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along with control data such as weights, project length, interest rates, sample size, 

and number of bins. 

The decision maker wiIi specify pessimistic, most likely, and optimistic values 

for the project length (1'). Next, for each of the three project lengths, a pessimistic, 

most-likely, and optimistic value for Ctk, Qtk, it, and ht will be provided. This 

allows the cash flows, qualitative flows, and interest rates to include data for 

appropriate years in the project. For example, when the project length is eight 

years, there are no values defined for years greater than eight. The input data 

will be represented by a minimum of one point, or a maximum of five points. 

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. The format of the structure of the input for a particular element is 

given in Table 4.2. The pessimistic project project length is shortest, followed by 

the most-likely project length and the optimistic project length. To further clarify 

this scheme, refer to Figure 4.2. The figure shows a curve which represents the 

cash flow for a particular element over the life of the project. The project length 

may be between Tl and T3 , and if the project length happens to be T2 , the cash 

flows beyond T2 will not occur. Additionally, the form for this input facilitates the 

dependent case, which will be presented later. 

The output from the program are a set of ASCII data files which provide the 

following data for each alternative being investigated: 

1. The N PV for all computed cases. 

2. The N PQFk and N Ik for all computed cases of the Strategic and Tactical 

objectives. 

3. A frequency histogram of the M I, with mean and variance. 
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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 BREAK 5 

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 
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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 !if I k, 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 M I and !if I k 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 p 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 ate different: 
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Table 4.3: Mean and Variance for Final Scores p 

ALTERNATIVE MEAN VARIANCE 

Manual 54.73 1.68 
Semi-Automatic 33.55 0.81 
Automatic 28.98 0.99 

Table 4.4: Mean and Variance for the Objectives 

ALTERNATIVE PECUNIARY STRATEGIC TACTICAL 
MEAN VAR MEAN VAR MEAN VAll, 

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 
Nit -0.2680 0.0002 0.1516 0.0008 0.1290 0.0007 
Nh -0.2158 0.0017 0.1496 0.0012 0.3774 0.0013 
Nh -0.3450 0.0008 0.3584 0.0003 0.6612 0.0003 
NI4 -0.4998 0.0000 0.1287 0.0003 0.2860 0.0014 
NIs -0.2668 0.0010 0.4196 0.0001 0.6243 0.0002 
NI6 -0.8992 0.0002 0.3004 0.0003 0.6109 0.0003 
Nh -0.0004 0.0000 -0.0004 0.0000 0.1996 0.0000 
NIB -0.5985 0.0005 0.0818 0.0007 0.3381 0.0013 
NI9 -0.4026 0.0007 0.1194 0.0005 0.2874 0.0011 
NIto -0.1503 0.0004 0.2445 0.0005 0.3358 0.0006 
NIn 0.0931 0.0007 0.4096 0.0001 0.2747 0.0007 
NIt2 -0.3896 0.0004 0.1603 0.0007 0.3909 0.0010 
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Figure 4.3: Frequency Distribution of p - Manual Alternative 
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Ho M I(n=loOO) = M I(n=2000) 

Hl M I(n=looo) :f. M I(n=2ooo) 

and 

Ho N h(n=loOO) = N I k(n=2ooo) 

Hl N Ik(n=loOO) :f. N h(n=2000) 

Since the distributions of the M I and N-h 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 1 and m (I :s; m, 1 + 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 l. 

When land/or m are greater than 25, an adequate approximation is obtained by 

taking W as normally distributed with: 

E[W] 

V[W] 

1 
- 2l(N + 1) 

1 
= 121m(N + 1) 

Using a correction for continuity, we have: 

q>-l(Z) = W + 0.5 - E[W] 
JV[W] 

where q>(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 q>-l(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 0.0025 0.6792 0.0024 0.5559 0.0025 
NIl -0.2769 0.0002 0.1524 0.0008 0.1298 0.0008 
NI2 -0.2160 0.0018 0.1495 0.0012 0.3773 0.0013 
NI3 -0.3445 0.0009 0.3587 0.0003 0.6615 0.0004 
NI4 -0.5000 0.0000 0.1297 0.0003 0.2860 0.0015 
NIs -0.2675 0.0010 0.4198 0.0001 0.6245 0.0002 
NI6 -0.8995 0.0002 0.3007 0.0003 0.6107 0.0003 
NI7 -0.0002 0.0000 -0.0002 0.0000 0.1998 0.0000 
NIa -0.5991 0.0004 0.0819 0.0007 0.3381 0.0014 
NIg -0.4029 0.0007 0.1199 0.0005 0.2880 0.0011 
NIlO -0.1509 0.0005 0.2449 0.0006 0.3359 0.0006 
NIu 0.0926 0.0008 0.4067 0.0001 0.2751 0.0007 
NI12 -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: 

Ho Psemi-automatic = Pautomatic 

Hl Pscmi-automatic :f:. 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 
NIl 1,500,492.5 1,478,613.5 1,478,524.0 -0.0003 -0.9786 -0.9826 
NI2 1,518,772.0 1,508,945.0 1,508,415.0 0.8170 0.3776 0.3539 
NI3 1,514,167.0 1,486,533.5 1,488,084.0 0.6111 -0.6244 -0.5551 
NI4 1,515,664.0 1,494,394.0 1,492,772.5 0.6780 -0.2730 -0.3455 
NIs 1,515,606.0 1,494,529.0 1,491,103.0 0.6754 -0.2669 -0.4201 
NI6 1,513,083.5 1,495,060.5 1,503,144.0 0.5626 -0.2432 0.1182 
NI7 1,472,065.5 1,472,065.5 1,472,091.5 -1.2714 -1.2714 -1.2702 
NIB 1,517,899.5 1,502,945.5 1,500,742.0 0.7780 0.1093 0.0108 
NI9 1,513,387.0 1,487,217.5 1,486,744.0 0.5762 -0.5938 -0.6150 
NIlo 1,518,823.0 1,493,430.0 1,493,221.0 0.8193 -0.3161 -0.3254 
NIu 1,515,098.0 1,502,157.5 1,489,610.5 0.6527 0.0741 -0.4868 
NIl2 1,520,621.0 1,496,239.0 1,495,546.5 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 S z S +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. q,-l(z) = 

±38.43 and clearly it is concluded that the average score ((5) of the semi-automatic 

and automatic alternatives are different. 

The mean of the ]vl I for each alternative supports earlier comments that on 

a financial basis only, the manual alternative is preferred. The variances of the 

!Vi I between the alternatives is similar. The N h 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 N 12 (Market 

Position). Therefore, particular attention should be paid to this attributes in any 

further analysis. Additionally, N 13 and N Is (Mission, Public Relations) show high 



159 

variability for the manual alternative, NIl, NIs, and NI12 (Internal Relations, 

Flexibility, Producibility) show high variability for the semi-automatic alternative, 

and NI4 , NIs, NI9 , and NI12 (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 unal 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 (1'). Next, for each of the three 

project lengths, a pessimistic, most-likely, and optimistic value for Ctk, Qtk, it, 

and ht 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: 

fltri -

2 
O'tr'; = 

a+b+e 
3 

a2 + b2 + e2 
- ab - ae - be 

18 

where a is the pessimistic estimate, b the optimistic estimate, and e the most likely 

estimate. Since the triangular distribution will be symmetrical, the length of the 

interval [a, e) will equal the length of the interval [e, b). Therefore, e - a = b - e 

and the mean and variance are simplified to: 

a+b 
fltri = --

2 
(4.1) 

2 = 
(a - b)2 

(jtri 24 
( 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 - flnorm 

O'norm 
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and at the right tail: 

b - f.Lnorm = <J?-l(Z) 

Unorm 

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

f.Ltri 

2 
Utri 

= f.Lnorm 

= 
[<J?-l( Z )]2 U~orm 

6 

Therefore, in order for the variances to be equal, [<I>-l(z)]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(x) = 0.16666x + 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: 

1
-2.45 

-00 

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 Ct/c, Qtk, it, and l~t are assumed to follow 

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

where: 

fJ - the one-period lag coefficient, IfJl $ 1. 

8 - trend constant. 

€t - random variable with mean zero and variance 0';. 

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

ficients are computed as: [16] 

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

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

t2 = 1 2 3 T 
tt 

1 2 
eO' Clk 0' C2k e

2
0'Clk O'C3k e T - 1 

O'Ca O'ClkO'CTk 

2 eO'C2k O'ClI, 
2 

eO'C2k O'C1k e T - t 
O'C2k O'C2k O'CTk 

3 

T 2 
O'CTk 

perfect correlation. Mathematically -1 :5 e :5 1, however a positive correlation 

for the flows is assumed with 0 < e < 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 i: and V, a lower trian­

gular matrix 0 is determined such that V = 00'. The matrix 0 is determined 

using Cholesky factorization. Next, a vector z of T independent standard normal 

variates is determined, and a: is calculated using: 

a: = :e+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 Ctk, Qtk, 2t, and 

ht • Since the means of the triangular distribution are known, the mean vector 

:e for each Ctk, Qtk, it! and ht 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 

Ctk , Qtkl it, and ht . Using these values, the MI, Nh, 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 (Tm) from a 

Triangular distribution; 

save T m for later use; 

for j = 1 to number of alternatives 

read input data for alternative j; 

open output file for N P'Vjj 

determine a random dependent vector of it, t = 1, ... , T m from a 

multivariate Normal distribution; 

initialize ytj to zero; 

for k = 1 to number of Pecuniary elements 

determine a random dependent vector of Ctkj , t = 1, ... , Tm 

from a multivariate Normal distribution; 

ytj = ytj + Ctkj(l - Tc) + DtTc; 
Tm y; 

t' 
N P'Vj = 2: t (J .) ; 

t=o Ih=o 1 + Zk 

if (m = 1) 

N P'VjMAX = N PVj; 

NPVjMIN = NPVj; 

if (N P'Vj > N PVjMAX) N PVjMAX = N PVj; 

if (NPVj < NPVjMIN) NPVjMIN = NPVj; 

write N PVj to output file; 

close output file for N P'Vj; 

for n = 2 (Strategic) to 3 (Tactical objectives); 



open output £Ie for N Ijn; 

for m = 1 to sample size 

recall Tm; 

determine a dependent random vector of ht, t = 1, ... , 7~ 

from a multivariate Normal distribution; 
Tm 1 

RNI = 2:, t ( ); 
t=1 I1k=O 1 + h t 

for k = all of elements in n 
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determine a dependent random vector of Qtkj, t = 1, ... , Tm 
from a multivariate Normal distribution; 

Tm 
Qtkj 

NPQFkj =2:,(1 '); 
t=l + ~t 

NI . - NPQFkj. 
kJ - RNI ' 

write N PQFkj and N hj to output file; 

if (m = 1) 

NhjMAX = NIkj; 

NIkjMIN = Nhj; 

if (N I kj > N IkjMAx) N IkjMAx = N I/o:j; 

if (N Ikj < N IkjMIN) N hjMIN = N Ikj ; 
close output file for N I jn ; 

determine the maximum N PV over all alternatives (N PVMAX); 

determine the minimum N PV over all alternatives (N PVMIN ); 

RMI = ma'C(INPVMAXI, 1 NPVMIN I); 
for j = 1 to number of alternatives 

d lt _INPViMA" _ NPViMCIY I..:.. B' . 
e a - RMI RMI' tns, 

for i = 1 to Bins 

DistributionMI[iJ = NP;iMTIY + (i * delta); 

P ECMAX ~ p, ("'" /' NP~~~7~ I') '/P; 

PECMIN = p, ("'" /' NP?:," n '/P; 

delta = IPECMAX - PECMINI + Bins; 

for i = 1 to Bins 

DistributionpEc[ij = PECMIN + (i * delta); 



open input file for N PVj; 

initialize Gount[] array to zero; 

initialize Gount2[] array to zero; 

for m = 1 to sample size 

read N PV from N PVj file; 

MI = tiEX.. 
RMl' 

for i = 1 to Bins; 

if (M I :5 DistributionMI[iJ) 

Gount[i] = Gount[i] + 1; 

break; 

PEG - f.l ( II-MIIV)q/v. - fJl au -2-- , 

for i = 1 to Bins; 

if (PEG :5 DistributionpEo[i]) 

Gount2[i] = Gount2[i] + 1; 

break; 

close input file for N PVj; 

divide all bin counts (GOU NT[J, GOU NT2[]) by sample size to 

determine the cell probabilities Pi; 

adjust bin limits of DistributionMI to the center of the binj 
Bins 

mean = L Pi * DistributionMI[i]j 
i=1 

Bins 

variance = E (Pi * DistributionMdW) - mean2
j 

i;;:l 
open output file for MIjj 

for i = 1 to Bins 

write DistributionMI[i] and cell probabilities Pi to filej 

write mean and variance to file; 

close output file for M Ij; 

adjust bin limits of DistributionpEo to the center of the binj 
Bins 

mean = L Pi * DistributionpEo[i]; 
j;;:1 

Bins 

varzance = L (pi * DistributionPEo[i]2) - mean2 j 
i=l 
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open output file for P ECj ; 

for i = 1 to Bins 

write DistributionpEc[i] and cell probabilities Pi to file; 

write mean and variance to output file; 

close output file for P ECj; 

for n = 2 (Strategic) to 3 (Tactical objectives); 

open N Ijn file; 

for k = all of elements in n 

delta = IN IkjMAx - N IkiMINI + Bins; 
for i = 1 to Bins 

DistributionN IlIj til = N IkjMIN + (i * delta); 
initialize Countkj[] array to zero; 

for m = 1 to sample size 

read N Ikj from N Ijn file; 

for i = 1 to Bins; 

if (N hj ~ DistributionNhj [il) 

Countkj[i] = Countkj[i] + 1; 

break; 

close N I jn file; 

divide all bin counts (COU NTkj[]) by sample size to determine 

the cell probabilities Pi, i = 1, ... ,Bins; 

adjust bin limits of DistributionN I,,) to the center of the bin; 
Bins 

mean = l: Pi * DistributionNIkJi]; 
i=l 

Bins 

variance = E (pi * DistributionNh) [i]2) - mean2; 
i=l 

determine lower limit of objective n (ObhnMIN); 

determine upper limit of objective n (ObhnMAX); 

delta = IObhnMAX - ObhnMIN I -;- Bins; 
initialize Countn[] array to zero; 

for i = 1 to Bins 

Distributionobiin[i] = ObhnMIN + (i * delta); 
for all combinations of N I jn over the number of elements; 
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compute the joint probability Pi for the above Obhn; 

for i = 1 to Bins; 

if (Obhn ~ DistributionObijJi)) 

Countn[i] = Countn[i] + 1; 

accumulate the joint probabilities for bin i; 

break; 

open output file for N Iki distribution; 

open output file for Obj jn; 

write DistributionNlki to output file; 

write Distributionobi;n to output file; 

close output file for N Iki distribution; 

close output file for Objin; 

open input file for Pecuniary distribution (P ECi)j 

open input file for Strategic distribution (Obh2); 

open input file for Tactical distribution (Obh3)j 

read Pecuniary distribution (PI)j 

read Strategic distribution (8y ); 

read Tactical distribution (Th)i 

determine lower limit of final score PiMIN; 

determine upper limit of final score PiMAX; 

delta = !PiMAX - PiMIN! -;- Bins; 
for i = 1 to Bins 

Distributionpj[i] = PiMIN + (i * delta); 

initialize Pi, i = 1, ' , , ,Bins to zero; 

for f = 1 to Bins 

for 9 = 1 to Bins 

for h = 1 to Bins 

P = (PI + 8y + Th)l/ q
; 

compute joint probability for Pi P = (pPJ * PSg * PTh)j 

for i = 1 to Bins 
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Bins 

if (Pj < Distributionpj [iD 

Pj = Pj + Pi 

mean = L: (pi * DistributionpJi])j 
i=1 

Bins 

va7·iance = L: (pi * Distributionpj [iJ2) - mean2i 
i=1 

write results to output file; 
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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 



Table 4.9: Mean and Variance for Final Scores p, () = 1.0 

determinations. 

ALTERNATIVE MEAN VARIANCE 

Manual 
Semi-Automatic 
Automatic 

55.96 
34.74 
29.81 

2.34 
2.19 
3.24 
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The results for the mean and variance of the evaluation scores p under perfect 

correlation (() = 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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Table 4.10: Mean and Variance for the Objectives, (} = 1.0 

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 7,902.44 271.79 520.80 382.87 633.37 

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 
NIl -0.3144 0.0012 0.1515 0.0012 0.1518 0.0012 
Nh -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 
NI4 -0.4997 0.0004 0.1289 0.0007 0.2865 0.0018 
NIs -0.2613 0.0013 0.4210 0.0009 0.6255 0.0010 
NI6 -0.9008 0.0017 0.2993 0.0018 0.6094 0.0018 
Nf7 -0.0008 0.0004 -0.0008 0.0004 0.1992 0.0004 
NIs -0.6000 0.0041 0.0770 0.0035 0.3359 0.0044 
NIg -0.4192 0.0031 0.1226 0.0029 0.2877 0.0035 
NIlO -0.1477 0.0008 0.2446 0.0011 0.3361 0.0011 
NIu 0.0684 0.0019 0.4047 0.0010 0.3038 0.0020 
NIl2 -0.3898 0.0024 0.1509 0.0024 0.3896 0.0027 
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Figure 4.10: Frequency Distribution of p - Semi-Automatic Alternative, e = 1.0 
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Table 4.12: Mean and Variance for Final Scores p, (} = 0.5 

ALTERNATIVE MEAN VARIANCE 

Manual 55.68 1.87 
Semi-Automatic 34.19 1.31 
Automatic 29.21 1. 75 
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In order to show the effect of changing the correlation coefficient, the AMSTEP­

R program was run again with the same data, except that (} 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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Table 4.13: Mean and Variance for the Objectives, (} = 0.5 

ALTERN ATIVE 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 3,809.43 270.10 228.71 381.37 311.55 

Table 4.14: Mean and Variance for Attribute vs. Alternative Matrix, (J = 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 
NIl -0.3137 0.0009 0.1523 0.0008 0.1526 0.0009 
Nh -0.2186 0.0029 0.1691 0.0023 0.3773 0.0022 
NI3 -0.4219 0.0027 0.3605 0.0007 0.6614 0.0007 
NI4 -0.4998 0.0027 0.1288 0.0003 0.2867 0.0014 
NIs -0.2629 0.0007 0.4197 0.0003 0.6243 0.0004 
NI6 -0.9000 0.0005 0.3002 0.0006 0.6102 0.0006 
Nh 0.0000 0.0001 0.0000 0.0001 0.2001 0.0001 
NIs -0.5982 0.0011 0.0785 0.0010 0.3380 0.0018 
NI9 -0.4191 0.0013 0.1226 0.0009 0.2877 0.0016 
NIlO -0.1477 0.0004 0.2448 0.0006 0.3364 0.0007 
NIH 0.0671 0.0011 0.4032 0.0003 0.3023 0.0014 
NI12 -0.3878 0.0007 0.1517 0.0010 0.3903 0.0013 
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Figure 4.13: Frequency Distribution of p - Semi-Automatic Alternative, () = 0.5 



F , 
• 
q 
u 
• 
n 
c 
y 

0.4 

0.35 

0.3 

0.25 

0.2 

0.15 

0.1 

24.85 25.92 26.98 28.05 29.12 30.19 31.25 32.32 33.39 34.45 

Score 

Figure 4.14: Frequency Distribution of p - Automatic Alternative, () = 0.5 

178 

As expected, the variances in this case are smaller than when () = 1.0. The 

mean scores of the three alternatives are similar to the case when () = 1.0, as are 

the values of the Strategic and Tactical objectives, and the it Ik. The means for the 

Pecuniary objective (and subsequently the !Vi I) are different than for the case of 

() = 1.0. This is attributed to the formula used to determine the !Vi I. Recall from 

Chapter 3 that MIj = NRPVj, where RMI = max (IIPinNPVjI,Ill).RxNPVjI). 
MI JEJ JEJ 

Determining the N PV with a different covariance matrix yields different values of 

the N PV. Therefore, I minjEJ N PVj I and I maXjEJ N PVj I will differ, causing the 

!ViI and subsequently the Pecuniary objective to differ. In order to verify this, the 

N PV's for each alternative when () = 1.0 and () = 0.5 were recorded. The means 

of these N PV'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 



Table 4.15: Means of the NPV's for B = 1.0 and B = 0.5 

NPVmanual 
N PV semi-automatic 
N PVautomatic 

B = 1.0 B = 0.5 

$3,010,139. $3,020,937 
$2,494,960. $2,486,406 
$2,158,250. $2,149,915 

Table 4.16: Rank Sums for the NPV's when B = 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: 

Ho NPV(o;::;1.0) = NPV(O;::;O.5) 

HI N PV(O=1.0) i= N PV(O=O.5) 
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The rank sums for the N PV's when () = 1.0, along with the corresponding values 

for q,-l(z) are provided in Table 4.16. The value of E[W] = 1,000,500.0 and 

V[W] = 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 N PV's calculated when 

() = 1.0 and () = 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-
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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. 



Chapter 5 
Case Study 

"We do not see things as they are. We see things as we are." [14] 
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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: 

• Product Quality 

• Management Systems and Procedures 

• Modern Quality Philosophies 

• Worker Support to Enhance Quality 

• Work Instructions (accuracy and compliance) 

• 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: 

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

• Incomplete data capture. 

• Non real-time and batch oriented systems. 

• 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: 

• Real-time data collection and documentation. 

• Collection of data reflecting workmanship/process related defect trends. 

• Failure history supporting troubleshooting prioritization and repeat problem 

identification. 
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• Corrective action documentation and feedback of test-discovered workman­

ship defects to assembly and inspection personnel and to project operations 

management. 

• Inspection data feedback system. 

• Consistency of the determination of problem cause. 

• 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: 

• Establish a modern, effective product and failure/defect tracking system. 

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

production problems and causes. 

• Provide timely, accurate, and efficient data collection techniques. 

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

sonnel and management. 

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

tems. 

• Provide controlled on-line test and inspection instructions. 

• 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 ant,icipated 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 

1 2 3 4 5 
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 0 0 0 
Technology -lO -10 -12 -14 -16 

TACTICAL 1 2 3 4 5 
Flexibility lO 10 10 10 10 
Integration 15 12 9 9 9 
Material 15 15 lO 10 10 
Personnel 15 lO lO 10 5 

work station interfaces, and communication links for a 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: 

s Product and failure/defect tracking system. 
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• Data collection system for test/inspection work stations. 

• Analytical system. 

• Personal computer support system. 

• Controlled document access system for test/inspection instructions. 

• Electronic problem notebooks. 

• 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: 

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

ment. 

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

inspection stations. 

• 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 
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Table 5.3: Cash Flows for the Development System 

0 1 2 3 4 5 
Labor ($1,080,000) ($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) ($250) ($250) ($250) 
Software ($140,000) ($70,000) 
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 wOl'd 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 
Intern.al Relations -4 -2 5 12 18 
Market Position 5 10 10 10 15 
Mission 5 8 15 25 40 
Organization -5 0 10 20 30 
Public Relations 10 10 15 15 20 
Technology 15 18 30 35 45 

TACTICAL 1 2 3 4 5 
Flexibility 10 15 30 30 30 
Integration 10 12 25 35 40 
Material 15 20 40 45 50 
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 1 2 3 4 5 
Internal Relations ·12 ·8 0 5 10 
Market Position 15 13 10 1 5 
Mission 10 15 25 40 40 
Organization ·14 .1 0 10 20 
Public Relations 20 20 15 10 10 
Technology 15 18 30 35 45 

TACTICAL 1 2 3 4 5 
Flexibility 5 10 15 30 30 
Integration 5 8 18 30 40 
Material 10 15 30 40 50 
Personnel 15 10 10 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 

Pecuniary 100 
Strategic 80 
Tactical 80 

NORMALIZED 

38.5 
30.8 
30.8 
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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, a (strategic/tactical weights) and f3 (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 q 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 (f3n, n = 1,2,3). 

The f3n's were varied between 0 and 1, while the ank values were used as shown 



Table 5.9: Results and Rankings 

ALTERNATIVE 

Development System 
Full System 
Current Operations 

EVALUATION RANK 

67 
68 
73 

1 
2 
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 

Current Operations 
Development System 
Full System 

NPV 

($ 2,986,770) 
($ 3,074,626) 
($ 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 (317 (32, and (33 used in the model. This was 

done for the three alternatives previously described. 

The fitted third-degree model for each alternative is: 

Ydonothing = 10.00(31 + 5.29(32 + 4.46(33 - 0.02(3d32 + 0.00(31(33 - 0.02(32(33 + 

0.03(31(32/33 

Ydevelopment - 9.53(31 + 4.30/32 + 3.84(33 + 0.02(31(32 + 0.02(31(33 + 0.00(32(33 -

0.12(31 (32(33 

YJIJII = 9.66(31 + 4.36(32 + 4.04(33 + 0.00(31(32 + 0.00(31(33 + 0.00(32(33 + 

0.00(31(32(33 

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

Analysis of the coefficients indicates that the strategic and tactical objectives 

((317 (32) 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 coefficients (/31) 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 (311 (32, and (33 is ap­

proximated pictorially for each alternative in Figures 5.1 thru 5.3. Each contour 

line on the plot joins the mixtures of (31, (32, and (33 that are assumed to yield 

the same predicted score. The predicted scores were obtained for combinations of 

(311 (32, and (33 where the specific combinations were defined as an array of points 
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across the triangle. Predicted scores of equal magnitude are joined by the same 

contour line. Note that Xl, X2, and X3 on the plots correspond to /31, /32, and 

/33 respectively. 

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

score occurs when (/31, /32, /33) = (0, 0, 1). As /31 and /32 are increased in value, the 

score moves further from the ideal reaching a maximum at (/3t, /32, /33) = (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 /31 and /32 (pecuniary and strategic objectives) the score approaches 
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Figure 5.2: Contour Plot of f3n for the Development System 

the ideal, however as f31 and f32 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 current 
\ 

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 
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Figure 5.4: Scores for the Alternatives for Various Values of /3n 

Full System 

(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 (32 and (33, as the contours are almost parallel to the /32-(33 axis. The 

development system shows that (32 has a more pronounced effect on the result due 

to the shift in orientation of the contour lines. For the current operations, (32 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 (3n. The combinations 
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of f3n used in the plot are shown in Table 5.12 and represent the following variations 

of f3n: 

1. all the weight is in only one f3n (set # 1,2,3). 

2. the weight is split evenly between only two f3n's (set # 4,7,10). 

3. the weight is split two-to-one between two f3n's (set # 5,6,8,9,11,12). 

4. the weight is split evenly between all three f3n's (set # 13). 

5. and the weight is split two-to-one where two f3n's share the lesser weight (set 

# 14,15,16). 

6. and the weight is split two-to-one where two f3n'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 (ank, n = 2; k = 

1, ... ,6 and n = 3; k = 1, ... ,4). The ank's were varied between 0 and 1, while 

the f3n 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 a2k 

(strategic) used in the model, and for four components to analyze the a3k (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 ank. The com-
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Table 5.12: Combinations of Weights for (3n 

SET 13t {h (33 CRNT DEV FULL 

1 0.00 0.00 1.00 4.46 3.84 4.04 
2 0.00 1.00 0.00 5.29 4.30 4.36 
3 1.00 0.00 0.00 10.00 9.53 9.66 
4 0.00 0.50 0.50 4.87 4.07 4.20 
5 0.00 0.33 0.67 4.74 4.00 4.15 
6 0.00 0.67 0.33 5.01 4.15 4.25 
7 0.50 0.00 0.50 7.23 6.69 6.85 
8 0.33 0.00 0.67 6.31 5.74 5.91 
9 0.67 0.00 0.33 8.15 7.64 7.79 

10 0.50 0.50 0.00 7.64 6.92 7.01 
11 0.33 0.67 0.00 6.86 6.04 6.13 
12 0.67 0.33 0.00 8.43 7.79 7.89 
13 0.33 0.33 0.33 6.58 5.89 6.02 
14 0.25 0.25 0.50 6.05 5.38 5.53 
15 0.25 0.50 0.25 6.26 5.49 5.61 
16 0.50 0.25 0.25 7.44 6.80 6.93 
17 0.40 0.40 0.20 7.01 6.30 6.42 
18 0.40 0.20 0.40 6.84 6.21 6.35 
19 0.20 0.40 0.40 5.90 5.16 5.29 

CRNT - Current. DEV - Development. 
FULL - Full. 
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Figure 5.5: Scores of Alternatives for Values of the Strategic Objective a2k 

binations of ank used in the plots are shown in Table 5.13 and Table 5.14 and 

represent the following variations of ank: 

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

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

# 5 - 10 for n = 3). 

3. the weight is split evenly between only three an's (set # 22 - 41 for n = 2, 

set # 11 - 14 for n = 3). 

4. the weight is split evenly between only four an's (set # 42 - 56 for n = 2, 

not applicable for n = 3). 

5. the weight is split evenly between only five an's (set # 57 - 62 for n = 2, not 

applicable for n = 3). 
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Figure 5.6: Scores of Alternatives for Values of the Tactical Objective a3k 

6. the weight is split evenly between all an'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 ank. 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 ~ccur 

when Internal Relations, Market Position, Mission, and Organization are in the 

model. On four component interactions, the highest coefficients for the devel-
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Table 5.13: Combinations of Weights for Strategic Objective a2k 

SET Q21 °22 °23 Q2j °25 Q26 CRNT DEY FULL 

1 1.00 0.00 0.00 0.00 0.00 0.00 68.2 63.2 66.3 

2 0.00 1.00 0.00 0.00 0.00 0.00 67.7 62.4 63.6 

3 0.00 0.00 1.00 0.00 0.00 0.00 69.1 61.2 61.2 

4 0.00 0.00 0.00 1.00 0.00 0.00 68.0 62.4 64.9 

6 0.00 0.00 0.00 0.00 1.00 0.00 67.6 61.8 62.7 

6 0.00 0.00 0.00 0.00 0.00 1.00 69.5 59.7 60.8 

7 0.60 0.60 0.00 0.00 O.O~ 0.00 67.0 62.8 64.4 

8 0.60 0.00 0.60 0.00 0.00 0.00 68.7 62.2 63.4 

9 0.60 0.00 0.00 0.50 0.00 0.00 68.5 62.8 66.1 

10 0.60 0.00 0.00 0.00 0.60 0.00 67.9 62.6 64.1 

11 0.60 0.00 0.00 0.00 0.00 0.60 68.0 61.6 63.2 

12 0.00 0.60 0.60 0.00 0.00 0.00 68.4 61.9 62.4 

13 0.00 0.60 0.00 0.50 0.00 0.00 68.3 62.4 64.2 

14 0.00 0.50 0.00 0.00 0.60 0.00 67.6 62.1 63.1 

16 0.00 0.60 0.00 0.00 0.00 0.60 68.6 61.1 62.2 

16 0.00 0.00 0.50 0.60 0.00 0.00 60.0 61.8 63.2 

17 0.00 0.00 0.60 0.00 0.60 0.00 68.4 81.5 62.0 

18 0.00 0.00 0.60 0.00 0.00 0.60 69.3 60.5 61.0 

111 0.00 0.00 0.00 0.60 0.60 0.00 68.3 62.1 63.8 

20 0.00 0.00 0.00 0.60 0.00 0.60 69.2 61.1 63.0 

21 0.00 0.00 0.00 0.00 0.60 0.60 68.6 60.8 61.8 

22 0.33 0.33 0.33 0.00 0.00 0.00 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 63.9 

26 0.33 0.33 0.00 0.00 0.00 0.33 68.5 61.8 63.3 

26 0.33 0.00 0.33 0.33 0.00 0.00 68.7 62.3 63.0 

27 0.33 0.00 0.33 0.00 0.33 0.00 68.3 62.1 63.2 

28 0.33 0.00 0.33 0.00 0.00 0.33 68.9 61.4 62.6 

20 0.33 0.00 0.00 0.33 0.33 0.00 68.2 62.5 64.3 

30 0.33 0.00 0.00 0.33 0.00 0.33 68.0 61.8 63.8 

31 0.33 0.00 0.00 0.00 0.33 0.33 68.6 61.6 63.1 

32 0.00 0.33 0.33 0.33 0.00 0.00 68.5 62.0 63.3 

33 0.00 0.33 0.33 0.00 0.33 0.00 68.1 61.0 02.5 

34 0.00 0.33 0.33 0.00 0.00 0.33 68.6 61.2 61.0 

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 0.00 0.33 0.00 0.00 0.33 0.33 68.3 61.4 62.4 

38 0.00 0.00 0.33 0.33 0.33 0.00 68.5 61.8 63.0 

39 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 68.8 61.0 61.6 

41 0.00 0.00 0.00 0.33 0.33 0.33 68.7 61.4 62.0 

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 68.6 61.7 62.8 

45 0.25 0.25 0.00 0.25 0.25 0.00 68.1 62.6 64.l 

46 0.25 0.25 0.00 0.25 0.00 0.25 66.6 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 63.6 

49 0.25 0.00 0.25 0.26 0.00 0.25 68.9 61.7 63.2 

50 0.25 0.00 0.25 0.00 0.25 0.25 68.6 61.5 62.6 

51 0.25 0.00 0.00 0.25 0.25 0.25 68.6 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 0.26 0.00 0.25 68.8 61.5 62.7 

54 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 0.25 0.25 68.4 61.6 63.0 

56 0.00 0.00 0.25 0.25 0.25 0.25 68.8 61.3 62.5 

57 0.20 0.20 0.20 0.20 0.20 0.00 66.3 62.2 63.6 

58 0.20 0.20 0.20 0.20 0.00 0.20 68.7 61.8 63.3 

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 0.00 0.20 0.20 0.20 0.20 66.7 61.7 63.1 

62 0.00 0.20 0.20 0.20 0.20 0.20 66.6 61.6 62.7 

63 0.17 0.17 0.17 0.17 0.17 0.17 68.5 61.8 63.2 

CRNT Curren', DEY Dcvelopmen'. FULL Full. 
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Table 5.14: Combinations of Weights for Tactical Objective a3k 

SE'f aJI Q32 °33 Q:u CRNT DEV FULL 

1 1.00 0.00 0.00 0.00 01.6 60.6 62.1 
2 0.00 1.00 0.00 0.00 61.3 60.5 61.8 
3 0.00 0.00 1.00 0.00 61.1 59.0 60.4 

• 0.00 0.00 0.00 1.00 61 .• 61.1 62.1 
5 0.50 0.50 0.00 0.00 01.4 60.6 62.0 
0 0.50 0.00 0.50 0.00 61.3 59.8 01.3 
7 0.50 0.00 0.00 0.50 67.5 61.2 62.4 
8 0.00 0.50 0.50 0.00 61.2 59.7 61.1 
9 0.00 0.50 0.00 0.50 61 .• 61.1 62.2 

10 0.00 0.00 0.50 0.50 07.3 60.4 61.6 
11 0.33 0.33 0.33 0.00 61.3 60.1 61.5 
12 0.33 0.33 0.00 0.33 67 .• 61.0 02.2 
13 0.33 0.00 0.33 0.33 67.4 60.5 61.8 
14 0.00 0.33 0.33 0.33 61.3 60.4 61.7 
IS 0.25 0.25 0.25 0.25 67 •• 60.5 61.8 

CRNT Current. DEV Developmen', 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 Mar1\et 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 a..'1alysis 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 



Table 5.15: Mean and Variance for Final Scores p 

ALTERNATIVE 

Development System 
Full System 
Current Operations 

MEAN VARIANCE 

57.50 
58.45 
62.97 

1.40 
2.33 

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 
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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 () 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 p 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 p 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. 



Table 5.17: Mean and Variance for Attribute VB. Alternative Matrix 

F , 
• 
q 
u 

• 
n 
c 
y 

INDEX CURRENT DEVELOPMENT FULL 

Mean Var Mean Var Mean Var 
MI -.6218 .0183 -.5384 .0009 -.5532 .0021 
NIl -.0379 .0004 .0472 .0013 -.0413 .0008 
NI2 -.0649 .0014 .0985 .0006 .1028 .0008 
NI3 -.0879 .0015 .1735 .0025 .2617 .0024 
NI4 -.0712 .0006 .0983 .0030 .0102 .0021 
NIs -.0010 .0003 .1427 .0005 .1580 .0005 
NIe -.1228 .0008 .2770 .0023 .2749 .0021 
Nh .0997 .0003 .2109 .0007 .1661 .0013 
NIs .1102 .0002 .2092 .0015 .1792 .0019 
NI9 .1227 .0001 .3311 .0027 .2769 .0032 
NIlO .1043 .0002 .1663 .0007 .1420 .0003 

0.3 -,----------------------, 

0.28 

0.26 

0.24 

0.22 

0.2 

0.18 

0.16 

0.14 

0.12 

0.1 

0.08 

0.06 

0.04 

0.02 
o~~~~~~~~~~~~~~~~~~~rc 

55.26 57.16 59.07 60.97 62.87 64.78 66.68 68.58 70.48 72.39 

Score 

Figure 5.7: Frequency Distribution of Final Score p - Current Operations 
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F 

• 
q 
u 

• 
n 
c 
y 

0.4 -r----------------------, 

0.35 

0.3 

0.25 

0.2 

0.15 

0.1 

0.05 

54.16 54.95 55.74 56.53 57.32 58.11 58.90 59.69 60.48 61.27 

Score 

Figure 5.8: Frequency Distribution of Final Score p - Development System 

F 

• 
q 
u 
• 
n 
c 
y 

0.32.---------------------------, 
0.3 

0.28 

0.26 

0.24 
0.22 

0.2 
0.18 
0.16 
0.14 
0.12 

0.1 
0.08 

0.06 
0.04 

0.02 
O~~-L~~~~~~LL~~~~~~~~~_, __ --~ 

54.18 55.15 56.13 57.11 58.09 59.06 60.04 61.02 61.99 62.97 

Score 

Figure 5.9: Frequency Distribution of Final Score p - Full System 
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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 , NI4 , NI6 , and NI9 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. 



Chapter 6 
Evaluati,on and Extensions 

"Don't let what you cannot do interfere with what you can do" -

John Wooden [14] 
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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 N I k • 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 N h 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. 



Chapter 7 
Summary and Conclusions 

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

get." [14] 

216 

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 altern a-

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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NPv;. 
Theorem 3.1 The Monetary Index MIj = __ 1 yields a result in the range 

RMI 
[-1,+1]. 

PROOF: In order to prove this result, three cases are analyzed: 

1. NPVMAX and NPVMIN are both positive. 

2. NPVMAX is positive and NPVMIN is negative. 

3. N PVMAX and N PVMIN are both negative. 

Case 1: When both NPVMAX and NPVMIN are positive, the RMI will simply be 

NPlT I l' MI NPVj d 1 MI '11 b VMAX· n tus case, j = NPVMAX an tle j W1 range etween 

o and 1. 

Case 2: When N PVMAX 1S positive and N PVM1N is negative, 

the RMI will be max(INPVMINI,NPVMAX). In this 
NPVj 

max(IN PVMINI, N PVMAX )' 
max(INPVMINI,NPVMAX) ;::: INPVjI, the MIj must be between -1 and 

situation, = Since 

+1. 

Case 3: When N PVMAX and N PVMIN are both be negative, RMI will be 
NP'v'· 

IN PVMINI· This will yield M Ij = I Vi J I and M Ij will range between 
NP MIN 

-1 and O. 

Therefore, the MIj is either [0,+1], [-1,+1], or [-1,0], and as such the MIj will 

be in the range [-1, +1] D. 
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NPQFkj 
Theorem 3.2 The Nonmonetary Index N Ikj = yields a result in the 

RNI 

range [-1, +1]. 

PROOF: In order to prove this result, three cases are again analyzed: 

1. All of the Qtk/S are positive. 

2. The Qtk/S vary between positive and negative values. 

3. All of the Qtk/S are negative. 

Case 1: When all of the QtI~/s are positive, the N PQFkj is positive. In this case 

the smallest value is achieved when all of the Qtkj are zero, the N PQFkj 

is zero, and the N Ikj is zero. The largest value is achieved when all of the 
T 

Qtkj are at the upper bound of 100. Then, N PQFkj = E 100(1 + htt = 
t=1 

T 

100E(1 + htt , and the N1kj is one. 
t=1 

Case 2: When the Qtkj vary between positive and negative values, the N PQFkj 

will be between -100E;=1(1+htt and 100E;=1(1+h)-t, and thus the N1kj 

will be between -1 and + 1. 

Case 3: Finally, when all of the Qtkj are negative, the N PQFkj is negative. The 

smallest value is achieved when all the Qtkj are at the lower bound of -100. 
T T 

Then, NPQFkj = E -lOO(l+htt = -100 E(1+h)-t, and the Nhj = -1. 
t=1 t=1 

The largest value is achieved when the Qtkj are all zero, N PQFkj is zero, 

and the N I kj is zero. 

Therefore, the N Ikj is either [0, +1], (-1, +1), or [-1,0], and as such the N hj 

will be in the range [-1, +1] D. 
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1* *1 
1* AMSTEP-D: Advanced Manufacturing System Technology Evaluation Program *1 
1* Deterministic *1 
1* *1 
1* Johann G. Demmel *1 
1* copyright (c) 1991 *1 
1* *1 
1* Compiler: Power C by MIX Software *1 
1* *1 
#include <bios.h> 
#include <conio.h> 
#include <math.h> 
#include <stdio.h> 
#include <stdlib.h> 
#include <string.h> 

#define MAX_ALTS 6 

float Monetary_rate [20] , Nonmonetary_rate[20]. Obj_weight[3]i 
float Factors [20] , ACRS[21]i 
float Tax_rate, P, Qi 
float MI[MAX_ALTS], NI[MAX_ALTS] [12], Score[MAX_ALTS]i 

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

char Input_files [MAX_ALTS] [13], Alt_title[MAX_ALTS] [26]. Title[40]i 
char Prefix_name[9] = "amstep "i 

struct { 
int pecuniarYi 
int strategici 
int tactical; 

} Num_attribj 

struct { 

1* Structure for number of 
1* Pecuniary. 
1* Strategic. 
1* Tactical. 

attributes. *1 
*1 
*1 
*1 

1* Structure for monetary data. *1 



char description[15]; 
double cash_flow[21]; 

} Monetary [20] ; 

1* Attribute description. 
1* Cash flows for attribute. 

struct { 1* Structure for nonmonetary data. *1 
char attribute[20]; 1* Attribute description. *1 
float weight; 1* Attribute weight. *1 
double qual_flow[21]; 1* Qualitative flows for attribute. *1 

} Strategic [6] , Tactical[6]; 

double comp_prog(); 
void depreciation(void); 
double distance(); 
void echo_inputs(); 
void factors(); 
void fill_real(); 
double get_IEEE_real(); 
void get_ACRS{void); 
int get_parameters(); 
void ignore_bytes(); 
void indicesO; 
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(); 
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1* FUNCTION: main *1 
1* DESCRIPTION: *1 
1* Controls the execution of the functions which comprise AMSTEP. *1 

main(int argc, char *argv[]) 
{ 

int i; 

prepare(); 
opening_menuO; 
clrscrnO; 
poscurs(5,22); 
fprintf(stderr,"« OBTAINING ANALYSIS PARAMETERS »"); 
if (get_parameters(argc,argv[1]» { 

exit(1); 
} 

norm_weights 0 ; 
echo_inputs 0 ; 



} 

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

} 

clracrnO; 
poscura(5,21); 
fprinU(atderr,"« OBTAINING DATA FOP. ALTERNATIVE %d »",i); 
read_data(i); 
clracrnO; 
poscura(6,16); 
fprintf(atderr,"« PERFORMING CALCULATIONS FOR ALTERNATIVE %d »",i); 
npv(i); 
npq:f( 'a' .i); 
npqf( 't' .i); 
indicea(i) ; 
Score[i] = comp_prog(i); 
print_array(i); 

rankingaO; 
poacurs(25.0); 

1* FUNCTION: prepare 
1* DESCRIPTION: 
1* 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_rate[j] = 0.; 

1* FUNCTION: initialize 
1* DESCRIPTION: 
1* Initializes variablea dependent upon alternative. 

void initialize(void) 
{ 

int i, k; 

for (i = 0; i < 21; ++i) 
Depreciation[iJ = 0.; 

for (i = 0; i < 6; ++i) { 
for (k = 0; k < 21; ++k) { 

Strategic[iJ.qual_:flow[kJ = 0.; 
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*1 
*1 
*1 

*1 
*1 
*1 



} 

Tactical[i].qual_flow[k] = 0.; 
} 

} 

for (i = 0; i < 20; ++i) { 
Honetary[i].description[O] '\0'; 
for (k = 0; k < 21; ++k) { 

Honetary[i].cash_flow[k] = 0.; 
} 

} 

1* FUNCTION: opening_menu 
1* DESCRIPTION: 
1* Displays an opening message to the user. 

void opening_menu(void) 
{ 

int i; 

cursoff(); 
clrscrnO; 
poscurs(3.30); 
fprintf(stderr."+------------------+"); 
poscurs(13.30); 
fprintf(stderr."+------------------+"); 
for (i = 0; i < 9; ++i) { 

poscurs(i+4.30); 
fprintf(stderr." I I"); 

} 

poscurs(5.33); 
fprintf (stderr • "A dvanced"); 
poscurs(6.33); 
fprintf(stderr."H 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."D eterministic"); 
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(»; 
getchO; 
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*1 
*1 
*1 



} 

1* 
1* 
1* 

cursonO; 

FUNCTION: get_parameters 
DESCRIPTION: 

Obtains analysis parameters trom 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] [17] = { 

"title 
"project length 
"input tiles 

" , 
" , 
" , 

"acrs ", 
"monetary rate " , 
"nonmonetary rate", 
"tax rate " , 
"npv min ", 
"npv max ", 
"strategic weight", 
"tactical weight ", 
"pecuniary weight", 
"p tactor ", 
"q factor " }; 

char strat_attrib[6] [19] { 
"Internal Relations", 
"Market Position " , 
"Mission ", 
"Organization " , 
"Public Relations ", 
"Technology " }; 

char tact_attrib[6] [16] = { 
"Design 
"Flexibility 
"Integration 
"Material 

" , 
" , 
" , 
" , 

"Personnel ", 
"Produceability" }; 

it (argc == 1) { 
poscurs(8,26); 

} 

fprintf(stderr,"ERROR: must supply file name"); 
return 1; 

else { 
Fp = f open (parm_f ile, "rb" ) ; 
it (Fp == NULL) { 
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} 

poscurs(8,26)j 
fprintf(stderr,"ERROR: opening %s",parm_file)j 
return 1 j 

Num_attrib.strategic = OJ 
Num_attrib.tactical = OJ 
poscurs(9,18); 
strupr(parm_file); 
fprintf (stderr, "Processing Parameter File %s ..• ", parm_f ile) ; 
do { 

opcode = lotus_read(lrow, lcol, lint_val, lreal_val, label)j 
switch (opcode) { 

case 12 : /* blank cell, Skip. */ 
if (col -- 0) { 

range += 1; 
} 

break; 
case 13 : /* integer value. */ 

if «col == 1) && (row 1= base_row» 
range += 1; 

real_val = int_val; 
store_input(parm_code,real_val,range)j 
break; 

case 14 : /* real value. */ 
if «col == 1) && (row != base_row» 

range += 1; 
store_input(parm_code,real_val,range)j 
break; 

case 16 : /* label. */ 
if (col -- 0) { 

range = 0; 
base_row = rOWj 
base2 = 1j 
parm_code = -1 j 
j = OJ 
do { 

if (Istrnicmp(parm_names[j],label,strlen(label») { 
parm_code = jj 
parms_found = parms_found A base2j 

} 

base2 = base2 * 2; 
++j j 

} while «parm_code == -1) && (j < 14»; 
if (parm_code == -1) { 

for (i = 0; i < 6j ++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(Tactical[j].attribute,label,strlen(label»; 
Num_attrib.tactical += 1; 
parm_code = 15; 
break; 

} 

else { 

switch (parm_code) { 

} 

case -1 
break; 

case 0 : 

: 

j = atrlen(label); 
if (j > 40) 

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

case 2 : 
strncpy(Input_files[Num_alts],label,strlen(label»; 
Hum_alta += 1; 
break; 

default : 
poacurs(20,26); 
fprinU(stderr,"ERROR: parm_code not defined"); 
return 2; 

} 

break; 
case 16 : 1* real value in formula. *1 

if «col == 1) tt (row != base_row» 
range += 1; 

store_input(parm_code,real_val,range); 
break; 

default: 1* ignore all other opcodes. *1 
break; 

} while (opcode != 1); 
fclose(Fp); 
if (parms_found) { 

base2 = 1; 
poscurs(11,25); 
fprintf (stderr, "Required parameters not found"); 
poscurs(12,37); 
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} 

1* 
1* 
1* 
1* 

} 

fprintf(stderr,lY.d" ,parms_found) j 
poscurs(13,28)j 
fprintf(stderr,"Missing Parameters are: ") j 
j = 1j 
for (i = 1j i <= 14j ++i) { 

parm_code = parms_found t base2j 
base2 = base2 * 2j 

} 

if (parm_code) { 

} 

poscurs(13+j,31); 
fprintf(stderr,"Y.s",parm_names[i-1])j 
++jj 

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 i = 0; 
static int mcnt, ncntj 

switch (code) { 

case -1 : 
break; 

case 1 : 1* project 
Proj_len = valuej 
break; 

length. *1 

case 3 : 1* ACRS depreciation. *1 
ACRS_type valuej 
get_ACRSO j 
break; 

case 4 : 1* monetary interest rate. *1 
if (Monetary_rate[O] == 0.) 

mcnt = 0; 
Monetary_rate[mcnt] = valuej 
mcnt += 1j 
breakj 

case 5 : 1* nonmonetary interest rate. *1 
if (Nonmonetary_rate[O] == 0.) 

ncnt = OJ 
Nonmonetary_rate[ncnt] = valuej 
ncnt += 1; 
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} 
} 

break; 
case 6 : 1* tax rate. *1 

Tax_rate = value/100.; 
break; 

case 7 : 1* minimum NPV. *1 
NPV_min = value; 
break; 

case 8 : 1* maximum NPV. *1 
NPV_max = value; 
break; 

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

case 10 : 1* tactical weight. *1 
Obj_weight[2] = value; 
break; 

case 11 : 1* pecuniary weight. *1 
Obj_weight[O] = value; 
break; 

case 12 : 1* p-factor. *1 
P = value; 
break; 

case 13 : 1* q-factor. *1 
Q = value; 
break; 

case 14 : 1* Strategic attribute weights. +1 
Strategic[Num_attrib.atrategic-1].weight = value; 
break; 

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

default : 1* error. +1 
poscurs(20,18); 
fprintf(stderr,"ERROR: Invalid parameter code (%d) in store_input", 

code) ; 
break; 

1* FUNCTION: get_ACRS 
1* DESCRIPTION: 
1* Obtains ACRS valuea from an input file. 

void get_ACRS(void) 
{ 

unaigned ahort int i, skip; 

ACRS_in = fopen("acrs.dat","r"); 
if (ACRS_in == NULL) { 

poscurs(20,28); 
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} 

} 

fprintf(stderr,"ERROR: Opening ACRS.DAT"); 
exit(1) ; 

switch (ACRS_type) { 
case 3 : 

} 

skip = 0: 
break; 

case 5 : 
skip = 4; 
break: 

case 7 : 
skip = 10; 
break: 

case 10 : 
skip = 18: 
break: 

case 15 : 
skip = 29; 
break; 

case 20 : 
skip = 45; 
break: 

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

for (i = 0: i < skip: ++i) 
fscanf(ACRS_in,l%f",&ACRS[O]); 

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

fclose(ACRS_in): 
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1* FUNCTION: read_data *1 
1* DESCRIPTION: *1 
1* Reads the cash flow and qualitative flow data from the input file *1 
1* specified by the user. *1 

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 
analysis to be performed, and open the input file. If 
required is pessimistic, most likely, and optimistic. 
one input is required. 

type of 
risk, input 
Otherwise, only 



Fp = fopen(Input_files[alt] ,"rb")j 
if (Fp == NULL) { 

fprintf(stderr, "\nERROR: opening Yes\n",Input_files[alt])i 
return li 

} 

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

strupr(Input_files[alt]): 
poscurs(9,21): 
fprintf (stderr, "Processing data from Yes ..• ", Input_files [al t]) ; 
do { 

ope ode = lo'cus_read(.trov, .tcol, tint_val, .treal_ val, label); 
switch (opcode) { 

case 12: 1* Blank cell - zero value if part of attribute input. *1 
if (old_row == row) 

breakj 
if (col == 0) { 

base_row = row; 
} 

break; 
if «process >= 1) t.t (process <= 3» 

fill_real(row,col,process,O.,pos)j 
break; 

case 13: 1* Integer input - convert to real double. +/ 
if (old_row == row) 

break; 
if (row != base_row) { 

base_row = rOWj 
} 

real_val = int_val; 
fill_real(row,col,process,real_val,pos); 
break: 

case 14: 1* Real input - process as double. */ 
if (old_row == row) 

break; 
if (row != base_row) { 

base_row = ro~; 
} 
fill_real(row,col,process,real_val.pos); 
break; 

case 16: 1* Label input - contains key for processing objectives. */ 
if «col> 0) .t.t (row = base_row» 

break; 
if (col == 0) { 

base_row = row; 
} 

label_len = strlen(label); 



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

} 

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

} 

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

} 

switch (process) { 
case 0: 

strncpy(Alt_titl9[alt],label,label_len); 
Alt_title[alt] [label_len] = '\0'; 
break; 

case 1: 
pos = Num_attrib. pecuniary j 
strncpy(Monetary[pos].description,label,label_len); 
Monetary[pos] .description[label_len] = '\0'; 
Num_attrib.pecuniary += 1; 
breakj 

case 2: 
if (strncmp("Strategic",label,label_len) != 0) { 

pos = -1; 
for (i = OJ 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: Xs\n",label)j 

for (i = OJ i < Num_attrib.strategicj ++i) 
fprintf(stderr,"Xs X4.0d\n",StrategicCiJ.attribute,Strategic[iJ.weight); 

exit(1) ; 
} 

} 

breakj 
case 3: 

if (strncmp("Tactical",label,label_len) != 0) { 
pos = -1; 
for (i = 0; i < Num_attrib.tacticalj ++i) { 
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} 

if (strnicmp(Tactical[i].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",Tactical[i].attribute,Tactical[i].weight); 

exit(1); 

} 

} 
} 

break; 
} 

break; 
case 16: /* Formula input - contains real value. */ 

if (old_row == row) 
break; 

if (row != base_row) { 
base_row = row; 

} 

fill_real(row,col,process,real_val,pos); 
break; 

default : 
break; 

} while (opcode != 1); 
fclose(Fp); 
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/* FUNCTION: fill_real */ 
/* DESCRIPTION: */ 
/* Fills the appropriate arrays with cash flows or 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-l] = real_val; 
break; 

case 2: 
Strategic[pos].qual_flow[col-l] = real_val; 
break; 

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

default: 



} 
} 

fprintf (stderr, "ERROR process %d incorrect in fill_rel".1 "); 
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) * 256); 
length = getc(Fp) + (getc(Fp) * 256); 
switch (opcode) { 

case 0 : 1* Begining of file *1 
i.f (start_processing(length) ! = 0) 

opc:ode = 1; 
break; 

case 1 : 1* End of file *1 
break; 

case 2 1* Calculation Method *1 
caso 3 : 1* Calculation Order *1 
case 4 : 1* Type of Window Split *1 
case 5: 1* Synchronize windows to cursor movement *1 

ignore_bytes(length); 
break; 

case 6 : 1* Range */ 
start_col = getc(Fp) 
start_row = getc(Fp) 
end_col = getc(Fp) + 
end_row = getc(Fp) + 
break; 

+ (getc(Fp) 
+ (getc(Fp) 
(getc(Fp) * 
(getc(Fp) * 

* 256); 
* 256); 
256); 
256); 

case 7 /* Description of Window #1 *1 
case 8 : 1* Defines column width */ 
case 9 : /* Description of Window #2 */ 
case 10 : 1* Defines column width */ 
case 11 : 1* Range name *1 

ignore_bytes(length); 
break; 

case 12 : 1* Blank Cell *1 
mode = getc(Fp); 
*col = getc(Fp) + (getc(Fp) * 256); 
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*row = getc(Fp) + (getc(Fp) * 256); 
break; 

case 13 : /* Integer Value */ 
mode = getc(Fp); 
*col = getc(Fp) + (getc(Fp) * 256); 
*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) * 256); 
*row = getc(Fp) + (getc(Fp) * 256)j 
*real_val = get_IEEE_real(*row,*col)j 
break; 

case 15 : /* Label */ 
mode = getc(Fp); 
*col = getc(Fp) + (getc(Fp) * 256); 
*row = getc(Fp) + (getc(Fp) * 256); 
i = 5j 
label_byte = getc(Fp); 
while «i < length) U (l.abel_byte ! = 0» { 

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

} 

label[i-5] = '\0'; 
break; 

case 16 : /* Formula */ 
mode = getc(Fp); 
protect = mode » 7; 
format_type = (mode » 4) t 7j 
format_key = mode t 15; 
*col = getc(Fp) + (getc(Fp) * 256); 
*row = getc(Fp) + (getc(Fp) * 256)j 
*real_val = get_IEEE_real(*row,*col); 
size = getc(Fp) + (getc(Fp) * 266)j 
formula_opcode = getc(Fp); 
for(i = 16; i < length; ++i) 

getc(Fp)j 
break; 

case 24 
case 26 
case 26 
case 27 
case 28 
case 29 
case 32 
case 35 
case 36 
case 37 
case 38 

/* 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 */ 

234 



} 

case 39 1* Print Setup *1 
case 40 1* Margins *1 
case 41 1* Label Alignment *1 
case 42 1* Borders *1 
case 45 1* Graph Settings *1 
case 46 1* Named Current Graph Settings *1 
case 47 1* Iteration Count *1 
case 48 1* Unformatted print *1 
case 49 1* Cursor Location *1 
case 75 1* Worksheet Password *1 
case 100 1* Hidden Columns Record 1 *1 
case 101 1* Hidden Columns Record 2 *1 
case 102 1* Parse Ranges *1 
case 103 1* Linear Regression Ranges *1 
case 105 1* Matrix Mathematics Ranges *1 
case 150 1* Cell Pointer Index *1 

ignore_bytes(length); 
break; 

default : 1* Other Code is an Error *1 
fprintf(stderr."ERROR: Opcode rod not defined\n".opcode); 
ignore_bytes(length); 

} 

return(opcode); 

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

void ignore_bytes(int length) 
{ 

} 

int i; 

for (i = 0; i < length; ++i) 
getc(Fp); 
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1* FUNCTION: start_processing *1 
1* DESCRIPTION: *1 
1* Displays message to the user of the type of LOTUS file being read. *1 

int start_processing(int length) 
{ 

int i. file_format = 0; 

for (i = 0; i < length; ++i) 
file_format += (getc(Fp) * pow(2S6.i»i 

switch (file_format) { 
case 1028 : 1* File type is 1-2-3 *1 

poscurs(7.28); 



} 
} 

fprint:f(stderr, "Format type is 1-2-3."); 
return(O); 

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(O); 

default : /* Unknown file type */ 
poscurs(7,25); 
fprintf(stderr,"Format type is unknown (%04X).",file_format); 
poscurs(9,29); 
fprintf(stderr,"processing terminated"); 
return(1); 
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/* 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 = 52; 
value = 0.; 
for (i 0; i < 7; ++i) { 

word = 8; 

} 

temp = getc(Fp); 
if (temp != 0) { 

} 

if (i == 6) 
word = 4, 

for(j = 0; j < word; ++j) { 
one_bit = temp t 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 & 16) * 16); 
temp = temp » 4; 
oxponent += «temp & 7) * 256); 
mantissa = value; 
sign = «temp » 3) t 1); 
if (sign == 1) 

sign = -1; 
else 

sign = 1; 
if (exponent == 2047.) { 

if (mantissa != 0.) 
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fprintf (stderr, "Value at row rod col rod 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(O.); 

if «exponent> 0.) tt (exponent < 2047.» { 
exponent = pow(2,(exponent-l023.»; 
mant.issa += 1.; 
return(sign * exponent * mantissa); 

} 

fprintf(stderr. "** ERROR ** Real tvrrn!'.t .not converted at row rod col rod". 
row,col); 

return(NULL); 

1* FUNCTION: factors 
1* DESCRIPTION: 
1* 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_len; ++i) { 
rate = rate * (1 + interest(fac_type,i-1»; 
Factors[i] = 1. / rate; 

} 

break; 
case 'n' 

Factors [0] = 1.; 
for (i = 1; i <= Proj_len; ++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[limitJ/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[altJ = 0.; 
depreciationO; 
for (k = 0; k <= Proj_len; ++k) { 

cash_flow = 0.; 
for (j = 0; j < Num_attrib.pecuniary; ++j) 

cash_flow += Monetary[j].cash_flow[k]; 
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*/ 
*/ 
*/ 

*/ 
*/ 
*/ 



} 
} 

if (k != 0) 
cash_flow = (cash_flow. (1 - Tax_rate» + (Depreciation[k] * Tax_rate); 

NPV[altJ += (cash_flow. Factors[kJ); 

1* FUNCTION: depreciation 
1* DESCRIPTION: 
1* 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 [iJ . 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+l; j < ACRS_limit; ++j) { 

Depreciation[jJ += (-Monetary[posJ.cash_flow[iJ * ACRS[j-(i+l)]); 
} 

} 

1* FUNCTION: npqf 
1* DESCRIPTION: 
1* 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[altJ[jJ = 0.; 
for (i = 1; i <= Proj_len; ++i) 

NPQF_s[altJ[jJ += Strategic[jJ.qual_flow[i] * Factors[i]; 
} 

break; 
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} 
} 

case 't' : 
for (j = 0; j < Num_attrib.tactical; ++j) { 

NPQF_t[alt][j] = 0.; 
for (i = 1; i <= Proj_len; ++i) 

NPQF_t[alt][j] += Tactical[j].qual_flow[i] * Factors[i]; 
} 

break; 
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1* FUNCTION: norm_weights *1 
1* DESCRIPTION: *1 
1* Normalizes the weights for the nonmonetary attributes, and the *1 
1* objectives. *1 

void norm_weights(void) 
{ 

} 

int i; 
float sumj 

sum = O.j 
for (i = OJ i < 3j ++i) 

sum += Obj_weight[i]j 
for (i = 0; i < 3; ++i) 

Obj_weight[i] = (Obj_weight[i] I sum) * 100.; 
sum = 0.; 
for (i = 0; i < Num_attrib.strategic; ++i) 

sum += Strategic[i].weightj 
for (i = OJ i < Num_attrib.strategicj ++i) 

Strategic[i].weight = (Strategic[i].weight I sum) * 100.; 
sum = 0.; 
for (i = 0; i < Num_attrib.tacticalj ++i) 

sum += Tactical[iJ.weightj 
for (i = 0; i < Num_attrib.tactical; ++i) 

Tactical[i].weight = (Tactical[i].weight I sum) * 100.; 

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

void indices(int alt) 
{ 

int i, jj 
float r_nij 

MI[alt] = NPV[alt] I (NPV_max - NPV_min); 
r_ni = O.j 
factors('n'); 



} 

for (i = 1j i <= Proj_lenj ++i) 
r_ni += Factors[i]j 

for (i = OJ i < Num_attrib.strategic: ++i) 
NI[alt][i] = NPQF_s[alt][i] 1 (100. * r_ni): 

j = Num_attrib.strategi.c + Num_attrib.tactical: 
for (i = Num_attrib.strategicj i < jj ++i) 

NI[alt][i] = NPQF_t[alt] [i-Num_attrib.strategic] 1 (100. * r_ni): 
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1* FUNCTION: comp_prog *1 
1* DESCRIPTION: *1 
1* Calculates the Composite Programming score for an alternative. *1 

double comp_prog(int alt) 
{ 

} 

int i, jj 
float power, score, term: 

power = Q/P: 
term = 0.: 
score = 100. * distance(MI[alt]): 
score = Obj_weight[O] * pow(score,power): 
for (i = 0: i < Num_attrib.strategic: ++i) 

term += Strategic[i].weight * distance(NI[alt] [i]): 
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 += Tactical [i-Num_attrib. strategic] .weight * distance(NI[alt] [i]): 
score += Obj_weight[2] * pow(term,power): 
return pow(score,(1./Q»: 

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

double distance(float term) 
{ 

} 

float results: 

results = «1. - term) I 2.): 
return pow(results,P): 

1* FUNCTION: echo_inputs 
1* DESCRIPTION: 
1* Prints the inputs to the program specified by the user. 



void echo_inputs() 
{ 

} 

int j; 

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

} 

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

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

fprintf(Out,"Y.5.2f ",Monetary_rate[j]); 
fprintf (Out, "\n") ; 
fprintf (Out, "Nonmonetary Rate "); 
for (j = 0; j < Proj_len; ++j) 

fprintf(Out,"Y.5.2f ",Nonmonetary_rate[j]); 
fprintf(Out,"\n"); 
fprintf (Out, "Pecuniary Weight Y.4 .1f\n", Obj _weight [0]) ; 
fprintf(Out, "Strategic Weight Y.4.1f\n" ,Obj_weight [1]); 
fprintf(Out,"Tactical Weight y'4.1f\n",Obj_weight[2]); 
fprintf(Out,"NPV min %12.2f\n",NPV_min); 
fprintf(Out,"NPV max Y.12.2f\n\n",NPV_max); 
fclose(Out); 

1* FUNCTION: print_array 
1* DESCRIPTION: 
1* Prints the contents of the arrays containing cash flows and 
1* qualitative flows. 

void print_array(int alt) 
{ 

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

itoa(alt,digit,10); 
Prefix_name[6] = digit[O]; 
Prefix_name[7] = '\0'; 
strcpy(filename,Prefix_name); 
Out = fopen(strncat(filename,".res",4),"w"); 
if (Out == NULL) { 

} 

fprintf(stderr,"\nERROR: opening y's\n",filename); 
exit(!) ; 

fprintt (Out, "y'25s\n" ,Alt_title[alt]); 
fprintf(Out,"\nPECUNIARY"); 
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for (k = 0; k < Num_attrib.pecuniary; ++k) { 
fprintf(Out,"\n%15s",Monetary[k].description); 

} 

for (j = 0; j <= Proj_len; ++j) 
fprintf(Out,"\tY.15.2f",Monetary[k].cash_flow[j]); 

fprintf(Out,"\n Depreciation"); 
for (j = 0; j <= Proj_len; ++j) 

fprintf(Out,OI\tY.15.2f",Depreciation[j]); 
fprintf(Out,"\n\nSTRATEGIC OI ); 
for (k = 0; k < Num_attrib.strategic; ++k) { 

fprintf(Out,"\nY,20s ",Strategic[k].attribute); 
:1'printf(Out,"%4.0f ",Strategic[k].weight); 
for (j = OJ j <= Proj_len; ++j) 

fprintf(Out, 0I\tY.6. Of" ,Strategic [k] • quaL flow [j]) ; 
} 

fprintf(Out,OI\n\nTACTICAL"); 
for (k = 0; k < Num_attrib.tactical; ++k) { 

fprintf(Out,"\n%20s OI,Tactical[k].attribute)j 
fprintf(Out,"Y.4.0f OI,TacticalCk].weight); 
for (j = OJ j <= Proj_len; ++j) 

fprintf(Out,"\ty'6.0f",Tactical[k].qual_flow[j])j 
} 

fprintf(Out,"\n\n Ol
); 

1* *1 

} 

fprintf(Out,OIAlterntaive Y.d\n\n",alt); 
fprintf(Out,"Net Present Value \tY.12.2f\n",NPV[alt])i 
fprintf(Out,"Net Present Qualitative Flows\n")i 
for (k = 0; k < Num_attrib.strategici ++k) 

fprintf(Out,"%20s \t Y.7.2f\nOl ,Strategic[k].attribute,NPQF_s[alt] [k])i 
for (k = OJ k < Num_attrib.tactical; ++k) 

fprintf(Out,OI%20s \t Y.7.2f\n",Tactical[k].attribute,NPQF_t[alt] [k]); 
fprintf(Out,"\nMoneatry Index \t\tY,6.4f\n",MI[alt]); 
:1'printf(Out,"Nonmonetary Indices\nOl

); 

for (k := 0; k < Num_attrib.strategicj ++k) 
fprintf(Out,"Y,20s \t Y,6.4f\n",Strategic[k].attribute,NI[alt][k]); 

for (k = 0; k < Num_attrib.tactical; ++k) 
fprintf(Out,"Y.20s \t %6.4f\n",Tactical[k].attribute, 

NI[alt] [k+Num_attrib.strategic]); 
fprintf(Out,"\nScore: Y.4.0f\n",Score[alt])j 
fclose(Out); 

1* FUNCTION: rankings 
1* DESCRIPTION: 
1* Determines the final rankings of the alternatives. 

void rankings(void) 
{ 

int i, j, pos; 
float large = 1000000., temp; 
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} 

struct { 
int pOSt 
float score: 

} rank[MAX_ALTS]: 

for (j = 0; j < Hum_alts; ++j) { 
temp = Score[O]; 

} 

for (i = 0; i < Num_alts; ++i) { 
if (Score[iJ <= temp) { 

temp = Score [i] ; 
pos = i; 

} 
} 

Score[pos] = large; 
rank[j].pos = pos; 
rank[jJ.score = temp; 

clrscrnO; 
poscurs(6.30); 
tprintt(stderr."« FINAL RANKINGS »"); 
poscurs(7.21); 
fprintt (stderr. "RANK ALTERNATIVE 
poscurs(8.21); 
fprintf(stderr."---- -----------
tor (i = 0; i < Num_alts; ++i) { 

} 

poscurs(10+i.22); 
tprintt (stderr. "Yed". i+1) : 
poscurs(10+i.27); 
j = rank[i] .pos; 
tprintt(stderr. "Yes" .Alt_title[j]); 
poscurs(10+i.54); 
fprintf(stderr. "Ye5 .it" .rank[i]. score); 
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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 - l)-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.l. 

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 l' = 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 



246 

Xl 

X1 = 1 

X3 = 1 

X3 

Figure C.l: Simplex Triangle Experimental Region 

X1 = 1 

X2 = 1 X4 = 1 

X3 = 1 

Figure C.2: Simplex Tetrahedron Experimental Region 
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which defines the dependence of the response '17 on the proportions of Xl, X2, ••• , Xr 

of the r components, where 

Xi2::0 i=l, ... ,r 
r 

:LXi = 1 
i=l 

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

first-degree polynomial such as: 

r 

'17 = bo + :L biXi 
j=l 

or a second-degree polynomial such as : 

r r 

1J = bo + :L biXi + :L bjjxjxj 
i=l iti=l 

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 Yu and it is assumed that Yu in the 

uth trial varies about a mean of'r/ with common variance (12 for all u = 1,2, ... , N. 

The observed value is fully denoted by 

Yu = 'r/ + €u 1:S; u :s; N 

where €u is an experimental error. €u is assumed to be uncorrelated, identically 

distributed with mean zero and common variance (12. Thus, E(yu) = 'r/ for all 

u=1,2, ... ,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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( 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 2r - 1 design points. The points consist 

of the r pure blends, (2) permutations of (Yl, Y2, 0, 0, ... ), (3) permutations of 

(Yl, Y2, Y3, 0, 0, ... ), etc. , until (Yn Yn ... ,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, Xl and X2, where Xl + X2 = 1. The first degree model is written 

as: 
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In this manner, the constant term bo has been removed from the model. For a 

second-degree polynomial, replace bo with bO(Xl + X2), x~ with xl(l - X2), and x~ 

with x2(1 - Xl). This yields: 

and the terms bllX~ and b22X~ are removed from the model, along with boo There­

fore, the polynomial model of the simplex-centroid, with primes removed from the 

r r r r 

1J = L bjxj + L bjjxjxj + L bjjkxjxjXk + ... + b12 ... r IT Xi (C. 1) 
i=l i,j = 1 i,j, k = 1 i=l 

i<j i<j<k 

The parameter bi is the expected response to the pure component i. bij is the 

contrast of the responses to blends of two components, bijk 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 Yi be the observed value of the response 

to the pure component i (Xi = 1, X j = 0, i f:. j), and Yij the observed value of the 

response to the equal 50-50 mixture of components i and j (Xi = !, Xj = !, Xk = 

0, i < j < k). Suppose ni observations are collected for the pure components 

and nij observations for the 50-50 mixture, and the average responses for these 

observed values are denoted by ih and ihj respectively. Now, the formulas for 

calculating the estimates of the coefficients (b j , bij) for a second-degree model are 
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determined by substituting the values of iii, Yij, and Xi into a second-degree form 

of equation C.l. 

As an example, consider an experiment of t.wo components (r = 2). Observa­

tions are collected at the following (Xt,X2) points: (1,0), (0,1), and (t, t). The 

average response for the pure component Xl is Yl = Ibl + Oh2 and for the pure 

component X2 is ih = ObI + Ih2 where b is the estimate of b. For the mixture (}, t) 
the observed response is Y12 = tbl + tb2 + (t)2b12. Solving these equations for hI, 

b2 , and b12 yields: 

h1 = fit 

b2 = f12 

b12 = 4V12 - 2(Y1 + Y2) 

Cornell provides formulas for up to l' = 4 [26]. The polynomial for r = 4 is: 

4 4 4 

'fJ = E biXi + E bijXiXj + E bjjkXjXjXk + b1234XlX2X3X4 

i=l i,j = 1 i,j,k = 1 
i<j i<j<k 

The observed data values are: 

Yi at Xi = 1, Xj = 0 j t= i 
Yij at Xi = Xj = ~,Xk = ° i<j kt=i,j 

~:~:l :: ~:: ~~ : ~~ : t ~ T ° i<j<k l"f;i,j,k 

where i, j, k = 1,2,3,4. The coefficient estimates are calculated using: 

bi Vi i < j 

hij = 4Vij - 2(Vi + Vj) i < j 

bijk = 27Vijk - 12(Yij + Yik + Vjk) + 3(fh + Vi + Yk) i < j < k 

b1234 = 256V1234 - 108(Y123 + V124 + V134 + V234) + 
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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 calculaliions 

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 

rt = E biXi + E bijXiXj + E bjjkXjxjXk + E bijklXiXjXkXl + 
i::::l i,j = 1 i,j,k = 1 i,j,k,1 = 1 

i<j i<j<k i<j<k<l 

b1234SXIX2X3;l;4XS (D.1) 

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

observed data values are collected as follows, where i,j, k, I, mE [1,2,3,4,5]: 

Yi at Xi = 1, Xj = 0 

j t- i 

Yij at 
1 

Xi = Xj = -, 
2 

Xk = 0 

i < j k t- i,j 

1 
Yijk at Xi = Xj = Xk = 3' Xl = 0 

i<j<k,lt-i,j,k 

1 
Xi = Xj = Xk = Xl = -, Xm = 0 

4 Yijkl at 

i < j < k < I, m t- i,j, k, I 
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1 
Yijklm at Xi = Xj = Xk = XI = Xm = '5 

Let fii, fhj, Vijb V;jkh and Vijklm be the average values of the responses described 

above. Substituting the V's and x's into equation D.l yields: 

Vijklm = (~) (t; + hj + hk + hi + hm ) + 

(~) 2 (bij + bik + bil + bim + bjk + bjl + bjm + bkl + bkm + blm ) + 

(1)3 A A A A A A A A 

'5 (bijk + bijl + biim + bikl + bikm + bilm + bikl + bjkm + 

hjlm + bklm ) + 

Rewriting to solve for hijlkm: 

bijklm = 3125Yijklm-

625(bi + hj + hk + bl + hm ) + 

125(bii + bik + bil + him + bik + hjl + bjm + bk1 + bkm + him) + 

25(biik + biil + hiim + hikl + bikm + bilm + hjkl + hjkm + 

bjlm + bklm ) + 

5(b;ikl + bijkm + bij1m + biklm + bjklm ) 

Each b term is expanded according to its known polynomial form from Ap­

pendix C. For example, hi = Vi and hij = 4V;j-2(Vi+tlj}. Using these relationships, 

the simplex-centroid model for five components is: 

hijlkm = 3125Yijlkm-

1280(jjijkl + Yijkm + Yijlm + tliklm + Yjklm) + 
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405(yijk + Yijl + Yijm + Yikl + Yikm + Yi/m + Yjkl + Yjkm + 

For six components (r = 6) the polynomial model which is fitted to the data 

collected is: 

6 6 6 6 

'f] - E biXi + E bijXiXj + E bijkXiXjXk + E bijklXiXjXkXI + 
i=l i,j = 1 i,j,k = 1 i,j,k,l = 1 

i<j i<j<k i<j<k<1 
6 

E biiklmXjXjXkXIXm + b1234S6XIX2X3X4XSX6 

i,j,k,l,m=1 
j<i<k<l<m 

(D.2) 

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 Yiiklm and the addition of the term 

Yijklmn where i,j,k,i,m,n E [1,2,3,4,5,6]: 

Yiiklm at 

Yiiklmn at 

i<j<k<Z<m, n#i,j,k,Z,m 
1 

Xj = Xi = Xk = XI = Xm = Xn = (5 

Let Vi, Vii, Yijk, Yiikl, Yijklm, and Yiiklmn be the average values of the responses 

described above. Substituting the V's and x's into equation D.2 yields: 

i};jklmn = (~) (bi + bj + bk + bl + bm + bn ) + 

(~) 2 (bii + bik + bil + bim + bin + bik + bjl + bim + bjn + 

bkl + bkm + bkn + blm + bin + bmn ) + 



(1)3 h h h ~ ~ ~ ~ ~ 
6' (bijk + bijl + bijm + bijn + bikl + bikm + bjkn + bilm + 

bUn + bimn + bjkl + bjkm + bjkn + bj1m + bj1n + bjmn + 

bk1m + bkln + bkmn + b1mn ) + 

(1)4 ~ ~ ~ ~ h ~ ~ 
6' (bijkl + bjjkm + b jjkn + bjj1m + bij1n + bijmn + bik1m + 

bik1n + bikmn + bjklm + bjkln + bjkmn + bj1mn + bk1mn ) + 

(1)5 ~ ~ ~ ~ ~ ~ 
6' (bijklm + bijkln + bijkmn + bijlmn + bjklmn + bjklmn) + 

(1)6 ~ 6' (bijklmn) 

Solving for bijklmn: 

bijklmn = 46656Yijklm-

7776(bi + bj + bk + hi + bm + bn ) + 

1296(bij + bik + bil + bim + bin + bjk + bjl + hjm + bjn + 

bkl + bkm + bkn + blm + bin + bmn ) + 

216(bijk + bijl + hijm + bijn + bikl + bikm + bikn + bUm + 

bUn + bimn + bjkl + bjkm + bjkn + bjlm + bjln + bjmn + 

bk1m + bkln + bkmn + b1mn ) + 

36(bijkl + bijkm + bijkn + bij1m + bijln + bijmn + biklm + 

bjk1n + bikmn + bjk1m + bjkln + bjkmn + bj1mn + bk1mn ) + 

6(bjjklm + bijkln + bijkmn + bjjlmn + biklmn + bjklmn) 
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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: 

bjjlkmn = 46656Yjjlkmn-
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18750(Yijklm + Yijkln + Yijkmn + Yijlmn + Yiklmn + Yjklmn) + 

6144(Yijkl + Yijkm + Yijkn + Yijlm + Yijln + Yijmn + Yiklm + 

Yikln + Yikmn + Yjklm + Yjkln + Yjkmn + Yjlmn + Yklmn) -

1458(Yijk + Yijl + Yijm + Yijn + Yikl + Yikm + Yikn + Yilm + 

Yiln + Yimn + Yjkl + Yjkm + Yjkn + '[hIm + Yjln + Yjmn + 

Yklm + Ykln + Ykmn + Ylmn) + 

192(Yij + Yik + Yil + Yim + Yin + Yjk + Yjl + Yjm + Yjn + 

Ykl + Ykm + Ykn + Ylm + Yin + Ymn) + 
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Fitted Simplex-Centroid Model for Six 
Components 

Recall that ank 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. = 35.3a21 + 34.8a22 + 31.9a23 + 35.7a24 + 31. 1a25 + 32.9a26 + 



O.6C¥:nC¥24C¥26 - O.9C¥21C¥2SC¥26 + O.9C¥22C¥23C¥24 + O.3C¥22C¥23C¥2S + 

1.5C¥22C¥23C¥26 - 1.2C¥22C¥24C¥2S - 1.5C¥22C¥24C¥26 - O.6C¥22C¥2SC¥26 + 
O.6C¥23C¥24C¥2S - O.9C¥23C¥24C¥26 + O.9C¥23C¥25C¥26 + O.9C¥24C¥25C¥26 -

9.6c¥21 C¥22C¥23C¥24 - 4.4C¥21 C¥22C¥23C¥25 - 14.4C¥21 C¥22C¥23C¥26 + 

11.6c¥21C¥22C¥24C¥2S - 4.0C¥21C¥22C¥24C¥26 - 6.4C¥21C¥22C¥25C¥26 + 

8.8c¥21C¥23C¥24C¥25 + 11.2c¥21C¥23C¥24C¥26 - 4.8c¥21C¥23C¥25C¥26 + 

3.6c¥21C¥24C¥25C¥26 - 12.0c¥22c¥23c¥24c¥25 - 9.6c¥22C¥23C¥24C¥26 -

18.0c¥22c¥23c¥2sc¥26 + 19.2c¥22c¥24c¥2sc¥26 - 12.4c¥23c¥24c¥2sc¥26 -

12.0C¥21 C¥22 C¥23C¥24 C¥2S + 46.5c¥21 C¥22C¥23C¥24 C¥26 + 

149.5c¥21 C¥22C¥23C¥2SC¥26 + 2.5c¥21 C¥22C¥24C¥25C¥26 -

107.0C¥21C¥23C¥24C¥25C¥26 + 116.5c¥22c¥23C¥24C¥25C¥26 -

2018.4C¥21 C¥22C¥23C¥24C¥25C¥26 
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The fitted simplex-centroid model for 6 components for the Strategic objective 

(n = 2) of the Automatic alternative is: 

Yautomatic = 34.5c¥21 + 31.3c¥22 + 25.8c¥23 + 32.0C¥24 + 26.7c¥25 + 27.0C¥26 + 

0.4C¥21C¥22 + 3.8c¥21C¥23 + O.2C¥21C¥24 + 2.8c¥21C¥2S + 2.6c¥21C¥26 + 

1.8C¥22C¥23 - O.2C¥22C¥24 + 1.2c¥22C¥25 + 1.0C¥22C¥26 + 2.4C¥23C¥24 + 

O.2C¥23C¥25 + OC¥23C¥26 + 1.4C¥24C¥25 + 1.2C¥24C¥26 - O.2C¥25C¥26 -

51.6c¥21 C¥22c¥23 + 59.1c¥21 C¥22C¥24 - O.6C¥21 C¥22C¥25 + O.6C¥21 C¥22C¥26 -

2.1c¥21c¥23c¥24 + 3.9c¥21C¥23C¥25 + 2.4C¥21C¥23C¥26 + 1.2C¥21C¥24C¥25 -

O.3C¥21 C¥24C¥26 + 3.3c¥21 C¥25C¥26 - 1.2c¥22C¥23C¥24 + O.3C¥22C¥23C¥25 + 

1.5c¥22c¥23C¥26 + O.9C¥22C¥24C¥25 - O.6C¥22C¥24C¥26 + 1.2c¥22c¥25C¥26 -

O.3C¥23C¥24C¥25 + O.9C¥23C¥24C¥26 + OC¥23C¥25C¥26 + 1.8l.Y24l.Y25l.Y26 + 



0.80:210:220:230:24 + 8.00:210:220:230:25 + 4.80:210:220:230:26 -

8.80:210:220:240:25 - 11.20:210:220:240:26 - 8.40:210:220:250:26 -

17.20:210:23ct240:25 + 6.00:210:230:240:26 - 6.40:210:230:250:26 -

11.20210:24ct25026 + 7.60:220230240:25 - 5.60:220230:24026 + 

0.80:220:230:250:26 + 6.00:220240:25026 + 19.20:230:240:250:26 -

104.50:21 ct220:230:240:25 + 171.00:210:220:230:240:26 + 

41.00:21 0 220:230:25 0 26 + 205.50:210:220:240:250:26 + 

165.50:21 0 23 0 240 250:26 + 22.50:220230:240250:26 -

3639.60:21 0:220:230:240250:26 
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The fitted simplex-centroid model for six components for the Tactical objective 

(n = 3) of the Manual alternative is: 

Ymanual = 30.30:31 + 32.10:32 + 33.6033 + 42.90:34 + 33.00:35 + 30.7036 + 

0.40:310:32 + 0.60:310:33 + 4.80:310:34 + 0.20:310:35 + 00:310:36 + 

0.20:320:33 + 3.60!320:34 + 0.20!320:35 + 00:320!36 + 2.60:330!34 + 

00!330!35 + 0. 2ct330:36 + 2.60!340!35 + 4.40:34 0!36 + 0.20:350!36 -

59.70:310:320:33 + 135.00:310:320:34 + 0.30:310:320:35 + 0.60:310:320:36 + 
0.30!310330!34 + 0.30!310:330!35 - 0.60:310:330:36 + 4.20:310:340:35 + 

3.90310340:36 + 0.60310:35036 - 0.30320:33034 - 1.20:320:330:35 + 

0.60:320:330:36 + 2.40!320:340:35 + 2.10320:34036 + 0.60:320 350:36 + 

0.60330340:35 + 1.80:330:340:36 + 0.60330:350!36 + 1.80:340 350:36 + 

30.00:310:320 330:34 - 6.80310:320:330:35 - 39.60!310:320:330:36 -

7.60:310:320340:35 + 16.0031 0:320!340:36 - 5.20:31 0 320:35 0 36 -

2.40:310:330:340:35 + 13.60:310:330:340:36 + 2.80:310:330:350:36 + 



12ACY31 CY34CY3SCY3S-+ 0.4CY32 CY33CY34 CY35 + 5.6CY32 CY33CY34 CY36 -

2ACY32CY33035036 + 7.6CY32CY34CY35CY36 + 12.8033CY34CY35CY36 + 
124.50 31 CY32CY33CY34CY35 - 245.0CY31 CY32033CY34CY36 -

81.0CY31 CY32033CY35CY36 - 93.5CY31 CY32CY34CY35036 + 

16.5CY310 33 CY34CY35t'l'36 - 95.0CY32033034CY35CY36 -

1236. 6CY31 032033034 CY35CY36 
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The fitted simplex-centroid model for six components for the Tactical objective 

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

YBemi-auto. = 30. 2CY31 + 30.5032 + 49.9a33 + 38. 2CY34 + 34.8a 35 + 46.5036 -

0.2CY31032 + l1.4CY31CY33 + 3.2CY31 CY34 + 1.20:310:35 + 9.00310:36 + 

1O.8CY320:33 + 2.60:320:34 + 1.0a32CY35 + 8.4032CY36 + 3ACY33CY34 + 

5.8CY33CY35 + OACY33CY36 + 0.4a34 CY35 + 1.8CY34CY36 + 4.2CY35a 36 + 

1l0.7031 CY320 33 - 186.6CY31 CY32 CY34 + 1. 2CY31 a 32 CY35 + 9.6a31 CY32a 36-

0.9a31CY33a34 + 6.9CY31CY33CY35 - 8ACY31CY33CY36 - 0.9031CY34a35 -

1.50'31 CY34a36 + 3.6CY31 CY35a36 + 2.7 CY32CY33CY34 + 6.6CY32CY33a35 -

7.5CY32CY33036 - 1.2CY32 CY340 35 - 0.6a32 0 34 CY36 + 3.3CY32CY35CY36 + 

4.5CY33CY34CY35 - 2ACY33CY34a36 - 2.4CY33CY35CY36 + 1. 5CY34 CY35CY36 + 

6.8CY31 CY32a33034 + 24.80'310'320'330'35 - 60.8a 31 a 32 a 33CY36 + 

7.6a31a32CY34035 + 9.2a31a32a34CY36 + 12Aa31CY32a35CY36 -

3.2CY31 CY33 CY34 0'35 - 4.8CY31 CY33a34CY36 - 11.60 31 CY33CY35CY36 -

1.2CY31CY34a35a36 + 13.60'320'330'340'35 + 8.8a32CY33a34CY36 -

9.6CY32a33CY35a36 + 0.8CY32034a35CY36 - 17.6a 33CY34CY35 CY36 -

268.0CY31 CY32CY33CY34CY35 - 178.5CY31 CY32 CY33CY34 CY36 -



2l8.5CY31 CY32Q 33CY35CY36 + l8.5CY31 CY32CY34CY35Q36 + 
29.5CY31CY33CY34Q35CY36 + l20.0CY32Q33Q34CY35CY36 -

258.0CY31 CY32Q 33CY34CY3SQ 36 
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The fitted simplex-centroid model for six components for the Tactical objective 

(n = 3) of the Automatic alternative is: 

Yautomatic = 33.6Q31 + 36.5CY32 + 34.7CY33 + 31.5Q34 + 34.8Q35 + 33.6CY36 + 

O.2CY31 Q 32 + O. 2Q31 Q 33 + O. 2CY31 Q 34 + OQ31 Q 35 + OQ31 Q 36 + 

OCY32Q 33 + O.8Q 32Q 34 - O.2Q32 Q 35 + O.2Q32 Q 36 + 0.4Q33Q 34 -

O.2CY33Q 35 - O.2Q33CY36 + O.2Q34Q35 + O.2Q34Q36 + OQ35CY36 + 

36.6Q 31CY32CY33 - 36.0CY31 Q 32 Q 34 + O.9Q31 Q 32 Q 35 - O. 3Q31 Q 32CY36 -

1.5CY31 Q 33Q 34 + O.9Q 31 Q 33Q 35 + O.9Q 31 Q 33Q 36 + 1.5CY31 Q 34 CY35 -

1.2Q31 Q 34Q 36 + OCY31 Q 35Q 36 + O.9CY32Q 33 Q 34 + O.3Q 32 Q 33Q 35 -

O.9Q32 Q 33Q 36 + 1.2CY32 Q 34Q 35 + OCY32Q34Q36 + O.9Q32 Q 35 Q 36 -

O.3Q 33 Q 34Q 35 - O.3CY33Q 34Q 36 - O.6Q33Q 35Q 36 - 1.2Q34Q 35 Q 36 + 

3.2Q31 Q32Q 33Q 34 - lO. 8CY31 Q32 Q 33Q 35 + O.8CY31 Q32 Q 33Q 36 -

8.0Q31 Q 32 Q 34Q 35 + 6.0Q31Q 32CY34Q 36 + lO.OCY31Q32CY35Q36 -

2.4Q31 Q 33Q 34Q 35 + 8.4Q31Q 33CY34Q 36 + 4.8CY31 Q 33CY35Q 36 + 

0.4Q31 Q 34 Q 35Q 36 + 7.6Q32Q33Q34Q35 + 10.8Q 32Q 33 Q 34Q 36 + 

7.6Q32Q33Q3SQ36 + 2.8Q32Q34Q35Q36 + 16.0Q33Q 34 Q 35 Q 36 -

lO.5Q 31 Q32 Q 33Q 34CY35 + 66.0Q31 CY32 Q 33CY34 Q 36 + 

lOO.OCY31 Q32CY33Q 35 Q 36 + 11.5CY31 Q32Q 34Q 35CY36 -

3.5Q31Q33Q34Q35Q36 - 124.0CY32Q 33Q 34Q 35CY36 -

827 .4Q31 Q32CY33CY34Q35CY36 
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Appendix E 
Goal Programming Results 

The Goal Programming (GP) model 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]: 

subject to: 

where: 

a" I) 

b· ) 

N I 

min E E ](n(wi;..di + w-&dt) 
n=li=l 

"J a"X. + d- d+ - b· L.Jj=l I)) i - i-I (i = 1, ... ,I) 

- preemptive priority weight assigned to goal k. 

differential weights assigned to the deviational variables of goal i 

at a given priority level n. 

- negative and positive deviations. 

- decision variable. 

- technological coefficient of Xj in goal i. 

- the ith 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, 

respecti vely. 
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Chapter 3 Example - Goal Programming Solution, iteration 1 
DETAILED LP REPORT FOR 

OPTIMAL SOLUTION 

The following variables are fixed 
ALT 1 0 
ALT 2 0 
ALT 3 1 

OPTIMAL SOLUTION - DETAILED REPORT 
Variable Value Cost Red. cost Status 

1 ALT 1 0.0000 0.0000 33.2107 Lower bound 
2 ALT 2 0.0000 0.0000 -3326.1310 Lower bound 
3 ALT 3 1.0000 0.0000 -4146.1130 Lower bound 
4 01- 0.8618 644.0000 0.0000 Basic 

6 Dl+ 0.0000 0.0000 644.0000 Lower bound 
6 02- 0.6620 640.0000 0.0000 Basic 

7 02+ 0.0000 0.0000 640.0000 Lower bound 
8 D3- 0.3208 608.0000 0.0000 Basic 

9 03+ 0.0000 0.0000 608.0000 Lower bound 
10 04- 0.7038 480.0000 0.0000 Basic 

11 04+ 0.0000 0.0000 480.0000 Lower bound 

12 D6- 0.3724 416.0000 0.0000 Basic 

13 06+ 0.0000 0.0000 416.0000 Lower bound 

14 06- 0.3904 676.0000 0.0000 Basic. 

16 06+ 0.0000 0.0000 676.0000 Lower bound 
16 07- 0.8000 480.0000 0.0000 Basic 

17 07+ 0.0000 0.0000 480.0000 Lower bound 

18 08- 0.6462 608.0000 0.0000 Basic 

19 D8+ 0.0000 0.0000 608.0000 Lower bound 

20 09- 0.6931 676.0000 0.0000 Basic 

21 09+ 0.0000 0.0000 576.0000 Lower bound 

22 010- 0.6679 480.0000 0.0000 Basic 

23 010+ 0.0000 0.0000 480.0000 Lower bound 

24 011- 0.6171 512.0000 0.0000 Basic 

25 011+ 0.0000 0.0000 512.0000 Lower bound 

26 012- 0.6002 608.0000 0.0000 Basic 

27 012+ 0.0000 0.0000 608.0000 Lower bound 

28 D13- 0.5671 3600.0000 0.0000 Basic 

29 013+ 0.0000 0.0000 3600.0000 Lower bound 
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Variable Value Cost Red. cost Status 

Artificial Variables 
57 ONE PROJ 0.0000 0.0000 0.0000 Basic 

Constraint Type RHS Slack Shadow price 

1 NPV = 1.0000 0.0000 3600.0000 
2 NPQFl .. 1.0000 0.0000 544.0000 
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 = 5982.887 
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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 Status 

1 ALT 1 0.0000 0.0000 33.2107 Lower bound 

2 ALT 2 1.0000 0.0000 -3326.1310 Lower bound 

3 Dl- 0.8618 544.0000 0.0000 Basic 

4 Dl+ 0.0000 0.0000 544.0000 Lower bound 

5 D2- 0.8300 640.0000 0.0000 Basic 

6 D2+ 0.0000 0.0000 640.0000 Lower bound 

7 D3- 0.6467 608.0000 0.0000 Basic 

8 D3+ 0.0000 0.0000 608.0000 Lower bound 

9 D4- 0.8874 480.0000 0.0000 Basic 

10 D4+ 0.0000 0.0000 480.0000 Lower bound 

11 D5- 0.5948 416.0000 0.0000 Basic 

12 D5+ 0.0000 0.0000 416.0000 Lower bound 

13 D6- 0.7084 576.0000 0.0000 Basic 

14 D6+ 0.0000 0.0000 576.0000 Lower bound 

15 D7- 1.0000 480.0000 0.0000 Basic 

16 D7+ 0.0000 0.0000 480.0000 Lower bound 

17 D8- 0.8868 608.0000 0.0000 Basic 

18 D8+ 0.0000 0.0000 608;0000 Lower bound 

19 D9- 0.8702 576.0000 0.0000 Basic 

20 D9+ 0.0000 0.0000 576.0000 Lower bound 

21 Dl0- 0.7610 480.0000 0.0000 Basic 

22 Dl0+ 0.0000 0.0000 480.0000 Lower bound 

23 Dl1- 0.5569 512.0000 0.0000 Basic 

24 Dl1+ 0.0000 0.0000 512.0000 Lower bound 

25 D12- 0.8187 608.0000 0.0000 Basic 

26 D12+ 0.0000 0.0000 608.0000 Lower bound 

27 D13- 0.4607 3600.0000 0.0000 Basic 

28 D13+ 0.0000 0.0000 3600.0000 Lower bound 
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Variable Value Cost Red. cost Status 

Artificial Variables 
56 ONE PROJ 0.0000 0.0000 0.0000 Basic 

Constraint Type RHS Slack Shadow price 

1 NPV = 1.0000 0.0000 3600.0000 
2 NPQFl = 1.0000 0.0000 544.0000 
3 NPQF2 = 1.0000 0.0000 640.0000 
4 NPQF3 = 1.0000 0.0000 608.0000 
6 NPQF4 = 1.0000 0.0000 480.0000 
6 NPQF6 = 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 = 6801.869 
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Multicriteria Q-Analysis (MCQA) is a multiobjective technique based upon 

the principles of Q-analysis and polyhedral dynamics [112J. 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 i 

is related to a specific alternative j, a 1 is entered into the matrix at (i, j). 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) [55J. 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: 

s 
PSI(j) = L: asX(as) 

s;;1 

where: 

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

as - a particular slicing level. 

X(a s ) - 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 
PCIU) = Easds 

8=1 

where: 

ds - qMAX - qMIN' 

qMAX - maximum q-Ievel for the alternative of interest. 

qMIN - q-Ievel where another alternative appears in the ranking with the 

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

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 Lp-Norm to achieve an ordinal ranking of the 

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

PRIU) = (/1- PSIU) IP + /1- PCIU) /P)1
IP 

PSIMAx PCIMAx 

When p = 2, the Lp-Norm is simply the Euclidean distance between the alterna­

tives (PSI, PCI) and some ideal vector (1,1). 

MCQA I is strictly a concordance measure, and does not include any measure of 

the decision makers discomfort of choosing one alternative over another. MCQA II 

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) = E asd~ 

8=1 

where: 

q~AX - maximum q-level for the alternative of interest. 

q~IN - q-level where another alternative appears in the ranking with the 

alternative of interest. (may be the same as q~AX)' 

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

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

Index, PRI2. This is defined to be: 

P RI2(j) = (11 _ PSIU) IV + 11 _ PCI(j) IV + I P DI(j) IV) lip 

PSIMAX PCIMAX PDIMAX 

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

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 II is given 

by Hiessl et al. [55]. 

The following pages list the results obtained using MCQA II on the problem 

presented in Chapter 3. 



PECUIIARY OBJECTIVE 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
KULTI CRITERIA Q-AIALYSIS VITH DISCORDAICE KEASUREKEIT 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
lUMBER OF ALTERIATIVES 
lUMBER OF CRITERIA 

PAY-OFF KATRIX : 

CRIT. 10 : 1 
ALT. 1 .64 
ALT. 2 .54 
ALT. 3 .44 

IIEIOHT :100.00 

RATIIOS 

1I0RST -1.00 

BEST 1.00 

PREFEREICE KATRIX 

CRIT. 10 : 
ALT. .82 
ALT. 2 .77 
ALT. 3 .72 

IIEIOHT :100.00 

RillIIO IIITH p. 2.0 

PROJ. PSI 

226.000 
2 145.000 
3 70.000 

PCI 

.800 

.000 

.000 

3 
1 

PDI 

.000 

.000 

.760 

PRI1 

.000 
1.061 
1.214 

PRI2 

.000 
1.061 
1.573 
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STRATEGIC OBJECTIVE 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
HULTI CRITERIA Q-AIALYSIS VITH DISCORDAICE KEASUREKEIT 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
lUMBER OF ALTERIATIVES 3 
lUMBER OF CRITERIA 6 

PAY-OFF KATRIX : 

CRIT. 10 : 1 2 3 4 5 6 
ALT. -.30 -.24 -.49 -.50 -.27 -.90 
ALT. 2 .14 .17 .36 .11 .40 .29 
ALT. 3 .14 .34 .68 .30 .62 .61 

VEIGHT 17.0020.0019.0015.0013.0018.00 

RATIIGS 

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 

PREFEREICE KATRII 

CRIT. 10 : 1 2 3 4 5 6 
ALT. .35 .38 .26 .25 .37 .05 
ALT. :z .67 .68 .68 .66 .70 .64 
ALT. 3 .57 .67 .84 .65 .81 .81 

VEIGHT 17.0020.00 19.00 1S.00 13.00 18.00 

RAIIIIO VITH P • 2.0 

PROJ. PSI PCI POI PRIt 

1 21.000 .000 6.650 1.323 
2 131.S00 .000 .000 1.013 
3 167.400 1.400 .000 .000 

PRI2 

1.659 
1.013 

.000 
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TACTICAL OBJECTIVE 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
KULTI CRITERIA Q-AIALYSIS VITH DISCORDAICE HEASUREHEIT 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
lUMBER OF ALTERIATIVES 3 
lUMBER OF CRITERIA 6 

PAY-OFF HATRIX : 

CRIT. 10 : 1 2 3 4 6 6 
ALT. .00 -.60 -.38 -.14 .11 -.39 
ALT. 2 .00 .11 .13 .24 .44 .18 
ALT. 3 .20 .36 .31 .34 .38 .40 

VEIGHT 16.00 19.00 18.00 16.00 16.00 19.00 

RAIIIGS 

VORST -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 

PREFEREICE HATRIX 

CRIT. 10 : 1 2 3 4 6 6 
ALT. 1 .60 .20 .31 .43 .66 .31 
ALT. 2 .60 .66 .66 .62 .72 .69 
ALT. 3 .60 .68 .66 .67 .69 .70 

IIEIGHT 16.00 19.0018.00 16.0016.0019.00 

RAIKIIG IIITH p. 2.0 

PROJ. PSI 

1 47.960 
2 126.360 
3 136.700 

PCI 

.000 

.700 
1.260 

POI 

4.360 
.000 
.000 

PRll 

1.191 
.447 
.000 

PRI2 

1.666 
.447 
.000 
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OBJECTIVE FUICTIOI 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
KULTI CRITERIA Q-AIALYSIS WITa DISCOROAICE HEASUREMEIT 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
lUMBER OF ALTERIATIVES 3 
lUMBER OF CRITERIA 3 

PAY-OFF HATRIX : 

CRIT. 10 : 1 :I 3 
ALT. 1 .00 1.66 1.66 
ALT. :I 1.06 1.01 .46 
ALT. 3 1.67 .00 .00 

WEIGHT 36.00 3:1.00 32.00 

RUIIGS 

WORST 3.00 3.00 3.00 

BEST .00 .00 .00 

PREFEREICE HATRII 

CRIT. 10 : 1 2 3 
ALT. 1 1.00 .46 .48 
ALT. :I .66 .66 .86 
ALT. 3 .48 1.00 1.00 

WEIGHT 36.00 3:1.00 32.00 

RAIIIIO WITH P = 2.0 

PROJ. PSI PCI POI PRIt PRI2 

1 111.600 1.660 2.400 .641 1.137 
2 129.000 .600 1.6S0 .828 1.076 
3 189.000 2.660 .000 .000 .260 
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Appendix G 
Risk Independence Derivations 

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

Chapter 4. 

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

The expected value of the Monetary Index is: 

Expanding the summation yields: 

E[MI] = ~[Do <PAJMtr)p{T = O} + 1104>AJMlr)p{T = 1}+ 

2 3 

II 4>AJMtr)p{T = 2} + II 4>AJMlr)p{T = 3} + ... + 
n=O n=O 

n4>AJM1r)p{T = oo}L=o 

= ~ [&0 4>An(Mt r)p{T = O}L=o + ~ [11 4>AJMlr)p{T = l}L=o + 

~ [g <PAJMtr)p{T = 2}L=0 + ! [Eo 4>AJMtr)p{T = 3}L=o + 

... + i. [fi 4> An (Mlr )p{T = oo}] 
dr n=O r=O 



Looking at the first term from above we have: 

~ [ho (hJMIr)p{T = O}L=o = ~ [cPAo(MIr)] piT = O}lr=o 

= MlcP~o(O)p{T = O} 

The second term is: 

; [g cPAn(M1r)p{T = l}L=o 

= ~ [cPAo(MIr)cPAI(M1r)] piT = l}lr=o 

= [MIcP~o(Mlr)cPAI(Mlr) + MI cPAo(MIr)cPA1(MIr)] piT = l}lr:::o 

= MI [cP~o(O)cPAl(O) + cPAo(O)cP~l(O)] piT = 1} 

The third term is: 

; [ft cPAJMIr)p{T = 2}L=o 

= ; [cPAo(MIr)cPAl (MIr) cPA2(MIr)] piT = 2}lr=o 

= [MlcP~o (MIr)cP Al (Mlr)cP A2(M1r) + MIcP Ao(MIr)cP~l (MIr)cP A2(MIr)+ 

MlcPAo (MIr)cPAl (MIr)cPA
2
(MIr)] piT = 2}lr=o 

= MI [cP~0(O)cPAl(O)cPA2(O) + cPAo(O)cPA1 (O) cPA2 (0)+ 

cPAo(O)cPA1(O)cPA
2
(O)] piT = 2} 

The fourth term is: 

; [11 cPAn(M1r)p{T = 3}L=o 

= ; [cPAo(M1r)cPAl (MIr)cPA2 (MIr)cPA3 (MIr)] piT = 3}lr=o 

= [MIcPAo (MIr)4> Al (MIr)cP A2 (MIr)cP A3 (MIr)+ 

MIcP Ao (MIr)cP~1 (MIr)cP A2(MIr)cP A3 (MIr) + 

274 



MI ~ Ao(Mlr)~ Al (Mlr )~';.2 (Mlr)~ ..13 (Mlr) + 

Ml~AO(Mlr)~Al(Mlr)~A2(Mlr)¢';.3(Mlr)] piT = 3}lr=o 

= Ml [~';.0(0)~Al(0)~A2(0)~A3(0)+ 

~ Ao (0)~';.1 (O)~ A2 (O)~ A3 (0) + 

~ Ao (O)~ Al (0)~';.2 (O)¢ A3 (0) + 

~ Ao (O)~ Al (O)~ A2 (0)~';.3 (0)] piT = 3} 

The trend continues for subsequent higher terms. 

Combining terms yields: 

E[MI] = Ml~';.o(O)p{T = O} + 

Ml [~';.o(O)~AI(O)+~Ao(O)~';.I(O)]p{T= 1}+ 

MI [~';.0(0)~AI(0)~A2(0) + ~Ao(0)¢';.1(0)~A2(0)+ 

~Ao(O)~AI(O) ~';.2(O)] piT = 2} + 

MI [¢';.o (O)~ Al (O)~}h (O)~ A3 (0) + ¢ Ao (O)~';.I (O)~ A2 (O)~ A3 (0)+ 

~ Ao (O)~ Al (O)~';.2 (O)~ A3 (0) + 
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~ Ao (O)~ Al (O)~ ..12 (0)~';.3 (0)] piT = 3} + ... (G.1) 

Factoring for like derivative terms: 

E[MI] = Ml~';.o(O)p{T = O} + 

MI~';.o(O)~AI(O)p{T = 1} + Ml~';.o(O)~AI(O)¢}h(O)p{T = 2} + 

MI ~';.o (O)~ Al (O)~ A2 (O)~ A3 (O)p{T = 3} + ... + 

Ml¢Ao(O)~';.I(O)p{T = I} + Ml~Ao(O)~';.1(0)~A2(0)p{T = 2} + 

MI~Ao(O)~';.I(O)~A)0)~A3(0)p{T = 3} + ... + 

Ml~Ao(O)~AI(O)~';.)O)p{T = 2} + 



Ml cP 040 (O)cP AI (O)cPA2 (O)cP 043 (O)p{T = 3} + ... + 

Ml cP 040 (O)cP Al (O)cP 042 (0)cPA3 (O)p{T = 3} + .. . 

Simplifying the equation results in: 

E[MI] = M1cPAo(0)[ta(QcPAJO»)P{T=t}]+ 

M1cPAo(0)cPAI(O) [~(n cPAJO») piT = t}] + 

M1cPAo(0)cPA](0)cPA2(0) [~(ft cPA"(O») piT = t}] + ... 

And carrying the simplification one step further yields: 

The variance of the Monetary Index is: 
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Since the second term above is simply E[MI]2, further derivation of only the 

second moment is necessary, which is: 

:2 cPAfl(r )L,;:o 

:. [Ml~ [~A.(Mlr) [~(g ¢A.(M1r») p'JlL 
where PT = piT = m}. The derivation of the second moment begins with the first 

derivative results of equation G.! prior to evaluation at r = 0, and differentiating 

this to obtain the following: 



Mi [¢Ao (MIr)cP Al (Mlr) + cPAo (MI r )¢Al (MI T)+ 

¢Ao(MIr)cPA1(M1r) + cPAo(M1r)¢A1(M1r)] p{T = I} + 
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Mi [¢Ao (Mlr)¢ Al (Mlr)¢ A2 (Mlr) + cPAo (MIr )¢A1 (MIr)¢ A2(M1r)+ 

cPAo(Mlr)¢Al(Mlr)¢A2(Mtr) + ¢Ao(Mtr)¢Al(Mtr)¢A2(MIr) + 

¢AO(M1r)cPA1(M1r)¢A2(M1r) + ¢AO(MIT)¢Al(Mlr)¢A2(Mlr) + 

¢Ao (M1r)¢Al (M1r)cPA2(Mtr) + ¢AO(MIT)¢Al(Mlr)cPA2(Mlr) + 

cPAO(Mlr)¢Al(Mlr)¢A2(Mlr)] piT = 2} + 

M; [cPAo(M1r)cPA1 (M1r)¢A2 (M1T)¢A3 (M1r)+ 

¢Ao (MIT )¢A1 (Mlr)¢ A2(Mlr)¢ A3 (Mlr) + 

¢Ao (MIT)¢ Al (Mlr )¢A2(Mlr)¢ A3(Mlr) + 

¢Ao (MIT)¢ Al (Mlr)cP A2(Mlr )¢A3 (Mlr) + 

cPAo (MIT )¢A1 (Mlr)¢ A2 (Mlr)cP A3 (MI r) + 

cP Ao (MIT )¢A1 (MIT)¢ A2 (Mlr)cP A3 (All r) + 

cP Ao(MIT )¢A1 (MIT )¢A2 (Mlr)¢ Aa(Ml r) + 

cP Ao(MIT )¢A1 (MIT)¢ A2(M1T )¢A3 (Mlr) + 

cPAo (MIT)cP Al (MIT)¢A2(Mlr)¢ A3 (Ml r) + 

¢ Ao (MIT )cPA1 (MIT )¢A2(MIT)¢ A3 (Ml r) + 

¢ Ao (MIT)¢ Al (MIT)¢A2(MIT)¢ A3(MIT) + 

¢ Ao (M1T)cP..41 (MIT)¢A
2
(MIT )¢A3 (MIT) + 

¢Ao (MIT)¢..41 (MIT)cP ..42 (Mlr )¢A3 (MIT) + 

¢ Ao(MIT )¢A1 (Mlr)¢ A2(Mlr )¢A3 (MIT) + 

¢ Ao (MIT)¢..41 (Mlr )¢A2(Mlr )¢A3 (MIT) + 



Factoring for like derivative terms and evaluating: 

</>'!t:il(O) = Mi</>1o(0)p{T = O} + 

M{</>JO(O)</>Al(O)p{T = 1} + M}2</>Jo(O)</>Al(O)</>A2(O)p{T = 2} + 

Mi</>JoCO)</>Al CO)</>A2 CO)</>A3 CO)p{T = 3} + ... + 

Mi</>Ao(O)</>t (O)p{T = 1} + Mi</> AO(0)</>J
1 

(O)</> A2(0)p{T = 2} + 

Mi</>Ao(O)</>J
1 

(0)</>A2(O)</> .. h(0)p{T = 3} + ... + 

Mi</> Ao (O)</> AI (0)</>J
2 
(O)p{T = 2} + 

Mi</>Ao(O)</>AI (0)</>J2(0)</>A3(0)p{T = 3} + ... + 
Mi</>Ao(O)</>Al(0)</>A2(0)</>A3(0)"p{T = 3} + ... + 

2M{</>Ao(0)</>A
1 
(O)p{T = 1} + 

2M{ [</>~o(O)</>AI(0)</>A2(0) + </>Ao(0)</>AI(O)</>A2 (O)+ 

</>Ao(O)</>Al(O)</>A2(O)] p{T = 2} + 

2M{ [</>Ao (O)</>A1 (O)</> A2(0)</> A3 (0) + </>Ao CO)</> Al (O)</>A2 (O)</> A3 (0)+ 

</>Ao CO)</> AI (O)</> A2 (0)</>A3 (0) + </> Ao (O)</>AI (0)</>A2 (O)</> A3 (0) + 

</>Ao(0)</>Al(0)</>A2(0)</>A3(0) + 

</>Ao(0)</>Al(0)</>A
2
(0)</>A3(0)] piT = 3} + ... 

Simplifying to final result yields: 

VIM'I] = M: ~ [4>:\,(0) [f. (g 4> .. JO») piT = "'}]] + 

2M:~ [v~o </>Av(O)</>AJO) J},w </>A'(O)] piT = t} - E[l\JI]2 
v¥-w 

278 



279 

Appendix H 
Data for Independent Risk 

Table H.l: 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 
Tedmology 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 90 36 
Strategic 80 32 
Tactical 80 32 
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Table H.4: 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 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 

nonmonetary rate 1 3 8 
7.80 7.80 8.50 
7.90 7.90 9.00 
8.00 8.00 9.50 
1 3 10 

7.90 7.90 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 
8.20 8.20 10.00 



281 

Table H.5: Manual Operations Cash Flows 

ATTRIBUTE YEAR/CASH FLOW 

Labor 1 a 6 8 

rla,OOO) rI36,SOO~ rI69'260~ tS8,a(0~ 
'109,200~ Sl30,000 SlOI,200 USO,800 
Sl03,7(0 Sl23,500 US3,ao 'H3,260) 

I 3 6 10 

r11('660~ t36,SOO~ ~Sl09'260) rH7,4:l0) 
tl09,200 Sl30,000 $161,200~ 'HO,(00) 
U03,7(0 $123,SOO) US3,HO Sl33,380) 

1 3 6 12 
(UH,660) (Sla6,SOO) (1169,260) (Sl36,SOO) 

fU09,200~ fU30,000~ fSl61,200~ ~$130,000~ 
1103,740 U23,500 I1S3,HO $123,500 

Maintenance 1 3 S 8 r2

,

100

l 
~'2'310l ~'2'5(ll ~'2'795l '2,000 $2,200 '2,420 '2,662 

11,900 '2,090 '2,299 '2,529 
I 3 S 8 r2

,

100l r2
,310} r2

,541} ~'2'79S} '2,000 '2,200 '2,420 '2,662 
Sl,900 '2,090 '2,299 '2,S20 

I 3 5 8 

f*2,100} t,310} t,5ul ('2,
795l 

'2,000 '2,200 '2,420 f' 2,662 
U,oOO '2,000 $2,299 '2,529 

Training 1 3 6 8 

i$1,SOOl 
i

Sl
,
984

l 
~'3'017l i·

2
,
624l Sl,OOO $1,323 12,011 11,7(9 

(1500 ('661 U,OOS ('875 
1 3 6 8 

fSl,SOO) iSl'98t~ r3

,

017

l 

lS2,62() 
Sl,OOO~ $1,323 12,011 Sl, 749~ 
('500 ('661 U,006 (ta7S 
1 3 6 8 

fSl,SOO) lSl,98t} r3
,017} lS2,624} 

Sl,OOO~ $1,323 12,011 11,749 
(SSOO (S661 Sl,OOO ('87S 

Documenlalion 1 
{'S,SOO) 

.S,OOO) 
S4,500) 

1 
rS,SOO) 
'S,OOQ) 
14,500) 

1 

i'S'SOO} 'S,OOO 
(St,sOO 

Space 1 a 4 7 
(S5,350) ('5,3S0) lSlO,700) ($16,050) 

f' 5 ,000l fS5 ,000l $10,000) (U5,000) 
14,650 S4,6S0 ('9,300) ($13,050) 

1 a 4 7 
('5,350) t,350

l 
f'10'700~ (Sl6,OSOl 

l'S'OOO) '5,000 $10,000 lUS'OOO 
14,650) 14,650) (S9,300 '13,OSO 

1 3 4 7 
('5,350) l'5'3S0~ lSlo,700~ t6,050~ 
lS5,000~ '5,000 $10,000 U5,000 
$4,650 (h,650 ($9,300) Sl3,050) 

Rework 1 a 6 8 

r86'9(0~ (U06'260~ f'140,070~ !U36,335) 
'75,600 f'92,400 Sl21,800 S1l8,552l 
'64,260 178,640 (Sl03,530 SloO,760 

I 3 6 10 r86,9(0) (SlOO,260} ~'14o,07°l lSl32,600) 
'75,600~ f'92,400 U21,800 '115,30(~ 
'6(,200 t78,MO U03,530 ('98,010 

1 a 6 12 

t6,9(0~ (SlOO,2OOl 1'140,070} (U28,864} 
S75,600 i·92,400 Sl21,800 ('112,060 
'64,260) t78,S(0 Uoa,sao ('95,248 



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

ATTRIBUTE YEAR/CASH FLOW 

Transporlallon 1 

(UO, 7oOl (SlO,OOO 
('9,300 

1 
(SlO,700) 
(SlO,OOO) 
('9,300) 

1 
(SlO,700) 
(SlO,OOO) 
('9,300) 

Cash Inflow 1 
'652,800 
'816,000 
'070,200 

1 
'652,000 
'816,000 
'079,200 

1 
'652,800 
'816,000 
'970,200 

4 
(Slo,700) 
(SlO,oOO) 

(19,300) 
4 

(SlO, 700l 
(110,000 
('0,300 

4 
(110, 700~ 
('10,000 
('9,300 

6 
SI,052,I60 
Sl,315,200 
SI,578,240 

6 
SI,052,I60 
SI,315,200 
SI,578,240 

6 
11,052,160 
11,315,200 
U,578,240 

5 
(Sl6,050) 
(Sl5,OOO) 
(113,950) 

5 

~ S!6,05°l $15,000 
Sl3,950 

5 

~
$16'050) 
Sl5,OOO) 
$13,950) 

8 
SI,024,I02 
11,280,128 
U,536,I53 

10 
'096,045 

11,245,056 
U,404,067 

12 
'967,087 

11,200,084 
$1,451,081 

8 

~ S!6'050l $15,000 
113,050 

8 

~
S!6,050) 
$15,000) 
'13,050) 

8 

('16'050~ 
(Sl5,OOO 
($13,950 
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Table H.6: Semi-Automatic Operations Cash Flows 

ATTRIBUTE YEAR/CASH FLOW 

Inveetment a 
r36,000~ '30,000 
'24,000 

0 

r36'000~ '30,000 
'24,000 

0 
('36,000) 
~'30,000l 
'24,000 

Depr Invelt mant 0 

~'H4'000! Sl20,000 
('96,000 

a 
~u",OOO! Sl20,000 
('96,000 

a 
~U"'OOOl Sl20,OOO 
('96,000 

Salvage value 6 
'6,375 
17,500 
'B,625 
10 
",675 
'5,500 
'6,325 
12 
12,975 
'3,500 
",025 

L.a.bor 1 3 6 B 

~'297'UO~ r
320

,320! f'388,960) r 366 ,OBO) 
'270,400 '291,200 '353,600~ '332,800) 

($243,360 '262,OBO '318,240 '299,620) 
1 3 6 10 

r297'UO~ f'320,320~ 1'386,960) f'343'200~ '270,400 '291,200 '3S3,BOOl '312,000 
'243,360 '262,080 '318,240 '280,800 

1 3 6 12 

1·297,UOl !,320,32Ol r388,960l r320,320l 
'270,400 '291,200 '353,600 '291,200 
'243,360) '262,080) '318,240) '262,080) 

Maintenance 1 

(S7'659~ 
('6,660 
('5,661 

1 

r
7

,659! S6,660 
'5,661 

1 

~'7,659l '6,660 
'5,661 

Training 1 3 8 
('30,OOO! ~'22,500l (U5,OOO) 
~'20,OOO Sl5,OOO (UO,OOOl 
UO,OOO (17,600) ('5,000 

1 3 8 

f'30,OOOl ~'22'500! ~U5'OOOl 
'20,000 U5,OOO $10,000 
SIO,OOO (17,500 ('5,000 

1 3 8 r30
'OOOl ~'22,500l ~$16'OOO~ 

'20,000 115,000 110,000 
SlO,OOO ('7,500 ('5,000 
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Table H.6: Semi-Automatic Operations Cash Flows - cont'd 

ATTRIBUTE YEAR/CASH FLOW 

Documen&aUon 1 

r3'000~ 12,500 
12,000 

1 
('3,000~ 
($2,500 
('2,000) 

1 

!*3'000~ '2,500 
'2,000 

Space 1 
('6,666) 
~'6,250~ 
'5,613 

1 

rO'666} '6,250 
15,613 

1 

~'6,066l 
t6,250 

('5,613) 
Rework 1 2 8 it80,040) t5,006l iS74,575l 

S75,6OOl 173,920 '64,646 
'64,260 '62,632} '55,120 

1 2 10 

~'86'940! ~S85'006! 1'71,O98! 
'75,600 '73,920 '61,824 
'64,260 '62,832 '52,550 

1 2 12 

('86,94Oi r65,006l ('67,620l !S75,600 S73,920 ~'58,800 
S04,260 '62,832 149,080 

Prosramming 1 3 4 

!.i·5,000l ~H5,000~ ~'3D,DODl 
'50,000 '30,000 '20,000 

('25,000) ($15,000) ($10,000) 
1 3 4 

($75,000) (U5,000) ('30,000) 

~'50,000~ ~'30,000~ ~'2o,000l 
$25,000 Sl5,000 SlO,OOO 

1 3 4 
($75,000) ~H5'000~ r3O ,000) 
!'5O,000l '30,000 S2o,000l 
$25,000 $15,000 SlO,OOO 

Cash Inflow 1 6 8 
'045,120 $1,008,240 11,068,954 
'806,400 U,372,800 11,336,192 
'907,080 SI,6H,360 11,603,430 

1 6 10 
'645,120 $1,098,240 11,039,667 
$606,400 11,372,800 11,299,684 
S967,080 11,647,360 U,S50,SOO 

1 6 12 
'645,120 11,098,240 $1,010,381 
'806,400 11,372,800 $1,262,970 
1967,060 11,647,360 U,51!;,571 
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Table H.7: Automatic Operations Cash Flows 

ATTRIBUTE YEARlCASH FLOW 

lnvclltmcnl 0 

roo,oool '50,000 
uo,ooo 

0 

f
'6o

,000l $50,000 
HO,OOO 

0 
('60,000) 

1S50,OOOl 
Sto,OOO 

Depr Investment 0 r720
,OOOl '600,000 

1480,000 
0 

rno,OOOl '600,000 
HSO,OOO 

a 
~'720,000) 
'600,OOO~ 
"SO,OOO 

SAlvASc vAlue S 
'46,000 
UO,OOO 
$34,000 

10 
'a4,500 
'ao,ooo 
'~5,500 

12 
'23,000 
$20,000 
117,000 

Labor 1 3 6 

f UOo,400

l 

1'331,
7601 (1331,760) 

'364,000 '301,000 ~'30I,OOOl 
'327,600 '271,440 '271,440 

1 3 6 
!,400,400

l 

!'331,
7601 1'331,760

l 
'364,000 '301,600 '301,000 
'327,000 '271,440 '271,440 

I 3 6 

too,400l f'33I,76°l 1'331,76°l 1364,000 '301,600 1301,600 
1327,600) '271,440) '271,440) 

Ma.inlen(lnce I t s
,
40O

l Slo,OOO 
Sl3,600) 

I 
f*IB,400) 
110,000) 
113,600) 

I 
(Sl8,400) 
1$16,000) 
113,600) 

Training I 3 4 r60
,OOOl 1&45,OOO! r30

,OOOl 140,000 '30,000 '20,000 
'20,000 SiS,OOO SlO,oOO 

I 3 4 

r 6O,OOO) 1S4S,OOO~ raO,OOO! 
Uo,OOOl $30,000 120,000 
'20,000 Sl5,000) SlO,OOO 

1 3 4 
1'60,000) !,45,000l raO,OOO! 
Uo,OOOl 130,000 120,000 
120,000 S15,OOO SlO,OOO 
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Table H.7: Automatic Operations Cash Flows - cont'd 

ATTRIBUTE YEARlCASH FLOW 

Documentation I 2 

($O'OOO~ r3'000~ ~$5,000 S3,000 
$4,000 12,400 

I 2 

~$6,000~ 
'5,000 

~S3,000~ 
13,000 

(U,OOO) (12,400) 
I 2 

r6'000~ r3,000~ 15,000 Sa,ooo 
14,000 S2,400 

Sp&CC I f·0
,088! '6,250 

15,813 
I 

~'6,688! $6,250 
('~,813 

I 
~16,688l 
$0,250 

(15,813) 
Rework 1 6 6 8 

1'80,
0401 1'65,

2061 1'36,
0181 1'33,

810
1 S76,000 160,700 130,450 '29,400 

'64,260 148,105 125,883 S24,090 
I 5 6 10 

l*86,940~ !s65,205l (S35,018l 1S31,1531 
'16,600 '66,700 ~'30,450 '27,090 
'64,200 148,105 125,883 '23,027 

1 5 6 10 12 

lSB6,04°1 r65'205~ 1135,0181 1'31'153~ ~S31'163~ 
'75,000 '66,700 '30,450 '27,090 127,090 
'64,260 148,105 '25,883 '23,027 ('23,027 

Programming 1 2 3 4 

~'76,OOOl (175,000~ ~S46,000~ ~'30,000~ 
ho,ooo (S50,000 '30,000 '20,000 

(125,000) ('25,000) (115,000) (110,000) 
1 2 3 4 

('75,000) (175,000) (U5,000) (S30,000) 

~$6o,000l !'50,000~ ~S3o,000l !S2o,000l 
126,000 125,000 115,000 110,000 

I 2 3 4 

r75'OOO~ 1
S75

,0001 t 5
,000l (S30'000~ 

'50,000 '50,000 '30,000 !S20,000 
'25,000 125,000 115,000) SlO,OOO 

Co.h Inflow 1 6 8 
'622,080 11,106,920 '1,076,428 
1777,600 $l,382,400 11,345,636 
1033,120 Sl,658,880 Sl,614,M3 

I 8 10 
'622,080 Sl,105,020 11,046,037 
'777,600 Sl,382,400 11,308,672 
'033,120 $l,658,880 S1,570,407 

1 6 12 
S622,080 11,105,020 Sl,017,440 
'777,600 11,382,400 11,271,808 
'033,120 11,658,880 11,526,170 
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Table H.8: Manual Operations Qualitative Flows 

STRATEGIC TACTICAL 
ATTRIBUTE YEAR/QUAL. FLOW ATTRIBUTE YEAR/gUAL. FLOW 

Inlern,,1 Rela.tione 1 3 6 1 Doalsn 1 
10 ·36 ·35 ·55 ·5 
15 .30 ·30 ·50 0 
20 .25 ·25 .45 6 
1 3 6 1 1 
10 .35 ·35 ·55 ·5 
15 ·30 .30 ·50 0 
20 .25 .25 ·45 5 
1 3 6 1 1 
10 ·35 ·35 ·55 .5 
15 .30 ·30 ·50 0 
20 .25 ·25 ·45 5 

Markol Po.llion 1 4 8 FlexlbllllY 1 4 5 8 
0 ·20 ·95 .55 .55 .95 .95 

20 0 ·15 .40 .40 .80 ·80 
40 20 ·55 ·25 ·25 ·65 ·65 
1 4 8 10 1 4 5 8 10 

0 ·20 ·95 ·98 .55 .55 .95 ·95 .95 
20 0 .15 .83 .40 ·40 .80 .80 ·80 
40 20 ·55 ·63 ·25 .25 .65 ·65 .65 
1 4 8 12 1 4 5 8 10 

0 ·20 ·95 ·100 ·55 ·55 ·95 ·95 ·95 
20 0 .15 ·90 .40 .40 .80 .80 .80 
40 20 .55 .10 ·25 ·25 ·65 .65 ·65 

MI .. lon 1 2 8 InlosrAlion 1 8 
10 ·40 ·55 ·21 .12 
15 ·30 .45 .15 .60 
20 ·20 .35 ·3 ·48 
1 2 8 10 1 8 10 
10 ·40 .56 ·95 ·n ·12 ·92 
15 .30 ·45 .85 .15 .60 .80 
20 .20 .35 ·15 ·3 ·48 ·68 
1 2 8 10 1 8 10 12 
10 ·40 ·55 .95 .21 ·12 .92 ·100 
15 ·30 ·45 ·85 .15 .60 .80 ·90 
20 .20 .35 .75 .3 .48 .68 .18 

Organization 1 MAlorl.1 1 3 4 8 
.55 19 ·6 ·26 ·H 
·50 25 0 .20 ·40 
·H 31 6 .14 .34 
1 1 3 4 8 10 

·55 19 ·6 ·26 ·46 ·56 
·50 25 0 ·20 ·40 ·50 
.45 31 6 .14 ·34 ·44 
1 1 3 4 8 10 
·55 19 .6 ·26 ·46 .56 
.50 25 0 ·20 ·40 .50 
.45 31 6 .14 .34 .44 

Public Relalion. 1 2 8 Personnel 1 6 8 
13 ·1 ·61 21 ·3 ·23 
20 0 ·60 35 6 ·16 
21 1 .53 43 13 .1 
1 2 8 10 1 6 8 10 
13 ·1 ·61 .81 21 ·3 ·23 ·43 
20 0 ·60 ·80 36 5 ·15 ·35 
27 1 ·63 ·13 43 13 .1 .27 
1 2 8 10 12 1 6 8 10 12 

13 ·7 .67 ·87 ·01 27 ·3 ·23 ·43 ·48 
20 0 ·60 ·80 .90 35 5 ·15 ·35 ·40 
21 1 .53 .73 .83 43 13 .1 .27 .32 

Technolosy 1 Produce.bllily 1 8 
·100 ·31 ·86 

·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 

·90 .20 ·55 ·65 ·70 
·80 .9 .44 ·54 ·59 
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Table H.9: Semi-Automatic Operations Qualitative Flows 

STRATEGIC TACTICAL 
ATTRIBUTE YEARlSlUAL. FLOW ATTRIBUTE YEARlSlUAL. FLOW 

Slrategic Tactical 
Internal Rela.tione 1 3 7 Oe.lgn 1 

•• 0 0 35 ·5 
·36 6 40 0 
·30 10 45 5 

1 3 7 10 1 
·40 0 35 56 ·5 
·35 6 40 60 0 
·30 10 45 65 5 

1 3 7 10 12 1 
·40 0 36 55 66 ·5 
·36 6 40 60 70 0 
·30 10 45 65 75 5 

Market Pothion 1 2 3 8 Flexibility 1 5 8 
·10 ·40 ·20 15 ·35 0 15 
10 ·20 0 35 ·20 15 30 
30 0 20 65 .111 30 45 
1 2 3 8 10 1 5 8 10 

·10 .40 ·20 15 35 ·35 0 15 25 
10 ·20 0 35 55 ·20 15 30 40 
30 0 20 55 75 .15 30 45 55 
1 2 3 8 10 1 5 8 10 12 

·10 ·40 ·20 16 35 ·36 0 16 25 35 
10 ·20 0 31> 55 .20 15 30 40 50 
30 0 20 55 75 .15 30 45 55 65 

MI .. lon 1 3 4 8 Integrallon 1 3 8 
20 20 25 30 ·27 ·7 18 
30 30 36 40 .16 6 30 
40 40 45 50 .3 17 42 
1 3 4 8 10 1 3 8 10 
20 20 25 30 40 ·21 ·1 18 28 
30 30 35 40 50 ·15 5 30 40 
40 40 45 50 00 ·3 17 42 52 
1 3 4 8 12 1 3 8 10 12 
20 20 25 30 50 ·27 ·1 18 28 33 
30 30 35 40 60 ·16 5 30 40 45 
40 40 45 50 70 ·3 11 42 52 57 

OrganiZAtion 1 3 8 Material 1 3 8 
.40 5 35 ·16 9 U 
·35 10 40 ·10 15 50 
.30 15 46 ·4 21 56 

1 3 8 1 3 8 
.49 5 35 ·16 9 U 
·35 10 40 ·10 15 50 
·30 15 45 ·4 21 56 

1 3 8 1 2 8 
.40 5 35 ·16 9 44 
·35 10 40 ·10 15 50 
·30 15 46 ·4 21 56 

Public Relatione, 1 7 Pefdonnel 1 6 8 
18 48 27 37 35 
25 55 35 45 43 
32 62 43 53 51 
1 1 1 6 8 
18 48 27 31 35 
25 55 35 45 43 
32 62 43 53 51 
1 1 1 6 8 
18 48 27 37 35 
26 55 35 45 43 
32 62 43 53 51 

Technology 1 4 5 Prodllceabllity 1 4 8 
0 20 30 ·36 4 34 

10 30 40 ·25 15 45 
20 40 50 .H 26 56 
1 4 5 1 4 8 10 
0 20 30 ·36 4 34 H 

10 30 40 ·25 15 45 55 
20 40 50 ·H 26 56 66 
1 4 5 11 12 1 4 8 10 12 
0 20 30 45 55 ·36 4 34 H 54 

10 30 40 50 60 ·25 15 45 55 65 
20 40 50 55 65 .H 26 M 66 76 
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Table H.lD: Automatic Operations Qualitative Flows 

STRATEGIC TACTICAL 
ATTRIBUTE YEAR/QUAL. FLOW ATTRIBUTE YEAR/gUAL. FLOW 

SlrAleglc Taclical 
Interna.l Relatione 1 3 8 Dealgn 1 

·40 0 35 15 
·35 5 40 ~o 
.30 10 45 25 

1 3 8 10 1 
·40 0 35 M 15 
·35 5 40 60 20 
·30 10 45 65 25 

1 3 8 10 12 1 
·40 0 35 55 65 15 
·35 5 40 60 70 20 
·30 10 45 65 75 25 

Markel Pod lion 1 2 3 7 FlexlblUly 1 3 6 8 
·10 ·40 ·10 60 ·35 ·5 35 75 
10 ·20 10 80 .20 10 50 90 
30 0 30 100 .5 ~5 65 100 
1 2 3 7 1 3 6 8 

·10 ·40 ·10 60 .35 ·5 36 75 
10 .20 10 80 ·20 10 50 00 
30 0 30 100 ·5 25 65 100 
1 2 3 7 1 3 6 8 

·10 ·40 ·10 60 .35 ·5 35 75 
10 ·20 10 80 ·20 10 50 90 
30 0 30 100 ·5 25 65 100 

Miuion 1 4 6 8 Inlesrallon 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 90 100 .3 17 42 67 92 
1 4 6 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 90 100 ·3 17 42 67 92 
1 4 6 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 90 100 .3 17 42 67 92 

Orga.nization 1 3 5 8 MaIO rial 1 2 3 6 8 
·40 5 20 80 ·16 4 9 39 60 
.35 10 25 85 ·10 10 15 45 75 
.30 15 30 90 .4 16 21 51 81 

1 3 5 8 9 1 2 3 6 8 
·40 5 20 80 90 ·16 4 9 39 69 
·35 10 25 85 95 ·10 10 15 45 75 
·30 15 30 DO 100 ·4 16 21 51 81 

1 3 5 8 9 1 2 3 6 8 
·40 5 20 80 DO ·16 4 9 39 69 
·35 10 25 85 95 ·10 10 15 45 75 
·30 15 30 90 100 .4 16 21 51 81 

Public Relations 1 4 7 8 Peuonnel 1 6 8 
38 48 68 78 ·28 H 45 
45 55 75 85 ·20 55 53 
52 62 82 92 .12 63 61 
1 4 7 8 1 6 8 10 
38 48 68 78 ·28 47 45 60 
45 55 75 85 ·20 55 53 68 
52 62 82 92 ·12 63 61 76 
1 4 7 8 1 6 8 10 12 
38 48 68 78 ·28 47 45 60 89 
45 55 75 85 ·20 55 53 68 96 
52 62 82 02 .12 63 61 76 77 

Technology 1 3 4 6 Produceablllly 1 2 3 5 8 
25 35 50 70 ·46 .36 ·11 69 79 
35 45 60 80 ·35 ·25 0 80 DO 
45 55 70 DO ·24 ·14 11 91 100 
1 3 4 6 1 2 3 5 8 
25 35 50 70 ·46 ·36 .11 60 79 
35 45 60 80 ·35 .25 0 80 90 
45 55 70 90 .24 ·14 11 91 100 
1 3 4 6 1 2 3 5 8 
25 35 50 70 ·46 ·36 ·11 69 79 
35 45 60 80 .35 .25 0 80 DO 
45 55 70 DO .24 .14 11 01 100 



Appendix I 
AMSTEP-R Program Listing 

1* 
1* AMSTEP-R: 
1* 

Advanced Manufacturing System Technology Evaluation Program 
Risk 

1* 
1* 
1* 
1* 
1* 
1* 
1* 
1* 
#include <bios.h> 
#include <conio.h> 
#include <malloc.h> 
#include <math.h> 
#include <stdio.h> 
#include <stdlib.h> 
#include <string.h> 

#define MAX_ALTS 5 
#define YR_LEN 2000L 

Johann G. Demmel 
copyright (c) 1991 

Compiler: Power C by MIX Software 
compile with Iml option 
link with [64K,15K,] option 

FILE *In, *Compr, *Fp, *Objout, +Out; 

unsigned short int Hum_alts, Proj_len[3] , ACRS_type, Sample, Bins; 

int (far *Years)[]; 

float Obj_weight[3]; 
float Distribution[12] [10] , Factors [20] , ACRS[21]i 
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]; 
1* #include "mirunax.h" *1 

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

struct Depend { 1* Structure for Cash/Qual flows *1 
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int points; 
int yr_brk[6]; 
double rate [3] [6]; }; 

/* Number of data points. 
/* Years for breaks in curve. 
/* Flow values. 

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

} Num_attrib; 

struct { 
char description[20]; 
struct Depend data[3]; 

} Mon_inp[20]; 

struct { 
char attribute[20]; 
float weight: 
struct Depend data[3J; 

} Str_inp[6J, Tac_inp[6]; 

/* Structure for monetary input. */ 
/* Attribute Description. */ 

/* Structure for nonmonetary input. 
/* Attribute Description. 
/* Attribute weight. 

struct Depend Mon_int[3] , Nonmon_int[3]: /* Structure for interest data. */ 

double chol_prod(); 
double chol_sqr(); 
void comp_prog(void): 
void compromise(); 
void det_posO; 
float distance(); 
double drandO: 
void expandO; 
void factors(): 
void fill_poilltsO; 
void fill_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 meanO: 
void ni_indexO: 
void ni_distn(); 
void non_recurring(); 
void norm_weights(void): 
void npqfO; 
void npv(); 
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void opening_menu(void)j 
void prepare(void)j 
void print_input()j 
void print_parms(void)j 
int read_data()j 
void srandO j 
void stdnormO j 
void store_input()j 
float triOj 
double varO j 
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1* FUNCTION: main *1 
1* DESCRIPTION: */ 
1* Controls the execution of the functions which comprise AMSTEP. *1 

main(int argc, char *argv[]) 
{ 

unsigned short int ij 
unsigned long farmemj 
int yearsj 
char digit [4] j 
float a, b, c, frac, tempj 

prepare 0 j 
opening_menuO j 
clrscrnO j 
poscurs(6,22)j 
fprintf(stderr,"« OBTAINING ANALYSIS PARAMETERS »")j 
if (get_parameters(argc,argv[1]» { 

exit(!) j 
} 

print_parms 0 j 

1* Determine the length of the project. 

srand(1) j 
farmem = farcoreleft()j 
Years = farcalloc(YR_LEN,(unsigned long) sizeof(int»j 
if(Years == NULL) { 

} 

poscurs(20,18)j 
fprintf(stderr,"Insufficient Far Memory for Years")j 
poscurs(21,15)j 
fprintf(stderr,"%lu bytes remaining prior to attempted allocation",farmem)j 
exit(1); 

a = Proj_len[O]; 
c = Proj_len[1]; 
b Proj_len[2]; 



} 

for (i = 0; i < Sample; ++i) { 
temp = tri(a,c,b); 

} 

years = temp; 
frac = temp - years; 
if «frac > 0.6) t& (years < Proj_len[2]» 

years += 1; 
(.Years)[i] = years; 

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

itoa(i,digit,10); 
Prefix_name[a] = digit[O]; 
Prefix_name[7] = '\0'; 
clrscrn(); 

} 

poscurs(6,21); 
fprintf(stderr,"« OBTAINING DATA FOR ALTERNATIVE Y.d »",i); 
ini tialize 0 ; 
read_data(i) ; 
print_input(i); 
clrscrnC); 
poscurs(6,16); 
fprintf(stderr,"« PERFORMING CALCULATIONS FOR ALTERNATIVE y'd »",i); 
srand(l) ; 
npv(i) ; 
srand(1); 
npqf ( 's' ,i) ; 
srand(1); 
npqf('t',i); 

farfree(Years); 
clrscrn(); 
comp_progO; 
clrscrnO; 
poscurs(6,29); 
fprintf(stderr,"« PROGRAM COMPLETE »"); 
poscurs(26,O); 

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

void prepare(void) 
{ 

unsigned short int i. j. k; 

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

} 

Mon_int[i].points = Nonmon_int[i].points = OJ 
Proj_len[i] = OJ 
Obj_weight[i] = O.j 
for (k = OJ k < 6j ++k) { 

} 

Mon_int[i].yr_brk[k] = Nonmon_int[i].yr_brk[k] = O.j 
for (j = OJ j < 3j ++j) 

Mon_int[i] . rate [jJ [kJ = Nonmon_int[i] .rate[j] [k] = 0.; 

for (i = OJ i < 6; ++i) 
Str_inp[iJ.weight = Tac_inp[iJ.weight = 0.; 

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

void opening_menu(void) 
{ 

unsigned short int ij 

cursoffO; 
clrscrnO; 
poscurs(3,30); 
fprintf(stderr,"+------------------+"); 
poscurs(14,30)j 
fprintf(stderr,"+------------------+"); 
for (i = 0; i < 10; ++i) { 

poscurs(i+4,30); 
fprintf(stderr,"1 I"); 

} 

poscurs(6,33): 
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,"I"): 
poscurs(12,33): 
fprintf(stderr,"R isk"): 
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} 

poscurs(16,31) i 
fprint:f(stderr,"copyright (c) 1991")i 
poscura(17,32)i 
fprintf(stderr,"Johann G. Demmel")i 
poscurs(23,26)i 
fprintf(stderr,"< strike any key to continue >")i 
while (Ikbhit(»i 
getch()i 
cursonO i 

/* 
/* 
/* 

FUNCTION: get_parameters 
DESCRIPTION: 

Obtains analyais 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]j 
double real_val; 
char parm_names[16] [17] { 

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

" , 
" , 

"bins ", 
"strategic weight", 
"tactical weight ", 
"pecuniary weight", 
"p factor ", 
"q factor ", 
"correlation " }; 

char strat_attrib[6] [19] { 
"Internal Relations", 
"Market Position ", 
"Mission 
"Organization 
"Public Relations 

" , 
" , 
" , 

"Technology " } j 
char tact_attrib[6] [15] 

"Design 
"Flexibility 

" , 
" , 

{ 
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"Integration 
"Material 

" , 
" , 

"Personnel ", 
"Produceability" }: 

if (argc == 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 y's",parm_file): 
return 1: 

Num_attrib.strategic = 0; 
Num_attrib.tactical = 0: 
poscurs(9,18): 
strupr(parm_file): 
fprintf(stderr,"Processing Parameter File Y.s ... ",parm_file): 
do { 

opcode = lotus_read(trow, tcol, tint_val, treal_val, label): 
switch (opcode) { 

case 13 : /* integer value. */ 
real_val = int_val: 

Cilse 14 : /* real value. */ 
case 16 : /* real value in formula. */ 

if «col == 1) tt (row != base_row» 
range += 1; 

store_input(parm_code,real_val,range,col): 
break: 

case 15 : /* 
if (col --

label. 
0) { 

range = OJ 
base_row = rOWj 
base2 = 1: 
parm_code = -1: 
j = 0: 
do { 

if (! strnicmp(parm_names [j] ,label, strlen(label») { 
parm_code = jj 
parms_found parms_found ~ base2: 

} 

base2 = base2 * 2; 
++jj 

} while «parm_code == -1) tt (j < 15»: 
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} 

} 

if (parm_code == -1) { 

} 

for (i = 0; i < 6; ++i) { 

} 

if (stl.·nicmp(strat_attrib[i] ,J.abel,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 : 

} 

breakj 
case 0 : 

j = strlen(label)j 
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= 1); 
fclose(Fp); 
if (parms_found) { 
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} 
} 

} 

base2 = 1: 
poscurs(11,2S): 
fprintf(stderr, "Required parameters not found"): 
poscurs(12,37): 
fprintf(stderr,"%d",parms_found): 
poscurs(13,28): 
fprintf (stderr ,"Hissing Parameters are:"): 
j :: 1: 
for (i = 1: i <= 14: ++i) { 

parm_code = parms_found t base2: 
base2 = base2 * 2: 

} 

if (parm_code) { 

} 

poscurs(13+j,31): 
fprintf (stderr, "%s" ,parm_names [i-1]); 
++j: 

return 3: 

else 
return 0: 
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1* FUNCTION: store_input *1 
1* DESCRIPTION: *1 
1* Stores the analysis parameters from the input file into appropriate *1 
1* variables. *1 

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

int pos; 

switch (code) { 
case -1 : 

break; 
case 1 : 1* project length. *1 

Proj_len[range] = value; 
break; 

case 3 : 1* monetary interest rate. *1 
case 4 : 1* nonmonetary interest rate. *1 

pos = range I 4; 
switch (range) { 

case 0 : case 4 : case 8 : 
if (code == 3) { 

Hon_int[pos].yr_brk[Hon_int[pos].points] = value: 
Mon_int[pos] .points += 1; 

} 



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 5 : 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. */ 
Obj_weight[l] = value; 
break; 

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

case 11 : /* pecuniary weight. */ 
Obj_weight[O] = value: 
break: 

case 12 : /* p-factor. */ 
P = value: 
break; 

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

case 14 : /* correlation coefficient */ 
Corr_coef = value; 
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} 
} 

break; 
case 15 : 1* Strategic attribute weights. *1 

Str_inp[Num_attrib.strategic-l].weight = value; 
break; 

case 16 : 1* Tactical attribute weights. *1 
Tac_inp[Num_attrib.tactical-l].weight = value; 
break; 

default : 1* error. *1 
poscurs(20.18); 
fprintf(stderr."ERROR: Invalid parameter code (Y.d) in store_input". 

code); 
break; 

1* FUNCTION: get_ACRS 
I~ DESCRIPTION: 
1* 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(l); 

switch (ACRS_type) { 
case 3 : 

Skip = 0; 
break; 

case 5 : 
skip = 4; 
break: 

case 7 : 
skip = 10; 
break; 

case 10 : 
skip = 18; 
break; 

case 15 : 
skip = 29; 
break; 

case 20 : 
skip = 45: 
break; 
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} 

} 

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

for (i = OJ i < skip; ++i) 
fscanf(In,l%f" ,tACRS [oJ) j 

for (i = OJ i < ACRS_type + 1; ++i) 
fscanf(In,l%f",tACRS[i]); 

fclose(In); 

301 

1* FUNCTION: norm_weights *1 
1* DESCRIPTION: *1 
1* Normalizes the weights for the nonmonetary attributes, and the *1 
1* objectives. *1 

void norm_weights(void) 
{ 

} 

unsigned short int ij 
float sum; 

sum = O. j 
for (i = OJ i < 3; ++i) 

sum += Obj_weight[i]j 
for (i = OJ i < 3j ++i) 

Obj_weight[i] = (Obj_weight[i] I sum) * 100.; 
sum = O. j 
for (i = OJ i < Num_attrib.strategicj ++i) 

sum += Str_inp[i].weightj 
for (i = OJ i < Num_attrib.strategicj ++i) 

Str_inp[iJ.weight = (Str_inp[iJ.weight I sum) * 100.; 
sum = O.j 
for (i = OJ i < Num_attrib.tacticalj ++i) 

sum += Tac_inp[i].weightj 
for (i = OJ i < Num_attrib.tacticalj ++i) 

Tac_inp[iJ.weight = (Tac_inp[i].weight I sum) * 100.j 

1* FUNCTION: initialize 
1* DESCRIPTION: 
1* Initializes program variables. 

void initialize(void) 
{ 

unsigned short int i, j, k, lj 



} 

for (i = OJ i < 20j ++i) { 
Mon_inp[i].description[O] = '\0'; 
for (j = 0; j < 3; ++j) { 

Mon_inp[i].data[j].points = 0; 

} 
} 

for (k = OJ k < 6j ++k) { 
Hon_inp[i].data[j].yr_brk[k] = OJ 
for (1 = 0, 1 < 3, ++1) 

Mon_inp[i] .data[j] .rate[l] [k] = O. j 

} 

for (i = 0, i < 6, ++i) { 
for (j = OJ j < 3, ++j) { 

} 
} 

Stx_inp[i].data[j].points = Tac_inp[i].data[j].points =0; 
for (k = 0, k < 3, ++k) { 

} 

Str_inp[i].data[j].yr_brk[k] = Tac_inp[i].data[j].yr_brk[kJ 0, 
for (1 = 0, 1 < 6, ++1) { 

Str_inp[i].data[j].rate[k] [1] = 0., 
Tac_inp[i] .data[jJ .rate[kJ [lJ = 0.; 

} 
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1* FUNCTION: read_data *1 
1* DESCRIPTION: *1 
1* Reads the cash flow and qualitative flow data from the input file *1 
1* specified by the user. *1 

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=O; 
double real_val; 
char label [240] , 

1* 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 :lnput is required. * 1 

Fp = fopen(Input_files[alt] ,"rb") , 
if (Fp == NULL) { 

} 

fprintf(stderr, "\nERROR: opening %s\n", Input_files [alt]); 
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])j 
poscurs(9,21)j 
fprintf(stderr,"Processing data from Yos ... ",Input_files[alt])j 
do { 

opcode = lotus_read (&row, &col, tint_val, &real_val, label)j 
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) 
breakj 

data_row = (row - base_row) / 4; 
range = row - base_rowj 
if «(row - base_row) Yo 4) == 0) 

fill_points(data_row,col,process,real_val,pos)j 
else 

fill_real(data_row,col,range,process,real_val,pos)j 
break; 

case 15: /* Label input - contains key for processing objectives. */ 
if «col> 0) && (row = base_row» 

break; 
if (col == 0) { 

range = OJ 
base_row = row; 

} 

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; 
breakj 

} 

if (strncmp(ITactical",label,label_len) == 0) { 

} 

process = 3; 
old_row = rOWj 
breakj 

switch (process) { 
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case 0: 
strncpy(Alt_title[alt],label,label_len): 
Alt_title[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 (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,"Yos Yod\n" ,Str_inp[i) . attribute ,Str_inp[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(Tac_inp[i).attribute,label,label_len) == 0) { 
pos = i: 

} 

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

for (i = 0; i < Num_attrib.tactical; ++i) 
tprintf(stderr,"%s %4.0d\n",Tac_inp[i].attribute,Tac_inp[i].weight); 

exit(1) ; 

} 

} 
} 

break; 
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} 

} 

break; 
default : 

break; 

} while (opcode != 1); 
fclose(Fp); 
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/. FUNCTION: fill_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_valj 

int ij 

range -= 1j 
if (range >= 8) 

range -: 8; 
if (range >= 4) 

range -: 4j 
switch (process) { 

case 1: 

} 

Mon_inp[pos].data[row].rate[range][col-1] = real_valj 
breakj 

case 2: 
Str_inp[pos].data[row].rate[range][col-1] = real_valj 
break; 

case 3: 
Tac_inp[pos].data[row].rate[range][col-1] = real_valj 
break; 

default: 
fprintf(stderr,"ERROR process rod incorrect in fill_real"); 
exit(l) j 
break; 

/. FUNCTION: fill_points ./ 
/* DESCRIPTION: ./ 
/* Fills the appropriate arrays with year breaks for cash flows or */ 
/* qualitative flows. */ 

void fill_points(row, col, process, real_val, pos) 



{ 

} 

unsigned short int processj 
short int pOSj 
int col, row; 
double real_val; 

int ij 

switch (process) { 

} 

case 1: 
Mon_inp[pos].data[row].yr_brk[col-1] real_val; 
Mon_inp[pos].data[row].points += 1j 
breakj 

case 2: 
Str_inp[pos].data[row].yr_brk[col-1] real_val; 
Str_inp[pos].data[row] .points += 1; 
break; 

case 3: 
Tac_inp[pos].data[row].yr_brk[col-1] real_val; 
Tac_inp[pos].data[row].points += 1; 
break; 

default: 
fprintf(stderr,"ERROR process rod incorrect in fill_points")j 
exit(1); 
break; 

1* FUNCTION: lotus_read 
1* DESCRIPTION: 
1* Reads input data from the LOTUS files. 

int lotus_read(row, col, int_val, real_val, label) 
int *row, *col, *int_val; 

{ 

double *real_valj 
char label[240]; 

int end_col, end_row, format_keyj 
int format_type, formula_opcode, i, label_byte, length, opcodej 
int mode, protect, size, start_row, start_colj 

opcode = getc(Fp) + (getc(Fp) * 266)j 
length getc(Fp) + (getc(Fp) * 266); 
switch (opcode) { 

case 0 : 1* Begilling of file *1 
if (start_processing(length) 1= 0) 

opcode = 1j 
breakj 

case 1 : 1* End of file *1 
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breakj 
case 2 /* Calculation Method */ 
case 3 : /* Calculation Order */ 
case 4 : /* Type of Window Split */ 
case 6: /* Synchronize windows to cursor movement */ 

ignore_bytes(length)j 
breakj 

case 6 : /* Range */ 
start_col = getc(Fp) + (getc(Fp) * 256); 
start_row = getc(Fp) + (getc(Fp) * 266); 
end_col = getc(Fp) + (getc(Fp) * 266)j 
end_row = getc(Fp) + (getc(Fp) * 256)j 
breakj 

case 7 /* Description of Window #1 */ 
case 8 : /* Defines column width */ 
case 9 : /* Description of Window #2 */ 
case 10 : /* Defines column width */ 
case 11 : 1* Range name *1 

ignore_bytes(length)j 
breakj 

case 12 : 1* Blank Cell *1 
roode = getc(Fp)j 
*col = getc(Fp) + (getc(Fp) * 256)j 
*row = getc(Fp) + (getc(Fp) * 266)j 
break; 

case 13 : 1* Integer Value *1 
mode = getc(Fp)j 
*col = getc(Fp) + (getc(Fp) * 266)j 
*row = getc(Fp) + (getc(Fp) * 266)j 
*int_val = getc(Fp) + (getc(Fp) * 256)j 
break; 

case 14 : 1* Floating Point Value */ 
mode = getc(Fp)j 
*col = getc(Fp) + (getc(Fp) * 256); 
*row = getc(Fp) + (getc(Fp) * 256); 
*real_val = get_IEEE_real(*row,*col); 
break; 

case 16 : 1* Label */ 
mode = getc(Fp)j 
*col = getc(Fp) + (getc(Fp) * 266); 
*row = getc(Fp) + (getc(Fp) * 266); 
i = 5j 
label_byte = getc(Fp)j 
while «i < length) aa (label_byte 1= 0» { 

label_byte = label[i-6] = getc(Fp)j 
i += 1j 

} 
label[i-6] = '\O'j 
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} 

break; 
case 16 : /* Formula */ 

mode = getc(Fp); 
protect = mode » 7; 
format_type = (mode » 4) & 7; 
format_key = mode & 15; 
*col = getc(Fp) + (getc(Fp) * 256): 
*row = getc(Fp) + (getc(Fp) * 256): 
*real_val = get_IEEE_real(*row,*col): 
size = getc(Fp) + (getc(Fp) * 256): 
formula_opcode = getc(Fp): 
for(i = 16; i < length; ++i) 

getc(Fp) : 
break: 

case 24 /* Table Range */ 
case 25 /* Query Range */ 
case 26 /* Print Range */ 
case 27 /* Sort Range */ 
case 28 /* Fill Range */ 
case 29 /* Primary Sort Key Range */ 
case 32 /* Distribution Range */ 
case 35 /* 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 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 150 /* Cell Pointer Index */ 

ignore_bytes(length): 
break: 

default : /* Other Code is an Error */ 
fprintf(stderr,"ERROR: Opcode Y.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) : 
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/. 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(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(O): 

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(O) : 

default : /. Unknown file type ./ 
poscurs(7,25): 
fprintf(stderr, "Format type is unknown (%04X)." ,file_format): 
poscurs(9,29): 
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. 
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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 = 52; 
value = 0.; 
for (i = 0; i < 7; ++i) { 

word = 8; 

} 

temp = getc(Fp)j 
if (temp != 0) { 

} 

if (i == 6) 
word = 4; 

for(j = 0; j < word; ++j) { 
one_bit = temp & 1j 

} 

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 & 15) * 16); 
temp = temp » 4; 
exponent += «temp & 7) * 256); 
mantissa = value; 
sign ~ «temp » 3) t 1); 
if (sign == 1) 

sign -1; 
else 

sign 1; 
if (exponent == 2047.) { 

if (mantissa != 0.) 

} 

fprintf(stderr,"Value at row Xd col Xd is not a valid. number\n",row,col); 
else 

fprintf(stderr,"Value at row Xd col Xd is infinity\n",row,col); 
return(NULL); 

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

exponent = pow(2,-1022.)j 



} 

} 

return(Bign * exponent * mantiBBa)j 
} 

elBe 
return(O.)j 

if «exponent> 0.) tt (exponent < 2047.» { 
exponent = pow(2,(exponent-1023.»j 
mantiBBa += 1.: 
return(Bign * exponent * mantiBBa)j 

} 

fprintf(stderr,"** ERROR ** Real format not converted at row %d col Xd", 
row,col): 

return(NULL)j 

/* FUNCTION: npv 
/* DESCRIPTION: 
/* Determines the NPV of the Monetary caBh flowB. 

void npv(unsigned Bhort int alt) 
{ 

unsigned short int j, kj 
int i, yearBj 
double caBh_flow, npv, accum_flowB[21]j 
char filename[14]i 

/* Open file for storage of NPV to determine maximum/minimum. 

Btrcpy(filename,Prefix_name)j 
Out = fopen(strncat(filename,".npv",4),"w")j 
if (Out == NULL) { 

} 

poscurs(20,20)j 
fprintf(Btderr, "ERROR: Opening %B for output\n ll ,filename) j 
poscurB(21,20)j 
perror("Error number"): 
exit(1): 

1* Perform calculationB for the desired sample size. 

for (k = 0: k < Sample: ++k) { 

1* Determine the length of the project. 

years = (*YearB)[k]; 

/* Determine the vector ot intereBt factors to UBe (FactorB[]). 

factorB(years,O,'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) { 

} 

if «strnicmp(Hon_inp[i] • description, "salvage value" ,13) == 0) II 
(strnicmp(Mon_inp[i] .description, "depr investment" ,16) == 0) II 
(strnicmp(Mon_inp[i] • description, "investment" ,10) == 0» { 

non_recurring(years,i,Hon_inp[i].data); 
} 

else { 
factors(years,i,'c',Mon_inp[i].data); 

} 

for (j = 0; j <= years; ++j) 
accum_flows[j] += Flows[j]; 

npv = 0.; 
tor (j = 0; j <= years; ++j) { 

} 

cash_flow = (accum_flows[j] * (1 - Tax_rate» + 
(Depreciation[j] * Tax_rate); 

npv += (cash_flow * Factors[j]); 

if (k -- 0) { 

} 

Max [alt] [12] = npv; 
Min[alt][12] = npv; 

else { 

} 

if (npv > Max [alt] [12]) 
Max[alt][12] = npv; 

if (npv < Min [alt] [12]) 
Hin[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(pos1, pos2, limit, data) 
short int *pos1, *pos2; 
int limit: 
struct Depend data[3]; 

312 



{ 

} 

short int i; 

for (i = 0; i < 2; ++i) { 
*pos1 = data[i].points - 1; 
*pos2 = data[i+1].points - 1j 
if «limit >= Proj_len[i]) && (limit <= Proj_len[H1]» { 

} 

if (Proj_lenCi] == limit) { 
+pos1 = i; 
*pos2 = 0; 
returnj 

} 

if (Proj_len[i+1] -- limit) { 
*pos1 = i + 1; 
*pos2 = 0; 
return; 

} 

+pos1 = ij 
+pos2 = i + 1 i 
returnj 

} 

poscurs(20,20)j 
fprintf(stderr,"ERROR~ Project Length Yod not tound ",limit); 
exit(1) ; 

1* FUNCTION: non_recurring 
/+ DESCRIPTION: 
/* Determines the flows tor non recurring attributes. 

void non_recurring(int limit, int idx, struct Depend raw_dataC3]) 
{ 

short int loc, pos1, pos2, i, j, kj 
int ACRS_limitj 
float otf_set, xi, x2j 
double mean, temp[3J, var; 

det_pos(&pos1,&pos2,limit,raw_data); 

tor (i = OJ i <= limit; ++i) 
Flows Ci] = 0.; 

off_set = limit - Proj_len[pos1]j 
off_set = ott_set / (Proj_len[pos1+1J - Proj_len[pos1])j 
tor (i = OJ i < raw_data[pos1J.points; ++i) { 

tor (j = 0; j <= limitj ++j) { 
if(raw_data[pos1] .yr_brk[i] == j) { 

if (pos2 != 0) { 
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} 
} 

} 
} 

} 

for (k = OJ k < 3j ++k) { 

} 

temp[k] = raw_data[posl+l].rate[k][i] - raw_data[posl].rate[k] [i]; 
temp[k] = raw_data[posl].rate[k][i] + (temp[k] * off_set); 

if(raw_data[poslJ.yr_brk[iJ != raw_data[posl+l].yr_brk[i]) { 
loc = raw_data[pos1+1J.yr_brk[iJ - raw_data[pos1].yr_brk[i]; 
loc = raw_data[pos1].yr_brk[iJ + (loc * off_set); 
if(loc > limit) 

loc = limitj 
} 

else 
loc j; 

else { 

} 

for (k = 0; k < 3j ++k) { 

} 

temp[k] ~ raw_data[pos1].rate[k] [i]; 
loc = jj 

if (Corr_coef != 0.0) { 
var = O. j 

} 

mean = O. j 
for (k = 0; k < 3; ++k) { 

var += (temp[kJ * temp[k])j 
mean += temp[k]; 

} 

mean = moan I 3.j 
var -= «temp[0]*temp[1]) + (temp[0]*temp[2]) + (temp[1]*temp[2]»; 
var = var I 18.j 
stdnorm(tx1,&x2); 
mean += (xl * sqrt(var»j 
Flows[loc] += mean; 

else 
Flows[loc] = tri(temp[OJ,temp[1],temp[2]); 

if (strnicmp(Mon_inp[idx] .description, "depr investment" ,15) Of { 

} 

ACRS_limit = loc + ACRS_type + 2; 
if (ACRS_limit > limit) 

ACRS_limit = limit + 1; 
for (k = loc+1; k < ACRS_limitj ++k) 

Depreciation[k] += (-moan * ACRS[k-(loc+1)]); 

1* FUNCTION: npqf 
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1* DESCRIPTION: 
1* Determines the NPQF of the Nonmonetary cash flows. 

void npqf(char objective, unsigned short int alt) 
{ 

int i, j, k, 1, yeara, mj 
float ni, r _ni j 
float npqf_s[6] , npqf_t[6] , qual_flowj 
char filename[14]j 

strcpy(filename,Prefix_name)i 
if (objective == 'a') 

Out = fopen(strncat(filename, ".qfa",4) ,"w") j 
if (objective == 't') 

Out = fopen(strncat(filename,".qft" ,4) ,"w") j 
if (Out == NULL) { 

poscurs(20,20)j 

} 

fprintf(stderr,"ERROR: Opening ~s for output",filename)j 
exit(1)i 

1* Perform calculations for the desired aample size. 

for (k = OJ k < Sample; ++k) { 

1* Get the number of years. 

years = (*Years)[k]j 

1* Determine the vector of interest factors to use (Factors[]). 

factora(years,O,'n',Nonmon_int); 
r_ni = O. i 
for (i = 1; i <= years; ++i) 

r_ni += Factors[i]j 
switch (objective) { 

case's' : 
for (j = 0; j < Num_attrib.strategic; ++j) { 

factors(years,j,'q',Str_inp[j].data); 
npqf_s[j] = 0.; 

} 

for (i = 1j i <= years; ++i) 
npqf_s[j] += Flows[i] * Factors[i]; 

fprintf(Out,"\n~d ",k); 
for (j = OJ j < Num_attrib.strategic; ++j) 

fprintf(Out, "~7 .2f ",npqCs[j]); 
for (j = OJ j < Num_attrib.strategic; ++j) { 

ni = npqf_s[j] I (100 ... r_ni)j 
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} 

} 

fprint:f(Out,"%7.4f ",ni)j 
it (k == 0) { 

} 

Max[alt][j] nij 
Min[alt][j] = nij 

else { 

} 

if (ni > Max [alt] [j]) 
Max[alt][j] = nil 

it (ni < Min [alt] [j]) 
Min[alt][j] = nil 

} 

breakj 
case 't' 

for (j = OJ j < Num_attrib.tacticalj ++j) { 
factors(years,j.'ql,Tac_inp[j].data); 
npqf_t[j] = 0.; 

} 

for (i = 1j i <= yearsj ++i) 
npqf_t[j] += Flows[i] * Factors[i]j 

fprintf(Out,"\n%d ",k); 
for (j = 0; j < Num_attrib.tactical; ++j) 

fprint:f(Out ,"%7. 2f ",npqCt [j]); 
for (j = 0; j < Num_attrib.tacticalj ++j) { 

ni = npqf_t[j] / (100. * r_ni)j 
fprintf(Out,"%7.4f ",ni)j 
if (k == 0) { 

} 

Max [alt] [j+Num_attrib.strategic] = nil 
Min [alt] [j+Num_attrib.strategic] = nil 

else { 

} 

if (ni > Max [alt] [j+Num_attrib.strategic]) 
Max [alt] [j+Num_attrib.strategic] = nil 

if (ni < Min [alt] [j+Num_attrib.strategic]) 
Min [alt] [j+Num_attrib.strategic] = nil 

} 

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, attribj 
char fac_typej 
struct Depend raw_data[3]j 
{ 

short int found=O, i, j, k, intervals, lim_off, pos1, pos2j 
double adjust, off_setj 
double cov[21] [21], means[21], samples [22] [22], valuea[3] [21]j 
float rate, x1, x2j 
char digit[4], filename[10]j 

1* Generate new parameters *1 

lim_off = 1j 
det_pos(ipos1,ipos2,limit,raw_data); 
if (pos2 == 0) { 

expand(limit,raw_data[pos1],values)j 
} 

else { 
expand(limit,raw_data[pos1],values)j 
for (i = OJ i < 3; ++i) { 

} 

} 

for (j = OJ j < limit+lim_off; ++j) 
cov[i+3] [j] = values[i] [j] j 

expand(limit,raw_data[pos2],values)j 
for (i = OJ i < 3j ++i) { 

} 

for (j = OJ j < limit+lim_offj ++j) 
cov[i+6] [j] = values[i] [j]; 

off_set = limit-Proj_len[pos1]j 
off_set = off_set / (Proj_len[pos2]-Proj_len[pos1])j 
for (i = OJ i < 3j ++i) { 

} 

for (j = 0; j < Proj_len[pos1]+lim_offj ++j) { 
if (cov[i+3] [j] == cov[i+6] [j]) 

values [i] [j] = coy [i+3] [j] j 
else 

values [i] [j] = COy [i+3] [j] + (ofCset*(cov [i+6] [j] -cov[i+3] [j]» j 

} 

for (i = OJ i < 3j ++i) { 
k = Proj_len[pos1]j 

} 

adjust = (1 - off_set) * (cov[i+6][k] - cov[i+3] [k])j 
for (j = Proj_len[pos1]+1j j < limit+lim_offj ++j) 

values[i][j] = cov[i+6][j] - adjustj 
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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 [iJ = 0.; 

} 

for (j = 0; j < 3; ++j) 
means[iJ += values[jJ[iJ; 

means[iJ = means[i) / 3.; 

/* Determine Covariance Matrix. */ 

for (i = 0; i < limit+lim_off; ++i) 
for (j = 0; j < limit+lim_off; ++j) 

cov[i) [j) = 0.; 

for (i = 0; i < limit+lim_off; ++i) { 
COy [i] [i] = 0.; 

} 

for (j = 0; j < 3; ++j) 
cov[i) [i] += (values [j] [i] * values [j] [i); 

COy [iJ [iJ (values [0) [iJ * values [1) [i) ) ; 
COy [i][iJ -= (values [O][i) * values [2][i); 
COy [i)[i] -= (values [1)[i] '" values [2][i]) ; 
COy [i] [i] = cov [i] [i] / 18.; 

for (i = 0; i < limit+lim_off; ++i) { 

} 

for (j = i+1; j < limit Him_off ; ++j) { 

} 

cov[i] [j] = pow(Corr_coef ,j-i) * sqrt(cov[i) [i]) * sqrt(cov [j] [j]); 
COy [j] [i] = COy [i] [j) ; 

/* Determine Factors to use for this iteration. */ 

for (i = 0; i < 21; ++i) { 
fox (j = 0; j < 21; ++j) 

samples [i) [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[i] [j] - adjust) / samples[j) [j); 
samples [jJ [i) = o. j 
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} 

} 

adjust = chol_sqr(i,samples); 
samples[i][i] = sqrt(cov[i][i] - adjust); 

tor (i = OJ i < limit+lim_ottj ++i) { 

} 

it «i%2) == 0) { 
stdnorm(tx1,tx2)j 
coy [0] [i] = xi; 
COy [oJ [i+ 1J = x2; 

} 

cov[1J [iJ = 0.; 

tor (i = OJ i < limit+lim_oft; ++i) { 
tor (j = OJ j <= i; ++j) { 

cov[1J[iJ = cov[1][iJ + (samples[iJ[jJ * cov[O][jJ) j 
} 

} 

switch (tac_type) { 
case 'm' 1* monetary interest rates. *1 
case 'n' : 1* nonmonetary interest rates. *1 

rate = 1.; 
Factors [0] = 1.; 
tor (i = 1; i < limit+lim_ott; ++i) { 

it (Corr_coet 1= 0.0) 
rate = rate * ( 1. + «means[i] + cov[1J[iJ) I 100.»; 

else 
rate = rate* (1. + (tri(values [0] [i] , values [1] [i] ,values [2J [iJ )/100.» ; 

Factors[i] = 1. I rate; 
} 

breakj 
case 'c' 1* cash tlows. *1 
case 'q' 1* qualitative tlows. *1 

tor (i = OJ i < limit+lim_otf; ++i) { 
if (Corr_coef != 0.0) { 

Flows [i] = means [iJ + COy [1] [iJ ; 
it (tac_type == 'q') { 

} 
} 

else 

it (Flows[iJ > 100.) 
Flows[iJ = 100.; 

it (Flows[iJ < -100.) 
Flows[iJ = -100.; 

Flows [iJ = tri(values [oJ [iJ , values [1J [iJ , values [2J [i]); 
} 

break; 
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} 

} 

default : 
poscurs(20,20); 
fprintf(stderr,"ERROR: Incorrect fac_type in factors - %s",fac_type); 
exit(1); 
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/* 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, multi 
float del_x, del_y; 

for (j = 0; j < 21; ++j) { 
for (i = 0; i < 3: ++i) 

values[i] [j] = 0.: 
} 

for (i = 0; i < raw_values.points-1: ++i) { 

} 

del_x = raw_values.yr_brk[i+1] - raw_values.yr_brk[i]; 
mult = 0; 
for (k = raw_values.yr_brk[i]; k < raw_values.yr_brk[i+1]; ++k) { 

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

} 

} 

del_y = raw_values.rate[j] [i+1] - raw_values.rate[j] [i]; 
values[j][k] = «del_y / del_x) * mult) + raw_values.rate[j] [i]; 

mult +=1; 

k = raw_values.points-1: 
for (i = raw_values.yr_brk[k]; i <= limit; ++i) { 

for (j = 0; j < 3; ++j) 
values[j][i] = raw_values.rate[j] [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]) 



{ 

} 

int kj 
double tempi 

temp = O. j 
for (k = OJ k < j; ++k) 

temp += (samples[i][k] * samples[j] [k])i 
return tempi 

/* FUNCTION: chol_sqr 
/* DESCRIPTION: 
/* 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 ki 
double tempi 

temp=O.i 
for (k = 0; k < ij ++k) 

temp += (samples[i][k] * samples[i] [k]); 
return tempi 

/* FUNCTION: stdnorm 
/* DESCRIPTION: 
/* Calculates two standard normal deviates. 

void stdnorm(float *u1, float *u2) 
{ 

} 

float v1, v2, w, Yi 

w = 2. j 
while (w > 1.) { 

*u1 = drand(O); 
*u2 = drand(O)i 
v1 = *u1*2 - 1.; 
v2 = "'u2*2 - 1 j 

} 

w = (v1*v1) + (v2*v2); 
if (w <= 1.) { 

} 

Y = sqrt((-2 .... log(w))/w)j 
"'u1 v1 * y; 
*u2 = v2 * Yi 
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1* FUNCTION: tri *1 
1* DESCRIPTION: *1 
1* Calculates a sample from a triangular distribution with minimum a, *1 
1* mode c, and maximum b. *1 

float tri(float a, float c, float b) 
{ 

} 

float u; 

u = drand(O); 
if (u <= «c - a) I (b - a») 

return a + sqrt«c-a)*(b-a)*u); 
else 

return b - sqrt«b-c)*(b-a)*(l.-u»; 

1* FUNCTION: comp_prog *1 
1* DESCRIPTION: *1 
1* Calculates the Composite Programming score for an al.ternative. *1 

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; 

1* Determine the overall minimum and maximum NPV. *1 

NPV_max = Max [0] [12]; 
NPV_min = Min [0] [12]; 
for (j = 1; j < Num_alts; ++j) { 

if (Max[j][12] > NPV_max) 
NPV_max = Max[j][12]; 

} 

if (Min[j][12] < NPV_min) 
NPV_min = Min[j][12]; 

r_mi = NPV_max; 
if (fabs(NPV_min) > NPV_max) 

r_mi = fabs(NPV_min); 

1* For each alternative, determine the Composite Programming Score. *1 

for (j = 0; j < Num_alts; ++j) { 



poscurs(5.12); 
fprintf(stderr."« PERFORMING COMPOSITE PROGRAMMING FOR ALTERNATIVE rod »" 

.j) ; 
itoa(j.digit,10); 
Prefix_name[6] = digit[O]; 
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".filenama); 
exit(1); 

/* Determine the distributions of the monetary indicies and */ 
/* Pecuniary Objective. */ 

for (i = 0; i < Bins; ++i) { 
Distribution[O][i] = Distribution[1][i] = 0.0; 
Distribution[2][i] = Distribution[3][i] = 0.0; 

} 

delta = fabs«Max[j] [12]/r_mi)-(Min[j] [12]/r_mi»/Bins; 
for (i = 0; i < Bins; ++i) 

Distribution[O][i] = (Hin[j] [12]/r_mi) + «i+l) * delta); 
delta = 100. * distance(Min[j] [12]/r_mi); 
delta = Obj_weight[O] * pow(delta.power); 
npv = 100. * distance(Max[j] [12]/r_mi); 
npv = Obj_weight[O] * 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 %If''.&alt_chk,&:npv); 
mi = npv / r_mi; 
for (k = 0; k < Bins; ++k) { 

} 

if (mi <= Distribution [0] [k]) { 
Distribution[l] [k] += 1.; 
break; 

} 

if (k == Bins-l) 
Distribution[l][k] +=1.; 

evaluate = 100. * distance(mi)i 
evaluate = Obj_weight[O] * pow(evaluate.power)i 
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} 

for (k = 0; k < Bins; ++k) { 

} 

if (evaluate <= Diatribution[2] [k]) { 
Distribution[3] [k] += 1. j 
break; 

} 

if (k == Bins-i) 
Distribution[3][k] +=1.; 

fclose(Compr)j 
strcpy(filename,Prefix_name); 
Compr = fopen(strncat(filename,".mi",4)."w")j 
if (Compr == NULL) { 

} 

poscurs(20,26)j 
tprintf(stderr,"ERROR: Opening y's",filename); 
exit(1) ; 

/* Offset the bin number to the center of the bin. */ 

evaluate = (Distribution[O] [1]-Distribution[O] [0])/2j 
mi = (Distribution [2] [1]-Distribution[2] [0])/2j 
for (i = OJ i < Bins; ++i) { 

} 

Distribution[O][i] -= evaluatej 
Distribution[1] [i] = Distribution[1] [i] / Samplej 
Distribution[2][i] -= mil 
Distribution[3][i] = Distribution[3][i] / Samplej 

/* Print out the results of the distribution, with mean and variance. */ 

mi = mean(O,1)j 
for (i = OJ i < Binsj ++i) 

fprintf(Compr, "y'6 .4f ", Distribution[O] [i]); 
fprintf(Compr,"\n"); 
for (i = OJ i < Bins; ++i) 

fprintf(Compr, "y.e .4f ",Distribution[1] [i]); 
tprintt(Compr,"\n")j 
fprintf(Compr,"MEAN Y.6.4f\n",mi); 
fprintf(Compr,"VARIANCE Y.e.4f\n",var(O,1.mi»i 
fclose(Compr)i 

strcpy(filename,Prefix_name)j 
Objout = fopen(strncat(filename,".pec",4),"w")j 
if (Objout == NULL) { 

poscurs(20,26)j 
fprintf(stderr,"ERROR: Opening %s",filename); 
exit(1); 
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} 

mi = mean(2,3); 
for (i = 0; i < Bins; ++i) 

fprint:f(Objout,"%8.2f ",Distribution[2] [i]); 
fprintf(Objout,"\n"); 
for (i = 0; i < Bins; ++i) 

fprintf(Objout,"%6.4f ",Distribution[3] [i]); 
fprintf(Objout,"\n"); 
fprintf(Compr, "MEAN %6.4f\n" ,mi); 
fprintf(Compr,"VARIANCE %6.4f\n",var(2,3,mi»; 
fclose(Objout); 

1* Strategic Index. *1 

poscurs(7,32); 
fprintf(stderr,"strategic index"); 
ni_index(1,j,Num_attrib.strategic,".qfs"); 
ni_distn(Num_attrib.strategic,".nis",".str"); 

1* Tactical Index *1 

poscurs(7,32); 
fprintf(stderr,"tactical index II); 
ni_index(2,j,Num_attrib.tactical,".qft"); 
ni_distn(Num_attrib.tactical,".nit",".tac"); 

1* Determine Final Score. *1 

poscurs(7,32); 
fprintf(stderr," final score II); 
get_distn(".pec" ,0,2); 
get_distn(l. str",2,4); 
get_diotn(l.tac",4,6); 
evaluate = 0.; 
for (i = 0; i < 6; i += 2) 

evaluate += Distribution[i][O]; 
mi = pow(evaluate,(1.IQ»; 
evaluate = 0.; 
for (i = 0; i < 6; i += 2) 

evaluate += Distribution[i] [Bins-1]; 
Distribution [6] [Bins-1] = pow(evaluate,(1./Q»; 
delta = fabs (Distribut ion [6] [Bins-1] - mi) 1 Bins; 
for (1 = 0; i < Bins; ++1) { 

} 

Distribution[6][i] mi + «i+1) * delta); 
Distribution[7][i] = 0.; 

strcpy(filename,Prefix_name); 
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} 
} 

Compr = fopen(strncat(filename,".fin",4),"w")j 
if (Compr == NULL) { 

} 

poscurs(20,26): 
fprintf (stderr. "ERROR: Opening %s". filename) j 
exit(i)j 

evaluate = o. j 
for (k = OJ k < Bins: ++k) { 

for (1 = OJ 1 < Bins; ++1) { 
for (m = OJ m < Bins: ++m) { 
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evaluate = Distribution [0] [k]+Distribution[2] [1]+Distribution[4] em]; 
evaluate = pow(evaluate.(i./Q»j 

} 
} 

} 

fprintf(Compr."%6.2f\n".evaluate)j 
mi = Distribution[i][k] * Distribution[3] [1] * Distribution[5] [m]: 
for (i = OJ i < Binsj ++i) { 

} 

if (evaluate <= Distribution[6] [i]) { 
Distribution[7][i] += mi: 
breakj 

} 

if (i == Bins-i) 
Distribution[7][i] += mij 

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(i)j 

delta = fabs(Distribution[6] [i]-Distribution[6] [0])/2; 
for (i = 0; i < Bins: ++i) 

Distribution[6][i] -= delta: 
mi = mean(6.7): 
for (i = 0; i < Bins: ++i) 

fprintf(Objout. "%6. 4f ".Distribution[6] [i]) j 
fprintf (Objout. "\n") j 
for (i = OJ i < Bins; ++i) 

fprintf(Objout. "%B. 6f ".Distribution[7] [i]) j 
fprintf(Objout."\n"); 
fprintf(Compr."HEAN %6.4f\n".mi)j 
fprintf(Compr."VARIANCE %6.4f\n".var(6.7.mi»; 
fclose(Objout) ; 



1* FUNCTION: get_distn 
1* DESCRIPTION: 
1* 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) ,"r"): 
if (In == NULL) { 

} 

poscurs(20.26); 
fprinU(stderr,"ERROR: Opening %s",:filename): 
exit(l): 

for (i = lower; i < upper; ++i) { 
:for (j = 0: j < Bins; ++j) 

fscanf(In, "%f ",.tDistribution[i] [j]): 
} 

fclose(In): 

1* FUNCTION: ni_index 
1* DESCRIPTION: 
1* Determines the Strategic and Tactical indicies. 

void ni_index(type,alt,num_attrib,extn) 
unsigned short int alt, num_attrib, type: 
char extn[5]: 
{ 

unsigned short int alt_chk, i, k, I, 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): 
fprintt(stderr,"ERROR: Opening %s",filename): 
exit(l): 

1* Set up bins tor HI distribution *1 
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for (k = OJ k < num_attribj ++k) { 
for (1 = OJ 1 < Binsj ++1) 

Distribution [k+2] [1] = Distribution[(k+2)+1] [1] O.Oj 
pos = kj 
it (type == 2) 

pos = k + Num_attrib.strategicj 
delta = tabs«Hax[alt] [pos]-Hin[alt] [pos])/Bins); 
tor (i = 0; i < Binsj ++i) 

Distribution[k*2][i] = Hin[alt] [pos] + «i+1) * delta)j 
} 

tor (k = OJ k < Samplej ++k) { 
tscant(Compr,"%d ",talt_chk)j 
for (1 = OJ 1 < num_attribj ++1) { 

fscanf(Compr, .. %t ",tevaluate)j 
} 

for (1 = OJ 1 < num_attrib; ++1) { 
fscanf (Compr, "%f .. ,tni) j 

} 

tor (i = OJ i < Binsj ++i) { 

} 

it (ni <= Distribution [1*2] [i]) { 
Distribution[(1*2)+1][i] += 1.j 
breakj 

} 

if (i == Bins-1) 
Distribution[(1+2)+1][i] += 1.; 

} 

fclose(Compr); 

1* Offset 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]) 1 2j 
for (i = OJ i < Bins; ++i) { 

} 

Distribution[1*2][i] = Distribution[1*2][i] - delta; 
Distribution[(1*2)+1][i] = Distribution[(1*2)+1][i] 1 Sample; 

1* Determine limits for Strategic and Tactical indicies. *1 

power = Q/Pj 
for (1 = 0; 1 < 2; ++1) { 

evaluate = 0.; 
for (k = OJ k < num_attrib; ++k) { 

if (type == 1) 
weight = Str_inp[k].weightj 
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} 

} 

} 

it (type == 2) 
weight = Tac_inp[k].weighti 

it (1 == 1) 
1 = Bins-1; 

evaluate += weight * distance(Distribution[k*2] [lJ); 

evaluate = Obj_weight[type] * pow(evaluate,power)i 
ACRS[l] = evaluate; 

evaluate = fabs(ACRS[OJ - ACRS[Bins-1J) I Bins; 
for (k = OJ k < Bins; ++k) { 

Factors[kJ = ACRS[Bins-1J + «k+1) * evaluate); 
} 

evaluate = O. i 
for (i = 0; i < Binsi ++i) 

ACRS[iJ = 0; 
compromise(type,O,evaluate.1.); 

1* FUNCTION: ni_distn 
1* DESCRIPTION: 
1* Determine the distribtuions for the Nonmonetary Indicies. 

void ni_distn(num_attrib.ni_extn.obj_extn) 
unsigned short int num_attrib; 
char ni_extn[6J, obj_extn[6Ji 
{ 

unsigned short int ii 
short int ji 
double avg, delta; 
char filename[14]i 

strcpy(filename,Prefix_name)i 
Compr = fopen(strncat(filename,ni_extn,4),lw")j 
if (Compr == NULL) { 

} 

poscurs(20.26); 
fprint:f(stderr,"ERROR: Opening %s",filename); 
exit(1)i 

fo:r: (j = 0; j < num_attrib; ++j) { 
avg = mean«j*2),«j*2)+1»i 
for (i = OJ i < Binsj ++i) 

fprintf(Compr,"%6.4f ",Distribution[j*2] [i])j 
fprintf(Compr,"\n"); 
for (i = OJ i < Bins; ++i) 

fprintf(Compr ,"%6 .4f ", (Distribution[(j*2)+1] [i]» j 
fprintf(C,')mpr, "\n") j 
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} 

fprintf(Compr, "MEAN %6.4f\n",avg); 
fprintf(Compr, "VARIANCE %6. 4f\n", var( (j*2), «j*2)+1) ,avg» j 

} 

fclose(Compr)j 
strcpy(filename,Prefix_name)j 
Objout = fopen(strncat(filename,obj_extn,4) ,"w"); 
if (Objout == NULL) { 

poscurs(20,26); 
fprintf(stderr,"ERROR: Opening %s",filename); 
exit(1); 

} 

avg=O.; 
delta = fabs(Factors[1] - Factors[0])/2; 
for (j = 0; j < Bins; ++j) { 

fprintf (Obj out, "%8. 2f ", (Factors [j] -delta» ; 
avg += «Factors[j]-delta) * ACRS[j]); 

} 

fprintf(Objout,"\n"); 
delta = 0.; 
for (j = 0; j < Bins; ++j) { 

fprintf(Objout,"%8.6f ",ACRS[j])j 
delta += «Factors[j]-delta) * (Factors[j]-delta) * ACRS[j]); 

} 

fprintf(Objout,"\n"); 
delta -= (avg * avg); 
fprintf (Compr , "MEAN 
fprintf(Compr, "VARIANCE 
fclose(Objout); 

y'12.4f\n",avg); 
Y.12.4f\n",delta)j 
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1* FUNCTION: compromise */ 
1* DESCRIPTION: */ 
1* Calculates the compromise programming portion for each objective. *1 

void compromise(type,inc,evaluate,prob) 
unsigned int inc, type; 
float evaluate, probj 
{ 

unsigned short int i, j, inc_limj 
float joint_prob, power, result, weight; 

power = Q/P; 
if (type == 1) { 

} 

weight = Str_inp[inc].veightj 
inc_lim = Num_attrib.strategic - 1j 

else { 
weight Tac_inp[inc].weight; 



} 

inc_lim = Num_attrib.tactical - 1; 
} 
for (i = 0; i < Binsi ++i) { 

} 

if (inc < inc_lim) { 

} 

result = evaluate + (weight * distance(Distribution[inc*2] [i]»i 
joint_prob = prob * Distribution[(inc*2)+1] [i]j 
compromise(type,inc+1,result,joint_prob); 

else { 

} 

result = evaluate + (weight * distance(Distribution[inc*2] [i]»j 
result = Obj_weight[type] * pow(result,power); 
joint_prob = prob * Distribution[(inc*2)+1][i]i 
for (j = OJ j < Bins; ++j) { 

} 

if (result <= Factors[j]) { 
ACRS[j] += joint_probj 
breakj 

} 
if (j == Bins-1) 

ACRS[j] += joint_prob; 

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

float distance(float term) 
{ 

} 

float resultsi 

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 ij 
float tempi 

temp = O.j 
for (i = 0; i < Bins; ++i) 

temp += Distribution[value][i] * Distribution[prob][i]j 
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return temp; 
} 

1* FUNCTION: var 
1* DESCRIPTION: 
1* Determines the variance ot a distribution. 

double var(int value, int prob, double mean) 
{ 

} 

unsigned short int i; 
double temp; 

temp = 0.; 
tor (i = 0; i < Bins; ++i) 

temp += (pow (Distribution [value] [i],2.0) * Distribution[prob] [i]); 
return (temp - pow(mean.2.0»; 

1* FUNCTION: print_parms 
1* DESCRIPTION: 
1* Prints the input parameters specitied by the user. 

void print_parms() 
{ 

unsigned short int i, j, k, limit; 

limit = 3; 
Out = topen("amstep-r.prm"."w"); 
if (Out == NULL) { 

} 

poscurs(20,26)j 
tprintt(stderr,"ERROR: opening AMSTEP-R.PRM")j 
exit(1) ; 

tprintt (Out, "%s\n" ,Title) ; 
tprintt(Out,"Tax rate y'6.2t\n",Tax_rate*100.); 
fprintt(Out,"Depreciation ACRS Yod years\n",ACRS_type); 
fprintt(Out,"Project Length II); 
for (j = OJ j < limit; ++j) 

tprintt(Out,"%d ",Proj_len[j]); 
tprintt(Out,"\nHonetary Rate II); 
tor (i = 0; i < limit; ++i) { 

tor (j = 0; j < Mon_int[i].points; ++j) 
tprintt(Out,"Y.3d ",Mon_int[i].yr_brk[j])j 

fprintf(Out,l\n"); 
for (j = OJ j < limit; ++j) { 

tor (k = 0; k < Mon_int[i].pointsj ++k) 
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} 

} 

} 

fprintf(Out,"Y,5.2f ",Mon_int[iJ.rate[jJ[kJ)j 
fprintf(Out,"\n")j 

fprintf(Out ,"Nonmonetary Rate II) j 
for (i = OJ i < limitj ++i) { 

} 

for (j = OJ j < Nonmon_int[iJ.pointsj ++j) 
fprintf(Out,"Y,3d ",Nonmon_int[iJ.yr_brk[jJ); 

fprintf(Out,"\n")j 
for (j = 0; j < limit; ++j) { 

} 

for (k = 0; k < Nonmon_int[iJ.pointsj ++k) 
fprintf(Out,"Y,5.2f ",Nonmon_int[iJ.rate[jJ[kJ)j 

fprintf(Out, "\n"); 

for (j = OJ j < Num_attrib.strategicj ++j) 
fprintf (Out, "Y,s \t Y,4.1f\n" ,Str_inp[jJ . attribute,Stcinp[jJ • weight) j 

for (j = 0; j < Num_attrib.tacticalj ++j) 
fprintf(Out,"Y,s \t Y,4.1f\n",Tac_inp[jJ.attribute,Tac_inp[j].weight)j 

fprintf(Out,"Pecuniary Weight Y,4.1f\n",Obj_weight[0])j 
fprintf(Out, "Strategic Weight Y,4. If\n" ,Obj _weight [lJ) : 
fprintf(Out,"Tactical Weight Y.4.1f\n",Obj_weight[2J)j 
fprintf(Out,"NPV min Y,12.2f NPV max Y,12.2f\n",NPV_min,NPV_max)j 
fprintf(Out,"Sample size Y,d ",Sample)j 
fprintf (Out, "Number of bins Y,d\n" ,Bins) j 
fprintf(Out,"Correlation coefficient Y,4.2f ",Corr_coef): 
tclose(Out)j 

1* FUNCTION: print_input 
1* DESCRIPTION: 
1* 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[14Jj 

limit = 3: 

strcpy(filename,Prefix_name)j 
Out = fopen(strncat(tilename,".inp",4),"w"): 
if (Out == NULL) { 

poscurs(20,20): 
fprintf(stderr,"ERROR: Opening Yes for output",filename)j 
exit(l): 

} 

fprintf(Out,"Yos\n",Alt_title[alt]): 
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fprintf(Out."PECUNIARY"): 
for (i = OJ i < Num_attrib.pecuniarYi ++i) { 

for (j = 0: j < limit: ++j) { 
fprintf(Out. l \n%s".Mon_inp[i].description): 

} 

for (k = OJ k < Mon_inp[i].data[j].points: ++k) 
fprintf(Out. l \t%d".Mon_inp[i].data[j].yr_brk[k]): 

fprintf(Out."\n"): 
for (k = 0: k < limit: ++k) { 

} 

for (1 = 0; 1 < Hon_inp[i].data[j].pointsj ++1) 
fprintf (Out. "\t%15 .2f" .Hon_inp[i] .data[j] .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): 
:fprintt(Out,"%4.0f ",Str_inp[i].weight): 

} 

for (k = 0: k < Str_inp[i].data[j].pointsi ++k) 
fprintf(Out, "\t%dlf ,Str_inp[i] .data[j] . yr _brk[k]); 

fprintf(Out."\n"): 
for (k = 0: k < limit; ++k) { 

} 

for (1 = 0: 1 < Str_inp[i].data[j].points; ++1) 
fprintf(Out, "\ty.a .Of" ,Str_inp[i] . data[j] . rate [k] [1]) ; 

fprintf(Out,"\n")j 

} 

fprintf(Out,"\n\nTACTICAL"): 
for (i = 0: i < Num_attrib.tactical: ++i) { 

for (j = OJ j < limit; ++j) { 
fprintf(Out,"\n%s ",Tac_inp[i].attribute)j 
fprintf(Out."%4.0f ",Tac_inp[i].weight); 

} 

for (k = 0: k < Tac_inp[i].data[j].pointsj ++k) 
fprintf(Out ,"\t'!.d" • Tac_inp[i] .data[j] . yr_brk[k]) j 

fprintf(Out. l \n"): 
for (k = OJ k < limit; ++k) { 

} 

for (1 = OJ 1 < Tac_inp[i].data[j].pointsj ++1) 
fprintf(Out, "\t%6.0f", Tac_inp[i] .data[j] .rate[k] [1]) j 

fprintf(Out,"\n")j 

} 

fclose(Out): 
} 
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Appendix J 
Frequency Distributions for Independent 
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Figure J.2: Frequency Distribution of Strategic Objective - Manual Alternative 
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Figure J.3: Frequency Distribution of Tactical Objective - Manual Alternative 
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Figure J.4: Frequency Distribution of Pecuniary Objective - Semi-Automatic Al­
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Figure J .5: Frequency Distribution of Strategic Objective - Semi-Automatic Al­
ternative 
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Figure J.6: Frequency Distribution of Tactical Objective - Semi-Automat.ic Alter­
native 
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Figure J.7: Frequency Distribution of Pecuniary Objective - Automatic Alterna­
tive 
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Figure J .8: Frequency Distribution of Strategic Objective - Automatic Alternative 
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Figure J.9; Frequency Distribution of Tactical Objective - Automatic Alternative 
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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 1~.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 16·00 

nonmonetary rate 1 3 8 
7.80 7.80 8.50 
7.90 7.90 9.00 
8.00 8.00 9.50 
1 3 10 

7.90 7.90 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 
8.20 8.20 10.00 
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Table K,2: Manual Operations Cash Flows 

ATTRIBUTE YEARlCASH FLOW 

Labor I 3 6 8 

!Sl14,660

l 

~Sl36,500l !Sl69,260

l 

{,136,
600

1 
1109,200 Sl30,OOO SlOI,200 S130,OOO 
Sl03,140 (U23,500 $153,140 $123,500) 

I 3 7 10 f IIt,600

l 

fl36,500

l 

!Sl69,200

l 

~U36,500l 
1109,200 Sl30,OOO S101,200 Sl30,OOO 
1103,7tO S123,600 U63,ao Sl23,500 

1 3 9 12 
('114,660) (S147,420) (Sl69,260) (Sl36,500) 

~U09,200l ~SHO,400l ~'16I'200l ~Sl3o,OOOl 
$103,740 $133,360 'IS3,ao Sl23,500 

Mainhma.ncc I 3 5 6 r2,I00

l 

r2,310

l 

!*2,541

l 

!*2,796

l 
'2,000 '2,200 $2,420 '2,662 
S1,900 '2,090 '2,299 '2,629 

I 3 S 7 10 

r2'100~ r2,310~ ~'2,S41~ f2,796l !'3,O75

l 
12,000 '2,200 '2,420 '2,062 '2,928 
S1,900 '2,000 \'2,299 $2,629 12,782 

1 t 7 10 12 

{,2,100

l 

!,2,310

l 

!,2,796l !,3,07Sl !$3,075

l 
'2,000 12,200 '2,602 $2,928 '2,028 
tl,900 $2,090 '2,529 '2,782 '2,782 

Tralnlnll I 3 6 8 

('I,SOOl ~S1,984l !,3,O17

l 

~'2'624l 
('1,000 '1,323 12,011 S1,749 

('500 ('661 U,006 ('875 
I 3 S 7 10 

(S1,SOOl i ll ,984

l 

iS2,62tl r3
,HO

l 

!S3,OI9) 
(11,000 U,323 Sl,749 '2,313 '2,O12l 

(.500 ('661 ('87S tl,I57 $1,007 
I t 7 9 12 

ill,SOOl 1$2,281) {'3,t70

l 

{ .. ,S80

l 
t,992l 11,000 S1,S21 l '2,313 $3,069 '2,601 

(.500 (1760 S1,157 S1,530 11,331) 
DOCUhlcnt4tion I 

rS,SOO) 
'5,000) 
",500) 

I 

i·
5

,
5OOl '5,000 

($4,SOO 
I 

~'5,500l 
'5,000 

(U,500) 
SpA(;C I 3 4 7 

!'S,3S0l !*S,350) ~$IO, 700

l 

!S16,050) 
$5,000 .s,OOOl SlO,OOO Sl5,OOOl 
H,050 ",6S0 (S9,300 Sl3,050 

I 3 4 7 
($S,3S0) t,3s01 1'10,700) ~'16'OSO) 
(SS,OOOl S5,OOO Slo,OOO) $1S,OOO) 
(S4,650 ",6S0) ('9,300) $13,OSO) 

I 3 t 7 

!.s,3S0

l 

('5,350) (SlO,700) (116,050) 
15,000 1'5,000) ($10,000) 111s,OOOl 
",650 ",060) ('0,300) $13,9S0 

Rework I 3 6 8 

('86,04°l (U06,26Ol 1'140,070) i U28 ,864l ('n,600 ('02,400 U21,800) • 112,056 
(164,260) (178,540) Sl03,530) ('OS,248 

I t 7 10 
('86,940) 1'IIS,920! (IIS4,560) 1sa2,I9Sl 
(,n,60O l SlOO,800 1S13t,400l $123,648 
(164,280 (18S,680 UU,2tO (SlOS,101 

I t 9 12 

1'86,94°l 1SIIS ,920) i
1l88

,370! 
(U73,300l S75,600 Sloo,80Ol $163,800 (USO,696 

('64,260) ('8S,680 (S139,230 (1128,092 
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Table K.2: Manual Operations Cash Flows - cont'd. 

ATTRIBUTE YEAR{CASH FLOW 

Transpor&aUon I 4 f> 8 
(SiO,700! lSlO,700! lU6,05O) (Sl6,ObOl 
(Sto,OOO Sto,OOO S15,000~ lSl5,000 
('9,300 ('9,300 U3,950 Sl3,950 

I 4 5 8 9 

lIl0,
70O

l lSlO,
70Ol lIl6,OSO! 1116,01'>0) lS2I'400~ 

SlO,OOO SlO,oOO 115,000 S15,000~ '20,000 
(S9,300 (S9,300 $13,950 S13,950 Si8,600) 

I 4 5 8 9 

lSlO,700! !SlO,
7OOl lI16,05O) tI6,05°l 1*21,400) 

Slo,oOO 110,000 U5,OOOl SiI'>,OOO '2o,000l 
('9,300 ('9,300 113,950 113,950 $18,600 

Calh Inflow I 6 8 
t652,800 SI,052,160 S967,987 
t816,000 U,315,200 U,209,9B4 
t979,200 11,578,240 U,451,981 

1 7 10 
t652,800 SI,167,360 SI,073,971 
t816,000 tl,459,200 Sl,342,464 
t979,200 SI,751,040 Sl,610,95( 

1 9 12 
t652,800 U,420,800 SI,307,136 
t816,000 tl,776,000 S1,633,920 
S079,200 '2,131,200 11,960,704 
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Table K,3: Semi-Automatic Operations Cash Flows 

ATTRIBUTE YEARlCASH FLOW 

lnve.imen& a 
r36,000~ '30,000 
'24,000 

0 

r36'000~ '30,000 
'24,000 

a 
('36,000) 
~S3o,000l 
'24,000 

Depr Invea'ment 0 

1'144,0001 
$120,000 
('96,000 

0 

1
$1H

,0001 $120,000 
(196,000 

a 
~UU'OOO! $120,000 

(196,000 
Salvage value 8 

S8,626 
$1,500 
16,376 
10 
'6,325 
'5,500 
14,676 
12 
14,026 
'3,500 
12,9T5 

Labor 1 3 6 8 

{,29T,HO) r320
,320! r388

,960! 1'320,320) 
'270, 4OOl '291,200 $353,600 '291,200) 
'243,360 '262,080 '318,240 '262,080) 

1 3 7 10 

1'207'HO~ r320
,320! 

(S388,960) r320 ,320) 
'270,400 '291,200 ~.353,600l '291,200) 

('243,360 '262,080 S318,240 '262,080) 
1 3 0 12 r297
,HO! 1'

320
,320! 1'388,

9601 1'320,
3201 '270,400 '291,200 '363,600 '291,200 

'243,360 '262,080 S318,240 1262,080 
Maintenance 1 t,m! '6,660 

'5,661 
1 

!'7,
659l '6,660 

'5,661) 
1 

1'
7

,659! S6,660 
('5,661 

Training 1 3 8 
(S30,000) 1122,5001 (U5,000~ 
~'20,000) $15,000 ($10,000 
SIO,OOO) (17,500) ('5,000 

1 3 10 r3O
'000l 

(122,5001 1$16,0001 120,000 ($15,000 110,000 
$10,000 (17,500) (15,000) 

1 3 12 
(130,000) ~'22'600~ ~115'OOO~ 
l'2o,000l $16,000 $10,000 
110,000 (17,500 (15,000 



344 

Table 1(,3: Semi-Automatic Operations Cash Flows - cont'd 

ATTRIBUTE YEAR/CASH FLOW 

Documen&a&lol1 1 

r3,000~ '2,500 
$2,000 

1 
f'3,000~ 
12,500 

(12,000) 
1 

r3'000~ 12,500 
'2,000 

Spa.ce 1 

r6,688~ '6,250 
'5,813 

1 

t,688~ 
'6,250 
$5,813) 

1 

f' 6 ,6B8 ~ 
'6,250 

('5,813) 
Rework 1 2 8 

1'86,940l 1'85,008) 1'07,
6201 '75,600 '73,920~ '58,800 

'64,200 '62,832 StO,080 
1 8 10 

1'86,
94O

l f'78,246! 1'67,
62O

l '76,600 '68,040 '58,800 
'04,260 ('57,634 $40,980 

1 8 12 

1'86,0(0) 
1'78,

240
1 1'67,

620
1 S75,600~ '68,040 '58,800 

'64,260 S57,B34 $49,960 
Programming 1 3 4 

f' 7S,000) f U5,000l f' 3O,000) 
'50,000) S30,000 '20,000) 

('25,000) ($15,000) ($10,000) 
1 3 4 

('75,000) (U5,000) ('30,000) 

f'5O,000~ f·ao,OOOl f'20,000) 
$25,000 115,000 110,000) 

1 3 4 
('75,000) 

1
U5

,000l ('30,0001 
flSo,OOOl S30,000 f S2O,000 
125,000 115,000 110,000 

Caah Inflow 1 6 B 

'645,120 11,098,240 11,010,381 
$806,400 $1,372,800 '1,262,076 
'967,680 $1,647,360 11,515,571 

1 7 10 
'645,120 11,221,120 11,123,430 
$806,400 11,526,400 11,404,288 
'067,680 $1,831,680 $1,685,146 

1 9 12 
$645,120 11,469,920 11,370,726 
'806,400 11,662,400 $1,713,408 
'967,680 '2,234,880 '2,056,090 
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Table K.4: Automatic Operations Cash Flows 

ATTRIBUTE YEARlCASH FLOW 

In"ocal;ment a 
~'60'000~ '50,000 
$40,000 

a 
reo,OOOl '50,000 
$40,000 

0 
('60,000) 
~'50,000l 
$40,000 

Depr Invelltment 0 

r720,000~ 
'600,000 
U80,000 

a 
~H20,000~ 
'600,000 
1480,000 

a r72O
,000! '600,000 

USO,OOO 
Sal\fAS-c vat ue 8 

UO,OOO 
$40,000 
S3t,OOO 

10 
'3t,500 
'30,000 
'26,500 

12 
$l3,000 
'20,000 
117,000 

Labor 1 3 6 

r400'400~ r331'760~ r331'760~ 
'364,000 '301,600 '301,600 
'327,600 '271,440 '271,440 

1 3 6 

!UOO,400

l 

!'331,760! {'331,
76Ol '364,000 '301,600 '301,600 

'327,600 1271,440 '271,440 
1 3 6 

~UOO'400l !'331,
76O

l !,331,
76O

l $364,000 '301,600 '301,600 
('327,600 '271,440 '271,440 

Maintenance 1 

fU8 ,400l $16,000 
$13,600 

1 
~S18'400) 
us,OOOl 

($13,600 
1 

~S18'400l $16,000 
(113,600 

Training 1 3 4 

('60'000~ ~U5'000~ ~'30,000) 
~S40,000 $30,000 $20,00O~ 
120,000 $15,000 ($10,000 

1 3 4 
('60,000l t 6

,000l {,30,OOO! 
~Uo,OOO '30,000 '20,000 
'20,000 US,OOO) $10,000 

1 3 4 

('60,000l t 6 ,000l {'3o,000l 
(HO,OOO '30,000 '20,000 
('20,000 $15,000) $10,000 
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Table K.4: Automatic Operations Cash Flows - cont'd 

ATTRIBUTE YEARlCASH FLOW 

Documanta.don 1 2 

~S6,000~ ~'3'6001 '&,000 '3,000 
'4,000 '2,400 

1 2 
~'6,000l ~'3,600l 
15,000 '3,000 

(14,000) ('2,400) 
1 2 r6
'000l !'3,

6OO
l '5,000 '3,000 

'4,000 $2,400) 
Space 1 r6

,

688l '6,250 
'5,813 

1 

!S6'688~ '6,250 
'S,813 

1 
f$6,088l 
'6,260 

('S,813) 
Rework 1 Ii 6 8 r86,940) r6

S,20S1 r3S ,018) (133,81O l 
S71i,60Ol IS6,700 t30,4S0) f' 29,400 
'64,260 U8,10S '26,883) '24,990 

1 Ii 6 10 

{'88'940~ ('65,205) {'35,018) r31,153l 
S7s,600 ~'56, 700) 130,4s0l '27,090 
'64,260 '48,195) '26,883 '23,027) 

1 S 6 12 

~'86,940l r6S ,206) f'36,
018l ('31,153 l 

S7S,600 'S6,700) '30,4S0 ('27,090 
('64,260 $48,19S) 125,883 ('23,027) 

Progra.mming 1 2 3 , 
~S76,000) f176,000) f S45 ,000l ~ '30,000l 
'50,000) '50,000) '30,000 '20,000 

(tn,OOO) ('25,000) ($15,000) (SlO,OOO) 
1 2 3 , 

('75,000) (175,000) (146,000) ('30,000) 

(UO,OOOl ('50,000) !'30,000) !S20,OOO) 
('25,000 ('25,000) $15,000) $10,000) 

1 2 3 4 

('75,000l ('75,000) (U5,000l r3O,000) 
~SSO,OOO f·so,OOOI !'30,000 '20,000) 

$25,000 '25,000 $1S,OOO SlO,OOO) 
Caah Inflow 1 6 8 

'622,080 $1,105,920 $1,017,H6 
'777,800 $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 Sl,S26,400 $1,404,288 
'933,120 Sl,831,680 SI,686,H6 

1 9 12 
'622,080 SI,489,920 11,370,726 
S777,600 Sl,862,400 $1,713,408 
'933,120 '2,234,880 '2,056,090 
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Table K.5: Manual Operations Qualitative Flows 

STRATEGIC TACTICAL 
ATTRIBUTE YEARlgUAL. FLOW ATTRIBUTE YEARlgUAL. FLOW 

Internal Rcla,ions 1 3 6 7 8 O •• I«n 1 
10 .35 .35 .55 ·55 ·5 
15 ·30 ·30 ·50 ·50 0 
20 ·25 ·25 ·45 ·45 5 

I 3 6 7 9 I 
10 ·35 ·35 ·55 .85 ·5 
15 ·30 .30 ·50 ·80 0 
20 .. 25 ·25 ·45 ·75 5 
I 3 e 8 9 1 
10 ·35 ·35 ·55 ·85 ·5 
15 ·30 ·30 ·50 ·BO 0 
20 ·25 ·25 ·45 ·75 5 

MArkol Po.lllon I " 8 Flexibilily I " 5 B 
0 ·20 ·95 .55 ·55 ·95 ·95 

20 0 ·75 .40 ·40 ·BO ·80 
40 20 ·55 .25 .25 ·65 ·65 
1 4 B 10 1 4 5 10 

0 ·20 ·95 ·100 .55 ·55 ·95 ·95 
20 0 ·75 ·85 .40 ·40 ·80 .80 
40 20 .55 ·65 .25 ·25 ·65 ·65 
1 4 8 12 1 4 5 12 

0 ·20 .95 ·100 .55 ·55 ·95 ·95 
20 0 ·75 .90 .40 .40 .BO .80 
40 20 ·55 .70 .25 ·25 ·65 ·65 

Miuion 1 2 B InleS'AlioR 1 B 
10 ·40 ·55 .27 ·72 
15 ·30 ·45 .15 .60 
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 ·95 .27 ·100 
15 ·30 .85 .15 ·90 
20 ·20 .75 .3 .7B 

O'SARI •• llon 1 Material 1 3 4 B 
·55 19 ·6 ·26 ·46 
.50 25 0 ·20 .40 
·45 31 6 .14 .34 
1 1 3 " 10 
·55 19 ·6 ·26 ·50 
·1'>0 25 0 .~O ·!joO 
·45 31 6 ·14 ·44 
1 1 3 4 12 

.1'>1'> 19 ·6 ·26 ·58 
·50 25 0 ·20 ·50 
·45 31 6 ·14 ·44 

Public Relallo", 1 :2 8 Peuonnel 1 6 8 
13 ·7 .67 27 ·3 ·23 
20 0 ·60 35 5 ·15 
27 7 ·53 43 13 .7 
1 2 10 1 7 10 
13 ·7 ·87 27 ·IB .43 
20 0 ·80 35 ·10 ·35 
27 7 ·73 43 .2 .27 
1 2 11 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 

Technolosy 1 Producibilily 1 8 
·100 ·31 ·66 

·90 ·20 .55 
·BO .9 ·44 
1 1 10 

.100 .31 .76 
.90 ·20 ·65 
·60 .9 ·54 
1 1 12 

.100 ·31 ·61 
·90 ·20 ·70 
.BO .9 .59 
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Table K.6: Semi-Automatic Operations Qualitative Flows 

STRATEGIC TACTICAL 
ATTRIBUTE YEAR/gUAL. FLOW ATTRIBUTE YEAR/gUAL. FLOW 

Internal Relation. 1 3 7 D.,lgn 1 
·to 0 35 .5 
.35 6 40 0 
·30 10 45 5 

1 3 7 10 1 
.to 0 35 55 ·5 
·35 6 ~o 60 0 
·30 10 45 66 5 

1 3 7 12 1 
.to 0 35 65 .5 

·35 5 40 70 0 
·30 10 tll 75 5 

MArkel Poshlon 1 ~ 3 8 Floxlblilly 1 5 B 
.10 ·40 .20 15 .35 0 15 
10 ·20 0 35 ·20 15 30 
30 0 20 55 ·15 30 45 
1 2 3 7 10 1 3 10 

.10 .to .20 15 .35 .35 .15 25 
10 ·20 0 35 66 ·20 0 to 

30 0 20 55 75 ·15 15 55 
1 2 3 7 12 1 4 12 

.10 .40 .20 15 to .35 .10 35 

10 ·20 0 35 60 ·20 5 50 
30 0 ~O 55 80 ·15 ~O 65 

Miaaion 1 3 4 6 7 Inlegralion 1 3 B 
20 20 25 25 30 .27 .7 18 
30 30 35 35 to ·15 5 30 
40 40 45 45 50 .3 17 42 
1 3 4 6 10 1 2 10 
20 20 25 25 40 .21 .12 26 
30 30 35 35 50 ·15 0 40 
40 to t5 45 60 .3 12 52 
1 3 4 6 12 1 3 12 
20 20 25 25 60 .21 .7 33 
30 30 35 35 70 ·111 5 45 
40 to 45 45 80 .3 17 57 

Org&nlzalion 1 3 8 MAlorial 1 3 8 

·40 5 35 .16 9 44 

·35 10 to ·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 8 1 2 8 

·to 5 35 ·16 9 44 

·35 10 40 .10 15 50 

·30 15 45 .t 21 56 

Public Relations 1 7 Personnel 1 6 8 

18 48 21 31 35 

25 55 35 45 43 

32 62 43 53 51 

1 1 1 7 10 

18 48 27 31 35 

~5 55 35 45 43 

32 62 43 53 51 

1 7 1 9 12 

18 48 27 37 35 

25 55 35 45 43 

32 62 43 53 51 

Technology 1 4 5 Producibilily 1 4 8 

0 20 30 .36 4 34 

10 30 40 .25 15 45 

20 40 50 ·14 26 56 

1 4 5 1 4 10 

0 20 30 .36 4 H 

10 30 40 .25 15 55 

20 40 50 ·14 28 66 

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 65 ·14 26 76 
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Table K.7: Automatic Operations Qualitative Flows 

STRATEGIC TACTICAL 
AT1'RIBUTE YEARl9UAL. FLOW ATTRIBUTE YEARl9UAL. FLOW 

Siraiesic TAcllcAI 
Internal RelaUOJl8 1 3 OOllsn 1 

·40 0 35 15 
.35 5 40 20 

·30 10 45 25 

1 3 1 10 1 
.40 0 35 55 15 
·35 5 40 00 20 

·30 10 45 65 25 
1 3 1 10 12 1 

.40 0 35 55 65 15 

.35 5 40 60 10 20 
·30 10 45 65 15 25 

M .. rkel POlltion 1 2 3 1 Flexlbility 1 6 8 

.10 .40 ·10 60 -35 ·5 35 15 

10 ·20 10 80 ·20 10 50 90 

30 0 30 100 ·5 25 65 100 

1 2 3 1 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 1 1 3 0 8 

.10 .40 .10 60 ·35 ·5 35 15 

10 .20 10 80 ·20 10 50 90 

30 0 30 100 .5 25 65 100 

MI .. lon 1 4 6 8 Inle!rAllon 1 3 6 7 8 

30 ~o 70 80 .27 .7 18 43 68 

40 60 80 90 ·15 5 30 55 80 

50 70 90 100 ·3 11 42 61 92 

1 4 6 B 1 3 6 1 8 

30 50 70 80 .27 .7 18 43 08 

40 60 80 90 ·15 5 30 55 80 

50 10 00 100 ·3 11 42 67 02 

1 4 6 8 1 3 5 1 8 

30 50 10 80 .27 .1 18 43 68 

40 6J 80 90 .15 5 30 55 80 

50 10 00 100 ·3 11 42 61 92 

Organi2lAtion 1 3 5 8 Material 1 2 3 6 8 

·40 5 20 80 .16 4 9 39 60 

·35 10 25 86 .10 10 15 45 75 

·30 15 30 90 .4 16 21 51 81 

1 3 5 8 9 1 2 3 6 8 

.40 5 20 80 90 .16 4 9 39 69 

.35 10 25 85 95 .10 10 15 45 n 
·30 15 30 90 100 ·4 16 21 51 81 

1 3 5 8 9 1 2 3 6 8 

·40 5 20 80 90 ·16 4 9 30 60 

.35 10 25 85 95 ·10 10 15 45 75 

-30 15 30 90 100 ·4 16 21 51 81 

Public Relatione 1 4 1 8 Personnel 1 6 8 

38 48 68 18 ·28 H 45 

45 55 75 85 ·20 55 53 

52 62 82 92 ·12 63 61 

1 4 1 8 1 1 10 

38 46 68 18 .28 62 60 

45 55 15 85 .20 70 68 

52 62 82 02 ·12 18 16 

1 4 1 8 1 9 12 

38 48 68 78 .28 00 89 

45 55 15 85 ·20 98 06 

52 62 82 92 ·12 19 11 

Technology 1 3 4 6 Produclbilily 1 2 3 5 8 

25 35 50 70 .46 .36 ·11 69 79 

35 45 60 80 ·35 ·25 0 80 00 

45 55 10 90 ·24 ·14 11 91 100 

1 3 4 6 1 2 3 5 8 

25 35 50 10 .46 .36 ·11 69 79 

35 45 60 80 ·35 ·25 0 80 90 

45 55 10 90 ·24 ·14 11 91 100 

1 3 4 6 1 2 3 5 8 

25 35 50 10 .46 .36 .11 69 79 

35 45 60 80 ·35 ·25 0 80 90 

45 66 10 00 ·24 ·14 11 9J 100 
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Appendix L 
Frequency Distributions for Dependent 

Risk 
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Figure L.l: Frequency Distribution of Pecuniary Objective - Manual Alternative, 
() = 1.0 

0.45 

0.4 

0.35 

0.3 

e 
q 

0.25 
u 

0.2 
n 
c 
y 0.15 

0.1 

0.05 

O~.---,----r--~~~~~~~~~~~-,----~ 
1401.951464.331526.721589.111651.491713.881776.261838.651901.041963.42 

Objective Score 

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, 
() = 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.6: Frequency Distribution of Tactical Objective - Semi-Automatic Alter­
native, () = 1.0 
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Figure L.7: Frequency Distribution of Pecuniary Objective - Automatic Alterna­
tive, B = 1.0 
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Figure L.8: Frequency Distribution of Strategic Objective - Automatic Alternative, 
B = 1.0 
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Figure L.9: Frequency Distribution of Tactical Objective - Automatic Alternative, 
() = 1.0 
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Figure L.lO: Frequency Distribution of Pecuniary Objective - Manual Alternative, 
() = 0.5 
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Figure L.11: Frequency Distribution of Strategic Objective - Manual Alternative, 
f) = 0.5 
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Figure L.12: Frequency Distribution of Tactical Objective - Manual Alternative, 
() = 0.5 
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Figure L.13: Frequency Distribution of Pecuniary Objective - Semi-Automatic 
Alternative, () = 0.5 
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Figure 1.14: Frequency Distribution of Strategic Objective - Semi-Automatic Al­
ternative, () = 0.5 
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Figure L.15: Frequency Distribution of Tactical Objective - Semi-Automatic Al­
ternative, () = 0.5 
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Figure L.16: Frequency Distribution of Pecuniary Objective - Automatic Alterna­
tive, () = 0.5 
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Figure L.17: Frequency Distribution of Strategic Objective - Automatic Alterna­
tive, () = 0.5 
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Figure L.18: Frequency Distribution of Tactical Objective - Automatic Alterna­
tive, () = 0.5 
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Appendix M 
Case Study Data 

359 

Flitted Simplex-Centroid Model for Six and 
Four Components 

Recall that ank 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 objective (n = 2) of the 

current operations is: 

Ycurrent - 68.2a21 + 67.7a22 + 69.1a23 + 68.Ua24 + 67.6a25 + 69.5a26 -



209.00'21 0'220'230'240'25 + 62.50'210'220'230'240'26 -

158.00'210'220'230'250'26 + 15.50'210'220'240'250'26 + 

21.50'210'230'240'250'26 + 157.50'220'230'240'250'26 -

772.80'210'220'230'240'250'26 

360 

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

tive (n = 2) of the development system is: 

Ydevelopment = 63.20'21 + 62.40'22 + 61.20'23 + 62.40'24 + 61.80'25 + 59.70'26 + 

00'210'22 + 00'210'23 + 00'210'24 + 00'210'25 + 0.20'210'26 + 

0.40'220'23 + 00'220'24 + 00'220'25 + 0.20'220'26 + 00'230'24 + 

00'230'25 + 0.20'230'26 + 00'240'25 + 0.20'240'26 + 0.20'250'26 -

11.10'210'220'23 + 14.10'210'220'24 + 0.9O'21O'22G25 - 0.30'210'220'26 + 

0.90'210'230'24 + 0.90'210'230'25 - 0.30'210'230'26 + 0.90'210'240'25 -

0.30'21 0'24 0'26 - 0.30'210'250'26 - 1.20'220'230'24 + 1.50'220'230'25 + 

0.30'220'230'26 + Oa22O'24O'25 + 1.50'220'240'26 + 1.50'220'250'26 -

00'230'240'25 + 1.50'230'240'26 + 1.50'230'250'26 + 1.50'240'250'26 -

7.60'21 0'220'230'24 - 5.60'21 Q'22O'23O'25 + 8.80'210'220'230'26 -

2.00'210'220'240'25 + 2.40'21 0'2;,)0'240'26 - 10.4O'21O'22(l'2SO'26 + 

2.00'210'230'240'25 + 2.40'21 0'230'240'26 - 10.40'210'230'250'26 -

10.40'210'240'250'26 + 5.20'220'230'240'25 - 5.20'220'230'240'26 -

28.80'220'230'250'26 - 21.20'220'240'250'26 - 21.20'230'240'250'26 -

142.50'210'220'230'240'25 - 143.00'210'220'230'240'26 + 

88.00'210'220'230'250'26 + 243.00'210'220'240'250'26 + 

55.50'210'230'240'250'26 + 316.00'220'230'240'250'26 -
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The fitted simplex-centroid model for six components for the Strategic objec­

tive (n = 2) of the full system is: 

Yfu/l = 65.30:'21 + 63.50:'22 + 61.20.~ + 64.90:'24 + 62.70:'25 + 60.8026 + 

00:'210:'22 + 0.60:'21 0 23 + 00:'210:'24 + 0.40:'21025 + 0.60:'210:'26 + 

0.20:'220:'23 + 00:'220:'24 + 00:'220:'25 + 0.20:'220:'26 + 0.60:'230:'24 + 

0.20:'230:'25 + 00:'23026 + 00:'2.,0:'25 + 0.60:'2.,0:'26 + 0.20:'250:'26 -

33.00:'21 0:'220:'23 + 42.9021 0:'220:'24 + 0.60:'210:'220:'25 + 0.30:'210:'220:'26 -

0.90:'210:'230:'24 + 00:'210:'230:'25 + 0.90:'210:'230:'26 - 1.20:'210:'240:'25 + 

00:'21 0 240:'26 + 0.90:'210:'250:'26 + 0.30:'220:'230:'24 - 0.30:'220:'230:'25 + 

0.60:'22 0 230 26 + 00:'220:'240:'25 + 1.20220:'240:'26 + 0.60:'22025026 -

0.60:'230 24025 - 0.90:'230:'240:'26 - 0.30:'230:'250:'26 - 0.30:'2,,0:'250:'26 -

2.00:'21 (\'220230:'24 - 14.80:'210:'220:'230:'25 - 3.20:'21 0:'220:'230:'26 -

7.60:'21 (\'220:'240:'25 - 12.80:'210:'220 240:'26 + 00:'210:'22(\'250:'26 + 

1.20:'210:'230:'240:'25 + 3.60:'210:'230:'240:'26 - 12.40:'210:'230:'250:'26 -

9.60:'210:'2.,0250:'26 - 7.20:'220:'230:'240:'25 - 4.8(\'220:'230:'240:'26 -

2.40:'22 (\'230250:'26 - 18.00:'220:'240:'250:'26 + 6.00:'230 240:'250:'26 + 

197.00:'21 0:'220:'230:'240:'25 + 209.00:'210:'220:'230:'240:'26 + 

117.00:'210:'220:'230:'250:'26 + 87.50:'210:'220 240:'250:'26 + 

76.0(\'210:'230:'240250:'26 + 109.50:'220:'230:'240:'250:'26 -

528.00:'210:'220:'230:'240:'250 26 

The fitted simplex-centroid model for four components for the Tactical objec-



tive (n = 3) of the current operations is: 

Ycurrent = 67.5Ct31 + 67.3Ct32 + 67.1Ct33 + 67.4Ct34 + 

OCt31 Ct32 + OCt31 Ct33 + O. 2Ct31 0 34 + 

OCt32Ct33 + O.2C¥32Ct34 + O.2C¥33C¥34 + 

OC¥31 C¥32C¥33 - 1.2C¥31 Ct32C¥34 + 

O.6C¥31 C¥33 Ct34 - O.3Ct32C¥33Ct34 + 

13.2Ct31 Ct32Ct33Ct34 
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The fitted simplex-centroid model for four components for the Tactical objec­

tive (n = 3) of the development system is: 

Ydevelopment = 60.6Ct31 + 60.5Ct32 + 59.0C¥33 + 61.7c¥34 + 

O.2Ct31Ct32 + OCt3lCt33 + O. 2Ct3lCt34 + 

O.2Ct32Ct33 + OCt32Ct34 + O.2Ct33Ct34 + 

1.8Ct31 C¥32C¥33 + O.6C¥3l Ct32C¥34 + 

O.6C¥31C¥33C¥34 + OCt32C¥33C¥34 -

5.6c¥3l C¥32 0 33C¥34 

The fitted simplex-centroid model for four components for the Tactical objec­

tive (n = 3) of the full system is: 

Y/ull = 62.1c¥3l + 61.8Ct32 + 60.4Ct33 + 62.7c¥34 + 

O.2Ct3lCt32 + O.2C¥3lCt33 + Oa:l1 Ct34 + 
OCt32C¥33 - O.2Ct32Ct34 + O.2C¥33C¥34 + 

O.6C¥31 Ct32C¥33 + OCt3l Ct32Ct34 + 

O.6Ct3l Ct33Ct34 + 1.8C¥32 Ct33Ct34 -
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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.l. Cash flows are provided in Tables M.2 thru M.4, and qualitative flows in 

Tables M.5 thru M.7. 

Table M.l: Interest Rates in Percent 

PARAMETER YEAR/RATF. 

Mone&ary 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 6.6 6.6 

1 5 8 
5.90 6.2 6.4 
6.10 6.4 6.6 
6.30 6.6 6.8 

Nonmone'ary 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 6 6 
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 

Labor 1 

~
U.485'OOO) 
11,350,000) 
11,215,000) 

1 

~
U'485,OOOl 
11,350,000 
11,215,000 

1 
(11,485,000) 
(U,350,OOO) 
(11,215,000) 

YEAR/CASH FLOW 

2 

~
U'485'OOOl 
11,350,000 
11,215,000 

3 

~
I1'485,OOOl 
11,350,000 
$1,215,000 

5 
(11,552,500) 
(11,350,000) 
(11,147,500) 

5 

~
11 '552'500~ 
81,350,000 
11,14T,500 

B 
(11,620,000) 
($1,350,000) 
(11,080,000) 
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Table M,3: Development System Cash Flows 

ATTRIBUTE YEARlCASH FLOW 

Labor 1 2 

lU'188,00O~ lt766'OOO~ 
11,080,000 8676,000 
(8972,000 (8594,000 

1 2 3 

ll1'188'00O~ ~S766'000~ r310,500~ 
U,080,OOO '675,000 8270,000 
(t972,000 tS94,000 t229,600 

1 2 3 
($1,188,000) (t756,000) ('310,500) 
(tl,080,OOO~ ~'675,000~ ~'270,000~ 

($972,000 8594,000 1229,600 
Dcpr Invcetment 0 1 

~S735'OOO~ t'176,000~ 
Hoo,oOO $l,120,OOO 
$665,000 $1 ,064 ,000) 

0 1 

r735,000~ ~Sl'176'000~ 
$700,000 $l,120,000 
8665,000 $1,064,000 

0 1 t735 ,000) fU ,176,000l 
t700,OOO~ $l,120,000 
t665,000 11,064,000 

Maintenance 1 

r21'400~ $20,000 
$l8,600 

1 f21 ,4001 '20,000) 
118,600 

1 

f821'400~ 
'20,000 
U8,600) 

OpcrAl!ng Co.1 1 

ll275~ '250 
('225 
1 

Ism! 1250 
8225 

1 

rm~ $250 
'225 

Nondepr Inve.' 0 1 rH7
,000! r71,OOO) 

'140,000 t70,000) 
U33,000 $63,000) 

0 1 
l'147,000) l$77,OOO! 
'140,000~ $70,000 

(Sla3,000 ('63,000 
0 1 rH7,000) r71

'OOOI '140,000) '70,000 
$l33,000) '63,000 

Setup 1 

1*352,000l 
'320,000 
$288,000 

1 3 4 5 
lI352,000) 1'352,000) 1'55,000) So 

8320,000! 8320,000) '50,000) 80 
($288,000 1288,000) U5,OOO) so 

1 3 4 5 

1$352,0001 1'352,000) 1
8S5

,000l 
So 

8320,000 1320,000! S50,OOO 10 
$288,000 8288,000 146,000 So 
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Table M.4: F\.111 System Cash Flows 

ATTRIBUTE YEARlCASH FLOW 

Labor 1 2 

r891'000~ 1'310,~00~ 
'810,000 '270,000 
1729,000 U29,~00 

1 2 

~'891 ,000l r310,SOO~ 
'810,000 '270,000 
1729,000 '229,500) 

1 2 
(t891,000) (UI0,SOO) 

l'810,OOO~ l'~70,OOO~ 
'729,000 '229,500 

Dcpr Invce&man' 0 1 

t35,OOO~ ~U'I 76,OOO~ 
'700,000 11,120,000 
'60~,OOO) Sl ,00t,000 

0 1 

r73~,OOO~ ~I1'170,000~ 
1700,000 U,120,OOO 
'665,000 Sl,OOt,OOO) 

0 1 

~'73S'OOO~ 111 ,176,000) 
'700,000 U,120,OOO~ 
'665,000 U,064,OOO 

MAinlelfancc 1 

1'2H'OOO~ '200,000 
1186,000 

1 

l'2H,OOOl 
'200,000 

(1186,000 
I 

!'214,OOOl '200,000 
S186,OOO 

Operaling Coat 1 

rml '250 
'22S 
1 

l·275) 
'250~ 

(1125 
1 

t7S~ .250 
'225) 

Nondepr Invcat a 1 

l'H7'000~ ('77,000) 
'140,000 ($70,000) 

(t133,OOO (S63,000) 
0 1 

('H7,000~ lS7T,OOO~ 
l'140,000 $70,000 
U33,000) ('63,000) 

0 1 

~I1H,OOOl r77
'OOOl '140,000 '70,000 

t133,000 '63,000 
S.IUp 1 r352

,OOOl '320,000 
'288,000 

1 3 t 5 

l'352,OOOl lS352,OOO~ ('55,OOOl $0 
'320,000 '320,000 ~'So,OOO $0 

(1288,000 ('288,000) US,OOO so 
1 3 t 5 

1'352,0001 r3S2
'OOOl 1*S5,OOOl '0 

'320,000 '320,000 'SO,OOO '0 
'288,000 '288,000 US,OOO '0 
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Table M.5: Current Operations Qualitative Flows 

STRATEGIC TACTICAL 
ATTRIBUTE YEAR/gUAL. FLOW ATTRIBUTE YEAR/gUAL. FLOW 

In'ernal Relulonlll 1 2 Flexlbilily 1 
-5 -7 5 
0 -2 10 
5 3 15 

1 3 5 1 
-5 -9 -13 5 

0 -4 _B 10 
5 1 -3 15 

1 5 8 1 6 8 
-5 -13 .21 5 5 .5 
0 .8 .16 10 10 
5 .3 ·11 15 16 

Marke' Po.llion 1 Inl_grallon 1 2 
·7 11 8 
0 15 12 
7 19 16 

1 2 3 5 1 3 5 
-1 ·7 ·12 ·30 11 5 5 
0 0 .5 .20 15 9 9 
7 7 2 -10 19 13 13 

1 2 3 8 1 3 6 8 
·7 -7 ·12 -40 11 5 5 2 
0 0 ·5 .30 15 9 9 6 
7 7 2 -20 19 13 13 10 

Mieelon 1 2 Male,lal 1 
·6 ·7 12 
0 -2 15 
5 3 18 

1 5 1 3 5 
·5 ·27 12 12 7 7 
0 .20 15 15 10 10 
5 -13 18 18 13 13 

1 8 1 2 3 6 8 
·5 ·45 12 12 7 7 2 
0 ·35 15 15 10 10 5 
5 -25 18 18 13 13 8 

Orga.nization 1 2 Peuonnel 1 2 
·6 ·12 12 7 

0 .6 15 10 
6 0 18 13 

1 5 1 2 4 5 
-6 .21 12 7 7 2 

0 ·15 15 10 10 5 
6 -9 18 13 13 8 

1 8 1 2 4 8 
.6 .30 12 7 7 0 
0 ·24 15 10 10 3 
6 -18 18 13 13 6 

Public Relallon. 1 
-5 

0 
5 

1 
·5 
0 
5 

1 6 8 
·5 -5 .13 
0 0 .8 
5 5 -3 

Technology 1 
·18 
-10 

-2 
1 2 5 

·18 -IB -24 
.10 -10 -16 

-2 -2 -8 
1 2 8 

·16 ·18 .30 
·10 ·10 .22 

-2 -2 -14 
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Table M.6: Development System Qualitative Flows 

STRATEGIC TACTICAL 
ATTRIBUTE YEAR/QUAL, FLOW ATTRIBUTE YEAR/qUAL, FLOW 

Interna.l Relatione. 1 2 Floxlbllily 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 6 8 
-9 -12 0 25 5 10 25 25 30 -. -2 5 30 10 15 30 30 35 
1 8 10 35 15 20 35 35 40 

Ma.rke& Po.ltlon 1 2 InlosrAl!on 1 2 
-2 3 6 8 

5 10 10 12 
12 17 14 16 
1 5 1 2 5 
-2 8 6 8 36 
5 15 10 12 40 

12 22 1~ 16 tt 
1 5 8 1 2 8 
-2 8 13 6 8 46 
5 15 20 10 12 50 

12 22 27 14 16 54 
MI .. lon 1 2 Malorlal 1 2 

0 .:I 12 17 
6 8 15 20 

10 13 18 23 
1 2 4 5 1 3 5 
0 3 20 35 12 37 H 
5 8 25 40 16 40 60 

10 13 30 45 18 43 53 
1 2 4 8 1 3 5 8 

0 3 20 50 12 37 47 57 
5 8 25 55 15 40 50 60 

]0 13 30 60 18 43 53 63 
Orga.llh~a.'ion 1 2 Personnel 1 

·11 -6 7 
·5 0 10 

1 6 13 
1 3 5 1 5 

·11 4 24 7 22 
.5 10 30 10 25 

1 16 36 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 36 51 13 28 38 
Public Relations 1 

5 
10 
15 
1 3 5 
5 10 15 

10 15 20 
15 20 25 
1 3 6 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 

7 10 22 52 
15 18 30 60 
23 26 38 68 
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Table M.7: Full System Qualitative Flows 

STRATEGIC 'l'ACTICAL 
ATTRIBUTE YEARl9UAL. FLOW ATTRIBUTE YEARl9UAL. FLOW 

Internal RelaUond 1 2 FlexlbllllY 1 2 
·17 ·13 0 6 
.12 .8 5 10 
·7 ·3 10 15 
1 5 1 3 4 

·17 0 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 35 
·7 10 20 10 20 35 35 40 

Markel Posillon 1 2 Inlegra,lon 1 2 
8 6 1 4 

15 13 5 8 
22 20 9 12 
1 5 1 2 5 

8 ·2 1 4 36 
15 5 5 8 40 
22 12 0 12 44 
1 5 8 1 :2 8 
8 ·2 .12 1 4 46 

15 6 ·5 5 8 50 
22 12 2 0 12 54 

Mission 1 2 Molerlal 1 2 
5 10 7 12 

10 15 10 15 
15 20 13 18 
1 4 1 3 5 
5 35 7 27 47 

10 40 10 30 50 
15 45 13 33 f·3 
1 4 5 8 1 3 5 8 

5 35 35 50 7 27 47 57 
10 40 40 55 10 30 50 60 
15 45 45 60 13 33 53 63 

Orga.nization 1 2 Peuonncl 1 2 
.20 .13 12 7 
·It .7 15 10 
·8 ·1 18 13 
1 5 1 3 5 

.20 14 12 7 17 
·14 20 15 10 20 

-8 26 18 13 23 
1 6 8 1 3 8 

.20 14 29 12 7 27 

.14 20 35 15 10 30 
.8 26 41 18 13 33 

Pu blic Relollone 1 
15 
20 
25 
1 5 
15 5 
20 10 
25 15 
1 5 
15 5 5 15 
20 10 10 20 
25 15 15 25 

Technology 1 2 
7 10 

15 18 
23 26 
I 2 3 5 

7 10 22 37 
15 18 30 45 
23 26 38 53 
1 2 3 8 

7 10 22 47 
15 18 30 55 
23 26 38 63 
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Frequency Distributions for Risk Analysis 
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Figure M.4: Frequency Distribution of Pecuniary Objective - Development System 
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Figure M.5: Frequency Distribution of Strategic Objective - Development System 
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Figure M.6: Frequency Distribution of Tactical Objective - Development System 



e 
q 
u 

n 
c 

0,3 

0,28 

0,26 

0,24 

0,22 

0,2 

0,18 

0,16 

0,14 

0,12 

0,1 

0,08 

0,06 

0,04 

0,02 
O~~L-~ __ ~~~~LL~~~LL~~LL~~~LL~~ 

1946,642024,892103,15 2181.4 2259,662337,922416,172494.432572,682650,94 

Objective Score 

Figure M.7: Frequency Distribution of Pecuniary Objective - Full System 

0.45 

0,4 

0,35 

F 0,3 

0,25 

0,2 

0,15 

0.1 

0,05 

° 499,22 524,97 550,71 576.45 602.19 627,94 653,68 679.42 705.16 730.90 

Objective Score 

Figure M.8: Frequency Distribution of Strategic Objective - Full System 

372 



F 

0 
q 
u 

" n 

y 

0.4 

0.35 

0.3 

0.25 

0.2 

0.15 

0.1 

0.05 

436.73 459.87 483.01 506.15 529.29 552.43 575.57 598.71 621.84 644.98 

Objective Score 

Figure M.9: Frequency Distribution of Tactical Objective - FUll System 

373 



374 

Bibliography 

[1] Anderson, T.W., An Introduction to Multivariate Statitical Analysis, John 
Wiley & Sons, 1984. 

[2] Asfahl, C.R., Robots and Manufacturing Automa.tion, John Wiley & Sons, 
1985. 

[3] Badiru, A.B., "A Management Guide To Automation Cost Justification," 
Industrial Engineering, Vol. 22, No.2, February 1990, pp. 26-30. 

[4] Banks, J. and Carson, J.S., Discrete-Event System Simulation, Prentice-Hall, 
1984. 

[5] Bard, J.F., "A Multiobjective Methodology for Selecting Subsystem Au­
tomation Options," Management Science, Vol. 32, No. 12, December 1986, 
pp. 1628-1641. 

[6] Bardossy, A., Bogardi, 1, and Duckstein, L., "Composite Programming as an 
Extension of Compromise Programming," Mathematics of Multi- Objective 
Optimization, 1985, pp. 375-408. 

[7] Baron, R.C., "Leap Over the ROI Barriers to elM," Automation, Vol. 35, 
1988, pp. 50-52. 

[8] Bobbitt, H.R., Breinholt, R.H., Doktor, R.H., & McNaul, J.P., Organiza­
tional Behavior, Prentice-Hall, 1978. 

[9] Bolland, E. and Goodwin, S.L., "Corporate Accounting Practice is Often 
Barrier to Implementation," Industrial Engineering, Vol. 20, No.7, July 
1988, pp. 24-26. 

[lOJ Boucher, T.O. and Muckstadt, J.A., "Cost Engineering Methods for Eval­
uating the Conversion from a FUnctional Manufacturing Layout to Group 
Technology," lIE Transactions, Vol. 17, No.3, September 1985, pp. 268-
274. 

[11J Bratley, P., Fox, B.L., and Schrage, L.E., A Guide to Simulation, 
Springer-Verlag, NY, 1987. 

[12J Brimson, J.A. and Berliner, C., "Cost Management System (CMS)," 1987 
lIE Integrated Systems Conference Proceedings, 1987, pp. 43-49. 



375 

[13] Brody, H., "Overcoming Barriers to Automation," High Technology, 1985, 
pp. 41-48. 

[14] Brown, H.J., A Father's Book of Wisdom, Rutledge Hill Press, 1988. 

[15] Burstein, M.C., "Finding the Econom)cal Mix of Rigid and Flexible Automa­
tion for Manufacturing Systems," Proceedings of the Second ORSA/TIMS 
Conference on FMS: Operations Research Models and Applications, 1986, 
pp. 43-54. 

[16] Bussey, L.E., The Economic Analysis of Industrial Projects, Prentice-Hall, 
1978. 

[17] Bussey, L.E. and Stevens, G.T., "Net Present Value from Complex Cash 
Flow Streams by Simulation," AIlE Transactions, Vol. 3, No.1, March 
1971, pp. 81-89. 

[18] Canada, J.R., "Annotated Bibliography on Justification of Computer Inte­
grated Manufacturing Systems," The Engineering Economist, Vol. 31, No. 
2, Winter 1986, pp. 137-150. 

[19] Canada, J.R., "Non-'Iraditional Method for Evaluating CIM Opportunities 
Assigns Weights to Intangibles," Industrial Engineering, Vol. 18, No.3, 
March 1986, pp. 66-71. 

[20] Canada, J.R. and Sullivan, W.G, Economic and Multiattribute Evaluation 
of Advanced Manufacturing Systems, Prentice-Hall, 1989. 

[21] Chapple, A., "CIM: Putting all of Manufacturing Under the Computer Ban­
ner," Engineering Times, Vol. 11, No.7, July 1989, pp. 7&13. 

[22] Charles Stark Draper Laboratories, Flexible Manufacturing Systems Hand­
book, Noyes Publications, 1984. 

[23] Chasen, S.H. and Dow, J.W., The Ouide for the Evaluation and Implemen­
tation of CAD/CAM Systems, CAD/CAM Decisions, 1983. 

[24] Choobineh, F., "Justification of Manufacturing Systems," Material Handling 
Research in the U.S., 1990, pp. 221-228. 

[25] Conkol, G.K., "l'Tuts and Bolts, Dollars and Sense," A Program Guide for 
CIM Implementation, CASA/SME, 1985, pp. 81-87. 

[26] Cornell, J .A., How to Run Mixture Experiments for Product Quality, Amer­
ican Society for Quality Control, 1983. 



376 

[27J Cornell, J.A., Experiments with Mixtures: Designs, Models, and the Analysis 
of Mixt1tre Data, John Wiley & Sons, 1990. 

[28J Cullinane, T.P., "Economic Justification: Research Concerns," Material 
Handling Research in the U.S., 1990, pp. 229-231. 

[29] Curtin, F.T., "Planning and Justifying Factory Automation," Production 
Engineering, Vol. 31, No.5, May 1984, pp. 46-51. 

[30] Czajkiewicz, Z.J., "Justification of the Robots Application," Flexible Man­
ufacturing Systems: Methods and Studies, Elsevier, 1986, pp. 367-373. 

[31J Dhavale, D.G., "Indirect Costs Take on Greater Importance, Require New 
Accounting Methods with CIM," Industrial Engineering, Vol. 20, 1988, pp. 
41-43. 

[32J Drucker, P.F., "The Emerging Theory of Manufacturing," Harvard Business 
Review, Vol. 90, No.3, May-June 1990, pp. 94-102. 

[33J Duckstein, L.D., "Class Notes - Multiobjective Decision Making in Engineer­
ing Systems," University of Arizona, Course Number SIE 565, 1987. 

[34] Emmons, H., Flowers, A.D., Khot, C.M., and Mathur, K., STORM Personal 
Version 2.0, Holden-Day, 1989. 

[35] Fine, C.H. and Freund, R.M., "Economic Analysis of Product-Flexible Man­
ufacturing Systems Investment Decisions," Proceedings of the Second ORSA/ 
TIMS Conference on FMS: Operations Research Models and Applications, 
1986, pp. 55-68. 

[36] Fine, C.H. and Freund, R.M., "Optimal Investment in Product-Flexible 
Manufacturing Capacity," Management Science, Vol. 36, No.4, April 1990, 
pp. 449-466. 

[37J Fishburn, P.C., Utility Theory for Decision Making, John Wiley & Sons, 
1970. 

[38J Fleischer, G.A., "A Generalized Methodology for Assessing the Economic 
Consequences for Acquiring Robots For Repetitive Operations," 1982 An­
nual Industrial Engineering Confere'nce Proceedings, 1982, pp. 130-139. 

[39J Gaimon, C., "The Dynamical Optimal Acquisition of Automation," Annals 
of Operations Research, Vol. 3, No. 1-4, 1985, pp. 59-79. 

[40] Gaimon, C., "The Strategic Decision to Acquire Flexible Technology," Pro­
ceedings of the Second ORSA/TIMS Conference on FMS: Operations Re­
search Models and Applications, 1986, pp. 69-81. 



377 

[41] Garrett, S.E., "Strategy First: A Case in FMS Justification," Proceedings of 
the Second ORSA/TIMS Conference on FMS: Operations Research Models 
and Applications, 1986, pp. 17-29. 

[42] Getz, L.V., "Financial Considerations of Automation," NCGA Proceedings 
1986, 1986, pp. 82-91. 

[43] Gibson, J.L., Ivancevich, J.M., and Donnelly, J.R., Organizations 6th ed., 
BPI-Irwin, 1988. 

[44] Goicoechea, A., Hansen, n.R. and Duckstein, 1., Multiobjective D']cision 
Analysis with Engineering and Business Applications, John Wiley & Sons, 
1982. 

[45] Gold, B., "CAM Sets New Rules for Production," Harvard Business Review, 
Vol. 60, No.6, November-December 1982, pp. 88-94. 

[46] Graybill, F.A., An Introduction to Linear Statitical Models, Volume 1, 
McGraw-Hill, 1961. 

[47] Groover, M.P., Automation, Production Systems, and Computer-Aided Man­
ufacturing, Prentice-Hall, 1980. 

[4'8] Groover, M.P. and Zimmers, E.W., CAD/CAM: Computer-Aided Design 
and Manufacturing, Prentice-Hall, 1984. 

[49] Gulati, V., "Presenting Project Justification in a Language Top Manage­
ment Understands," 1984 Fall Industrial Engineering Conference Proceed­
ings, 1984, pp. 370-373. 

[50] Hare, L.B. and Brown, P.L., "Plotting Response Surface Contours for Three­
Component Mixtures," Journal of Quality Technology, Vol. 9, No.4, Octo­
ber 1977, pp. 193-197. 

[51] Hayes, R., "Managing As If Tomorrow Mattered," Harvard Business Review, 
Vol. 60, No.3, May-June 1982, pp. 71-79. 

[52] Hayes, R.H. and Abernathy, W.J., "Managing Our Way to Econom:c De­
cline," Harvard Business Review, Vol. 58, No.4, July-August 1980, pp. 
67-77. 

[53] Hengold, W.M., LeClair, S.R. and Sullivan, W.G., "Expert Systems, AI and 
Venture Justification," 1987 lIE Integrated Systems Conference Proceedings, 
1987, pp. 165-170. 

[54] Hertz, D.B., "Risk Analysis in Capital Investment," Harvard Business Re­
view, Vol. 42, No.1, January-February 1964, pp. 95-106. 



378 

[55] Hiessl, H., Duckstein, L. and Plate, E. J., "Multiobjective Q-Analysis with 
Concordance and Discordance Concepts," Applied Math and Computation, 
VoL 17, 1985, pp. 107-122. 

[56] Hillier, F.S., The Evaluation of Risky, Interrelated Investments, North­
Holland, 1969. 

[57] Hillier, F.S. and Lieberman, G.J., Introduction to Operations Research, 
Holden-Day, 1980. 

[58] Hines, W.W. and Montgomery, D.C., Probability and Statistics in Engineer­
ing and Management Science, John Wiley & Sons, 1972. 

[59] Hobbs, B.F., "What Can We Learn From Experiments in Multiobjective 
Decision Analysis? ," IEEE Transactions on Systemll, Mo.n and Cybernetics, 
Vol. 16, No.3, May-June 1986, pp. 384-394. 

[60] Hodder, J., "Pitfalls in Evaluating Risky Investments," Harvard Business 
Review, Vol. 63, No.1, January-February 1985, pp. 128-135. 

[61] Hodge, G.L. and Canada, J.R., "Microcomputer Software to Support Non­
Traditional Economic Analyses," 1988 International I.E. Conference Pro­
ceedings, 1988, pp. 89-94. 

[62] Hronec, S.M., "Cost Management for CIM; Get What You Need," Automa­
tion, Vol. 35, 1988, pp. 30-32. 

[63] Huang, P.Y., "Procedures Given for Evaluating Robots," Industrial Engi­
neering, 1984, pp. 44-48. 

[64] Hughes Aircraft Company (Baker, J.R. and Spencer, T.T.), "System Re­
quirements Specification: Developmental Product Test/Inspection Informa­
tion System," Unpublished Hughes Aircraft Company Document, 1985. 

[65] Hughes Aircraft Company, "Supplement to the SRS: Developmental Product 
Test/Inspection Information System," Unpublished Hughes Aircraft Com­
pany Document, 1985. 

[66] Hutchinson, G.K. and Sinha, D., "A Quantification of the Value of Flexibil­
ity," Journal of Manufacturing Systems, Vol. 8, No.1, 1989, pp. 47-57. 

[67] IBM, Comp'uter Integrated Manufacturing - An IBM Perspective, IBM Cor­
poration, 1987. 

[68] Ignizio, J.P., "An Approach to the Capital Budgeting Problem with Multiple 
Objectives," The Engineering Economist, Vol. 21, No.4, Summer 1976, pp. 
259-272. 



379 

[69] Jose, V.D. and Tabucanon, M.T., "Multiobjective Models for Selection of 
Priority Areas and Industrial Projects for Investment Promotion," Engi­
neering Costs and Production Economics, Elsevier, Vol. 10, No.2, June 
1986, pp. 173-184. 

[70] Kalkunte, M.V., Sarin, S.C. and Wilhelm, W.E., "Flexible Manufacturing 
Systems: A Review of Modeling Approaches for Design, Justification and 
Operation," Flexible Manufacturing Systems: Methods and Studies, Elsevier, 
1986, pp. 3-25. 

[71] Kaplan, R.S., "Must CIM be Justified by Faith Alone?," Harvard Business 
Review, Vol. 64, No.2, March-April 1986, pp. 87-95. 

[72] Kaplan, R.S., "Yesterday's Accounting Undermine Production," Harvard 
Business Review, Vol. 62, No.4, July-August 1984, pp. 95-103. 

[73] Keeney, R.L. and Raiffa H., Decisions with Multiple Objectives: Preferences 
and Value Tradeoffs, John Wiley & Sons, 1976. 

[74] Kennedy, A. and Sugden, K, "Ritual and Reality in Capital Budgeting," 
Management Accounting, 1986, pp. 34-37. 

[75] Kernighan, B.W. and Ritchie, D.M., The C Programming Language, 
Prentice-Hall, 1978. 

[76] Kulatilaka, N., "Capital Budgeting and Optimal Timing of Investments in 
Flexible Manufacturing Systems," Annals of Operation., Research, Vol. 3, 
No. 1-4, 1985, pp. 35-57. 

[77] Kulkarni, J. and Parsaei, H.R., "Economic Justification of Flexible Manu­
facturing Systems: A Bibliometric Analysis of the Literature," Justification 
Methods for CIMS, Elsevier, 1990, pp. 275-309. 

[78] Law, A.M. and Kelton, W.D., Simulation Modeling and Analysis, McGraw­
Hill, 1982. 

[79J Lederer, P.J. and Singhal, V.R., "Effect of Cost Structure and Demand Risk 
in the Justification of New Technologies," Journal of Manufacturing and 
Operations Management, Vol. 1, No.4, Winter 1988, pp. 339-371. 

[80] Lee, S.M., "Goal Programming Methods for Multiple Objective Integer Pro­
grams," Operations Research Division of AIlE, Monograph Series, Vol. 2, 
1979. 

[81] Lee, S.M. and Lerro, S.J., "Capital Budgeting for Multiple Objectives," 
Financial Management, Vol. 31, No.1, Spring 1974, pp. 58-66. 



380 

[82] Levine, S.J. and Yalowitz, M.S., "Managing Technology: The Key to Suc­
cessful Business Growth," Management Review, Vol. 72, No.9, September 
1983, pp. 44-48. 

[83] Lupino, J.J., "Cost Accounting Automation Projects," Manufacturing Sys­
tems, Vol. 5, No.6, June 1987, pp. MS32-MS34. 

[84] Madu, C.N. and Georgantzas, N.C., "Strategic Thrust of Manufacturing 
Automation Decisions: A Conceptual Framework," lIE Transactions, Vol. 
23, No.5, June 1991, pp. 138-148. 

[85] Mandelbaum, M. and Buzacott, J.A., "Flexibility and Its Use: A For­
mal Decision Process and Manufacturing View," Proceedings of the Second 
ORSA/TIMS Conference on FMS: Operations Research Models and Appli­
cations, 1986, pp. 119-130. 

[86] Mehrez, A. and Sinuany-Stern, Z., "Resource Allocation to Interrelated 
Risky Projects Using a Multiattribute Utility Function," Management Sci­
ence, Vol. 29, No.4, April 1983, pp. 430-439. 

[87] Meredith, J.R. and Suresh, N.C., "Justification Techniques for Advanced 
Manufacturing Technologies," International Journal of Production Research, 
Vol. 24, No.5, 1986, pp. 1043-1057. 

[88] Michael, G.J. and Millen, R.A., "Economic Justification of Modern Com­
puter Based Factory Automation Equipment: A Status Report," Annals of 
Operations Research, Vol. 3, No. 1-4, 1985, pp. 25-34. 

[89] Miller, G.A., "The Magical Number Seven, Plus or Minus Two: Some Limits 
on Our Capacity for Processing Information," The Psychological Review, Vol. 
63, No.2, March 1956, pp. 81-97. 

[90] Moerman, P.A., "Economic Evaluation of Investments in New Production 
Technologies," Engineering Cost and Production Economics, Vol. 13, No.4, 
April 1988, pp. 241-262. 

[91] Morley, J. ed., Cost Effectiveness - The Economic Evaluation of Engineered 
Systems, John Wiley & Sons, 1968. 

[92] Muir, W.T., "Guidelines for Developing a Cost-Benefit Analysis for CIM In­
vestments," A Program Guide for CIM Implementation, CASA/SME, 1985, 
pp. 67-72. 

[93] Nemhauser, G.L., Rinnouy Kan, A.H.G., and Todd, M.J., Handbooks in Op­
erations Research and Management Science Volume 1: Optimization, North­
Holland, 1989. 



381 

[94J Newman Jr., W.E., "Model to Evaluate the Benefits of FMS Pallet Flexi­
bility," Proceedings of the Second ORSA/TIMS Conference on FMS: Oper­
ations Research Models and Applications, 1986, pp. 209-220. 

[95J Nijkamp, P. and Spronk, J., Multiple Criteria Analysis, Grower, 1981. 

[96] Niland, P., "Investing in Special Automatic Equipment," Harvard Business 
Review, Vol. 35, No.6, November-December 1957, pp. 73-82. 

[97J Nobel, D.J., "Using Simulation as a Tool for Making Financial Decisions in 
an Uncertain Environment," Industrial Engineering, Vol. 20, No.1, January 
1988, pp. 44-48. 

[98J Noble, J.L., "Strategic Benefits of CIM in Cost Justification," CIM Review, 
Vol. 6, No.4, Summer 1990, pp. 66-70. 

[99] Owen, J.V., "Flexible Justification for Flexible Cells," Manufacturing Engi­
neering, Vol. 105, No.3, September 1990, pp. 39-45. 

[100J Padmanabhan, S., "A Tandem Expert Support System as Justification for 
a Flexible Manufacturing System," Journal of Manufacturing Systems, Vol. 
8, No.3, 1989, pp. 195-205. 

[101J Park, Y.H., Park, E.H. and Ntuen, C.A., "An Economic Model for Cellular 
Manufacturing Systems," Justification Methods for CIMS, Elsevier, 1990, 
pp. 176-187. 

[102J Pearson, E.S., and Hartley, H.O. eds., Biometrika Tables for Statisticians 
Volume II, Cambridge University Press, 1972. 

[103] Pereira, J. and Demmel, J., "Multicriterion Location of an Astrophysical 
Complex Using Outranking and Concordance Techniques," Unpublished Uni­
versity of Arizona Term Project, SIE 565, 1987. 

[104] Power C Reference, MIX Software, 1988. 

[105] Primrose, P.L. and Leonard, R., "Conditions Under '¥hich Flexible Manu­
facturing is Financially Viable," Flexible Manufacturing Systems: Methods 
and Studies, Elsevier, 1986, pp. 355-366. 

[106] Pritsker, A.A.B. and Pegden, C.D., Introduction to Simulation and SLAM, 
Halsted Press, 1979. 

[107] Punwani, P.K., "CIM Business Strategy Case Study for an Aerospace Orga­
nization," A Program Guide for CIM Implementation, CASA/SME, 1985, 
pp. 43-52. 



382 

[108] Putrus, R, "Accounting for Intangibles in elM Justification," CIM Review, 
Vol. 6, No.2, Winter 1990, pp. 23-29. 

[109] Quintrell, L.A., "Justifying A Realistic elM Plan," Manufacturing Engi­
neering, Vol. 101, No.2, August 1988, pp. 87-89. 

[110] Randhawa, S.U. and West, T.M., "Uncertainty Modeling in elM Investment 
Analysis," CIM Review, Vol. 6, No, 1, Fall 1989, pp. 32-36. 

[111] Riggs, J.L., Production Systems: Planning, Analysis and Control, John Wi­
ley & Sons, 1981. 

[112] Robinson, D. and Duckstein, L., "Polyhedral Dynamics as a Tool for 
Machine-Part Group Formation," International Journal of Production Re­
search, Vol. 24, No.5, 1986, pp. 1255-1266. 

[113] Rohatgi, V.K., Statistical Inference, John Wiley & Sons, 1984. 

[114] Ross, S.M., Introduction to Probability Models, Academic Press, 1985. 

[115] Ross, S.M., Stochastic Processes, John Wiley & Sons, 1983. 

[116] Saaty, T. L., The Analytic Hierarchy Process, McGraw-Hill, 1980. 

[117] Salvendy G. ed., Handbook of Industrial Engineering, John Wiley & Sons, 
1982. 

[118] Savage, C.M., "Introduction," A Program Guide for CIM Implementation, 
CASAjSME, 1985. 

[119] Shinnar, R., Dressler, 0., Feng, e.A. and Avidan, A.I., "Estimation of the 
Economic Rate of Return for Industrial Companies," Journal of Business, 
Vol. 62, No.3, 1989, pp. 417-445. 

[120] Soni, RG., Liles, D.H. and Stevens, Jr., G.T., "Computer Aided Decision 
Model for Economic Justification of Investments in Advanced Manufactur­
ing," Justification Methods for CIMS, Elsevier, 1990, pp. 160-175. 

[121J Srinivasan, V. and Millen, R.A., "Evaluating Flexible Manufacturing Sys­
tems as a Strategic Investment," Proceedings of the Second ORSA/TIMS 
Conference on FMS: Operations Research Models and Applications, 1986, 
pp. 84-93. 

[122] Stern, M.H., "Economic Analysis Study and Case Example," A Program 
Guide for CIM Implementation, CASAjSME, 1985, pp. 73-80. 



383 

[123] Storm, D.J. and Sullivan, S.J., "The Fresh-Start Approach to CIM Invest­
ment Justification," CIM Review, Vol. 6, No.4, Summer 1990, pp. 53-62. 

[124] Strawberry Software, Accessing C, Van Nostrand-Reinhold, 1989. 

[125] Sullivan, W.A., "Computer Integrated Manufacturing Program Justifica­
tion," A UTOFACT '85 Conference Proceedings, 1985, pp. 2:34-2:55. 

[126] Sullivan, W.G., "Models IE's Can Use to Include Strategic, Non-Monetary 
Factors in Automation Decisions," Industrial Engineering, Vol. 18, No.3, 
March 1986, pp. 42-50. 

[127] Sullivan, W.G., "Replacement Decisions in High Technology Industries -
Where Are Those Models When You Need Them," 1984 Annual Interna­
tional Industrial Engineering Conference., 1984, pp. 119-128. 

[128] Sullivan, W.G. and Brimson, J.A., "Strategic Investment Evaluation of In­
tegrated Manufacturing Systems," Material Hanlding Research in the U.S., 
1990, pp. 260-269. 

[129] Sullivan, W.G. and LeClair, S.E., "Justification of Flexible Manufacturing 
Systems Using Expert System Technology," AUTOFACT '85 Conference 
Proceedings, 1985, pp. 7:1-7:13. 

[130] Swindle, R., "Financial Justification of Capital Projects," A UTOFA CT '85 
Conference Proceedings, 1985, pp. 5:1-5:17. 

[131] Szidarovszky, F., Gershon, M. and Duckstein, L., Techniques for Multiobjec­
tive Decision Making in Systems Management, Elsevier Science Publishers, 
1986. 

[132J Tabucanon, M.T., "Multiple-criteria Decision-making: Balancing a Variety 
of Needs and Goals," Engineering C(}sts a'nd Production Economics, Vol. 10, 
No.2, June 1986, pp. 1-3. 

[133] Tarranza, N.C. and Carmichael, D.G., "A Multicriteria Approach to the 
Marking-Up of a Bid," Engineering Costs and Production Economics, Vol. 
10, No.2, June 1986, pp. 139-153. 

[134] Taylor, B.W. and Keown, A.J., "A Goal Programming Application of Capital 
Project Selection in the Production Area," AIlE Transactions, Vol. 10, No. 
1, March 1987, pp. 52-57. 

[135] Tayyari, F. and Kroll, D.E., "Total Cost Analysis of Modern Automated 
Systems," Justification Methods for CIMS, Elsevier, 1990, pp. 234-241. 



384 

[136] Tayyari, F. and Parsaei, H.R., "Cost Analysis for Economic Justification for 
Automated Technologies," lIE Society for Integrated Manufacturing ConJer­
ence, 1989, pp. 584-587. 

[137] Thuesen, H.G., Fabr:icky, VI/.J. and Thuesen, O.J., Engineering Economy, 
Prentice-Hall, 1977. 

[138] Troxler, J. W., An Economic Analysis of Flexible Automation in Batch Man­
ufacturing with Emphasis on Fabrication, UMI Dissertation Information Ser­
vice, 1987. 

[139] Troxler, J.W. and Blank, L., "A Comprehensive Methodology for Manu­
facturing Systems Evaluation and Comparison," Journal of Manufacturing 
Systems, Vol. 8, No.3, 1989, pp. 176-183. 

[140] Troxler, J.W. and Blank, L., "Decision Support for Value Analysis of In­
tegrated Manufacturing Technology," Justification Methods for CIMS, Else­
vier, 1990, pp. 193-202. 

[141] Troxler, J.W. and Blank, L.T., "Value Analysis for Manufacturing Tech­
nology Investments," 1987 lIE Integrated Systems Conference Proceedings, 
1987, pp. 24-29. 

[142] Trunk, C., "CIM: Secondary Benefits Abound," Material Handling Engi­
neering, Vol. 43, No.6, June 1988, pp. 113. 

[143] Turner, W.C., Mize, J.H., and Case, ICE., Introduction to Industrial and 
Systems Engineering, Prentice-Hall, 1978. 

[144] U.S. Department of Labor, Trends in Manufacturing: A Chart Book, Bureau 
of Labor Statistics, 1985. 

[145] Vonderembse, M.A. and Wobser, G.S., "Steps for Implementing a Flexible 
Manufacturing System," Industrial Engineering, Vol. 19, No.4, April 1987, 
pp. 38-48. 

[146] Wabalickis, R.N. and Ghosh, B.IC, "Analytic Hierarchy Process for Justifi­
cation of FMS," 1988 lIE Integrated Systems Conference Proceedings, 1988, 
pp. 298-303. 

[147] Walden, J., File Formats for Popular PC Software, John Wiley & Sons, 
1986. 

[148] Waldoch, T., "From CIM to IMS Spelled Success at 3M," Industrial Engi­
neering, Vol. 22, No.2, February 1990, pp. 31-35. 



385 

[149J Ward, T.L., "Role of Champions in Justification of Computer Integrated 
Manufacturing," Justification Methods for CIMS, Elsevier, 1990, pp. 123-
131. 

[150] Warden, T.J., "ROl and Other Marketing Esoterica," Modern Casting, Vol. 
78, No.8, August 1988, pp. 33. 

[151] Weingartner, H.M., Mathematical Programming and the Analysis of Capital 
Budgeting Problems, Prentice-Hall, 1963. 

[152] White, J.A., Schmidt, J.W., and Bennett, G.K., Analysis of Queueing Sys­
tems, Academic Press, 1975. 

[153J White, J.A., Agee, M.H., and Case, KE., Principles of Engineering Eco­
nomic Analysis, John Wiley & Sons, 1977. 

[l54J Wizdo, A., "Cost Management: Manufacturing's Challenge," Manufacturing 
Systems, Vol. 5, No.6, June 1987, pp. MS:4-MS:8. 

[155J Works, M.T., "Cost Justification and New Technology Addressing Manage­
ment's "NO!" To the Funding of CIM," A Program Guide for CIM Imple­
mentation, CASA/SME, 1985, pp. 58-66. 

[156J Wymore, M.L. and Duckstein, L.D., "Prioritization of Capital Investments 
for Factory Automation Using Multicriterion Q-Analysis," Proceedings of 
the International Conference on MCDM in Industry & Service, 1989, pp. 
317-331. 

[157] Zeleny, M., Multiple Criteria Decision Making, McGraw-Hill, 1982. 


