 0.2342 0.1912
Material 0.1218 0.3287 0.2776
Personnel 0.1024 0.1553 0.1383

Table 5.11: NPV Results Using Risk Adjusted Interest Rate

ALTERNATIVE NPV

Current Operations  ($ 2,986,770)
Development System ($ 3,074,626)
Full System ($ 3,115,778)
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in Table 5.7. A simplex-centroid design for three components was used to analyze
the effects of varying the proportion of f;, 3;, and B3 used in the model. This was
done for the three alternatives previously described.

The fitted third-degree model for each alternative is:

Udonothing = 10.008; + 5.290; 4 4.46833 — 0.023,5; + 0.008,85 — 0.025255 +

0.0351 825

Ydevelopment = 9.530 + 4.300; + 3.848; + 0.025,6; + 0.026,53; + 0.008,6; —
0.125, 8,033

Jrat = 9.66p, + 4.360; + 4.0443; + 0.005,5; + 0.008,5; + 0.005;06; +
0.005,8253

where § is the estimate of the Composite Programming score p.

Analysis of the coefficients indicates that the strategic and tactical objectives
(B1, B2) tend to reduce the overall score. Thus, the nonmonetary objectives have
the effect of moving the alternatives closer to the ideal. This is not surprising since
the monetary analysis results in negative values which are far away from the ideal.
The pecuniary objective coeflicients (§;) are similar for the three alternatives.
Note that there is very little interaction between the objectives, indicating that
the score is determined primarily from the proportion of pure components (weight)
of the model.

The estimated shape of the response surface score for f;, f,, and f5 is ap-
proximated pictorially for each alternative in Figures 5.1 thru 5.3. Each contour
line on the plot joins the mixtures of #;, f2, and f3 that are assumed to yield
the same predicted score. The predicted scores were obtained for combinations of

B1, B2, and B3 where the specific combinations were defined as an array of points
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Figure 5.1: Contour Plot of 3, for the Current Operations
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across the triangle. Predicted scores of equal magnitude are joined by the same

contour line. Note that X1, X2, and X3 on the plots correspond to By, f,, and

B3 respectively.

The contour plot of the current operations (Figure 5.1) shows that the best

score occurs when (A, A, 83) = (0, 0, 1). As f8; and f; are increased in value, the

score moves further from the ideal reaching a maximum at (6, f2, f3) = (1, 0, 0).

The slope of the contour rises from a score of 4.46 at (0, 0, 1) to the maximum of

10.0. Without (3, and f; (pecuniary and strategic objectives) the score approaches
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Figure 5.2: Contour Plot of f, for the Development System

the ideal, however as 3; and f, are added, the score moves away from the ideal.
The contour plot of the development system (Figure 5.2) is similar to the
current operations. The score varies from 3.84 at (0, 0, 1) to a maximum of 9.53
at (1, 0, 0). Again, the lowest score is achieved when only the tactical objective is
used, and the slope of the contour is similar to the slope exhibited for the curre\nt
operations.
Finally, the full system contour plot (Figure 5.3) is similar to the first two

alternatives. The minimum score is achieved at (0, 0, 1) and the maximum score at



196

50
00
50

COoO0COOOD
Ao OND

T LU OO N DD D OY O
—

SYMBOL | SCORE

—_e
v -

' .
1

. '
K+t ++ 4+
- =

1,
0, ---

2

anmmman 0

AL -
+O+ 4+ ++
D -

NO

L OODIL O T~

.3

3.’

R L iy U

.
oo
. S . +*
- A-
@Wo +
. T +
~o ¢ S
e .
LI .1«
“ ° -'
wo “ .
N 1 . o+
f .
i .
no .t + .
- [ -
H 1 +a - .
1+ - ] . .
| . 1 I S
H 1 .
b . 1 ey .
U A I R .
.8 + .t . .
*1 .1 + o1 .
‘ot .t oo .
] . I+ .
i . { . «
i . 1+ B
1 1 . - .
-t -1 - .
i) + .y ’
1 B . H
. : - . +m o . ! .
*+++0+++¢0+¢Mf0++++04+++0++¢
] -F . ) ca e -
. 1 W D . \ .
[ | PR
- + S . '
L) .
1 . . .
1 - + .
P , -
s . + *1 + @ .
AR - .y .
R R-NI . . i
s - . .
t . a1 .
] g .
U+ . .
H + .
U i <
no + .
' PR SN
wo o
- M -.0.
~o N
+ .
. .
< .
-1 +
. .
. . o+
[~ 1)
.
.

D N

Contour Plot of 3, for the Full System

Figure 5.3



197

8
[
o
t
[ ]

T ] 1 1 1 1 1 T 1 1 Ll LI 1 U T

4 5 86 7 8 9 10 11 12 13 14 15 16 17 18 19

Data Set Number
o Current Operations + Devg‘opsr.ﬁemu E}s em o  Full System

Figure 5.4: Scores for the Alternatives for Various Values of 3,

(1, 0, 0), and the slope of the contour closely follows that of the other alternatives.
This again shows the effect of adding the qualitative factors, which moves the
score toward the ideal. Since the pecuniary indicies are all negative, it is expected
that any positive addition will move the score closer to the ideal.

The contour plots show in general that the full system score tends to change
uniformly with f; and 83, as the contours are almost parallel to the 32-03 axis. The
development system shows that §; has a more pronounced effect on the result due
to the shift in orientation of the contour lines. For the current operations, f; has
even more of an impact. Therefore, the Strategic objective plays an important role
in the difference in scores between alternatives. This indicates that the Strategic
elements have an important impact, and should be analyzed carefully.

In addition to the contour plots, a comparison of the scores for the three alter-

natives is presented in Figure 5.4 for various combinations of £,,. The combinations
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of B, used in the plot are shown in Table 5.12 and represent the following variations
of A,

1. all the weight is in only one £, (set # 1,2,3).

2. the weight is split evenly between only two f3,'s (set # 4,7,10).

3. the weight is split two-to-one between two f,’s (set # 5,6,8,9,11,12).

4. the weight is split evenly between all three 8,’s (set # 13).

5. and the weight is split two-to-one where two 3,’s share the lesser weight (set

# 14,15,16).

6. and the weight is split two-to-one where two f,’s share the greater weight

(set # 17,18,19).

From Figure 5.4 it can be seen that the development system scores consis-
tently better than the other alternatives. The full system scores very close to the
development system, but never better.

Next, the analysis was performed on the attribute weights (ape, 1 = 2; k =
1,...,6 and n = 3; k = 1,...,4). The a,’s were varied between 0 and 1, while
the 3, values were used as shown in Table 5.8. A simplex-centroid design for
six components was used to analyze the effects of varying the proportion of ay
(strategic) used in the model, and for four components to analyze the aax (tacti-
cal). The difference in the components arises because the tactical objective only
contained four elements. This was again performed for the three alternatives pre-
viously described.

A comparison of the scores for the three alternatives is plotted in Figure 5.5

(strategic) and Figure 5.6 (tactical) for various combinations of an;. The com-



Table 5.12: Combinations of Weights for 3,

SET p B2 P CRNT DEV FULL

1 0.00 0.00 1.00 446 3.84 4.04

2 0.00 1.00 0.00 5.29 430 4.36

3 100 0.00 0.00 1000 9.53 9.66

4 0.00 0.50 0.50 4.87 4.07 4.20

5 0.00 033 067 4.74 4.00 4.15

6 0.00 0.67 033 501 415 4.25

7 050 0.00 050 7.23 6.69 6.85

8 0.33 0.00 067 631 5.74 591

9 0.67 0.00 033 815 7.64 T7.79

10 0.50 0.50 0.00 7.64 692 7.01

11 033 067 000 686 604 6.13

12 0.67 033 0.00 843 7.79 7.89

13 033 033 033 6.58 5.89 6.02

14 0.25 0.25 050 6.05 538 5.53

15 0.25 050 025 6.26 549 5.61

16 0.50 025 025 7.44 680 6.93

17 0.40 040 020 7.01 630 6.42

18 0.40 0.20 040 684 621 6.35

19 0.20 0.40 040 5.90 516  5.29

CRNT - Current. DEV - Development.
FULL - Full.

199



=]

200

70
69
68 ¢

67 .
66 |
65<
64 |

®~ 00D

_63_'
62 _|
6t |

60

59 IBEARNEEANE RS R SUCSL RS RS AULELIE SRS SLEL SR BE LU UIL I A O 0L B O R LN |

25 30 35 40 45 50 &5
a Set Nu

ber
Current Operations + Do[\zg’opment g}s?em o Full System

Figure 5.5: Scores of Alternatives for Values of the Strategic Objective ag

binations of a,x used in the plots are shown in Table 5.13 and Table 5.14 and

represent the following variations of ay:

. all the weight is in only one a;, (set # 1 - 6 for n = 2, set # 1 - 4 for n = 3).

. the weight is split evenly between only two ay’s (set # 7 - 21 for n = 2, set

# 5-10for n = 3).

the weight is split evenly between only three a,’s (set # 22 - 41 for n = 2,
set # 11 - 14 for n = 3).

the weight is split evenly between only four a,’s (set # 42 - 56 for n = 2,

not applicable for n = 3).

the weight is split evenly between only five a,’s (set # 57 - 62 for n = 2, not

applicable for n = 3).
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6. the weight is split evenly between all a,’s (set # 63 for n = 2, set # 15 for
n = 3).

Results tend to be robust to the attribute weights. However, outcomes do high-
light the strengths and weaknesses of each attribute. For the Strategic objective,
the current operations’ score is consistently higher, and the development and full
system alternatives exhibit similar trends with respect to the weight of a,r. The
closest scores between the development and full system occur at data set 3 (pure
Mission) and 18 (equal mix of Mission/Technology).

The fitted models for the analysis of the Strategic and Tactical weights are
provided in Appendix M. Looking at the Strategic weights for three component
interactions on the development and full systems, the largest coefficients occur
when Internal Relations, Market Position, Mission, and Organization are in the

model. On four component interactions, the highest coefficients for the devel-



Table 5.13: Combinations of Weights for Strategic Objective agy

SET anq agy a3 a4 ank ag CRNT DEV FULL
1 100 000 000 000 000 0.00 68.2 63.2 65.3
2 000 100 000 0.00 000 0.00 67.7 62.4 63.5
3 0.00 0.00 1.00 0.00 0.00 0.00 69.1 61.2 61.2
4 000 000 000 100 000 0.00 68.9 62.4 64.9
5 0.00 0.00 0.00 0.00 1.00 0.00 67.6 61.8 62.7
6 000 000 000 000 000 1.00 9.5 59.7 60.8
7 0.50 0.50 0.00 0.00 0.00 0.00 67.9 62.8 64.4
8 050 000 050 000 000 0.00 68.7 62.2 63.4
9 05 000 000 050 000 000 68.5 62.8 65.1

10 0.50 0.00 0.00 0.00 0.50 0.00 67.9 62.5 64.1
11 0.50 0.00 0.00 0.00 0.00 0.50 €8.9 61.5 63.2
12 0.00 0.50 0.50 0.00 0.00 0.00 68.4 81.9 62.4
13 000 050 000 050 0.00 000 68.3 62,4 64.2
14 0.00 050 000 000 050 0.00 67.6 62.1 83.1
15 0.00 0.50 0.00 0.00 0.00 0.50 68.6 61.1 62.2
16 0.00 0.00 0.50 0.50 Q.00 0.00 69.0 61.8 63.2
17 0.0 0.00 030 000 030 0.00 88.4 61.% 2.0
18 0.00 0,00 030 000 000 050 68.3 60.5 61.0
19 000 000 000 030 0.30 0.00 66.3 62.1 63.8
20 Q.00 0.00 0.00 0.50 0.00 0.50 690.2 61.1 63.0
21 0.00 000 000 000 050 050 68.6 60.8 61.8
22 033 033 033 000 000 000 68.3 62.3 63.4
23 0.33 0.33 0.00 0.33 0.00 0.00 68.3 62.7 64.6
24 0.33 0.33 0.00 0.00 0.33 0.00 67.8 62,5 €3.9
25 0.33 0.33 0.00 000 000 033 68.5 61.8 83.3
26 0.33 000 033 033 000 0.00 68.7 62.3 63.9
27 0.33 0.00 0.33 0.00 0.33 0.00 88.3 62.1 63.2
28 0.33 0.00 0.33 0.00 0.00 0.33 68.9 6l1.4 62.6
20 0.33 0.00 0,00 033 033 0.00 68.2 62.5 64.3
3 033 000 000 033 000 033 68.9 61.8 63.8
31 0.33 0.00 0.00 0.00 0.33 0.33 68.5 61.6 3.1
32 0.00 0.33 0.33 0.33 0.00 0.00 68.5 62.0 63.3
33 0,00 0.33 033 000 0233 0.00 68,1 61.9 62.5
3¢ 000 033 033 000 000 033 08.8 61.2 61.9
35 0.00 0.33 0.00 0.33 0.33 0.00 68.1 62,2 63.7
36 0.00 0.33 0.00 0.33 0.00 0.33 68.7 61.6 63.2
37 000 033 000 000 033 033 €8.3 61.4 62.4
38 000 0.00 033 033 033 000 8.5 61.8 83.0
ag 0.00 0.00 0.33 0.33 0.00 0.33 69.2 61.2 62.4
40 0.00 0.00 0.33 0.00 0.33 0.33 €8.8 61.0 81.6
4 000 000 0.00 033 033 033 68.7 61.4 62.9
42 0.25 0.25 0.25 0.25 0.00 0.00 68.5 62.3 63.8
43 0.25 0.25 0.25 0.00 0.25 0.00 68.2 62.2 63.2
44 0.25 0.25 0.25 0.00 0.00 0.25 €8.8 61.7 62.8
45 025 025 000 025 025 000 68.1 62.5 64.1
46 0.25 0.25 000 025 000 025 68.6 62.0 63.7
47 0.25 0.25 0.00 0.00 0.25 0.25 68.3 61.8 63.2
48 0.25 0.00 0.25 0.25 0.25 0.00 68.5 62.2 683.6
49 025 000 025 025 000 025 68.9 61.7 63.2
50 0.25 ©0.00 025 000 025 025 68.6 61.5 62.6
51 0.28 0.00 0.00 0.25 0.25 0.25 €8.6 61.8 63.5
52 0.00 0,25 0.25 0.25 0.25 0.00 68.3 62.0 63.1
53 0.00 0.25 0.25% 0.25 0.00 0.25 68.8 81.5 62.7
b4 0.00 0.25 0.25 0.00 0.25 0.25 68.5 61.3 62.1
55 0.00 0.25 0.00 0.25 0.2% 0.25 68.4 61.6 63.0
56 0.00 0.00 0.2% 0.25 0.25 0.25 68.8 81.3 62.5
57 020 020 020 020 020 0.00 68.3 62.2 63.6
58 0.20 020 0.20 020 0.00 0.20 8.7 61.8 83.3
55 0.20 0.20 0.20 0.00 0.20 0.20 68.4 61.7 62.8
60 0.20 0.20 0.00 0.20 0.20 0.20 68.4 62.0 63.5
61 0.20 0.0 020 020 020 020 88.7 61.7 83.1
82 0.00 0.20 0.20 0.20 0.20 0.20 68.6 61.6 62.7
83 0.17 0.17 0.17 0.17 0.17 0.17 88.5 61.8 63.2
CRNT - Current, DEV Development. FULL - Full
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Table 5.14: Combinations of Weights for Tactical Objective ay

ki 32 a33 aay CRNT DEV FULL

2
w
=

1.00 0.00 0.00 0.00 67.5 60.6 62.1
0.00 1.00 0.00 0.00 67.3 60,5 61.8
0.00 0.00 1.00 0.00 67.1 59.0 60.4
0.00 0.00 0.00 1.00 67.4 61.7 62.7
0.50 0.50 0.00 0.00 7.4 60.6 62.0
0.50 0.00 0.50 0.00 67.3 59.8 61.3
0.50 0.00 0.00 0.50 67.5 61.2 062.4
0.00 0.50 0.50 0.00 67.2 59.7 61.1
0.00 0.50 0.00 0.50 67.4 61.1 62.2
0.00 €.00 0.50 0.50 67.3 60.4 61.8
0.33 0.33 0.33 0.00 67.3 60.1 61.5
0.33 0.33 0.00 0.33 67.4 61.0 82.2
0.33 0.00 0.33 0.33 67.4 60.5 61.8
0.00 0.33 0.33 0.33 67.3 60.4 61.7
0.256 0.25 0.25 0.25 67.4 60.5 61.8

i b s s
CRARLUNHOSCODIOUd WN -

CRNT - Cuzront. DEV - Development. FULL - Full.

opment system occur when Market Position, Mission, Organization, Public Rela-
tions, and Technology are in the model. For the full system, the highest coefficients
occur when Market Position, Organization, Public Relations, and Technology are
in the model. Therefore, the decision maker may wish to further to investigate
the Market Position, Mission, and Organization attributes.

The deterministic analysis provides insight into the composition of the out-
come, indicating the objectives and/or elements which play an important role in
the model. Identification of these objectives/elements provides insight to the de-
cision maker as to the important aspects of the alternatives, and what areas may

require additional consideration in any further analysis that may be performed.

5.4 Risk Analysis

The analysis of risk is performed as described in Chapter 4. The riskiness
of the alternatives is placed in the cash flows and qualitative flows by having
the decision maker provide these flows in terms of pessimistic, most likely, and

optimistic estimates. In addition, the interest rates are also given by the decision
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Table 5.15: Mean and Variance for Final Scores

ALTERNATIVE  MEAN VARIANCE

Development System 57.50 1.40
Full System 58.45 2.33
Current Operations 62.97 12.15

Table 5.16: Mean and Variance for the Objectives

ALTERNATIVE PECUNIARY STRATEGIC TACTICAL
MEAN VAR MEAN VAR MEAN VAR

Development System 2,277.39 7,730.27 570.30 604.41 460.47 500.92
Full System 2,321.72  18,691.21 588.74 ©546.32 508.84 670.96
Current Operations  2,549.84 171,152.77 876.03 635.98 611.03 108.51

maker in this manner. This data is provided in Appendix M. A sample size
of 1,000 is used, with 10 bins. The value of 8 is taken to be 0.70, based upon
experience of the decision maker and similar analyses performed in [17] and [16].
The remaining evaluation parameters, such as weights, tax rate, depreciation, etc.
are as used for the deterministic analysis. The range of T' is from 2 to 8 years.
Frequency distributions used to analyze this case study were determined using
the AMSTEP-R program. The frequency distributions for g are provided in Fig-
ures 5.7 through 5.9. The frequency distributions for the objectives are provided
in Appendix N. The mean and variance for the final score g is provided in Ta-

ble 5.15, for the objectives in Table 5.16, and for the attribute versus alternative

matrix in Table 5.17.
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Table 5.17: Mean and Variance for Attribute vs. Alternative Matrix
INDEX CURRENT DEVELOPMENT FULL

Mean Var Mean  Var Mean  Var

MI -.6218 .0183 -.5384 .0009 -.5632 .0021
NI -.0379 .0004 0472 .0013 -.0413 .0008
NI -.0649 .0014 .0985 .0006 1028 .0008
NI -.0879 .0015 1735 .0025 2617 .0024
NI -.0712 .0006 .0983 .0030 0102 .0021
NI -.0010 .0003 .1427 .0005 .1580 .0005
NIy -.1228 .0008 2770 .0023 2749 .0021
NI 0997 .0003 2109 .0007 .1661 .0013
Nig 1102 .0002 2092 .0015 1792 .0019
Ny 1227 .0001 3311 .0027 2769 .0032
NI .1043 .0002 1663 .0007 .1420 .0003
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The preferred alternative is the development system, followed by the full system
and the current operations. The development system also is the alternative with
the lowest variance, indicating less risk as compared to the other alternatives.
The current operations showed the greatest variance. As can be seen from the
frequency distribution in Figure 5.7, the scores for the current operations tend to
be spread out.

Analyzing the attribute versus alternative matrix in Table 5.17, the cause of the
high variability for the current operations is the MI. For the development system,
the high variability elements are NI3, NI, NIs, and NI which correspond to
Mission, Organization, Technology, and Material respectively. This indicates that
these elements add risk to the alternative, and should be analyzed further as to
their impact on the alternative.

The full system has the same high variability elements as the development
system. The difference is that Material tends to be riskier, but Organization is
less risky for the full system. Further comparison of the variances between the
development and full system indicate that the full system is a greater risk on the
monetary end, and less risky in the Personnel attribute.

The risk analysis provides the decision maker with means and variances which
can be used to investigate the potentials of the various alternatives. Means and
Variances of the final score (p) provide a preference relationship, and the attribute
versus alternative matrix provides insight into the attributes which contribute
to the risk (high variability). The decision maker may wish to investigate these

elements further before taking any action on a final recommendation.
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5.5 Summary

This chapter presented a case study utilizing the AMST methodology devel-
oped in this research. The analysis was performed on a “real world” example,
showing how the methodology could be used to evaluate AMST. A determinis-
tic approach was initially performed to analyze the impact of the objectives, and
then a risk analysis was performed to analyze the risk of the alternatives under
consideration.

The preferred alternative based upon the analysis is the development system.
This alternative had the lowest Composite Programming score, along with the
lowest variance on the score. Thus, this is the least risky of the three alternatives.
Additionally, the analysis provided insight into the elements which contribute most
to risk. The decision maker may consider to evaluate these elements further before
making a final decision.

Although this analysis was actually performed at Hughes using a more tra-
ditional financial approach (payback), a significant amount of work was done in
investigating the qualitative benefits. These benefits were documented as part of
the justification, and amounted to strictly textual information. This was difficult
to review, and difficult to trade-off among the three alternatives. Additionally,
risk was incorporated into the interest rate, and there was no way to show the
costs/benefits of the qualitative issues over time.

Incidently, the decision reached at Hughes was to select the development sys-
tem, and it has turned out to be a worthwhile decision. Using the methodology
presented herein, the results of the analysis would have been clearer to present,
and more succinct. Additionally, the methodology (as described in Chapter 3)

provides a mechanism to investigate the intangible costs/benefits, providing the
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decision maker with a structured approach to solve what in other circumstances

is an open ended problem.
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Chapter 6
Evaluation and Extensions

“Don’t let what you cannot do interfere with what you can do” -

John Wooden [14]

This chapter provides an evaluation of the model presented in this dissertation,

along with suggested extensions for further research.

6.1 Evaluation

The model presented in this research provides a decision maker with a method-
ology to evaluate AMST. The objectives of the model (Pecuniary, Strategic, and
Tactical) allow the decision maker to break the evaluation down into monetary
(Pecuniary) and nonmonetary (Strategic/Tactical) aspects. The nonmonetary as-
pects are further divided into those areas which relate to planning (Strategic) and
those areas which relate to the operations (Tactical) of a company. These ob-
jectives are further broken down into attributes which define the objectives, and
elements which define the attributes. Using this decomposition, the costs and
benefits associated with AMST for a manufacturing enterprise can be evaluated.
The structure assists the decision maker in analyzing all aspects of an AMST al-
ternative and how the costs/benefits of an alternative affect the manufacturing
enterprise.

The Monetary Index provides the necessary monetary evaluation. The Non-
monetary Index provides the nonmonetary evaluation, incorporating the concept

of qualitative flows. Qualitative flows allow the nonmonetary attributes/elements
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to be evaluated over time. The Nonmonetary Index then discounts these qual-
itative flows to a present value, providing a qualitative assessment for the at-
tributes/elements which covers the anticipated life of the project. Therefore, the
qualitative benefits are not evaluated as a simple “one-time” cost/benefit.

Having identified the attributes/elements associated with a set of AMST al-
ternatives and determined the cash flows and qualitative flows, the decision maker
has available a portion of the necessary information to perform an evaluation.
At this point the decision maker must use caution not to select an interest rate
which includes adjustments for risk. Should the decision maker select a deter-
ministic evaluation, the method of Composite Programming is used to trade-off
the alternatives. Each objective is assigned a weight of importance, as is each
attribute/element. This allows the priorities of the enterprise to be included in
the model. The Composite Programming technique then provides a rank order-
ing of the alternatives. To assist the decision maker, this algorithm has been
coded to execute on an IBM compatible PC - a resource commonly available
today. To facilitate ease of use, input to the program is via files created with
“LOTUS 1-2-3”. Thus, after having performed the difficult task of identifying the
attributes/elements, determining appropriate flows, and determining weights, the
solution of the model is easy to determine. Analysis of the deterministic results
can further be aided with the use of mixture experiments. This allows the decision
maker to analyze the impact of each objective or attribute/element on the final
result.

Finally, the issue of risk analysis is addressed. Due to the unknown nature of
the distributions of cash flows, qualitative flows, and interest rates, an enumeration

is performed. The decision maker specifies pessimistic, most likely, and optimistic
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values for each cash flow, qualitative flow, and interest rate with respect to the
anticipated life of the project. Additionally, pessimistic, most likely, and optimistic
project lifes are specified. In doing this and removing risk adjustments from the
interest rate, an accurate assessment of risk can be attained.

The Composite Programming technique is again employed for the enumera-
tion, which results in a distribution of scores, objectives M I, and NI;. Depen-
dencies of the cash flows, qualitative flows, and interest rates, with respect to time,
are also captured by assuming a multivariate normal distribution for each. The
distributions resulting from the enumeration are then used to determine means
and variances. The variances are used to identify the riskiness of the alterna-
tives. The variances of the NI, provide management with insight to the risky
attributes/elements of an alternative, which provides the decision maker with ar-
eas they may wish to further investigate.

Therefore, the model provides the decision maker with a means to evalu-
ate AMST alternatives including qualitative factors, study the effects of the at-
tributes/elements on the outcome, and address the riskiness of various alternatives

without adjusting the interest rate for risk.

6.2 Extensions

As with many research projects, the more one becomes involved with the work,
the more one discovers additional areas to investigate and improve upon, and
this effort is no different. The extensions identified are broken down into the

deterministic analysis, risk analysis, and software developed.
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6.2.1 Deterministic

An extension on the deterministic analysis is to incorporate this methodology
into areas other than manufacturing. One example would be the health care
field. With the close scrutiny of health care costs and the advent of newer and
more complicated (and costly) equipment, it is becoming difficult for health care
providers to acquire new and modern equipment. It seems that several of the
difficulties faced in the health care field are similar to those in the manufacturing
environment. Primarily, there is no adequate way to incorporate the intangible
costs/benefits of new equipment into an evaluation. The physicians I have spoken
with all indicated a need for a methodology similar to that of this research for
use in the health care field. This would require determination of a different set of
attributes/elements for the three objectives which would address the health care
enterprise. Having defined these attributes/elements, the remaining model would

be the same as for the AMST.

6.2.2 Risk

There are two primary extensions in the risk evaluation methodology. These
are incorporating dependencies between the attributes/elements, and use of an
input distribution other than the triangular and normal.

Although dependence has been modeled for the cash flows, qualitative flows,
and interest rates along time, dependencies may exist between the attributes/ele-
ments of cash flows, qualitative flows, and/or interest rates. For example, a decline
in Public Relations of a company may have an effect on the Internal Relations,
also leading them to decline. Such dependencies, should they exist, would then

need to be captured in the model.
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The cash flows, qualitative flows, and interest rates for the risk analysis model
were in the form of a triangular distribution. Another distribution which is com-
monly used in the absence of data is the beta distribution. The beta distribution
can also be defined in terms of pessimistic, most likely, and optimistic values, and
its use may provide more accurate results, especially in the tails of the distri-
bution. Additionally, the assumption of the multivariate normal distribution for
dependency might be relaxed, and another dependence model used that would not
require the input distributions to be symmetrical. This would allow cases where
estimates may be skewed one direction or another. An example of such an instance
is software development costs, which experience shows tend to run over estimates

rather than below.

6.2.3 Software

Although the software programs developed in this research are easy to use,
several improvements can be made to them. The mixture experiment analysis
requires several computational steps which could be incorporated into the deter-
ministic program, which would provide a more concise output in a form that is
directly useable for evaluation. Additionally, the results of the risk determination
are stored in ASCII files, and require an extra processing step to produce the
frequency distributions. This could be incorporated into the program by either
writing the results as “LOTUS 1-2-3” files, or adding graphical output routines.

The current risk determination program is not very efficient in its memory
utilization. Several improvements can be made to better use memory, which
would allow larger models to be analyzed. There are also some computational

improvements which could be made in the algorithm in order to improve upon the

execution time of the program.
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These extensions would all be an improvement upon this work, and they would

surely lead to additional extensions, refinements, and improvements.
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Chapter 7
Summary and Conclusions

“Success is getting what you want. Happiness is liking what you

get.” [14]

As we approach the “postmodern” factory of 1999, new approaches will be
required in order to adequately evaluate AMST [32]. The shortcomings of the

current approaches include:
1. Inability to account for intangible costs/benefits.
2. Failure to properly evaluate all alternatives, including the “do-nothing”.

3. Inappropriately including risk in the interest rate versus in the cash/quali-

tative flows.

4. Changing cost patterns, from direct to indirect.

This research proposes a model which overcomes the shortcomings of the tradi-
tional financial techniques.

The model developed consists of three objectives. There is a Pecuniary ob-
jective, which addresses the monetary aspects of the evaluation. Incorporation of
the intangible costs/benefits are provided via a Strategic objective and a Tactical
objective. These objectives consist of attributes/elements which have been shown
to map into a typical manufacturing organization. A trade-off of these objectives
for several alternatives is then performed using Composite Programming, however
other methodologies may be employed.

The results of the deterministic analysis provide a rank order of the alterna-

tives under investigation. Coupled with a mixture experiment, it is possible to
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graphically portray the contours of each alternative as the importance of the three
objectives vary.

The deterministic analysis assumes a risk free environment, indicating that
future events are known for certain. This is not the case in a real world setting.
Therefore, the deterministic model is augmented to allow the decision maker to
specify interest rates, cash/qualitative flows, and time periods in ranges which
signify the uncertain nature of future events. Through an enumeration, including
dependencies of interest rates and cash/qualitative flows over time, a distribution
of final scores is determined. This provides the decision maker with a mean and
variance of the final scores, indicating the riskiness of the alternatives being eval-
uated. Further insight on the attributes which contribute to risk is obtained from
analysis of the distributions of the attributes. Those attributes exhibiting large
variances tend to contribute more toward risk.

Therefore, the model accounts for intangible costs/benefits of AMST. The
methodology includes analysis of not implementing any of the alternatives under
consideration, and points out that not implementing any of the alternatives is
not necessarily one of status-quo operations, but deteriorating operations. Risk
is removed from the interest rate and placed in the cash/qualitative flows. And
the definition of the attributes makes no assumption of direct/indirect labor, but
views costs/benefits from where they occur.

Additionally, the models have been developed into software programs which

allow ease of use and provide assistance in the analysis for the decision maker.
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Appendix A
Proofs

Theorem 3.1 The Monetary Index MI; = NRPVJ yields a result in the range
MI
[—1,+1].

PROOF: In order to prove this result, three cases are analyzed:
1. NPVprax and NPV are both positive,
2. NPVyax is positive and NPV iy is negative.

3. NPVpyax and NPV y are both negative.

Case 1: When both NPVjs4x and NPVjn are positive, the Ry will simply be
NPV;

NPVMAX. In this case, MIJ = m——
MAX

and the MI; will range between

0 and 1.

Case 2: When NPVjyux is positive and NPVpygn is  negative,

the Rpyr will be max(|NPVamin|, NPVaax). In this
NPV;

max(|[NPVyin|, NPVpax)

max(|NPVyin|, NPVamax) 2 |NPV;|, the MI; must be between —1 and

Since

situation, MI;

+1.

Case 3: When NPVpax and NPVygn are both be negative, Rar will be

INPViszy]. This will yield MI; = Vs

]—J—V—-I—D—V——I and MI; will range between
MIN
~1 and 0.

Therefore, the M I; is either [0,+1], [-1,+1], or [—1,0], and as such the MI; will
be in the range [~1,+1] O.
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Theorem 3.2 The Nonmonetary Indez NI}; = N—I;% yields a result in the
NI

range [—1,+1].
PROOF: In order to prove this result, three cases are again analyzed:
1. All of the Qq;’s are positive.
2. The Qq;’s vary between positive and negative values.
3. All of the Qy;’s are negative.

Case 1: When all of the Qy;’s are positive, the NPQFy; is positive. In this case
the smallest value is achieved when all of the Qu; are zero, the NPQF};
is zero, and the NI; is zero. The largest value is achieved when all of the

T
Q:x; are at the upper bound of 100. Then, NPQFy; = Z 100(1 + A)~t =

t=1

T
100> (1 + &)™*, and the NI; is one.

t=1

Case 2: When the Qy; vary between positive and negative values, the N PQF};
will be between —100 Y%, (14 k)=t and 100 L, (14 k)™, and thus the NI};

will be between —1 and +1.

Case 3: Finally, when all of the Qu; are negative, the NPQUF}; is negative. The
smallest value is achieved when all the Qu; are at the lower bound of -100.

T T
Then, NPQF}; = Y —100(1+h)™* = =100 (1+A)~%, and the NI}; = —1.

t=1 t=1

The largest value is achieved when the Qq; are all zero, NPQUF}; is zero,

and the NI;; is zero.

Therefore, the NI;; is either [0,+1], (—1,+1), or [-1,0], and as such the NI;;

will be in the range [—1,+1] O.



Appendix B
AMSTEP-D Program Listing

/*

/*  AMSTEP-D: Advanced Manufacturing System Technology Evaluation Program
/* Deterministic

/*

/* Johann G. Demmel

/* copyright (c) 1991

/*

/* Compiler: Power C by MIX Software

/*

#include <bios.h>
#include <conio.h>
#include <math.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

#define MAX_ALTS &

FILE *ACRS_in, *Fp, *0Out;

int ACRS_type, Num_alts, Proj_len, Typse;

float Monetary_rate[20], Nonmonetary_rate[20], Obj_weight([3];
float Factors[20], ACRS[21];

float Tax_rate, P, Q;

float MI[MAX_ALTS], NI[MAX_ALTS][12], Score[MAX_ALTS];

double NPV_max, NPV_min, NPV[MAX_ALTS], Depreciation[21];
double NPQF_s[MAX_ALTS][6], NPQF_t [MAX_ALTS][6];

char Input_files[MAX_ALTS][13], Alt_title[MAX_ALTS][25], Title[40];
char Prefix_name[9] = "amstep ";

struct { /* Structure for number of attributes. */
int pecuniary; /* Pecuniary. */
int strategic; /* Strategic. */
int tactical; /* Tactical. */
} Num_attrib;

struct { /* Structure for monetary data. */
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char description[15];
double cash_flow[21];
} Monetary[20];

struct {
char attribute[20];
float weight;
double qual_flow[21];

/%
/%

/%
/%
/%
/%

} Strategicl6], Tacticall6];

double comp_prog();
void depreciation(void);
double distance();

void echo_inputs();
void factors();

void £ill_real();

double get_IEEE_real();
void get_ACRS(void);

int get_parameters();
void ignore_bytes();
void indices();

void initialize(void);
float interest();

int lotus_read();

void norm_weights(void);
void opening_menu(void);
void prepare(void);
void rankings(void);

int read_data();

void store_input();
void print_array();

/*  FUNCTION: main
/*  DESCRIPTION:

/* Controls the execution of the functions which comprise AMSTEP.

main(int argc, char *argv(])

{

int i;

prepare();
opening_menu() ;
clrscrn();
poscurs(5,22);

Attribute description, */
Cash flows for attribute. */

Structure for nonmonetary data. */
Attribute description. */
Attribute weight. */
Qualitative flows for attribute. */

fprintf(stderr,'<< OBTAINING ANALYSIS PARAMETERS >>");
if (get_parameters(argc,argv[i])) {

exit(1);
}
norm_weights();
echo_inputs();
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for (i = 0; i < Num_alts; ++i) {
initialize();
clrscrn();
poscurs(5,21);

fprint2(stderr,"<< OBTAINING DATA FOR ALTERNATIVE %d >>",i);

read_data(i);
clrscrn();
poscurs(5,16);

fprintf(stderr,"<< PERFORMING CALCULATIONS FOR ALTERNATIVE %d >>",i);

npv(i);

npqf(’s’,i);
npqf(’t’,i);

indices(i);

Scorel[il = comp_prog(i);
print_array(i);

}

rankings();
poscurs(25,0);
}

/* FUNCTION: prepare
/*  DESCRIPTION:
/* Initializes program variables.

void prepare(void)

{

int i, j;

Num_alts = 0;
for (i = 0; i < 3; ++i)
Obj_weight[i] = 0.;
for (j = 0; j < 20; ++j)
Monetary_rate[j] = Nonmonetary_ratelj]l = 0.;

}

/*  FUNCTION: initialize
/% DESCRIPTION:

/* Initializes variables dependent upon alternative.

void initialize(void)
{

int i, k;
for (i = 0; i < 21; ++i)

Depreciation{i] = 0.;

for (i = 0; i < 6; ++i) {
for (k = 0; k < 21; ++k) {
Strategic[il.qual_flow[k] = 0.;
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Tactical[i].qual_flow[k] = 0.;
}
}
for (i = 0; 1 < 20; ++i) {
Monetary[i] .description([0]
for (k = 0; k < 21; ++k) {
Monetary[i].cash_flow[k]

[[]
P
o
-

1
o

}
}
3
/*  FUNCTION: opening_menu
/* DESCRIPTION:
/* Displays an opening message to the user.

void opening_menu(void)
{

int i;

cursoff();
clrscxn();
poscurs(3,30);
fprintf (stderr,"+ ")
poscurs(13,30);
fprintf(stderr,"+ +");
for (i =0; i < 9; ++i) {
poscurs(i+4,30);
fprintf(stderr,"| ");
}
poscurs(5,33);
fprintf(stderr,"A dvanced");
poscurs(6,33);
fprintf (stderr,"M anufacturing");
poscurs(7,33);
fprintf(stderr,"S ystem");
poscurs(8,33);
fprintf(stdexr,"T echnology");
poscurs(9,33);
fprintf(stderr,”E valuation");
poscurs(10,33);
fprintf(stderr,"P rogram");
poscurs(11,33);
fprintf(stderr,”D eterministic");
poscurs(16,31);
fprintf(stderr,"copyright (c) 1991");
poscurs(17,32);
fprintf(stderr,”Johann G. Demmel”);
poscurs(23,26);
fprintf(stderr,"< strike any key to continue >");
while (!kbhit());
getch();
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curson();
}
/* FUNCTION: get_parameters */
/*  DESCRIPTION: */
/* Obtains analysis parameters from a LOTUS 1-2-3 input file. */

int get_parameters(int argc, char parm_file)

int col, i, int_val, j, opcode, parm_code = ~1, parms_found = 16383, row;
int base2, base_row, range;

char label[240];

double real_val,

char parm_names[14]1[17] = {

"title ",
"project length ",
"input files ",
“acrs n ,
"monetary rate ",
"nonmonetary rate",
"tax rate ",
"npv min ",
“npv max ",

“strategic weight",
“tactical weight ",
"pecuniary weight”,
'p factor ",
"q factor "}

char strat_attrib[6][18] = {
"Internal Relations",

"Market Position ",
"Mission v,
"Organization ",
"Public Relations ",
"Technology " };
char tact_attrib[6][15] = {

“Design ",
“Flexibility *,
*Integration ",
"Material ",
"Personnel "

’
"Produceability” };

it (arge == 1) {
poscurs(8,26);
fprintf (stderr,"ERROR: must supply file name");
return 1;
}
else {
Fp = fopen(parm_file,"rb");
if (Fp == NULL) {



poscurs(8,26);

fprintf(stderr,"ERROR: opening %s",parm_file);
P g

return 1;

}

Num_
Num_

attrib.strategic = 0;
attrib.tactical = 0;

poscurs(9,18);
strupr(parm_file);

fprintf(stderr,"Processing Parameter File %s ...",parm_file);

do {

opcode = lotus_read(&row, &col, &int_val, &real_val, label);

8w

itch (opcode) {
case 12 : /* blank cell, skip. */
if (col == 0) {
range += 1;
}
break;
case 13 : /* integer value. */
if ((col == 1) && (row != base_row))
range += 1;
real_val = int_val;
store_input(parm_code,real_val,range);
break;
case 14 : /* real value. */
if ((col == 1) && (row != base_row))
range += 1;
store_input (parm_code,real_val,range);
break;
case 15 : /* label., */
if (col == 0) {

range = 0;
base_row = row;
base2 = 1;
parm_code = ~1;
j=0;

do {

if (!strnicmp(parm_names([j],label,strlen{label))) {

parm_code = j;

parms_found = parms_found " base2;

}
base2 = base2 * 2;
++j;
} while ({parm_code == -1) && (j < 14));

if (parm_code == -1) {
for (i = 0; i < 6; ++i) {

if (strnicmp(strat_attrib[i],label,strlen(label)) == 0) {

j = Num_attrib.strategic;

strncpy(Strategic[j].attribute,label,strlen(label));

Num_attrib.strategic += 1;
parm_code = 14;
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break;
}
else {

if (strnicmp(tact_attrib[i],label,strlen(label)) == 0) {

j = Num_attrib.tactical;
strncpy(Tacticallj].attribute,label,strlen(label));
Num_attrib.tactical += 1;
parm_code = 15;
break;
}
}
}
}
}
else {
switch (parm_code) {
case -1 :
break;
case 0 :
j = strlen(label);
it (j > 40)
J = 40;
strncpy(Title,label,j);
break;
case 2 :
strncpy (Input_files[Num_alts],label,strlen(label));
Num_alte += 1;
break;
default :
poscurs(20,26);
fprintf(stderr,"ERROR: parm_code not defined");
return 2;
}
}

break;
case 16 : /% real value in formula. */

if ((col == 1) && (row != base_row))
range += 1;
store_input(parm_code,real_val,range);
break;
default : /* ignorxre all other opcodes. */
break;
}
} while (opcode != 1);
fclose(Fp);
it (parms_found) {
base2 = 1;
poscurs(11,286);
fprintf(stderr,"Required parameters not found");
poscurs(12,37);
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}

}

/%
/%
/%
/*

fprintf(stderr,"%d",parms_found);
poscurs(13,28);
fprintf(stderr,"Missing Parameters are:");
i=1
for (i = 1; i <= 14; ++i) {
parm_code = parms_found & base2;
base2 = base2 * 2;
if (parm_code) {
poscurs(13+j,31);
fprintf (stderr,"¥s",parm_names[i-1]);
4j;
}
}
return 3;
}
else
return 0;

FUNCTION: store_input

DESCRIPTION:
Stores the analysis parameters from the input file into appropriate
variables.

void store_input(int code, double value, int range)

{

int 1 = 0;
static int ment, ncnt;

switch (code) {

case -1 :
break;
case 1 : /* project length. */
Proj_len = value;
break;
case 3 : /* ACRS depreciation. */
ACRS_type = value;
get_ACRS();
break;
case 4 : /* monetary interest rate. %/
if (Monetary_rate[0] == 0.)
ment = 0;
Monetary_rate[mcnt] = value;
mcnt += 1;
break;
case 5 : /* nonmonetary interest rate. */
if (Nonmonetary_rate[0] == 0.)
ncnt = 0;
Nonmonetary_ratelncnt] = value;
ncnt += 1;
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break;

case 6 : /* tax rate. %/
Tax_rate = value/100.;
break;

case 7 : /* minimum NPV. */
NPV_min = value;
break;

case 8 : /* maximum NPV. #*/
NPV_max = value;
break;

case 9 : /# strategic weight.
Obj_weight[1] = value;
break;

case 10 : /* tactical weight.
Obj_weight[2] = value;
break;

case 11 : /* pecuniary weight.

Obj_weight[0] = value;
break;

case 12 : /% p~factor. */
P = value;

break;

case 13 : /* qg-factor. */
Q = value;
break;

case 14 : /* Strategic attribute weights.
Strategic[Num_attrib.strategic-1].weight = value;

break;

case 16 : /* Tactical attribute weights.
Tactical[Num_attrib.tactical~1].weight = value;

break;
default : /* error. */
poscurs(20,18);

fprintf(stderr,"ERROR: Invalid parameter code (%d) in store_input",

code);
break;

FUNCTION: get_ACRS
DESCRIPTION:

Obtains ACRS values from an input file.

void get_ACRS(void)

unsigned short int i, skip;

ACRS_in = fopen("acrs.dat","xr");
if (ACRS_in == NULL) {
poscurs(20,28);

*/

*/

*/

*/

*/
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fprintf(stderr,"ERROR: Dpening ACRS.DAT");
exit(1);
}
switch (ACRS_type) {

case 3
skip
break;

case §
skip
break;

case 7
skip
break;

case 10
skip = 18;
break;

case 15 :
skip = 29;
break;

case 20 :
s8kip = 45;
break;

default :
poscurs(20,17);
fprintf(stderr,"ERROR: Incorrect ACRS type input %d",ACRS_type);
exit(1);

0;

4;

H ose =

10;

}
for (i = 0; i < skip; ++i)
fscanf (ACRS_in,"%£",&ACRS[0]);
for (i = 0; i < ACRS_type + 1; ++i)
fscanf (ACRS_in, "%f",&ACRS[i]);
fclose(ACRS_in);

}

/*  FUNCTION: read_data */
/*  DESCRIPTION: */
/% Reads the cash flow and qualitative flow data from the input file */
/% specified by the user. */

int read_data(int alt)
{
int process = 0, old_row;
int base_row, col = 0, i, int_val, label_len, opcode, pos = -1, row = 0;
double real_val;
char label[240];

/* Determine the number of values to input based upon the type of
analysis to be performed, and open the input file. If risk, input
required is pessimistic, most likely, and optimistic. Otherwise, only
one input is required. */
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Fp = fopen(Input_files[alt],"rb");

if (Fp == NULL) {
fprintf(stderr,"\nERROR: opening %s\n",Input_files[altl);
return 1;

}

/* Read input data from a LOTUS 1-2-3 file. Fill arrays used in this
program with data read from the file. */

strupr(Input_files[alt]);
poscurs(9,21);
fprintf(stderr,"Processing data from ¥%s ...",Input_files[alt]);
do {
opcode = lotus_read(&row, &col, &int_val, &real_val, label);
switch (opcode) {
case 12 : /% Blank cell - zero value if part of attribute input. */
if (old_row == row)
break;
if (col == 0) {
base_row = row;
}
break;
if ((process >= 1) && (process <= 3))
£i11_real(row,col,process,0.,pos);

break;
case 13 : /* Integer input - convert to real double. */
if (old_row == row)
break;

if (row != base_row) {
base_row = Irow;
}
real_val = int_val;
7ill_real(row,col,process,real_val,pos);

break;
case 14 : /* Real input -~ process as double. */
if (old_xrow == row)
break;
it (row != base_row) {
base_row = row,
}
£i11_real(row,col,process,real_val,pos);
break;

case 15 : /# Label input -~ contains key for processing objectives. */
it ((col > 0) && (row = base_row))
break;
it (col == 0) {
base_xow = Yow;

}
label_len = strlen(label);
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if (strncmp("Pecuniary",label,label_len) == 0) {
process = 1;
Num_attrib.pecuniary = 0;
old_row = row;
break;

}

if (strncmp("Strategic",label,label_len) == 0) {
process = 2;
old_row = row;
break;

}

if (strncmp("Tactical",label,label_len) == 0) {
process = 3;
old_row = row;

break;
}
switch (process) {
cagse 0:
stxncpy(Alt_title[alt],label,label_len);
Alt_titlelalt][label_len] = ’\0’;
break;
case 1:
pos = Num_attrib.pecuniary;
strncpy(Monetary[pos].description,label,label_len);
Monetary[pos] .description[label_len] = ’\0’;
Num_attrib.pecuniary += 1;
break;
case 2:
if (strncmp(“Strategic',label,label_len) != 0) {
pos = ~1;

for (i = 0; i < Num_attrib.strategic; ++i) {
if (strnicmp(Strategic[i].attribute,label,label_len) == 0) {
pos = i;
}
}
if (pos == ~1) {
poscurs(20,20);
fprintf(stderr,"ERROR: Strategic attribute not defined");
poscurs(21,10);
fprintf(stderr,"Attrib: ¥s\n",label);
for (i = 0; i < Num_attrib.strategic; ++i)
fprintf(stderr,"%s %4.0d\n",Strategic[i].attribute,Strategic[i].weight);
exit(1);
}
}
break;
case 3:
if (strncmp("Tactical”,label,label_len) != 0) {
pos = -1;
for (i = 0; i < Num_attrib.tactical; ++i) {



if (strnicmp(Tacticallil.attribute,label,label_len) == 0) {
pos = i;

}

}

if (pos == -1) {
poscurs(20,20);
fprintf(stderr,"ERROR: Tactical attribute not defined");
fprintf (stderr,"Attrib: %s\n", label);

for (i = 0; i < Num_attrib.tactical; ++i)
fprintf(stderr,"¥%s %4.0d\n",Tacticalli].attribute,Tacticall[il.weight);

oxit(1);
}
}
break;
}
break;
case 16 : /* Formula input - contains real value, */
if (old_row == row)
break;

it (row != base_row) {
base_row = row;
}
£ill_real(row,col,process,real_val,pos);
break;
default :
break;
}
} while (opcode != 1);
fclose(Fp);

/*  FUNCTION: fill_real
/* DESCRIPTION:

/* Fills the appropriate arrays with cash flows oxr qualitative flows.

void fill_real(row, col, process, real_val, pos)
int row, col, process, pos;
double real_val;

switch (process) {

case 1:
Monetary[pos].cash_flow[col-1] = real_val;
break;

case 2:
Strategic[pos].qual_flowlcol-1] = real_val;
break;

case 3:
Tactical[pos].qual_flow[col-1] = real_val;
break;

default:
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fprintf(stderr,"ERROR process %d incorrect in f£ill_ree1");

exit(1);
break;
}
}
/*  FUNCTION: lotus_read */
/* DESCRIPTION: */
/* Reads input data from the LOTUS files, */

int lotus_read(row, c¢ol, int_val, real_val, label)
int »*row, *col, *int_val;
double *real_val;
char label[240];
{
int end_col, end_row, format_key;
int format_type, formula_opcode, i, label_byte, length, opcode;
int mode, protect, size, start_row, start_col;

opcode = getc(Fp) + (getc(Fp) * 256);
length = getc(Fp) + (getc(Fp) #* 256);
switch (opcode) {
case 0 : /* Begining of file */
if (start_processing(length) !'= 0)

opcode = 1;
break;
case 1 : /* End of file *»/
break;

case 2 : /* Calculation Method */
case 3 : /* Calculation Order */
case 4 : /* Type of Window Split */
case 5: /* Synchronize windows to cursor movement */
ignore_bytes(length);
break;
case 6 : /* Range */
start_col = getc(Fp) + (getc(Fp) * 256);
start_row = getc(Fp) + (getc(Fp) * 268);
end_col = getc(Fp) + (getc(Fp) * 256);
end_row = getc(Fp) + (getc(Fp) * 266);
break;
case 7 : /* Description of Window #1 */
case 8 : /* Defines column width *»/
case 9 : /* Description of Window #2 */
case 10 : /% Defines column width =*/
case 11 : /* Range name */
ignore_bytes(length) ;
break;
case 12 : /* Blank Cell */
mode = getc(Fp);
*col = getc(Fp) + (getc(Fp) * 266);



*row = getc(Fp) + (getc(Fp) * 266);
break;

case 13 :

mode
*col
*LOW

*int_val = getc(Fp) + (getc(Fp) * 266);

U an

break;

case 14 :

mode
*col
*row

case 15 :

mode
*col
*Yow
=5;

i

label_byte
while ((i < length) && (label_byte != 0)) {

}

/* Integer Value */
getc(Fp);
getc(Fp) + (getc(Fp) * 266);
getc(Fp) + (getc(Fp) * 266);

/* Floating Point Value */
getc(Fp);
getc(Fp) + (getc(Fp) * 286);
getc(Fp) + (getc(Fp) * 266);
*real_val = get_IEEE_real(*row,*col);
break;

/* Label #/
getc(Fp);

getc(Fp) + (getc(Fp) * 256);
getc(Fp) + (getc(Fp) * 266);

= getc(Fp);

label_byte = label[i-5] = getc(Fp);
i+=1;

label[i-5] = ’\0’;
break;

case 16 :

mode

*C
*xr

si

getc(Fp);
break;

case 24 : /%
case 25 : /*
case 26 : /*
case 27 : /*
case 28 : /%
case 29 : /%
case 32 : /%
case 36 : /%
case 36 : /%
case 37 : /%
case 38 : /*

ol
oW

20

/% Formula #*/
goetc(Fp);
protect = mode >> 7;
format_type = (mode >> 4) & 7;
format_key = mode & 15;

getc(Fp) + (getc(Fp) * 266);
getc(Fp) + (getc(Fp) * 266);
sreal_val = get_IEEE_real(*row,*col);
getc(Fp) + (getc(Fp) * 266);
formula_opcode = getc(Fp);
for(i = 16; i < length; ++i)

Table Range */

Query Range */

Print Range */

Sort Range */

Fill Range */

Primary Sort Key Range */
Distribution Range */
Secondary Sort Key Range */
Global Protection */
Footer Print »/

Header Print #*/
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case 39 : /* Print Setup */
case 40 : /* Margins */
case 41 : /* Label Alignment */
case 42 : /* Borders */
case 45 : /* Graph Settings */
case 46 : /* Named Current Graph Settings */
case 47 : /* Iteration Count #/
case 48 : /* Unformatted print »/
case 49 : /* Cursor Location */
case 75 : /% Worksheet Password */
case 100 : /* Hidden Columns Record 1 */
case 101 : /* Hidden Columns Record 2 */
case 102 : /* Parse Ranges */
case 103 : /* Linear Regression Ranges */
case 105 : /* Matrix Mathematics Ranges #*/
case 160 : /* Cell Pointer Index */
ignore_bytes(length);
break;
default : /* Other Code is an Error */
fprintf(stderr,"ERROR: Opcode %d not defined\n",opcode);
ignore_bytes(length);
}
return(opcode);

}

/* FUNCTION: ignore_bytes
/*  DESCRIPTION:
/* Reads and ignores data from the input file.

void ignore_bytes(int length)
{

int i;

for (i = 0; 1 < length; ++i)
getc(Fp);
}

/*  FUNCTION: start_processing
/% DESCRIPTION:

/* Displays message to the user of the type of LOTUS file being read.

int start_processing(int length)

{

int i, file_format = 0;

for (i = 0; i < length; ++i)
file_format += (getc(Fp) * pow(2686,i));
switch (file_format) {
case 1028 : /% File type is 1-2~3 %/
poscurs(7,28);
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/%
/%
/*
/%

fprintf(stderr,"Format type is 1-2-3.");
return(0);
case 1029 : /% File type is Symphony ~ do not process */
poscurs(7,16);
fprintf(stderr,"Format type is SYMPHOMY and cannot be processed");
return(1);
case 1030 : /* File type is 1-2-3 version 2 */
poscurs(7,24);
fprintf(stderr,"Format type is 1-2-3 version 2.");
return(0);
default : /# Unknown file type */
poscurs(7,25);
fprintf(stderr,"Format type is unknown (%04X).",file_format);
poscurs(9,28);
fprintf(stderr, 'processing terminated");
return(1);
}
}

FUNCTION: get_IEEE_real

DESCRIPTION:
Converts the input from a 64 bit IEEE real storage into a useable

form for the program.

double get IEEE_real(int row, int col)

{

int i, j, neg._exp, sign, word;
double exponent, mantissa, value, one_bit;
long int temp;

neg_exp = b2;
value = 0.;
for (i = 0; i < 7; ++i) {
word = 8;
temp = getc(Fp);
if (temp != 0) {
it (i == @)
word = 4;

fox(j = 0; j < word; ++j) {
one_bit = temp & 1;
value += (one_bit * (1/pow(2,neg_exp)));
neg_exp —= 1;
temp = temp >> 1;
}
}
else
neg..exp == 8;
}
exponent = temp;
temp = getc(Fp);
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/*

exponent += ((temp & 15) * 16);
temp = temp >> 4;

oxponent += ((temp & 7) * 256);
mantissa = value;

sign = ((temp >> 3) & 1);

if (sign == 1)

sign = -1;
else
sign = 1;

if (exponent == 2047.) {
if (mantissa != 0,)

237

fprintf(stderr,”Value at row %d col %d is not a valid number\n",row,col);

else

fprintf(stderr,"Value at row %d col %d is infinity\n",row,col);

return(NULL);
}
if (exponent == 0.) {
if (mantissa != 0.) {
exponent = pow(2,-1022.);
return(sign * exponent * mantissa);
}
else
return(0.);
}
if ((exponent > 0.) &% (exponent < 2047.)) {
exponent = pow(2, (exponent-1023.));
mantissa += 1.;
return(sign * exponent * mantissa);

}

fprintf(stderr,'#* ERROR ** Real format not converted at row %d col %d",

row,col);
return(NULL);

/%  FUNCTION: factors
/*  DESCRIPTION:
Determines the interest factors used in the analysis.

void factors(char fac_type)

int i;
float rate;

rate = 1.;
switch (fac_type) {
case 'm’ :
Factors[0] = 1.;

*/
*/
*/



for (i = 1; i <= Proj._lem; ++i) {
rate = rate * (1 + interest(fac_type,i-1));
Factors[i] = 1. / rate;

}

break;

case ’'n’ :

Factors[0] = 1.;

for (i = 1; i <= Proj_lem; ++i) {
rate = rate * (1 + interest(fac_type,i-1));
Factors[i] = 1. / rate;

}

break;

}
}

/* FUNCTION: interest
/% DESCRIPTION:

/* Determines the interest rate to use for the analysis.

float interest(char fac_type, int limit)
{

float temp_interest;

int mult = 0;

switch (fac_type) {
case 'm’ :
return Monetary_rate[limit]/100.;
case 'n’ :
return Nonmonetary_rate[limit]/100.;
}
}

/%  FUNCTION: npv
/*  DESCRIPTION:

/* Determines the NPV of the Monetary cash flows.

npv(int alt)
{
int j, k;
double cash_flow;

factors(’m’);
NPV[alt] = 0.;
depreciation();
for (k = 0; k <= Proj_len; ++k) {
cash_flow = 0.;
for (j = 0; j < Num_attrib.pecuniary; ++j)
cash_flow += Monetary[jl.cash_flowlk];

238

*/
*/
*/

*/
*/
*/



239

if (k !'= 0)
cash_flow = (cash_flow * (1 - Tax_rate)) + (Depreciation[k] * Tax_rate);
NPV[alt] += (cash_flow * Factors[k]);

}
}
/* FUNCTION: depreciation */
/%  DESCRIPTION: */
/% Determines the deprecitation schedule of the investment. */

void depreciation(void)
{
short int pos = -1;
int ACRS_limit, i, j;

for (i = 0; i < Num_attrib.pecuniary; ++i) {
if (strnicmp(Monetary[i].description,'depr investment",15) == 0) {
pos = i;
break;
}
}
if (pos >= 0) {
for (i = 0; i <= Proj_len; ++i) {
ACRS_limit = i + ACRS_type + 2;
if (ACRS_limit > Proj_len)
ACRS_limit = Proj_len + 1;
for (j = i+1; j < ACRS_limit; ++j) {
Depreciation[j] += (~Monetary[pos].cash_flow[il * ACRS[j-(i+1)]1);

}
}
}
}
/*  FUNCTION: npqf */
/*  DESCRIPTION: */
/% Determines the NPQF of the Nonmonetary cash flows. */

npqf (char objective, int alt)
{

int i, j;

factors(’'n’);
switch (objective) {
case ‘s’ :
for (j = 0; j < Num_attrib.strategic; ++j) {
NPQF_s[alt]l[jl = 0.;
for (i = 1; i <= Proj_len; ++i)
NPQF_s[alt] [j] += Strategicljl.qual_flow[il * Factors[il];
}
break;



}

case ’t’ :
for (j = 0; j < Num_attrib.tactical; ++j) {
NPQF_t[alt1[j]l = 0.;
for (i = 1; i <= Proj_len; ++i)
NPQF_t[alt][j] += Tacticallj].qual_flow[i] * Factors[il];
}
break;
}

/%  FUNCTION: norm_weights
/*  DESCRIPTION:

/*
/*

Normalizes the weights for the nonmonetary attributes, and the
objectives.

void norm_weights(void)

{

}

int i;
float sum;

sum = O.;
for (i = 0; i < 3; ++i)
sum += Obj_weight[i];
for (i = 0; i < 3; ++i)
Obj_weight[i] = (Obj_weight[il / sum) * 100.;
sum = 0.;
for (i = 0; i < Num_attrib.strategic; ++i)
sum += Strategic[i].weight;
for (i = 0; i < Num_attrib.strategic; ++i)
Strategic[i).weight = (Strategic[il.weight / sum) * 100.;
sum = 0.;
for (i = 0; i < Num_attrib.tactical; ++i)
sum += Tactical[il.weight;
for (i = 0; i < Num_attrib.tactical; ++i)
Tactical[i].weight = (Tactical[i].weight / sum) * 100.;

/* FUNCTION: indices
/*  DESCRIPTION:
/* Calculates the Monetary and Nonmonetary indices.

void indices(int alt)

{

int i, j;
float r_ni;
MI[alt] = NPV[alt] / (NPV_max - NPV_min);

rni=0.;
factors(’'n’);
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for (i = 1; i1 <= Proj_len; ++i)
r_ni += Factors([il;
for (i = 0; i < Num_attrib.strategic; ++i)
NI[alt][i] = NPQF_s[alt][i] / (100. * r_ni);
j = Num_attrib.strategic + Num_attrib.tactical;
for (i = Num_attrib.strategic; i < j; ++i)
NI[alt][i] = NPQF_t[alt] [i-Num_attrib.strategic] / (100. % r_ni);

}
/%  FUNCTION: comp_prog
/*  DESCRIPTION:
/* Calculates the Composite Programming score for an alternative.
double comp_prog(int alt)
{
int i, j;

}

float power, score, term;

power = Q/P;
term = 0.;
score = 100. * distance(MI[alt]);
score = Obj_weight[0] * pow(score,power);
for (i = 0; i < Num_attrib.strategic; ++i)
term += Strategicl[i].weight * distance(NI[alt][il);
score += Obj_weight[1] * pow(term,power);
term = 0.
j = Num_attrib.strategic + Num_attrib.tactical;
for (i = Num_attrib.strategic; i < j; ++i)
term += Tacticalli-Num_attrib.strategic] .weight * distance(NI[alt][il);
score += Obj.weight[2] * pow(term,power);
return pow(score,(1./Q));

/* FUNCTION: distance
/* DESCRIPTION:
/% Calculates the distance an attribute is from the ideal.

double distance(float term)

{

}

float results;

results = ((1. - term) / 2.);
return pow(results,P);

/* FUNCTION: echo_inputs

/*

DESCRIPTION:

/* Prints the inputs to the program specified by the user.
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void echo_inputs()

{

}

/*
/%
/*
/*

Vo

{

int j;

Out = fopen("amstep.inp”,"w");
if (Out == NULL) {

fprintf(stdexrx,"\nERROR: opening AMSTEP.OUT\n");
exit(1);

fprintf(Out,"%s\n",Title);
fprintf(Out,""Tax rate %5.2f\n",Tax_rate*100.);
fprintf(Out,"Project Length %d\n",Proj_len);
fprintf(Out,"ACRS Type %d ",ACRS_type);
fprintf(Out,"\nMonetary Rate ");
for (j = 0; j < Proj_lem; ++j)

fprintf(Out,"%6.2f ", ,Monetary_rate[jl);
fprintf(Out,"\n");
fprintf(OQut,"Nonmonetary Rate ");
for (j = 0; j < Proj_len; ++j)

fprintf(Out,"%6.2f "*,Nonmonetary_rateljl);
fprintf(Out,"\n");
fprintf(Out,"Pecuniary Weight %4.1f\n",0bj_weight [0]);
fprintf(Out,"Strategic Weight %4.1f\n",0bj_weight[1]);
fprintf(Out,"Tactical Weight %4.1f\n",0bj_weight[2]);
fprintf(Out,"NPV min %12.2f\n" ,NPV_min);
fprintf(Out,"NPV max %12.2f\n\n",NPV_max);
fclose(Out);

FUNCTION: print_array
DESCRIPTION:
Prints the contents of the arrays containing cash flows and

qualitative flows.
id print_array(int alt)

int i, j, k;
char digit[4], filename[14];

itoa(alt,digit,10);

Pretix_name[6] = digit[0];

Prefix_name[7] '\O’;

strcpy(filename,Prefix_name);

Out = fopen(strncat(filename,".res",4),"w");

if (Out == NULL) {
fprintf(stderr,"\nERROR: opening %s\n",filename);
exit(1);

}
f£print? (Out,"%26s\n",Alt_title[alt]);

fprintf(Out,"\nPECUNIARY");
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for (k = 0; k < Num_attrib.pecuniary; ++k) {
fprintf(Out,"\n%156s" ,Monetary[k] .description);
for (j = 0; j <= Proj_len; ++j)
fprintf (Out,"\t%15.2f" ,Monetary[k].cash_flow[jl);
}
fprintf(Out,"\n Depreciation");
for (j = 0; j <= Proj_len; ++j)
fprintf(Out,"\t%15.2f",Depreciation[jl);
fprintf (Out,"\n\nSTRATEGIC");
for (k = 0; k < Num_attrib.strategic; ++k) {
fprintf(0ut,"\n%20s ",Strategic[k] .attribute);
fprintf(Out,"%4.0f ",Strategic[k].weight);
for (j = 0; j <= Proj_len; ++j)
fprintf(Qut,"\t%6.0f",Strategic[k].qual_flow[jl);
}
fprintf(Out, "\n\nTACTICAL");
for (k = 0; k < Num_attrib.tactical; ++k) {
fprintf (Out,"\n%20s ",Tacticallk].attribute);
fprintf£(0Out,"%4.0f " ,Tactical[k].weight);
for (j = 0; j <= Proj_lemn; ++j)
fprintf (Out,"\t%6.0£",Tactical(k].qual_flow[jl);
}
fprintf (Out,"\n\n");

/x */

}

/*
/%
/%

fprintf (Out,"Alterntaive %d\n\n",alt);
fprintf(Out,"Net Present Value \t%12.2f\n",NPV[alt]);
fprintf(Out,"Net Present Qualitative Flows\n");

for (k = 0; k < Num_attrib.strategic; ++k)

fprintf (Out,"%20s \t %7.2f\n",Strategic[k].attribute,NPQF_sl[altl[kl);

for (k = 0; k < Num_attrib.tactical; ++k)

fprintf (Out,”%20s \t %7.2f\n",Tacticall[k].attribute,NPQF_t[alt][k]l);

fprintf(Out,"\nMoneatry Index \t\t%6.4f\n" ,MI[alt]);
fprintf(Out,"Nonmonetary Indices\n");
for (k = 0; k < Num_attrib.strategic; ++k)

fprintf(Out,"%20s \t %6.4f\n",Strategic[k].attribute,NI[alt][k]);

for (k = 0; k < Num_attrib.tactical; ++k)
fprintf(0Out,"%20s \t %6.4f\n",Tacticallk].attribute,
NI[alt] [k+Num_attrib.strategic]);
fprintf(Out,"\nScore: %4.0f\n",Scorelalt]);
fclose(Out);

FUNCTION: rankings
DESCRIPTION:

Determines the final rankings of the alternatives.

void rankings(void)

{

int i, j, pos;
float large = 1000000., temp;
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struct {
int pos;
float score;
} rank[MAX_ALTS];

for (j = 0; j < Num_alts; ++j) {
temp = Score[0];
for (i = 0; i < Num_alts; ++i) {
if (Scorel[il <= temp) {
temp = Scoxe[il;
pos = i;
}
}
Score[pos] = large;
rank[j].pos = pos;
rank[j].score = temp;

}
clrscrn();
poscurs(5,30);
fprintf(stderr,"<< FINAL RANKINGS >>");
poscurs(7,21);
fprintf (stderr, " "RANK ALTERNATIVE
poscurs(8,21);
fprintf(stderr,"--—= = ~esmeeecece—a-
for (i = 0; i < Num_alts; ++i) {
poscurs(10+i,22);
fprint?f (stdexrr,"%d",i+1);
poscurs(10+i,27);
j = rank[i].pos;
fprintf(stderr,"’s",Alt_title[jl);
poscurs(10+i,54);
fprintf (stderr,"’5.11" ,rank[i].score);

SCORE

");

244



245

Appendix C
Mixture Experiments

This appendix provides a background on the methodology of mixture experi-
ments and is largely taken from Cornell [26]. Additional information can also be
found in [27].

The primary objective of a mixture experiment is to study the effects of a set
of components on a measurable response in order to determine the composition of
the components which produces an optimal response. The purpose of the mixture
experiment within this research is to obtain some measure of the effect which each
weight (component) has on the evaluation score (response). The components are
taken singly and in combination with other components.

In a mixture experiment, the experimental region is all of the points of a regular
(r — 1)-dimensional simplex, where r is the number of components. When r = 2
components, the experimental region is a line in two dimensional space. When
r = 3, the experimental region is an equilateral triangle as shown in Figure C.1.
For four components (r = 4) the experimental region is a tetrahedron as shown in
Figure C.2.

The coordinate system of a mixture problem is refered to as a simplex coor-
dinate system. When r = 3, the coordinates can be plotted on triangular graph
paper. The verticies of the triangle represent pure components. The interior points
of the triangle represent mixtures which include a portion of all three components.
For example, the centroid of the triangle is the point where the mixture is made
up of equal proportions of all three components.

For mixture experiments, it is assumed that there exists a relationship

n = Y(zy,z2,...,2,)
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x1

Figure C.1: Simplex Triangle Experimental Region

Xt =1

Figure C.2: Simplex Tetrahedron Experimental Region
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which dcfines the dependence of the response 7 on the proportions of z,, z2,...,,

of the r components, where
T ZO i=1,...,T

Z(L‘,':].

=1

The response function of a system containing r components can be modeled as

first-degree polynomial such as:

n = b+ bz

f=1

or a second-degree polynomial such as :

n o= bo+ Y bimit+ Y byziw;

=1 i,7=1

Although a cubic equation may be used, most mixture experiments are reparam-
eterized forms of these general polynomials.

In a mixture experiment, the experimental program consists of N observa-
tions of the value of a response. Each response is observed from a known set of
components, and usually more than one response is observed for each component
mixture. The observed value of the response is y, and it is assumed that y, in the
uth trial varies about a mean of n with common variance o? for all u = 1,2,..., N.

The observed value is fully denoted by
Yo = Nte 1<Sus< N

where €, is an experimental error. €, is assumed to be uncorrelated, identically
distributed with mean zero and common variance o?. Thus, E(y,) = n for all
vu=12,...,N.

The design used to support a polynomial equation which represents the re-

sponse over an entire simplex region is the simplex-centroid. The simplex-centroid
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(x1, X2, X3) (1.0,0)
(1/2,1/2,0) (1/2,0,1/2)
®
(1/3,1/3,1/3)
(0,1,0) ° (0,0,1)

(0,1/2,1/2)

Figure C.3: Design Points of the Simplex-Centroid for r = 3

design for r components consists of 2" — 1 design points. The points consist
of the r pure blends, (5) permutations of (yi,y2,0,0,...), (g) permutations of
(¥1,¥2,¥3,0,0,...), etc. , until (y,,Ys,...,yr). These points are shown in Figure C.3
for r = 3.

Cornell derives the polynomial model which can be fitted to the data collected
at the design points of the simplex-centroid as follows [26]. Assume a model for

two components, =, and x,, where z; + 23 = 1. The first degree model is written

as:
n = by+ bz + by,
Replace by with bg(x; + z2):

n = bo(z1 + x2) + brzy + boz2
= (bo + b1)z1 + (bo + b3)x2

/ /
= 1.’171 + b2$2
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In this manner, the constant term b, has been removed from the model. For a
second-degree polynomial, replace by with bo(z, + z3), 22 with z,(1 — ), and =2

with z2(1 — z1). This yields:

n = bo(wl + {122) + blml + b2$2 + blg.’L‘l:L‘g + bu(l?l(l - (I)g) + bggﬁ?g(l - .'121)
= (bo+ by + by1)zy + (bo + by + ba2)wz + (b2 — by — baz)z 179

’ ’ /
= bixy + by + bz

and the terms by;z? and by,x? are removed from the model, along with b,. There-
fore, the polynomial model of the simplex-centroid, with primes removed from the
b;’s, is:

r r r ,

n=3 bmi+ Y, byzizi+ Y.  bjpmizizi 4o+ b, [Jo (C.1)
i=1 ij=1 i k=1 =1
i<j i<j<k

The parameter b; is the expected response to the pure component i. b;; is the
contrast of the responses to blends of two components, b;;x is the contrast of the
responses to blends of three components, etc. Note that the mixture model has
fewer terms than the standard polynomial.

When values of the response are collected only at the points of the simplex-
centroid, the estimators of the coefficients are simple functions of the observed
values of the response. For example, let y; be the observed value of the response
to the pure component ¢ (z; = 1,z; = 0,7 # j), and y;; the observed value of the
response to the equal 50-50 mixture of components ¢ and j (z; = },%; = 3,2 =
0,7 < j < k). Suppose n; observations are collected for the pure components
and n;; observations for the 50-50 mixture, and the average responses for these
observed values are denoted by #; and §;; respectively. Now, the formulas for

calculating the estimates of the coefficients (;, I;,'j) for a second-degree model are
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determined by substituting the values of #;, i;, and z; into a second-degree form
of equation C.1.

As an example, consider an experiment of two components (r = 2). Observa-
tions are collected at the following (z1,%2) points: (1,0), (0,1), and (3,3). The
average response for the pure component z; is §i; = 1b; + 0b, and for the pure
component z; is J; = 0(31 + 152 where b is the estimate of b. For the mixture (%, -;-)
the observed response is ¥, = %bl -+ %bz + (%)21)12. Solving these equations for by,

82, and 812 yields:

by =

Cal
~N
I

Y2
b = 4512 — 2(§1 + F2)
Cornell provides formulas for up to r = 4 [26]. The polynomial for r = 4 is:

4 4 4
n = Z bx; + Z bijriz; + Z bijr®iz; Tk + b1234T1T223T4
i=1 5,0 =1 ,75,k=1
i<y i<j<k
The observed data values are:
Yi at z;=1,2; =0 JF
Yij at .1:,—=a:j=-;-,xk=0 1< k;éz,]
Yijk ot w,-=mj=mk=%,ml=0 1<j<k l#1,j,k
Vi ot Ti=o;=op=a=g
where 7, j, k = 1,2,3,4. The coefficient estimates are calculated using:
b = 5 i<j
b = 49,5 -2Fi+79;) i<j
bije = 2Gijx — 12(Fi; + Tar + Gix) + 3T+ T + @) i<j<k
bioas = 256§1234 — 108(F123 + Jr2a + Jrza + Paza) +

32(h2 + Tz + F1a + Y2z + Faa + TJaa) — 4(G1 + G2 + Fa + Fa)
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Appendix D
Simplex-Centroid Design for Six
Components

Formulas for calculating the coefficient estimates of the simplex-centroid design
for up to four components are provided by Cornell [26] and were given in Appendix
C. Using the methodology described in Appendix C, formulas for calculations
of the simplex-centroid design for five and six components are provided in this
appendix.

The polynomial model which is fitted to the data collected at the design points
for r = 5 is:

5

5 5 5
n o= Y b+ Y, buymw;+ Y, bipwiwize+ S bjumi;zem +

i=1 t,j =1 L k=1 g, k=1
i<y <j<k t<j<k<!
b12345m1x2x39;4a:5 (D.l)

Observations are made only at the points of the simplex-centroid design. The

observed data values are collected as follows, where ¢, j, k,l,m € [1,2,3,4,5]:

yi at =1, z;=0

j#e

1
Yis at :l:,'=:L'j=§, :ck=0
1<j kH#iJ
1
Yk at mi=zi=ap=g, 5 =0

Yijrw al Ty =; =T =2 =

i<j<k<l, m#i,jk,l
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ot —=

Yijkim Ol T =T; = Tp = T} = Ty, =

Let #:, §ij» Uijky Hijet, and Fijrm be the average values of the responses described
above. Substituting the §’s and a’s into equation D.1 yields:

— 1 2 o~ o ~ ~
Yijkim = (g) (bi + b + b + by + b)) +

1\? . - 2 - 2 2 2 o A -
(5) B+ i Bt i+ Bt B By + B B+ B +
1\3 . - - - - - - A
(5) (bijk + biji + bijm + bikt + bikm + bitm + bjkt + bjkm +
bitm + brim) +

1\ . . . - .
(5) (bijkt + bijkm + bijim + bikim + bjkim) +

() G

Rewriting to solve for I;;ﬂkm:

~

bijiim = 3125§ijxim —
625(b; + b; + by + b + bm) +
125(bi; + i + bt + bim + bk + bjt + bjm + Dbt + b + bim) +
25(bijr + biji + bijm + birt + bikm + bitm + bjnt + Djgm +
bitm + bpim) +
5(biska + bijhm + bijtm + biktm + Bikim)
Each b term is expanded according to its known polynomial form from Ap-
pendix C. For example, b; = ; and i),-j = 47;; —2(7:+7y;). Using these relationships,
the simplex-centroid model for five components is:

"~

bijikm = 3125ij1km —

1280(?7ijk1 + Gijim + ijtm + Uiktm + Yiktm) +
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405(Fije + Fijt + Gijm + ikt + Gikm + Jitm + Gikt + Gikm +
Yjtm + Grim) —
80(Fi; + Fik + Fat + Fim + T + Fit + Tim + Jat + Gbm + Gim) +
5T + Y + Tk + 51 + Tm)
For six components (r = 6) the polynomial model which is fitted to the data

collected is:

6 6 6 6
n o= Y b+ Y bymzi+ Y. bpwwize+ ), bijuwizzie +
= R k=1 ikl =1
i<y <)<k 1<j<k<l
6
> bijkimTi%T ;T (T ITm + b123456T1T2T3T4T5To (D.2)
5,7,k lim=1
1<i<k<i<m

Observations are again made only at the points of the simplex-centroid design.
The observed data values collected are the same as for the five component model,
with the following modification to the term y;;m and the addition of the term

Yijkimn Where 4,7, k,1,m,n € [1,2,3,4,5,6]:

1
Yijkim al Ty = Tj =Ty =T = T = z, =0
1<j<k<l<m, n#1i,35,klm
1
Yijeimn G T =Tj = Tp =T = T =Tn = &

Let @i, ¥ijy Fijks Tiskts Yijeims and Fijkimn be the average values of the responses
described above. Substituting the §’s and a’s into equation D.2 yields:
_ N 2 s s ?
Yijklmn = (g) (bi + b; + bx + by + by + b)) +
1\? . - - 2 - a - - a
(6) (bij + bix + big + bim + bin + bk + bji + bjm + bjn +

bit + bim + bin + b + bt + binn) +



(%)3 (Buk + it + Bijm + bijn + bira + Bitom + Dit + b +
Bfln + i).'mn + l;jkl + i’jhm + i)jkn + I;jlm + Sjln + l’;jmn +
Bitm + bin + Bk + bimn) +

(%)4 (i’:'jkl + I;ijlcm + Sijkn + i’ijlm + Bijln + I;t’jmn + biam +

bikin + Dikmn + biktm + djkin + dikmn + Bitmn + Ditmn) +
(é) ’ (Bisktm + Bijatn + bijtmn + dijtmn + Diktmn + bjtimn) +
(%) : (Bijktran)
Solving for bijgtmn:

~

bijkimn = 46656;jim —
TT76(bi + bj + bi + by + b + b)) +
1296(bi; + ik + bit + Bim + bin + i 4 byt + bjm + bjn +
Bia + bim + bk + b + B + byun) +

216(?).','/: + 5.'3‘1 + Bijm + i’ijn + bikt + ik + bikn + bitm +
bitn + i’imn -+ I;jkl -+ i’jkm + I;jkn + i’jlm + Ejln + i)jmn +
brim + Ditn + bkmn + Dimn) +

36(bijut + bijem + Diskn + bijim + bijtn + bijmn + Diktm +
bikin + bitmn + bikim + bikin + bitomn + jimn + Oktmn) +

6(3¢jklm + I;ijkln + i’ijkmn + I;ijlmn + i’iklmn + i)jklmn)
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Expanding each term according to its known polynomial form from Appendix C

and the previously derived five component form yields the simplex-centroid model

for six components:

~

bijikmn = 46656%;j1kmn —
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18750(Fijkim + Fijkin + Fijkmn + Fijimn + Fiktmn + Yikimn) +
6144(Gija1 + Fijkm + Fiikn + Figim + Fijtn + Fijmn + Fikim +
Gikin + ikmn + iktm + Gikin + Gikmn + Fitmn + Trimn) —
1458(%ijx + Gijt + Gijm + Fijn + Fict + Fikm + Fikn + Fitm +
Yitn + Yimn + Uikt + Tikm + Gikn + Gjtm + Tjin + Jjma +
Irim + Jkin + Tkmn + Jimn) -+
192(Fi; + Gi + Tt + Jim + Jin + it + Gt + Fim + Tjn +
Ut + Gem + Tkn + Gim + Gin + Gmn) +

6(Ji +; + Tk + Tt + U + Tn)

D.1 Fitted Simplex-Centroid Model for Six
Components

Recall that o, is the weighting factor for the importance of the attributes/

elements of the Strategic or Tactical objective in the model. The following simplex-

centroid models were derived using the data presented in Table 3.17 and 3.18.

The fitted simplex-centroid model for six components for the Strategic objective

(n = 2) of the Semi-Automatic alternative is:

”
Ysemi—auto, =

35.3g1 + 34.8aipp + 31.9cvrp3 + 35.Tagg + 31.1cvgs + 32.9a56 +
0.2az1022 + 0.4a21023 + Oz 24 + 0.8az10025 + 0.4 26 +
0.2a92023 + 0.20920024 + 0.60c30025 + 0.2a09096 + 0.8a230024 +
Oazaazs + Ocgzasze + 0.8az4az5 + 0.4ap4a26 + Ocrgsarze —

24.9ag 033023 — 44. 100990094 — 0,321 00220005 — 0,609 90026 —

0.9ag; axggargy + Oargyuggags + 1.2 gz ~ 0.3y rgq0io5 —
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0.6c91 gz — 0.9a91 crz50096 + 0.9a2a930024 + 0.3cvz2c230895 +
1.8az 9306 — 1.2a50a04 095 — 1.50a3a94 026 — 0.6 2500950026 +
0.6a2300240025 — 0.9a2300240026 + 0.9ap30025 26 + 0.9 240025026 —
9.6a91 2200230024 — 441 Qga002300p5 — 14.40tg) rgp0tp3096 -
11.6az 20240005 — 4.0a21 2200240026 — 6.4 021 ara20950096 +
8.8z (ra3z4g5 + 11.200) rg3aipgvzg — 4.8ty arpzargsigg +
3.6a21 0040526 — 12.00200030240195 — 9.6g2009300240096 —
18.0cp2cro30950006 + 19.20r20a34 tg50r96 — 12.40930094 00950096 —
12.0ag1 2900930024005 + 46,5091 rgp 093024026 +
149.509 g2 (g3 v25 0tz + 2.50051 gp (24 tp5 Q96 —
107.0crg1 23425096 + 116.5220230024 00250026 —
2018.4a21 02200930024 (tz5026

The fitted simplex-centroid model for 6 components for the Strategic objective

(n = 2) of the Automatic alternative is:

Yautomatic = 4.5z + 31.3a; + 25.8a23 + 32.0c4 + 26.7cgs + 27.0ci06 +
0.4 099 + 3.8a91 93 + 0.20091 rg4 + 2.8y 35 + 2.60i21 096 +
1.8az2093 — 0.2a900024 + 1.200230025 + 1.0ag00096 + 2.4230024 +
0.203095 + Oagzarze + L.dagsans + 1.2040006 — 0.20t35 0096 —
51.6ag agptrgs + 59.1agy aegoargy — 0.6cgagatvas + 0.6agaegorgg —
2.1ag1a30024 + 3.9a21 00230025 + 2.40001 930096 + 120091 Crp4 0025 —
0.3a91 0240096 + 3.3a1a250098 — 1.209200030024 + 0.322023005 +

1.5ag0a23026 + 0.902200040025 — 0.6a2200940026 + 1. 20220035096 —

0.3ag3a240025 + 0.902300240026 + Oa3rz5056 + 1.80240i250096 +
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0.8ar21 220230024 + 8.00r210z200930825 + 4.80121 Q2200330026 —
8.8az1 azz0240005 — 11. 20021 rg20029 0026 — 8.40r21 (tapla50126 —
1720 ag3apq095 + 6.0021 0230034026 — 6.4an1 a3 ia5026 —~
11.2a9; arggap5096 + 7.60092002300040125 — 5.6tp20230240196 +
0.8agzar2300250096 + 6.0c22002400250026 + 19.2009300 240250026 —
104.5g) o ag3r24 0095 + 171,009y 20930024 026 +
41.001 argp 9300950096 + 208.5005; rg200p4 00050196 +

165.5ar01 aavq 25026 + 22.50:5200930024 0095 0t26 —

3639.6&21 A3 o4 02506

The fitted simplex-centroid model for six components for the Tactical objective

(n = 3) of the Manual alternative is:

~
Ymanual

30.3a3; + 32.1az2 + 33.6ci33 + 42.9034 + 33.0a35 + 30.7az6 +
0.4a3; 039 + 0.6azy033 + 4.80a31 034 + 0.20c03; a5 + Ocvzy arzg +
0.2a33a33 + 3.6320034 + 0.20a320035 + Ocragaeze + 2.6aeazaay +
Oagzagzs + 0.2033036 + 2.6034035 + 4.4azqoze + 0.2a35036 —
59.7Ta3 032033 + 135.0a31 g9 i34 + 0.3 a3 arz35 + 0.60i3y zavzs +
0.3as 3334 + 0.3 ogzazs — 0.6z azzazg + 4.2a31 34035 +
3.90a3; azqazg + 0.6a3; args ez — 0.3a33a330034 — 1. 23000330035 +
0.6a3033036 + 2.4a3pa34a035 + 2. 1azaazqazg + 0.6azzazs e +
0.6aszazqazs + 1.8azzazsaze + 0.6azzassazs + 1.8azsazsazs +
30.0cr31 vz 0330034 — 6.8a31 320330035 — 39.6ci31 0320330036 —
7.6a3 3203435 + 16.0as; sz 34036 — 520031003235 0036 —

2403 0330340035 + 13.6a31 330340036 + 2.8az100330035 036 -
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12.4a3 34350035+ 0.4a303303435 + 5.6a3200330034 0036 —
24033035036 + T.6azpa3g0350036 + 12.8a330034 0350036 +
124.5a31 0320330340035 — 245.0013) 3200330340036 —
8l.0az sz azzazsvzg — 93.50r31 32003435 36 +
16.5a31 a3 ezqvzsavae — 95.0a3pi3zcezseasvag —

1236.604310[320133&34035036

The fitted simplex-centroid model for six components for the Tactical objective

(n = 3) of the Semi-Autematic alternative is:

N
Ysemi—auto.

30.2a3; + 30.5a32 + 49.9a33 + 38.2a34 + 34.8a35 + 46.5a36 —
0.2a31032 + 11.4a31033 + 3.2a031034 + 1.2a31 035 + 9.0az1036 +
10.8azza33 + 2.6320034 + 1.0a320035 + 8.4aazavas + 3.4avzzonas +
5.8aazags + 0.4agzcvze + 0.4azqcvzs + 1.8a340036 + 4.2a350036 -+
110.7Taz azz033 — 186.6a31 3234 + 1.2ai3 330035 + 9.6a3; avgpvzg —
0.9az1033a34 + 6.9031 33035 — 8.4az1330036 — 0.9a31 0340035 —
1.5az 034036 + 3.6031 g5z + 2. Tazparzzasg + 6.6azaavzzarss —
7.5aza33038 — 1.2a33034a35 — 0.6asza340036 + 3.3az20350036 +
4.50330340035 — 2.4a330034 036 — 2.4 03300350036 + 1. 503400350036 +
6.8a31 30330034 + 24.8azyazpazzazs — 60.8 031 azz0033036 +
763132034035 + 9.2031 03300340036 + 12,4z az035 36 —
3.2az 03300340035 — 4.80r31 43300340036 — 11.6031 003300350036 —
1.2a3;1 034035036 + 13.6a3300330034035 + 8.80r3200330034 (36 —
9.6az2azzagsass + 0.8ag2a34a35036 — 17.60z3arzeras vz —

268.00i3;1 03200330034 0t35 — 178.50i31 3200330034036 —
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218.5a3 a3acr33ags arag + 18.5031 g vzqaeasavzg +-
29.8ai3 330343536 + 120.0a32033 0340035036 —
258.0a3; r3p0r33 0034 35036

The fitted simplex-centroid model for six components for the Tactical objective

(n = 3) of the Automatic alternative is:

Uautomatic = 33.6az; + 36.5a3; + 34.7033 + 31.5ca4 + 34.8azs + 33.6cx3g +
0.2a3; 32 + 0.2a31 33 + 0.20i31 034 + Oargyazs + Oargy argg +
Oazzazz + 0.8a3za034 — 0.2a3a35 + 0.2a3036 + 0.4avzzaezq —
0.2a3335 — 0.2a33036 + 0.2a3435 + 0.20a340036 + Oxzsaze +
36.6cz1 az2a33 — 36.003; sz 34 + 0.9z 320035 — 0.3z  ovzp a6 —
1.5as1 g3z + 0.9az1 330035 + 0.931 330036 + 1.5031 0340035 —
1.2a3; i34 3s + Oavgyagsavas + 0.9asza33034 + 0.3a320330035 —
0.9a3;0330036 + 1.2a33a340035 + Oazzazsazg + 0.9z az5 036 ~
0.3azzazqass — 0.3azzazgoss — 0.6aazaizsass — 1.2a340350036 +
3.2031 30330034 — 10.8a3y 3330035 + 0.80031 00326330036 —
8.0ar31 avzpaizgaas + 6.0a3 1 azpazgarzg + 10.0a3 1 azp g5 g —
2,403 003300340135 + 8.4z  e3zvzsize + 4.8z A3z Azs Q36 +
0.4031 3gva50i3e + 7.6azpazzazqazs + 10.8aza3300340036 +
7.6azpaa3035036 + 2.8azpa3qaasvzg + 16.0aszazazsazg —
10.5a3; 333003435 + 66.0a3;1 3233 vag avag -+
100.0a3; azpa33035036 + 11,5031 ez 0034035036 —
3.5a31 3300340350036 — 124.0cz2330034 03536 —

827.40i31 (39 00330034035 0i3g
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Appendix E
Goal Programming Results

The Goal Programming (GP) mode! is a linear mathematical model which is
the weighted sum of all deviations from given constraints. The constraints, deci-
sion variables, and objective function are determined by the decision environment.

The general GP formulation is [80]:

N I
min Y, Y K,(w;df +wfd})

n=1 =1
subject to:
E;:lain.’i"i‘d;—d;}.:bi (i=1,...,I)
Xj’dr ’d;*- Z 0
where:
K, - preemptive priority weight assigned to goal k.
wi,,w} - differential weights assigned to the deviational variables of goal ¢
at a given priority level n.
dy,d} - negative and positive deviations.
X; - decision variable.
aij - technological coefficient of X in goal ¢.
b; - the i** goal level.

System constraints usually are also included, and they are the absolute re-

strictions imposed by the decision environment on the model. An example of a
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system constraint is that there are only seven days in a week. These must be
satisfied before any goal constraints can be considered. The goal constraints are
those functions that present desired levels of certain measurements. An example
is the desired market share for each product that a company produces. For an
ordinal solution to be achieved, negative and/or positive deviations about the goal
are to be minimized based upon the preemptive priority weights assigned to them.
Therefore, lower priority goals are only considered after higher priority goals.
The following pages provide the results of solving the example problem of
Chapter 3 using Goal Programming. The software package “STORM Personal
Version 2.0” for the personal computer was used [34]. Note that ALT 1, ALT 2,
and ALT 3 correspond to the manual, semi-automatic, and automatic alternatives,

respectively.
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Chapter 3 Example - Goal Programming Solution, iteration 1

Variable

ALT 1
ALT 2
ALT 3
D1~
Di+
D2~
D2+
D3-
D3+

D7+

D8+

D9-

D9+
D10~
D10+
D11~
D11+
D12-
D12+
D13-
D13+

DETAILED LP REPORT FOR
OPTIMAL SOLUTION

The following variables are fixed

ALT 1 0
ALT 2 0
ALT 3 1

OPTIMAL SOLUTION - DETAILED REPORT

Value Cost Red. cost
0.0000 0.0000 33.2107
0.0000 0.0000 -3326.1310
1.0000 0.0000 -4145.1130
0.8618 544,0000 0.0000
0.0000 0.0000 544 .0000
0.6620 640.0000 0.0000
0.0000 0.0000 640.0000
0.3208 608.0000 0.0000
0.0000 0.0000 608.0000
0.7038 480.0000 0.0000
0.0000 0.0000 480.0000
0.3724 416.0000 0.0000
0.0000 0.0000 416.0000
0.3904 576 .0000 0.0000
0.0000 0.0000 676.0000
0.8000 480.0000 0.0000
0.0000 0.0000 480.0000
0.6462 608.0000 0.0000
0.0000 0.0000 608.0000
0.6931 5§76.0000 0.0000
0.0000 0.0000 576.0000
0.6579 480.0000 0.0000
0.0000 0.0000 480.0000
0.6171 512.0000 0.0000
0.0000 0.0000 512.0000
0.6002 608.0000 0.0000
0.0000 0.0000 608.0000
0.55671 3600.0000 0.0000
0.0000 0.0000 3600.0000

Status

Lower bound
Lower bound
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
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Variable Value Cost Red. cost Status

Artificial Variables

g7 ONE PROJ 0.0000 0.0000 0.0000 Basic

Constraint Type RHS Slack Shadow price
1 NPV = 1.0000 0.0000 3600.0000
2 NPQF1 = 1.0000 0.0000 644 .0000
3 NPQF2 = 1.0000 0.0000 640.0000
4 NPQF3 = 1.0000 0.0000 608.0000
5 NPQF4 = 1.0000 0.0000 480.0000
6 NPQF5 = 1.0000 0.0000 416.0000
7 NPQF6 = 1.0000 0.0000 576.0000
8 NPQF7 = 1.0000 0.0000 480.0000
9 NPQF8 = 1.0000 0.0000 608.0000
10 NPQF9 = 1.0000 0.0000 576.0000
11 NPQF10 = 1.0000 0.0000 480.0000
12 NPQF11 = 1.0000 0.0000 512.0000
13 NPQF12 = 1.0000 0.0000 608.0000
14 ONE PROJ = 1.0000 0.0000 0.0000

Objective Function Value = £982.887
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Chapter 3 Example - Goal Programming Solution, iteration 2

DETAILED LP REPORT FOR
OPTIMAL SOLUTION

The following variables are fixed
ALT 1 0
ALT 2 1

OPTIMAL SOLUTION - DETAILED REPORT

Variable Value Cost Red. cost
ALT 1 0.0000 0.0000 33.2107
ALT 2 1.0000 0.0000 -3326.1310

D1~ 0.8618 544 .,0000 0.0000
D1+ 0.0000 0.0000 544 .0000
D2- 0.8300 640.0000 0.0000
D2+ 0.0000 0.0000 640.0000
D3~ 0.6467 608.0000 0.0000
D3+ 0.0000 0.0000 608.0000
D4~ 0.8874 480.0000 0.0000
D4+ 0.0000 0.0000 480.0000
D5~ 0.5948 416.0000 0.0000
D5+ 0.0000 0.0000 416.0000
D6~ 0.7084 676.0000 0.0000
D6+ 0.0000 0.0000 §76.0000
D7~ 1.0000 480.0000 0.0000
D7+ 0.0000 0.0000 480.0000
D8- 0.8868 608.0000 0.0000
D8+ 0.0000 0.0000 608.0000
D9- 0.8702 576.0000 0.0000
D9+ 0.0000 0.0000 5§76.0000
D10- 0.7610 480.0000 0.0000
D10+ 0.0000 0.0000 480.0000
D11~ 0.5569 512.0000 0.0000
D11+ 0.0000 0.0000 512.0000
Di12- 0.8187 608.0000 0.0000
D12+ 0.0000 0.0000 608.0000
D13~ 0.4607 3600.0000 0.0000
D13+ 0.0000 0.0000 3600.0000

Status

Lower bound
Lower bound
Basic
Lower bound
Basic
Lowexr bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound
Basic
Lower bound



0
0
0
0
o
0

Variable Value

Artificial Variables

56 ONE PROJ 0.0000 0.0000

Constraint Type RHS

i NPV = 1.0000
2 NPQF1 = 1.0000
3 NPQF2 1.0000
4 NPQF3 = 1.0000
3 NPQF4 = 1.0000
6 NPQF5 = 1.0000
7 NPQF6 = 1.0000
8 NPQF7 = 1.0000
9 NPQF8 = 1.0000
10 NPQF9 = 1.0000
11 NPQF10 = 1.0000
12 NPQF11 = 1.0000
13 NPQF12 = 1.0000
14 ONE PROJ = 1.0000

Objective Function

Value = 6801.869

OO C OO0 OO0

Red. cost Status

Slack

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

0.0000 Basic
Shadow price

3600.0000
544.0000
640.0000
608.0000
480.0000
416.0000
576.0000
480.0000
608.0000
576.0000
480.0000
512.0000
608.0000

0.0000

265



266

Appendix F
MCQA-II Results

Multicriteria Q-Analysis (MCQA) is a multiobjective technique based upon
the principles of Q-analysis and polyhedral dynamics [112]. Q-analysis provides
a measure between the structure of two sets, and how they are related. In or-
der to more clearly summarize the results obtained from Q-analysis, MCQA was
developed to apply Q-analysis to MCDM problems.

For an MCDM problem, the two sets which are used for comparison are the sets
of criteria and alternatives. An incidence matrix between these two sets is utilized
to define a relationship between criteria and alternatives. If a specific criterion :
is related to a specific alternative j, a 1 is entered into the matrix at (¢, 7). If no
relationship exists, a zero is entered. Relationships usually do not exhibit a binary
nature, and as such a threshold (slicing level) may be used to generate a binary
matrix.

Two versions of MCQA are available, MCQA I and MCQA II. MCQA I views
a decision problem from a concordance view, and provides a method to rank alter-
natives using Q-analysis and the concepts of a Project Satisfaction Index (PSI) and
a Project Comparison Index (PCI) [65]. The PSI represents the decision makers
level of satisfaction toward a given alternative, and does not involve global compar-

ison with other alternatives in the set. The PSI, by itself only a value, is defined as:

PSIG) = > auX(a)

8=1

where:

J - the alternative number under consideration, j = 1,...,J.
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S - the number of slicing levels.
a, - a particular slicing level.

X(as) - sum of all the weights of a satisfied criteria.

In order to achieve a comparison with respect to the other alternatives on a

global basis, the PCI is introduced. The PCI, which establishes a relative ranking

between the alternatives, is defined as:

S
PCIG) = 3 a.d,

s=1

where:

dy - qMax — AMIN-
gmax - maximum q-level for the alternative of interest.

gMmIN - q-level where another alternative appears in the ranking with the

alternative of interest. (may be the same as qprax).

With the PSI and PCI, the MCDM problem becomes a trade-off between the
value of an alternative and the relative ranking of the alternatives. The PSI
and PCI are combined through an L,-Norm to achieve an ordinal ranking of the

alternatives. This is the Project Rating Index (PRI), which is defined as:

. . /p
N PSIG) |” pcI) P\
PRIG) = (1 PSIvax ik PCIyax

When p = 2, the L,-Norm is simply the Euclidean distance between the alterna-
tives (PSI, PCI) and some ideal vector (1,1).

MCQA Iis strictly a concordance measure, and does not include any measure of
the decision makers discomfort of choosing one alternative over another. MCQA 11

includes a discordance measure which allows alternatives to be more realistically
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ranked according to the decision makers preferences. The Project Discordance
Index (PDI) is determined in the same manner as the PCI, except it is set up to
measure displeasure between criteria and alternatives. A complementary incidence
matrix now replaces the original incidence matrix. The complementary incidence
matrix is defined to contain ones where the original incidence matrix contained

zeros, and visa versa. The PDI is defined as:
s
PDI(j) = ) a.d,
s=1
where:

d, - GMax — IMIN-
dhax - maximum g-level for the alternative of interest.

ghvin - 9-level where another alternative appears in the ranking with the

alternative of interest. (may be the same as iy ).

In order to achieve a complete outranking using the PDI, along with the PSI

and PCI from MCQA I, another L,-Norm is used to create a second Project Rating

p) 1/p

This index trades off the decision makers satisfaction of alternatives, along with a

Index, PRI2. This is defined to be:

. PSI(j
PRI2(j) = ((hmﬁ

!, |PPIG)

» PCI(j)
+ ’1 T PClyax

concordance and discordance ranking of the alternatives. As before, the lower the
PRI2 result, the better the rank. A step by step procedure for MCQA 1I is given

by Hiessl et al. [55].
The following pages list the results obtained using MCQA II on the problem

presented in Chapter 3.
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MULTI CRITERIA Q-ANALYSIS WITH DISCORDANCE MEASUREMENT
LR L T T e L T DTy e e L L L

NUMBER OF ALTERNATIVES :

EUMBER OF CRITERIA

PAY-OFF MATRIX :

CRIT. NO : 1
ALT. 1 : .64
ALT. 2: 64
ALT. 3 : 44

WEIGHT :100.00

RATINGS
WORST : ~1.00
BEST ¢ 1,00

PREFERERCE MATRIX

CRIT. NO : 1
ALT. 1 : .82
ALT. 2 : 7
ALT. 3 : .72

WEIGHT :100.00

RANKING WITH P =

PROJ. PSI
1 226.000
2 145.000

3 70.000

2.0
PCI
.800

.000
.000

3
1

PDI

.000
.000
780

PECUNIARY OBJECTIVE

PRI1

.000
1.061
1.214

PRI2

.000
1.061
1.673
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STRATEGIC OBJECTIVE
LT TR TP PR AL L L e T e e P P e P L L L L D e e L e R P L L L R e S L T T A

HULTI CRITERIA Q-ANALYSIS WITH DISCORDANCE MEASUREMERT
LT TP P L P P e T L P e L e e P P e P e L R P L DL Pt e e L LS T

NUMBER OF ALTERNATIVES : 3
NUMBER OF CRITERIA .

PAY-OFF MATRIX :

CRIT. NO : 1 2 3 4 5 6
ALT. 1 : -.30 -.24 -.49 ~.50 -.27 -.90
ALT. 2 : 14 .17 .36 .11 .40 .29
ALT. 3 : 14 .34 .68 .30 .62 .61

WEIGHT : 17.00 20.00 19.00 15.00 13.00 18.00C

RATINGS
WORST ¢ =1.00 -1.00 ~1.00 -1.00 -1.00 -1.00
BEST ¢ 1,00 1.00 1,00 1.00 1.00 1.00

PREFERENCE MATRIX :

CRIT. NO : 1 2 3 4 5 6
ALT. 1 : .36 .38 .25 .25 .37 .06
ALT. 2 : .67 .68 .68 .66 .70 .64
ALT. 3: 67T .67 .84 .65 .81 .81

WEIGHT : 17,00 20.00 19.00 15.00 13,00 18.00

RANKING WITH P = 2.0

PROJ. PSI PCI PDI PRI1 PRI2
1 21.000 .000 6.650 1.323 1.659
2 131.500 .000 .000 1.013 1.013

3 157.400 1.400 .000 .000 .000
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MULTI CRITERIA Q-AWALYSIS WITH DISCORDANCE MEASUREMENT

TACTICAL OUBJECTIVE

LLEL L]

Mook bk ok ko

ARRRAEERRE SRR R RN G R AR KRR ERAR Rk RE BRI R KRR ARk dk R kR ok bk Rk dokRoR ook

NUMBER OF ALTERNATIVES : 3
NUMBER OF CRITERIA : 6

PAY-OFF MATRIX :

CRIT. NOD : 1 2 3
ALT. 1 : .00 -,60 -.38
ALT. 2 : 00 .11 .13
ALT. 3 : .20 .36 .31
WEIGET : 15.00 19,00 18.00
RATINGS :

WORST : =1.00 -1.00 -1.00
BEST : 1.00 1.00 1.00

PREFERENCE MATRIX :

CRIT. KO : 1 2 3
ALT. 1 : .60 .20 .31
ALT. 2 : .60 .66 .58
ALT. 3 : .60 .68 .65
WEIGHT : 15.00 19.00 18.00

RANKING WITH P = 2.0 :

PROJ. P8I PCI
1 47.950 000 4
2 126.360 .700

3 136.700 1.250

4 6 6
~.14 .11 -.39
.24 .44 .18
34 .38 .40

15.00 16.00 19.00

~1.00 -1.00 -1.00

1.00 1.00 1.00

4 5 (-]
.43 .66 .31
.62 .72 .69
.87 .69 .70

15,00 16.00 19.00

PDX PRI1 PRI2
.350 1.191 1.566
.000 .447 .447
.000 .000 .000
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0BJECTIVE FUNCTION

S o e o ool e o o o oo oo oo o e e oo ol ool oo oo o o oo oo e o o oo o e o o o o o ok

MULTI CRITERIA Q-ANALYSIS WITH DISCORDANCE MEASUREMENT
RLLL LI TR L DL PP R DL LA R P DA AL T

NUMBER OF ALTERNATIVES
NUMBER OF CRITERIA

PAY-OFF MATRIX :

CRIT. NO : 1 2
ALT. 1 : .00 1.66
ALT. 2 : 1.06 1.01
ALT. 3 : 1.67 .00

: 3
3

3
1.56
.46
.00

WEIGHT + 36,00 32.00 32.00

RATINGS

WORST s 3.00 3.00 3.00
BEST : .00 .00 .00
PREFERENCE MATRIX :

CRIT. NO : 1 2 3
ALT. 1 : 1.00 .46 .48
ALT. 2 .66 .66 .85
ALT. 3: .48 1.00 1.00
WEIGHT : 36.00 32.00 32.00

RANKING WITH P = 2.0

PROJ. PSI PCI
i 111.600 1.650
2 129.000 .600

3 189.000 2.650

PDI

2.400
1.650
.600

LIt L]
PRI1 PRI2
541 1.137
.828 1.076
.000 .260

BARGERREE NGRS RN NN DR RR NN
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Appendix G
Risk Independence Derivations

This appendix presents the derivations of E[MI] and V[M]I] as presented in
Chapter 4.

Recall that the moment generating function of the Monetary Index is:

bntr) = 55 [TT 64,080 iz =1

t=0 Ln=0

The expected value of the Monetary Index is:

E[MI] = ¢,

d
= E;‘¢M1(7') .
d 00 t
- 4 [E [ 1L e.000)] piz =1
t=0 Ln=0 r=0
Expanding the summation yields:
BT = % [[] 65, (arplT = 0} + T] ¢, (Mar)p(T = 1)+
n=0 n.._O

1 64, (Mir)p(T =2} + IT 65 (Mir)p{T =8} +-- - +

n=0 n=0

T 6,001 - oo}]

n=0

[1;10 b1, (Mir)p{T = 0}] K 4 [II 85 (Myr)p{T = 1}] s
d

[H ¢4, (Mir)p{T = 2}] r:: + [H ¢4 (Myr)p{T = 3}] _ +

n=0 n=0

Ll [H 84,(Mir)p(T = °°}Lo

n=0
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Looking at the first term from above we have:

-;_7' [¢“i° (er)] p{T = 0}}-=0

= Mg, (0)p{T = 0)

- |11 65, (0ir)p(7 = o)

dr |;=

The second term is:

i L e, 0trpiz = 1]

r=0

- % (64, (Mir)4,(Mir)] p{T = 1}}:=o
= [Magls, (Mir)ds,(Mar) + Mgz, (Mir)g's, (Myr)] p{T = 1}rmo
=M [¢£io(0)¢/il(0) + ¢,{0(0)¢’Al(0)] p{T =1}

The third term is:

| T 43, 0m10(7 = 2}

dr [0
= 2 03, (Mir)b 1, (Mir) 1, (M) T = 2} o
= [Ml¢ko(Mﬂ‘)¢A,(er)fﬁjz(Ml?‘) + Moz (Mar)gly (Mir)é z,(Mar)+
M;63,(Mir)éz, (Mir)$s, (Mr)] p{T = 2}},=0
= M; [¢5,(0)64,(0)84,(0) + 64,(0)¢5, (00 1, (0)+

$4,(0)¢4,(0)¢;,(0)] p{T = 2}
The fourth term is:

7 |11 é5, 00307 = 3)

—d—; n=0
= L (02, (M), (Mir)6 5, (M) 3, (Mir)| (T = 8}l
= [M1¢i§o(er)¢,il(er)¢j2(M17‘)¢/ia(Ml’r)+

J\/fl<I5,io(1\/[17‘)¢',31 (Myr)d z,(Myr)é 5, (Myr) +
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M1 z,(Mir)¢ z (Mir)d'y (Mar)d z,(Mar) +
My, (Mir)$ g, (Mr)d g, (Mir) s (Mir)] p{T = 3}|r=0
= M, [¢;,(0)¢4,(0)64,(0) 4, (0)+
$4,(0)¢'3, (0)64,(0)8 4,(0) +
¢4,(0)84,(0)4%,(0)¢ 4,(0) +
$4,(0)$4,(0)64,(0)85,(0)] p{T = 3}

The trend continues for subsequent higher terms.

Combining terms yields:

EMI] = Mg} (0)p{T =0}+
My [¢5,(0) 4,(0) + 64,(0)8;,(0)] p{T = 1} +
My [¢5,(0)6 4,(0)8 4,(0) + 6 4,(0)¢5, (0)2,(0)+
64,(0)84,(0) ¢45,(0)] P{T =2} +
My [85,(0),(0)¢ 4,(0)84,(0) + 6, (0)¢15, ()67, (0) ¢4, (0)+
$4,(0)¢ 7,(0)85,(0)¢ 5,(0) +
64(0)64,(0)61,(0)¢/1,(0)] P{T = 8} +--- (G-1)

Factoring for like derivative terms:

E[MI] = M¢(0)p{T =0} +
My ¢, (0)¢ 4, (0)p{T = 1} + My ¢3,(0)8 4,(0)¢ 1,(0)p{T = 2} +
My¢'; (0)64,(0)¢4,(0)¢4,(0)p{T =3} + - +
My 5,(0)¢, (0p{T = 1} + M1¢5,(0)8'; (0) 4,(0)p{T = 2} +
M ;,(0)4 (0)64,(0)6,(0)p{T =3} +--- +

My 4,(0)¢ 4,(0)87,(0)p{T = 2} +



276

My ¢ 4,(0)44,(0)¢;,(0)6 4, (0)p{T = 3} + -+ +
M1¢4,(0)¢,(0)44,(0)¢', (0)p{T =3} + - -

Simplifying the equation results in:

BIMIT] = Mgy (0) [}f(n ¢,i,,(0)>P{T=t}]+

t=0 \n=1

4:63,085,0) |3 (11 62,0)) pir = 1] +

t=1 \n=2

My 4,(0)¢4,(0)47,(0) [i (ﬁ ¢/z..(0)> p{T = t};

t=2 \n=3

And carrying the simplification one step further yields:

BT = Mi #:.(0) i 11440 | (T = m}

n#t J

The variance of the Monetary Index is:
V[MI] = ¢hr) — [¢3\21(7‘)]2

£ o]~ [Eotr)]

r=0 r=0
Since the second term above is simply E[MI]?, further derivation of only the

second moment is necessary, which is:

d?
3—‘73(751\21(7') o
d [od 00 m
o |M 2 (¢5,(Mr) | D | ] 44,(Mm) | Pr
t=0 m=t | n=0

n#t r=0

where Pr = p{T = m}. The derivation of the second moment begins with the first
derivative results of equation G.1 prior to evaluation at r = 0, and differentiating

this to obtain the following:

an(r) = MG (Myr)p{T =0} +
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M2 4 (Myr)g 3, (Mir) + 85, (M) 's, (Mir)+
&5, (Mar) s, (Myr) + ¢4, (Mar)g's (Myr)] p{T = 1} +
M 45, (Myr) 4, (Mir)e 4, (Mir) + 83, (Mr) 5, (Mir) 1, (Mar) +
¢s (Mar)d z (Myr)¢ly (Mar) + ¢ (Myr)¢s (Mar)dz, (Mir) +
b4, (M) (Myr)g z,(Myr) + ¢ 5,(Myr)gly (Mir)dly, (M) +
¢, (Myr)d 4, (Mar) gl (Myr) + ¢z, (Mur)g7; (Mur)dlz, (Myr) +
81, (Mir)pz, (Mir)gs, (Mr)] p{T = 2} +
M (85, (M) i, (Mir)g 3, (M), (Mar)+
¢z, (Myr)d; (Mir)d z1,(Mir)é 4, (Mrr) +
&3, (Mir)pz, (Mi7)g's, (Mir)é 4, (Mar) +
¢, (Mar)¢ 5, (Mir)¢ 4, (Mar) 'z, (Mar) +
¢, (Mair) @y (Mir)é 4, (Mir)é 4, (Mar) +
b 4, (My7)9% (My7)¢ 4,(Mir)d 4, (Mir) +
¢ 4,(Myr)d's (Mir)¢y (Mar)g z,(Mar) +
¢ 4, (M) 'y (Myr)¢ 4, (Myr) g5 (Mar) +
¢, (Mir)d z, (Myr) ¢y (Mir)é 4,(Mar) +
¢ 4, (Myr)¢s (Myir)d'y (Mir)d 4, (Mar) +
é 4, (M) 5, (M) s, (Mir)¢ 4, (Mar) +
¢ 4, (M) 5, (Myr)gly (Myr)dy (Mir) +
1o (Mar)d 5, (Mar)g 4, (Mir) s (Mar) +
¢ 4, (Mar) 8’5 (Mir)d 4, (Mar)gs (Myr) +
¢ i, (Mir)¢ 4, (Myr)g'y (Mar)gls (Mar) +



6 4o (M) 1, (M) 3, (Myr)§5 (Myr)] p{T = 8} 4+ |0

Factoring for like derivative terms and evaluating;

$rr(0) = Mg} (0)p{T =0} +

M2 (0),(O)p{T = 1} + M35 (016 1, (0)61,Op{T = 2} +

M ¢ (0)¢ 4,(0)44,(0)44,(0)p{T = 3} + - +

Mi¢4,(0)65, (0)p(T = 1} + M¢;,(0)45, (0)6 4,(0)p{T = 2} +

M4 4,(0)¢', (0)64,(0)8 4, (0)p{T = 8} + -+ +

M?4;,(0)¢7,(0)45,(0)p{T =2} +

M4 ;,(0)¢4,(0)6%,(0)¢ 4,(0)p{T =3} + -+ +

M:¢;,(0)8 4,(0)¢4,(0)¢4,(0)'P{T =3} + -+

2ME ;. (0)¢,(0)p{T = 1} +

2M7 [¢5,(0)¢4, (0)44,(0) + 63, (0 1, (0)¢'5, (0)+
84,(0)85,(0)¢'5,(0)] p{T =2} +

2M} [¢5,(0)¢15, (0)6.4,(0)8.4,(0) + 875, (0)¢ 4, (0)¢'5, (0)6 4, (0)+
83, (0)$1,(0)8 4,(0)¢'5, (0) + ¢1,(0)815, (0)85,(0)p5,(0) +
61,(0)8'3,(0)8 4,(0)¢'5, (0) +
$4,(0)8,(0)85,(0)¢/5,(0)] P{T = 3} + - --

Simplifying to final result yields:

VIMI = MEY
t=0 m=t | n=0

n¥t

¢7,(0) [f) (ﬁ ¢,i,,(0)) pT= m}H +

t=1 | v,w=0 sfvw

2M; i [i ¢4,00¢3,0) 11 ¢,{,(0)} p{T =t} — E[MI}?
viw
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Appendix H
Data for Independent Risk

Table H.1: Evaluation Parameters

PARAMETER VALUE PARAMETER VALUE

Tax rate 34.00% p factor 2
ACRS 7 years  q factor 2

Table H.2: Attribute Weights

ATTRIBUTE WEIGHT NORMALIZED
Monetary 100 100
Internal Relations 80 17
Market Position 95 20
Mission 90 19
Organization 70 15
Public Relations 60 13
Technology 85 18
Design 75 15
Flexibility 95 19
Integration 90 18
Material 75 15
Personnel 80 16
Produceability 95 19

Table H.3: Objective Weights

OBJECTIVE WEIGHT NORMALIZED

Pecuniary 20 36
Strategic 80 32
Tactical 80 32
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Table H.4: Interest Rates in Percent

PARAMETER

monetary rate

nonmonetary rate

YEAR/RATE

1 3 8
13.00 13.00 14.60
13.40 13.40 15.40
13.60 13.60 16.20

1 3 10
13.00 13.00 15.00
13.40 13.40 15.60
13.60 13.60 16.20

1 3 12
13.00 13.00 15.40
13.40 13.40 16.00
13.60 13.60 16.60

1 3 8
7.80 7.80 8.50
790 790 9.00
8.00 800 9.50

1 3 10
790 7.90 8.70
8.00 8.00 9.20
810 810 9.70

1 3 12
8.00 8.00 9.00
8.10 8.10 9.50

8.20

8.20

10.00
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Table H.5: Manual Operations Cash Flows

ATTRIBUTE YEARJ/CASH FLOW
Labor 1 3 (] 8
$114,660) $136,500 $169,260 $158,340
!]09,200; $130,000 nex,aooi 8150.800;
$103,740 $123,500, $153,140 $143,260)
1 3 6 10
$114,660 s:sa,soo; $169,260) $147,420)
$109,200 $130,000 3181.200g $140,400)
$103,740 $123,500) $153,140 $133,380)
1 3 8 12

($114,660)  ($136,500)  ($169,260)  ($136,500)
Euoa,?oo; 53130,0003 Enel,zoo; éuao,ooo;

$103,740 $123,500 $153,140 $123,500
Maintenance 5
32 100 ‘2 310 $2,541 32 795
!2,000 92 2002 $2,420 $2,662
n,soo $2,000 32.299 sz 5290
32 100 32 310 82 541 82 795
$2, 000 $2, 200 $3,420 32.662
51,900 82 090 32,299 32 5290
32 100 32 310 32 541 (82 795
$2,000 $2,200 $2,420 32 662
Sl 900 32 080 !2 289 82 529
Training
Eh ,500 ‘1 984 ]3 017 32 824
$1 OOOE $1,323 $2,011 Sl 749;
(tsoo (tam u 006 (tan
5‘1 ,500) 31 984 !3 017 532 ,624)
$1,000§ Sl 323 $2 Olli $1,749
(3500 (3081 01 008 (3575;
$1,500) Sl 084 !3 017 32 624
§31 000; ‘l 323§ $2,011 31 749
(1500 ($661 $1,008 ($B75
Documentation
35 ,500)
$5,000)
u ,500)
35 ,500)
$5,000)
34 ,500)
35 6005
$5,000
($4,500
Space 1 3 4 7
($5,350) ($5,350) $10,700) ($18,050)
$5,000 35,ooo§ $10,000) (315,000)
u,esog §u,aso ($9,300) ($13,950)
1 3 4 7
($5,350) 85,3.';0; 2310,700 (816,050
$5,000) $5,000 $10,000 5!15,000
$4,650) $4,650) ($9,300 $13,050
1 3 4 7
(85,350 $5,350 310,7003 sw,osog
535,000 ?35,000 $10,000 $15,000
$4,650 (34 650 ($9,300) $13,950)
Rework 1 6 8
$86,040 (8106 260 ‘140,070 $136,335)
$75,600 ‘92 400 ‘121 800 $118,552
$64,260 878 540 (3103 530 3100 769
1
$86,940) (8108 260 3140 070 3132 ,600)
$75,600 392 400 $121,800 3115 304;
$64,260 378 540 3103 530 398 010
1
$86,040 (3106 260 3140 070 (3128 864
nu,eoo; 392 400 $121,800 ($112,056
$64,260) 178 540 $103,530 (495,248



Table H.5: Manual Operations Cash Flows - cont’d.

ATTRIBUTE

YEAR/CASH FLOW

Transportation

Cash Inflow

$10,000
(89,300
1

$10,700

$10,000

(89,300)
1

1
2310,1005

$10,700)

no,ooo;

(39,300
1

$652,800

$816,000

$679,200
1

$652,800

$816,000

$679,200
1

$652,800
$816,000
$079,200

4
$10,700)
$10,000
(to.aoog

4

$10,700
$10,000

(89,300
4

%no,mo

$10,000

(89,300
[

$1,052,160
$1,315,200
$1,578,240
[
$1,052,160
$1,315,200
$1,578,240

[
$1,052,160
$1,315,200
$1,5678,240

5
$16,050
s:s,ooog

($13,950)

5

$16,050

$15,000

$13,050
8§

16,050

315,000;

$13,950)
8

$1,024,102

$1,280,128

$1,536,153
10

$008,045

$1,245,056

$1,494,067
12

$967,987
$1,200,984
$1,451,981

$16 050
$15,000
313 950

$15,000
$13,950

sm 050
$15,000
(813,950

5
3316 ,050
(

i

;

)

i

]

82
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Table H.6: Semi-Automatic Operations Cash Flows

ATTRIBUTE YEAR/CASH FLOW

‘JU 000
$30,000
324 000

330 000
$30,000

Investment

324 000

(Sas.ooo

2330 ,000

$24,000

Depr Investment

$120,000
(808,000

uu 000
3120 000
(396 000

}
3144,0005
|

3144 000
$120,000
(896,000
Salvage value 8
$6,375
$7,500
$8,625
10
$4,675
$5,500
$6,325
12
$2,975
$3,500
$4,025
Labor 1 8
53287,440 3320 320 3388 ,060) $366,080)
$270,400 $201,200 $353,800 $332,800)
($243,360 t262 080 t318 240 $299,520)
1 10
$297,440 3320 320 .388 ,960) $343,200
33270,400 $291,200 $353,600 8312,000;
$243,360 l262 080 $318 240; $280,800
1 12

$353,600
$318,240)

$261,200

$207,440 3320 320
$291,200
$262,080)

$270,400
$243,360) $262 080)
1

(!7,6592

53388 9603 53320,3203

Maintenance

(86,660
(ss,cm

37,059
$6,680
35 661

‘7 659

‘8,060

$5,661
Training 1
$30,000
(‘20 000
‘10.000

i ¢ a
5’”"""’% e sy
e !

322 500 (us 000)
$15,000 (810,000
(37 500) (35 000

$20,000 $15,000 $10,000
$10,000 (37 500 (ss 000

330 000
$20,000
$10,000

no 000
(85,000

315 000

szz 500 315 000
(87,500



Table H.6: Semi-Automatic Operations Cash Flows - cont’d

ATTRIBUTE YEAR/CASH FLOW
Documentation 1
$3,000
$2,500
$2,000
1
($3,000
(82,500
($2,000)
1
$3,000
$2,500
$2,000
Space 1
($6,688)
$6,250
$5,813
1
30,688
$6,250
$5,813
1
36,688
$6,250
(45,813)
Rework 1
$86,940) 385 008 374 575
$75,600 $73, 920 $64,848
364 260 382 882 855 120
‘80 940 SB.’: 008 ‘Tl 088
$75,600 $73,020 $61,824
364 260 352 832 352 550
(386 940 !86 008 (367 620
$75,600 373 920 355 800
364 280 362 832 49 980
Programming
$75, 000 346 000 330 000
$50,000 $30,000 420,000
($25,000) (315 000) (310 000)
1
($75,000) (315,000) (!30 000)
$50,000 $30,000 $20,000
$25,000 $15,000 $10,000
1 3 4
(875,000) $45,000 $30,000)
$50,000 $30,000 $20,000
$25,000 $15,000 $10,000
Cash Inflow 1 6 8
$645,120  $1,008,240  $1,008,054
$806,400  $1,372,800  $1,336,192
$067,680  $1,647,360  $1,603,430
1 6 10
$645,120 $1,008,240 41,039,667
$806,400 $1,372,800 $1,209,504
$067,680  $1,647,360 81,559,500
1 8 12
$645,120  $1,008,240  $1,010,381
$806,400  $1,372,800  $1,262,076
$067,660  $1,647,360  $1,515,571
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Table H.7: Automatic Operations Cash Flows

ATTRIBUTE YEAR/CASH FLOW

Investment

$50,000

300 000
340 000

$50,000

360 000
340 000

(teo 000)
$50,000
340 ooo;

8720 000
$800,000

8480 000
33?20 ,000

Depr Investment

$600,000
$480,000

3720 ,000)
3600,000;
$480,000
Salvage value 8
$46,000
$40,000
$34,000
10
$34,500
$30,000
$25,500
12
$23,000
$20,000
$17,000
Labor 1
$400,400 ss:u 760 (3331 760)
$301,600
327] 440

$364,000 $301, 000
$327,600 3271 440
1
$400,400 8331 760
$364,000 $301,800

331 760
$327,600 8271 440
1

s
$301,600
3271 440

3331 760
$301, 800

$364,000 $301,800
$271,440)

3400.400; 2:331 ,760
$327,600) $271,440)
1

Maintenance

$16,000

%ne,mog
$13,600)
1

$18,400)
glw,ooo)
$13,800)
1
($18,400)
$16,000)
$13,600)
Training 1 3 4
$60,000 $45,000 $30,000
440,000 l30,000§ 3!20.000§
‘20 000 $15,000 $10,000
3 4
seo ,000) $45,000 $30,000
$40, 000 $30,000 $20,000
‘20 000 $15,000) $10,000
3 4
sao 000 $45,000 $30,000
$20,000
P ofmg e

340 000
$20,000

$30,000
$15,000



Table H.7: Automatic Operations Cash Flows - cont’d

ATTRIBUTE

YEAR/CASH FLOW

Documentation

Space

Rework

Programming

Caeh Inflow

1
(36,000
$5,000
$4,000
1

$6,000
$5,000
(84, ooo)

36 000
$5,000

$4 000

36 688
$6,250
$5, 813

se 688
$6,250
(n 813

to 688
$6,250
(85 813

875 600
$64, 260

$75,600
$64,200

gsae ,040
sae 940
$75,800
164, 200
375 000
$50,000
($25,000)

i
|
i
i
|
i
;

1
($75,000)
$50,000
$25,000

1
$75,000
$50,000
$25,000

1

$622,080
$777,600
$933,120
1
$622,080
$777,600
$933,120
1
$622,080
$777,600
$033,120

2
33,600
$3,000

gsz,moi

2

$3,600
$3,000
($2,400)

2
$3,600
$3,000
$2,400

365 205
$56,700
“B 185

$65,205
;tse 7oo§
$48,105
%ses 205§

$58,700
$48,19%

(375 000

($50,000

($25,000)
2

($75,000)
$50,000
nzs,ooo;

2

75,000

$50,000

$25,000
8

$1,105,920

$1,382,400

$1,658,880
[:]

$1,105,920

$1,382,400

$1,658,880
]

$1,105,920
$1,362,400
$1,658,880

$30,450

335 018
325 883

$30,450
325 883

$30,450

835 018
325 883

$30,000
315 ,000)

|
( ‘35 013$
|
)

5345 ,000

(345 000)
$30,000
$15,000

3

$45,000

$30,000

$15,000)
8

$1,076,428
$1,345,536
$1,614,643
10
$1,046,937
$1,308,672
$1,570,407
12
$1,017,446
$1,271,808
$1,526,170

333 810
420,400
324 990

i
i
?331 153;
e

$27,000
$23,027

Sao 000
$20,000
(310 000)

(830, ooo)
gszo,ooog
$10,000

4
($30,000
$20,000
$10,000

12
331,153
$27,090

(823,027

E
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Table H.8: Manual Operations Qualitative Flows

STRATEGIC TACTICAL
ATTRIBUTE YEAR/QUAL. FLOW ATTRIBUTE YEAR/QUAL. FLOW
Internal Relations 1 3 6 7 Design 1
10 -35 -35 -8% -5
15 «30 .30 <50 [}
20 -25 -25 -45 5
1 3 8 7 1
10 -35 «35 <55 1]
15 -30 «30 =50 0
20 -25 +25 -45 5
1 3 (] 7 1
10 -35 <35 -55 -5
15 =30 -30 -50 L]
20 25 -25 -45 5
Market Position 1 4 8 Flexibility 1 4 5 8
0 -20 -95 -55 «55 -95 -95
20 0 -75 -40 -40 -80 -80
40 20 -55 -25 -25 -85 -6%
1 4 8 10 1 4 5 8 10
0 -20 -85 -98 -85 -55 -95 -85 1.1
20 0 -7 «83 -40 -40 -80 -80 -80
40 20 -55 -63 -25 -25 -65 -85 -65
1 4 8 12 1 4 5 8 10
0 -20 -85 <100 -55 <55 -05 -95 -95
20 0 =75 -90 -40 -40 -80 -80 -80
40 20 55 -70 -25 -25 -85 -85 -85
Mission 1 2 8 Integration 1 8
10 -40 «55 -27 -72
15 «30 -45 .15 -60
20 -20 -35 -3 -48
1 2 8 10 1 8 10
10 -40 -55 -95 -27 -72 -92
15 -30 -45 -85 .18 -60 <80
20 -20 -35 -75 -3 -48 -68
1 2 8 10 1 8 10 12
10 -40 -55 -95 .27 -72 -92 100
15 -30 45 -85 -15 «60 -80 3:10]
20 «20 -35 -75 -3 <48 -68 -78
Organization 1 Material 1 3 4 8
-55 19 -6 -26 -46
«50 25 0 -20 -40
-45 31 6 -14 -34
1 1 3 4 8 10
-5% 19 -6 -26 -46 -56
=50 25 0 -20 -40 «50
-45 31 ] -14 -34 -44
1 1 3 4 8 10
-55 19 -8 -26 -46 -56
-850 25 0 -20 -40 +50
45 31 8 <14 -34 44
Public Relations 1 2 8 Personnel 1 [4 8
13 -7 -67 27 -3 -23
20 0 -60 35 5 -15
27 7 -53 43 13 -7
1 2 8 10 1 8 8 10
13 -7 -67 -87 27 -3 -23 -43
20 0 -60 -80 35 5 -15 -35
27 7 =53 -73 43 13 -7 -27
1 2 8 10 12 1 6 8 10 12
13 -7 -67 -87 -07 27 -3 -23 -43 -48
20 [ -60 -80 -90 3% 5 -15 -35 -40
27 7 -53 -73 -83 43 13 .7 27 -32
Technology 1 Produceability 1 8
-100 -31  -60
-90 -20 «55
-80 -9 -44
1 1 8 10
-100 -31 -66 -76
-90 -20 -55 <65
-80 -9 -44 <54
1 1 8 10 12
-100 -31  -66 -76 -81
.80 «20 -55 -85 -70
-9 -44 -54 -59

-80
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Table H.9: Semi-Automatic Operations Qualitative Flows

STRATEGIC TACTICAL
ATTRIBUTE YEAR/QUAL. FLOW ATTRIBUTE YEAR/QUAL, FLOW
Strategic Tactical
Internal Relations 1 a 7 Design 1
-40 o 35 <5
-35 5 40 0
.30 10 45 5
1 3 7 10 1
-40 0 35 5% -5
-35 5 40 60 0
-30 10 45 65 5
1 3 7 10 12 1
<40 0 35 58 65 -5
-35 ] 40 60 70 0
-30 10 45 85 75 5
Market Position 1 2 3 8 Flexibility 1 5 8
-10 -40 -20 15 -38 0 15
10 =20 0 35 -20 15 30
30 0 20 55 -15 30 45
1 2 3 8 10 1 5 8 10
-10 -40 -20 15 35 <35 0 15 25
10 -20 0 35 58 -20 15 30 40
30 0 20 55 5 -15 30 45 55
1 2 3 8 10 1 5 8 10 12
-10 -40 -20 15 a5 -35 0 15 25 35
10 -20 0 35 55 «20 15 30 40 50
30 0 20 55 % =15 30 45 55 65
Mission 1 3 4 8 Integration 1 3 8
20 20 25 30 -27 -7 18
30 30 35 40 «15 5 30
40 40 45 50 -3 17 42
1 3 4 8 10 1 3 8 10
20 20 25 30 40 -27 -7 18 28
30 30 35 40 50 «15 5 30 40
40 40 45 50 60 -3 17 42 52
1 3 4 8 12 1 3 8 10 12
20 20 25 30 50 -27 -7 18 28 33
30 30 35 40 60 .15 5 30 40 45
40 40 45 50 70 -3 17 42 52 57
Organization 1 3 8 Material 1 3 8
-40 5 35 -16 9 44
-3% 10 40 -10 15 50
-30 15 45 -4 21 56
1 3 8 1 3 8
-40 5 35 -16 9 44
-35 10 40 -10 15 50
-30 15 45 -4 21 56
1 3 B8 1 2 8
-40 5 35 -16 9 44
-35 10 40 -10 15 50
-30 15 45 -4 21 56
Public Relations 1 7 Personnel 1 ] 8
18 48 27 37 35
25 55 35 45 43
32 62 43 53 51
1 T 1 [} 8
18 48 27 a7 35
26 55 35 45 43
32 62 43 53 51
1 7 1 ] 8
18 48 27 ar 35
26 55 a5 45 43
32 62 43 53 51
Technology 1 4 5 Produceability 1 4 8
0 20 30 -36 4 34
10 30 40 -25 15 45
20 40 50 14 26 58
1 4 L 1 4 8 10
[ 20 30 -38 4 34 14
10 30 40 «25 15 45 55
20 40 50 14 26 56 66
1 4 5 11 12 1 4 8 10 12
0 20 30 45 5% -36 4 34 44 54
10 30 40 50 60 -25 15 45 55 65
20 40 50 55 65 -14 26 56 66 76
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Table H.10: Automatic Operations Qualitative Flows

STRATEGIC TACTICAL
ATTRIBUTE YEAR/QUAL. FLOW ATTRIBUTE YEAR/QUAL. FLOW
Stratogic Tactical
Internal Relations 1 3 8 Design 1
-40 0 35 15
-35 5 40 20
-30 10 45 25
1 3 8 10 1
-40 0 35 85 15
-35 5 40 60 20
-30 10 45 65 25
1 3 8 10 12 1
-40 ] 35 55 65 15
-35 5 40 60 70 20
30 10 45 a5 75 25
Market Position 1 2 3 7 Flexibility 1 3 6 8
-10 -40 -10 60 -3% -5 35 75
10 =20 10 80 -20 10 50 20
30 V] 30 100 -8 25 85 100
1 2 3 7 1 3 6 8
-10 -40 -10 60 -35 -5 35 75
10 -20 10 80 -20 10 50 00
30 0 30 100 -5 25 65 100
1 2 3 7 1 3 ] 8
-10 -40 -10 60 -35 -5 35 75
10 -20 10 80 -20 10 50 oo
30 0 30 100 <5 25 65 100
Mission 1 4 (] 8 Integration 1 3 5 4 8
30 50 70 80 -27 -7 18 43 68
40 a0 80 20 -156 5 30 55 80
50 70 80 100 -3 17 42 87 92
1 4 ] 8 1 a3 5 7 8
30 50 70 80 -27 -7 18 43 68
40 60 80 90 -15 5 30 55 80
50 70 20 100 -3 17 42 87 02
1 4 ] 8 1 3 5 7 8
30 50 70 80 -27 -7 18 43 68
40 60 80 90 -15 5 30 55 80
50 70 20 100 -3 17 42 a7 22
Organization 1 3 5 8 Material 1 2 K] (] 8
-40 5 20 80 -16 4 8 39 69
-35 10 25 85 -10 10 15 45 75
-30 15 30 20 -4 16 21 51 81
1 3 5 8 9 1 2 3 6 8
-40 5 20 80 90 -16 4 8 39 69
-35 10 25 85 25 -10 10 15 45 75
-30 15 30 90 100 -4 16 21 51 81
1 3 5 8 9 1 2 3 [} 8
-40 5 20 80 90 -16 4 9 39 a9
-35 10 25 8% 95 -10 10 15 45 75
-30 15 30 80 100 -4 16 21 51 81
Public Relations 1 4 7 8 Personnel 1 (] 8
38 48 68 8 -28 47 45
45 55 75 85 -20 55 53
52 62 82 92 -12 63 61
1 4 7 8 1 ] 8 10
38 48 68 78 -28 47 45 60
45 55 75 85 -20 65 53 68
52 a2 82 02 -12 63 61 76
1 4 7 8 1 6 8 10 12
a8 48 68 78 -28 47 45 60 89
45 55 75 8% -20 55 53 68 96
52 62 82 22 «12 63 61 76 77
Technology 1 3 4 3 Produceability 1 2 3 s 8
25 35 50 70 -46 -3¢ .11 69 79
35 45 60 80 -35 -25 0 80 20
45 55 70 20 <24 -14 11 91 100
1 3 4 8 1 2 3 5 8
25 s 50 70 -46 -36 -11 69 79
35 45 60 80 «3%5 -25 o 80 90
45 55 70 90 -24 -14 1 21 100
1 3 4 [} 1 2 3 5 8
25 35 50 70 -46 -36 -11 69 79
35 45 €0 80 -35 -25 V] 80 20
45 55 70 20 .24 -14 11 91 100

289



Appendix I
AMSTEP-R Program Listing

/*

/* AMSTEP-R: Advanced Manufacturing System Technology Evaluation Program
/* Risk

/*

/* Johann G. Demmel

/* copyright (c) 1991

/*

/* Compiler: Power C by MIX Software

/* compile with /ml option

/* link with [64K,15K,] option
/*

#include <bios.h>

#include <conio.h>
#include <malloc.h>
#include <math.h>

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

#define MAX_ALTS b
#define YR_LEN 2000L

FILE *In, *Compr, *Fp, *Objout, #0ut;

unsigned short int Num_alts, Proj_len[3], ACRS_type, Sample, Bins;
int (far *Years)[];

float Obj_weight[3];

float Distribution[12][10], Factors[20], ACRS[21];

float Tax_rate, P, Q, Corr_coef;

double NPV_max, NPV_min, Depreciation[21], Flows[21];

double Max[MAX_ALTS][13], Min[MAX_ALTS][13];

/* #include "minmax.h" */

char Input_files[MAX_ALTS][13], Alt_title[MAX_ALTS][25], Title[40];
char Prefix_name[8] = "amstep-r";

struct Depend { /* Structure for Cash/Qual flows */
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*/
*/



int points;
int yr_brk([5];
double rate[3][5]; };

struct { /* Structure for number of attributes.
unsigned short int pecuniary;
unsigned short int strategic;
unsigned short int tactical;

} Num_attrib;

struct {
char description[20];
struct Depend datal[3];
} Mon_inp[20];

struct {
char attribute[20];
float weight;
struct Depend datal3];
} str_inpl[6], Tac_inple6];

struct Depend Mon_int[3], Nonmon_int([3]; /*

double chol_prod();
double chol_sqr();
void comp_prog(void);
void compromise();
void det_pos();

float distance();
double drand();

void expand();

void factors();

void £ill_points();
void f£ill_real();

void get_ACRS(void);
void get_distn();
double get_IEEE_real();
int get_parameters();
void ignore_bytes();
void initialize(void);
int lotus_read();
float mean();

void ni_index();

void ni_distn();

void non_recurring();
void norm_weights(void);
void npqf();

void npv();

/* Number of data points.

/* Years for breaks in curve.

/* Flow values.

/* Structure for monetary input.

/* Pecuniary.
/* Strategic.
/* Tactical.

*/
*/
*/
*/

/* Attribute Description.

/* Structure
/* Attribute
/* Attribute

*/
*/
*/

*/
x/

for nonmonetary input.
Description.

weight.

*/
*/
*/

Structure for interest data.
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void opening_menu(void);
void prepare(void);
void print_input();

void print_parms(void);
int read_data();

void srand();

void stdnorm();

void store_input();
float tri();

double var();

/*  FUNCTION: main */
/*  DESCRIPTION: */
/* Controls the execution of the functions which comprise AMSTEP. */

main(int argc, char *argv[])
{
unsigned short int i;
unsigned long farmem;
int years;
char digit[4];
float a, b, ¢, frac, temp;

prepare();
opening_menu() ;
clrscrn();
poscurs(6,22);
fprintf (stderr,"<< OBTAINING ANALYSIS PARAMETERS >>");
if (get_parameters(argc,argvl1])) {
exit(1);
}

print_parms();
/* Determine the length of the project. */

srand(1);
farmem = farcoreleft();
Years = farcalloc(YR_LEN, (unsigned long) sizeof(int));
if(Years == NULL) {
poscurs(20,18);
fprintf (stderr,"Insufficient Far Memory for Years");
poscurs(21,15);
fprintf (stderr,"’lu bytes remaining prior to attempted allocation",farmem);
exit(1);

Proj_len[0];
Proj_len[1];
Proj_len[2];

oo W
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for (i = 0; i < Sample; ++i) {
temp = tria,c,b);
years = temp;
frac = temp - years;
if ((frac > 0.5) && (years < Proj_lemn[2]))
years += 1;
(*Years) [i] = years;

}

norm_weights();
for (i = 0; i < Num_alts; ++i) {

itoa(i,digit,10);
Prefix_namef[6] = digit[0];
Prefix_name[7] = ’\0’;
clrscrn();

poscurs(5,21);

fprintf (stderr,' << OBTAINING DATA FOR ALTERNATIVE %d >>",i);
initialize();
read_data(i);
print_input(i);
clrscrn();
poscurs(5,168);
fprintf(stderr,"<< PERFORMING CALCULATIONS FOR ALTERNATIVE %d >>",i);
srand(1);
npv(i);
srand(1);
npqf(’s’,i);
srand(1);
npqf(’t’,i);
}
farfree(Years);
clrscrn();
comp_prog();
clrscrn();
poscurs(5,29);
fprintf(stdexrr,"<< PROGRAM COMPLETE >>");
poscurs(25,0);

}

/* FUNCTION: preprare */
/*  DESCRIPTION: */
/% Initializes program variables. */

void prepare(void)

{
unsigned short int i, j, k;
Num_alts = 0

= 0;
for (i = 0; i < 3; ++i) {



Mon_int[i].points = Nonmon_int[i].points = 0;
Proj_len[i] = 0;
Obj_weight[i]l = 0.;
for (k = 0; k < 5; ++k) {
Mon_int[i].yr_brk[k] = Nonmon_int[il.yr_brk[k] = 0.;
for (j = 0; j < 3; ++j)
Mon_int[i].rate[j] [kl = Nonmon_int[i].ratel[jl[k] = 0.;
}
}
for (i = 0; 1 < 6; ++i)
Str_inp[i] .weight = Tac_inp[il.weight = 0.;

}
/*  FUNCTION: opening_menu
/*  DESCRIPTION:
/* Displays an opening message to the user.
void opening_menu(void)
unsigned short int i;
cursoff();

clracxn();
poscurs(3,30);

tprintf(stderr,"+ )
poscurs(14,30);
fprint:f (stderr N " + n) ;

for (i = 0; 41 < 10; ++i) {
poscurs(i+4,30);
fprintf(stderr,”| 1");

}

poscurs(5,33);

fprintf(stderr,"A dvanced");

poscurs(6,33);

fprintf(stderr,”M anufacturing");

poscurs(7,33);

fprintf(stderr,"S ystem");

poscurs(8,33);

fprintf(stderr,"T echnology");

poscurs(9,33);

fprintf(stderr,"E valuation");

poscurs(10,33);

fprintf(stderr,"P rogram");

poscurs(11,33);

fprintf(stderr,"(");

poscurs(12,33);

fprintf(stderr,"R isk");
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poscurs(16,31);
fprintf(stderr,"copyright (c¢) 1991");
poscurs(17,32);
fprintf(stderr,"Johann G. Demmel");
poscurs(23,25);

fprintf(stderr,"< strike any key to continue >");
while (!kbhit());

getch();

curson();
}
/* FUNCTION: get_parameters */
/*  DESCRIPTION: */
/* Obtains analysis parameters from a LOTUS 1-2-3 input file. */

int get_parameters(int argc, char parm_file)
{
unsigned short int i, j;
int col, int_val, opcode, parm_code = -1, parms_found = 32767, row;
int base2, base_row, range;
char label[240];
double real_val;
char parm_names[15][17] = {

"title ",
"project length ",
"input files ",
"monetary rate ",
"nonmonetary rate",
“tax rate ",
“acrs " ,
“samples ",
“bins " .

“"strategic weight",
"tactical weight ",
"pecuniary weight",

"p factor v,
"q factor v,
“"correlation "}

char strat_attribl[e][18] = {
"Internal Relations',

"Market Position ",
“Mission ",
"Organization “
"Public Relations ",
"Technology "}

char tact_attrib[6][15] = {
"Design ",

“"Flexibility ",



"Integration ",
"Material ",
"Personnel ",

“Produceability" };

if (arge == 1) {
poscurs(8,28);
fprintf(stderr,"ERROR: must supply file name");
return 1;
}
else {
Fp = fopen(parm_file,"rb");
if (Fp == NULL) {
poscurs(8,26);
fprintf(stderr,"ERROR: opening %s",parm_file);
return 1;
}
Num_attrib.strategic = 0;
Num_attrib.tactical = 0;
poscurs(9,18);
strupr(parm_file);
fprintf(stderr,"Processing Parameter File ¥s ...",parm_file);
do {
opcode = lotus_read(&row, &col, &int_val, &real_val, label);
switch (opcode) {
case 13 : /% integer value. */
real_val = int_val;
case 14 : /% real value. */
case 16 : /* real value in formula. */
if ((col == 1) && (row != base_row))
range += 1;
store_input(parm_code,real_val,range,col);
break;
case 15 : /* label, =/
if (col == 0) {
range = 0;
base_row = row;

base2 = 1;
parm_code = -1;
j=0;

do {

if (!strnicmp(parm_names[j],label,strlen(label))) {
parm_code = j;
parms_found = parms_found ~ base2;
}
base2 = base2 * 2;
++33
} while ((parm_code == -1) && (j < 15));
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if (parm_code == -1) {
for (i = 0; i < 6; ++i) {
if (strnicmp(strat_attrib[i],label,strlen(label)) == 0) {
j = Num_attrib.strategic;
strncpy (Str_inp[j].attribute,label,strlen(label));
Num_attrib.strategic += 1;
parm_code = 15;
break;
}
else {
if (strnicmp(tact_attrib[i],label,strlen(label)) == 0) {
j = Num_attrib.tactical;
strncpy(Tac_inp[j].attribute,label,strlen(label));
Num_attrib,tactical += 1;
parm_code = 16;
break;

}
}
}
}
else {
switch (parm_code) {
case -1 :
break;
case Q0 :
j = strlen(label);
it (j > 40)

j = 40;
strncpy(Title,label,j);
break;

case 2 :
strncpy(Input_files[Num_alts],label,strlen(label));
Num_alts += 1;
break;
default :
poscurs(20,26);
fprintf(stderr,"ERROR: parm_code not defined");
return 2;
}
}
break;
default : /# ignore all other opcodes. */
break;
}
} while (opcode != 1);
fclose(Fp);
if (parms_found) {



base2 = 1;
poscurs(11,25);
fprintf(stderr,"Required parameters not found");
poscurs(12,37);
fprintf (stderr,"%d",parms_found);
poscurs(13,28);
fprintf(stderr,"Missing Parameters are:");
i=1;
for (i = 1; i <= 14; ++i) {
parm_code = parms_found & base2;
base2 = base2 * 2;
if (parm_code) {
poscurs(13+j,31);
fprintf (stderr,"s" ,parm_names[i-1]);
++3;
}
}
return 3;
}
else
return 0;

}
/* FUNCTION: store_input
/%  DESCRIPTION:
/* Stores the analysis parameters from the input file into appropriate
/* variables.
void store_input(int code, double value, int range, int col)
{
int pos;

switch (code) {

case -1 :
break;
case 1 : /% project length. */
Proj.len[range] = value;
break;
case 3 : /* monetary interest rate. */
case 4 : /* nonmonetary interest rate. */
pos = range / 4;
switch (range) {
case 0 : case 4 : case B :
if (code == 3) {
Mon_int [pos].yr_brk[Mon_int[pos].points] = value;
Mon_int [pos].points += 1;
}
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else {

Nonmon_int [pos] . yr_brk[Nonmon_int [pos] .points] = value;

Nonmon_int [pos] .points += 1;

}
break;

case 9 : case 10 : case 11 :
range -= 4;

case b : case 6 : case 7 :
range ~= 4;

case 1 : case 2 : case 3 :
range -= 1;

if (code == 3)
Mon_int [pos] .rate[range] [col-1] = value;

else
Nonmon_int [pos] .rate[range] [col-1] = value;
break;
}
break;

case 5 : /+ tax rate, %/
Tax_rate = value/100.;
break;

case 6 : /* ACRS type. =*/
ACRS_type = value;
get_ACRS();
break;

case 7 : /* minimum NPV. #*/
Sample = value;
break;

case 8 : /* maximum NPV, =/
Bins = value;
break;

case 9 : /* strategic weight. =*/
0bj._weight[1] = value;
break;

case 10 : /* tactical weight. */
Obj_weight[2] = value;
break;

case 11 : /% pecuniary weight. */
Obj_weight[0] = value;

break;

case 12 : /* p-factor. */
P = value;
break;

case 13 : /* g-factor. =*/
Q = valus;
break;

case 14 : /* correlation coefficient */
Corr_coef = value;
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break;

case 15 : /* Strategic attribute weights. */
Str_inp[Num_attrib.strategic-1].weight = value;
break;

case 16 : /* Tactical attribute weights. */
Tac_inp[Num_attrib.tactical-1].weight = valuse;

break;
default : /# error. */
poscurs(20,18);
fprintf(stderr,"ERROR: Invalid parameter code (%d) in store_input",
code);
break;
}
}
/* FUNCTION: get_ACRS */
/* DESCRIPTION: */
/* Obtains ACRS values from an input file. */

void get_ACRS(void)
{

unsigned short int i, skip;

In = fopen("acrs.dat","r");
if (In == NULL) {
poscurs(20,28);
fprintf (stderr,"ERROR: Opening ACRS.DAT");
exit(1);
}
switch (ACRS_type) {
case 3 :
skip = 0;
break;
case b

case 15 :
skip = 29;
break;

case 20 :
skip = 4b;
break;



}

/%
/%
/%
/*

vo

{

}

/%
/*
/*

vo

{

default :
poscurs(20,17);
fprintf(stderr,"ERROR: Incorrect ACRS type input %d",ACRS_type);
exit(1);
}
for (i = 0; i < skip; ++i)
fscanf (In,"%f",2ACRS[0]);
for (i = 0; i < ACRS_type + 1; ++i)
f£scanf(In,"%£",&ACRS[i]);
fclose(In);

FUNCTION: norm_weights

DESCRIPTION:
Normalizes the weights for the nonmonetary attxributes, and the
objectives.

id norm_weights(void)

unsigned short int i;
float sum;

sum = 0. ;
for (i = 0; i < 3; ++i)
sum += Obj_weight[i];
for (i = 0; 1 < 3; ++i)
Obj_weight[i] = (Obj_weight[i] / sum) * 100.;
sum = 0.;
for (i = 0; i < Num_attrib.strategic; ++i)
sum += Str_inpli].weight;
for (i = 0; i < Num_attrib.strategic; ++i)
Str_inp[i].weight = (Str_inpl[il.weight / sum) * 100.;
sum = 0.;
for (i = 0; i < Num_attrib.tactical; ++i)
sum += Tac_inp[i].weight;
for (i = 0; i < Num_attrib.tactical; ++i)
Tac_inp[i] .weight = (Tac_inp[il.weight / sum) * 100.;

FUNCTION: initialize
DESCRIPTION:
Initializes program variables.

id initialize(void)

unsigned short int i, j, k, 1;

NPV_max = NPV_min = 0O.;
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for (i = 0; i < 20; ++i) {
Hon_inp[i] .description[0] = ’\0’;
for (j = 0; j < 3; ++3) {
Mon_inp[i] .datalj]l.points = 0;
for (k = 0; k < B; ++k) {
Mon_inp[i].data(j].yr_brk[k] = 0;
for (1L = 0; 1 < 3; ++1)
Mon_inp[i].data[j].rate[1][k] = 0.;
}
}
}
for (i = 0; i < 6; ++i) {
for (j = 0; j < 3; ++j) {
Stzr._inplil.datal[jl.points = Tac_inp[i].datalj].points =0;
for (k = 0; k < 3; ++k) {
Sstr_inp(il.datalj].yr_brk[k] = Tac_inp[il.datalj].yr_brk[k] = 0;
for (1 = 0; 1 < 5; ++1) {

Str_inp[i].dataljl.rate{k][1] = 0.;
Tac.inp[i].datalj].rate[k][1] = 0.;
}
}
}
}
}
/* FUNCTION: read_data */
/*  DESCRIPTION: */
/* Reads the cash flow and qualitative flow data from the input fiie */
/* specified by the user. */
int read_data(unsigned short int alt)
{
unsigned short int i, process = 0, range;
short int pos = -1;

int base_row, col = 0, int_val, label_len, old_row, data_row, opcode, row=0;
double real_val;
char label[240];

/% Determine the number of values to input based upon the type of
analysis to be performed, and open the input file. If risk, input
required is pessimistic, most likely, and optimistic. Otherwise, only
one input is required. */

Fp = fopen(Input_files[alt],"rb");

if (Fp == NULL) {
fprintf(stderr,"\nERROR: opening %s\n",Input_files[alt]);
return 1;

}
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/* Read input data from a LOTUS 1-2-3 file. Fill arrays used in this
program with data read from the file. */

strupr(Input_files[alt]);
poscurs(9,21);
fprintf (stderr,"Processing data from %s ...",Input_files[alt]);
do {
opcode = lotus_read(&row, &col, &int_val, &real_val, label);
switch (opcode) {

case 13 : /% Integer input — convert to real double. */
real_val = int_val;
case 14 : /* Real input - process as double. */
case 16 : /» Formula input - contains real value. */
if (old_row == row)
break;

data_row = (row - base_row) / 4;

range = row - base_row;

if (((row - base_row) % 4) == 0)
Iill_points(data_row,col,proceas,real_val,pos);

else
£il1_real(data_row,col,range,process,real_val,pos);
break;
case 15 : /# Label input - contains key for processing objectives. */
if ((col > 0) && (row = base_row))
break;

if (col == 0) {
range = 0;
base_row = Xow;
}
label_len = strlen(label);
if (strncmp(*'Pecuniary",label,label_len) == 0) {
process = 1;
Num_attrib.pecuniary = 0;
old_row = row;
break;
}
if (strncmp("Strategic",label,label_len) == 0) {
process = 2;
old_row = row;
break;
}
if (strncmp("Tactical",label,label _len) == 0) {
process = 3;
old_row = row;
break;
}

switch (process) {



304

case 0:
strncpy(Alt_title[alt],label,label_len);
Alt_titlel[alt][label_len+1] = ’\0’;
break;

case 1:
pos = Num_attrib.pecuniary;
strncpy(Mon_inp[pos].description,label,label_len);
Mon_inp[pos].description{label_len] = ’*\0’;
Num_attrib.pecuniary += 1;

break;
case 2:
if (strncmp("Strategic",label,label_len) != 0) {
pos = ~1;

for (i = 0; i < Num_attrib.strategic; ++i) {
if (strnicmp(Str_inp[i].attribute,label,label_len) == 0) {
pos = i;
}
}
if (pos == -1) {
poscurs(20,20);
fprintf(stdexrr,"ERROR: Strategic attribute not defined");
poscurs(21,10);
fprintf(stderr,"Attrib: %s\n",label);
for (i = 0; i < Num_attrib.strategic; ++i)
fprintf(stderr,"’s %d\n",Str_inp[i].attribute,Str_inp[il .weight);
exit(1);
}
}
break;
case 3:
it (strncmp("Tactical",label,label_len) != 0) {
pos = -1;
for (i = 0; i < Num_attrib.tactical; ++i) {
if (strnicmp(Tac_inplil.attribute,label,label_len) == 0) {

pos = i;
}
}
if (pos == -1) {
poscurs(20,20);

fprintf(stderr,"ERROR: Tactical attribute not defined");
fprintf(stdexrr,"Attrib: %s\n",label);
for (i = 0; i < Num_attrib.tactical; ++i)
fprintf(stderr,"%s %4.0d\n",Tac_inp[i].attribute,Tac_inp[il.weight);
exit(1);
}

3
break;



break;
default :
break;
}
} while (opcode != 1);
fclose(Fp);
}

/* FUNCTION: £ill_real
/*  DESCRIPTION:

/* Fills the appropriate arrays with cash flows or qualitative flows.

void fill.real(row, col, range, process, real_val, pos)
unsigned short int process, range;
short int pos;
int col, row;
double real_val;

int i;

range -= 1;
if (range >= 8)
range -= 8;
it (range >= 4)
range -= 4;
switch (process) {
case 1:
Mon_inp[pos].data[row] .rate[rangel [col~1] = real_val;
break;
case 2:
Str_inplpos].datalrow].rate[rangel [col-1] = real_val;
break;
case 3:
Tac_inp[pos] .data[row] .rate[range] [col~1] = real_val;
break;
default:
fprintf(stderr,"ERROR process %d incorrect in f£ill_real");
exit(1);
break;
}
}

/* FUNCTION: £ill_points

/*  DESCRIPTION:

/* Fills the appropriate arrays with year breaks for cash flows or
/* qualitative flows.

void fill_points(row, col, process, real_val, pos)
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unsigned short int process;
short int pos;
int col, row;
double real_val;
{

int i;

switch (process) {
case 1:

Mon_inp[pos] .datalrow].yr_brklcol-1]
Mon_inp[pos].datalrow] .points += 1;
break;

case 2:
Str_inp[pos].datalrow] .yr_brk[col-1]
Str_inp[pos].datalrow] .points += 1;
break;

case 3:
Tac_inp[pos] .datalrow] .yr_brk[col-1]
Tac_inplpos] .datalrow] .points += 1;
break;

default:

real_val;

real_val;

real_val;

fprintf (stderr,"ERROR process %d incorrect in f£ill_points");

exit(1);
break;
}
}

/*  FUNCTION: lotus_read
/* DESCRIPTION:
/* Reads input data from the LOTUS files.

int lotus_read(row, col, int_val, real_val, label)
int *row, *col, *int_val;
double *real_val;
char label([240];

{

int end_col, end_row, format_key;

int format_type, formula_opcode, i, label_byte, length, opcode;

int mode, protect, size, start_row, start_col;

opcode = getc(Fp) + (getc(Fp) * 266);
length = getc(Fp) + (getc(Fp) * 266);
switch (opcode) {
case O : /* Begining of file */
if (start_processing(length) != 0)
opcode = 1;
break;
case 1 : /* End of file %/
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break;

case 2 : /* Calculation Method */

case 3 : /* Calculation Order */

case 4 : /% Type of Window Split */

case 5: /* Synchronize windows to cursor movement %/
ignore_bytes(length);
break;

case 6 : /* Range */
start_col = getc(Fp) + (getc(Fp) * 256);
start_row = getc(Fp) + (getc(Fp) * 256);
end_col = getc(Fp) + (getc(Fp) * 256);
end_row = getc(Fp) + (getc(Fp) * 258);
break;

case 7 : /+ Description of Window #1 */

case 8 : /+* Defines column width */

cagse 9 : /* Description of Window #2 */

case 10 : /* Defines column width */

case 11 : /* Range name */

ignore_bytes(length);
break;

case 12 : /# Blank Cell */
rode = getc(Fp);
#col = getc(Fp) + (getc(Fp) *» 256);
*row = getc(Fp) + (getc(Fp) * 2b56);
break;

case 13 : /* Integer Value */
mode = getc(Fp);
*col = getc(Fp) + (getc(Fp) * 266);
*row = getc(Fp) + (getc(Fp) * 256);
»int_val = getc(Fp) + (getc(Fp) * 256);
break;

case 14 : /* Floating Point Value */
mode = getc(Fp);
*col = getc(Fp) + (getc(Fp) * 258);

*row = getc(Fp) + (getc(Fp) * 258);

*real_val = get_IEEE_real(*row,*col);

break;

case 16 : /% Label */

mode = getc(Fp);

*col = getc(Fp) + (getc(Fp) * 266);

*row = getc(Fp) + (getc(Fp) * 266);

i=85;

label_byte = getc(Fp);

while ((i < length) && (label_byte != 0)) {
label_byte = labelli-B] = getc(Fp);
i+=1;

}

label[i-56] = *\0’;



break;
case 16 : /* Formula */
mode = getc(Fp);
protect = mode >> 7;
format_type = (mode >> 4) & 7;
format_key = mode & 15;
*col = getc(Fp) + (getc(Fp) * 2B8);
*row = getc(Fp) + (getc(Fp) * 268);
*real_val = get_IEEE_real (*row,*col);
size = getc(Fp) + (getc(Fp) * 2B56);
formula_opcode = getc(Fp);
for(i = 16; i < length; ++i)
getc(Fp);
break;
case 24 : /* Table Range */
case 256 : /* Query Range */
case 26 : /* Print Range */
case 27 : /* Sort Range */
case 28 : /* Fill Range */
case 20 : /* Primary Sort Key Range */
case 32 : /* Distribution Range */
case 36 : /* Secondary Sort Key Range */
case 36 : /* Global Protection */
case 37 : /* Footer Print #/
case 38 : /% Header Print *»/
case 39 : /* Print Setup */
case 40 : /* Margins */
case 41 : /* Label Alignment */
case 42 : /* Borders =/
case 46 : /* Graph Settings */
case 46 : /* Named Current Graph Settings */
case 47 : /* Iteration Count */
case 48 : /* Unformatted print */
case 49 : /#* Cursor Location */
case 76 : /* Worksheet Password */
case 100 : /% Hidden Columns Record 1 */
case 101 : /* Hidden Columns Record 2 */
case 102 : /* Parse Ranges */
case 103 : /* Linear Regression Ranges */
case 105 : /* Matrix Mathematics Ranges */
case 160 : /* Cell Pointer Index */
ignore_bytes(length);
break;
default : /* Other Code is an Error */
fprintf (stderxr,"ERROR: Opcode %d not defined\n",opcode);
ignore_bytes(length);

}

return(opcode) ;
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}

/% FUNCTION: ignore_bytes
/%  DESCRIPTION:
/* Reads and ignores data from the input file.

void ignore_bytes(int length)
{

int i;
for (i = 0; i < length; ++i)

getc(Fp);

/% FUNCTION: start_processing
/* DESCRIPTION:

/* Displays message to the user of the type of LOTUS file being read.

int start_processing(int length)
{

int i, file_format = O;

for (i = 0; i < length; ++i)
file_format += (getc(Fp) * pow(256,i));
switch (file_format) {
case 1028 : /* File type is 1-2-3 %/
poscurs(7,28);
fprintf(stderr,"Format type is 1-2-3.");
return(0);
case 1029 : /» File type is Symphony - do not process */
poscurs(7,16);
fprintf(stderr,"Format type is SYMPHOMY and cannot be processed");
return(1);
case 1030 : /* File type is 1-2-3 version 2 */
poscurs(7,24);
fprintf(stderr,"Format type is 1-2-3 version 2.");
return(0);
default : /* Unknown file type */
poscurs(7,25);
fprintf(stderr,"Format type is unknown (%04X).",file_format);
poscurs(9,26);
fprintf(stderr,'processing terminated");
return(1);
}
}

/*  FUNCTION: get_IEEE_real
/* DESCRIPTION:
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/*

Converts the input from a 64 bit IEEE real storage into a useable

form for the program.
double get_IEEE_real(int row, int col)

int i, j, neg_exp, sign, word;
double exponent, mantissa, value, one_bit;
long int temp;

neg_exp = b52;
value = 0.;
for (i = 0; i < 7; ++i) {
word = 8;
temp = getc(Fp);
if (temp != 0) {
if (i == 8)
word = 4;
for(j = 0; j < woxd; ++j) {
one_bit = temp & 1;

value += (one_bit * (1/pow(2,neg_exp)));

neg_exp -= 1;
temp = temp >> 1;
}
}
else
neg._exp -= 8;

}

exponent = temp;

temp = getc(Fp);

exponent += ((temp & 1B5) * 18);
temp = temp >> 4;

exponent += ((temp & 7) % 256);
mantissa = value;

sign = ((temp >> 3) & 1);

if (sign == 1)

sign = -1;
else
sign = 1;

if (exponent == 2047.) {
if (mantissa != 0.)
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*/
*/

fprintf(stderr,”Value at row %d col %d is not a valid number\n",row,col);

else

fprintf(stderr,’'Value at row %d col %d is infinity\n",row,col);

return(NULL);
}
if (exponent == 0.) {
if (mantissa != 0.) {
exponent = pow(2,-1022.);
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return(sign * exponent * mantissa);
}
else
return(0.);
}
if ((exponent > 0.) && (exponent < 2047.)) {
exponent = pow(2, (exponent-1023.));
mantissa += 1.;
return(sign * exponent * mantissa);

}
fprintf(stderr,"** ERROR ** Real format not converted at row %d col %d",
row,col);

return(NULL);
}
/*  FUNCTION: npv */
/%  DESCRIPTION: */
/% Determines the NPV of the Monetary cash flows. */

void npv(unsigned short int alt)
{
unsigned short int j, k;
int i, years;
double cash_flow, npv, accum_flows[21];
char filename[14];

/% Open file for storage of NPV to determine maximum/minimum. */

strcpy(filename,Prefix_name);
Out = fopen(strncat(filename,".npv'",4),"w");
it (Out == NULL) {
poscurs(20,20);
fprintf(stderr,"ERROR: Opening %s for output\n",filename);
poscurs(21,20);
pexror("Exrror number");
exit(1);
}

/* Perform calculations for the desired sample size. */
for (k = 0; k < Sample; ++k) {
/* Determine the length of the project. */
years = (*Years)[k];
/* Determine the vector of interest factors to use (Factors[]). */

factors(years,0, 'm’ ,Mon_int);
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/* Determine the cash flows to use. */

for (i = 0; i <= 21; ++i) {
Depreciation[i] = 0.;
accum_flows[i] = 0. ;
}
for (i = 0; i < Num_attrib.pecuniary; ++i) {
it ((strnicmp(Mon_inp[i].description,"salvage value",13) == 0) ||
(strnicmp(Mon_inp[il.description, "depr investment",16) == 0) ||
(strnicmp(Mon_inp[i].description,”investment",10) == 0)) {
non_recurring(years,i,Mon_inp[i] .data);
}
else {
factors(years,i,’c’,Mon_inp[i].data);
}
for (j = 0; j <= years; ++j)
accum_flows[j] += Flows[jl;
}
npv = 0.;
for (j = 0; j <= years; ++j) {
cash_flow = (accum_flows[j] * (1 - Tax_rate)) +
(Depreciation[j]l * Tax_rate);
npv += (cash_flow * Factors[jl);
}
if (k == 0) {
Max[alt][12]
Min[alt]}[12]

npv;
npv;

u un

}
else {
if (npv > Max[alt][12])
Max[alt][12] = npv;
if (npv < Min[alt][12])
Min[alt][12] = npv;
}
fprintf (Out,"%d %12.2f\n" ,k,npv);
}
fclose(Out);
}

/*  FUNCTION: det_pos */
/*  DESCRIPTION: */
/* Determines the position in the input of the values to use. */

void det_pos(posl, pos2, limit, data)
short int *posi, *pos2;

int limit;

struct Depend datal[3];
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{

short int i;

for (i = 0; i < 2; ++i) {
*posl = datalil.points - 1;
*pos2 = datali+1].points - 1;
if ((limit >= Proj_len[i]) && (limit <= Proj_len[i+1])) {
if (Proj_len[i] == limit) {

*posl = i;
*pos2 = 0;
return;

}
if (Proj_len[i+1] == limit) {
*posl = i + 1;
*pos2 = 0;
return;
}
*posi
*pos2
return;

i;
i+ 1;

}
}
poscurs(20,20);
fprintf(stderr,”ERROR. Project Length /d not found ",limit);
exit(1);
}

/* FUNCTION: non_recurring */
/*  DESCRIPTION: */
/* Determines the flows for non recurring attributes. */

void non_recurring(int limit, int idx, struct Depend raw_datal[3])
{

short int loc, posi, pos2, i, j, k;

int ACRS_limit;

float off_set, xi1, x2;

double mean, temp[3], var;

det_pos(&posi,&pos2,limit,raw_data);

for (i = 0; i <= limit; ++1i)

Flows[i] = 0.;
off_set = limit - Proj_len[posi];
off_set = off_set / (Proj_len[posi+1] - Proj_len[posi]);
for (i = 0; i < raw_data[posi].points; ++i) {

for (j = 0; j <= limit; ++j) {

if (raw_datalpos1].yr_brk[i] == j) {
if (pos2 t= 0) {
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for (k = 0; k < 3; ++k) {
temp[k] = raw_datal[posi+1].rate[k][i] - raw_datalposi].rate[k][il;
temp[k] = raw_datalposi].ratel[k][i] + (temp[k] * off_set);
}
if(raw_datalposi].yr_brk[i] != raw_datalposi+1].yr_brk[il) {
loc = raw_data[posi+1].yr_brk[i] ~ raw_datal[posi].yr_brk[il;
loc = raw_datalposi].yr_brk[i] + (loc * off_set);
if(loc > limit)
loc = limit;
}
else
loc = j;
}
else {
for (k = 0; k < 3; ++k) {
temp[k] = raw_data[posi].ratelk][il;
loc = j;
}
}
if (Corr_coef i= 0.0) {
var = 0.;
mean = 0.;
for (k = 0; k < 3; ++k) {
var += (temp[k] * temp[kl);
mean += temp[k];
}
mean = moan / 3.;
var -= ((temp[0]+temp[1]) + (temp[Ol*temp[2]) + (temp[1l#temp[2]));
var = var / 18.;
stdnorm(&x1,&x2) ;
mean += (x1 * sqrt(var));
Flows[loc] += mean;

}
else
Flows[loc] = tri(temp[0],temp[1],temp[2]);
if (strnicmp(Mon_inp[idx].description,"depr investment',15) == 0) {
ACRS_limit = loc + ACRS_type + 2;
if (ACRS.limit > limit)
ACRS_limit = limit + 1;
for (k = loc+l; k < ACRS_limit; ++k)
Depreciation[k] += (-mean * ACRS[k-(loc+1)]);

/*  FUNCTION: npqgt */



/*  DESCRIPTION:
/* Determines the NPQF of the Nonmonetary cash flows.

void npqf(char objective, unsigned short int alt)

int i, j, k, 1, years, m;

float ni, r_ni;

float npqf_s[6], npqf_t[6], qual_flow;
char filename[14];

strcpy(filename,Prefix_name) ;
if (objective == ’g?)
Out = fopen(strncat(filename,".qfs",4),"w");
if (objective == ’t’)
Out = fopen(strncat(filename,".qft",4),"w");
if (Out == NULL) {
poscurs(20,20);
fprintf(stderr,”ERROR: Opening %s for output’,filename);
exit(1);
}

/* Perform calculations for the desired sample size.
for (k = 0; k < Sample; ++k) {
/* Get the number of years.

years = (*Years) (k] ;

/* Determine the vector of interest factors to use (Factors[]).

factors(years,0, ’n’ ,Nonmon_int);
r_ni = 0.;
for (i = 1; i <= years; ++i)
r_ni += Factors[i];
switch (objective) {
case ’s’ :
for (j = 0; j < Num_attrib.strategic; ++j) {
factors(years,j,’q’,Str_inp[j].data);
npqf_s[j]l = 0.;
for (i = 1; i <= years; ++i)
npqf_s[j] += Flows[i] * Factors[i];

fprintf (Out,"\n%d ",k);

for (j = 0; j < Num_attrib.strategic; ++j)
fprintf(Out,"%7.2f " ,npqf_s{jl);

for (j = 0; j < Num_attrib.strategic; ++j) {
ni = npqf_s(j]l / (100. * r_ni);
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}

/*
/*
/%
/*

fprintf(Out,"%7.4f ",ni);

it (k == 0) {
Max[alt] [j] = ni;
Min[alt] [j] = ni;

}

else {

if (ni > Max{alt][j1)
Max[altl[j] = ni;
it (ni < Min[alt][j1)
Minlalt][j] = ni;
}
¥
break;
case ’'t’ :
for (j = 0; j < Num_attrib.tactical; ++j) {
tactors(years,j, ’q’,Tac_inp[j]l.data);
npq?_t[j] = 0.;
for (i = 1; i <= years; ++i)
npqf_t[j] += Flows[i]l * Factors([i];

fprintf (Out,"\n%d ",k);
for (j = 0; j < Num_attrib.tactical; ++j)
fprintf(0ut,"%7.2¢ ",npqf_t[jl1);
for (j = 0; j < Hum_attrib.tactical; ++j) {
ni = npqf_t[j] / (100. * r_ni);
fprintf(OQut,"%7.4f ",ni);
if (k == 0) {
Max[alt] [j+Num_attrib.strategic] = ni;
Min[alt] [j+Num_attrib.strategic] = ni
}
else {
if (ni > Max[alt] [j+Num_attrib.strategic])
Max[alt] [j+Num_attrib.strategic]l = ni;
if (ni < Min[alt] [j+Num_attrib.strategic])
Min[alt][j+Num_attrib.strategic] = ni;
}
}
break;
}
}
fprintf(Out,"\n");
fclose(Out);

FUNCTION: factors

DESCRIPTION:
Determines the interest rate and cash/qualitative flows to use in
in the analysis.
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void factors(limit, attrib, fac_type, raw_data)
int limit, attrib;

char fac_type;

struct Depend raw_datal3];

{

/%

short int found=0, i, j, k, intervals, lim_off, posl, pos2;
double adjust, off_set;

double cov[21]1[21], means[21], samples[22][22], values[3]1[21];
float rate, x1, x2;

char digit[4], filename[10];

Generate new parameters */

lim_off = 1;
det_pos(&posl,&pos2,limit,raw_data);
if (pos2 == 0) {
expand(limit,raw_datalposi],values);
}
else {
expand(limit,raw_datalposi],values);
for (i = 0; i < 3; ++i) {
for (j = 0; j < limit+lim_off; ++j)
cov[i+3][j]1 = values[il[jl;
}
expand(limit,raw_datalpos2],values);
for (1 = 0; i < 3; ++i) {
for (j = 0; j < limit+lim_off; ++j)
cov[i+8] [j] = values[il([jl;

}
off_set = limit~Proj_len[posi];
off_set = off_set / (Proj_len[pos2]-Proj_len[posi]);

for (i = 0; i < 3; ++i) {
for (j = 0; j < Proj_len[posil+lim_off; ++j) {
if (cov[i+3]1[j] == cov[i+6][jl)
values[i][j1 = cov[i+3]1(jl;
else
values[il[j] = cov[i+3][j] + (off_set*(cov[i+6][jl-cov[i+3]1[j1));
}
}
for (i = 0; 1 < 3; ++i) {
k = Proj_len[posi];
adjust = (1 ~ off_set) * (cov[i+6][k] - cov[i+3][k]l);
for (j = Proj_lenf{pos1l+1; j < limit+lim_off; ++j)
values[il[j] = cov[i+8][j] - adjust;
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/%

If dependent, generate values using the multivariate normal
approximation. Otherwise, use the triangular distribution.

if (Corr_coef != 0.0) {

/* Determines Means. */

/*

/*

for (i = 0; i < limit+lim_off; ++i) {
means[i] = 0.;
for (j = 0; j < 3; ++j)
means[i] += values[j][il;
means[i] = means[i] / 3.;

}
Determine Covariance Matrix. */
for (i = 0; i < limit+lim_off; ++i)

for (j = 0; j < limit+lim_off; ++j)
covlil [j] = 0.;

for (i = 0; i < limit+lim_off; ++i) {
cov[il[i]l = 0.;
for (j = 0; j < 3; ++j)

cov[i] [i] += (values[j][i] * values([jl[il);

cov[i][i] -= (values[0] [i] * values[1][il);
cov[i][i] -= (values[0] [i] * values[2][il);
cov[il[i] -= (values[1][i] * values[2][il]);
cov[il[i] = cov[il[i] / 18.;

}

for (i = 0; i < limit+lim_off; ++i) {
for (j = i+1; j < limit+lim_off; ++j) {

cov[il[j]1 = pow(Corr_coef,j-i) * sqrt(cov[i]l [i]) * sqrt(cov[jl(jl);

cov[jl[i]l = cov[il[j];
}

}

Determine Factors to use for this iteration. */

for (i = 0; i < 21; ++i) {
for (j = 0; j < 21; ++3)
samples[il[j] = 0.;
}
for (i = 1; i < limit+lim_off; ++i) {
for (j = 1; j < i; ++j) {
adjust = chol_prod(i,j,samples);
samples [i] [j] = (cov[il[j] - adjust) / samples[jl[jl;
samples[jl{i] = 0.;
}
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adjust = chol_sqr(i,samples);

samples[i] [i] = sqrt(cov[il[i] - adjust);

}

for (i = 0; i < limit+lim_off; ++i) {
it ((i%2) == 0) {
stdnorm(&x1,&x2);
cov[0][i] = xi;
cov[0][i+1] = x2;
}
cov[1l[il = 0.;
}
for (i = 0; i < limit+lim_off; ++i) {
for (j = 0; j <= i; ++j) {
cov[1] [i] =
}
}
}

switch (fac_type) {
case 'm’ : /* monetary interest rates.

case ’n’ : /* nonmonetary interest rates.

rate = 1.;

Factors[0] = 1.;

for (i = 1; i < limit+lim_off; ++i) {
if (Coxrr_coef != 0.0)

rate = rate * ( 1. + ((means[i] + cov[1][i]) / 100.));

else

cov(1][i] + (samples[i][j] * cov[01[jl);

319

rate = rate*(1.+(tri(values[0][i],values[1][i],values[2][i])/100.));

Factors[i] = 1. / rate;

}
break;
case ¢’ : /* cash flows. */
case ’q’ : /* qualitative flows. */

for (i = 0; i < limit+lim_off; ++i) {
if (Corr_coef != 0.0) {
Flows[i] = means[i] + cov[1][i];
if (fac_type == ’q’) {
it (Flows[i] > 100.)
Flows[i] = 100.;
it (Flows([i] < -100.)
Flows[i] = -100.;
}
}

else

Flows[i] = tri(values[0]l[i]l,values[1][i],values(2][il);

}
break;



/*
/%
/%
/*

}
}

default :
poscurs(20,20);
fprintf(stderr,"ERROR: Incorrect fac_type in factors - %s",fac_type);
exit(1);

FUNCTION: expand

DESCRIPTION:
Expands the input interest rates, cash/qualitative flows, into
values covering the entire project length.

void expand(limit,raw_values,values)
int limit;
struct Depend raw_values;
double values[3][21];

{

short int i, j, k, mult;
float del_x, del_ y;

}

for (i = 0; i < raw_values.points=-1; ++i) {

}

/*
/*
/*
/%

1
k

- .
B A

values[il [j] = 6-;

del_x = raw_values.yr_ brk[i+1] - raw_values.yr_brk[i];
mult =
for (k

0;
= raw_values.yr_brk[il; k < raw_values.yr_brk[i+1]; ++k) {
for (j = 0; j < 3; ++j) {
del_y = raw_values.rate[j]l[i+1] - raw_values.rate[j][il;
values[jl[k] = ((del.y / del_x) * mult) + raw_values.rate[j][i];
}
mult +=1;

}

= raw_values.points-1;

for (i = raw_values.yr_brk[k]; i <= limit; ++i) {

}

for (j = 0; j < 3; ++j)
values[jl[i] = raw_values.rate(jl[k];

FUNCTION: chol_prod

DESCRIPTION:
Calculates a product for the Cholesky factorization.
Used in determining random values for rates and flows.

double chol_prod(int i, int j, double samples[22][22])
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}

int k;
double temp;

temp = 0.;
for (k = 0; k < j; ++k)

temp += (samples[i][k] * samples[j][k]);
return temp;

n o

/* FUNCTION: chol_sqr
/%  DESCRIPTION:
/e Calculates a square for the Cholesky factorization.

/* Used in determining random values for rates and flows.

double chol_sqr(int i, double samples[22][22])

{

}

/%
/%
/*

int k;
double temp;

temp = 0.;
for (k = 0; k < i; ++k)

temp += (samples[i][k] * samples[i][k1);
return temp;

FUNCTION: stdnorm
DESCRIPTION:
Calculates two standard normal deviates.

void stdnorm(float *ul, float #u2)

{

float vi, v2, w, y;

W= 2.
while (w > 1.) {
*ul = drand(0);
*u2 = drand(0);
vi = *ui%2 - 1,;
v2 = *u2%2 - 1,
w = (vikvl) + (v2%v2);
if (v <=1.) {
y = sqrt((-2.% log(w))/%);
*ul = vi * y;
2 = v2 % y;
}
}
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/%  FUNCTION: tri */
/*  DESCRIPTION: */
/% Calculates a sample from a triangular distribution with minimum a, */
/* mode ¢, and maximum b. */
float tri(float a, float ¢, float b)
{
float u;
u = drand(0);
if (u <= ((c - a) / (b - a)))
return a + sqrt((c-a)*(b-a)*u);
else
return b - sqrt((b-c)*(b-a)*(1.-u));
>
/* FUNCTION: comp_prog */
/*  DESCRIPTION: */
/% Calculates the Composite Programming score for an alternative. */

void comp_prog(void)

{
unsigned int alt_chk, i, j, 1, m;
int k;
float mi, power, evaluate;
double delta, npv, r_mi;
char digit[4], filename[14];

power = Q/P;
/* Determine the overall minimum and maximum NPV.

NPV_max = Max[0][12];
NPV_min = Min[0][12];
tor (j = 1; j < Num_alts; ++j) {
if (Max[j][E12] > NPV_max)
NPV_max = Max[j][12];
if (Min(j][12] < NPV_min)
NPV_min = Min[j]1[12];

}

r_mi = NPV_max;

if (fabs(NPV_min) > NPV_max)
r_mi = fabs(NPV_min);

/* For each alternative, determine the Composite Programming Score.

for (j = 0; j < Num_alts; ++j) {

*/

*/



/*

/*
/%

poscurs(5,12);
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fprintf (stderr,"<< PERFORMING COMPOSITE PROGRAMMING FOR ALTERNATIVE Y%d >>"

303
itoa(j,digit,10);
Prefix_name[6] = digit[0];
Prefix_name[7] = *\0’;

Begin with Pecuniary Index. =*/

poscurs(7,32);
fprintf(stderr,"pecuniary index");
strcpy(filename,Prefix_name);
Compr = fopen(strncat(filename,".npv'",4),"r");
if (Compr == NULL) {
poscurs(20,26);
fprintf(stderr,"ERROR: Opening %s",filename);
exit(1);
}

Determine the distributions of the monetary indicies and */
Pecuniary objective. */

for (i = 0; i < Bins; ++i) {
Distribution[0] [i] = Distribution[1][il
Distribution[2] [i] = Distribution[3][i]
}
delta = fabs((Max[j][12]/r_mi)-(Min{j][12]/r_mi))/Bins;
for (i = 0; i < Bins; ++i)
Distribution[0][i] = (Min[jl[12]/r_mi) + ((i+1) * delta);
delta = 100, * distance(Min[j][12]/r_mi);
delta = Obj_weight[0] * pow(delta,power);
npv = 100, * distance(Max[j]1[12]/r_mi);
npv = Obj_weight[0] * pow(npv,power);
delta = fabs(delta-npv) / Bins;
for (i = 0; i < Bins; ++i)
Distribution[2][i] = npv + ((i+1) * delta);
for (i = 0; i < Sample; ++i) {
fscanf (Compr,"%d %1f",&alt_chk,&npv);
mi = npv / r_mi;
for (k = 0; k < Bins; ++k) {
if (mi <= Distribution[0][k]) {
Distribution[1][k] += 1.;
break;
}
if (k == Bins-1)
Distribution[1] [k] +=1.;

-e

0.
0.0;

}
evaluate
evaluate

100. * distance(mi);
Obj_weight[0] * pow(evaluate,power);



/%

/*

for (k = 0; k < Bins; ++k) {
if (evaluate <= Distribution[2][k]) {
Distribution[3][k] += 1.;
break;
}
if (k == Bins-1)
Distribution[3] [k] +=1.;
}
}
fclose(Compr);
strepy(filename,Prefix_name);
Compr = fopen(strncat(filename,".mi",4),"w");
if (Compr == NULL) {
poscurs(20,26);
fprintf(stderr,"ERROR: Opening ¥%s",filename);
exit(1);
}

Offset the bin number to the center of the bin. */

evaluate = (Distributionf[0] [1]-Distributionl[0][0])/2;
mi = (Distribution[2] [1]-Distribution([2] [0])/2;
for (i = 0; i < Bins; ++i) {
Distribution[0][i] ~= evaluate;
Distribution[1][i] = Distribution[1][i] / Sample;
Distribution[2][i] -= mi;
Distribution[3]1[i] = Distribution[3][i] / Sample;
}

Print out the results of the distribution, with mean and variance.

mi = mean(0,1);
for (i = 0; i < Bins; ++i)
fprintf(Compr,"%6.4f " ,Distribution[0][i]);
fprintf (Compr,"\n");
for (i = 0; i < Bins; ++i)
fprintf (Compr,"%6.4f ",Distributionl1][il);
fprintf(Compr,”\n");

fprintf (Compr, "MEAN %6.4f\n" ,mi);
fprintf(Compr,"VARIANCE Y%6.4f\n",var(0,1,mi));
fclose(Compr) ;

strcpy(filename,Prefix_name);
Objout = fopen(strncat(filename,'.pec”,4),"w");
if (Objout == NULL) {
poscurs(20,26);
fprintf(stderr,"ERROR: Opening %s",filename);
exit(1);

*/
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/%

}

mi = mean(2,3);

for (i = 0; i < Bins; ++i)
fprintf(Objout,"%8.2¢ " ,Distribution[2][i]);

fprintf(Objout,"\n");

for (i = 0; i < Bins; ++i)
fprintf(Objout,"%6.4f " ,Distribution[3][il);

fprintf(Objout,"\n");

£printf (Compr , "MEAN %6.4f\n",mi);

fprintf(Compr,"“VARIANCE Y%6.4f\n",var(2,3,mi));

fclose(Objout);

Strategic Index. */

poscurs(7,32);

fprintf (stderr,“strategic index");
ni_index(1,j,Num_attrib.strategic,".qfs");
ni_distn(Num_attrib.strategic,".nis",".str");

Tactical Index */

poscurs(7,32);

fprintf(stderr,"tactical index ");
ni_index(2,j,Num_attrib.tactical,".qft");
ni_distn(Num_attrib.tactical,".nit",".tac");

Determine Final Score. */

poscurs(7,32);
fprintf(stderr,” final score ");
get_distn(".pec",0,2);
get_distn(".str",2,4);
get_distn(".taC",4,6);
evaluate = 0. ;
for (i1 =0; i <86; i +=2)
evaluate += Distributionl[i] [0];
mi = pow(evaluate,(1./Q));
evaluate = 0. ;
for (i = 0; i < 6; i += 2)
evaluate += Distribution[i] [Bins-1];
Distribution[6] [Bins-1] = pow(evaluate,(1./Q));
delta = fabs(Distribution[6][Bins-1] - mi) / Bins;
for (i = 0; 1 < Bina; ++i) {
Distribution[6][i] = mi + ((i+1) * delta);
Distribution[7]1[i] = 0.;

}

strxcpy(filename,Prefix_name);
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Compr = fopen(strncat(filename,".fin",4),"w");
if (Compr == NULL) {

poscurs(20,26);

fprintf(stderr,"ERROR: Opening %s",filename);

exit(1);
}
evaluate
for (k

= 0.;
= 0; k < Bins; ++k) {
for (1 = 0; 1 < Bins; ++1) {
for (m = 0; m < Bins; ++m) {
evaluate = Distribution[0] [k]l+Distribution[2] [1]+Distribution[4] [m];
evaluate = pow(evaluate,(1./Q));
fprintf(Compr,"%6.2f\n", evaluate);
mi = Distribution[1][k] # Distribution(3][1] * Distribution[6][m];
for (i = 0; i < Bins; ++i) {
if (evaluate <= Distribution{6][i]) {
Distribution[7][i] += mi;
break;

}
if (i == Bins-1)
Distribution[7] [i] += mi;
}
}

}
3
fclose(Compr);
strcpy(filename,Prefix _name);
Objout = fopen(strncat(filename,".scr",4),"w");
if (Objout == NULL) {

poscurs(20,26);

fprintf(stderr,"ERROR: Opening %s",filename);

exit(1);
}
delta = fabs(Distribution[8] [1]-Distribution[6][0])/2;
for (i = 0; i < Bins; ++i)

Distribution[6][i]l -= delta;
mi = mean(8,7);
for (i = 0; i < Bins; ++i)

fprintf(Objout,"%6.4f ", ,Distribution[6][i]);
fprintf(Objout,"\n");
for (i = 0; i < Bins; ++i)

tprintf(Objout,"%8.6¢ " ,Distributionl7][il);
fprintf(0bjout,'\n");
fprintf(Compr, "MEAN %6.4f\n" ,mi);
fprintf (Compr,"VARIANCE %6.4f\n",var(6,7,mi));
fclose(Objout);



/*  FUNCTION: get_distn
/*  DESCRIPTION:

/* Input a calculated distribution from a data file.

void get_distn(extn,lower,upper)
char extn[5];
unsigned short lower, upper;
{
int i, j;
char filename[14];

strcpy(filename,Prefix_name) ;
In = fopen(strncat(filename,extn,4),"x");
if (In == NULL) {
poscurs(20,28);
fprintf(stderr,"ERROR: Opening %s",filename);
exit(1);
}
for (i = lower; i < upper; ++i) {
for (j = 0; j < Bins; ++j)
fscanf (In,"%f ",&Distribution[i] [j]);
} s
fclose(In);
}

/* FUNCTION: ni_index
/*  DESCRIPTION:
/* Determines the Strategic and Tactical indicies.

void ni_index(type,alt,num_attrib,extn)

unsigned short int alt, num_attrib, type;

char extn[B];

{
unsigned short int alt_chk, i, k, 1, pos;
float delta, evaluate, ni, power, prob, weight;
char filename[14];

strcpy(filename,Prefix_name);
Compr = fopen(strncat(filename,extn,4),"r");
if (Compr == NULL) {
poscurs(20,26);
fprintf(stderr,”ERROR: Opening %s',filename);
exit(1);
}

/* Set up bins for NI distribution */
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for (k = 0; k < num_attrib; ++k) {
for (1L = 0; 1 < Bins; ++1)
Distribution[k#2][1] = Distribution[(k*2)+1][1] = 0.0;
pos = k;
it (type == 2)
pos = k + Num_attrib.strategic;
delta = fabs((Max[alt][pos]-Min[alt] [pos])/Bins);
for (i = 0; i < Bins; ++i)
Distribution[k#2] [i] = Min[alt] [pos] + ((i+1) * delta);
}

for (k = 0; k < Sample; ++k) {
fscant (Compr,"%d ",&alt_chk);
for (1 = 0; 1 < num_attrib; ++1) {
fscanf (Compr,'%f ",&evaluate);
}
for (1 = 0; 1 < num_attrib; ++1) {
fscanf (Compr,"%f ",&ni);
for (i = 0; i < Bins; ++i) {
if (ni <= Distribution[1x2][i]) {
Distribution[(1#2)+1][i] += 1.;
break;
}
if (i == Bimns-1)
Distribution[(1*2)+1][i] += 1.;
}
}
}
fclose(Compr);

/% 0ffset the bin number to the center of the bin */

for (1 = 0; 1 < num_attrib; ++1) {
delta = (Distribution[1#2][1] - Distribution[1*2][0]) / 2;
for (i = 0; i < Bins; ++i) {
Distribution[1#2][i] = Distribution[1#2][i] - delta;
Distribution[(1#2)+1]1[i] = Distribution[(1%2)+1][i] / Sample;
}
}

/* Determine limits for Strategic and Tactical indicies. */

power = Q/P;
for (1 =0; 1 < 2; ++1) {
evaluate = 0.;
for (k = 0; k < num_attrib; ++k) {
if (type == 1)
weight = Str_inplk].weight;
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if (type == 2)
weight = Tac_inp(k].weight;
if (1L == 1)
1l = Bins-1;
evaluate += weight * distance(Distribution[k*2] [1]);
}
evaluate = Obj_weight [type] * pow(evaluate,power);
ACRS[1] = evaluate;
}
evaluate = fabs(ACRS[0] - ACRS[Bins-1]) / Bins;
for (k = 0; k < Bins; ++k) {
Factors[k] = ACRS[Bins-1] + ((k+1) * evaluate);
}

evaluate = 0.;
for (i = 0; i < Bins; ++i)

ACRs[il = 0;
compromise(type,0,evaluate,1.);
X
/%  FUNCTION: ni_distn */
/*  DESCRIPTION: */
/* Determine the distribtuions for the Nonmonetary Indicies. */

void ni_distn(num_attrib,ni_extn,obj_extn)
unsigned short int num_attrib;
char ni_extn[B], obj_extn[E];
{
unsigned short int i;
short int j;
double avg, delta;
char filename[14];

strcpy(filename,Prefix_name);
Compr = fopen(strncat(filename,ni_extn,4),"w");
if (Compr == RULL) {
poscurs(20,26);
fprintf(stderr,"ERROR: Opening %s",filename);
exit(1);
}
for (j = 0; j < num_attrib; ++j) {
avg = mean((j*2),((j*2)+1));
for (i = 0; i < Bins; ++i)
fprintf(Compr,"%6.4f " ,Distribution(j*2] [il);
fprintf(Compr,"\n");
for (i = 0; i < Bins; ++i)
fprintf(Compr,"%6.4f ", (Distribution[(j*2)+1]1[il));
fprintf(Compr,"\n");



fprintf (Compr, "MEAN %6.4f\n",avg);
fprintf (Compr,"VARIANCE ¥%6.4f\n",var((j*2),((j*2)+1),avg));
}
fclose(Compr);
strcpy(filename,Prefix_name);
Objout = fopen(strncat(filename,obj_extn,4),"w");
if (Objout == NULL) {

poscurs(20,28);
fprintf (stderr,"ERROR: Opening %s",filename);
exit(1);

}

avg = 0.;

delta = fabs(Factors[i] - Factors[0])/2;

for (j = 0; j < Bins; ++j) {
fprintf (Objout,"¥%8.2f ", (Factors[jl-delta));
avg += ((Factors[jl-delta) * ACRS[j]);

}
fprintf(Objout,"\n");
delta = 0.;

for (j = 0; j < Bins; ++j) {
fprintf(Objout,"%8.67¢ ",ACRS[jl1);
delta += ((Factors[jl-delta) * (Factors[jl-delta) * ACRS[jl);
}
fprintf(0Objout,"\n");
delta —= (avg * avg);

fprintf(Compr,"MEAN %12.4f\n",avg);
fprintf(Compr,"VARIANCE ¥%12.4f\n",delta);
fclose(Ubjout);

}

/* FUNCTION: compromise
/*  DESCRIPTION:

/* Calculates the compromise programming portion for each objective.

void compromise(type,inc,evaluate,prob)
unsigned int inc, type;
float evaluate, prob;
{
unsigned short int i, j, inc_lim;
float joint_prob, power, result, weight;

power = Q/P;
if (type == 1) {
weight = Str_inp[inc].weight;
inc_lim = Num_attrib.strategic - 1;
}
else {
weight = Tac_inplinc].weight;
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inc_lim = Num_attrib.tactical - 1;
}
for (i = 0; i < Bins; ++i) {
if (inc < inc_lim) {
result = evaluate + (weight * distance(Distribution[inc¥2][il));
joint_prob = prob * Distribution[(inc*2)+1][il;
compromise(type,inc+1,result,joint_prob);
}
else {
result = evaluate + (weight * distance(Distributionlinc*2]1[il));
result = Obj_weight[type] * pow(result,power);
joint_prob = prob * Distribution[(inc#2)+1][il];
for (j = 0; j < Bins; ++j) {
if (result <= Factors[jl) {
ACRS[j] += joint_prob;
break;
}
if (j == Bins-1)
ACRS[j] += joint_prob;

}
}
}
}
/* FUNCTION: distance */
/* DESCRIPTION: */
/* Calculates the distance an attribute is from the ideal. x/

float distance(float term)
{

float results;

results = ((1. - term) / 2.);
return pow(results,P);

}

/* FUNCTION: mean */
/* DESCRIPTION: */
/* Determines the mean of a distribution. */

float mean(int value, int prob)
{

unsigned short int i;

float temp;

temp = 0.;
for (i = 0; i < Bins; ++i)
temp += Distribution[value] [i] * Distribution[probl[il;
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return temp;

}

/*  FUNCTION: var */
/™ DESCRIPTION: */
/* Determines the variance of a distribution. */

double var(int value, int prob, double mean)
{

unsigned short int i;

double temp;

temp = 0.;
for (i = 0; i < Bins; ++i)

temp += (pow(Distribution[value][i],2.0) * Distxibution[probl[il);
return (temp - pow(mean,2.0));

}

/*  FUNCTION: print_parms */
/* DESCRIPTION: */
/* Prints the input parameters specified by the user. */

void print_parms()
{

unsigned short int i, j, k, limit;

limit = 3;
Out = fopen("amstep~-r.prm","w");
if (Out == NULL) {
poscurs(zo,éﬁ);
fprintf(stderr,"ERROR: opening AMSTEP-R.PRM");
exit(1);
}
tprintf (Out,"%s\n",Title);
fprintf (Out,"Tax rate %6.2f\n",Tax_rate*100.);
fprintf(Out,"Depreciation ACRS %d years\n",ACRS_type);
fprintf (Out,"Project Length ");
for (j = 0; j < limit; ++j)
fprintf(Out,"%d ",Proj_lenljl);
fprintf (Out,"\nMonetary Rate ");
for (1 = 0; i < limit; ++1i) {
for (j = 0; j < Mon_int[i].points; ++j)
fprintf(Out,"%3d ",Mon_int[i].yr_brk(jl);
fprintf (Out,"\n");
for (j = 0; j < limit; ++j) {
for (k = 0; k < Mon_int[i].points; ++k)



fprintf(Out,"%56.2f " ,Mon_int([i].rate[j][k]);
fprintf (Out,"\n");
}
}
fprintf(Out,"Nonmonetary Rate ");
for (i = 0; i < limit; ++i) {
for (j = 0; j < Nommon_int[i].points; ++j)
fprintf(Out,"%3d ",Nonmon_int[i].yr brk[jl);
fprintf(Out,"\n");
for (j = 0; j < limit; ++j) {
for (k = 0; k < Nonmon_int[i].points; ++k)
fprintf (Out,"%6.2f " ,Nonmon_int[il].rate[j][k]);
fprintf(Out,"\n");
}
}
for (j = 0; j < Num_attrib.strategic; ++j)
fprintf (Out,"%s \t %4.1f\n",Str_inp[j].attribute,Str_inp[j].weight);
for (j = 0; j < Num_attrib.tactical; ++j)
fprintf(Out,"%s \t %4.1f\n",Tac_inp[j].attribute,Tac_inp[j].weight);
fprintf(Out,"Pecuniary Weight %4.1f\n",0bj_weight[0]);
fprintf(Out,"Strategic Weight %4.1f\n",0bj _weight[1]);
fprintf(Out,"Tactical Weight %4.1f\n",0bj_weight[2]);
fprintf(Out,"NPV min %12.2f NPV max %12.2f\n",NPV_min,NPV_max);
fprintf(Out,"Sample size %d ",Sample);
fprintf (Out,"Number of bins ’%d\n",Bins);
fprintf(Out,"Correlation coefficient %4.2f ",Corr_coef);
fclose(Out);
}

/*  FUNCTION: print_input
/*  DESCRIPTION:
/* Prints the input data specified by the user.

void print_input(unsigned short int alt)
{
unsigned short int i, j, k, 1, limit;
char filename[14];

limit = 3;

strcpy(filename,Prefix_name);

Out = fopen(strncat(rfilename,".inp",4),"w");

if (Out == NULL) {
poescurs(20,20);
fprintf (stderr,"ERROR: Opening %s for output",filename);
exit(1);

}

fprintf (Out,"%s\n",Alt_titlel[altl);
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fprintf(Out,"PECUNIARY");
for (i = 0; i < Num_attrib.pecuniary; ++i) {
for (j = 0; j < limit; ++j) {
fprintf(Out,"\n%s",Mon_inp[i].description);
for (k = 0; k < Mon_inp[il.data[j].points; ++k)
fprintf(Out,"\t%d",Mon_inp[i].dataljl.yr_brk[k]);
fprintf(Out,"\n");
for (k = 0; k < limit; ++k) {
for (1 = 0; 1 < Mon_inp[i].data[j].points; ++1)
fprintf(Out,"\t%15.2f" ,Mon_inp[i] .datalj].rate[k][1]);
fprintf(Out,"\n");
}
}
}
fprintf (Out,"\n\nSTRATEGIC");
for (i = 0; i < Num_attrib.strategic; ++i) {
for (j = 0; j < limit; ++j) {
fprintf(Out,"\n%s ",Str_inp[i].attribute);
fprintf(Out,"%4.0f ",Str_inpli].weight);
for (k = 0; k < Str_inp[i].data[j].points; ++k)
fprintf (Out,"\t%d",Str_inp[i].datalj].yr_brk[kl);
fprintf(Qut,"\n");
for (k = 0; k < limit; ++k) {
for (1L = 0; 1 < Str_inp[il.data[j].points; ++1)
fprintf(Out,"\t%6.0£",Str_inp[i] .datalj].ratel[k] [1]);
fprintf(Out,"\n");
}
}
}
fprintf (Out,"\n\nTACTICAL");
for (i = 0; i < Num_attrib.tactical; ++i) {
for (j = 0; j < limit; ++j) {
fprintf£(Out,"\n%s *,Tac_inp[i].attribute);
fprintf(Out,"%4.0f ",Tac_inp[il.weight);
for (k = 0; k < Tac_inp[i].datal[j].points; ++k)
fprintf(Out,"\t%d",Tac_inp[il.datalj].yr_brklk]l);
fprintf (Out,"\n");
for (k = 0; k < limit; ++k) {
for (1 = 0; 1 < Tac_inp[il.data[j].points; ++1)
fprintf(Out,"\t%6.0£",Tac_inpli) .datalj].rate[k][1]);
fprintf (Out,"\n");
}
}
}
fclose{Out);
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Appendix J
Frequency Distributions for Independent
Risk
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Figure J.1: Frequency Distribution of Pecuniary Objective - Manual Alternative
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Figure J.3: Frequency Distribution of Tactical Objective - Manual Alternative
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Figure J.7: Frequency Distribution of Pecuniary Objective - Automatic Alterna-

tive
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Appendix K
Data for Dependent Risk

The interest rates used for the dependent case are shown in Table K.1. Cash
flows are provided in Tables K.2 thru K.4, and qualitative flows in Tables K.5
thru K.7.

Table K.1: Interest Rates in Percent
PARAMETER YEAR/RATE

monetary rate 1 3 8
13.00 13.00 14.60
13.40 13.40 15.40
13.60 13.60 16.20

1 3 10
13.00 13.00 15.00
13.40 15.40 15.60
13.60 13.60 16.20

1 3 12
13.00 13.00 15.40
13.40 13.40 16.00
13.60 13.60 16.80

nonmonetary rate 1 3 8
780 7.80 8.0
790 796 9.00
8.00 8.00 9.50

1 3 10
790 790 8.70
8.00 8.00 9.20
8.10 8.10 9.70

1 3 12
8.00 8.00 9.00
8.10 8.10 9.50
820 820 10.00



Table K.2: Manual Operations Cash Flows

ATTRIBUTE YEAR/CASH FLOW
Labor 6 8
3114 660 !136 500 $169,260 $136,500
$1009,200 8130 oooi 33101,2005 g’lS0,000;
$103 740 (1123 500 $153,140 $123,500)
7 10
3114 660 3136 500 $169,260 $136,500
$109,200 $130,000 $161,200 $130,000
3103 740 9123 500 $153,140 $123,500
9 12
(3114 660) (3147 420)  ($169,260)  ($136,500)
53109 200} $140,400 3]81.200; $130,000
$103,740 3138 380 $153,140 3123 500
Maintenance
32 100 32 310 $2,541 ’2 705
$2,000 $2 200§ 532 420 $2,662
31 900 $2,090 $2,299 ‘2 529
32 100 32 310 32 541 32 796 33 075
$2,000 3’2 200 32 420 42, 062 $2 928%
31 900 '2 090 \32 209 32 520 $2,782
32 100 32 310 $2,795 ’3 Q75 33 075
32 000 $2,200 32,8632 32 028 $2,028
31 800, 32 090 $2,529 ‘2 782 $2,782
Training
(‘1,500 ‘l 064 33 017 $2,624
(81,000 $1,323 $2,011 én 749$
(ssoo (setu n 006 (8875
10
(Sl 500 31 984 82 824 33 470 $3,0109)
($1,000 31 323 81 749% $2,313 532 012
(3500 (3661 (3875 31 157 $1 007
. 'l 500 32 ,281) 33 470 $4,589 33 982
31 000 $1, 521; $2,313 33,0505 $2, 601
(ssoo ($760 $1,157 $1,530 $1,331)
Documentation
35 ,500)
$5.000)
$4,500)
1
$5,500
$5,000
(84,500
1
585,5003
$5,000
($4,500)
Space 1 3 4 7
$5,350 $5,350) Etm,mo $16,050)
$5,000 gss.ooo; $10,000 sls,ooog
$4,650 $4,650 (49,300 $13,050
1 3 4 7
($5,350) $5,350 $10,700) $16,050)
(ss,ooo; ss,ooo; $10,000) $15,000)
(84,650 $4,650) ($9,300) $13,950)
1 3 4 7
$5,350 ($5,350) ($10,700) ($16,050)
$5,000 gsa,ooo) ($10,000) Es:s,uoo
$4,650 $4,050) ($9,300) $13,950
Rework 1 3 (] 8
(888,940 (8108,280; $140,070) 58128,864
(875,800 (892,400 %3121,800) $112,056
($64,260)  (8$78,540)  ($103,530) (395 248
1 4 7
('86,940) $115,020 (3154,560) 3142 195
($75,600 5'100,300 $134,400 ‘123 048
(864,260; (485,680 $114,240 (nozs 101
1 4 9
$86,040 $115,920 $188,370 (s 173 300
$75,600 28100,800% 53163,800 ($150,696
($64,260)  ($85,680)  ($138,230 (3128 092
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Table K.2: Manual Operations Cash Flows - cont’d.

ATTRIBUTE YEAR/CASH FLOW
Transportation 1 4 5
(810,700 5310,700 $16,050) (sm 050
($10,000 $10,000 $15,000 $15,000
($8,300 (49,300 $13,950 5313 950
1 4 5 9
$10,700 $10,700 $186,050 t16 050) $21,400
$10,000 $10,000 $15,000 315, ooo gszo,ooog
($9,300 (49,300 $13,950 313 950 $18,600)
1 4 ] 9
2310,700 2310,700 $16,050) $16,050 321,400)
$10,000 $10,000 315,0003 $18 000; $20,000
(49,300 ($9,300 $13,050 $13,950 318.600;
Cash Inflow 1 6 8
$652,800  $1,052,160 $967,987
$818,000  $1,315,200  $1,209,984
$679,200 $1,578,240 $1,451,981
1 7 10
$652,800 41,167,360 41,073,971
$816,000 $1,459,200 $1,342,464
$979,200 $1,751,040 $1,610,057
1 ] 12
$652,800 $1,420,800 $1,307,136
$816,000  $1,776,000  $1,633,920
$079,200 $2,131,200 $1,060,704
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Table K.3: Semi-Automatic Operations Cash Flows

ATTRIBUTE

YEAR/CASH FLOW

Investment

Depr Investment

Salvage value

Labor

Maintenance

Training

sas 000
$30,000

324 000

430,000

336 000
324 000

$30,000
$24,000

nu,ooo
n?o,ooo
(see 000

144,000
3120 000
(396 000

}
i
('30 000;
|
i

su-l 000
$120,000
(896,000

8
$8,625
$7,500
$6,375
10
$8,325
$5,500
$4,675
12
$4,025
$3,500
$2,075

1
$207,440)
$270,400
8243,300

3297 440

8270 400
(3243 360

3297 440
$270,400
3243,360

$6,660

37 659
szs,eo:

$6,660
$5,661)
1

$7,659
$6,660
(85,661

1

537 1,659

($30,000)
$20,000)
$10,000)

1

$30,000
$20,000
$10,000
1
($30,000)
szo,ooog
$10,000

$291,200
$262,080
3

$320,320
$201,200
$262,080

3
§3320,320§

$291,200

3
$320,320
$202,080

3
$22,500
$15,000
(87,500)

3
(822,500
($15,000

(:7 500)

022 500
315,000
(87,500

6

$388,060

$353,600
$318,240

7

($388,060)
$353,600
$318,240

[}

$388,060
$353,600
$318,240

8
(815,000
($10,000
(85,000
10
?ts,ooo;
$10,000
($5,000)
12
?15.000
$10,000
(85,000

8

$320,320)

$201,200)

$262,080)
10

$320,320)
$201,200)
$262,080)
12
$320,320
$201,200
$262,080
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Table K.3: Semi-Automatic Operations Cash Flows - cont’d

ATTRIBUTE

YEAR/CASH FLOW

Documentation

Space

Rework

Programming

Cash Inflow

32 000

ss 000
$2,500
$2 ooo)

33 000
$2,500
(

sa 000
$2,500
sz 000
so 688
$6,250
ts 813
se 688
s6 250;
$5 813)

!6 688
46,250
(36 813)

$86,040
$75,800

gt« 200
886 940
$75,600
864 260
$86 mo)
$75, eoo
364 260

$75 ooo)

$50,000)

($25,000)
1

($75,000)
?50,000%
$25,000
1

($75,000)
gtso,ooog
$25,000
1

$645,120
$806,400
$967,680
1
$645,120
$808,400
$967,680

1
$645,120
$8086,400
$967,680

$73,020

sss,oos)
862 832

$68,040
(t57 834

$68,040

378 240
357 834

$30,000
($15,000)
3

z
378,2465
%

|

?45 ,000

($45,000)
?30,000;
$15,000

3

$45,000

$30,000

$15,000
6

$1,008,240

$1,372,800

$1,647,360
7

$1,221,120

$1,526,400

$1,831,680
[

$1,489,920
$1,862,400
$2,234,880

sev,ezo
$58,800
349 980

e
55?5 s
5367 62D§
2

$58,800
$49,980

330 000)

$20,000)

($10,000)
4

($30,000)
$20,000)
$10,000)

4

(830,000
5320,000
$10,000
8

$1,010,381

$1,262,076

$1,515,571
10

$1,123,430
$1,404,288
$1,685,146
12
$1,370,726
$1,713,408
$2,056,090
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Table KK.4: Automatic Operations Cash Flows

ATTRIBUTE

YEAR/CASH FLOW

Investment

Depr Investment

Salvage value

Labor

Maintenance

Training

0
$60,000
$50,000
$40,000

0
$60,000
$50,000
$40,000

0

($60,000)
&sso,ooo
$40,000
[
$720,000
$600,000
$480,000
0

$720,000

$600,000

$480,000
0

$720,000

$600,000

$480,000
8

$40,000
$40,000
$34,000
10
$34,500
$30,000
$25,500
12
$23,000
$20,000
117 000

$400,400
$364,000

gta'n 600
é 400 400;

$364,000
3327 600

$364,000
(3327 €00

ue 400
$16,000
$13,600
1
2318,400)

$18,000
(813 600

MOO 4005

318 400
!16 000
(313 600

(sao 000
$40,000
sno 000

(sao 000
uo 000
wo 000

teo 000
uo 000
($20,000

3
$331,760
$301,600

$271,440

3
$331,760
$301,600

$271,440
3

$331,760
$301,600

$271,440

345 000
$30,000
315 000
345 000
$30 ooo;
su ,000)

$30,000

E’lb ODDg
$15,000)

6
$331,760
$301,600
$271,440
[

$301,800

$331,760
$271,440
6

$301,800

$331,760
$271,440

sso ,000)
$20,000
(sm 000

;
e
§

$10,000

$20,000

tao 000
$10,000
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Table K.4: Automatic Operations Cash Flows - cont’d

ATTRIBUTE YEAR/CASH FLOW

Documentation 2

36 000 43,600
$5,000 $3,000
$4, 000 42,400
2
$6,000 $3,600
éu,ooo 533,0003
(34,000) ($2,400)
2
sa 000 sa,eoog
$5,000 gsa.ooo
84, ooo $2,400)
Space
36 688
36 250
35 813
Z’D 686%
$6,250
$5,813
$6,088
536 2503
(ss 813)

Rework 5 8
$86, DID) 465,205 335 ,018) (833,810
$75, 600; $56,700 $30,450) $20,400
$64,260 $48,195 25 ,883) $24,990

5 10
388 940 ($65,205) 335 ,018) 331,153;
$75,600 ?58,700) $30,450 $27,080
$64, 280 $48,195) 325 883 $23,027)
5 12
gseo 9402 Eses,zus) 35 018 (331,153;
$75,600 $56,700) $30,450 (827,000
(864,260 $48,195) 325 863} ($23,027)
Programming 2 4
$75 ouo) 5375,000) 5845 ,000 tao,ooog
?sso,ooo) $50,000) $30 ooo; ésno,ooo
($25,000) ($25,000) ($15,000)  ($10,000)
1 2 3 4
($75,000)  (8$75,000)  ($45,000)  ($30,000)
(850,000 ($50,000) $30,000) $20,000)
(825,000 ($25,000) $15,000)  ($10,000)
1 2 3 4
(875,000 ($75,000)  ($45,000 $30,000)
$50,000 $50,000 $30,000 $20,000)
2:25,000 $25,000 éus.ooo $10,000)

Cash Inflow 1 é 8
$622,060  $1,105,920  $1,017,446
$777,600 $1,382,400 $1,271,808
$933,120 $1,658,880 $1,526,170

1 7 10
$622,080  $1,221,120  $1,123,430
$777,600 $1,526,400 $1,404,288
$933,120 $1,831,680 $1,685,148

1 ] 12
$622,080  $1,480,920  $1,370,728
$777,600 $1,862,400 $1,713,408
$033,120 $2,234,880 $2,056,090
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Table K.5: Manual Operations Qualitative Flows

STRATEGIC TACTICAL
ATTRIBUTE YEAR/QUAL. FLOW ATTRIBUTE YEAR/QUAL. FLOW
Internal Relations 1 3 ] 7 8 Design 1
10 -35 35 -55 55 -5
15 -30  -30 -60  -50 0
20 =25 -25 -45 -45 5
1 3 6 7 ] 1
10 -35 -35 -55 -85 -5
15 -30 -30 -50 -80 0
20 -25 -25 -45 -75 5
1 3 ] 8 9 1
10 -35 -35 -55 -85 -5
15 -30 -30 -50 -80 o
20 -25 -25 45 -75 5
Market Position 1 4 8 Flexibility 1 4 5 8
0 -20 -95 -55 -5% -95 -85
20 0 =75 -40 -40 -80 -80
40 20 -55 -25 -25 -85 «65
1 4 8 10 1 4 5 10
0 -20 -95 -100 -85 -55 -85 -95
20 0 -75 -85 -40 -40 -80 -80
40 20 -55 -85 25 -25 -85 -85
1 4 8 12 1 4 5 12
0 20 -95 -100 -55 55  -95 .95
20 0 <75 -90 -40 -40 -80 «80
40 20 55 -70 -25 -25 -85 -65
Mission 1 2 8 Integration 1 8
10 -40 -55 .27 72
15 -30 -45 «15 -80
20 -20 35 .3 -48
1 2 10 1 10
10 -40 -95 .27 -92
15 -30 -85 -15 -80
20 -20 -75 «3 -68
1 2 10 1 12
10 -40 -85 -27 100
15 -30 -85 =15 -90
20 -20 «75 .3 .78
Organization 1 Material 1 3 4 8
-55 19 -8 -28 -46
«50 25 0 «20 -40
45 31 6 -14 -34
1 1 3 4 10
-55 19 -6 -26 -56
<50 25 0 -20 =50
-45 31 8 -14 -44
1 1 3 4 12
-55 19 -8 -26 -56
<50 25 0 -20 «50
45 31 ] -14 44
Public Relations 1 2 8 Personnel 1 8 8
13 -7 -67 27 -3 -23
20 o} -60 35 5 =15
27 7 =53 43 13 -7
1 2 10 1 7 10
13 -7 -87 27 -18 -43
20 0 -80 35 -10 -35
27 7 -73 43 -2 -27
1 2 1 12 1 9 12
13 -7 -87 -97 27 -33 -48
20 0 -80 -90 35 .25 -40
27 7 <73 -83 43 <17 -32
Technology 1 Producibility 1 8
-100 -31 -66
-90 -20 -55
.80 .9 44
1 1 10
«100 =31 -76
-80 ~20 -85
-80 -9 -54
1 1 12
-100 -31 -81
-90 .20 -70
-80 -9 -59



Table K.6: Semi-Automatic Operations Qualitative Flows

STRATEGIC TACTICAL
ATTRIBUTE YEAR/QUAL. FLOW ATTRIBUTE YEAR/QUAL. FLOW
Internal Relations 1 3 7 Design 1
-40 0 35 -5
-35 5 40 0
-30 10 45 5
1 3 7 10 1
-40 [+] 35 55 -5
=35 5 40 a0 0
-30 10 45 85 5
1 3 7 12 1
-40 0 35 65 5
«35 5 40 70 [}
<30 10 45 75 5
Market Position 1 2 3 8 Flexiblility 1 5 8
-10 -40 «20 15 -35 0 15
10 -20 0 a5 -20 15 30
30 0 20 55 -15 30 45
1 2 3 7 10 1 3 10
-10 -40 -20 15 .35 «35 .15 25
10 -20 '] 35 55 -20 0 40
30 [} 20 55 75 -15 15 55
1 2 3 7 12 1 4 12
-10 -40 -20 15 40 .35 -10 35
10 -20 1] 35 60 -20 5 50
30 0 20 55 80 -15 20 65
Mission 1 3 4 6 7 Integration 1 3 8
20 20 25 25 30 -27 .7 18
30 30 35 35 40 -15 5 30
40 40 45 45 50 -3 17 42
1 3 4 [:] 10 1 2 10
20 20 25 25 40 .27 -12 28
30 30 35 a5 50 -15 0 40
40 40 45 45 60 -3 12 52
1 3 4 6 12 1 3 12
20 20 25 25 (1} =27 <7 33
30 30 35 35 70 -15 5 45
40 40 45 45 80 -3 17 57
Organization 1 3 8 Material 1 3 8
-40 5 k1 -16 9 44
-35 10 40 -10 15 50
-30 15 45 -4 21 56
1 3 8 1 3 8
-40 5 35 -16 2 44
-35 10 40 -10 15 50
-30 15 45 -4 21 56
1 3 8 1 2 8
-40 5 35 .18 ] 44
«35 10 40 -10 15 50
-30 15 45 -4 21 58
Public Relations 1 7 Personnel 1 [ 8
18 48 27 37 35
25 55 35 45 43
32 62 43 53 51
1 7 1 7 10
18 48 27 37 35
25 55 a5 45 43
32 62 43 53 51
1 7 1 9 12
18 48 27 a7 35
25 58 35 45 43
32 62 43 53 51
Technology 1 4 5 Producibility 1 4 8
0 20 30 «36 4 34
10 30 40 -25 15 45
20 40 50 -14 26 58
1 4 5 1 4 10
0 20 30 =36 4 44
10 30 40 -25 15 55
20 40 50 -14 20 68
1 4 5 11 12 1 4 12
0 20 30 45 55 -36 4 54
10 30 40 50 60 -25 15 65
20 40 50 55 [:13 -14 20 78
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Table K.7: Automatic Operations Qualitative Flows

STRATEGIC TACTICAL
ATTRIBUTE YEAR/QUAL, FLOW ATTRIBUTE YEAR/QUAL. FLOW
Strategic Tactical
Internal Relations 1 3 7 Dosign 1
. 0 35 15
-35 5 40 20
-30 10 45 25
1 3 7 10 1
-40 0 35 55 15
-35 5 40 60 20
-30 10 45 1 25
1 3 7 10 12 1
-40 0 a5 55 65 15
«35 5 40 60 70 20
-30 10 45 (1] 75 25
Market Position 1 2 3 7 Flexibility 1 3 6 8
-10 -40 «10 60 ~-35 -5 a5 75
10 -20 10 80 -20 10 50 20
30 0 30 100 -5 25 65 100
1 2 3 7 1 3 8 8
-10 -40 =10 60 <35 -5 35 75
10 -20 10 80 -20 10 50 00
30 0 30 100 -5 25 85 100
1 2 3 7 1 3 8 8
-10 -40 «10 60 -35 -5 35 75
10 -20 10 80 -20 10 50 20
30 [} 30 100 -5 25 1.3 100
Mission 1 4 8 8 Integration 1 3 5 7 8
30 50 70 80 <27 «7 18 43 68
40 60 80 20 -15 5 30 55 80
50 70 20 100 -3 17 42 67 92
1 4 (] 8 1 3 5 7 8
30 50 70 80 27 -7 18 43 68
40 60 80 a0 -15 5 30 55 80
50 70 90 100 -3 17 42 87 02
1 4 ] 8 1 3 5 7 8
30 50 70 80 -27 -7 18 43 68
40 80 80 90 «15 5 30 55 80
50 70 20 100 -3 17 42 67 92
Organization 1 3 5 8 Material 1 2 3 6 8
-40 5 20 80 -18 4 9 39 69
-35 10 25 85 -10 10 15 45 75
-30 15 30 20 -4 16 21 51 81
1 3 5 8 ] 1 2 3 8 8
-40 5 20 80 00 .16 4 k] a9 a9
-35 10 25 85 95 «10 10 15 45 7%
-30 15 30 20 100 -4 18 21 51 81
1 3 5 8 9 1 2 3 6 8
-40 5 20 80 20 .16 4 2] 39 69
-35 10 25 85 25 -10 10 15 45 75
-30 15 30 90 100 -4 16 21 51 81
Public Relations 1 4 7 8 Personnel 1 [} 8
a8 48 68 78 -28 47 45
45 55 75 85 «20 55 53
52 62 82 92 -12 63 61
1 4 7 8 1 7 10
38 43 68 78 -28 62 80
45 55 75 85 -20 70 68
52 62 82 92 -12 78 76
1 4 7 8 1 9 12
38 48 68 78 -28 90 89
45 55 75 85 -20 28 96
52 62 82 92 -12 79 4
Technology b 3 4 6 Producibility 1 2 3 5 8
25 35 50 70 -46 -30 -11 e9 79
35 45 60 80 -35 -25 0 80 80
45 55 70 90 -24 -14 11 21 100
1 3 4 6 1 2 3 5 8
25 as 50 70 -46 -36 .11 69 79
35 45 60 80 -35 -25 0 80 90
45 55 70 80 -24 -14 11 91 100
1 3 4 ;] 1 2 3 5 8
25 3% 50 70 -46 -30 -11 69 79
35 45 60 80 -35 -25 1] 80 90
45 55 70 90 -24 -14 1n 91 100
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Appendix L
Frequency Distributions for Dependent
Risk
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Figure L.1: Frequency Distribution of Pecuniary Objective - Manual Alternative,
0=10
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Figure L.2: Frequency Distribution of Strategic Objective - Manual Alternative,
=1.0
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Figure L.3: Frequency Distribution of Tactical Objective - Manual Alternative,

6=1.0
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Figure L.4: Frequency Distribution of Pecuniary Objective - Semi-Automatic Al-

ternative, § = 1.0
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Figure L.5: Frequency Distribution of Strategic Objective - Semi-Automatic Al-

ternative, § = 1.0
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Figure L.7: Frequency Distribution of Pecuniary Objective - Automatic Alterna-

tive, 6 = 1.0
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Figure L.9: Frequency Distribution of Tactical Objective - Automatic Alternative,

6=1.0
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Figure L.17: Frequency Distribution of Strategic Objective - Automatic Alterna-

tive, 8 = 0.5

wOoOsSecae—~T

Figure L.18:
tive, 8 = 0.5

0.45

04 -

0.35

0.3 -

0.25 -

02

0.15 -

0.1

0.05 4

7

NN

7

e

%

%

//

DR

i

0
311.19 331.12 351,06 370.99 390.92 410.85 4

Qbjective Score

30.78 450.72 470.65 490.58

Frequency Distribution of Tactical Objective - Automatic Alterna-



359

Appendix M
Case Study Data

M.1 Fitted Simplex-Centroid Model for Six and
Four Components

Recall that a,, is the weighting factor for the importance of the attributes/el-
ements of a Strategic or Tactical objective in the model. The fitted simplex-
centroid model for six components for the Strategic nhjective (n = 2) of the

current operations is:

:‘}current = 68.2a91 + 67.Tazz + 69.1cz3 + 68.90ar4 + 67.6crg5 + 69.5c26 —
0.2a21022 + 0.20091 093 — 0.20ar93 0024 + Qg g + 0.2091 0096 i-
Oazocies + Oargzaraq — 0.2a220025 + Ocrgavzg + Oarzzarag +
0.2a230125 + Oazacrzg + 0.2ap40025 + Ocvzqceze + 0.20005 026 —
2.1ag agp0093 — 1.5ag1 090024 + 0.30rp1 20025 + 0.9cz1 rgp096 —
0.903 0930024 — 1200100930095 — 2.10rg1 gz — 0.9 4005 +
0.9 0240096 + 0.6a2; g5 — 1.8arp0vg30024 — 0.90tg200930005 +
0.9a2;a930096 + 0.9092a24035 + Oagpcvagrgg + 0.9 2a0250v26 —
2.1agzaqs + 0.9a2304026 + 0.6z30005 096 — 0.3a24 0950026 -+
15.6ap1 argpaa30iaq + 23.6crp argpgzrgs — 7.6 aiagvgzins —
3.205102200240025 — 6.0az 90240026 + 2.0a21 220250026 +
26.8ap1 02300240025 — 4.891 g3 00240096 — 4.4z 10230250026 +
5.2a91 2400350028 + 6.0a220230940095 + Q2230024026 —

2.8ag20p300050006 — 15.6az90004 95096 + 0.4agzraqaascvop —
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209.00:21 a2 0930024tz + 62,5021 Qg2 ro3 24026 —
158.0cx1 gz cvg3cugs vgg -+ 15.5crg1 arzpvzq0egp iz +
21.5ag1a23002435006 + 157.5a2a2300940025006 —
172.891 Qa3 030024 Q25026
The fitted simplex-centroid model for six components for the Strategic objec-
tive (n = 2) of the development system is:

Ydevelopment = 03.2a51 + 62.4agp + 61.20tp5 + 62.4crp4 + 61.8az5 + 59.7crgg +
Oaziazz + Oagioeas + Oazrazg + Oz ags + 0.2ar1 args +
0.4az:23 + Oaraaarag + Oagacrzs + 0.2ce92a026 + Oorgzaras +
Oagacrzs + 0.2a3a26 + Oargqaas + 0.200240006 + 0.2ac0p50096 —
11.1a210020093 + 14.1ag argg024 + 0.90t21 22025 — 0.3az1 0200096 +
0.9az1023024 + 0.9a21tg3025 — 0.3a21 z3cvze + 0.9z 0240025 —
0.3ag1 2426 — 0.3z 250026 — 120930930024 + 1.5atp00030095 +
0.3az2230096 + Q220240025 + L.5ao0240026 + 1.5tz0a250026 —
Oagaaiagaegs + 1.5ag3qp4u96 + 1.9a3250026 + 1.5tp400250006 —
7.60a31 0200930004 — 5.60a21¥g000030095 + B.8crgy a¥g30i9 —
2.0a21 Q32024025 + 2.4 p3024026 — 10,40z az 050056 +
2.0az1 p324095 + 2.4a9 2329006 — 10.4az1 2300250006 —
10.4ag agqa25096 + 8.299 3040095 — 5.2a9000030004 016 —
28.8agocrg3ug5026 — 21.203a2400250026 — 2120930024 0r950026 —
142.5a31 Qtgogaaqtias — 143.0ap1 g 0930004026 +
88.0a21 a2z (v230ep5026 + 243.0a21 220024025026 +

55.5091 23240250026 + 316.0a22002300240025 026 —
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2293.2(121 Q2993024025006

The fitted simplex-centroid model for six components for the Strategic objec-

tive (n = 2) of the full system is:

Jran = 65.3a3 + 63.5ay; + 61.2a - + 64.9054 + 62.755 + 60.8a96 +
Oagyazz + 0.6arg1 023 + Qg azg + 0.4z ags + 0.6a5;096 +
0.2a0093 + Oaegaarag + Ocegaaras + 0.2a950096 4 0.6ctg30024 +
0.2a230:25 + Oargzarge + Ocrgqavgs + 0.6crp50096 + 0.200350096 —
33.0a21 a2v23 + 42.90ar21 vz20094 + 0.6 021 220095 + 0.3 21 tp20096 —
0.9a1 23024 + Oavgyvzaarzs -+ 0.9z v230096 — 1.20021 0240025 +
Oagrapqaiz6 + 0.9y argszg + 0.3az200230024 — 0.3 02200230025 +
0.6az2a23026 + Oatgaz4tiz5 + 1.2a230240096 + 0.6az3a250006 —
0.6az3a2425 — 0.9a23024096 — 0.3a230250026 — 0.3t2401950006 —
2.0 920330094 — 14.831 (tg20930t95 — 3.20191 ta20t930026 —
1.6a21 a2p240005 — 12.823 92024026 + Oz 2250026 +
1.20ip; g30024 0095 + 3.6Q21 009300240096 — 12.4 091 Qa3 v250026 —
9.6az1040250096 — T-2q023002300290025 — 4.8 tg0002300240026 —
2.4z 93095096 — 18.0a290004 095026 + 6.0ag3024 0950096 +
197.0a1 g ig3cigqrzs + 209.00r01 aro20r23024 26 +
117.00; argp crgzcegsiag + 87.50i01 argsrag o5 0iz6 +
76.0021 0230024250026 + 109.8023000300040025 0026 —

528.00r21 (rag rg30raq o506

The fitted simplex-centroid model for four components for the Tactical objec-
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tive (n = 3) of the current operations is:

Ueurrent = 07.5az; + 67.3aa; + 67.1azs + 67.4azq +
Oagzias; + 0aziazs + 0.2a3; 34 +
Oazzaraz + 0.2a30034 + 0.2ac330034 +
Oaziaszazs — 1.2a31032034 +
0.6aziaazazy — 0.3az2a330034 +

13.2031&32&33034

The fitted simplex-centroid model for four components for the Tactical objec-

tive (n = 3) of the development system is:

Jdevelopment = 60.6a31 + 60.5a32 + 59.0033 + 61.7axaq +
0.2a31032 + Oazyaaz + 0.2a31 034 +
0.2a32033 + Oavazazq + 0.20330034 +
1.8z a3z a3z + 0.6z avzzq +
0.6a31 330034 + Ovzpvzzvzq —

5.6z 3z (vazaray

The fitted simplex-centroid model for four components for the Tactical objec-

tive (n = 3) of the full system is:

Grat = 62.1ag, +61.8as + 60.4as + 62Tz, +
0.2ai1a32 + 0.2a31 033 + Oy azg +
Oazaas — 0.2a3034 + 0.2a330034 +
0.6cv31 3033 + Oz vz cvay +

0.60i3; az30i3q + 1.8aa20330ezg —
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9.6a31 32 ¥330¢34

M.2 Data for Risk Analysis

The parameters used in the risk analysis are the same as for the deterministic
analysis, except for the interest rates. The interest rates used are shown in Ta-
ble M.1. Cash flows are provided in Tables M.2 thru M.4, and qualitative flows in
Tables M.5 thru M.7.

Table M.1: Interest Rates in Percent

PARAMETER YEAR/RATE
Monetary 1 2
5,90 5.90
6.10 6.10
6.30 6.30
1 3 5
5.90 6.1 6.2
6.10 6.3 6.4
8.30 8.5 8.6
1 5 8
5.90 6.2 8.4
6.10 6.4 6.6
6.30 8.6 6.8
Nonmonetary 1 2
5.90 5.90
6.10 6,10
6.30 6.30
1 3 5
5.90 6.1 6.2
6.10 6.3 6.4
6.30 6.5 6.6
1 5 8
5.90 6.2 6.4
6.10 6.4 6.6
6.30 6.6 6.8

Table M.2: Current Operations Cash Flows

ATTRIBUTE YEAR/CASH FLOW
Labor 1 2
$1,485,000) $1,485,000
$1,350,000 $1,350,000
$1,215,000 $1,215,000
3

1 5
$1,485,000 $1,485,000 $1,552,500
gn.sao,ooo gu.aao.ooo 41,350,000
$1,215,000 $1,215,000 1,147,500
1 5 8
($1,485,000)  ($1,552,500)  ($1,620,000)
$1,350,000 u,sso,ooo; gn,abo.ooo;
531.215,000 $1,147,500 $1,080,000



Table M.3:

Development System Cash Flows

ATTRIBUTE YEAR/CASH FLOW
Labor 1 2
531,188,000 $756,000
$1,080,000 $675,000
($972,000 ($594,000
1 2
$1,188,000 $756,000 $310,500
$1,080,000 $675,000 $270,000
($972,000 $504,000 $220,500
1 2 3

Depr Investment

Maintenance

Operating Cost

Nondepr Invest

Setup

(8$1,188,000)
(81,080,000
($972,000

$700,000

0
$735,000
sass.ooo

3736 000
3700 000
3665 000

8735 ,000)
$700,000
lees 000

!21 400
$20,000
318 600

$20,000
$18,600

i
5821 400%
i

$20,000
$18,600)

3275;

g‘?l ,400

$250
(1225

3275
$250
$225
1

$275
$250
8225

3147 000
$140,000
3133 000
3147 ,000)
$140,000
($143,000
0

$140,000)
$133,000)
1

53352,0005

;su'r,ooo)

$320,000
$288,000
1

$352,000)
$320,000
($288,000

1
$352,000
$320,000
$288,000

($756,000)  ($310,500)
53675,000 $270,000
$594,000 $229,500
1

$1,120,000
$1,064,000)
1

én,ne,ooo;

301,178,000;

$1,120,000
$1,064,000
1

$1,120,000

41,176,000
$1,064,000

1

$77,000)

$70,000)

$63,000)

1

$77,000

$70,000

(463,000

1

$77,000

$70,000

$63,000

3 4 5
$352,000) $55,000) 30
$320,000) $50,000) 80
$288,000) $45,000)  $0
3 4 5
$352,000) $55,000)  $0
53320,000 $50,000)  $0
szse,ooog $46,000)  $0
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Table M.4: Full System Cash Flows

ATTRIBUTE YEAR/CASH FLOW
Labor 2
389] 000 $310,500
$810, 0002 33270,000§
"29 000 $229,500
3801 000 3310 500
$810 ooo$ $270 000;
3729 000 3229 ,500)
. (:ssl 000) (8310 500)
$810,000 $270,000
$729 000; §$229,500g
Depr Investmont 1
3785 000 $1,176,000
$700 000; $1,120,000
3005 ,000) $1,064,000
1
3735 000 $1,176, 000;
3700 000 $1,120,000
3065 000 $1, 084 ,000)
3735 000 81, 176 ,000)
$700,000 $1,120,000
3666 000 $1,064 ooo;
Mainterance
$214,000
%3200 000%
$186,000
23214 ,000
$200,000
(3156 000
3214 000
$200,000
3186 000
Operating Cost
$27%
g‘?&o%
$225
3275)
53250
(3225;
1
$278
3250;
$225)
Nondepr Invest 0 1
$147,000 ($77,000)
$140,000 (870, 000)
($133,000 ($63,000)
0 1
($147,000 $77,000
514o,ooog 5370,000
$133 ooo) (sea 000)
8147 000 877 000
$140,000 $70,000
”33 000 $63,000
Setup
3352 000
$320,000
C2BB 000
4 5
3352 000 3352 0003 ($55,000 $0
$320,000 1320 000 (850,000 $0
(3283 000 (szse 000) é845,ooo 0
4 5
3352 000 8352.000 $55,000 $0
3320 000 $320,000 $50,000 $0
$288,000 $288,000 $45,000 $0

365



366

Table M.5: Current Operations Qualitative Flows

STRATEGIC TACTICAL
ATTRIBUTE YEAR/QUAL. FLOW ATTRIBUTE YEAR/QUAL. FLOW
Internal Relations 1 2 Flexibility 1
-5 -7 5
0 -2 10
5 3 15
1 3 5 1
-5 -9 -13 5
0 -4 -8 10
5 1 -3 15
1 5 8 1 ] 8
-3 -13 -21 5 5 -5
0 -8 -16 10 10 0
5 -3 -11 15 15 5
Market Position 1 Integration 1 2
-7 11 8
0 15 12
T 19 16
3 5 1 3 5
-7 7 .12 .30 11 5 5
o ] -5 -20 15 2 9
7 7 2 -10 19 13 13
1 3 8 1 3 6 8
-7 -7 .12 40 11 5 5 2
o ] -5 +30 15 9 2 (i}
7 7 2 -20 19 13 13 10
Miesion 1 2 Material 1
-5 -7 12
[} -2 15
5 3 18
1 5 1 2 3 5
-5 -27 12 12 7 7
[o] -20 15 15 10 10
5 -13 18 18 13 13
1 8 1 2 3 ] 8
-5 -45 12 12 7 7 2
(4] =35 15 15 10 10 5
5 -25 18 18 13 13 8
Organization 1 2 Personnel 1 2
-6 -12 12 T
0 -6 15 10
8 ] 18 13
1 5 1 2 4 5
-8 -21 12 (4 7 2
0 -15 15 10 10 5
13 -9 18 13 13 8
1 8 1 2 4 8
-6 -30 12 7 7 o
0 -24 15 10 10 3
] -18 18 13 13 6
Public Relations 1
-5
0
5
1
<5
0
5
1 [} 8
5 -5 -13
0 0 -8
5 5 -3
Techinology 1
.18
-10
-2
1 2 5

.18 .18 -24
.10 .10 .18
-2 -2 -8

.18 -18 -30
-10 .10 -22
-2 -2 -14



Table M.6: Development System Qualitative Flows

STRATEGIC TACTICAL
ATTRIBUTE YEAR/QUAL. FLOW ATTRIBUTE YEAR/QUAL. FLOW
Internal Relations 1 2 Flexibility 1 2
-9 -12 5 10
-4 -2 10 15
1 8 15 20
1 2 3 5 1 2 3
-9 -12 0 13 5 10 25
-4 -2 5 18 10 15 30
1 8 10 23 15 20 35
1 2 3 8 1 2 3 [} 8
-9 -12 [} 25 5 10 25 25 a0
-4 -2 5 30 10 15 30 30 35
1 8 10 35 15 20 35 35 410
Market Position 1 2 Integration 1 2
-2 3 (] 8
5 10 10 12
12 17 14 18
1 L 1 2 5
-2 8 6 8 36
b 15 10 12 40
12 22 14 18 44
1 5 8 1 2 8
-2 8 13 ] 8 46
b 15 20 10 12 50
12 22 27 14 16 54
Miesion 1 2 Material 1 2
0 3 12 17
5 8 15 20
10 13 18 23
1 2 4 5 1 a L
0 3 20 35 12 37 47
5 8 25 40 15 40 50
10 13 3¢ 45 18 43 53
1 2 4 8 1 3 5 8
0 3 20 50 12 a7 47 57
5 8 25 55 15 40 50 60
10 13 30 60 18 43 53 63
Organization 1 2 Personnel 1
-11 -6 7
-5 0 10
1 [ 13
1 3 5 1 5
-11 4 24 7 22
<5 10 30 10 25
1 16 38 13 28
1 3 5 8 1 5 8
-11 4 24 39 7 22 32
-5 10 30 45 10 25 35
1 16 38 51 13 28 38
Public Relations 1
5
10
15
1 3 5
5 10 15
10 15 20
15 20 25
1 3 ] 8
5 10 15 25
10 15 20 30
15 20 25 35
Technology 1 2
7 10
15 18
23 26
1 2 3 5
7 10 22 37
15 18 30 45
23 26 38 53
1 2 3 8
4 10 22 52
15 18 30 60
23 28 38 68
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Table M.7: Full System Qualitative Flows

STRATEQIC TACTICAL
ATTRIBUTE YEAR/QUAL. FLOW ATTRIBUTE YEAR/QUAL. FLOW
Internal Relations 1 2 Flexibility 1 2
-17 -13 0 5
-12 -8 5 10
-7 -3 10 13
1 5 1 3 4
-17 0 [} 10 25
-12 5 5 15 30
-7 10 10 20 35
1 5 8 1 3 4 5 8
-17 0 10 0 10 25 25 30
-12 5 15 5 15 30 30 as
-7 10 20 10 20 35 35 40
Market Position 1 2 Integration 1 2
8 6 1 4
15 13 5 8
22 20 9 12
1 ) 1 2 5
8 -2 1 4 36
18 5 5 8 40
22 12 9 12 44
1 5 8 1 2 8
8 -2 -12 1 4 40
15 5 -5 5 8 50
22 12 2 4] 12 54
Mission 1 2 Matcrial 1 2
5 10 7 12
10 15 10 15
15 20 13 18
1 4 1 3 5
5 a5 7 27 47
10 40 10 30 50
15 45 13 33 E3
1 4 5 8 1 3 5 8
5 a5 35 50 7 27 47 57
10 40 40 55 10 30 50 60
15 45 45 60 13 33 53 63
Organization 1 2 Personnel 1 2
-20 =13 12 7
-14 -7 15 10
-8 -1 18 13
1 5 1 3 5
-20 14 12 7 17
14 20 18 10 20
-8 20 18 13 23
1 6 8 1 3 8
-20 14 29 12 7 27
.14 20 3s 15 10 30
-8 26 41 18 13 33
Pubtic Relations 1
15
20
25
1 5
15 5
20 10
25 15
1 5 6 8
15 5 5 15
20 10 10 20
25 15 15 25
Technology 1 2
7 10
15 18
23 28
1 2 3 5
7 10 22 37
15 18 30 4%
23 28 38 53
1 2 3 8
7 10 22 47
15 18 30 55
23 206 38 63
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M.3 Frequency Distributions for Risk Analysis
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Figure M.1: Frequency Distribution of Pecuniary Objective - Current System
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